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EXECUTIVE SUMMARY  

Background 

Emergency department (ED) overcrowding is a serious national and international 
public health issue.  Substantial efforts have been made in the past years by ED 
physicians and nurses, hospital administrators, managers, and government decision 
makers to address this issue; however, little is known about the effectiveness of these 
strategies in reducing ED overcrowding. 

Objectives 

This report aims to identify strategies that have been evaluated and reported in the 
literature and to assess their effectiveness in reducing ED overcrowding. 

Methodology 

This is a systematic review of research evidence on the effectiveness of strategies to 
reduce ED overcrowding.  One researcher reviewed and abstracted data from all 
included studies.  Two researchers independently assessed the methodological quality 
of the studies with a before-and-after design.  Strategies identified from each study 
were presented in a framework that combined the input-throughput-output model 
developed in the United States and the four domain (community, patient, emergency 
department, and hospital) model proposed by a panel of Canadian experts. 

Results  

Two systematic reviews and 23 primary studies met the inclusion criteria.  The two 
systematic reviews suggested that interventions, such as the presence of a social worker 
at the ED, cost sharing/co-payment, or primary gate-keeping, might be effective in 
reducing unnecessary ED attendance; however, concerns remained about the safety of 
these interventions because the decrease in ED attendance was not restricted to 
non-urgent patients.  Both reviews found that patient education was not effective in 
terms of reducing ED attendance. 

In the 23 primary studies included in this report, the majority of the strategies 
addressed the contributing factors within the ED, with very little research focusing on 
strategies in the domain of community.  Interventions were targeted at ED throughput 
components, such as ED staffing/reorganization (additional staff and space, 
improvement in ED flow process), ED acute care unit, fast track, and access to 
diagnostic services (advanced triage, implementation of point-of-care testing). 

On the basis of evidence from three studies with better design (RCT or non-randomized 
comparative studies) and nine before-and-after studies with acceptable methodological 
quality selected from the 23 studies, some strategies looked promising in terms of 
decreasing ED demand, improving ED throughputs, decreasing access block, and 
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establishing system-wide change.  The strategy for decreasing ED demand included 
pre-emptive ambulance distribution based on real-time information on access-block ED 
occupancy.  Strategies aimed at improving ED throughput included extensive structural 
and staff reorganization of the ED, change in provider staffing based on a queueing 
analysis, implementation of a multidisciplinary care coordination team, addition of a 
faculty member to ED triage, provision of an on-site emergency physician on the night 
shift, addition of an acute care unit staffed by ED personnel, implementation of point-
of-care tests in the ED, and triage nurse�s initiation of appropriate diagnostic tests.  
Strategies aimed at decreasing access block included increased ICU beds.  Strategies 
aimed at system-wide change to decrease ED overcrowding included increased 
emergency physician coverage, designation of physician coordinators, and introduction 
of new hospital policy and sharing of process differences among hospitals in a large 
multi-hospital system. 

The results from all the studies looked promising when taken individually.  However, 
lack of standard definitions for outcome measures, such as ED length of stay or waiting 
times, makes it difficult to compare the results across studies.  Furthermore, the issue of 
ED overcrowding is a complex and challenging area in which to conduct research.  The 
overall poor methodological quality of the studies prevented any definitive conclusions 
about the effectiveness of the various strategies examined in these studies. 

Conclusion and recommendations 

This report serves as a benchmark of the currently published research and identifies 
areas for improvement.  Standardization of the definitions for ED overcrowding and 
other relevant terms is essential.  Research needs to be conducted on input and output 
components that are seen to be contributory rather than just on throughput.  Identifying 
the determinants of ED overcrowding needs to involve leaders at all levels within the 
system from the ED to the community.  Strategies to address the determinants need to 
be evaluated using clinically meaningful measures.  Development of valid, reliable, and 
sensitive outcome measures is important.  Adoption of standardized measures by all of 
the provincial regional health authorities would allow for some comparison of different 
strategies and the adoption of those that are most effective and efficient province-wide. 
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TAT � turnaround time 
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GLOSSARY  

Access block � refers to the situation where patients in the ED requiring inpatient care 
are unable to gain access to appropriate hospital beds within a reasonable time frame1 

After-load factors � factors leading to overcrowding in EDs because of delays in 
discharging patients from the EDs to appropriate sites of care2 

Boarding � the decision to admit or transfer an emergency patient has been made, and 
the patient waits for a prolonged period to leave the ED3 

Deputizing services � services where family physicians and general practitioners 
contract with an agency to provide coverage for out-of-hours patients� care4 

Emergency department � refers to comprehensive EDs open 24 hours a day, seven days 
a week, and provide acute care to patients arriving either by ambulance or by other 
means5 

Emergency department length of stay � the total time spent by a patient in an ED from 
the time of registration or triage (whichever occurs first) to the time of discharge from 
the ED5 

Fast track system � referring patients with non-urgent problems to immediate or 
prompt care at sites that are within or adjacent to the ED and have higher patient-to-
staff ratios6 

Left without being seen � patient who is registered or triaged or both, but who left 
prior to being seen by healthcare providers5 

Preload factors � factors leading to increased numbers of ED visits2 

Patient disposition � discharged, admitted, left against medical advice, left without 
being seen by a physician, or died in the ED7 

Test turnaround time � the time from when the sample was received in the laboratory 
until the results are posted on the hospital computer for the clinicians to view or are 
received by the physician8 

Time to physician initial assessment � from the time the patient is first registered or 
triaged in the ED until the initial assessment by an emergency physician, as recorded by 
the physician5 

Triage � the sorting or prioritizing of patients.9  Triage at the ED refers to the process 
that involves a nurse or other practitioner assessing a patient upon arrival in the ED and 
assigning a level of priority for care to that patient based on their level of acuity.  The 
patient then awaits a stretcher, often additional nurse assessment, and, finally, 
physician assessment before diagnostic testing occurs.10 
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INTRODUCTION 

This report was prepared in response to a request from the Capital Health Region, 
Edmonton, Canada for information on effective strategies to deal with emergency 
department (ED) overcrowding.  The question of interest is whether there is any 
scientific evidence that evaluates the effectiveness of various strategies that were 
developed to address problems related to ED overcrowding. 

EDs are a vital component in our healthcare system that provide emergency care for the 
public 24 hours a day, 365 days per year, regardless of a person�s social or economic 
status and without requiring an appointment.11,12  In Canada, approximately 14 million 
visits to the ED occur each year,5 and in the United States this figure is close to 100 
million.13  EDs are complex, process�rich systems in which multiple healthcare 
providers treat a wide variety of patients with complicated medical conditions and 
social problems.14  The unpredictable nature of acute illnesses and injuries makes access 
to timely emergency medical care an essential part of modern healthcare systems.  The 
Canadian Triage and Acuity Scale, presented in Table 1, outlines the expected elapsed 
amount of time until initial assessment by a physician, as related to patient acuity 
levels. 

Table 1: Canadian triage and acuity scale (CTAS)  

Level Acuity Conditions Time to physician 
initial assessment  

Level I Resuscitation Threats to life or limb requiring immediate 
aggressive interventions  

Immediate 

Level II Emergent Potential threat to life, limb, or function, requiring 
rapid medical intervention or delegated acts 

≤ 15 minutes 

Level III Urgent Could potentially progress to a serious problem 
requiring emergency intervention 

≤ 30 minutes 

Level IV Less urgent  

(semi-urgent) 

Related to patient age, distress, or potential for 
deterioration, or complications would benefit from 
intervention or reassurance within 1-2 hours. 

≤ 1 hour 

Level V Non-urgent May be acute but non-urgent, or may be part of a 
chronic problem with or without evidence of 
deterioration. The investigation or interventions for 
some of these illnesses or injuries could be 
delayed or even referred to other areas of the 
hospital or healthcare system. 

≤ 2 hours 

Source: Beveridge et al. 19989 
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Definition 
According to the Canadian Association of Emergency Physicians (CAEP), ED 
overcrowding is a situation in which the demand for emergency services exceeds the 
ability of a department to provide quality care within acceptable time frames.15  ED 
volumes are not the primary determinant of overcrowding.  The American College of 
Emergency Physicians (ACEP) defines ED overcrowding as a situation in which the 
identified need for emergency services outstrips available resources in the ED.  This 
situation occurs in hospital EDs when there are more patients than staffed ED treatment 
beds and waiting times exceed a reasonable period.16  Both definitions in their entirety 
are similar. 

Practically, however, there is no single, universally acceptable gold-standard definition 
for ED overcrowding.11,17 

Magnitude of the problem 
In Canada, ED overcrowding is considered a chronic, systemic, and serious public 
health issue across the country and it has been identified as a serious impediment to 
clinical practice.  ED overcrowding was first reported in the early 1980s and has 
continually worsened, leading to heavy reliance by urban hospitals on ambulance 
diversion as a technique for funnelling patients away from their sites, even for short 
periods of time.15,18,19  Today, ED overcrowding can be considered an epidemic in EDs 
nationwide.19  Despite the importance of ED overcrowding, no national research has 
been published to date to describe the actual magnitude of ED overcrowding across 
Canada. 

In the United States, ED overcrowding became a national issue in the early 1990s and 
has resurfaced and become worse since 2000.20  A US national survey of hospitals in 
urban areas found that most EDs across the country experienced some degree of 
crowding.3  One study found that more than one third of EDs experience overcrowding 
on a daily basis.21  Despite the obvious differences between the American and Canadian 
healthcare systems, the EDs in both countries are the first point of entry for acutely 
injured and ill patients, and ED overcrowding is the most pressing concern confronting 
EDs in both countries.22  ED overcrowding was also identified as a significant national 
problem in other countries, such as Australia.23 

The recent Motta inquiry in Alberta24 examined the consequences of a young adult with 
abdominal pain who left without being seen (LWBS) from two urban EDs in Calgary, 
Alberta, in 2001.  When he subsequently underwent surgery for appendicitis in a 
peripheral centre, he suffered an anesthetic complication that was fatal.  The inquiry 
identified ED overcrowding and LWBS as key issues that need to be resolved in order 
to prevent similar events in the future. 
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Contributing factors 
In the literature, a number of factors have been suggested to be potential causes of ED 
overcrowding.  According to the CAEP 25 factors contributing to ED overcrowding 
include the following: 

Lack of inpatient beds for admitted ED patients  

In Canada, hospital beds were reduced by almost 40% from 1995 to 2000.25  In the 
United States, a large number of hospitals, inpatient beds, and EDs were closed during 
the past 10 years; the number of hospitals with EDs dropped from approximately 6000 
in 1992 to less than 4000 in 2002.26 

Unavailability of operating rooms and delayed access to surgical services increased both 
inpatient and outpatient waiting times, leading to inefficient use of hospital beds and 
repeated ED visits by patients waiting for treatment.25 

Lack of access to primary care, specialist physicians, and nurse practitioners 

In Canada, where universal medical insurance exists, many people do not have access 
to a family physician, nurse practitioners, and specialists.19,25,27  Many primary care 
physicians do not provide after-hours access for their patients.25  Patients seek ED care 
when alternative services are not available and when access to primary care is 
delayed.25  In some rural communities the ED functions as a walk-in clinic for primary 
care (Dr E Lang, personal communication, November 2005). 

Shortage of nursing and physician staff 

In Canada, there is a shortage of trained emergency physicians and experienced and 
dedicated nursing staff.25  Currently, many Canadian hospitals cannot attract enough 
nurses to staff their EDs; this is partly because of a shortage of qualified nurses and 
partly because ED overcrowding has made the ED a frustrating work environment.25 

Increased complexity and acuity of patients 

As the population ages, a growing number of patients with chronic conditions, such as 
AIDS, mental illness, emphysema, diabetes, and cardiovascular disease, require 
emergency services.19,25  In addition, with the development and diffusion of new 
revolutionary medical technologies patients with chronic diseases survive longer.  
These patients with increased complications or with several comorbid conditions often 
require lengthy and complex assessments that utilize advanced diagnostic technologies 
to determine their need for hospital admissions or further treatments.19,25,28  
Furthermore, there is an increase in the frequency of patients receiving organ 
transplants, cancer chemotherapy, and immuno-suppressive agents.  These types of 
patients have increased the demands for specialized services provided only in 
urban-based EDs. 
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Recently discharged patients also contribute to the increased complexity and acuity of 
patients who are entering EDs.  Many inpatients, following surgical procedures or 
various illnesses, are typically released after a predetermined length of stay (LOS); these 
patients return to EDs for follow up and tie up resources that become unavailable for 
other patients.19 

ED use by non-urgent patients 

The rates of non-urgent ED use that were reported in the literature varied considerably, 
ranging from 7% to 94%.29  Differences in defining appropriate ED use may partly be 
attributed to this variation.29  According to a recent report by the Canadian Institute for 
Health Information,5 more than half (57%) of ED visits in 2003 to 2004 were for less 
urgent or non-urgent conditions based on the CTAS (see Table 1).  A Canadian study 
showed that non-urgent use of EDs continues to exist in Canada, with 3% to 15% of 
total visits classified as non-urgent visits in large centres and 30% to 77% of total visits 
classified as non-urgent visits in smaller centres.2  However, another Canadian study 
found that ED misuse accounts for a small proportion of ED visits and thus is not an 
important source of ED overcrowding.29 

A systematic review on ED attendance conducted by the New Zealand Health 
Technology Assessment Agency (NZHTA) found that over 80% of all patients who 
visited the ED were there for non-urgent problems.4  Reasons for ED use by non-urgent 
patients were either financial or related to access to care,30 which may include: (1) 
proximity to the ED, (2) social deprivation, (3) the inability to gain access to general 
practitioner services, (4) a poor knowledge of general practitioner services, (5) the 
convenience of 24-hour service of the ED, (6) the perceived urgency of the complaint, 
and (7) the perceived need for assessment in a hospital setting.4 

According to the CAEP, non-urgent patients utilize a small proportion of ED resources 
and contribute little to ED overcrowding.25 

Lack of alternative advanced diagnostic testing and facilities 

In many communities, there are long waiting lists for diagnostic tests such as computer 
tomography scans and magnetic resonance imaging.25  As a consequence, patients seek 
ED care as a �safety net� to have their diagnostic tests performed more quickly.19  These 
delays in investigation and treatment can cause more ED visits for care. 

Because of the lack of home care, community care, and long-term care, patients who 
require chronic care, chronic complex care, transition care, respite care, and palliative 
care have to remain in acute care facilities where they occupy a bed that could be used 
by patients waiting to be admitted from the ED.19 

In summary, ED overcrowding is a complex and multifaceted issue.  Whereas many 
internal or external factors, or both, are considered to contribute to ED overcrowding, 
the inability to transfer admitted ED patients to inpatient beds may be the factor that is 
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most commonly associated with ED overcrowding.31  There seems to be some 
controversy, however, about whether ED visits by non-urgent patients substantially 
contribute to ED overcrowding. 

Consequences 
Many internal and external factors contribute to ED overcrowding, as previously 
described.  Regardless of the causes, ED overcrowding could be associated with the 
following consequences: 

Decreased quality of ED care 

As physicians and nurses feel rushed and overextended, the risk of medical error will be 
increased, and these errors could result in adverse effects on patients.25 

Prolonged waiting times and patient/family member dissatisfaction 

Prolonged waiting for care causes patients to become frustrated and dissatisfied and 
results in an increased number of patients who leave without being seen by an 
appropriate healthcare provider.  This consequence may place these patients at risk for 
a serious adverse outcome. 

Over the past 10 years, the number of reported LWBS cases has markedly increased.  
The Canadian Institute for Health Information reported that, on the basis of data from 
Ontario, Nova Scotia, British Columbia, and Prince Edward Island, on average 3% of 
patients left EDs without being seen in the year 2003/2004.5  Two Canadian studies 
reported rates of LWBS from 1.4% to 2.4%32,33 and several US studies noted rates 
ranging from 1% to 15%.34-36 

A recent Edmonton study identified trends and reasons for LWBS in adult patients and 
parents of ill children who visited EDs.37  Most of these patients left, as a result of 
frustration; however, more than 60% of these patients required physician contact within 
seven days, and several experienced adverse outcomes (death, hospital admission, and 
surgery). 

Delays in treatment  

Pain relief and improvement in physical, mental, and emotional well-being are delayed 
beyond acceptable time limits.25  For time-sensitive care, such as treatments for acute 
myocardial infarction, delayed treatment can have unacceptable consequences.38 

Ambulance diversions 

Ambulance redirect has become an increasingly common problem in most urban 
centres in Canada25 and gradually has become a standard operating procedure in many 
cities in the United States.39 
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Decreased nurse and physician satisfaction and burnout 

Emergency physicians and nurses feel increasingly responsible for providing care that 
should be provided in the hospital or outpatient setting but not in the ED.  For example, 
septic patients in need of an intensive care unit (ICU) setting are treated in the ED (Dr E 
Lang, personal communication, November 2005).  ED physicians have experienced 
significant stress and burnout.27  This consequence aggravates overcrowding and has a 
negative effect on ED staff productivity and morale.25 
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OBJECTIVE AND SCOPE 

Substantial efforts have been made in an attempt to reduce ED overcrowding in the past 
years.  By the early 1990s, numerous strategies were proposed to address the issue of 
ED overcrowding.19  However, little is known about the effectiveness of these strategies 
in reducing ED overcrowding. 

The objective of this report is to identify strategies that have been reported in the 
published and unpublished literature and assess their efficacy/effectiveness in reducing 
ED overcrowding.  Very few randomized controlled trials (RCTs) have been conducted 
in this area.  In order to capture all efforts in reducing ED overcrowding, studies with a 
broad range of designs were eligible for inclusion. 

Studies that focused on the current status of ED overcrowding (such as surveys) or 
research to determine the causes of ED overcrowding were included only as 
background information to set the context.  Research that focused on the management 
of ambulance diversion was beyond the scope of this report. 
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THE CONCEPTUAL FRAMEWORK AND KEY DETERMINANTS 

ED overcrowding is a multi-factorial phenomenon that reflects complex, systemic 
problems within the healthcare system.25  A better understanding of the key legislative, 
social, and healthcare economic factors that have led to ED overcrowding is needed 
before considering potential solutions.11  In order to help researchers, administrators, 
and policy makers understand its cause and potential solutions, Asplin and colleagues40 
developed a conceptual model of ED overcrowding (Figure 1). 

