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Abstract 

Aim: Emergency Department (ED) crowding intuitively impedes quality of care. Despite an 

extensive literature base, there is no agreement on which measure of crowding best reflects 

quality of care. This thesis aimed to determine which ED crowding metric(s) should be used as 

quality of care and performance indicator(s) to drive improvements in care quality. 

Methods: The thesis explains why ED is an important place to measure healthcare quality and 

describes the development of the Quality Indicator Critical Appraisal (QICA) tool to appraise 

indicators. A survey was conducted to evaluate the measurement of ED crowding in 

Australasia and a systematic review undertaken to determine the strength, direction and 

quality of evidence for associations between metrics and healthcare quality domains. Finally, 

the association between the metrics and mortality was tested in two million unique ED 

presentations in 25 hospitals in New Zealand from 2006-2012. 

Results: Sixteen metrics were identified in the survey. The review identified 198 studies 

investigating the association between these metrics and quality of care. After appraisal of 

each metric using the QICA tool, there was a strong recommendation that ED Length of Stay 

(LOS) should be used, with a conditional recommendation for using total ED Occupancy and 

Hospital Occupancy. There were also conditional recommendations that Time to Assessment, 

Boarding Time and Boarder Occupancy may be used. Conversely, there was a conditional 

recommendation that ED Treatment Time should not be used and strong recommendations 

that other metrics were not suitable. In New Zealand EDs after adjustment for confounders, 7-

day mortality for new patients was highest when more than 10% of current patients awaiting 

admission had EDLOS greater than eight hours: HR=1.10 (1.05, 1.17) p<0.001 and when 

fewer than 90% of all ED patients had LOS less than four hours: HR=1.07 (1.01, 1.12) 

p=0.011. For ED Occupancy optimised between 85% and 99% mortality was lower: HR=0.91 

(0.86, 0.97) p=0.005. 

Conclusion: Total EDLOS and ED Occupancy are both associated with mortality for new 

patients arriving at ED in New Zealand. Total EDLOS is the metric associated with the most 

quality domains and best satisfies the requirements of a good quality indicator. 
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as not able to be measured in real time): Ambulance Offload (90th centile >15 min); 

Time to triage >5 min; ED Occupancy >100%; EDLOS 90th centile >4 hr; Time to 

Assessment for Triage 1 or 2 >30min; Boarding time (<90% left ED <2hr of decision to 

admit); >10% occupied by boarders 

SPSS Statistical Package for the Social Sciences 

SSED Shorter Stays in Emergency Departments Target (New Zealand) 

STEMI ST-segment Elevation Myocardial Infarction 

Time to Assessment Time from arrival in ED to first assessment by a treating clinician in ED 

Total EDLOS Sum of Time to Assessment, Treatment Time and Boarding Time 

Treatment Time Time from first assessment by a treating clinician to completion of ED care 

Triage The process of prioritising the order in which patients are seen based on urgency of need 

for care 

UK United Kingdom 

USA United States of America 

VAS Visual Analogue Scale 

Work Score Three metrics combined arbitrarily: Number in Waiting room/Size of ED; Acuity by ESI 

(score reversed so most urgent = 5)/Number of Nurses; and Number Boarders/Size of ED 
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 Introduction Chapter 1.

Emergency Department (ED) overcrowding is considered an important problem 

internationally and a major cause of preventable harm in hospitals.(1, 2) It has been associated 

with increased risk of mortality for both admitted patients(3) and those sent home from an 

overcrowded ED.(4) Excess deaths related to ED overcrowding have been likened numerically 

to annual national road tolls in both New Zealand and Australia.(5, 6) Numerous other harms 

have been attributed to overcrowding, such as turning ambulances away, reduced patient 

satisfaction, delay to time sensitive treatments for life threatening emergencies and inadequate 

pain relief.(5) Despite a wealth of literature and several systematic reviews there remains no 

consensus on how best to measure crowding, and at what threshold an ED can be said to be 

overcrowded.  

The aim of this thesis is to find the best measure of crowding from a quality of care 

perspective through systematic critical appraisal and empirical processes.  

The first step is to understand why ED crowding might be useful as a marker of quality of 

care. This requires an understanding of who is responsible for the provision of care in the ED, 

where the ED sits within the healthcare system and within a framework of quality of care. 

This chapter firstly explores the development of the specialty of Emergency Medicine (EM) 

and models of EM care internationally, and the place of the ED in the New Zealand healthcare 

system is described. Then a framework for quality of care and the rationale for using ED 

crowding as a quality indicator are discussed.  

With the background explained, the underlying hypothesis, research question, aim, specific 

objective and outline of the thesis are then detailed. 

1.1. The Development of the Specialty of Emergency Medicine  

Although Bodiwala credits the earliest practice of emergency medicine to Charak, an Indian 

physician in 300BC,(7) and it is likely emergency medicine was practiced in some form by all 

ancient civilisations, it a relatively new field of independent specialist practice.  

A specialist is defined in Dorland’s Pocket Medical Dictionary (23rd edition, 1982) as 

 “a physician whose practice is limited to a particular branch of medicine or surgery, 

especially one who, by virtue of advanced training, is certified by a specialty board as being 

qualified to so limit his practice” 



 

2 

 

Specialist practice in medicine usually refers to special knowledge of an aspect of human 

biology and/or disease. This was initially based on either: 

 Specific organs; such as the eyes (Ophthalmology) 

 Specific biological systems; such as the cardiovascular system (Cardiology) 

 Use of specific technologies; such as x-rays (Radiology)  

 Specific ages of patients cared for: children (Paediatrics) or older people (Gerontology) 

 Specific procedures carried out: such as operations (Surgery)  

There may be crossover between these categories and within the groups. It is common for sub-

specialisation to occur, for example specialists in children’s diseases of the heart (Paediatric 

Cardiology).  

Specialist medical practice as we know it today is a recent phenomenon with its origins in 19th 

century Paris. It’s development was driven by the realisation that there was a need to develop 

more detailed knowledge about human disease which could only be obtained by focusing on 

particular parts of the whole, and a simplification of administrative processes by categorising 

people and their diseases, that was consistent with the prevailing beliefs.(8) At first regarded 

with some distain by the established medical hierarchy, specialists quickly became to be held 

in high regard (especially by the public and the media) in comparison to their colleagues with 

a more general scope of practice, due to their perceived experience and expertise in one field 

of practice. This was reinforced by the development of specialist academic practice; by 

conducting and publishing research(9) and teaching in academic hospitals.(8) 

The downside of increasing specialisation was an erosion of the general knowledge required to 

care for a range of illness or injury, the lack of continuity of care across illnesses and over 

time, and the move away from caring for patients with acute illness or injury.(10) 

Emergency Medicine as a Specialty 

In the latter half of the 20th century, a different type of specialist emerged. As technologies for 

both monitoring and treating the acutely ill and injured patients advanced, the need for 

specialist emergency physicians developed. Public demand for a high level of care for all 

patients grew and it was no longer acceptable for the care of these patients to be left to 

inexperienced or junior staff.(11-13) These specialists care for acutely unwell patients 

presenting to the front door of the hospital; whether the patient’s problem is ‘surgical’ or 

‘medical’ and regardless of their underlying disease process or social status.(14) So the 

emergency medicine specialist is a ‘general’ specialist, akin to intensivists who practice 
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critical care medicine within the hospital Intensive Care Unit (ICU) and primary care 

physicians, whose evolvement as specialists mirrors that of emergency specialists.(15, 16) 

The specialty of emergency medicine has been defined by the International Federation of 

Emergency Medicine as: 

"…a field of practice based on the knowledge and skills required for the prevention, diagnosis 

and management of acute and urgent aspects of illness and injury affecting patients of all age 

groups with a full spectrum of episodic undifferentiated physical and behavioural disorders; it 

further encompasses an understanding of the development of pre-hospital and in-hospital 

emergency medical systems and the skills necessary for this development.”(17) 

Models of Emergency Medicine Care 

Worldwide, different models of Emergency Medicine developed according to the local 

healthcare culture and needs.(12) These have been broadly described as the ‘Franco-German 

model’, where highly trained physicians staff ambulances to bring specialists to the point of 

care in the community, the ‘Anglo-American’ model, where ED is staffed by emergency 

medicine specialists,(18) and somewhat cynically, the ‘neglect’ model.(13) In the latter, little 

thought is given to the provision of acute health care: pre-hospital Emergency Medical 

Systems are undeveloped and the ‘front door’ of the hospital is staffed by doctors at junior 

level or without specialist training. It is remarkable to think that until the last decade of the 

20th century New Zealand’s system for emergency care was the neglect model, and this was 

the candidate’s personal experience as a first-year house officer in a regional hospital in New 

Zealand in 1991. It is logical that a specialist-led model should lead to better patient outcomes 

and there is empirical evidence to support this assumption.(19-22) 

It is evident from recent developments in Europe, Asia and Africa is that most countries 

moving from undeveloped towards mature systems of emergency care are adopting the 

‘Anglo-American’ model, where emergency medicine is recognised as a separate specialty.(23, 

24) Thirty-five countries now recognise emergency medicine as a specialty.(25) Others have a 

recognised professional development body, responsible for coordinating post-graduate training 

and are working towards specialty status.(26) The Medical Council of New Zealand recognised 

emergency medicine as a medical specialty in late 1995. This followed Australia’s lead in 

1993, nearly a decade after the formation of the Australasian College for Emergency Medicine 

(ACEM) in 1984.(27) Australasia was one of the first regions outside of North America to 

adopt specialist led emergency medicine and is recognised as a leader in the provision of high 

quality emergency care worldwide.(13)  



 

4 

 

1.2. The History of Emergency Medicine in New Zealand 

Early Reports of Hospital Based Emergency Care in New Zealand 

A report providing useful insights into the early history of hospital based EDs in NZ was 

published in 1984 by Allan and Reinken for the Department of Health.(28) The authors 

examined hospital board documents, published articles and grey literature regarding the 

organisation and nature of these departments up until the early 1980s. They also conducted 

onsite staff surveys of approximately half of New Zealand’s ‘A&E’ (Accident and 

Emergency) departments in 1981 (n=15), to determine staffing and utilisation. 

The report notes that the earliest mention of unscheduled treatment of patients in New Zealand 

was by way of a complaint to the Wellington Hospital Board by primary care physicians. They 

believed that the provision of free services to ‘casual’ patients at the hospital was a threat to 

their practice: 

“In 1872 Wellington’s private medical practitioners were incensed at the hospital’s provision 

of free treatment for their patients. Five hundred outpatients were treated in Wellington that 

year” (quote taken form Laurie H Barber in ‘Wellington Hospital 1847’: Wellington Hospital 

board 1976’). (28) 

Links to the British Model of Emergency Care 

Socio-politically New Zealand was linked to Britain at the signing of the Treaty of Waitangi in 

1840. Named after the place of signing, the Treaty is New Zealand’s founding document. The 

signatories were the British Crown and approximately 540 Māori (indigenous) chiefs. The 

Treaty is a broad statement of principles on which New Zealand as a nation was founded. In 

the first of its three main articles, Māori give Britain sovereignty or governorship over New 

Zealand (depending on whether the English or Maori translation is used).(29) In the second, 

Māori are guaranteed ownership of their lands, fisheries and possessions and in return give the 

Crown exclusive rights to purchase these if Māori wish to sell. In the third article Māori are 

given the rights of British citizens.(29) With the signing of the Treaty, New Zealand became 

part of the British Commonwealth and adopted a British style parliament and laws.  

How our health system developed with respect to the provision of hospital-based emergency 

medical care also followed the British model. The report by Allan and Reinken describes the 

first separate ‘Casualty’ departments running in Wellington in 1924, Auckland in the 1940s 

and Christchurch by 1952.(28)  

The word ‘casualty’ carries meaning tied to its etymological origins. One meaning is that of 

the seriously injured or dead victim of war. The other is that of a place where ‘casual’ patients 
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would be seen. In Britain this had its origins from the workhouse ‘casual’ – an unexpected 

caller who needed temporary help.(12) In Britain up until the 1960s, ‘Casualty Ward’ care was 

most often provided by inadequately supervised junior staff, providing a second-rate level of 

care to that found within other hospital departments, a model that was replicated in 

Australasia.(11) 

In 1962, in response to concerns about the quality of care delivered in the many ‘Casualty’ 

departments in Britain, the Accident and Emergency Services Subcommittee of the Standing 

Medical Advisory Committee, under the chairmanship of Sir Harry Platt (an Orthopaedic 

surgeon) made several recommendations to improve care, including a change in the name 

from ‘Casualty’ to ‘Accident and Emergency’.(12) In the 1980’s an awareness of the specialty 

of emergency medicine as practiced in North America was emerging in New Zealand.(30) and 

emergency specialists began using the term Emergency Department in favour of ‘A&E’. On 

one level, these changes in name from ‘Casualty’ to ‘A & E’ to ‘Emergency Department’ may 

be regarded as an exercise in semantics. However, for those working in the specialty, it has 

much import. Despite the best intentions of the Platt report, the term ‘A&E’ has similar 

connotations for emergency specialists in Australasia who are trained in a system more akin to 

the North American model.(11) In their eyes the development of emergency medicine in 

Britain is felt to have stagnated in the 1980s compared to North America, with the issue of 

‘A&E’ staffed with junior doctors often without senior support except on a periodic basis 

persisting until relatively recently.(31) So the terms ‘Casualty’ and ‘A&E’ are not synonyms 

for the Emergency Department, rather they represent the antithesis of what a modern 

Emergency Department provides: state of the art care by highly trained specialists in 

Emergency Medicine. 