Figure 1: Conceptual model of ED overcrowding 
 

Input Throughput                   Output 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Asplin et al. 2003,40 with permission from the publisher for reprint 

This model partitioned ED overcrowding into three interdependent components, 
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categorized as follows: (1) emergency care, (2) unscheduled urgent care, and (3) 
safety net care.  These three categories, depending on their mix, have 
considerable impact on the input side of the model. 

 The throughput component identifies the amount of time a patient spends in the 
ED.  This part of the model highlights the importance of ED care processes and 
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the need to modify them to improve their efficiency and effectiveness.  There are 
two primary throughput phases in the model.  The first phase includes triage, 
room placement, and the initial provider evaluation.  The second phase includes 
diagnostic testing and ED treatment, which typically constitutes the majority of a 
patient�s total ED throughput time in an efficient ED. 

 The output component reflects the disposition of ED patients.  The main two 
options are admission to a hospital bed or discharge.  The inability to move 
patients from the ED to an inpatient bed is considered one of the major 
contributing factors to ED overcrowding.  As a consequence, these admitted 
inpatients are boarded in the ED.  The number of patients boarded in the ED is 
considered one of the most important determinants of ambulance diversion. 

A Canadian expert panel, consisting of 10 frontline key informants from four hospitals 
and an ambulance service in Ontario, developed a standard definition for ED 
overcrowding and proposed a list of key determinants for ED overcrowding.41  Of 46 
factors postulated in the literature, 25 were chosen by the panel to be potentially 
important determinants for ED overcrowding.  These factors were divided into four 
domains: (1) community factors, (2) patient factors, (3) ED factors, and (4) hospital 
factors (Table 2). 

Table 2: Key determinants for ED overcrowding 

Domain Important factors 

Local home care service availability  

Alternate level of care bed availability 

Community  

Nearby EDs diverting ambulances 

Age 

Urgency (Triage code) 

Discharge diagnosis 

Disposition 

Patient 

Time and day of arrival in the ED 

Number of admitted patients held in the ED 

Intermittent surges in number of newly arriving ambulance and 
ambulatory patients 

Physician staffing (physician-hour/day) 

Physician characteristics 

Nurse staffing (nurse-hours/day) 

Nurse profile (dedicated ED nurses or fill-in/agency) 

Availability of social workers and geriatric teams 

Consult response times 

Emergency Department  

Consult policies  
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Table 2: Key determinants for ED overcrowding (cont�d) 

Domain Important factors 

Design (number of stretchers and monitors, size of department)  Emergency Department 
(cont�d) Access to radiological tests off-hours 

Hospital Number of critical and acute hospital beds (especially medical)  

Overall bed occupancy rate 

Length of stay 

Occupancy rate of acute beds by alternate level of care patients  

Source: Schull et al. 200241 

The model by Asplin and colleagues40 looked at the causes of ED overcrowding from 
the ED perspective, that is, the process whereby a patient goes through the ED.  This 
model is widely accepted and used in the emergency medicine field (Dr B Rowe, 
personal communication, July 2004).  The four domains proposed by Schull and 
colleagues41 were based on opinions by Canadian experts and appear to look at the 
problems with ED overcrowding from a regional health perspective.  In order to put the 
strategies identified in the literature into context, we used a combination of components 
from both frameworks to categorize the strategies addressing ED overcrowding.  
Furthermore, this framework may be useful for Regional Health Authorities to assess 
and identify the main pressure areas that are contributing to ED overcrowding. 
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EFFECTIVENESS OF STRATEGIES ADDRESSING ED OVERCROWDING 

Fifty-eight studies were identified that potentially met the initial inclusion criteria set 
out for this review.  On closer examination of the full text articles, two systematic 
reviews,4,42 22 primary studies7,8,10,35,43-60 and one other study that was published in 
three separate articles61-63 met our final set of inclusion criteria (see Appendix A: 
Methodology).  Thirty-five studies were excluded and the reasons for exclusion are 
summarized in Appendix B. 

Evidence from systematic reviews 
The findings from two systematic reviews, one by Cooke and colleagues42 and the other 
by the NZHTA agency,4 are summarized in Table 3. 

The recently published systematic review by Cooke and colleagues42 looked at what 
initiatives/interventions inside and outside of the EDs have been demonstrated to 
reduce waiting times and ED attendances.  This systematic review used a broad search 
strategy to identify all relevant studies.  Outcome measures included waiting times and 
attendance at EDs.  One hundred and nine studies were found that met their inclusion 
criteria. 

As the authors pointed out, there is surprisingly little evidence on the effectiveness of 
changes in service delivery and organization factors in emergency care on patients� ED 
LOS.  Comparison across studies was difficult because of the lack of uniform definitions 
for overcrowding, delays, and waits.  A variety of outcome timing measurements were 
utilized, including the interval from arrival to triage, from triage to seeing the doctor or 
nurse practitioner, from arrival to seeing the doctor or nurse practitioner, from the 
decision to admit to departure from the ED, and from arrival to departure time from the 
ED, as well as ambulance diversion. 

Overall, a few interventions, such as the use of point-of-care testing (POCT), a fast-track 
system for minor illness and injury, and admission avoidance schemes were supported 
by evidence from RCTs.  Other potentially useful interventions, such as the wide 
variety of interventions to reduce ED attendances by older people, frequent attenders, 
and those with chronic disease, as well as the use of observation wards and clinical 
decision units, were supported by weaker evidence, but require more studies designed 
with increased power.  For some interventions, such as triage out, early evidence raises 
concerns about their safety and indicates urgent need for further evaluation.  There 
appeared to be no evidence to support the effects of some strategies, such as general 
practitioners working in the ED, walk-in centres, patient education, or bed management 
in reducing waiting time or ED attendance. 
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Table 3: Summary of findings from the systematic reviews  

Strategies Findings 

Systematic review by Cooke et al. 200442 

Out-of-hospital care  

Divert 999 calls to nurse advice  It is possible to divert 999 calls to advice lines but the safety of such systems is still being evaluated.   

Not taking patients to ED The role of paramedics in either discharging patients from the scene or deciding on appropriate 
destinations has not been adequately studied to confirm its safety and effectiveness in the UK. 

Primary care 

GPs working in the ED There is no evidence around the effects on waiting times of GPs working in EDs. 

Interventions in primary care Primary gate keeping can reduce ED attendance, but its safety is unknown. 

 

Walk-in centres, and NHS Direct 
and nurse telephone advice 

Did not demonstrate a reduction in the attendances at EDs. 

Emergency department 

Triage out Triage out of the ED can reduce numbers but more work is required to assess the safety of such 
systems. 

Co-payment and financial 
systems 

Reduce attendance but may equally reduce attendances by those requiring emergency care. 

Fast track  Fast track for minor illness and injuries can reduce waits. Ideal configurations include senior staff. 

Social care  Attendance by the elderly, those with chronic disease and those with multiple attendances may be 
reduced. 

 

Patient education The benefit is unproven in most areas except chronic disease management. 

Diagnostics 

Laboratory tests Point of care testing/satellite laboratories produces quicker test results. 

Nurse ordering of x-rays May speed up processes where fast track is not operationalized. 

 

ED performing imaging ED staff undertaking ultrasounds may reduce delays for those individuals who require it. 
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Table 3: Summary of findings from the systematic reviews (cont�d) 

Strategies Findings 

Admission avoidance 

Specialist nurse care Specialist nurse care in heart failure, COPD, and DVT can reduce hospital admissions. 

Home support Home support (medical and social) can reduce hospital admissions. 

Observation wards Observation wards may reduce length of stay and avoid admission. 

Bed management There is a lack of evidence on innovations in bed management.  Allowing ED staff to admit to wards will 
reduce delays. 

 

Delayed discharge There is a lack of evidence on innovations to reduce delayed discharges from hospital. 

Staffing 

Senior staff Use of senior staff may reduce admissions and delays. 

Nurse practitioners Nurse practitioners are safe and effective, but their effect on waiting time is unknown. 

 

Other healthcare professionals The role of other healthcare professionals in emergency care needs evaluation. 

Systematic review by the NZHTA 19984 

The structure of emergency services A report completed by the Audit Commission in England and Wales suggested that those EDs with 
fewer than 50,000 annual visits should consider centralization of services, the number of provincial 
hospital-based clinics should be limited, and minor clinics with expanded roles for nurses and GPs 
should be created.  However, no evidence supported these recommendations. 

The provision of a minor injury unit Evidence from opinion articles suggested that the timely provision of care for patients with minor injuries 
prevented their subsequent deterioration and the need for later hospital admission.  Evidence from case 
series suggested that the minor injury units were acceptable to patients. 

Triage Conflicting results were obtained from studies that assessed the effectiveness of triage among people 
who phoned the ED seeking advice for minor problems and those who presented at the ED. Some 
studies concluded that triage successfully reduced ED attendance when it was applied both to 
telephone callers and to those people who attended the ED.  Several other studies examined the use of 
criteria for refusing care to patients who presented to an ED with non-urgent problems.  Generally these 
studies concluded that care could not safely be refused at the ED. 
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Table 3: Summary of findings from the systematic reviews (cont�d) 

Strategies Findings 

Improved access to primary care A number of studies reported consistent results that the provision of primary care can reduce ED visits, 
while two studies found that improved access to a primary care physician was not associated with a 
reduction in ED visits. 

Changes in primary care delivery  No significant relationship was found from descriptive studies between practice characteristics (the 
number of primary care practitioners, the availability of a female GP, the provision of appointments, and 
practice list size) and ED utilization. 

Changes in out-of-hours care A key recent development in primary care has been the introduction of new services for out-of-hours GP 
care.  The provision of deputizing services does not ensure people will use it as a substitute for ED-
based care for their non-urgent problems. 

Gate-keeping and pre-approval  Evaluations of the effect of gate-keeping/pre-approval schemes on ED utilization found that although ED 
use may be decreased, concerns remain about the safety of this intervention because the decrease in 
ED use was not found to be restricted to non-urgent cases. 

Patient education There is no conclusive evidence that education reduced ED attendance. 

Use of a social worker in the ED Research with methodological limitations found that access to a social worker in the ED reduced 
unnecessary ED visits. 

Cost sharing/co-payments Results from several studies suggested that cost sharing reduced ED use, although this reduction was 
not limited to non-urgent use, and the intervention placed a disproportionate burden on people in low 
socio-economic groups.  

Medical interventions Provision of telephone advice by ED staff to parents of children who accidentally ingested poison, was 
safe, effective, and resulted in reduction in ED visits.  

 
COPD: chronic obstructive pulmonary disease; DVT: deep venous thrombosis; ED: emergency department; GP: general practitioner; NHS: National Health 
Service; NZHTA: New Zealand Health Technology Assessment; UK: United Kingdom
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The authors suggested considering three factors when searching for solutions to ED 
overcrowding: 

 The solutions in any locality are likely to depend on local causes, which probably 
vary even within one healthcare system; 

 For any problem, there may be several ways of solving it; 

 In line with the �theory of constraints�, the apparent cause may only be the most 
severe bottleneck in the system and other constraints are likely to appear as the 
initial cause is resolved. 

The systematic review prepared by the NZHTA4 specifically looked at studies on the 
appropriate use of the hospital-based EDs and assessed the effectiveness of 
interventions aimed at reducing inappropriate ED visits. 

This systematic review concluded the following: 

 Despite the general limitations of the research, some evidence was available for 
the effectiveness of restricted ED access and expanded access to primary care and 
the efficacy of cost sharing, which have consistently been found to be effective 
methods to restrict ED use.  Less robust evidence exists for the effectiveness of 
social workers in the ED or certain specific medical interventions. 

 Available evidence, although generally of poor quality, suggests that some 
interventions, including triage, patient education, and changes in the 
characteristics of general practitioner services, are ineffective at reducing the 
number of inappropriate ED visits. 

These two systematic reviews had different research focuses and applied different 
methodologies.  The review by Cook and colleagues42 looked at the effective strategies 
to reduce ED attendance and waiting time, while the NZHTA report4 looked only at the 
strategies to reduce ED attendance. 

Both reviews suggested that interventions, such as the presence of a social worker at the 
ED, cost sharing/co-payment, or primary gate-keeping, might be effective in reducing 
unnecessary ED attendance; however, concerns remained about the safety of these 
interventions because the decrease in ED attendance was not restricted to non-urgent 
patients.  Both reviews found that patient education was not effective in terms of 
reducing ED attendance.  The results regarding the effectiveness of triage remain 
controversial, and both reviews pointed out the need for further assessing the safety of 
this intervention. 

Evidence from primary studies 
The strategies identified from the 23 primary studies were grouped into seven 
categories according to the type of interventions, including (1) ambulance redistribution 
(one study),43 (2) ED staffing/reorganization (eight studies),7,35,44-49 (3) fast track (two 
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studies),50,61-63 (4) observation unit/acute care unit (one study),51 (5) access to diagnostic 
services (three studies),8,10,52 (6) inpatient beds (four studies),53-56 and (7) system-wide 
interventions (defined as interventions that addressed more than one component 
according to Asplin�s three-component model40) (four studies)57,59,60,64(Table 4).  
Whereas some of the studies only evaluated one strategy, others looked at the 
effectiveness of multifaceted strategies that addressed a number of factors related to 
communities, EDs, and hospitals overall. 
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Table 4: Summary of strategies identified from the primary studies 

 

Study Strategy Findings 

Ambulance redistribution 

Sprivulis & Gerrard 
200543 

Pre-emptive ambulance distribution based on 
real-time information regarding access-block 
ED occupancy  

Reduced total hours of ambulance diversion.   

ED staffing/reorganization 

Miro et al. 20037 Extensive structural and staff reorganization of 
the ED 

Decreased no. of patients in waiting and initial assessment areas.  Decrease in no. of 
admissions and increase in no. of discharges.  Reduced WT and ED overcrowded 
period.  No change in no. of patients in treatment and observation areas.  No change in 
proportions of patients who LWBS. 

Vilke et al. 200444 Increased EP coverage and additional 
nursing/technician staff in one hospital to avoid 
diversion  

Beneficial reciprocating effects can be noted with one institution�s commitment to avoid 

diversion, thus decreasing the need for diversion at a neighbouring facility. 

Spaite et al. 200245 Staffing/internal processes, redesign process in 
triage-registration, diagnostic radiology and lab 

Major improvements were noted in patient waiting and throughput intervals, which are 
believed to be the result of major administrative, philosophic, operational, and 
budgetary changes aimed at efficiency and patient satisfaction.  No. of patients who 
LWBS was substantially reduced.  

Green et al. 200546 Change provider staffing based on a queueing 
analysis  

Reduced no. of patients who LWBS. 

Moss et al. 200247 Implementation of a multidisciplinary care 
coordination team 

After 1 year of service, the CCT was successfully integrated into the ED and there was 
evidence of decreased hospital admissions, but the decrease in frequent ED visitors 
was not statistically significant. 

Partovi et al. 200135 Addition of faculty member to ED triage Appeared to improve ED efficiency as demonstrated by a decreased ED LOS. 
Reduction in rates of LWBS but not statistically significant. 

Donald et al. 200548 On-site emergency physician at night shift Significantly reduced ED LOS, admission rate, initial pathology tests, and telephone 
consultation.  

Bucheli & Martina 
200449 

Addition of physicians during the evening shift  Significantly reduced the ED LOS of outpatients but not of inpatients admitted for 
hospitalization. 
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Table 4: Summary of strategies identified from the primary studies (cont�d) 

Study Strategy Findings 

Fast track (FT) 

Cooke et al. 200250 Physician services for non-urgent patients in a 
separate room 

A separate stream for minor injuries can produce an improvement in the no. of trauma 
patients waiting for over an hour by about 30%.  

Fernandes & 
Christenson 
1995,61, Fernandes 
et al. 199662 199763 

An extra admitting clerk, streamlined FT 
process, an expanded FT area, a stricter, more 
detailed triage classification, an extra nurse in 
the FT area 

The formal and continued application of CQI techniques in the ED can decrease ED 
LOS for FT patients.  A decreased LOS for FT patients was associated with a 
concomitant decrease in the no. of ED patients who LWBS. 

Observation unit/acute care unit (ACU) 

Kelen et al. 200151 A 14-bed monitored ACU staffed by ED 
personnel 

Decreased LWBS rate and AD hours significantly. 

Access to diagnostic services 

Murray et al. 199952 
(RCT) 

POCT compared with central lab testing ED LOS was reduced significantly by POCT. 

Lee-Lewandrowski 
et al. 20038 

Implementation of a point-of-care satellite lab in 
the ED 

Compared with central lab testing, a substantial decrease in TAT for selected tests and 
a trend of overall decrease in ED LOS for the patients who received testing after the 
implementation of a POCT program.  Clinicians were significantly more satisfied with 
the TAT and the accuracy of testing using the POCT option. 

Cheung et al. 
200210 

Triage nurse�s initiation of appropriate 
diagnostic tests for eligible patients 

The Advance Triage System eliminated the additional patient WT for lab and diagnostic 
imaging assessment and substantially reduced the LOS post-physician assessment 
thus reducing the total LOS in ED. 
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Table 4: Summary of strategies identified from the primary studies (cont�d) 

 
AD: ambulance diversion; CCT: care coordination team; CQI: continuous quality improvement; ED(s): emergency department(s); EP: emergency physician; FT: 
fast track; ICU: intensive care unit; lab: laboratory; LOS: length of stay; LWBS: left without being seen; no.: number; POCT: point-of-care testing; TAT: turnaround 
time; WT: waiting time 
 

Study Strategy Findings 

Inpatient beds 

McConnell et al. 
200553 

Increased ICU beds ICU expansion reduced time spent on AD and ED LOS for patients admitted to ICU, 
but had less effect on other admitted patients and no effect on patients discharged 
home. 

Dunn 200354 Increased availability of inpatient beds due to 
nursing strike  

Modest decreases in hospital occupancy resulted in highly significant reductions in ED 
WT. 

Hemphill & Nole 
200555 

Development of an Access Centre to deal 
exclusively with bed management  

Decreased AD hours. 

Burns et al. 200556 Improvement in bed management by using 
cusum analysis  

Percentage of patients waiting more than 8 hours for admission did not decrease but 
increased after the intervention.  

System-wide interventions 

Cardin et al. 200357  Increased EP coverage, designation of 
physician coordinators, and new hospital policy  

The successful hospital intervention to decrease crowding reduced the mean LOS for 
patients discharged from the ED,* without resulting in increased return visits to the ED 
or hospital readmission.  

*Data from a previous study published in French.65 

Cameron et al. 
200258 

51 actions in 4 areas: (1) emergency demand 
management, (2) elective surgery, (3) capacity 
management, (4) subacute processes 

Decreased AD and no. of patients waiting more than 12 hours in the ED to be admitted 
to a hospital ward.  

Cameron et al. 
199959 

Bonus payments to 21 hospitals AD and WT for patients in category 1, 2, and 3 decreased significantly.  Reduction in 
no. of patients waiting > 12 hours for hospital admission was not statistically significant. 

Hoffenberg et al. 
200160 

Sharing process differences in a large multi-
hospital system 

Decreased patient LOS in EDs, particularly in the slowest one third of EDs. 
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Research focus 

The strategies identified from each of the 23 primary studies were related back to the 
conceptual framework developed by Asplin and colleagues40 and by Schull and 
colleagues41 to see which component(s) these strategies are addressing (Table 5).  
Whereas some strategies may have impact on only one component, others may have 
broader impact on more than one component (system-wide interventions). 

As shown in Table 5, the majority of the included studies evaluated strategies that 
addressed factors associated with ED throughput (ED internal change).  Interventions 
evaluated in two studies43,58 addressed the input (community/patient) component.  
Several studies evaluated strategies that addressed issues related to inpatient beds.  Of 
the four studies57-60 on system-wide interventions, three57,59,60 mainly focused on 
interventions that addressed issues associated with EDs or hospitals.  The other study58 
evaluated the most extensive multifaceted interventions, including 51 actions in four 
areas.  This is the only study that addressed all three components: input, throughput, 
and output. 

Table 5: Classification of strategies  

Process 

 

Domain Strategy 

Input Community/ Patient Ambulance redistribution43  

Emergency demand management and subacute process58 

Throughput Emergency department  ED staffing/reorganization7,35,44-49,57,58 

Fast track50,61-63 

Acute care unit51 

Access to diagnostic services8,10,52 

Bonus payment to hospital59 

Output Hospital Increased ICU beds53 

Decreased inpatient occupancy rate54 

Bed management55,56 

Bonus payment to hospital59 

New hospital policy regarding lab, consultation, and 

  admission procedures57 

Elective surgery and capacity management58 

ED: emergency department; ICU: intensive care unit
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Methodological quality of included studies  

Among the 23 primary studies, only one52 had a randomized design and two10,35 were 
non-randomized comparative studies.  The majority of the included studies used a pre- 
and post-intervention (before-and-after design) comparison approach, usually by 
retrospectively reviewing hospital administrative data. 

A quality assessment tool consisting of six criteria was developed to assess the 
methodological quality of the 20 primary studies with a before-and-after design.  The 
development, definition, and inter-rater reliability of these criteria are described in 
Appendix A.  The results of the quality assessment for each of the studies are presented 
in Table 6.  The only RCT52 and the two comparative studies10,35 were not assessed for 
their methodological quality because of their higher ranking in the hierarchy of 
evidence. 

As shown in Table 6, nine studies7,43,46-48,51,53,57,60 were considered to be of acceptable 
methodological quality.  None of the nine studies met all six criteria.  

Eight studies7,8,44-47,49,60 had a prospective study design.  The authors of nine 
studies43,47,48,51,53,57-60 reflected on other possible events as alternative explanations for 
the outcomes.  More than half of the studies took seasonal/cyclic variations into 
consideration.  The majority of the studies did not provide sufficient information about 
adaptation of the interventions or discuss the potential impact of the Hawthorne effect 
on the results.  Almost all of the studies used the same outcome measurements before 
and after the intervention; however, fewer than half of the studies reported random 
variability and actual probability values for the main outcome measures.  Overall, there 
were considerable methodological limitations. 
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Table 6: Quality assessment of primary studies 

Study Prospective 
design 

Reflection on 
other events  

Control for 
seasonal variation 

Adaptation of 
intervention  

Consistency of  
reporting 

Random 
variability/ actual 
probability values  

Ambulance redistribution  

Sprivulis & Gerrard 200543* No Yes Yes No Yes Yes 

Emergency department staffing/reorganization 

Miro et al. 20037* Yes No Yes Yes  Yes Yes 

Vilke et al. 200444 Yes No Yes No Yes No 

Spaite et al. 200245 Yes No No No Yes No 

Green et al. 200546* Yes No Yes Yes Yes Yes 

Moss et al. 200247* Yes Yes Yes No Yes Yes 

Donald et al. 200548* No Yes Yes No Yes Yes 

Bucheli & Martina 200449 Yes No No No Yes Yes 

Fast track 

Cooke et al. 200250 No No No No Yes Yes 

Fernandes & Christenson 
199561, Fernandes et al. 1996,62 
199763 

No No No No Yes No 

Observation unit/acute care unit 

Kelen et al. 200151* No Yes Yes Yes Yes No 

Access to diagnostic services 

Lee-Lewandrowski et al. 20038  Yes No No No Yes No 

Inpatient beds 

McConnell et al. 200553* No Yes Yes No Yes Yes 

Dunn 200354 No No No No Yes Yes 

Hemphill & Nole. 200555 No No Yes No Yes No 

Burns et al. 200556 No No Yes No Yes Yes 

System-wide interventions 

Cardin et al. 200357*  No Yes Yes No Yes Yes 

Cameron et al. 200258 No Yes No No Yes No 

Cameron et al. 1999 59 No Yes Yes No Yes No 

Hoffenberg et al. 200160* Yes Yes Yes No Yes Yes 

*Bolded studies are those with acceptable methodological quality 
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Research findings  

Details extracted from the primary studies, including study objective, setting and study 
population, strategies under investigation, and outcomes, are presented in Appendix C. 

The following paragraphs summarize the research findings from the 23 primary studies 
according to their methodological quality ratings.  Findings from RCTs, comparative 
studies, and before-and-after studies with acceptable methodological quality are 
summarized under the �Evidence from good-quality studies� subheadings.  Findings 
from those before-and-after studies that received a low quality rating are summarized 
under the �Evidence from low-quality studies� subheadings. 

Ambulance redistribution  

Evidence from good-quality studies 

The only study in this category43 received an acceptable methodological quality rating.  
This Australian study evaluated the effectiveness of ambulance redistribution.  A small 
proportion of lower-urgent patients were diverted from larger inner metropolitan EDs 
that had high levels of access block to outer metropolitan EDs that were not 
experiencing high levels of access block.  The decision to redistribute ambulances was 
made from the information provided by an emergency management Internet portal that 
allows simultaneous visualization of near-real-time ED workload conditions in all eight 
participating EDs.  The study demonstrated a significant reduction in ambulance 
diversion episodes and total hours on diversion after the implementation of the 
intervention, despite an increase in mean weekly ED cubicle occupancy.  However, as 
the authors pointed out, this intervention should be viewed only as complementary to 
strategies directed at reducing the root cause of ED overcrowding. 

ED staffing/reorganization 

Eight studies7,35,44-49 evaluated the effectiveness of ED staffing changes and 
reorganization within the ED.  These studies were conducted in Spain,7 the United 
States,35,44-46 Australia,47,48 and Switzerland.49  The study by Partovi and colleagues35 is a 
comparative study.  Of the seven studies with a before-and-after design, four  
studies7,46-48 were rated as acceptable from their methodological quality rating. 

Evidence from good-quality studies  

The study by Miró and colleagues7 evaluated strategies involving extensive staff or 
structural changes or both within the ED.  This study demonstrated a reduction in 
waiting times and ED overcrowded periods, as well as reduction in number of 
admissions and an increase in number of discharges, but no significant changes in the 
proportions of patients who left without being seen. 

An American study46 found that using a queueing model to identify provider staffing 
patterns reduced the fraction of patients who LWBS. 
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An Australian study47 demonstrated that, after implementing a multidisciplinary care 
coordination team to ensure that ED patients were provided with services that would 
facilitate their return to, or maintenance in, the community, the rate of hospital 
admission from the ED decreased significantly, but the decrease in ED revisit was not 
statistically significant. 

The other two studies found that having additional physicians to triage patients35 or 
having an emergency physician working at the night shift48 significantly reduced the 
ED LOS. 

Outcomes measured in these studies included change in ED LOS, number of patients 
who LWBS, waiting time, patient readmission to the ED, and patient satisfaction.  It was 
noted that some of the outcome measures differed across these studies.  For example, 
ED LOS was defined as the nurse triage time and nurse discharge time,35 or the time 
between being seen by a doctor and disposition from the ED.48  Waiting times were 
reported as mean waiting times of the three patients waiting to enter an initial 
assessment area for the longest time7 or the time between arrival and being seen by a 
doctor.48  One study48 reported the outcomes for patients in different acuity categories, 
while the remaining studies reported the average values of the outcome measures for 
all patients.  It is thus difficult to compare the results across these studies. 

Evidence from low-quality studies  

One study 44 with a short period of follow up found that increased emergency physician 
coverage and additional nursing and technician staff in one hospital significantly 
reduced the ambulance diversion hours and this impact was evident as well in the 
neighbouring hospital.  Another study 45 demonstrated a substantial reduction in the 
numbers of patients who LWBS following changes in staffing and the internal 
processes, and in a process redesign in triage-registration, diagnostic radiology, and 
laboratory.  The other study 49 found that increasing the number of physicians during 
the evening shift significantly reduced ED LOS. 

Some of the outcome measures differed across the studies.  ED LOS was defined as the 
time from patient triage to disposition,45 or the time from ED entry to discharge from 
the ED triage division (the ED consists of both a triage division and a treatment 
division).49  Waiting times were reported as the time from triage to patient room,45 or 
the time from ED entry to start of history taking and physical examination.49  These 
differences in outcome measures made it difficult to compare the results across these 
studies. 

Fast track 

Evidence from low-quality studies 

Two studies50,61-63 evaluated the effectiveness of fast track for non-urgent ED patients, 
and the methodological quality of both studies was considered to be poor.  One study 
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was conducted in the UK,50 whereas the other was conducted in Canada, with the 
results reported in three separate articles.61-63 

The UK study50 involved only a single intervention, that is, the addition of a doctor in 
the ED to see non-urgent patients.  The Canadian study61-63 implemented a more 
sequential and comprehensive strategy over a period of time, including an extra 
admitting clerk, a streamlined fast-track process, an expansion of the fast-track area, a 
stricter and more detailed triage classification, and the addition of a nurse to the 
fast-track area. 

The UK study50 demonstrated that the addition of a doctor for non-urgent patients was 
associated with a significantly decreased proportion of patients waiting for less than 30 
and 60 minutes.  The Canadian study61-63  found that, after interventions, there was a 
significantly decreased ED LOS (time interval from triage contact to discharge from the 
ED) and a decreased number of patients who LWBS.  

Observation/acute care unit 

Evidence from good-quality studies 

Only one study51 with acceptable methodological quality fell into this category.  This 
study suggested that adding a 14-bed monitored acute care unit was associated with a 
statistically significant reduction in the LWBS rate and ambulance diversion hours. 

Access to diagnostic services 

Three studies8,10,52 evaluated interventions to improve access to diagnostic services.  
Two studies10,52 were conducted in Canada and one was conducted in the United 
States.8  One study52 is a RCT, another 10 is a non-randomized comparative study, and 
the third is the only study with a before-and-after design8 but it is considered to be of 
poor quality. 

Evidence from good-quality studies 

The RCT52 assessed the effectiveness of implementing POCT in the ED and 
demonstrated a statistically significant reduction in ED LOS (time from triage to 
disposition) in the intervention group compared with the control group. 

The non-randomized comparative study10 looked at the effectiveness of the triage nurse 
initiating the ordering of appropriate diagnostic tests based on a previously developed 
set of protocols.  There was a decrease in the total ED LOS for all patients and also in 
patients within different categories (emergent, urgent, and non-urgent), a decrease in 
LOS after physician initial assessment for all patients and for patients in emergent and 
urgent categories, and a decrease in the time from physician assessment to disposition 
(the statistical significance of these changes was not reported). 
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Evidence from low-quality studies 

The other study8 also assessed the effectiveness of implementing POCT in the ED.  This 
study showed an overall trend toward decreased ED LOS during the POCT program.  
The difference in ED LOS was not significant for any individual test but achieved 
statistical significance when pregnancy testing, cardiac markers, and urinalysis data 
were combined. 

Inpatient beds 

Four studies53-56 addressed issues associated with inpatient beds.  Two studies53,55 were 
conducted in the United States, and the other two54,56 were conducted in Australia.  One 
study53 received an acceptable methodological quality rating. 

Evidence from good-quality studies  

One US study53 looked at the effects of increased ICU beds on ED LOS and ambulance 
diversion.  The authors performed a careful data analysis, including results adjusting 
for ED census and other factors, as well as sensitivity analysis.  Outcomes were reported 
separately for different patient groups, such as patients who were admitted to ICU, 
telemetry units, and ward units, and patients who were discharged home.  The authors 
discussed study limitations and potential alternative explanations for the research 
findings.  This study found that the most notable change after ICU expansion was a 
decrease in time spent on ambulance diversion.  Increased ICU beds also reduced ED 
LOS for patients admitted to the ICU but showed less effect on other admitted patients 
and no effect in patients who were discharged home. 

Evidence from low-quality studies  

The other US study55 reported the effects of improved bed management on ambulance 
diversion.  The strategies, including developing an Access Centre to deal with bed 
management, identifying service line capacity, adding a bed management coordinator, 
and expediting bed assignments, resulted in a 63% reduction of ambulance diversion 
hours. 

One Australian study54 observed changes in ED patient waiting time during an 
industrial action (i.e., hospital nurse strike) and found that the modest reduction in 
hospital occupancy (due to cancellation of all elective surgery) significantly reduced the 
waiting time in the ED through reduction of hospital admission and ED occupancy.  
The study concluded that ED overcrowding from large numbers of admitted patients 
awaiting hospital admission is a major cause of ED dysfunction. 

The other Australian study56 used cumulative sum (cusum) analysis to demonstrate the 
important trends in patient flow that were not obvious in conventional time-series data, 
which prompted improvements in hospital bed use.  However, after some initial 
improvement, the percentage of ED patients waiting more than eight hours for 
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admission increased significantly.  According to the authors, this was probably caused 
by excessive bed closures in response to the initial improvements in bed use. 

System-wide interventions 

Four studies57-60 examined the effects of system-wide, multifaceted interventions on 
ambulance diversion, ED LOS, waiting time, return ED visit, and patient satisfaction.  
One study was conducted in Canada,57, two 58,59 were conducted in Australia, and the 
other was conducted in the United States.60  Two studies57,60 were considered to be of 
acceptable methodological quality. 

Evidence from good-quality studies  

The Canadian study57 evaluated a number of system-wide, multifaceted interventions, 
including increasing emergency physician coverage, the designation of physician 
coordinators, and new hospital policies regarding laboratory, consultation, and 
admission procedures.  The results on effectiveness of the multifaceted interventions 
were reported in a previous French language publication.65   

The current study mainly looked at the potential adverse effect, return ED visits, of the 
interventions on ED patients.  This study performed a power calculation and attempted 
to control for confounders by comparing the hospital receiving the intervention with 
two similar hospitals to detect a system-wide change in return visits between the pre- 
and post-intervention period.  This study found that the successful intervention did not 
increase ED return visits and hospital readmission. 

The US study60 involved a large multi-hospital system and identified differences in 
processes from patient presence at the ED to patient admission to the hospital for the 
fastest and slowest EDs, determined by ED LOS.  The best demonstrated process 
differences were shared among all participating hospital EDs and these interventions 
were implemented, which resulted in decreased patient ED LOS, particularly in the 
slowest one third of EDs in the hospital system. 

Evidence from low-quality studies  

One Australian study58 reported the results of a system-wide, multifaceted intervention, 
including 51 actions in the areas of (1) emergency demand management, (2) elective 
surgery, (3) capacity management, and (4) subacute processes (see Appendix D for 
details of the interventions).  A reduction in ambulance diversion and the number of 
patients waiting more than 12 hours to be admitted to a hospital ward was observed 
three months after the intervention. 

Another Australian study59 evaluated the effectiveness of a bonus payment to 21 public 
hospitals and demonstrated a significant reduction in the number of occasions of 
ambulance diversion and some improvements in waiting times for category 1, 2, and 3 
patients.  However, the number of patients waiting more than 12 hours in EDs for 
inpatient beds was not significantly reduced. 
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SELECTED LOCAL/INTERNATIONAL INITIATIVES  

Alberta 
The Capital Health Region in Edmonton, Alberta, Canada conducted a focus group 
study to determine the perceptions of healthcare professionals and service providers on 
ED overcrowding.66  In addition to addressing issues regarding definitions of ED 
overcrowding, characteristics of an overcrowded ED, and causes of overcrowding, this 
study identified some potential interventions to improve ED throughput and address 
system-wide capacity. 

Proposed interventions designed to improve throughput included: 

 increased availability of and quicker turnaround time for laboratory and diagnostic 
imaging services;  

 sufficient availability of porters, laboratory technicians, and other support staff; 

 increased accessibility to community care and palliative care services; 

 faster responses from and decisions by specialists; and  

 determination of appropriate staffing levels. 

Interventions suggested to improve system-wide capacity included: 

 establishment of a holding unit for admitted patients or an observation unit adjacent 
to and managed by the ED; 

 access to the outpatient department 24 hours a day; 

 introduction of an internal transportation service for transfers of patients between 
sites; and  

 increased acute and long-term bed capacities on the basis of patient need, taking into 
account the demands of EDs. 