In summarising Allan and Reinken’s report on the history and state of ‘A&E’ in New Zealand, 

a leading article in the New Zealand Medical Journal in 1985 notes the importance of the 

recent formation of the Australasian College for Emergency Medicine, the need for more 

senior doctors in the ED, and how the ED may reflect the whole hospital’s performance 

“Employing hospital boards have realized that such departments are highly important in the 

medical care of the community and in the public eye tend to mirror the efficiency with which 

the hospital as a whole is being served by its administrators both lay and professional. As a 

farm may sometimes be judged by the appearance of its front gate so may a hospital be judged 

on its emergency and admitting departments” (32) 

The 1980s clearly marked a turning point in the development of Emergency Medicine in New 

Zealand. This was enhanced by the creation of the first academic posts in Emergency 
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Medicine, also in Christchurch, with a senior lecturer position at the University of Otago 

(Christchurch School of Medicine) filled by Dr Anne-Marie Kelly (an Australian Emergency 

Medicine specialist) in 1990 and the first Chair of Emergency Medicine filled by Professor 

Michael Ardagh in 2000 (Professor Michael Ardagh, personal communication). 

Integral to the development of specialty status is the development of the academic practices of 

teaching and research.(8) To explore this in the context of the development of Emergency 

Medicine in New Zealand, the candidate reviewed articles published in the New Zealand 

Medical Journal (NZMJ) until 2018. Seventeen years after the first publication of the NZMJ, 

the first article relevant to Emergency Medicine was published. Over the next 50 years, there 

has been a steady rise in the number of articles published, from an average of one article per 

year in the 1970s to over four per year this decade (Figure 1-1).  

 Figure 1-1 Emergency Department Articles NZMJ 1951-2018  

 
Key: NZMJ=New Zealand Medical Journal 

Over time, there has also been an increase in the contribution by EM specialists to articles 

published regarding ED in the NZMJ. Prior to 1990, only four of the 35 articles involved a 

contribution by those working in the ED, During the 1990s this rose to 16/35 and this century 

the figure is 75/118, near two thirds (Figure 1-1). This reflects the development of emergency 

medicine as a specialty in NZ. There has been an increase in the number of EM specialists 

since the 1980s, with a corresponding increase in academic activity. In recent times the 

number of New Zealand Fellows of ACEM has grown from around 40 in 2002(33) to 262 in 

2017.(34) 



 

7 

 

The Place of the Emergency Department in the Healthcare System 

The care provided in the ED ranges from the recognition, resuscitation and stabilisation of the 

most severely unwell or injured patients with subsequent admission to inpatient wards for 

continuing care, to the treatment and discharge of patients with minor injuries and illnesses 

directly from the ED.(35) Emergency medicine has also developed an increasing role in the 

performance of procedures that would previously have required hospital admission,(36) which 

frees up in-patient resources for other patients. EDs also play an increasing and important role 

in public health: as a site for the screening and early detection of pandemic illness such as 

Influenza,(1) identification of the need for (and initiation) of preventative health measures such 

as smoking cessation,(37) injury prevention, tetanus immunisations, and minimisation of 

alcohol related harms.(38) 

As the specialty of emergency medicine has evolved in New Zealand over time, EDs have 

become a major link between primary care and secondary care for patients with more serious 

acute illness and injury as well as continuing to provide an ‘all comers’ service to patients who 

have not seen a primary care physician, In New Zealand, there are approximately one million 

presentations to EDs annually, and the number is growing.(39) New Zealand also has stand-

alone (non-hospital based) Accident and Medical clinics which are privately owned and deal 

with the majority of ‘walk-in’ acute minor illness and injury presentations in larger cities.(40) 

These clinics usually require an out of pocket payment by patients while no such payment is 

required for residents of New Zealand in hospital-based EDs. The hospital-based ED remains 

society’s safety net, acting as a provider of care for the most disadvantaged people, who may 

not have the resources to access primary care and who carry a major burden of mental and 

physical illness.(14, 35) Figure 1-2 shows a schematic representation the flow of patients with 

acute illness and injury in New Zealand from the perspective of the ED. 
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Figure 1-2 Role of the Emergency Department in Acute Patient Flow in NZ 

                        
                          Key: Width of arrow approximates volume of flow; darker shading reflects severity of acute illness or injury 

 

 
 

 

 
 

With a pivotal place in the wider health system and a high volume of patients, the ED is a 

good place to measure the quality of acute healthcare delivery. The Institute of Medicine 

described the ED as the  

“…window on health care, revealing both what is right and what is wrong with the care 

delivery system”(1) 

1.3. A Framework for Exploring the Quality of Healthcare Delivery in the 

Emergency Department 

A Definition of Healthcare Quality 

The quality of healthcare has been defined by different organisations in different ways. The 

Agency for Healthcare Research and Quality provides an aspirational definition focused on the 

individual: 

“quality health care means doing the right thing, at the right time, in the right way, for the 

right person—and having the best possible results.”(41) 
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While the Institute of Medicine’s definition is more operational and explicitly considers 

healthcare quality across populations as well as at an individual level: 

“the degree to which health services for individuals and populations increase the likelihood of 

desired health outcomes and are consistent with current professional knowledge.”(42) 

These definitions can be interpreted broadly to incorporate elements of how a health system is 

set up (structure), how it works (processes) and what happens as a result (outcomes). In this 

regard they reflect the framework to assess quality which was developed over the course of the 

20th century and summarised by Donabedian in 1966.(43)  

Measuring Healthcare Quality: Structure, Process or Outcomes? 

Over a century ago, Codman first championed the importance of measuring and reporting 

healthcare outcomes, including the open disclosure of medical errors, utilising an accurate 

system of records (much to the displeasure of his fellow surgeons in Boston at the time).(44)  

"My own interest in hospital records is largely from the point of view of using them to increase 

efficiency. I advocate the end result system of hospital organization . . . This system is 

perfectly simple, the only difficulty with it being its revolutionary simplicity. It requires 

straight forward, truthful answers to these questions: What was the matter with the patient? 

What did the doctor do to him? What was the result? If the result was not good, what was the 

reason? Was it the fault of the doctor, the patient, the disease, or the hospital organization or 

equipment? Heretofore, in hospital organization there never has been a bona fide attempt 

systematically to fix the responsibility for the success or failure of each case treated. I claim 

that our record system should enable us to fix responsibility, and that it should be used for this 

purpose." 

Codman thus linked the structure and process of care to patient outcomes and his pioneering 

efforts lead to the development of the Joint Commission, initially through the American 

College of Surgeons. This was the first of the major healthcare benchmarking organisations 

and retains a leading role in hospital accreditation and certification.(45, 46) 

To Codman it was intuitive that the structure of the care system was integral to the process of 

care, which in turn was linked to the outcomes of care. Donabedian made these links explicit: 

“…good structure increases the likelihood of good process and good process increases the 

likelihood of a good outcome”.  

With the caveat that  
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“there must be pre-existing knowledge of the linkage, before quality measurement can be 

undertaken.”(47)  

The fundamental advantage of using processes with established links to outcomes of care as 

quality indicators is that processes are actionable in real time. This means when a problem in 

the process of care is detected, it can be addressed in real time, thus preventing adverse 

outcomes. In comparison, when measuring outcomes (by necessity after the fact), it may not 

be clear where any deficiencies of care lie, or if indeed there were deficiencies in care.(48) 

Additional advantages of using process measures is that they are often easier to measure and 

interpret.(48)  

A New Zealand Quality Framework 

In the first of their series on healthcare quality published in the NZMJ in 2006, Seddon et al. 

made the point that definitions of healthcare quality will differ, depending on the lens through 

which the health system is viewed.(49) Rather than providing multiple definitions to cover all 

perspectives, they used a framework to consider the dimensions of healthcare quality in the 

context of the different levels of the healthcare system. Figure 1-3 shows a quality framework 

for the New Zealand setting,(50) and similar frameworks have been used in when considering 

quality of care in ED(51) and follow the IOM framework proposed in 2001.(52)  

Figure 1-3 Quality Dimensions for the New Zealand Health System 

 

 

Source=New Zealand Ministry of Health 2003(50)  

 

In this model, the dimensions of quality (with the patient at the centre) are  

 Access & Equity 
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 Effectiveness 

 Efficiency 

 Safety 

These dimensions are underpinned by the Treaty of Waitangi principles  

 Partnership 

 Participation 

 Protection 

As this research is conducted in a New Zealand setting, it is appropriate that the New Zealand 

version of the IOM framework is used. Unique to NZ is the concept that the principles of the 

Treaty of Waitangi are integral to the model. The treaty implies an obligation that the Crown 

its agencies and agents, including healthcare providers, ensure that Māori are guaranteed 

partnership, protection and participation in decision making around their needs. On a practical 

level this means that there is consultation with Māori in planning health and disability 

services, engagement with Māori regarding the impact service and other changes may have on 

Māori communities and organisations, provision of assistance to develop Māori healthcare 

providers and to protect the rites/rights of Māori, respect their culture and beliefs and to 

provide services that are responsive to Māori needs and interests.(53) The New Zealand Public 

Health and Disability Act 2000 sets out the objectives for District Health Boards (DHB), 

which include a commitment   

“to reduce health disparities by improving health outcomes for Māori and other population 

groups”(54) 

1.4. The Rationale for Using ED Crowding to Measure Quality of Care 

Patient flow through an ED reflects the process of acute care. Taking account of the position 

that the ED occupies within the healthcare system and considering the quality of care 

frameworks discussed above, it is apparent that a measure of patient flow through the ED has 

the potential to be a good marker of quality of care.  

Timeliness of care has been flagged by patients in ED as being important to them,(55) and this 

marker clearly centres on patients. At first glance, a patient’s movement through the acute care 

system will reflect access to and efficiency of care. Although the association between delayed 

patient flow through ED and worse patient outcomes(3, 56, 57) suggests that a measure of 

patient flow may also reflect the effectiveness and safety of care.  
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Patient movement from the ED is dependent on all levels of the system shown in Figure 1-2. 

Behaviour and processes at individual, departmental, organisational and overall system levels 

all influence the timeliness of patient movement through the ED. 

The movement (or flow) of patients through the acute care system can be thought of as a 

compartmental queuing system,(58) that has inputs (patient arrivals), a throughput (work done 

by staff in the ED) and outputs (patients either discharged from ED to the community or 

admitted to the ward).(59)  

When the system operates efficiently, there are no impediments to patient movement to the 

next phase or place of care. This means care is delivered efficiently and the patient does not 

wait unnecessarily. If the system is not working well, for instance if there are no resourced 

beds available in a hospital to receive a patient who requires admission from the ED, patients 

will spend time waiting unnecessarily to move through the system. This means that the patient 

is no longer in the right place and not necessarily receiving the right care at the right time. This 

also creates extra work for staff in the ED, who now are providing hospital ward-based care 

for an admitted patient rather than assessing and treating new arrivals to the ED – their core 

business. Incoming patients are denied access to timely care and both the patient waiting to be 

admitted and the new patient waiting to be seen are at risk of adverse health outcomes. Lack of 

access to inpatient beds for patients needing admission is thought to be the major contributor 

to ED overcrowding.(60)  

Similar problems may occur if the work in ED is not performed efficiently or the influx of new 

patients to the ED is such that the resources in ED are not sufficient to cope with them.(61, 62) 

When EDs are crowded, a patient’s access to care, and the efficiency, safety and effectiveness 

of care are all threatened. As such, ED crowding appears to be a potentially very useful marker 

of quality of care, both within the ED and of the wider health system.(63) The association 

between hospital occupancy, ED crowding and higher in-patient mortality was made in 

Australia in 2006.(3, 64) 

International Definitions of Emergency Department Crowding 

Clinical and government working groups in the Western world have recognised ED 

overcrowding as a major problem in their healthcare systems.(63, 65-67)  

These groups define ED crowding in a similar way (Table 1-1) and the concepts are clear. 