To combat overcrowding and long waiting periods in the ED, several strategies were 
implemented by Capital Health.2  Strategies to deal with �preload� factors (defined as 
factors leading to increased numbers of ED visits) included the movement of 
intravenous therapy from the ED, a media campaign to educate patients on finding 
alternatives to non-urgent care, the implementation of direct admission policies for 
patient transfers as opposed to the older system of receiving transfers via the ED, the 
use of automated voice-messaging systems to direct patients calling the ED toward 
more appropriate resources and services, and an immunization campaign to prevent 
and control influenza outbreaks.  Strategies to deal with the �after-load� factors 
(defined as factors leading to ED overcrowding because of delay in discharging patients 
from the EDs to appropriate sites of care) included the opening of new acute care beds.  
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Other strategies to deal with the management of ED overcrowding included the 
development of reports to measure situations that look imminent, pre-diversion 
guidelines to free up ED space to prevent ambulance diversions, a bed management 
teleconference system to bring together site directors and administrators during peak 
demand periods to coordinate efforts, and finally, an ambulance diversion policy.  
These strategies were generally developed to address immediate concerns, and their 
impact has not yet been evaluated.2 

In December 2003, a groundbreaking agreement was ratified by Alberta Health and 
Wellness, the Alberta Medical Association, and Alberta's Regional Health Authorities.67  
This agreement was established by the three partners as an opportunity to renew the 
healthcare system, supported with innovative investment and a unique approach to 
primary care, to attain the shared goal of improving access and patient care.  Under this 
master agreement, the primary care initiative agreement creates incentives for general 
practitioners to work with regions, specialists, and other providers to offer 
comprehensive, 24-hour seven-day-per-week access to primary care services.68  It could 
be anticipated that improvement in access to primary care would help reducing ED 
visits by patients with non-urgent conditions. 

United Kingdom  
The substantive work undertaken by the UK�s National Health Service (NHS) to 
establish ED waiting time benchmarks has been reported in several publications (Dr M 
Schull, Dr E Lang, personal communication, December 2005).  In a UK Department of 
Health report published in October 2004,69 Dr G Alberti summarized the key 
components of the initiatives and the main results of this work. 

In 2000, the NHS Plan set the target that, by the end of 2004, all patients should be 
admitted, discharged, or transferred within four hours of arrival.  New money to 
recruit an extra 600 ED nurses accompanied the target.  A 10-year strategy, Reforming 
Emergency Care, was developed to drive the change in emergency care.  In 2001, the 
Carson Report recommended a new model for providing out-of-hours care services.  
The Department of Health allocated £30 million to the NHS Modernization Agency to 
fund a national service improvement program, the Emergency Services Collaborative, 
targeted at frontline clinical teams.  In a five-point plan agreed in January 2004, the 
Department of Health clarified the four-hour target and the 98% operational standard, 
introduced an incentive scheme to encourage NHS trusts to improve performance, 
brought together the Intensive Support Team and the Emergency Services Collaborative 
to provide more coordinated support to NHS trusts, focused on improving the patient 
journey and developing solutions for key causes of delay, and identified and 
implemented the relationship and performance mechanisms. 

As a result of this initiative, by the second quarter of 2002/03, 77% of patients spent 
four hours or less in EDs (measured from time of arrival to time of admission, 
discharge, or transfer).  By the first quarter of 2004/05 the number of patients reached 
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94.7%.  Since then the trend has continued to improve, and by October 2004, over 96% 
of patients spent four hours or less in EDs.69 

The author pointed out that improvement in emergency care must start with the 
challenge, but not the solution.  Each health and social care community faces its own set 
of issues, and addressing each of these issues requires tailored solutions.  
Improvements must not be limited to the EDs but rather, made across the whole 
hospital and whole health and social care community.69 
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GUIDELINES/POSITION STATEMENT 

In 2000 and 2003, the Canadian Association of Emergency Physicians (CAEP)/National 
Emergency Nurses Affiliation (NENA)15,25 recommended a number of strategies to 
address ED overcrowding (see Appendix E).  These two position statements did not 
provide information about the scientific evidence upon which the recommendations 
were based. 
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DISCUSSION 

Overall findings 
Effectiveness 

This report attempted to identify all of the published and unpublished English and 
German language literature pertaining to investigations on reducing ED overcrowding.  
Using a comprehensive set of search strategies, two systematic reviews and 23 primary 
studies were included in this report.  The majority of interventions under investigation 
addressed the issues associated with ED throughput components and focused on 
continuous quality improvement.  This indicates that, although it has been well 
recognized that ED overcrowding is often caused by factors beyond the control of the 
ED, there is a lack of research evidence on the effectiveness of strategies that addressed 
factors outside of the ED. 

Moreover, although many interventions may have been attempted to address the issue 
of overcrowding across different EDs, few of them have been evaluated formally or 
disseminated in any manner.  Even more disappointing, few studies have been 
completed in the Canadian healthcare system. 

There are considerable methodological limitations of the included studies.  For example, 
only one RCT was located, the majority of the studies used a before-and-after design 
that is susceptible to biases, including secular trends.70  It has been noted that 
conducting an RCT in this context would be difficult, if not impossible, and sometimes 
inappropriate or unethical (Dr E Lang, personal communication, November 2005).  A 
rigorous before-and-after design with convincing results would be adequate in guiding 
decision making.  However, quality appraisal of the included studies with before-and-
after design indicated an overall poor quality and as such caution should be taken when 
drawing conclusions. 

On the basis of the studies with better design (RCT or comparative studies) or before-
and-after studies with acceptable quality, the following strategies warrant some 
considerations: 

Decreasing ED demand 

 Pre-emptive ambulance distribution based on real-time information regarding 
access-block ED occupancy. 

Improving ED throughput  

 Extensive structural and staff reorganization of the ED. 

 Change in provider staffing based on a queueing analysis. 

 Implementation of a multidisciplinary care coordination team. 
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 Addition of a faculty member to ED triage. 

 Provision of an on-site emergency physician at night shift. 

 Addition of an acute care unit staffed by ED personnel. 

 Implementation of point-of-care testing in the ED. 

 Triage nurse�s initiation of appropriate diagnostic tests for eligible patients. 

Decreasing access block 

 Increase in ICU beds. 

System-wide 

 Increase in emergency physician coverage, designation of physician 
coordinators, and adoption of a new hospital policy. 

 Sharing of process differences in a large multi-hospital system. 

Overall, most studies demonstrated that various interventions were effective in 
improving outcome measures of ED overcrowding.  These measures included reduced 
frequency or duration of ambulance diversion, ED LOS, waiting time, the number or 
proportion of patients who LWBS, ED return visits or hospital readmission, laboratory 
test turnaround time, increased patient satisfaction with the service, and 
physician/nurse satisfaction with laboratory test accuracy and turnaround time.  
Generally, strategies that focused on the problems within the ED demonstrated the 
potential to reduce ED LOS, waiting time, or number of patients who LWBS, whereas 
system-wide approaches demonstrated the ability to reduce the frequency and/or 
duration of ambulance diversion.  The impact of these �improvements� on ED 
overcrowding may be limited, as it was only effective to a small degree and in some 
cases, through extreme efforts, internally within the ED (Dr R Darlet, personal 
communication, November 2005). 

Research suggested that to affect changes in ED overcrowding and waiting times will 
require a multilevel approach.53  The success of the ED reorganization process was most 
likely the result of the multifaceted approach.  Simply improving one or two of the 
process issues might have led to minimal overall improvements.45  Having the support 
of hospital administration and the emergency physician staff was essential in getting 
over the historical barriers of committing to rapidly assessing and treating all patients.45 

The ultimate goal of emergency medicine is to provide timely access and treatment for 
patients with truly acute or severe illness or injuries.  Outcome measures should be 
related to more patient-focused clinical outcomes, such as delay in treatment, prolonged 
pain and suffering, or in-hospital stay.  However, these outcomes were not reported in 
any of the included studies. 
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Clinical significance 

Most of the included studies reported statistically significant mean changes in outcome 
measurements after the intervention.  The clinical significance of such a mean change, 
for example, a mean reduction of 30 minutes in waiting time to be seen by a physician, 
was not clear.  It seems to be more meaningful to look at the outcomes separately for 
patients with different levels of acuity. 

Only the study that evaluated the effect of increased ICU beds mentioned clinical 
significance.53  This study found that there was a statistically significant reduction in 
ambulance diversion, but the changes in mean ED LOS were less striking.  However, 
the fact that ED LOS for the 90th percentile of telemetry and ICU patients decreased by 
more than 60 minutes may have clinical significance.  In other words, changes in the 
mean occur primarily because the right tail of the distribution is shortened (i.e., the 
longest times are decreased) and not necessarily because the centre of the distribution 
has shifted.  As the authors pointed out, this phenomenon may be of interest to 
clinicians and hospital administrators.  Clinically, it may be more important to reduce 
ED LOS for a small group of critical patients from eight hours to seven hours than to 
reduce ED LOS for all admitted patients by 10 minutes.  Similarly, hospital 
administrators may have a preference for eliminating days in which ambulance 
diversion lasts more than 12 hours, rather than reducing the expected time in diversion 
by 1 hour for each day.53 

Generalizability of the research findings  

EDs vary substantially in terms of location, client population, human and structural 
resources, size and capacity of the hospital, number of specialists, and mechanism of 
revenue and reimbursement specialties.7  When analyzing the research it is obvious that 
EDs vary also in the following ways: 

 Staff mix; for example, the ratio of nurses to ED physicians based on patient 
volume 

 Where patients come from and how patients arrive at the ED; that is, for 
example, the proportion of patients who come from nursing homes and the 
proportion of patients who arrive by ambulance 

 Post acute care needs of disposed ED patients and where patients are discharged 
to; that is, for example, the proportion of patients who return to the community. 

All of these variances make EDs unique and affect the potential benefits of 
implementing strategies that appear successful in the research literature in reducing ED 
overcrowding and waiting times.  It is important for each ED to evaluate its uniqueness 
and determine how similar or dissimilar they are in comparison.  No single solution 
will fit all hospitals or all healthcare systems.58 
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Each ED may have its own primary problem associated with the ED flow process and 
thus needs to identify the most important issue first.  For example, the study on 
increased ICU beds53 suggests that increased ICU capacity might be a reasonable 
response for reducing ambulance diversion but less compelling if the main concern is 
reducing ED LOS for all patients. 

Safety issues 
Strategies for enhancing ED patient flow and ED productivity should not result in 
increasing stress levels, reducing care standards, or compromising patient safety.71  
These effects could be measured by using direct measures of adverse health outcomes 
after discharge.57  Unfortunately, such information is usually not available from most 
hospital databases. 

The majority of the included studies did not evaluate strategies to reduce ED 
overcrowding in terms of their effect on the quality of care delivered to patients.  One 
Canadian study57 looked at ED return visits and hospital readmission after the 
intervention.  The rationale for this is that patients discharged prematurely or treated 
inadequately are more likely to bounce back after discharge.  The authors of this study 
did not find an association between the multifaceted intervention and the risk of 
unscheduled related return visits to the ED, even when they controlled important 
confounders using a multivariate analysis. 

Issues related to the definition 
Although ED overcrowding has been a frequent topic of research, it is not clearly 
defined in the emergency medical literature.72,73  The lack of consensus for definitions of 
ED overcrowding has been a challenge for researchers, clinicians, administrators, and 
policy makers.40  Although emergency physicians have an intuitive sense of when an 
ED is becoming overcrowded, there is no universally accepted quantitative index of ED 
overcrowding, and ED overcrowding remains difficult to define.12,74 

The medical conditions of patients who come to the ED can range from mild injuries to 
serious traumas and can also include patients with exacerbation of chronic conditions 
such as asthma or diabetes.  Therefore, the space, equipment, and medical personnel 
resources required to treat patients vary.  As a result, there are no specific criteria, such 
as a ratio of patients to staff, to define when an ED is overcrowded.3 

The CAEP25 defines ED overcrowding as �a situation in which demand for service 
exceeds the ability to provide care within a reasonable time, causing physicians and 
nurses to be unable to provide quality care.�  Although this definition has intuitive 
appeal, it is difficult to operationalize for research purposes.41 

A survey of US ED directors suggested five different definitions of ED overcrowding: 
(1) patients wait more than 60 minutes to see a physician, (2) all ED beds are filled more 
than six hours/day, (3) patients are placed in hallways more than six hours/day,  



 HTA Report #38  February 2006 
 

 

 

36 

(4) emergency physicians feel rushed more than six hours/day, and (5) the waiting 
room is filled more than six hours/day.75  However, each of these criteria has its 
limitations.  Some are difficult to measure; for example, the perception of being rushed 
may be too subjective.  Others do not clearly represent a threat to timely and quality 
emergency care, for example, a full waiting room or a patient placed in a hallway for 
more than six hours.  Workload measures alone are likely insufficient, because 
overcrowding represents a situation in which the workload exceeds the resources 
available, and the indicator must capture both aspects of the problem.41 

Ambulance diversion was considered by the Canadian expert panel as an appropriate 
operational definition of urban ED overcrowding.41  It reflects the ability of an ED to 
fulfill its prime mandate, that is, the provision of rapid medical care to acutely ill 
patients.  According to the Canadian experts, this definition is readily measured, is 
supported by other studies, and reflects the practices of some governments and hospital 
associations.41  Ambulance diversion however, is not an option for many hospitals, and 
EDs have widely variable thresholds for diverting ambulances; thus this definition may 
not be generalizable to ED overcrowding in some places.40 

In the absence of specific criteria to define when an ED is crowded, health-care 
researchers suggest using several available indicators to point to crowded conditions.  
For example, three indicators, including diversion, boarding, and left before a medical 
evaluation, were chosen in the US General Accounting Office�s report.3 

It was suggested that real-time computerized tracking of waiting times, treatment 
times, and current census of actual number of patients in the ED being treated or 
waiting to be seen are needed to accurately define ED overcrowding.  However, such 
data are usually lacking in most EDs.28 

Only one included primary study clearly defined ED overcrowding.  Miró and 
colleagues7 defined ED overcrowding from both a numerical and functional 
perspective.  Numerical overcrowding was defined as any three-hour period with more 
than 15 (before the reorganization) and 24 (after the reorganization) patient arrivals at 
the ED.  Functional overcrowding was defined as lack of capacity in the treatment and 
observation area that reduced the flow of patients into the initial assessment area.  
However, this definition is closely related to the size and physical structure of EDs; thus 
it is difficult to extend its use to other EDs. 

Consideration for future research 
Because scientifically sound evidence on interventions to reduce ED overcrowding is 
limited at this time, future high-quality research is urgently needed to examine the 
effectiveness of strategies to address ED overcrowding.  The four general areas of ED 
overcrowding that require future research are:40 

 developing  measures of ED overcrowding that are valid, reliable, and sensitive 
to changes throughout time; 
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 identifying the most important causes of ED overcrowding;  

 assessing the effect of ED overcrowding on the quality of patient care; and  

 evaluating interventions to reduce ED overcrowding. 

As to evaluating interventions to reduce ED overcrowding, it is essential that any future 
research retains an overview of the larger picture because isolated interventions are 
unlikely to be effective.  Focusing on one aspect of the problem in isolation is limited in 
terms of its overall utility and helpfulness in progressing toward a solution.76 

Standardizing the definition of ED overcrowding, choosing and defining clinically 
meaningful and more patient-focused outcome measures, will be another challenge.  
Well-designed prospective studies with careful consideration of other potentially 
influential factors are required to detect the true effects of the intervention under 
investigation. 
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CONCLUSION 

ED overcrowding is a serious national and international public health issue and has 
received wide attention from administrators, physicians, nurses, researchers, and the 
media.  However, to date no national study has been published to report the magnitude 
of the problem across Canada. 

Substantial efforts have been made by ED physicians and nurses, hospital 
administrators, managers, and government decision makers to address this issue; 
however, scientifically defensible research evidence is limited. 

Two systematic reviews suggested that interventions, such as the presence of a social 
worker at the ED, cost sharing/co-payment, or primary gate-keeping, might be effective 
in reducing unnecessary ED attendance; however, concerns remained about the safety 
of these interventions because the decrease in ED attendance was not restricted to non-
urgent patients.  Both reviews found that patient education was not effective in terms of 
reducing ED attendance. 

In the 23 primary studies included in this report, the majority of the strategies 
addressed the contributing factors internal to the ED.  In these studies, interventions 
were targeted at ED throughput components, such as ED staffing/reorganization 
(additional staff and space, improvement in ED flow process), ED acute care unit, fast 
track, and access to diagnostic services (advanced triage, implementation of POCT).  
These strategies resulted in reduction of ED LOS, number of patients who LWBS, 
waiting times, laboratory test turnaround times, or improved patient satisfaction.  
Increased hospital ICU beds appeared to significantly reduce ambulance diversion 
hours and to shorten ED LOS for patients admitted to the ICU.  System-wide 
approaches appeared effective in reducing the frequency or duration of ambulance 
diversion. 

On the basis of evidence from studies with better design (RCT or nonrandomized 
comparative studies) and before-and-after studies with acceptable methodological 
quality selected from the 23 studies, some strategies looked promising in terms of 
decreasing ED demand, improving ED throughputs, decreasing access block, and 
system-wide change. 

Strategies for decreasing ED demand included pre-emptive ambulance distribution 
based on real-time information regarding access-block ED occupancy.  Strategies aimed 
at improving ED throughput included extensive structural and staff reorganization of 
the ED, changing provider staffing, on the basis of queuing analysis, implementation of 
a multidisciplinary care coordination team, addition of a faculty member to ED triage, 
provision of an on-site emergency physician at the night shift, addition of an acute care 
unit staffed by ED personnel, implementation of point-of-care tests in the ED, and the 
triage nurse�s initiation of appropriate diagnostic tests for eligible patients.  Strategies 
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aimed at decreasing access block included increased ICU beds.  Strategies aimed at 
system-wide change included increased emergency physician coverage, designation of 
physician coordinators, and implementation of a new hospital policy and sharing of 
process differences among hospitals in a large multi-hospital system. 

The improvements shown in the results of each study, particularly those on patient flow 
internally, looked promising.  However, as ED overcrowding relates largely to external 
factors, such improvements may have limited impact on ED overcrowding.  Moreover, 
the lack of standard definitions for outcome measures, such as waiting times, makes it 
difficult to compare the results across studies.  Furthermore, overall poor 
methodological quality prevented any definitive conclusions about the effectiveness of 
various interventions examined in these studies. 