However, some do not specify a variable that should be measured, while others suggest a 

variety of potential operational or proxy measures of ED crowding. None specifies a threshold 

at which an ED can be said to be crowded or ‘overcrowded’.  
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Table 1-1 International Definitions of Emergency Department Crowding/Overcrowding 

Source Definition of Emergency Department Crowding 

Australasian College for 

Emergency Medicine  

the situation “…where Emergency Department function is impeded primarily 

because the number of patients waiting to be seen, undergoing assessment 

and treatment or waiting for departure exceeds either the physical or staffing 

capacity of the Emergency Department”(68) 

The Working Group for 

Achieving Quality in Emergency 

Departments for the NZ Ministry 

of Health 2008 

“…a situation where the number of patients presenting for treatment and 

being held within the ED exceeds the physical or staffing capacity to provide 

appropriate care”(65) 

American College of Emergency 

Physicians  

“Crowding occurs when the identified need for emergency services exceeds 

available resources for patient care in the emergency department (ED), 

hospital, or both”(69) 

Canadian Association of 

Emergency Physicians  

“a situation where the demand for emergency services exceeds the ability of 

an emergency department (ED) to provide quality care within appropriate 

time frames”(70) 

1.5. This Thesis 

The discussion above outlines the rationale for ED crowding as a potential marker of quality 

of care, reflecting both the ED and the wider health system.  

While occupancy directly measures the ‘crowdedness’ of a system at any one time, this is 

related to the rate of arrivals and the time people spend in the system, a concept encapsulated 

in Little’s Law (     ), where L is the average number of people in the system,  λ is the 

rate of entry and W is the average time waiting.(71) This means that occupancy and time are 

interdependent and both may be measures of crowding. There are also many other proposed 

metrics of crowding which encompass factors other than time and occupancy.(72) This thesis 

seeks to determine the best indicator of ED crowding with the goals of improving quality of 

care and preventing harm to patients.  

Research Questions 

Which measure of ED crowding should be used to inform clinical practice and policy? 

At what level of crowding should an ED be classified as overcrowded? 

Hypothesis 

The hypothesis tested in this thesis is that a marker of ED crowding that is associated with 

outcomes for patients and fulfils the requirements of a good quality indicator exists.  

Aim 

The aim of this thesis is to define and validate a measure for ED crowding that may be used 

both in real time to trigger responses to prevent the harms associated with ED overcrowding 

and be used at a national level as a performance indicator. 
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Objective 

The objective of the research detailed in this thesis is to identify the best measure of ED 

crowding to use as a marker of quality of care in the New Zealand setting. 

Structure of the Thesis 

 Chapter 2 describes the development of the Quality Indicator Critical Appraisal 

(QICA) tool to appraise crowding metrics.  

 Chapter 3 describes the findings of a survey to find which metrics of crowding were 

used in Australasia.  

 Chapter 4 is a systematic literature review to determine the quality of evidence and the 

strength of association between the metrics of crowding and quality of care. This is 

followed by an appraisal of the metrics using the QICA tool developed in Chapter 2. 

On this basis, recommendations are made about which metrics should or should not be 

used to measure crowding. 

 Chapter 5 is an empirical study to identify which of the metrics is most strongly 

associated with mortality within seven days for patients presenting to an ED in New 

Zealand. 

 Chapter 6 brings the threads developed in the preceding chapters together to satisfy the 

objective of the research. The best metric for ED crowding to be used in the New 

Zealand setting is presented. 
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1.6. Theoretical Framework and Perspective 

The goal of this research is to improve the quality of care delivered to patients presenting to 

the ED, so the framework guiding this thesis is one of quality improvement. Quality 

improvement has been defined as: 

“the combined and unceasing efforts of everyone—healthcare professionals, patients and their 

families, researchers, payers, planners and educators—to make the changes that will lead to 

better patient outcomes (health), better system performance (care) and better professional 

development”(73) 

Within the sphere of quality improvement, a more focused framework guides this research. That 

framework is knowledge translation ( 

Figure 1-4).(74) Knowledge translation is defined by the Canadian Institute of Healthcare 

Research as: 

“a dynamic and iterative process that includes the synthesis, dissemination, exchange and 

ethically sound application of knowledge to improve the health of people, provide more 

effective health services and products and strengthen the healthcare system.”(75)  

 

Figure 1-4 Knowledge into Action Framework 

                       
Source=Graham 2006(74) 
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This thesis is grounded firmly in all aspects of the Knowledge Translation framework  

 knowledge is created, synthesised and distilled in Chapters 3 and 4 

 barriers to the use of knowledge are identified in Chapter 3 

 knowledge is contextualised, and outcomes are evaluated in Chapter 5 

The candidate’s academic background in evidence based healthcare provided the foundation 

for undertaking the research within this framework, as knowledge translation has its roots in 

evidence based practice.(76) As a practicing emergency medicine specialist, the  candidate’s 

relationship with end-users of this research in the acquisition and sharing of knowledge during 

the research process places this research within the knowledge translation framework. With a 

recent appointment as an advisor for the Ministry of Health with respect to the Shorter Stays in 

ED (SSED) target in New Zealand, the candidate’s relationship with the policy makers 

provides an opportunity to translate the knowledge gained through this thesis into action at a 

national level in a short time frame. 

Role of the Candidate 

The candidate’s role has been to develop the research plan and lead all aspects of the research 

discussed in this thesis, including; conducting systematic reviews of the literature; obtaining 

ethical approvals; designing, validating and piloting the tool to appraise metrics; designing, 

validating piloting conducting and analysing the survey of current use of crowding metrics; 

conceiving the idea for and designing the study to determine which metric was most strongly 

associated with mortality in NZ, collecting the data, data cleaning, interpreting results and 

writing the manuscript. The analysis of data for Chapter 5 of this thesis was done with the 

assistance of Mr Bert Van Der Werf, biostatistician at the School of Population Health, 

University of Auckland.  

The motivation to undertake this thesis stemmed from the candidate’s experience in England 

working as a consultant in emergency medicine when time targets were first introduced, and 

his reading around the impact of length of stay (LOS) targets on quality of care as a 

background to the SSED study (described below). At the start of this thesis the candidate was 

sceptical about the value of such targets and the potential for unintended consequences of 

focusing on an ED LOS target.(77, 78) This perception was a potential source of bias in the 

thesis. 
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Research Collaborations and Funding 

This research originated from the SSED National Research Project, for which the candidate 

was a Co-Primary (and first named) Investigator. This was a Health Research Council of New 

Zealand funded study exploring the effect of the SSED target on other markers of quality of 

care, for which the candidate helped draft and finalise the grant application.(79) There was a 

large team of academics and clinicians involved in this study. As first named investigator the 

candidate took the lead for the quantitative research phase of the project and undertook and 

supervised data collection, contributed to data analysis, lead manuscript drafting and revision 

and took overall responsibility for publication and presentation of results.(39, 80)  

Parts of the research outlined in this thesis were undertaken with the help of colleagues. Dr 

James LeFevre was a research fellow under the candidate’s supervision at Auckland City 

Hospital who contributed to piloting and refining the Quality Indicator Critical Appraisal 

(QICA) tool, presented in Chapter 2. Dr Michael Shepherd, then Clinical Director of Starship 

Children’s Emergency Department, also contributed to the development of the QICA tool by 

acting as the second reviewer for articles retrieved in the systematic review part of that 

publication. The candidate’s supervisors (Associate Professor Susan Wells and Professor 

Shanthi Ameratunga) contributed to study design and the review of manuscript drafts for the 

published papers from Chapters 2 and 3. The contributions of others to these publications are 

acknowledged in the co-authorship forms above.  

The research for this thesis was undertaken in the candidate’s salaried non-clinical time as a 

Director of Emergency Medicine Research at Auckland City Hospital. No external funding 

was sought or received, although the database created for the HRC funded SSED study was 

used in Chapter 5 of this thesis.  
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 Framework to Appraise ED Crowding Metrics Chapter 2.

2.1. Introduction 

There is great interest in measuring the quality of healthcare and in choosing quality indicators 

for both emergency departments (ED) and the wider healthcare system.(45, 51, 81, 82) 

In Chapter 1 of this thesis, the rationale for the use of ED overcrowding as a marker of quality 

of care both within the ED and for the wider health system was established. ED crowding is 

associated with adverse outcomes for patients and is considered a major cause of preventable 

harm.(1) Despite this, no metrics of ED crowding have been systematically appraised as 

quality indicators using a tool designed for this purpose. 

The first part of this chapter describes a systematic search for the attributes that should be 

considered when appraising healthcare quality indicators and existing tools to assess 

healthcare quality indicators are discussed. The second part describes the development of a 

new tool to appraise quality indicators: The Quality Indicator Critical Appraisal (QICA) Tool. 

2.2. Systematic Review to Determine the Attributes of Healthcare Quality 

Indicators 

Critical appraisal tools are used routinely by systematic reviewers(83, 84) and recommended as 

best practice for all clinicians when making decisions on investigations, prognosis and 

interventions.(85) In these contexts they help the user to consider the internal and external 

validity of the evidence for the investigation or intervention under consideration. Using 

appraisal tools to assess quality indicators is less well established. There are many attributes of 

healthcare quality indicators that need to be considered,(86) and using a structured method 

should make indicator selection less subjective. Although there is evidence that this has 

occurred in some settings,(87, 88) groups that have recommended indicators for the ED have 

either used limited(51) or no(82) appraisal tools. In order to identify all attributes that should be 

considered when selecting indicators, a systematic review was undertaken.  

2.3. Methods of the Review 

Search Strategy 

Searches of the websites of the Enhancing the Quality and Transparency of Health Research 

(EQUATOR) network, Critical Appraisal Skills Program (CASP), the Cochrane Effective 

Practice group, the University of Auckland’s Effective Practice, Informatics and Quality 



 

19 

 

Improvement (EPIQ) group, National Health Service (NHS), National Institutes of Health and 

the Emergency Medicine Colleges (American, Australasian, British and Canadian) were 

undertaken in May and June 2011. These were followed by structured searches in Medline, 

Embase and CInAHL using MeSH (for all indexed years up to June 2011) and free-text terms 

for ‘quality assurance or performance indicators’, and ‘critical appraisal tools’ (Appendix to 

Chapter 2). A citation search of the reference lists of relevant articles was also undertaken. In 

October-November 2011 searches of the websites for the Agency for Healthcare Research and 

Quality (AHRQ), the National Committee for Quality Assurance (NCQA), RAND (Research 

and Development) corporation, The Joint Commission (TJC), the Australian Council on 

Healthcare Standards (ACHS), the Australian Commission on Safety and Quality in 

Healthcare, the Health Roundtable and the Institute of Medicine (IOM) were conducted. 

Definitions 

Following Perera 2007(89), a quality indicator was defined as 

“a measurable element of practice performance, for which there is evidence or consensus that 

it can be used to assess the quality, and hence the change in quality, of care provided”  

Articles were classified into the following types: 

 Discussion: Discussed attributes without providing a summary list  

 List:  Listed attributes without provision to assess attributes 

 Tool:  Lists attributes, with provision to make judgements about the presence 

or absence of that attribute, space to summarise evidence, and to decide whether an 

indicator should be used 

The level of evidence provided in the retrieved articles was assessed, based on the Oxford 

Centre for Evidence Based Medicine levels of evidence table (2009), but adapted for this 

review as below: 

 Level 1 Systematic review of validating studies 

 Level 2 Validating study; validation independent  

 Level 3 Validating study; validation not independent   

 Level 4 Exploratory study; no validation / unstructured review 

 Level 5 Expert Opinion   
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Study Selection  

Titles and abstracts were screened for potentially relevant articles that described; 

 quality indicator attributes 

 development of an indicator appraisal tool  

 use of a tool to appraise an indicator 

Articles not describing attributes of a quality indicator were excluded. 

Data Extraction and Analysis 

Data from retrieved studies were extracted initially by the candidate and tabulated. A second 

reviewer (Dr Michael Shepherd) independently assessed the retrieved articles using a blank 

table of the list of attributes to cross check the extraction process, and to ensure that no 

attributes were missed. Discrepancies were resolved by consensus and the data were 

synthesised descriptively. 

2.4. Results 

Search Results  

Thirty-three articles met the pre-defined inclusion criteria. Of 21 articles in the peer-reviewed 

literature, there were 11 discussions,(43, 44, 90-98) three lists(42, 99, 100) and seven that either 

proposed an indicator appraisal tool(101-103) or used a tool to appraise indicators.(87-89, 104) 

Another 12 relevant articles were sourced from the grey literature from organisations involved 

in assessing quality of care, (46, 105-110) which included five indicator appraisal tools.(51, 111-

113)  

The results of the search strategy are shown in the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) diagram (Figure 2-1). 
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Figure 2-1 PRISMA Search Results for Quality Indicator Appraisal Tools 

      
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-analyses 

 

Levels of Evidence of Included Articles 

One study independently validated a list of suggested attributes and was considered level 2 

evidence.(114) Another used a process of consensus with experts during the tool development 

(implicit, non-independent validation) and was considered level 3 evidence.(89) The other 31 

studies were either exploratory without validation, or simply the opinions of the authors (level 

4 and 5 respectively).  

Attributes of Healthcare Quality Indicators Identified 

Twenty-two attributes were identified from the included articles. These are listed and 

described in Table 2-1, while Table 2-2 shows which attributes were described in published 

studies, according to year of publication and whether attribute was explicitly stated or implied.  
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Table 2-1 Healthcare Quality Indicator Attributes 

Indicator Attribute Explanation/Definition 

Importance/Relevance of 

indicator 

What is the purpose of this indicator? Does it reflect an important healthcare issue (occurs frequently / carries a high burden of illness)? Is it 

financially or strategically important to stakeholders (patients, clinicians, managers, policy makers)? Is there a demonstrated need for 

improvement in the quality, or reduction in the variability of care? 

True measure of the issue 
Is the indicator directly related to the issue of interest? Is the indicator a true measure of the outcome of interest? Is it concordant with other 

measures of the same issue 

Evidence of association with 

outcomes  
What is the strength of evidence supporting this indicator (meta-analysis, randomised controlled trials, observational studies, expert opinion)? 

Prior/Current use as an indicator  In which settings and how has this indicator been used previously? 

Reliability 
Is the measurement of the indicator free from observer bias? Would different observers obtain the same results from the same data? Would the 

same observer obtain the same results from the same data extracted at a different point in time? 

Precision of the indicator Is the indicator sufficiently common to allow meaningful comparisons over time or between organizations/groups/individuals? 

Adjustable for case mix 
Are the systems for measuring this indicator the same in different settings? Are the definitions, inclusions and exclusions the same? Has the case 

mix been adjusted for? If there is a need for adjustment for demographics (age, gender, ethnicity, etc.) to ensure fair comparisons; can this be 

done? 

Cost of measuring worth the 

effort 
Is the cost associated with collecting or extracting the data required to measure this indicator reasonable? 

Reflects inequities 
Is the indicator suitable for comparisons between subgroups of a population to look for disparity between groups? Is there likely to be equal- 

explanatory power for the smaller groups? 

Measuring & reporting is ethical 
Will data collection and analysis conform to ethical principles? Will reporting the indicator compromise the confidentiality of the participants 

(patients, clinicians, managers, institutions) or performance of the system? 

Potential for unintended 

consequences 

Could focus on this indicator or its application result in adverse outcomes or worse care in other areas (within your department, the hospital or 

primary care)? What is the potential for manipulation of results without improving care? What are the external pressures (financial or political) on 

compliance with this indicator? 

Target population described Is the population to which the indicator applies stated explicitly and unambiguous (e.g. patients, clinicians, institution)? 
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Indicator Attribute Explanation/Definition 

Inclusions and exclusions 

described 
Are appropriate inclusions and exclusions described? 

If the indicator is expressed as a proportion, are the numerator and denominator described clearly and are they appropriate? 

Data accessible and useable 
Are the requirements for data collection clearly defined? Is the data required to measure and report this indicator available and extractable? Can 

the accuracy of the data collection process be verified (standard data collection forms, dual data collection)? 

Defined measurement/scoring 

system 
Is there a threshold for performance or system of ranking, against which the department or institution will be judged for this indicator? What is 

good performance? What is the evidence for this scoring system? The unit of analysis is clear (individuals, groups, organisation or systems) 

Responsiveness Is it possible to act on the results of this indicator in real time to effect improvements or prevent adverse events? 

Results understandable by end 

users 
Will the results be meaningful to the end-users (patients, clinicians, managers, policy makers?) 

Reflects your department  To what extent is performance against this indicator under the control of your department? 

Reflects whole system 
Does the indicator reflect whole system performance? Does it give you information about how your department interacts with the rest of the 

system (e.g. primary care, wider hospital) 

Institute of Medicine Domains  
Which of the domains of quality does this indicator reflect: Access/Timeliness; Patient Centeredness; Safety; Equity; Effectiveness; and/or 

Efficiency of care 

Conflicts of interest 
Are the developers / promoters of the indicator clearly identified and their affiliations declared? Is there any commercial interest in the use of the 

indicator? Was its development sponsored or supported by industry? 

Bottom Line We should/should not use this indicator in our setting to measure the issue of interest 
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Table 2-2 Attributes of Quality Indicators Described in Published Articles 

Key: USA=United States of America, Den=Denmark, Ger=Germany, Fra=France, UK=United Kingdom, NZ=New Zealand; D=Discussed, L=List, T=Tool, Yes=mentioned explicitly in article, I=implied but not mentioned explicitly  

Reference 
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9
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(1
0
0
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Country USA USA USA USA USA USA USA USA USA USA UK USA USA UK Den Ger Fra UK NZ NZ Aus 

Year 1914 1950 1955 1956 1966 1990 1996 1997 1998 1998 1998 2001 2001 2002 2003 2003 2003 2005 2006 2007 2007 

Format D D D L D L D D D T T T D D D T T D T T L 

Ethical Conduct / Reporting      Yes        I    Yes    

Specific to One Department/Area     I I I I I I I I I I I I I I  I  

Originator Conflict of Interest      I   Yes        Yes    I  

Whole System Indicator     I I I I I   I I        Yes 

Policy Relevance     Yes Yes     Yes       Yes  Yes  

Equitable     Yes I              Yes  

Understandable Yes   Yes Yes Yes  Yes Yes    Yes   Yes  Yes Yes I  

Target Group Identified     Yes Yes I Yes Yes  I I Yes Yes Yes Yes Yes Yes  Yes Yes 

Domain of Quality Being Measured     Yes I  I   Yes    Yes  Yes     

Responsive (Actionable)     I Yes  Yes   I    Yes Yes Yes Yes Yes I  

Reliability   Yes  Yes Yes  Yes Yes    Yes Yes Yes Yes Yes Yes  Yes Yes 

Power/Precision    Yes   Yes Yes Yes Yes Yes Yes Yes Yes Yes   Yes  Yes Yes 

Scoring System   Yes Yes Yes Yes  I Yes Yes   Yes  Yes Yes Yes Yes  Yes  

Potential for Perverse Outcomes      Yes  Yes  Yes Yes     Yes  Yes Yes   

Cost of collecting vs. Utility  Yes     Yes Yes Yes Yes  Yes  Yes  Yes Yes Yes Yes Yes Yes Yes 

Bottom Line  I I   Yes I Yes Yes Yes Yes Yes   I I I Yes Yes Yes Yes 

Strength of Evidence    Yes  Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes  Yes Yes Yes Yes 

Current Use/Testing  I    Yes I    Yes Yes Yes  Yes Yes Yes Yes  Yes Yes 

Comparable / Bias Addressed Yes  Yes Yes Yes Yes Yes Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes  Yes Yes 

Measures what it Says Yes  Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Description/ Definition Yes  Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes Yes 

Accessible / Useable Data Yes   Yes Yes Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Importance / Relevance Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
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The 12 existing critical appraisal tools for quality indicators included 8 to17 of the 22 

identified attributes explicitly; median (IQR) = 14 (12,15) and implied a further one to three 

attributes, as shown in Figure 2-2. 

Figure 2-2 Number of Quality Indicator Attributes in Existing Appraisal Tools 

 
Key: AHCIP=Acute Health Clinical Indicator Project, ICES= Institute for Clinical Evaluative Science, AHRQ=Agency for Healthcare 
Research and Quality, NHS=National Health Service, DAMS=Dutch Association of Medical Specialists 

 

 
 

Limitations of the Systematic Review of Quality Indicator Attributes 

The search was designed and conducted by the candidate alone, so there is the potential for 

bias in the selection of sources. It is also possible that other tools exist that were not retrieved 

with the search strategy. There may also have been attributes of a quality indicator that were 

not identified in the retrieved sources, however this was mitigated by having a second author 

screen and extract independently. The agreement between authors for which article contained 

which attributes was only moderate, reflecting subjectivity in assessment of the source articles, 

although this did not result in any identified attribute being excluded from the final list. 
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2.5. Validation of Suggested Attributes of Healthcare Quality Indicators 

To determine whether the proposed attributes had face validity, a group of 26 experts in the 

fields of quality of care, performance measurement and/or emergency medicine were 

approached to give their opinions of the attributes.  

The candidate purposefully selected this group based on the candidate’s knowledge of their 

skills and interest in this area. The group included all members of the Australasian College for 

Emergency Medicine (ACEM) Quality Management Subcommittee in 2011, selected 

attendees at the International Federation of Emergency Medicine (IFEM) quality meeting in 

London, England in November 2011 and New Zealand emergency medicine specialists with 

an interest in quality of care. A link to an internet-based survey tool 

(www.surveymonkey.com) was sent to this group with a request to participate. The list of 

experts and survey is shown in the Appendix to Chapter 2. 

Survey Design 

The survey listed the attributes identified in the literature search, with three changes from the 

original list (Table 2-1).  

Firstly, to reflect the complexity of data collection and analysis, the relevant section was 

expanded to allow more detail to be provided. 

Secondly, the Donabedian ‘Structure/Process/Outcome’ framework(43) was added, as this was 

the basis of the International Federation of EM quality framework at the time.(115) Finally, the 

need to account for potential conflicts of interest of the assessor of an indicator was introduced 

by the candidate, as this may be relevant and had not previously been addressed. In the survey, 

the attributes were grouped into the following sections:  

Introduction (naming the indicator and setting the scene for its proposed use)  

 Evidence base for the indicator 

 Technical properties of the indicator 

 Data collection and analysis issues 

 Where the indicator sits within existing quality frameworks 

 Conflicts of interest in the development and assessment of the indicator 

 Summary of whether the indicator should be used or not 

 

 

http://www.surveymonkey.com/
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Respondents were asked to score each attribute on its usefulness or importance to the process 

of indicator appraisal, on a 4-point scale, with the opportunity to comment below. 

1. Not useful/important 

2. Slightly useful/important 

3. Moderately useful/important 

4. Extremely useful/important 

The attributes appeared in random order within sections for each respondent and responses 

were anonymous. The respondents were also asked if they had previously used tools to 

appraise indicators and whether they thought such tools were useful. Prior to being sent to the 

expert panel the survey was piloted by two of the supervisors of this thesis and an emergency 

medicine research fellow with an interest in quality of care. 

Statistical Analysis 

The validity of the attributes was assessed by the median (IQR) scores given by the 

respondents on the 4-point scale. Cronbach’s alpha was used to assess the reliability for all 

attributes together and when attributes were grouped in the six sections. Statistical analysis 

was undertaken using SPSS 18.0.3, 2010, IBM Corporation, Armonk, New York, USA. 

Results 

Of the 26 independent experts, 16, (62%, 95%CI 40,80) responded to the web survey. Nine 

respondents (56%, 95%CI 33,77) reported previously seeing tools to appraise quality 

indicators before while six (38%, 95%CI 18,61) had used tools. Three respondents rated such 

tools as slightly useful, four as moderately useful and nine as extremely useful.  

Table 2-3 shows the list of attributes, with the scores of usefulness/importance. All attributes 

were considered at least moderately useful, except for categorizing the indicator in the 

‘Structure/Process/Outcome’ framework which rated lowest, although this was still felt to be 

slightly useful.  

The reliability of the attributes to determine the strength of an indicator was good; Cronbach’s 

alpha was 0.98 for all attributes considered together. The range was from 0.83 to 0.93 for the 

attributes grouped logically according to which part of the indicator selection process they 

reflected. 
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Table 2-3 Reliability and Validity of Indicator Attributes 

Indicator Attribute 

Validity Median 

(IQR)*n=16 

Grouping into Sections 
(n of items) 

Reliability 

Cronbach’s α 

Name 

Issue 

Setting 

4 (4,4) 

4 (4,4) 

4 (4,4) 

Introduction 

(3) 
0.85 

Importance/Relevance of indicator 

True measure of the issue 

4 (4,4) 

4 (4,4) 

Essential Items 

(2) 
0.85 

Evidence of association with 

outcomes 

Current or prior use as an indicator 

4 (3,4) 

3 (2,3) 

Evidence 

(2) 
0.83 

Acceptable to end users 

Concordant with other measures 

Data reliable over time 

Precision of the indicator 

Adjustable for case mix 

Cost of measuring worth the effort 

Reflects inequities 

Measuring & reporting is ethical 

Unintended consequences considered 

3.5 (3,4) 

3 (2.75,3) 

4 (4,4) 

4 (3,4) 

3 (3,3) 

4 (3,4) 

3 (2.75,3) 

4 (3,4) 

4 (3.75,4) 

Technical Aspects 

(9) 
0.93 

Target population described 

Inclusions described 

Exclusions described 

Data available from existing sources 

Existing software sufficient for 

collection 

Unit of analysis clear 

Accuracy of data verifiable 

Defined measurement/scoring system 

Responsiveness 

Results understandable by end users 

4 (4,4) 

4 (4,4) 

4 (4,4) 

3 (3,3) 

3 (2.5,3) 

 

4 (4,4) 

4 (3.5,4) 

4 (3,4) 

3 (3,3) 

4 (4,4) 

Data Collection/Analysis 

(10) 
0.88 

Reflects your department 

Reflects whole system 

Scoring the indicator on 10mmVAS 

3 (3,3.5) 

3 (3,3) 

3 (2,3) 

Summary 

(3) 
0.86 

Structure/Process/Outcome 

Framework 

Institute of Medicine Domains 

2.5 (2,3) 

 

3 (2,3) 

Quality Frameworks 

(2) 
0.91 

Conflicts of interest: Proposer 

Conflicts of interest: Assessor 

3 (2.75,4) 

3 (3,4) 

Conflicts of Interest 

(2) 
0.87 

*Median (Inter-quartile range) of 4-point scale: 1=not useful, 2=slightly useful, 3=moderately useful, 4=extremely useful. 