This report serves as a benchmark of the currently published research and identifies 
areas where research can be improved.  Standardization of the definitions for ED 
overcrowding and other relevant terms is essential for future research in this area.  
Also, there is a need to reach a consensus on what is a clinically meaningful quantitative 
index for ED overcrowding (acuity level).  Research needs to be conducted on input and 
output components rather than just on throughput component.  Identifying the 
determinants of ED overcrowding needs to involve leaders at all levels, from the ED to 
the community.  Strategies to address the determinants need to be evaluated using 
clinically meaningful measures.  Development of valid, reliable, and sensitive outcome 
measures is important.  Standardization of measures throughout the provincial regional 
health authorities would allow for comparison of different strategies and the adoption 
of those that are most effective and efficient province-wide. 
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APPENDIX A: METHODOLOGY 

Search strategy  
Literature searches were conducted by the AHFMR librarians between September 2003 
and December 21, 2005.  Major electronic databases used include PubMed, EMBASE, 
Cochrane Library, CINAHL, Dissertation Abstracts, Web of Science, and NHS Centre 
for Reviews and Dissemination (CRD) databases (NHSEED, HTA, DARE).  Various 
library collections, as well as web sites of clinical trials, guidelines, regulatory agencies, 
evidence-based resources, and other HTA-related agencies were searched.  Internet 
search engines were also used to locate grey literature. 

The Medical Subject Headings (MeSH) term related to the topic is Emergency Service, 
Hospital. 

Table A.1: Summary of search strategy� 

Database Platform Latest edition 
or date last 
searched  

Search terms ��  

Core databases 

The Cochrane 
Library 

http://www.thecochrane 
library.com 

Dec 21, 2005 (emergency department OR emergency room 
OR emergency centre) AND (gridlock OR 
overcrowding OR overloading OR overload 
OR overloaded)) 

PubMed http://www.pubmed.gov Dec 21, 2005 (Emergency department OR ED OR 
�emergency centre*� OR �emergency center*�  

OR �casualty department*� OR Emergency 

service, hospital) 

AND 

(gridlock OR �patient volume� OR �client 

load� OR �patient load� OR crowd* OR 

overcrowding OR overload* OR overloading 
OR �fast track system� OR ambulance 
diversion OR access OR �holding unit�) 

CRD 
Databases 
(DARE, HTA, 
& NHS EED) 

http://nhscrd.york.ac.uk Dec 21, 2005 emergency department AND (overcrowd OR 
overload) 

EMBASE  Ovid Licenced Resource Dec 21, 2005 emergency department.mp. OR exp 
Emergency Ward/ OR emergancy cent$.mp. 
OR A&E.mp 
AND 
Exp Crowding/ OR gridlock OR overload$ 
OR overcrowd$ 

Web of 
Science 

ISI Licensed Resource Dec 21, 2005 TS=(ED OR Emergency Department) AND 
TS=(overload* OR overcrowd*) 

http://www.thecochrane
http://www.pubmed.gov
http://nhscrd.york.ac.uk
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Database Platform Latest edition 

or date last 
searched  

Search terms ��  

Core databases (cont�d) 

CINAHL Ovid Licenced Resource Dec 21, 2005 (emergency room OR ER OR Emerg OR 
emergency cent$ OR emergency department 
OR A&E OR Emergency Medical Services 
OR EMS) 

AND 

(overcrowd$ OR overload$ OR gridlock OR 
crowd$) 

HealthSTAR Ovid Licenced Resource Oct 14, 2004 
Note: All 
HealthSTAR 
records are 
indexed as part 
of PubMed as of 
September 
2004. 

(emergency room OR emergency department 
OR emergency cent$ OR A&E) 

AND 

(overcrowd$ OR overload$ OR gridlock OR 
exp Patient Admission/ OR exp Crowding/ ) 

 
Limit to non-MEDLINE records.  

Proquest 
Dissertations 
and Theses 
Full Text 

Proquest Licensed 
Resource 

Dec 21, 2005 (emergency department OR ED) AND 
overcrowding 

Clinical trials 

Clinicaltrials.g
ov 

http://www.clinicaltrials.g
ov 

Dec 21, 2005 emergency  

UK National 
Research 
Register 

http://www.update-
software.com/national/ 

2005 Issue 4 

Dec 21, 2005 

(emergency NEXT department) AND 
(overcrowd* OR overload* OR crowd*) 

Guidelines 

Alberta 
Medical 
Association 
Guidelines 

http://www.albertadoctor
s.org 

Dec 21, 2005 Browsed list of Guidelines 

Canadian 
Association of 
Emergency 
Physicians 

http://www.caep.ca/002.
policies/002-
01.guidelines.htm 

Dec 21, 2005 Browsed list of Guidelines 

CMA Infobase http://mdm.ca/cpgsnew/c
pgs/index.asp 

Dec 21, 2005 emergency department OR ED AND 
overcrowding 

National 
Guidelines 
Clearing-
house 

http://www.ngc.gov Dec 21, 2005 emergency department overcrowding 

http://www.clinicaltrials.g
http://www.update-
http://www.albertadoctor
http://www.caep.ca/002.
http://mdm.ca/cpgsnew/c
http://www.ngc.gov
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Database Platform Latest edition 

or date last 
searched  

Search terms ��  

Coverage/regulatory/licensing agencies 

Alberta Health 
and Wellness  

http://www.health.gov.ab
. ca 

Dec 21, 2005 Must contain in the title the phrase: 
emergency department 

FDA http://www.fda.gov Dec 21, 2005 emergency overcrowding 

Blue Cross/ 
Blue Shield 

http://www.bluecares.co
m/tec/tecassessments.ht
ml 

Dec 21, 2005 Browsed List of Technology Assessments 
2003-2005 

Evidence-based resources 

EBM Reviews Ovid Licenced Resource Dec 21, 2005 (emergency department OR ED OR 
emergency room) AND (overcrowd$ OR 
overload$ OR gridlock) 

Bandolier http://www.jr2.ox.ac.uk/b
andolier/index.html 

Dec 21, 2005 emergency department overcrowding 

TRIP 
Database 

http://www.tripdatabase.
com 

Dec 21, 2005 Title & Text: emergency department AND 
overcrowding 

BestBETS http://www.bestbets.org Dec 21, 2005 Match All words (AND): emergency 
department overcrowding 

Grey literature 

NLM Gateway http://gateway.nlm.nih. 
gov/gw/Cmd 

Dec 21, 2005 emergency AND overcrowding 

Google http://www.google.ca Dec 21, 2005 �emergency department� crowding OR 

overcrowding OR gridlock OR overcrowded 
OR crowded �pubmed 

Sigle (Grey Lit 
Database) 

Licensed Resource Oct 14, 2004* 
This database 
not available for 
June 2005 
Update Search 

Emergency department AND (overcrowding 
OR over-crowding) 

Alltheweb. 
Com 

http://www.alltheweb. 
com 

Dec 21, 2005 �emergency department� AND (overcrowding 

OR over-crowding) 

Copernic http://www.copernic. com Dec 21, 2005 �ED overcrowding� AND (strategy OR 

strategies) 

HTA agencies and websites 

CCOHTA http://www.ccohta.ca Dec 21, 2005 emergency 

AETMIS http://www.aetmis.gouv.q
c.ca/en/ 

Dec 21, 2005 emergency 

NICE http://www.nice.nhs.uk Dec 21, 2005 emergency 

ECRI Licensed Resource Dec 21, 2005 "emergency department" AND overcrowding  

Note: 
�  Limits:  Searches were limited to publication dates 1993-2005; language: English or German; studies: 
human studies only.  These limits are applied in databases where such functions are available. 
 ��   �*�and �$ � are truncation characters that retrieve all possible suffix variations of the root word e.g. surg* 
retrieves surgery, surgical, surgeon, etc.  

http://www.health.gov.ab
http://www.fda.gov
http://www.bluecares.co
http://www.jr2.ox.ac.uk/b
http://www.tripdatabase.
http://www.bestbets.org
http://gateway.nlm.nih.
http://www.google.ca
http://www.alltheweb.
http://www.copernic.
http://www.ccohta.ca
http://www.aetmis.gouv.q
http://www.nice.nhs.uk
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Study selection 
One researcher (BG) reviewed the abstracts and selected articles for inclusion on the 
basis of the following criteria.  An emergency physician and researcher (Dr B Rowe) 
was involved in the development of the criteria and study selection. 

Inclusion criteria 

Studies were included if they met all of the following criteria: 

 Published from 1993 onward, in English or German 

 Conducted in Western developed countries 

 Focused on the effectiveness of strategies to address ED overcrowding 

 Study designs included systematic reviews, RCTS, non-randomized controlled 
studies, and prospective or retrospective studies with pre/post comparisons 

 Outcome measures included at least one of the following: ambulance diversion, 
ED length of stay (LOS), waiting time, number of patients who LWBS, hospital 
admission or hospital occupancy, turnaround time for laboratory tests, patient 
satisfaction, or safety (ED return visit, death, etc.) 

 Outcome measurements were the same for pre- and post-intervention periods 

 No limit on age or gender of the population 

Exclusion criteria 

Studies were excluded if they met any one of the following criteria: 

 Focused only on factors contributing to ED overcrowding 

 Focused only on the consequences of ED overcrowding 

 Focused only on management of ambulance diversion 

 Described the strategies to address ED overcrowding but without any pre- and 
post-intervention comparison of relevant outcome measures 

 Study participants were specific groups of patients, e.g., patients with certain 
conditions or diseases, such as asthma or congestive heart failure 

 Studies conducted in pediatric ED, because they have their own characteristics 
and patient volume-time distributions 

 Some outcome measurements related to ED overcrowding but the objective of 
the study was not to address ED overcrowding 

 Time interval for outcome measurement not clearly described 

 News reports 

 Letters, comments, or editorials 
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Methodological quality assessment  
Development of quality assessment criteria  

No quality assessment tool was found that was developed specifically for assessing 
studies with a before-and-after design.  The checklist developed by Downs and Black77 
was tried; however, more than half of the questions in this tool were not relevant and 
did not apply to most of the studies, particularly those questions regarding the selection 
of the participants.   

Assessing methodological quality of studies with a before-and-after design appears to 
be challenging but also needed.  This design was chosen by the researchers because it is 
most useful in demonstrating the immediate impacts of short-term interventions.  It is 
however less useful for evaluating longer-term interventions because over the course of 
a longer period of time, more circumstances, that is, threats to internal validity, can 
arise that may obscure the effects of an intervention78.  For pre/post studies conducted 
in a complex setting like EDs, some other factors, such as seasonal/cyclic variation and 
the Hawthorne effect, may also have an impact on the outcomes. 

Given the difficulty in finding an appropriate tool for assessing the quality of the 
studies, a brief checklist consisting of six criteria was developed by the authors of this 
review.  This checklist combined some important and relevant aspects on program 
evaluation taken mainly from two reference sources.77,78  The study would be 
considered of acceptable quality if more than half of the questions were answered yes.  
The study would be considered of low quality if fewer than half of the questions were 
answered yes. 

Quality appraisal criteria and definition77,78 

1. Prospective design � Prospective or retrospective data collection  

Q: Did the study have a prospective design? 

Yes 

No  

Definition 

Yes: if it is clear from the study that data were collected prospectively. 

No: if it is clear that data were collected and analyzed retrospectively, or it is not 
clear whether data were collected prospectively or retrospectively, or data collection 
was prospective for post-intervention outcomes but retrospective for 
pre-intervention outcomes. 

2. Reflection on other events � Some other influential event(s), which could have a 
potential impact on outcomes, and these events occurred over the time of the study. 
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Q: Were any other influential event(s) during the intervention identified and taken into 
account by the authors; and reflected on as to how they may impact the outcome? 

Yes 

No  

Definition  

Yes: if the author(s) mentioned some other event(s) (such as other changes 
throughout the system) and discussed their potential impact on the outcomes. 

No: if the author(s) did not mention or specify other events. 

3. Control for seasonal/cyclic variations � Changes in the outcome measures might be 
explained by seasonal/cyclic variations rather than the intervention itself. 

Q: Were the outcomes measured in the same seasonal/cyclic time period before and 
after the intervention? 

Yes  

No  

Definition 

Yes: if the outcomes were measured at the same season(s)/month(s)/day(s)/hour(s) 
before and after intervention (e.g., March 1 to May 31, 1999 versus March 1 to May 
31, 2000, June 1999 versus June 2000, one year before versus one year after the 
intervention, weekdays versus weekdays, weekends versus weekends.  One to two 
weeks before versus one to two weeks after the intervention could also be answered 
yes, assuming the variation within a one-month period would be very small). 

No: if the time period when the outcome of interest was measured was not in the 
same season/month/day before and after the intervention (e.g., January 1 to March 
1, 2000, versus July 1 to September 1, 2000, or one month before and one month after 
the intervention, or week days versus weekend) or the comparison was made before 
and after the intervention but no time period was specified. 

4. Adaptation of the intervention/avoiding the Hawthorne effect � An appropriate 
amount of time was allowed to elapse for the intervention to be fully implemented and 
functional as well as avoiding the Hawthorne effect (people perform differently by 
being aware of the ongoing intervention). 

Q: Did the study provide information on an appropriate adaptation of the intervention? 

Yes 

No 

Definition 

Yes: if the author(s) allowed some time for the adaptation of the intervention, or if 
outcomes were not measured immediately after the implementation of the 
intervention. 
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No: if the author(s) did not allow enough time for adaptation of the intervention, or 
if the outcomes were measured immediately after the implementation of the 
intervention, or it is unclear when the intervention was implemented and outcomes 
were measured. 

5. Consistency of instrumentation/reporting - Validity of the instruments for 
measuring change over the course of the intervention. 

Q: Were the outcomes measured and reporting kept constant before and after the 
intervention? 

Yes 

No  

Definition 

Yes: if the author(s) used the same outcomes (e.g., calculation of time interval for 
waiting time or ED LOS) before and after the intervention. 

No: if the author(s) measured and reported different outcomes before and after the 
intervention. 

6. Reporting of random variability and actual probability values- Reporting of 
random variability of outcome measures and actual probability values provides more 
accurate information about the outcomes and the statistical significance of the 
outcomes. 

Q: Did the study provide estimates of the random variability and report actual 
probability values for the main outcomes? 

Yes 

No 

Definition 

Yes: if both random variability (such as range, standard error, standard deviation, or 
confidence interval) and actual probability values (e.g., P = 0.03 rather than P < 0.05, 
except where P < 0.001) were reported, or only random variability was reported where 
reporting �P� values was not applicable.  

No: only mean (median) values of main outcomes were reported and/or �P� value 
was reported as <0.05. 

Analysis of inter-rater reliability 

The quality ratings for each of the studies were conducted independently by two 
reviewers (BG and CH).  Any disagreements that could not be resolved by discussion 
were referred to a third reviewer for mediation until consensus was reached.  The two 
reviewers discussed the criteria with respect to the interpretation of the questions prior 
to assessing the studies. 
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Inter-rater reliability (inter-rater agreement), defined as the extent to which different 
raters assess the same criteria agree, was analyzed by calculating a Kappa coefficient.  
The ratings assigned by the two reviewers for each of the six criteria for each of the 20 
studies were compared.  Since there were only two categories for each criteria (yes or 
no), an un-weighted Kappa coefficient () was calculated using the following formula: 79 

  = observed agreement � chance agreement 

          1 � chance agreement  

The following guidelines were provided for the evaluation of Kappa 80: 

 > .75 denotes excellent reproducibility. 

.4 ≤   ≤ .75 denotes good reproducibility. 

0 ≤   < .4 denotes marginal reproducibility. 

According to the above guidelines, the Kappa coefficient that was calculated, 0.71, 
indicated good agreement between the two reviewers. 

Data extraction  
The following information was extracted from each of the included primary studies: 

Characteristics of the study 

Author(s)  

Date of publication  

Country 

Study design 

Study�s objective 

Setting and study participants  

Setting  

   Location 

   ED volume  

Study participants 

   Inclusion  

   Exclusion  

  Acuity of patients  

Strategy 

Intervention   

Comparator (for RCT or comparative studies) 

Team involved 

= .86 - .51/1 - .51 = .71 
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Period for comparison 

Outcome 

Expert review 
External reviewers with clinical expertise in emergency medicine and health technology 
assessment methodology evaluated the draft report and provided feedback.  In 
selecting external reviewers, the practice of the AHFMR is to choose clinical and 
methodology experts who are well recognized and published in the peer-reviewed 
literature and who can offer a provincial and/or national perspective with respect to the 
strategies to reduce ED overcrowding. 

 



 HTA Report #38  February 2006 
 

 

 

49 

APPENDIX B: EXCLUDED STUDIES 
Table B.1: Excluded studies 

Study  Reason for exclusion  

Systematic reviews 

Anderson et al. 200681  Did not meet criteria for SR defined by Cook et al. 1997.82 

Cooke et al. 200383  Did not meet criteria for SR defined by Cook et al. 1997.82  

Haby et al. 200184 Focused on pediatric patients. 

Hassan 200385 Did not meet criteria for SR defined by Cook et al. 1997.82 

Stacey et al. 200386 The objective was not to address EDOC. 

Primary studies 

Anantharaman & Swee 
200187 

The study was not conducted in a Western developed country. 

Barthell et al. 200388 Before-and-after comparison of outcomes was not clearly reported. 

Bond 199589 Conducted in a pediatric ED. 

Bond 200390 Focused on pediatric patients. 

Browne et al. 200091 The study was conducted in a pediatric ED. 

Cain et al. 199692 Focused on pediatric patients. 

Cooke et al. 200393 Did not evaluate the effectiveness of an intervention addressing EDOC. 

Cornwell et al. 200394 The study objective was not to address EDOC. 

Derlet et al. 199595 No before-and-after comparison of EDOC-related outcomes. 

Doxzon & Howard-Ducsay 
200496 

Intervention and time interval for outcome measurements were not 
clearly described. 

France et al. 200597 Focused on physician�s behaviours but not EDOC-related outcomes. 

Fry 200198 Focused on a specific patient group. 

Granapathy & Zwemer 
200399 

No before-and-after comparison of EDOC-related outcomes. 

Hu 1993100 The study was not conducted in a Western developed country. 

Kilic et al. 1998101 The study was not conducted in a Western developed country. 