A few free text comments were made, which were generally supportive. These are reported 

verbatim below. 

Respondents Comments on Sections of the Survey 

Whether quality indicator tools are useful 

“Such a tool would be very helpful to get a sense of the strengths and limitations as well as the 

evidence base behind the indicators being assessed.” 
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“...though devil is in the details...i.e. how would they be evaluated, by what criteria etc. Also, 

the evaluation might vary from jurisdiction to jurisdiction, depending on things like relevance, 

data availability, feasibility, whereas other aspects like evidence-base should be more 

standard.” 

Previous experience using quality indicator appraisal tools 

“No direct experience. We have used the flow indicators as a crude measure of the quality of 

care delivered. Developing a unique set of indicators using a reliable appraisal tool is 

important to ensure consistency and reliability of reporting.” 

Whether the indicator measures what it purports to measure 

“I found it difficult to respond to the statement 'whether the indicator truly measures the issue 

of interest' beyond what is already captured by the 'face validity' and 'context' items earlier.” 

Measuring and reporting data is ethical 

“not sure what is meant by ethical data collection, examples might help” 

Data availability 

“There would be times when existing data is not sufficient for the purpose, and while the 

cost/resource implications clearly need to be considered, new data items or adaptations of 

existing ones, may need to be actively considered. It needs to be acknowledged that 'existing 

sources' often collect data for quite different purposes (eg, bulk funding or administrative 

purposes) than the purpose indicated here (assessing healthcare quality).” 

Existing Information Technology is sufficient 

“Software innovation can be driven by requirements of purchasers (eg) all ED computer 

systems now do the 4-hour thing: they didn't before the indicator came out.” 

“The aim should be to be able to extract information from existing sources and for 

information systems to collect clinically relevant information, however, indicators may still be 

useful as snapshots collected at higher cost (eg manually) on occasions” 

Responsiveness 

“real time should at least be within a couple of months, but the more proximate the data is, the 

better” 
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Limitations of Validation Process 

The expert panel was purposefully selected and only included English speakers, mostly from 

Australasia, which may have led to bias due to culture or location. The author was unaware of 

the expert’s personal views on attributes and the indicator appraisal process prior to 

undertaking the survey. The panellists had varying degrees of prior knowledge of the indicator 

appraisal process and it is not known which panellists completed the survey.  

Discussion of Existing Indicator Appraisal Tools 

The first discussion on attributes of a quality indicator was credited to Codman in 1914,(44) 

and in 1956 Lembcke was the first to draw up candidate attributes into a list.(99) The point 

after which no new attributes were described was reached with a presentation to the Institute 

of Medicine in 1997 by Eddy(97) and the first tools to facilitate critical appraisal of a quality 

indicator were published within three weeks of each other in 1998 by McColl(104) and 

McGlynn.(103) 

Only the Canadian ICES group has used a tool when appraising quality indicators for ED.(51) 

They used a tool which considered the evidence for associations with outcomes and the 

relevance/importance of the indicator for users/providers of healthcare as part of Delphi 

process to appraise 170 potential indicators. Although not specifically mentioned, many other 

tools could be applied to the ED setting. 

The Need for a New Tool 

None of the existing tools to appraise healthcare quality indicators incorporated all attributes 

of a quality indicator identified in the systematic review that were independently validated by 

a panel of experts. 

The importance or relevance of a quality indicator, whether it truly measures the area of 

interest, the accessibility and usability of data, the strength of evidence to support its use and 

the need to adjust for case mix when making comparisons were mentioned in most sources. 

Approximately half of the sources mentioned the need for the indicator to be understandable 

and responsive and a quarter or less considered the potential for perverse outcomes and the 

need to adhere to ethical principles in the collection and reporting of data. The need for a 

quality indicator to be able to reflect equity in the delivery of healthcare was only considered 

in three of the sources.  

In terms of the strength of evidence to support the use of an indicator, there is a need to look 

beyond the evidence of association with morbidity, mortality or cost-effectiveness, and be 
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cognisant that evidence may evolve over time. For example, there was published evidence that 

a shorter time to antibiotics improved survival from community-acquired pneumonia.(87, 116, 

117) As a result, this indicator was believed to be useful and was recommended by the Joint 

Commission to be used to measure ED performance. However subsequent evidence was 

conflicting, with other studies suggesting no benefit and one study suggesting that early 

antibiotics may be harmful.(118) In the context of linking the reporting of this indicator to ‘pay 

for performance’, perverse behaviours with unintended consequences ensued; such as people 

without pneumonia being treated with antibiotics unnecessarily, to ensure the time to treatment 

target was met.(119) This may have exposed patients to the risks of treatment with no hope of 

benefit, and potentially contributes to the development of widespread antibiotic resistance.  

Similarly, the face validity of an indicator may be high, but this is not enough to recommend 

its use. For example, a range of indicators for ED was recently recommended, based on using 

a tool to appraise them and expert consensus. One of the indicators recommended was ‘missed 

sub-arachnoid haemorrhage’.(51) For rarely occurring but important events such as this, both 

the numerator and denominators will be small. Such sentinel events are imprecise indicators, 

meaning that there will be considerable uncertainty around the point estimates of proportion 

observed and it is unlikely that meaningful comparisons would be able to be made; either over 

time in one hospital, or between hospitals.  

As monitoring clinical quality indicators often involves the collection and use of patient data 

without a patient’s consent, and reporting may identify organisations that are publicly 

accountable, it is essential that adherence to ethical principles in the collection and reporting is 

maintained.(90) None of the tools for critical appraisal of a quality indicator identified in the 

systematic review considered this issue.   

2.6. The Quality Indicator Critical Appraisal (QICA) Tool 

As no existing tool contained all attributes of a quality indicator that were identified in the 

literature, the candidate developed a new quality indicator critical appraisal tool (QICA) to 

appraise proposed metrics of ED crowding (Appendix to Chapter 2).(120) 

An arbitrary decision was made to structure the tool in the format used in the CASP toolsfor 

assessing research studies.(121)  Key screening questions relating to the validity of a study are 

asked first, and if these are not answered satisfactorily then no further review is necessary as it 

is not worth continuing the process. In these tools, a three-point categorization (Yes / No / 

Unclear) is used to summarise whether the item of interest has been satisfied. This may be 

particularly valuable and practical if a range of indicators is under consideration.  
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In the QICA tool, sections A and B include the essential attributes of the importance and 

relevance of the indicator to the issue and setting in which it is to be used, and whether it 

really measures the outcome of interest.  Respectively, these are the face and construct validity 

of the quality indicator. These criteria were almost universal in existing tools and were 

regarded as extremely important by the independent panel of experts. Although these logically 

sit with the other technical characteristics of the indicator, if they are not met, then further 

analysis of the indicator is deemed redundant and the user may stop. Making this key 

assessment at the start of the process should save time when assessing multiple potential 

indicators. Section C encourages the reviewer to consider the evidence base for the use of the 

indicator in question, in two parts. Firstly, the association of the proposed indicator with 

outcomes for patients and secondly the evidence of benefits and harms occurring through prior 

use of the indicator in different healthcare settings. Section D considers the characteristics of 

the indicator, including where the indicator sits within the Donabedian framework: does it 

measure the structure, processes or outcomes of the healthcare system?(43) Section E considers 

the practicalities of data collection and analysis in detail. Section F allows the user to consider 

which domains of quality of care the indicator is likely to encompass. These domains are 

based on seminal work by the Institute of Medicine(52) and encompass: Patient Centeredness, 

Access/Timeliness, Equity, Effectiveness, Efficiency and Safety. The user is then prompted to 

decide whether the indicator should be used in their setting for the intended purpose. As such 

decisions are often not clear cut, a 100mm visual analogue scale (VAS) was arbitrarily chosen 

with the dichotomous outcome of YES or NO anchoring each end to enable the user to weight 

this decision and facilitate comparison between indicators. This ‘Bottom Line’ is a novel 

aspect of the QICA tool. 

The sections of the QICA are based on those suggested by Perera(89) for primary care 

indicators. They are also similar to those used in the Appraisal of Indicators through Research 

and Evaluation (AIRE) instrument.(114) The AIRE instrument places more emphasis on 

finding out why the issue of interest was selected, and seeks a detailed description of how the 

appraisers of the indicator searched for evidence. Less emphasis is placed in the AIRE 

instrument on the availability and quality of data and there is no consideration of issues of 

equity, ethics, conflicts of interest, potential for perverse outcomes, or the ability to act on the 

results of the indicator to improve quality.  

2.7. Pilots of the QICA Tool 

The candidate first used the QICA tool to help select secondary outcome measures for the 

Shorter Stays in ED study. This was a Health Research Council (HRC) funded study to 
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determine whether quality of care changed with the introduction of a time target for ED length 

of stay in New Zealand in 2009.(79) Several indicators were considered by the study team:  

 Time to reperfusion for acute myocardial infarction  

 Time to treatment for acute asthma 

 Time to antibiotics for severe sepsis 

 Time to theatre for fractured neck of femur 

 Time to theatre for appendectomy 

 Time to analgesia for patients in pain 

 Time to CT for traumatic brain injury 

 The quality of discharge summaries 

The participants at a reference group meeting in 2010 discussed these indicators and agreed on 

their face validity.(81) However it was not feasible to measure them all at all case sites due to 

logistic issues, so decisions needed to be made on which to measure at which site. The 

candidate and a research fellow supervised by the candidate during the study used the QICA 

tool to help rank them in order of preference. This exercise formed the basis for a discussion 

around the practicalities of data collection of these outcomes.(81) The QICA was time efficient 

for these users who had experience in the field, both assessors taking less than 30 minutes to 

appraise each indicator.(81) However, it became apparent during this exercise that when 

different assessors placed more importance on different attributes, simply using the QICA tool 

would not result in improved agreement between users, and further discussion was required 

before consensus was reached. 

A second pilot of the QICA tool was conducted with senior ED clinicians and managers. 

Volunteers from the attendees at the New Zealand Emergency Departments Conference in 

Taupo, New Zealand in September 2012 were sought to trial the tool as senior ED clinicians 

and managers but with no prior experience of using the QICA tool. Thirteen volunteered to 

help. The aim was to see whether using the tool would affect ranking of hypothetical 

indicators and whether they would match the candidates ranking. The hypothetical indicators 

were: 

 Time to appropriate antibiotics for sepsis 

 Unplanned re-presentation 48 hours (%) 

 Missed Sub-arachnoid Haemorrhage (%) 

 Time to analgesia for acute fracture 

 Stroke patients who get thrombolysis (%) 
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 Time to CT in acute head injury 

The pilot was deemed out of scope for ethical approval by the Northern X Health and 

Disabilities Ethics Committee (Appendix to Chapter 2). As only four participants completed 

the exercise the information gained from this was very limited. Although the user’s rankings 

of indicators changed after using the QICA tool and the changes were more consistent with 

what the candidate had a priori believed to be the appropriate ranking of the indicators, the 

changes were subtle and not statistically significant. Full details of the pilot studies and the 

development of the QICA tool outlined within Chapter 2 have been published previously.(120)  

2.8. Chapter 2 Summary 

The development of a framework to appraise the metrics of ED crowding that will be found in 

Chapter 3 of this PhD was described. A systematic search for the attributes that should be 

considered was conducted and these were validated by a group of experts. Existing tools were 

discussed in the light of the search and validation process. These tools did not contain all 

validated attributes, so the Quality Indicator Critical Appraisal (QICA) tool was developed and 

piloted. The tool was thought to have been helpful when selecting indicators for a major 

research project, although its usefulness for senior ED clinician/managers outside of an 

academic setting remains unclear. Despite the limitations of the piloting process, in the setting 

of this PhD the candidate believed it was reasonable to use the QICA tool to appraise metrics 

of ED crowding, as it provides a comprehensive synthesis of all recognised indicator attributes 

using explicit criteria. After experience piloting the tool, a space for comments was added 

alongside each attribute to explain the reason for the decisions at each stage of the appraisal. 

Finally, a topic-specific section to capture the phases of patient flow through the ED was 

added to the final version used for the appraisal of crowding metrics in Chapter 4 (Appendix 

to Chapter 2). 
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 Measuring ED Crowding in Australasia Chapter 3.

3.1. Introduction 

The key premises underlying this thesis are that 

1. ED crowding is an important and common problem in Australasia. If the premise is 

false, then the validity of crowding as an indicator of quality of care would be 

questioned  

2. Emergency medicine specialists share common knowledge about what ED crowding 

means 

3. There is variability around how this knowledge is operationalized and therefore how 

ED crowding is measured  

To determine whether these premises are true, it is necessary to find out how ED Crowding is 

affecting EDs in Australasia and how it is being measured. It is also necessary to explore the 

knowledge and understanding that emergency medicine specialists have about ED crowding 

and crowding metrics. In this chapter these issues are explored through a survey sent to the 

Clinical Directors of all EDs in New Zealand, and those EDs accredited by the Australasian 

College for Emergency Medicine (ACEM) in Australia. The survey aimed to:  

 Describe the extent of the problem of ED crowding in Australasia 

 Find out how many EDs were using a metric to measure crowding 

 Determine the range of metrics in use and what they were used for 

 Explore the barriers to using such metrics  

To satisfy these aims, the survey asked five specific research questions:  

1. What do you consider ED crowding to be? 

2. How much of a problem is this in your department and how often does it occur? 

3. How do you measure ED crowding? 

4. How do you use your measure(s) of ED crowding? 

5. What are the challenges you face when trying to measure ED crowding? 

The hypotheses underlying the five questions were: 

1. That emergency medicine specialists have a shared understanding of ED crowding 

2. That ED crowding is an important and common problem in Australasia 

3. That there is variability in the way ED crowding is measured in Australasia 
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4. That there is variability in the way ED crowding metrics are used 

5. That there are barriers to the measurement of ED crowding 

3.2. Methods 

Eligibility 

In order to be eligible for the survey, Emergency Departments needed to be dedicated hospital 

based facilities specifically designed and staffed to provide 24 hour emergency care as part of 

an integrated healthcare delivery system(122) and either accredited for specialist training with 

ACEM or have emergency medicine specialist supervision equivalent to ACEM accredited 

hospitals. This final criterion ensured that EDs in New Zealand staffed by emergency 

medicine specialists who are not Fellows of ACEM have their voice heard in the survey. This 

was necessary because in 2013 when the survey was conceived, approximately one third of 

New Zealand’s Major Regional or Rural Base EDs did not have enough Australasian-trained 

emergency medicine specialists to be accredited by ACEM to train registrars in the specialty 

training program. These hospitals were staffed wholly or partially by specialists who obtained 

their specialist qualification from outside Australasia, either from the UK or the USA. In 2014 

118/133 (89%) Australian and 17/27 (63%) New Zealand public acute hospitals with a 24 hour 

ED were ACEM accredited for training.(123, 124)  

Survey Development 

Development of surveys should be informed by existing literature, which provides prior 

knowledge on which to base the survey.(125) After considering the literature on ED crowding, 

the survey tool was developed de-novo by the candidate in 2013 with feedback from his 

supervisors to answer the questions of interest, as no suitable tools were identified in the 

literature. The survey (Figure 3-1) was designed to collect data suitable for both quantitative 

and qualitative analysis using a ‘one-shot’ sample of the empirical domain of interest (Clinical 

Directors of Australasian EDs).(125) It is important to note the difference between qualitative 

analysis of a survey as undertaken in this chapter(125) and pure qualitative research 

methodology, which was not used. The details of the approach taken are provided in the 

methods section of this chapter and discussed alongside the strengths and limitations of this 

extended application of survey methodology. During this process it was hypothesised that 

there may be differences between Australia and New Zealand with respect to aspects of the 

impact and measurement of ED crowding and that the impact and measurement of ED 

crowding may be different according to the role delineation of the EDs based on their location, 

level of staffing and referral status as a hospital. Higher level (larger) hospitals were thought 

likely to be at most risk of crowding. 
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Figure 3-1 Survey on the Measurement of ED Crowding in Australasia 

 

 

The survey questions were presented in the style that best matched the aim of each question.  
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Question one was open ended to explore respondent’s knowledge and beliefs about ED 

crowding to test the hypothesis that emergency medicine Specialists have a clear and shared 

understanding of what ED crowding is. 

Question two was designed to explore the hypothesis that ED crowding is an important and 

common problem in Australasia. These are key criteria of a good quality indicator in 

healthcare(120) and when an indicator does not meet these criteria then it is unlikely that it will 

be used due to lack of face validity. The two different constructs (importance and 

commonality) were explored using a positive and negative stem respectively in an attempt to 

get respondents to attend equally to each part of this question as suggested by Likert and 

others.(126) Although the use of positive and negative stems has been criticised as it may 

inadvertently lead to inaccurate responses,(126) this is not always the case. Adults and those 

with higher academic training are less likely to respond inaccurately when faced with 

questionnaires that have mixed stem questions than children and those with lower educational 

achievement.(127) As the respondents to this survey were specialist medical practitioners it 

was considered reasonable to use this format for the question.  

Questions three to five were designed to test the hypothesis that there is variability in the way 

ED crowding is measured and how the measurements are used across Australasia. Question 

three explored whether a metric was developed and used in a respondent’s department or from 

an external source.  

Question four was an open-ended question that sought to determine which metrics are in 

current use in Australasia and Question five was a multiple response question to determine 

how these metrics were being used.  

The final question aimed to explore the respondent’s awareness of several proposed metrics of 

ED crowding that had either been published in the peer reviewed literature or presented at 

emergency medicine conferences. A list of metrics was provided with options for multiple 

responses and the opportunity to provide other unlisted metrics. 

The draft survey was peer reviewed by an emergency medicine specialist with a topic interest 

for comment, and after minor revisions, the final version of the survey was created in both 

paper (Figure 3-1) and electronic forms (Appendix to Chapter 3). Prior to distribution, the 

electronic version of the survey was then sent to three specialists in emergency medicine with 

an interest in ED crowding who believed that no further changes were required. The electronic 

version of the survey had built-in logic to skip to appropriate pages based on participant 
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responses, and to randomly assign the order of multiple-choice options to avoid bias due to 

primacy (favouring the initial choices in a list).  

Survey Distribution and Administration 

All ED crowding survey questions were incorporated into an annual survey of the clinical 

directors of Emergency Medicine in all ACEM accredited hospitals in Australasia. This survey 

was a paper-based self-report of the current state of resources, attendance, admissions, quality 

management and staffing, to inform ACEM policy and advocacy activities around training and 

workforce. The rationale for doing this was two-fold: firstly, the clinical directors have a high 

administrative burden and the candidate did not want to appear to be adding to this with a 

separate survey. ACEM historically has a response rate of over 60% (personal communication, 

Andrew Gosbell, Director of Policy and Research, ACEM 13/02/2014) and embedding the 

questions in the ACEM survey was considered the best way to maximise the response to the 

survey. The ACEM survey was distributed in December 2014.  

Co-incidentally, soon after the ACEM survey was to be distributed, New Zealand’s Ministry 

of Health (MOH) National Advisory Group for Emergency Departments planned to undertake 

a stocktake of the implementation of the ‘Quality Framework and Suite of Quality Measures’ 

implemented by the MOH in 2014.(128) The stocktake was in the form of a survey that was 

also sent to all clinical directors of Emergency Departments in NZ. As the MOH survey was 

likely to use similar questions to those in the candidate’s survey, there was the potential for 

duplication and reduced survey compliance at New Zealand sites. To avoid this, the candidate 

approached the National Advisory Group about incorporation of the ED Crowding Survey in 

the advisory group stocktake and this was agreed (Appendix to Chapter 3). The survey was 

distributed to all EDs in NZ January 2015. Where quantitative responses to both the ACEM 

and MOH surveys were received from the same hospital the response to the ACEM survey 

was used, as this was the first response from that site. Subsequent responses could have been 

subject to a learning effect from prior participation in the survey. Free text comments from 

either response were included to maximise the voice of the participants. 

An electronic version of the ED Crowding survey was also created using an online survey tool 

(www.surveymonkey.com). The link to this was sent to all Australasian ED clinical directors 

who had not responded to either the ACEM or MOH surveys in July/August 2015 (Appendix 

to Chapter 3).  
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Ethics 

New Zealand’s Health and Disability Ethics Committees considered the survey out of scope as 

it was of minimal risk to participants. In Australia, the ACEM Directors of Emergency 

Medicine survey was regarded as a quality assurance activity and ethics approval was not 

sought to conduct it (Appendix to Chapter 3). 

Statistics and Data Analysis 

Data Handling 

Data from the surveys were aggregated into Microsoft Excel™ format. There were differences 

in the way that some data was represented in the outputs from the three surveys. In the ACEM 

survey the Likert scale data for Q2a and Q2b was provided as numeric (1=Strongly Agree, 

2=Agree, 3=Neutral, 4=Disagree, 5=Strongly Disagree), while the actual text values were 

captured in the MOH and electronic surveys. Similarly for Q3, the ACEM survey had been 

coded numerically (1=We do not use a specific measure of ED crowding in our department, 

2=We only use a local measure of ED crowding developed specifically for our hospital, 3=We 

only use a measure of ED crowding developed outside our hospital and 4=We use both local 

(developed in our hospital) and external measures (developed outside our hospital). In 

contrast, the MOH and electronic survey output was in text form for these questions. 

To match the ACEM survey output for the analysis, the text responses were coded 

numerically. For questions 5 and 7 different text values for the same response ‘TRUE’ or 

‘Yes’ and ‘FALSE’ or ‘NO’ or blank cells for non-responses were provided in the initial 

outputs from the three different surveys. All TRUE/YES responses were coded as ‘1’ and all 

FALSE/NO/Blank cells as ‘0’. After combining the ACEM, MOH and electronic survey 

results in a single Excel™ file and cleaning the data as above, the data was exported into SPSS 

for analysis.  

For the analysis of Questions 1, 4 and 6 data from the free text written responses were 

extracted manually and using the ‘countif (text)’ function within Microsoft Excel™ to obtain 

counts of the different metrics. This data was then tabulated and arranged in categories 

Quantitative Analysis 

Frequencies and proportions with 95% confidence intervals for proportions were used to 

describe the quantitative data. The Pearson Chi-squared Test for categorical data was used to 

test for differences in the proportions for each question. Phi (for 2x2 tables) or Cramér’s V (for 

tables larger than 2x2) were used as appropriate to determine the effect size of statistically 

significant associations between the variables. The correlation between the two constructs of 
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ED crowding explored in Question 2 (extent and frequency) was tested with Goodman and 

Kruskal’s Gamma. The responses to Question 2 were then dichotomised to create a binary 

outcome (dependent variable) for each part of the question. For part ‘a’: ED Crowding is a 

major problem in my ED, the two positive responses (strongly agree/agree) were combined 

and the two negative responses (disagree/strongly disagree) were combined with the neutral 

response. For part ‘b’: My ED is rarely if ever overcrowded, the two negative responses were 

combined, and the neutral and two positive responses were combined to form the dichotomous 

dependent variable respectively. Binomial logistic regression was used to determine whether 

there were differences in the dependent variable according to the independent categorical 

variables: country (Australia or New Zealand) and ED role delineation recommended by 

ACEM.(122) 

 Level 4 ED: Major Referral Hospital +/- University affiliation 

 Level 3 ED: Urban District Hospital 

 Level 2 ED: Major Regional / Rural Base Hospital 

 Level 1 ED:  Rural Emergency Service 

As there were only three survey respondents who self-identified as having a Level 1 ED and 

these were closest in in type to Level 2, Level 1 and Level 2 were combined for the analysis.  

Sample Size Calculation  

As this was primarily a descriptive survey of the entire ‘population’ of ED clinical directors in 

Australasia no formal sample size calculation was undertaken prior to conducting the survey. 

A post hoc calculation showed the sample size was large enough to proceed with the planed 

logistic regression (Appendix to Chapter 3).(129)  

Data was received in spread sheet format (Microsoft Excel™) as noted above, then cleaned 

and exported for analysis. Response rates between Australian and New Zealand sites were 

compared using OpenEpi Version 3 (http://www.openepi.com/TwobyTwo/TwobyTwo.htm), 

Atlanta, Georgia, USA. Analysis of completed surveys was performed with SPSS v22, 

Armonk, New York, USA. Where the SPSS output did not provide them, 95% confidence 

intervals for proportions (95%CI) were calculated using GraphPad QuickCalcs La Jolla, 

California, USA. http://www.graphpad.com/quickcalcs/confInterval1/.  

Free Text Response Analysis 
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Free text data from questions 1, 4 and 6 were coded (categorised) manually. For question 1 

this facilitated a description of the respondent’s concepts of ED crowding, which was 

compared to the ACEM crowding definition current at the time of the survey:(68) 

“ED crowding refers to the situation where ED function is impeded primarily because the 

number of patients waiting to be seen, undergoing assessment and treatment, or waiting for 

departure exceeds either the physical bed and/or staffing capacity of the ED.” 

ACEM also states that the principal cause of ED crowding is  

“access block for admitted patients… (due to)…systemic lack of capacity throughout health 

systems” and goes on to state that “Crowding is most often associated with excessive numbers 

of admitted patients remaining (boarded) in the ED instead of being transferred to an 

inpatient bed (normally because an appropriate bed is not available) when the emergency 

phase of care is completed.” 

Other markers of ED crowding are also listed in the ACEM policy document on Crowding 

2006: 

a) Inability to offload ambulance patients 

b) Inability to place critically unwell patients in an appropriate treatment space 

c) Patients undergoing clinical management in a non-treatment area, where privacy and 

access to basic clinical resources is reduced or delayed 

d) Admitted patients receiving a lesser standard of care than they would receive in their 

destination unit 

e) Obstruction to access and egress routes from the ED, in contravention of Occupational 

Health and Safety requirements. 