Krakau & Hassler 1999102 The study objective was not to address EDOC. 

Lewandrowski 2004103 The results were reported in an earlier study.8 

McCarthy 2005104 Time intervals for outcome measurements were not clearly described. 

Redelmeier et al. 1995105 Focused on a specific patient group. 

Rehmani 2004106 Did not evaluate the effectiveness of an intervention. 

Rinderer 1996107 Focused on identification but not evaluation of interventions. 

Richardson 2002108 Not focused on the effectiveness of any intervention addressing EDOC. 

Ross et al. 2001109 The study objective was not to address EDOC. 

Rotstein et al. 2002110 The study was not conducted in a Western developed country. 

Ryan et al. 1996111 Focused on a specific patient group. 

Schneider et al. 2001112 Comparison of outcome measurements was not clear. 
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Table B.1: Excluded studies (cont�d) 

Study  Reason for exclusion  

Primary studies 

Shaw & Lavelle 1998113 The study was conducted in a pediatric ED. 

Simon et al. 1996114 The study was conducted in a pediatric ED. 

Tran et al. 2002115 The study objective was not to address EDOC. 

Washington et al. 20026 Focused on safety and health service utilization but no EDOC- related 
outcomes. 

ED: emergency department; EDOC: emergency department overcrowding; SR: systematic review 
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APPENDIX C: EFFECTIVENESS OF STRATEGIES TO REDUCE ED 
OVERCROWDING 

Abbreviations for Appendix C 
A&E - accident and emergency 

ACU - acute care unit 

AD - ambulance diversion 

CI - confidence interval 

CQI - continuous quality improvement 

BDP - best demonstrated processes 

BUN - blood urea nitrogen 

CG - control group 

CI - confidence interval   

CK-MB - creatine kinase isoenzyme MB 

CQI � continuous quality improvement 

ECG � electrocardiogram 

ED � emergency department 

EG � experimental group  

EM - emergency medicine 

EP - emergency physician 

ESEP - Emergency Service Enhancement Program   

FT - fast track 

h - hour (s) 

HITH - Hospital in the Home 

ICU - intensive care unit 

IDC - indwelling catheter   

IMS - Internal Medicine Services  

KPIs - key performance indicators 

Lab - laboratory 

LAMA - left against medical advice 
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LOS - length of stay 

LTC - long-term-care unit 

LWBS - left without being seen 

Min - minute(s) 

mo - month(s) 

no. - number  

nss - not statistically significant 

PEG - percutaneous endoscopic gastrostomy 

POCT - point-of-care testing; patients: patients 

RCT - randomized controlled trial  

RMH - Royal Melbourne Hospital  

RN - registered nurse 

ssnr - statistical significance not reported 

TAT - turnaround time 

UA - unit assistant 

UC - urgent care 

Vs - versus 

W - week(s) 

WT - waiting time 

yr - year(s) 
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Table C.1: Evidence from primary studies 

Study objective Setting/target population Strategy Outcome 

ED staffing/reorganization 

Sprivulis & Gerrard 
200543 

Australia  

Pre- and post-
intervention study 

Objective: to 
determine whether 
an emergency 
management 
Internet portal 
developed to 
provide ambulance 
services with real-
time access block 
and total ED 
occupancy, used in 
conjunction with 
pre-emptive 
distribution 
guidelines, would 
result in reduction 
in AD duration 
during periods of 
high access-block 
ED occupancy 

Location: 8 public hospital 
EDs, 4 large inner metropolitan 
EDs, and 4 outer metropolitan 
EDs in Perth, Australia 

ED annual visits: not 
available  

Acuity of patients:  lower-
urgency patients 

Inclusion:  not available  

Exclusion: not available 

 

Intervention:  

(1) Development of the ED system 
viewer to allow simultaneous 
visualization of near-real-time ED 
workload conditions in 8 EDs 

(2) Distribution of lower-urgency 
patients away from EDs with high 
levels of admitted patient occupancy 
according to the pre-emptive 
ambulance distribution guidelines     

Team involved: hospital 
management and emergency staff 
ambulance control centre staff 

Period for comparison:  

June 30, 2002 to Jan 4, 2003 vs June 
29, 2003 to Jan 3, 2004 

Ambulance attendances:  
Total: pre-: 33,352 vs post-intervention: 33,371 (nss) 

Four large inner metropolitan EDs: decreased 2.7% (pre- 
27,475 vs post-intervention: 26,743) (ssnr)   

Four outer metropolitan EDs: increased 13% (pre-: 5877 vs 
post-intervention: 6628)(P < .001)  

Mean weekly ED cubicle occupancy: 

Pre-: 31 patients (95% CI 29 to 33) vs post-intervention: 39 
patients (95% CI 36 to 43) (P < .001)   

Ambulance diversion:  

Episodes: pre-: 541 vs post-intervention: 349 (ssnr) 

Total hours: pre-: 1788 vs post-intervention: 1138 (P < .001)   

No. of triple diversion: pre-: 44 vs post-intervention: 40 (nss) 

Ambulance unloading delays:  

Total number of episodes: pre-: 219 (.66%) vs post-
intervention: 223 (.67%) (nss)   

Median duration: pre-: 38 min vs post-intervention: 50 min (P < 
.001) 
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Table C.1: Evidence from primary studies (cont�d) 

Study objective Setting/target population Strategy Outcome 

ED staffing/reorganization 

Miró et al. 2003
7 

Spain  

Pre- and post-
intervention study 

Objective: to 
assess if the ED 
reorganization 
improved patient 
flow and 
effectiveness, and 
reduced period of 
ED overcrowding  

Location*: a tertiary teaching 
hospital in the inner city  

ED annual visits*: 135,000 to 
150,000  

Acuity of patients:  not 
available 

Inclusion:  not available 

Exclusion: not available  

*Dr. Ò Miró, personal 
communication, August 2004 

Intervention: extensive structural 
and staff reorganization of the ED  

(1) increasing the volume that the 
initial assessment area can manage 
(from 5 patients per hour to 8 patients 
per hour); (2) increasing capacity of 
observation and treatment area (from 
25 to 41 beds); (3) changing staff�s 

role: residents only work in the initial 
assessment area, one consultant was 
in charge in triage and initial 
assessment area, while the other was 
located in the treatment/observational 
area to take care of outcome and 
patient disposition. 

Team involved: residents and 
consultant   

Period for comparison:  

Feb 10 to March 2, 1999 vs Feb 10 to 
March 2, 2000   

No. of patients in waiting area:  

Reduced by 57% (95% CI 37% to 77%, P < .001).  

No. of patients in the initial assessment area: 
Reduced by 33% (95% CI 23% to 43%, P < .001). 

No. of patients in treatment and observation area: 
Unchanged. 

Admission & discharge:  
20% decrease in admission (95% CI 7% to 33%, P < .01); 
proportion of patients discharged increased 35% (95% CI 16% 
to 54%, P= .001)(no data on re-admission rates or adverse 
outcome after discharge). 

LWBS:  
No difference between both periods in proportions of patients 
who LWBS by a doctor or died in ED. 
No. of patients waiting: 
Decreased by 57% (95% CI 37% to 77%, P < .001, from 5.8 to 
2.5 patients).  

Waiting time to be seen**: 
Reduced by 73% (95% CI 51% to 95%, P < .001, from 87 to 
24 min).   
Overcrowded period: 
There was a 74% (95% CI 48% to 102%, P < .01) and 69% 
(95% CI 46% to 92%, P < .001) reduction in overcrowded 
periods from a numerical and a functional point of view, 
respectively. 

** Waiting time to be seen: calculated as the mean of WT of the 3 patients that were waiting to enter an initial assessment area cubicle for the longest times (i.e., 
those with the highest cumulative WT) 



 HTA Report #38  February 2006 
 

 

 

55 

Table C.1: Evidence from primary studies (cont�d)  

 

Study objective Setting/target population Strategy Outcome 

ED staffing/reorganization (cont�d) 

Vilke et al. 200444 

USA 

Pre- and post-
intervention study 

Objective: to test 
the hypothesis that 
if one hospital could 
avoid ED diversion 
status, the need for 
diversion would be 
averted in the 
neighboring facility 

Location: 2 urban teaching 
EDs (A and B)  

ED annual visits: 45,000 
and 39,000, respectively  

Acuity of patients: not 
available  

Inclusion: not available   

Exclusion: not available  

Intervention: ED A had secured 
additional resources and hospital-wide 
commitment for 1 wk, including 
expanding physician coverage several 
hours a day, and an additional nursing 
and technician shift each day. ED B 
remained on its standard staffing 
during the study period.  

Team involved: physician, nurse, and 
technician 

Period for comparison: 1 wk before 
vs 1 wk during, and 1 wk after the 
intervention  

ED census: 

Hospital A 

Pre-: 882 vs during-: 936 vs post-intervention: 884 (nss)  

Hospital B 

Pre-: 714 vs during: 742 vs post-intervention: 781 (nss)  

AD hours: 

Hospital A  
Declined from 19.6 h at baseline to 1.4 h during the trial and 
returned to 39.4 h after the intervention (P < .05).  

Hospital B 
Dropped from 27.7 h at baseline to 0 h during the trial and 
returned to 26.3 h after the intervention (P < .05). 

Diverted patients: 

Hospital A  
Declined from 19 at baseline to 2 during the trial and returned 
to 29 after the intervention (P < .05).  

Hospital B 
Declined from 24 at baseline to 0 during the trial and increased 
to 9 after the intervention (P < .05). 
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Table C.1: Evidence from primary studies (cont�d) 

Study objective Setting/target population Strategy Outcome 

Staffing/reorganization 

Spaite et al. 200245 

USA 

Pre- and post-
intervention study 

Objective: to 
describe a rapid 
process redesign in 
a university-based 
ED to reduce 
waiting time 
intervals 

Location: ED at University 
Medical Center   

ED annual visits: 48,000  

Acuity of patients: not 
available 

Inclusion: not available 

Exclusion: not available 

Intervention: Process improvement 
changes including: 

Staffing/internal process (decreased 
nursing ratio, rearranged nursing 
zone, addition of a new intermediate 
level zone, doubled UA and 
separated order processing from the 
communication process, increased 
EM resident staffing )  

Redesign of triage-registration 
process (status board monitors in 
triage, brief triage and place patient 
immediately in room, in-room 
registration, doubled registration staff, 
two-way radios for communication 
between triage nurse, charge nurse, 
and registration staff)  

Diagnostic radiology (electronic order 
entry, tripled ED  radiology staffing, 
located new radiograph printer in ED, 
radiograph hung immediately, 
irrespective of whether old films 
available)  

Laboratory (electronic order entry, 
bar-code labeling done in ED, bright 
visual cue for lab staff, ED lab 
samples take priority over all other 
lab samples) 

Bed availability (ED-based nursing 
admit team)  

Team involved: resident, nurse, UA 
staff, registration staff, and laboratory 
staff 

Period for comparison: 3 mo pre- 
vs 1 mo post-intervention or 3 mo 
pre- vs 6 mo post-intervention  

Median waiting room interval (time interval from triage to 
patient room): 
3 mo pre-intervention: 31 min vs 1 mo post-intervention: 4 min 
for ED patients and 52 min vs 7 min for UC patients (ssnr).   

Reduced 91% for ED patients and 90% for UC patients  when 
compared 3 mo pre-intervention with 6 mo post-intervention 
(ssnr). 

ED throughput interval (interval from triage to patient 
disposition):  
3 mo pre-intervention: 4 h 21 min vs 1 mo post-intervention: 2 
h 55 min for ED patients (ssnr), and 2 h 9 min vs 1 h 10 min 
for UC patients (ssnr).  

Decreased by 27% for admitted patients, 31% for non-
admitted patients, and 47% for UC patients when compared 3 
mo pre-intervention with 6 mo post-intervention (ssnr). 

No. of patients LWBS 

Reduced 92% when compared 3 mo pre-intervention with 6 
mo post-intervention (ssnr). 

Patient satisfaction: 
Improved. 
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Table C.1: Evidence from primary studies (cont�d) 

Study objective Setting/target population Strategy Outcome 

Staffing/reorganization (cont�d) 

Green et al. 200546 

USA 

Pre- and post-
intervention study 

Objective: to 
evaluate the 
effectiveness of a 
queueing model in 
identifying provider 
staffing patterns to 
reduce the fraction 
of patients who 
LWBS 

Location: an urban ED  

ED annual visits: 25,000 

Acuity of patients: not 
available  

Inclusion: not available  

Exclusion: not available  
 

Intervention: changing entire weekly 
staffing schedule (ED physician or 
physician assistant hours) based on 
the results of the queueing analyses.    

Team involved:  ED physicians or 
physician assistants 
Period for comparison: 39 wks 
(August 26, 2002 to May 25, 2003) 
before vs 39 wks (September 1, 2003 
to May 30, 2004)  

ED visits: an increase of 1078 patient visits (6.3%) during 
post-intervention period  

LWBS: 

Full 7-day wk: 8.3% pre- vs 6.4% post-intervention (reduction 
of 22.9%) 

Saturday to Tuesday: 9.2% pre- vs 7.2% post-intervention 
(reduction of 21.7%) 

Weekdays: 8.9% pre- vs 5.8% post-intervention (reduction of 
34.8%) 

Weekend: 6.7% pre- vs 8.2% post-intervention (increase of 
22.4%)   
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Table C.1: Evidence from primary studies (cont�d) 

 
 
 

Study objective Setting/target population Strategy Outcome 

Staffing/reorganization (cont�d) 

Moss et al. 200247 

Australia 

Pre- and post-
intervention study 

Objective:  to 
evaluate the Care 
Coordination Team 
(CCT) service that 
was established to 
ensure that ED 
patients were 
provided with 
services to facilitate 
their return to, or 
maintenance in, the 
community 

Location: a major 
metropolitan tertiary referral 
hospital   

ED annual visits*: 45,000 

Acuity of patients: not 
available  

Inclusion: frail elderly, those 
living alone, the homeless, 
frequent ED visitors, and those 
with complex medical or drug 
and alcohol problems 

Exclusion: not available  

*Mrs C Flower, personal 
communication, August 2004. 

Intervention: implementing a 
multidisciplinary CCT to prevent 
unnecessary admissions by utilizing 
community support.  The care 
coordinators undertook a 
comprehensive discharge risk 
assessment of suitable patients. 
Priority is given first to patients for 
whom unnecessary or inappropriate 
admission could be prevented, and 
then to patients awaiting admission 
who require complex discharge 
planning.  The risk assessment 
involves documentation of expected 
discharge date and destination, as 
well as existing services and 
supports, and includes prompatients 
for referral to internal and external 
health professionals. 

Team involved: nursing and allied 
health personnel 

Period for comparison: 12 mo pre- 
vs 12 mo post-intervention 

Hospital admission: 
Pre-: 14217 patients (32.6%, 95% CI 32.2% to 33.0%) vs post-
intervention: 13420 patients (30.9%, 95% CI 30.5% to 31.3%) 
(P< .001) 

Re-presenting to ED: 
Pre-: 3856 patients (8.8%, 95% CI 8.6% to 9.1%) vs post-
intervention: 3744 patients (8.6%, 95% CI 8.4% to 8.9%) (P = 
0.28).  

Satisfaction surveys: 

Positive responses were received from ED staff, 
patients/caregivers, and community service providers.  The 
majority of surveyed people stated that the CCT could be 
recommended to other EDs.   
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Table C.1: Evidence from primary studies (cont�d) 
 

 

Study objective Setting/target population Strategy Outcome 

Staffing/reorganization (cont�d) 

Partovi et al. 200135 

USA 

Non-randomized  
Comparative study 

Objective: to 
determine whether 
faculty triage 
activities can 
shorten ED length 
of stay (LOS) 

 

Location: urban county 
teaching hospital  

ED annual visits:  52,000 

Acuity of patients: 
medical/trauma level 1 (2.9%), 
medical/trauma level 2 
(38.1%), medical/trauma level 
3 (22.6%), routine level 4 
(36.4%) 

Inclusion: not available     

Exclusion: not available  

Intervention: adding a faculty 
member to ED triage to facilitate the 
triage process by rapidly evaluating 
and moving serious patients to 
patient care areas, ordering 
diagnostic tests and fluid hydration, 
discharging patients who had simple 
problems directly from triage, and 
encouraging rapid registration of new 
patients.  
Comparator: regular triage by 2 
nurses and 1 emergency medical 
technician  
Team involved: ED faculty member 
Period for comparison: 16 
consecutive Mondays from Aug. 2 to 
Nov 15, 1999, 8 Mondays with 
regular triage compared with 8 
Mondays with addition of a faculty 
member to the regular triage 

ED visits:  

920 patients during intervention days vs 814 patients during 
regular days (ssnr)   

ED LOS: 

Mean 363 min with faculty triage vs 445 min without faculty 
triage (mean difference -82 min (95% CI: -111 to -54) (P = 
.005) 

LWBS: 

Mean 14.7% on days without  faculty triage vs 7.9% on days 
with faculty triage (reduction of 46%, P = .068) 
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Table C.1: Evidence from primary studies (cont�d) 

 

 

 

Study objective Setting/target population Strategy Outcome 

Staffing/reorganization (cont�d) 

Donald et al. 
200548 

Australia 

Pre- and post- 
intervention study 

Retrospective 

Objective: to 
assess the effect of 
having an 
emergency 
physician on-site at 
night in a rural base 
hospital in terms of 
ED LOS, waiting 
times, admissions, 
specialist 
consultations, the 
use of diagnostic 
tests, and ED 
revisit within 7 days 

Location: a rural hospital (262 
beds)  

ED annual visits: 37,000 

Acuity of patients: Triage 
category 2,3,4,5    

Inclusion: not available 
Exclusion: patients with multi-
trauma, which involves surgical 
registrar review, consultant 
call-back and radiographer 
call-back.  