For Question 4, categorisation enabled a description of how often different metrics were used 

by respondents and what they used them for. Coding responses in Question 6 allowed the 

different barriers to measuring crowding to be described. The categories were informed by the 

prior research on ED crowding, which allowed for a single empirical cycle (research question 

– data collection – analysis – report) rather than an iterative methodology with several cycles 

of sampling and analysis to determine categories.(125) Categories sharing similar types of 

measurements were coded ‘upward’ into super-categories by the candidate, in an attempt to 

identify the fundamental concepts underlying how ED crowding is currently measured in 

Australasia.(125) Although similar in process to qualitative analysis, responses were limited to 
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either a few words or a few sentences per participant which meant that the data was not as rich 

as would be obtained from a formal qualitative analysis utilising structured interviews and 

analysis was limited to a simple descriptive approach using counts and proportions. The 

survey contained no identifying information pertaining to the participant or their place of 

work, other than the country and Level of hospital as described above. 

3.3. Survey Results 

The survey was sent to all 145 Directors of Emergency Medicine (Clinical Directors) of EDs 

in Australia and New Zealand that were eligible. Five New Zealand hospitals responded to 

both the ACEM and MOH surveys, in which case the answers provided in the initial ACEM 

survey were used for the analysis. Seventy-seven unique responses were received from the 

initial survey requests (52%) and one duplicate response was deleted prior to analysis. The 

electronic survey link was sent as a follow up to non-responders, resulting in 36 more 

responses. In all, a total of 113 responses were received (77.9%) as shown in Figure 3-2. The 

response rate was lower in Australia compared to New Zealand: Australia 88/118 (74.6%, 

95% CI 66 to 82%) compared to NZ 25/27 (92.6%, 95%CI 76 to 99%). 

Figure 3-2 Survey Response  

ACEM=Australasian College for Emergency Medicine, MOH=Ministry of Health National Advisory Group for Emergency Departments in 

New Zealand (NZ). 
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Responses were received from New Zealand and all Australian states (Table 3-1). Only three 

hospitals self-identified as Level 1 EDs so these were combined with Level 2 EDs for the 

analysis.   

Table 3-1 Country, State and Role Delineation of Respondents Hospitals 

 ACEM Role Delineation 

Total 

n=145 

Level 1/2 

n=50* 

Level 3 

n=58 

Level 4 

n=37 

New Zealand 14 4 7 25 

% (95%CI) 56% (37,73) 16% (6,35) 28% (14,48)  

Australia 25 41 22 88 

% (95%CI) 28% (20,39) 47% (37,57) 25% (17,35)  

ACT 0 1 1 2 

NSW 8 13 8 29 

NT 1 0 1 2 

QLD 4 9 2 15 

SA 0 3 3 6 

TAS 2 0 1 3 

VIC 6 9 4 19 

WA 4 6 2 12 

Total 39 45 29 113 

ACEM=Australasian College for Emergency Medicine, Level 1=Rural Emergency Service, Level 2=Major Regional/Rural Base Emergency 
Department, Level 3=Urban District Emergency Department, Level 4=Major Referral Emergency Department. CI=Confidence interval. 

ACT=Australian Capital Territory, NSW=New South Wales, NT=Northern Territory, QLD=Queensland, SA=South Australia, 

TAS=Tasmania, VIC=Victoria, WA=Western Australia. *Only 3 hospitals were level 1, Level 1 and 2 therefore combined for the analysis. 

There was a difference in the proportion of different ED role delineations between Australia 

and New Zealand. In Australia 46.6% of respondents were from Level 3 hospitals compared 

with 16% of New Zealand respondents. Conversely 56% of the New Zealand respondents 

were from Level 1/2 hospitals compared with 28.4% of Australian respondents. Both countries 

had a similar proportion of respondents from Level 4 hospitals. The difference in proportions 

across all three ED role delineations was statistically significant: Pearson Chi-squared=8.938, 

2df, p=0.011; Cramér’s V=0.28 (medium effect size).  

Perception of Crowding 

Question 1 “What do you consider ED crowding to be?” 

Hypothesis: “That emergency medicine specialists have a clear and shared understanding of 

what ED crowding is” 

Five of 113 respondents did not answer this question, leaving 108 responses for analysis.  

Table 3-2 shows the respondents perceptions of ED crowding.  
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Table 3-2 Perceptions of Crowding 

Country 

Hospital 

Level 

Demand 

Exceeds 

Supply 

Too many Patients 

Too Few 

Staff 

Inappropriate Bed 

Spaces 

Access 

Block* 

Ambulance 

Offload 

Delayed 

Assessment Not Safe Inefficient  Arriving 

Being 

Treated 

Critical 

Care 

Non-

Treatment 

Area 

Australia 

(n=83) 

Level 1/2 
n=23 

10 3 3 1 2 6 12 3 8 2 3 

Level 3 

n=39 
20 6 12 6 3 6 20 7 9 4 4 

Level 4 
n=21 

9 3 7 3 5 5 8 2 7 1 1 

All Australia 
39 

47% (36,58) 

27 

32% (24,43) 

40 

48% (38,59) 

12 

14% (8,24) 

24 

28% (20,39) 

6 

7% (3,15) 

8 

10% (5,18) 

New 

Zealand 

(n=25) 

Level 1/2 
n=14 

12 8 6 5 0 2 1 0 4 5 1 

Level 3 

n=4 
1 0 0 0 2 1 2 0 1 0 0 

Level 4 

n=7 
6 3 2 3 0 2 3 0 0 1 0 

All NZ 
19 

76% (56,89) 

7 

28% (14,48) 

6 

24% (11,44) 

0 

0% (0,16%) 

5 

20% (8,40) 

6 

24% (11,44) 

1 

4% (0,21%) 

Total 
n=108 

% 

(95%CI) 

58 
54% (44,63) 

23 
21% (15,30) 

30 
28% (20,37) 

18 
17% (11,25) 

12 
11% (6,19) 

22 
20% (14,29) 

46 
43% (34,52) 

12 
11% (6,19) 

29 
27% (19,36) 

13 
12% (7,20) 

9 
8% (4,15) 

ACEM=Australasian College for Emergency Medicine, ED=Emergency Department *Source is the ACEM Statement on Emergency Department Crowding(68) Access Block is defined by ACEM as a wait in ED more than 8 hours for 

admission to an inpatient hospital bed. 
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Around half of respondents noted the concept of a mismatch between demands for care 

exceeding the supply of resources. This was mentioned by more respondents from New 

Zealand compared to their Australian counterparts. When broken down by the components of 

the demand / supply mismatch, the number of new patients arriving, patients requiring 

treatment and lack of staff were mentioned a similar number of times.  

A similar proportion of respondents from both countries noted the lack of appropriate bed 

spaces. More Australian than New Zealand respondents mentioned Access Block in their 

concept of ED crowding, and some Australian and no New Zealand respondents mentioned 

ambulance offload delays. Delay in assessment of patients was also mentioned by more 

Australian than New Zealand respondents. Conversely more New Zealand respondents noted 

threats to patient safety in their concept of ED crowding compared to Australian respondents. 

Finally, inefficient work practices as either a cause or effect of ED crowding were mentioned 

by a minority of respondents from either country. The number of responses was too small 

within categories to determine which crowding concepts were more common in different 

Levels of ED. 

The majority of respondents 100/108 (92.6%, 95%CI 86,96) included at least one of the 

concepts pertaining to ED crowding stated by ACEM in its policy document, although no 

respondent from either country mentioned a lower level of care for admitted patients waiting 

in ED for a bed or physical obstruction to access or egress from the ED in contravention of 

health and safety requirements. 

Specific Metrics  

Eighteen respondents (17%, 95%CI 11,25) stated a specific metric with a threshold by which 

an ED may be said to be overcrowded. Nine of these were related to Access Block although 

only three used the ACEM eight-hour definition, while five used the more recent Australian 

National Emergency Access Target (NEAT) time of four hours. The other metrics were related 

to bed occupancy, the time waiting to be seen, or both (Table 3-3). 
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Table 3-3 Metrics of Crowding suggested by Respondents  

Country 

Hospital 

Level 

Metric of ED Crowding 

(n=113) 

 

Access Block 

Time to 

Assessment ED Occupancy 

Australia 

Level 1/2 

n=23 

>8 hours in ED (1) 

>4 hour wait for inpatient bed (2) 
 

 

Level 3 

n=39 

>10% of ED capacity waiting for inpatient 

bed (1) 

>4 hour wait for inpatient bed (1) 
>4, 8 or 24hours (1) 

Waiting more than 2 
hours (1) 

 

ED Occupancy numbers 

exceed available cubicle 

spaces by >50% (1) 
Resuscitation bed full (1) 

Level 4 

n=21 

<63% all patients leave ED within 4 hours or 

<75% of discharged patients leave ED within 
4hr (1) 

>4 hour wait for inpatient bed (1)  

Patients requiring admission…who cannot be 
moved because there is no inpatient bed (any 

number of patients and any length of time) 

(1) 

Unable to see patients 
within agreed times (1) 

 

 

New 

Zealand 

Level 1/2 
n=14 

 

All beds full and Triage 3 (or more acute) waiting to 

be seen (1) 

All cubicles full and those waiting failing to be seen 

within expected times (1) 

Level 3 

n=4 
EDLOS >12 hours (1)  

 

Level 4 
n=7 

   

ACEM=Australasian College for Emergency Medicine, ED=Emergency Department. The numbers in parentheses are the frequency of 

responses stating each metric. 

 
 

Current Experience of Crowding 

Response to Question 2: ‘Current experience with ED crowding’ 

Hypothesis: “that ED crowding is an important and common problem in Australasia” 

This question explored two different but related constructs of ED crowding. The first was the 

extent of concern about ED crowding and the second was how often they felt that their 

departments were overcrowded. All respondents replied to the first part of this question while 

two did not answer the second part (1.7%). The majority of respondents either Strongly 

Agreed or Agreed that crowding was a major problem in their ED 84/113 (74%, 95%CI 

66,82%). Similarly, 88/111 (79%, 95%CI 71,86%) either Strongly Disagreed or Disagreed that 

ED crowding was rare in their ED (Figure 3-3). There was a strong negative correlation 

between the two constructs, with respondents who believed that ED crowding was a major 

problem also believing that ED crowding was not a rare occurrence (Goodman and Kruskal’s 

γ; n=111, G = -0.851, p<0.001).  
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Figure 3-3 Perceived Prevalence of Crowding and Size of the Problem 

 

 
ED=Emergency Department 

 

For ED overcrowding to be used as an Australasian ED quality metric it should be important 

and common in both Australia and New Zealand and in different Levels of ED. The following 

analyses explore whether there are differences in respondent’s beliefs about ED crowding in 

Australasia based on their country and what Level of ED they work in.  

Response to Statement 2a: “ED Overcrowding is a major problem in my ED” 

Although slightly more Australian respondents thought that ED Crowding was a major 

problem than New Zealand respondents, this was not significant (Table 3-4). Almost all Level 

4 hospital respondents thought that ED crowding was a major problem, while approximately 

two thirds of respondents from other Levels of hospital thought this (Table 3-4). 

Table 3-4 Belief that ED Crowding is a Major Problem by Country and Hospital Level 

Variable 

ED Crowding is a Major Problem 

n, % (95%CI) χ
2
 p 

Country 
Australia, n=88 67, 76% (66,84) 

0.676 0.411 
New Zealand, n=25 17, 68% (48,83) 

Hospital 

Level 

Level 1/2, n=39 27, 69% (53,82) 

4.278
†
 0.039  Level 3, n=45 30, 67% (52,79) 

Level 4, n=29 27, 93% (77,99) 

†Chi-squared test for trend with 1 degree of freedom 
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To determine whether Hospital Level remained an independent predictor of the belief that ED 

crowding was a major problem after adjusting for Country, a logistic regression was 

conducted. As the responses were very similar for Level 1/2 and Level 3 hospitals in the 

unadjusted analysis, these groups were combined for use in the regression. With 113 responses 

to the survey the sample size was adequate (Appendix to Chapter 3). After adjusting for 

country, Hospital Level remained an independent predictor of whether they believed ED 

crowding was a major problem. With Level 4 as the reference, the odds of those from other 

Levels of hospital thinking crowding was a major problem were lower; OR 0.152 (95%CI 

0.034,0.962) p=0.015.  

Response to Statement 2b: “My ED is rarely if ever overcrowded” 

Although more New Zealand respondents thought crowding was rare compared to Australian 

respondents, this was not statistically significant. Similarly, there was a non-significant trend 

towards Level 4 hospital respondents not believing crowding to be rare compared to 

respondents from other Levels of hospital (Table 3-5).  

Table 3-5 Belief that ED Crowding is Rare by Country and Hospital Level 

Variable 

ED Crowding is Rare 

n, % (95%CI) χ
2
 p 

Country 
Australia, n=86 15, 17% (11,27) 

2.499 0.114 
New Zealand, n=25 8, 32% (17,52) 

Hospital Level 

Level 1/2, n=39 10, 26% (14,41) 

2.183
†
 0.140  Level 3, n=43 10, 23% (13,38) 

Level 4, n=29 3, 10% (3,27) 

†Chi-squared test for trend with 1 degree of freedom. 