Intervention: an on-site emergency 
physician in the ED at night (from 
22:30 pm to 8:00 am)  

Team involved: emergency 
physicians 
Period for comparison:  7 days 
(January 28 to February 4, 2001) 
before vs 7 days ( January 28 to 
February 4, 2002) after the 
intervention      

WT (min, median (25th to 75th percentile)) (the time between 
arrival and being seen by a doctor): 

Pre-: 25 (7 to 97) v. post-intervention: 31 (12 to 101) (P = .33)  
ED LOS (min, median (25th to 75th percentile)) (the time 
between being seen by a doctor and disposition from the ED): 

Pre-: 41 (28 to 118) vs post-intervention: 28 (15 to 54) (P = 
.0003) 

For triage categories 2 & 3: pre-: 107 vs post-intervention: 59 
(P < .0001) 

For triage categories 4 & 5: pre-: 30 vs post-intervention: 22 (P 
< .0001) 

ED return visit:  

Scheduled: pre-: 7 vs post-intervention: 12 (P = .34) 

Unscheduled: pre-: 2 vs post- intervention: 4 (P = .69) 
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Table C.1: Evidence from primary studies (cont�d) 

* Up to 20% of data on examination time and waiting times were missing in the protocols 

 

Study objective Setting/target population Strategy Outcome 

Staffing/reorganization (cont�d) 

Bucheli & Martina 
200449 

Switzerland 

Pre- and post-
intervention study  

Prospective  

Objective: to 
determine whether 
additional 
physicians would 
reduce the ED LOS  

Location: University hospital 
of Basel (1100 beds)   

ED annual visits: 34,000 

Acuity of patients: not 
available   

Inclusion: all patients during 
the study period    
Exclusion: not available  

Intervention: additional physicians 
during the evening shift (between 
15:00 and 21:00 h)  

Team involved: physicians 

Period for comparison: 3 wks pre- 
vs 2 wks post-intervention   

WT (min, mean ± SD) (from ED entry to the start of history 
taking and physical examination)*: 

Pre-: 53 ± 66 (median 30) vs post- intervention: 28 ± 41 
(median 15 for in- and outpatients between 15:00 and 21:00 h, 
P < .001)  
Duration of ED patient exam (min, mean ± SD)* (including 
history taking, physical exam, and first prescription by the EP): 

Pre-: 22.0 ± 12.6 (median 20) vs post-intervention: 17.7 ± 13.4 
(median 15) (P = .012) for outpatients 

Pre-: 28.5 ± 12.9 (median 27.5) vs post- intervention: 22.0 ± 
14.3 (median 20) (P = .003) for inpatients 

ED LOS (min, mean ± SD) (from patient�s ED entry to 

discharge from the ED triage division): 

Pre-: 176±137 (median 140) vs post-intervention: 141±86 

(median 120) (P = .012) for outpatients 

Reduction in LOS in ED inpatients that were admitted for 
hospitalization did not reach a level of statistical significance. 
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Table C.1: Evidence from primary studies (cont�d) 

Study objective Setting/target population Strategy Outcome 

Fast track 

Cooke et al. 200250 

UK 

Pre- and post-intervention 
study  

Objective:  to assess 
whether a separate 
stream of minor injuries 
(�fast track�) care in an 
accident and emergency 
(A&E) department 
decreases the waiting 
time without delaying the 
care of those with more 
serious injuries 

Location: a UK A&E department    

ED annual visits*: 65,000 

Acuity of patients: triage category 4 
to 5**   

Inclusion: patients with injuries not 
requiring an examination couch or an 
urgent intervention  

Exclusion: not available 

*Dr. M W Cooke, personal 
communication, August 2004  
**Triage category 
Immediate                    1 
See within 10 min        2 
See within 60 min        3 
See within 120 min      4 
See within 240 min      5 

Intervention: 
Separate stream for non-urgent 
patients � fast track. One doctor was 
based in a desk-type consulting room 
and saw any ambulant patients with 
injuries not requiring an examination 
couch or an urgent intervention. 

Team involved: a doctor 

Period for comparison: 5 wk pre- vs 
5 wk post-intervention  

WT: 
The proportion of patients waiting less than 30 
min and 60 min increased from 35.4% to 44.0% 
(P < .0001) and from 65.1% to 76.2% (P < 
.0001), respectively 

Compared with the pre-intervention period, the 
relative risk of waiting more than 1 h fell by 54% 
during the first week of intervention and fell by 
32% in the following 4 weeks.  

Fernandes & Christenson 
199561 

Canada  

Pre- and post-intervention 
study 

Objective: to determine 
whether continuous 
quality improvement (CQI) 
could be used to minimize 
LOS for fast-track (FT) 
patients  

Location: a tertiary care medical 
centre 

ED annual visits: 50,000   

Acuity of patients: non-urgent  

Inclusion: not available  

Exclusion: not available 

Intervention: 
(1) An extra admitting clerk was 
provided for 8 h per day, 6 days a 
week; (2) the streamlined process for 
ambulatory patients (FT) was 
initiated, with elimination of 
unnecessary waits by reducing the 
nursing assessment to the recording 
of complete vital signs on all patients.  

Team involved: an extra admitting 
clerk  

Period for comparison:   
2-day samples in July 1993 (before) 
vs 2-day sample in Jan 1994 (After-1) 
and 2-day sample in Feb 1994 (After-
2) 

ED LOS (time interval from triage contact to 
discharge from the ED): reduced from a mean of 
163  170 min (before) to 115  86 (After-1) and 
122  105 min (After-2) (P < .01 and P < .0001, 
respectively) for all patients. 
Chart generation (time interval from 
presentation to generation of a chart): reduced 
from 21  18 min (before) to 8  6 (After-1) (P < 
.0001) 
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Table C.1: Evidence from primary studies (cont�d) 

Study objective Setting/target population Strategy Outcome 

Fast track (cont�d) 

Fernandes et al. 
199662 

Canada  

Pre- and post-
intervention study 

Objective: to 
demonstrate how CQI 
can identify rational 
and effective means 
to reduce LOS for 
minor illness/injury in 
an ED 

Location: a tertiary care medical centre  

ED annual visits: 54,000   

Acuity of patients: non-urgent   

Inclusion: all patients triaged to FT 
area who did not have a laboratory test, 
ECG, or an x-ray 

Exclusion: patients who  

- had incomplete charts, 

- were hospitalized,  
- left the ED prior to  
  completion of the 
  workup. 

Intervention:  

Phase I: adding an extra admitting clerk 
(reported in a previous article, Fernandes 
& Christenson 199561) 

Phase II: (1) expanded FT area to 
include more rooms and stretchers; (2) 
implemented a stricter, more detailed 
triage classification; (3) dedicated a 
nurse to the FT area whose previous 
responsibilities were poorly defined   

Team involved: an FT nurse 

Period for comparison:  2-day samples 
(before), two 2-day samples after phase I 
intervention  (Sample-1 and Sample-2) 
vs 2-day sample after phase II 
intervention (Post-phase II)  

ED LOS (time interval from triage contact to 
discharge from the ED):  

Reduced significantly from a mean of 163  170 
min (before) to 114  103 min after the 
intervention (Post-phase II) (P < .00001), from 
115  86 min (Sample 1) to 114  103 min (Post-
phase II) (P < .05), and from 122 min  80 min 
(Sample 2) to 114  103 min (Post-phase II) (P < 
.05) for all patients. 

Fernandes et al. 
199763 

Canada 

Pre- and post-
intervention study 

Objective: to 
determine whether 
the decreased LOS 
was associated with a 
concomitant decrease 
in the LWBS rate 

Location: a tertiary care medical centre  

ED annual visits: 55,000   

Acuity of patients: non-urgent   
Inclusion*: all patients triaged to FT 
area who did not have a laboratory test, 
ECG, or an x-ray.   
Exclusion*: patients who  
- had incomplete charts, 
- were hospitalized,  
- left the ED prior to 
  completion of the 
  workup. 
* From Fernandes  et al. 199662 

Intervention:  

(1) an extra admitting clerk 

(2) streamlined FT process 

(3) an expanded FT area 

(4) a stricter, more detailed triage 
classification 

(5) a nurse to the FT area 

Team involved: an admitting clerk and 
an FT nurse  

Period for comparison: 1 mo 
immediately before and after the 
intervention  

ED LOS: 

The median LOS for FT patients not requiring 
investigations decreased from 84 min to 46 min 
after the intervention (ssnr). 

LWBS: 

Proportion of LWBS to all patients significantly 
decreased from 2.4% to 1.1% after the 
intervention (P < .0001) 

Proportion of urgent patients who LWBS to all 
urgent patients decreased from 1.6% to 0.8% 
after the intervention (P = .055) 

Proportion of non-urgent patients who LWBS to 
all non-urgent patients decreased from 2.9% to 
1.3% after the intervention (P < .001) 
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Table C.1: Evidence from primary studies (cont�d) 

Study objective Setting/target population Strategy Outcome 

Observation unit/acute care unit 

Kelen et al. 200151 

USA 

Pre- and post-
intervention study 

Objective: to 
determine the impact 
of an inpatient, ED-
managed acute care 
unit (ACU) on ED 
overcrowding and the 
use of ambulance 
diversion 

Location: a tertiary care academic 
hospital  

ED annual visits: 54,000 in main ED 
and 18,000 in a separate pediatric 
emergency service annually 
Acuity of patients: acute 

Inclusion: patients who required 
evaluation of management longer than 
4 h 

Exclusion not available 

Intervention: a 14-bed monitored ACU 
with 3 additional procedure rooms, which 
was remote from the main ED and 
staffed by ED personnel 

Team involved: emergency physician 
and midlevel provider (nurse practitioner, 
physician assistant) or resident   

Period for comparison: 

1) 1 year, 2 wk pre-intervention vs 10 wk 
post-intervention for LWBS 

2) 6 wk pre- vs 8 wk post-intervention for 
AD 

LWBS rate:  
1 yr pre-intervention: 9.4%,  
2 wk pre- intervention: 10.1% vs 10 wk post-
intervention: 5.0 % (P < .05, respectively)  

Frequency/duration of AD: 
6 wk pre-intervention: a weekly mean 6.7 h 
(range 2.5 to 9.9h) per 100 patients vs  
8 wk post-intervention: weekly mean of 2.8 h 
(range 1.9 to 4.1h) per 100 patients (P < .05) 

Murray et al. 199952 

Canada  

RCT 

Objective: to 
examine whether the 
careful introduction of 
POCT can result in 
reduced LOS in the 
ED  

Location: a tertiary care teaching 
hospital  

ED annual visits: 41,000  

Acuity of patients: not available  

Inclusion: patients seen in the ED who 
were suitable for POCT   

Exclusion: eligible patients who were 
randomized while the POCT equipment 
was not working, or for whom the 
protocol was not adhered to in every 
respect, were excluded from the study.  

Total number: 180 patients 

EG: n = 93 

CG: n = 87 

Intervention: POCT for quantitative 
creatinine, sodium, potassium, chloride, 
total CO2, glucose, BUN, hematocrit, and 
qualitative CK-MB and myoglobin.  

Comparator: central lab testing  

Follow up: 5 mo  

ED LOS (time from triage to disposition):   

3 h, 28 min in EG vs 4 h, 22 min in CG (P = .02)    
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Table C.1: Evidence from primary studies (cont�d) 

Study objective Setting/target population Strategy Outcome 

Access to diagnostic services (cont�d) 

Lee-Lewandrowski et 
al. 20038 

USA 

Pre- and post-
intervention study  

Objective: to 
investigate the impact 
of a point-of-care 
testing (POCT) 
satellite 

Location: a large university-
associated urban ED  

ED annual visits: 70,000   

Acuity of patients: not 
available 

Inclusion: patients who 
received glucose testing, 
urine dipstick, pregnancy 
testing, and cardiac markers   

Exclusion: not available  

Intervention: a POCT satellite 
laboratory located in the ED was 
staffed with a research nurse and 
laboratory technicians and was 
open from 8:00 am to 5:00 pm 
Monday through Friday.   
Team involved: a research 
nurse and laboratory technicians  
Period for comparison:  before 
vs after the intervention (period 
not clear)  

TAT (the time the sample was received in the central lab or in the 
ED lab until the results were posted in the hospital computer or 
called back to the care unit): 

Except for whole-blood glucose, there was a substantial reduction 
in the average TAT for urinalysis, pregnancy testing, and cardiac 
markers.  The decrease in lab TAT for all tests combined was 
significant (P = .02).   

ED LOS (the time from registration in triage to the time of 
discharge or transport to the floor for admitted patients): 

Overall, there was a trend toward decreased ED LOS during the 
POCT program, except for the patients who received rapid glucose 
testing.   

Clinician/nurse satisfaction: 
There was a significant increase in satisfaction with the TAT (P < 
.001). 
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Table C.1: Evidence from primary studies (cont�d) 

Study objective Setting/target population Strategy Outcome 

Access to diagnostic services 

Cheung et al. 
200210 

Canada  

Concurrent 
comparative study  

Objective: to 
assess the efficacy 
of the Advance 
Triage system and 
its impact on 
patients� overall 
LOS 

Location*: a community 
hospital  

ED annual visits*: 40,000 

Acuity of patients: not 
available 

Inclusion: patients who met 
the established criteria for 
Advance Triage 

Exclusion: not available  

*Mrs W Cheung, personal 
communication, August 2004. 

Intervention: the Advance Triage 
system involves the triage nurse�s 

initiation of appropriate diagnostic 
tests for eligible patients based on an 
established set of protocols or 
algorithms. These diagnostic tests 
may be initiated by the triage nurse 
following triage assessment and are 
based on the patient�s chief complaint 

and the triage nurse�s assessment of 

the patient�s acuity and 

appropriateness for Advance Triage.   
Team involved: nurse 

Comparison: from a random sample 
of 250 ED patients, one group of 
patients who were Advance Triaged 
compared wiht the other group of 
patients who met the established 
criteria for Advance Triage but were 
triaged by the conventional method. 

ED LOS: 

For all patients 
There was a time saving of 46 min in total LOS in the ED and 73 
min after the initial physician assessment (ssnr). 

For emergent category 
There was a time saving of 40 min in total LOS in the ED and 62 
min in the LOS after initial physician assessment (ssnr).  

For urgent category 
There was a time saving of 74 min in total LOS in the ED and 89 
min in the LOS after initial physician assessment (ssnr). 

For non-urgent category  
There was a time saving of 10 min in total LOS in the ED and 60 
min in the time from physician assessment to disposition (ssnr). 
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Table C.1: Evidence form primary studies (cont�d) 

Study objective Setting/target population Strategy Outcome 

Inpatient beds 

McConnell et al. 
200553 

USA 

Pre- and post-
intervention study 

Objective: to 
determine the 
extent to which 
daily hours on 
ambulance 
diversion and 
patients� ED LOS 

changes after an 
increase in ICU 
beds at the study 
hospital  

Location: Level I trauma 
centre at an academic acute 
care hospital  

ED annual visits: 42,000  
Acuity of patients: not 
available  

Inclusion: patients who visit 
the ED between Aug 7, 2001 
and Aug 6, 2003 

Exclusion: patients who  

(1) were transferred into the 
ED or out of the ED to another 
hospital; 

(2) LWBS by a physician or 
who LAMA; 

(3) died in the ED; 

(4) were admitted to the ED 
observation unit 

Intervention: increased ICU capacity 
from 47 beds to 67 beds 

Team involved: not applicable  

Period for comparison: 12 mo 
before vs 12 mo after ICU expansion 
 

ED LOS (min), unadjusted change (95% CI)*: 

For adult patients admitted to ICU  
90th percentile 523 pre vs 454 post, -69 (-125 to -10)�,  

Mean 257 ± 203 pre vs 232 ± 177 post, -24.8 (-45.4 to -4.2)� 
For adult patients admitted to telemetry unit: 
90th percentile 632 pre vs 567 post, -65 (-133.5 to �3.0)� 

Mean 385 ± 208 pre vs 368 ± 165 post, -16.7 (-36.2 to 4.3) 
For adult patients admitted to ward: 
90th percentile 650 pre vs 645 post, -5.0 (-40 to 28) 

Mean 393 ± 216 pre vs 406 ± 205 post, 13.4 (1.0 to 25.6) 
For adult patients discharged home: 
90th percentile 343 pre vs 354 post, 11.0 (5.0 to 17.0)� 

Mean 186 ± 114 pre vs 193 ± 118 post,6.6 (4.3 to 8.9) 

Time spent on AD (h/d); unadjusted change (95% CI)*:  

Complete diversion: 
90th percentile 3.2 pre vs 0.3 post, -5.5 (-8.2 to -2.8)� 
Mean 0.9 ± 2.8 pre vs 0.2±1.0 post, -2.4 (-3.3 to -1.7 )� 

Critical care diversion: 
90th percentile 10.4 pre vs 4.9 post, -9.3 (-13.4- to -5.8)� 
Mean 3.8 ± 5.4 pre vs 1.4± 2.5 post, -4.3 (-5.8 to -2.7)� 

Trauma diversion: 
90th percentile 22.1 pre vs 12.8 post, -2.9 (-4.7 to -0.8)� 

Mean 7.1 ± 8.7 pre vs 2.8± 6.1 post, -0.7 (-1.2 to -0.3)� 

* Results based on adjusted ED volumes were relatively close to the unadjusted average. Adjust for ED volume and other variables showed larger reduction in ED LOS for 
patients admitted to ICU and telemetry units, larger increase in ED LOS for patients discharged home, larger reduction in AD time (all categories), and no significant changes 
in ED LOS for patients admitted to ward units. � The change was statistically significant. 
Definition: ED LOS: from check-in at triage to disposition, that is, either admission to the hospital or discharge home; Complete AD: as a request by the hospital that all 
patients transported by ambulance be diverted to other community hospitals, except for that small designated subset of patients deemed too critical to be diverted (e.g., 
patients in cardiac arrest, patients with an impaired airway, non-injured patients too unstable to transport to another facility, patients refusing alternate facilities, obstetrics 
patients, prearranged inter-facility transfers); Critical care diversion: as a request to divert any ambulance transporting a pt who might require admission to an ICU; Trauma 
diversion: when the trauma centre has exceeded its capacity to manage trauma patients (because of insufficient personnel, equipment, surgical ICU beds, or other 
resources) and must divert to another regional trauma hospital
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Table C.1: Evidence from primary studies (cont�d) 

Study objective Setting/target population Strategy Outcome 

Inpatient beds 

Dunn 200354 

Australia 

Pre- and post-
intervention study  

Objective: to 
determine if 
changes in hospital 
occupancy would 
affect ED 
occupancy and ED 
waiting time 
performance 

Location: a public tertiary 
teaching hospital  

ED annual visits: 36,000  

Acuity of patients: not 
available  

Inclusion: not available  

Exclusion: not available 

 

Intervention: reduction of hospital 
occupancy during the period of 
industrial action 
Team involved: not available  

Period for comparison: 13 days 
during the intervention compared with 
13 days prior and 13 days after the 
intervention. 8 days separated the 
study period from each of the 
comparison periods. 

Hospital occupancy:  
Compared with the control period, mean hospital occupancy 
decreased from 94.9% to 89.0% (P < .001) 

ED occupancy: 
Mean ED occupancy decreased from 19.1 to 14.8 patients (P < 
.001). 

ED waiting time: 
Mean ED waiting time decreased from 58.5 to 37.1 min (P < 
.001). 

Hemphill & Nole 
200555 

USA 

Pre- and post-
intervention study  

Objective: not 
clearly stated 

Location: a large tertiary care 
hospital and trauma centre, 
serves as a regional referral 
centre (700 beds) 

ED annual visits: not 
available    

Acuity of patients: not 
available 

Inclusion: not available  

Exclusion: not available 

 

Intervention:  

(1) Developing an Access Centre to 
handle the triage function as well as 
all unscheduled admissions.  The 
Access Centre operates 24 h a day, 7 
days a wk, and is staffed by 2 RNs 
during the day, 4 RNs on the PM shift 
and weekends, and 3 RNs on the 
night shifts.  

(2) Identifying service line capacity 
using bed status color codes placed 
on the hospital intranet 

(3) Adding a bed management 
coordinator who focuses entirely on 
the admission and discharge of 
patients 

(4) Expediting bed assignments and 
minimizing ED diversionary status  
Team involved: registered nurses  

Period for comparison:  January to 
June, 2003 vs January to June, 2004 

AD hours  

Pre-: 385 h vs post-intervention: 141 h (reduction of 63%)(ssnr)  
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Table C.1: Evidence from primary studies (cont�d) 

Study objective Setting/target population Strategy Outcome 

Inpatient beds 

Burns et al. 200556 

Australia 

Pre- and post-
intervention study 

Objective: to 
assess the value of 
cusum analysis in 
hospital bed 
management 

Location: an urban teaching 
hospital with 700 hospital beds 
in Brisbane, Australia 

ED annual visits: 70,000    

Acuity of patients: not 
available  

Inclusion: not available    

Exclusion: not available 

Intervention:  

A rigorous search for alternatives to 
admission by both ED and Internal 
Medicine Services (IMS) medical staff 

Integrated daily multidisciplinary case 
review within IMS  

Specific review of patients who had a 
prolonged LOS 

Team involved: ED and IMS medical 
staff  

Period for comparison:  

March to August 2002 (pre-) vs March 
to August 2003 (post-intervention)  

ED visits: statistically significant increase in the number of 
patients presenting to the ED 

% of ED patients waiting more than 8 h for admission: 

Pre-: 4.3  2.8 vs post-intervention: 6.4  4.2 (P = .002)  
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Table C.1: Evidence from primary studies (cont�d) 

Study objective Setting/target population Strategy Outcome 

System-wide interventions 

Cardin et al. 
200357* 

Canada 

Pre- and post-
intervention study 

Objective: to 
evaluate the effect 
of a multifaceted 
intervention to 
decrease ED 
overcrowding on 
the quality of care 
provided to patients 
in the ED and 
hospital wards, as 
measured by the 
incidence of return 
visits after 
discharge 

Location: a tertiary care adult 
hospital affiliated with McGill 
University in Montreal, 
Canada.  

ED annual visits: 50,000    

Acuity of patients: not 
available  

Inclusion: patients discharged 
from ED or inpatient hospital 
wards   

Exclusion: patients who  
- were discharged from 
obstetrics or neonatology 
wards; 
- died in the hospital at the 
initial visit;  
- transferred to other acute 
care hospitals or to the 
hospital long-term-care (LTC) 
unit;  
- discharged from the hospital 
LTC unit, or with an index 
hospitalization of longer than 
60 days; 
- were already sampled during 
the same period 

Intervention: a system-wide 
multifaceted intervention, including 
increased emergency physician 
coverage, the designation of physician 
coordinators, and new hospital policies 
regarding laboratory, consultation, and 
admission procedures  

Team involved: not available  

Period for comparison: 28 days 
during 12 mo (every 13th day between 
Aug 2, 1992 and Aug 1, 1993) pre- vs 
28 corresponding days during 12 mo 
(Oct 17, 1993 and Oct 16, 1994) post- 
intervention.  

All return visit (a visit to the ED or a direct hospitalization 
within 7 days of discharge): 

Pre-: 11.0% vs post-intervention 12.4% (95% CI on difference: 
-1.5% to 4.3%) (nss)  

Unscheduled visit (no indication in the chart that the pt was 
told to come back to the ED of the hospital on a special date): 

Pre-: 6.8% vs post-intervention 6.9% (95% CI on difference: -
2.2% to 2.4%) (nss) 

Unscheduled-related visit (related visit defined as the 
presenting complaint or the principal diagnosis was the same 
as, or a consequence of the patient�s medical condition or any 

intervention initiated at the index visit): 

Pre-: 6.5% vs post-intervention 5.8% (95% CI on difference: -
2.8% to1.6%)(nss) 

 

* The results on rate of stretcher occupancy and ED LOS were reported previously in a French language article.65
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Table C.1: Evidence from primary studies (cont�d) 

Study objective Setting/target population Strategy Outcome 

System-wide interventions (cont�d) 

Cameron et al. 
200258 
Australia  

Pre- and post-
intervention study  

Objective: to 
conduct an 
observational 
study to reduce 
access block for 
emergency 
patients while 
maintaining 
elective 
throughput 

Location: Melbourne Health 
consists of acute care hospital, 
rehabilitation centre, laboratory 
service, dialysis, and Mental 
Health service.    

ED annual visits: not 
available    

Acuity of patients: not 
available   

Inclusion: not available   

Exclusion: not available 

Intervention: organizational changes including 51 
actions to improve patient access from 4 areas:  

(1) Emergency demand management (short stay 
unit, establish dressing clinic transit lounge/plastics 
ward, additional clerical and medical staff ED, PEG 
tubes /IDC insertion in community, ED bed card 
HITH, HITH in nursing home, hospital policy on 
direct admits to ward, streamline ED to inpatient 
referrals, determine RMH boundary line for primary 
referrals, review timelines and establish KPIs for 
psychiatric review and radiological procedures in 
ED, additional ICU beds, review bed management 
function, emergency review clinic in outpatients for 
each specialty, increase care coordination function 
in ED.    

(2) Elective surgery;  

(3) Capacity management;   

(4) Subacute processes 
Team involved: senior clinicians 

Period for comparison: 3 mo before vs 3 mo after 
the intervention 

Ambulance diversion: 
Reduced by more than 50% (ssnr).  

No. of patients waiting  12 h: 
Reduced by 40% for admitted patients (ssnr).   

Elective throughput: 

Maintained despite a significant decrease in staffed 
multi-day beds in the hospital.  
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Table C.1: Evidence from primary studies (cont�d) 

Study objective Setting/target population Strategy Outcome 

System-wide interventions (cont�d) 

Cameron et al. 
199959 
Australia  

Pre- and post-
intervention study  

Objective: to 
review and analyze 
the system effects 
of the Emergency 
Service 
Enhancement 
Program (ESEP): 
bonus payments 
made to public 
hospitals to 
improve access to 
care for patients 
attending EDs 

Location: 21 public hospital 
EDs in Victoria, Australia 

ED annual visits: 700,000    

Acuity of patients: *category 
1, 2, 3   

Inclusion: *category 1, 2, 3 
patients   

Exclusion: *category 4, 5 
patients 

 

*Category 1: resuscitation 

Category 2: emergency 

Category 3: urgent 

Category 4: semi-urgent 

Category 5: non-urgent  

 

Intervention: introduction of 
bonus payment system � ESEP.  

Starting in 1995, a bonus 
payment is made to each 
hospital at the beginning of the 
financial year.  The bonus pool 
consisted initially of $7.2 million 
per year and increased to $17 
million for 1997 to 1998. Some of 
the funds are directed to 
improving the ED and resources 
for bed management.  The bonus 
payment can be reduced or lost if 
the targets for access block, AD, 
or WT are not met.        
Team involved: not applicable   

Period for comparison: 1 yr 
pre- vs 2 yr post-intervention  

ED visits:  

Increased from 23% to 31% for category 1, 2, 3 patients 

AD: 

The number of occasions of bypass across the 21 hospitals 
decreased from over 600 per quarter in 1994 to less than 100 in 
1997 (P < .001, R2 = 0.53)   

WT: 
For category 1 patients:  
Zero WT was considerably achieved. 
For category 2 patients:  
The proportion of patients receiving attention within the threshold 
time improved significantly (P < .001, R2 = 0.74). 
For category 3 patients: 
The proportion of patients receiving attention within the threshold 
time improved significantly (P = .035, R2 = 0.37). 

No. of patients waiting  12 h in EDs for inpatient beds: 

Decreased since the introduction of the ESEP (nss) (p=.3, R2 = 0.1). 

The last 6 mo of 1997 showed a marked increase in 12-h stays. 
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Table C.1: Evidence from primary studies (cont�d) 

Study objective Setting/target population Strategy Outcome 

System-wide interventions 

Hoffenberg et al. 
200160 
USA 

Pre- and post-
intervention study  

Objective: to 
assess the ability of 
the best 
demonstrated 
processes (BDP) 
methodology to 
decrease ED 
patient LOS in EDs 
in a large multi-
hospital system 

Location: 291 Healthcare 
Company hospital EDs    

ED annual visits: not 
available    

Acuity of patients: not 
available   

Inclusion: not available    

Exclusion: not available  

 

Intervention: using the BDP 
approach to identify meaningful 
process differences between the 
best-performing EDs and the worst-
performing EDs and share those 
processes of the better-performing 
EDs with all participating EDs  

Team involved: physicians, nurses, 
clerical personnel, and outside 
consultant   
Period for comparison: pre- vs 19 
mo post-intervention  

ED visits: not available  
ED LOS (mean, in min): 

For all EDs: 

Pre-: 147 vs post-intervention: 139 (ssnr) 

For the slowest third: 

Pre: 186 vs post-intervention: 157 (ssnr)   

Time interval from arrival to examination room (mean, in 
min): 
For all EDs: 

Pre-: 27 vs post-intervention: 22 (P < .001) 

For the slowest one  third: 

Pre-: 37 vs post-intervention: 24 (P < .001) 

Time interval from examination room to physician 
evaluation (mean, in min):  

For all EDs: 

Pre-: 20 vs post-intervention: 18 (P < .001) 

For the slowest one third: 

Pre-: 25 vs post-intervention: 20 (P < .001) 

Time interval from physician evaluation to discharge 
(mean, in min):  

For all EDs: 

Pre-: 100 vs post-intervention: 99 (P = .33) 

For the slowest one third: 

Pre-: 124 vs post-intervention: 113 (P < .001) 
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APPENDIX D:  INTERVENTIONS IN AN AUSTRALIAN STUDY58 
Emergency demand management  

Short stay unit  

Establish dressing clinic transit lounge/plastics ward  

Additional clerical and medical staff ED  

PEG tubes/Indwelling Catheter (IDC) insertion in community  

ED bed card HITH  

HITH in nursing home  

Hospital policy on direct admits to ward  

Streamline ED to inpatient referrals  

Determine Royal Melbourne Hospital (RMH) boundary line for primary referrals  

Review timelines and establish KPIs for psychiatric review and radiological procedures 
in ED  

Additional ICU beds  

Review bed management function 

Emergency review clinic in outpatients for each specialty 

Increase care coordination function in ED    

Elective surgery 

10-12 orthopedic quarantined elective beds (25% of orthopedic beds) 

Increase use of day beds in plastics, radiology 

Increase emergency theatre availability 

Recovery � two extra boys� KPIs regarding collection of patients from wards 

Equipment inventory  

Increase day of surgery admissions (DOSA) to >85% 

Review theatre utilization 

Review delays in theatre set up 

Review theatre mix and start times 

Review theatre scheduling 

Seasonalize demand   

Review elective/emergency mix 

Review preadmission clinic process 
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Central elective waiting list   

Capacity management 

Day beds � neurology ward   

Discharge coordinators for ward 

Improved Allied Health cover  

Mixed/direct HITH (utilization, efficacy) 

Review scope for expansion 

GP liaison officer to coordinate discharge and support admission substantiation by GPs 

Length-of-stay project (studying reasons for long inpatient stays) 

Disease management project (studying CCF and COAD case mix strategies) 

Frequent flier package (studying reasons for frequent representations) 

Workforce planning review 

Review outpatient structure/booking system  

Review waiting times for ultrasound, MRI, CT scan 

Subacute processes 

Orthopaedic rehabilitation unit within orthopaedic ward  

Integrated medical staffing across acute/subacute 

Tracheostomy unit/service to coordinate management plan 

Establish KPIs for time from referral to assessment  

PEG management team 

ACRRAT Project � electronic referral and assessment software to overcome process   
blockages between RMH and Aged/Rehab facility  

Standby system for transfer of subacute patients from RMH to Aged/Rehab facility 

Establish dialysis rehabilitation unit Aged/Rehab facility 

Suspended 

Develop policy around admission of in-region patients only  

Increased subacute capacity: 

 Additional beds for aged care 

 Additional home rehabilitation beds 

In-home transition packages 

Subacute precinct RMH 
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APPENDIX E: GUIDELINES/POSITION STATEMENT 

In 2000, the CAEP and NENA25 recommended the following strategies: 

Primary solutions  

 Provincial Ministries of Health should link hospital funding to promote 
admission of emergency patients to hospital.  

 Provincial waiting time standards for admitted patients in the ED would need to 
be developed and enforced.  

 Hospitals may need to open �swing beds� or expand their permanent bed 
complement to meet waiting time standards. 

Secondary solutions 

 Implementation of Canadian Triage and Acuity Scale (CTAS) in all Canadian 
EDs. 

 Implementation of computer databases so that ED managers can analyze visit 
volumes, acuity profiles, admission rates, waiting times and length of stay.  
Implement real time Emergency Department Information System in all EDs, so 
that nurses and physicians can use computerized data to help patients through 
their ED stay more efficiently.  

 Link current efforts in Primary Care Reform to ED overcrowding.  ED waiting 
times should be a measure of the success of a primary care initiative.  For 
example, 24-hour, seven-day managed access to services was emphasized in the 
recently released new agreement among Alberta Health, the Alberta Medical 
Association, and Regional Health Authorities. 

 Development of pilot projects in innovative ED care, including rapid diagnostic 
units, use of a nurse practitioner, bedside registration, point-of-care testing, and 
linkage to community health centres.  

 Increase access to immediate diagnostic testing to improve patient flow. 

 Expansion of long-term care facilities to reduce the number of patients in 
hospital awaiting placement. 

 Development of innovative home care models to safely discharge patients from 
the ED and hospital. 

 Expand available training and education programs for emergency physicians 
and nurses. 

 Create research funding opportunities for ED physicians and nurses to study the 
issue of overcrowding in a scientifically valid and timely fashion. 
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 Develop programs by which the public can be informed about current healthcare 
system issues, so that they can understand which services can be reasonably 
expected from the ED. 

The 2003 CAEP/NENA joint position statement15 identified a number of potential 
strategies to deal with ED overcrowding: 

Control input wherever possible 

 Create regional or provincial bed access management to ensure that inter-
hospital transfers are directed to hospitals that have the capacity to manage the 
patient requiring transfer; 

 Develop pre-hospital care policies to divert Level II and III patients to 
appropriate nearby hospitals during periods of severe overcrowding; 

 Avoid unnecessary admissions; 

 Support ED-based programs that reduce the need for hospitalization; 

 Create 12- to 24-hour rapid diagnosis and treatment units that aggressively 
investigate, treat, and discharge patients who would, in the past, have been 
admitted to hospital.  These units may be based in EDs; 

 Increase ED access to diagnostic tests when these tests preclude the need for 
inpatient investigation; 

 Assign a discharge coordinator for the ED; 

 Establish multidisciplinary ED-based rapid response teams to coordinate 
community supports and enable discharge of patients who will not benefit from 
hospitalization; 

 Nurture closer liaisons with primary care providers to assist with patient 
disposition; 

 Develop information systems to facilitate the transfer of valuable patient 
information from the community to the ED and from the ED to the community; 

 Enhance the flow of sick patients from the ED to the ward; 

 Assign top priority to emergency admissions; 

 Distribute supernumerary (i.e., hallway) patients equally between all wards, 
including the ED; 

 Institute �daily quota� beds; 

 Designate �flex beds� that can be used by different services on the basis of daily 
needs; 

 Establish �admission units� during peak daytime hours; 
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 Allow direct admission to the floor for stable patients being transferred from 
another facility when a bed is open on the floor; 

 Invoke a �30-minute rule� for transfer to the floor when a bed is assigned; 

 Automatically assign patients to �off-service beds� when defined ED thresholds 
are reached; 

 Establish acceptable consultation time frames to avoid disposition and treatment 
delays; 

 Electronically capture key process times, including time to ED stretcher, time to 
physician, time to disposition decision, consultation delay, LOS, or admitted and 
discharged patients; and  

 Identify and open over-census beds when specified ED thresholds are surpassed. 

Optimize inpatient acute care LOS 

 Assign a utilization coordinator for the hospital; 

 Ensure there is a Most Responsible Physician accountable for every admission; 

 Identify LOS benchmarks for key case-mix groups, establish LOS targets, and 
measure performance; 

 Estimate expected LOS for patients at the time of admission; 

 Begin discharge planning at the time of admission.  This includes a discharge 
notification process; 

 Electronically monitor key discharge processes, including time from discharge to 
bed availability and time from bed availability to transfer; 

 Provide alternate levels of care (ALC) for ALC patients;  

 Lobby for appropriate availability and utilization of community subacute and 
alternative level of care beds; 

 Move patients who are �just waiting� out of hospital areas that are staffed for 
acute care;   

 Designate a discharge lounge and suitable waiting areas; and  

 Match care provided to care required. 
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