To determine whether the probability of thinking that crowding is a rare problem in 

Australasia adjusting for both Country and Level of hospital, logistic regressions were run. 

With New Zealand as the reference country, the odds of Australian respondents thinking that 

crowding was rare were lower, but the difference was not statistically significant: OR 0.428 

(95%CI 0.153,  1.198) p=0.106. With Level 4 hospitals as the reference group, the odds of 

respondents from other Levels of hospital thinking crowding was rare were higher, but not 

statistically significant; OR 2.923 (95%CI 0.787,10.853) p=0.109. 

Based on these analyses, it is reasonable to conclude that respondents believed that ED 

crowding was an important and common problem in both Australia and New Zealand. 
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How Crowding is Measured 

Response to Question Three: “What measure(s) of ED crowding are used in your department” 

Hypothesis: “there is variability in the way ED crowding is measured in Australasia” 

Question 3 aimed to determine what sorts of metrics were used. One respondent did not 

answer this question. Forty-one of the remaining 112 (36.3%, 95%CI 28,46%) indicated that 

they did not measure ED crowding.  

Of 71 who stated they measured crowding, most used both local and external metrics: 39/71 

(55%, 95%CI 43,66%).  Local measures only were used by 21/71 (30%, 95%CI 20,41%), 

despite the fact that all EDs were required to report national access targets based on ED length 

of stay (LOS) at the time of the survey. Eleven of 71 (16%, 95%CI 9,26%) only used an 

externally developed measure (Figure 3-4). 

Figure 3-4 Crowding Measures in Use 

 
ED=Emergency Department. Local=metric(s) were developed within the respondent’s hospital, External=metric(s) developed outside the 

respondent’s hospital 

 

To explore whether the respondent’s Country of origin, Hospital Level or perception of  the 

importance of crowding influenced whether it was measured, firstly unadjusted analyses 

stratified by these variables were done. There were no differences in the proportion that 

measured ED Crowding by Country, Level of hospital or perception about how important and 

common ED Crowding was (Table 3-6).  
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Table 3-6 Use of Crowding Metrics 

Variable 

Used a Metric 

n, % (95%CI) χ
2
 p 

Country 
Australia, n=87 57, 66% (55,75) 

0.758 0.384 
New Zealand , n=25 14, 56% (35,76) 

Hospital Level 

Level 1/2, n=39 25, 64% (48,77) 

0.710
†
 0.400  Level 3, n=44 24, 55% (40,68) 

Level 4, n=29 22, 76% (58,88) 

Considered 

Crowding a 

Major Problem 

Yes, n=83 55, 66% (56,76) 
1.140  0.286 

No/Neutral, n=29 16, 55% (38,72) 

Considered 

Crowding Rare 

Yes/Neutral, n=23 13, 57% (37,74) 
0.636 0.425 

No, n=87 57, 66% (55,75) 

†Chi-squared test for trend with 1 degree of freedom.  

To determine whether these variables were independent predictors of whether ED 

overcrowding was measured, a logistic regression was conducted. After adjustment, no 

variable was associated with the respondent’s belief that they used a metric of crowding in 

their ED (Table 3-7). 

Table 3-7 Influence of Variables on Measurement of Crowding 

 

Variable Odds Ratio (95%CI) p 

Country 
Australia, n=88 1.521 (0.597,3.873) 

0.379 
New Zealand, n=25 Reference Group 

Hospital Level 
Level 1,3, n=84 0.492 (0.182,1.331) 

0.163 
 Level 4, n=29 Reference Group 

Considered that Crowding 

was a Major Problem 

No/Neutral, n=29  0.760 (0.249,2.317) 
0.630 

Yes, n=83 Reference Group  

Considered that Crowding 

was Rare 

No, n=87  1.031 (0.311,3.415) 
0.960 

Yes/Neutral, n=23 Reference Group  

 

Response to Question 4: “list all measures of ED crowding that you currently use” 

Hypothesis: “there is variability in the way ED crowding is measured in Australasia” 

Question 4 sought to determine which specific metrics for crowding were in use. Of the 

respondents that used a metric 6/71 (9%, 95%CI 4,18) did not state what these were. Of those 

that previously indicated that they didn’t use a metric of ED crowding, 3/41 (7%, 95%CI 2,20) 

listed a metric here. Hence there were 68 free text responses that were categorised according 

to metrics that were in use. Sixteen categories of metrics were identified (Table 3-8). The large 

number of categories with mostly small numbers of respondents represented within each 
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category meant that statistical analysis other than descriptive counts and proportions was not 

appropriate. 

Table 3-8 Types of ED Crowding Metrics in Current Use in Australasia 

Category 

Number of Respondents 

NZ n=25 Australia n=88 

Time 

Total 

EDLOS 

National Emergency Access Target*† 3 32 

Other EDLOS Metric† 0 14 

Access Block** 1 28 

Subset of 

EDLOS 

Triage Time Compliance*** 0 4 

Other Waiting Time 1 6 

Occupancy 

 

Measured 

 Directly  

Total ED Occupancy‡ 7 19 

Occupancy of specific areas in ED, by 

specific patients, or at certain times of day‡ 
6 9 

Measured 

Indirectly  

Any indirect measure of ED Occupancy  0 19 

Ambulance Bypass/Diversion/ 

Ramping 
0 8 

Ambulance Off Stretcher Time 0 13 

Workload 
Acuity of patients occupying ED  1 1 

ED Staffing 1 1 

Did Not Wait for Assessment 0 6 

Hospital Occupancy 0 2 

Multiple Metrics on Dashboard 1 16 

Gestalt (clinician’s opinion) 0 2 
ED=Emergency Department, LOS=Length of Stay,*New Zealand 6 hours, Australia 4 hours. **Access Block=more than 8hr wait for hospital 

bed ***As recommended by Australasian College for Emergency Medicine, †11 sites measured national targets and other EDLOS metrics, 3 
sites measured only other EDLOS metrics (12 or 24 hours). ‡7 sites measured both total and specific area/time occupancy and 8 sites 

measured only a specific aspect of occupancy.  

The categories were coded upwards to reveal three fundamental measurement categories: 

Occupancy, Time (LOS) and Workload. 

Above the three higher-level categories there is a ‘super-category’ which used a combination 

of different metrics rather than a single measurement to reflect ED crowding. Metrics that 

incorporated more than one metric are termed ‘Compound’ metrics in this thesis. At the 

simplest level this is clinician gestalt (belief that the department is overcrowded based on a 

synthesis of different signals, either consciously or subconsciously). Two respondents 

specifically mentioned gestalt as the metric used in their ED to measure crowding.  

A more objective presentation of such metrics is in the form of an electronic dashboard which 

displays several different measures together on a computer screen in real time. This can be 

either within a single hospital based on different hospital systems or across a city or state. Of 

17 who stated they used a dashboard, 14 used a hospital level dashboard, 2 used a state level 

dashboard and 2 used both hospital and city/state level dashboards.  

Several respondents stated the name of the dashboard they used. These were the Queensland 

Health Electronic Reporting System (HERS), the Staffing, Acuity, Physical Capacity, 
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Disposition/Transfer and Environment in ED (SAPhTE) tool,(130) and the South Australian 

Emergency Department Dashboard. These are shown below to illustrate the type of metrics 

included in such dashboards. 

 

Figure 3-5 Emergency Capacity Hospital Overview Tool 

 
Source is (130) 

 

Figure 3-6 SAPhTE Tool 

Source is (130). SAPhTE=Staffing Acuity Physical Capacity Disposition/Transfer and Environment in ED 

 

The HERS is a web-based interface that allows users to define which metrics they look at from 

the Emergency Department Information System and the Hospital Based Corporate Information 

System within their own hospital. This system reports the Emergency Capacity Hospital 

Overview (ECHO), which gives a score based on total number of patients, patients waiting 

and treatment times, average waiting times, ED bed utilisation and bed status in the hospital 

(Figure 3-5). A more comprehensive hospital-based tool also in use in Queensland at the time 

of the survey was the SAPhTE tool. This is a matrix of five metrics represented by the letters 
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of the acronym, each scored 1-5 (Figure 3-6). This tool requires manual input of variables at 

specific time points by clinical staff, rather than generating a score automatically based on 

electronic data, which may be a disadvantage. However it has the advantage of allowing a user 

to see a more detailed picture of where the system failure may lie when an ED becomes 

overcrowded and hence allow for more focused intervention to reduce pressure than a tool that 

only uses waiting or treatment times.(130)  

In South Australia there is a state-wide publicly available web-based interface that shows the 

real time state of ED occupancy and waiting times in all hospitals (Figure 3-7). 

Figure 3-7 South Australian Emergency Department Dashboard  

 

Source:http://www.sahealth.sa.gov.au/wps/wcm/connect/public+content/sa+health+internet/about+us/our+performance/our+hospital+dashbo

ards/our+hospitals+dashboards (accessed 11/11/18) 
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How Crowding Metrics were used 

Response to Question 5. “How do you use the results from your measurement of ED 

crowding?” 

One of the 68 respondents that listed metrics they used indicated in this section that they did 

not use it. Of 44 respondents that did not list metrics in Question 4, six stated that they used a 

metric for at least one of the purposes listed in Question 5. This meant that 73/113 (65%) 

respondents made use of the metric(s) of ED crowding that they measured. How these 

respondents used the metrics that they measured is shown in Table 3-9.  

Table 3-9 How Metrics of Crowding were Used 

How Metric Used, n=113 Frequency, % (95%CI) 

In the ED 

As an ED Quality Indicator 48, 43% (34,52) 

To modify ED Processes in real time 41, 36% (28,46) 

To get more ED staff or space in real Time 28, 25% (18,34) 

To get more ED Resources in the long term 53, 47% (38,56) 

In the Hospital 

As a hospital Quality Indicator 47, 42% (33,51) 

To modify hospital processes in real time 41, 36% (28,46) 

To get more hospital staff or space in real time 27, 24% (17,33) 

To get more hospital resources in the long term 36, 32% (24,41) 

Reporting 
To hospital management 59, 52% (43,61) 

At a state or national level 28, 25% (18,34) 

ED=Emergency Department 

Approximately half of respondents (52%) stated that they reported metrics to hospital 

management with a similar proportion using them as either ED or hospital indicators.  A 

quarter stated that they reported these at a state or national level. One third of respondents used 

the indicators to alter ED or hospital processes in real time, while approximately one quarter 

were able to use these to get more staff or space either in the ED or hospital in real time. Half 

(47%) of respondents used the metrics to obtain more ED resources in the longer term (for 

example by using them in a business case) while 32% of respondents were able to use the 

metrics in order to obtain more hospital resources in the longer term.  

Figure 3-8 shows the similarities and differences between how the metrics were used in 

Australia and New Zealand. 
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Figure 3-8 Use of Crowding Metrics by Country  

 
ED=Emergency Department, n=113 
 

Australian respondents were more likely than their New Zealand counterparts to report metrics 

at hospital level 52/88 (59%, 95%CI 49,69) versus 7/25 (28% 95%CI 14,48%), χ
2 = 7.453, 

1d.f. p=0.006. They were also more likely use metrics to modify hospital processes in real 

time 37/88 (42% 95%CI 32,52) versus 4/25 (16.0%, 95%CI 6,35) χ
2 = 0.017, 1 d.f. p=0.017. 

None of the other observed differences between the countries were statistically significant 

(Appendix to Chapter 3). Figure 3-9 shows the relationship between hospital Level and how 

the metrics were used. 

Figure 3-9 Use of ED Crowding Metrics by Level of Hospital 

 
ED=Emergency Department. n=113 

 

There was a trend towards Level 4 hospitals being more likely to use the metrics across the 

entire range of potential uses than other hospitals. The observed differences were statistically 
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significantly different for using metrics to obtain more hospital staff or space in real time, χ
2 

test for trend = 4.434, 2 d.f. p=0.035, but not for other uses (Appendix to Chapter 3). 

To determine whether different categories metrics were used differently, four categories were 

compared  

 EDLOS 

 Occupancy 

 EDLOS and Occupancy 

 Dashboard 

How these categories of metrics were used is shown in Figure 3-10. 

Figure 3-10 How Different Categories of Metrics were Used 

 
ED=Emergency Department, LOS=Length of Stay. n=68. The categories are mutually exclusive. Dashboard is a group of metrics used 

simultaneously where the respondents did not explicitly state that they measured either EDLOS or Occupancy. 

 

Four of 68 (6%) that used a metric indicated that they did not use the metric for anything 

(these were 2/11 who measured ED occupancy in isolation and 2/18 who used a dashboard of 

metrics).  

All categories of metrics were used in similar proportions as ED Quality Indicators. EDLOS 

metrics were mostly used for reporting and to obtain more resources in the longer term. ED 

Occupancy metrics were less likely to be reported or obtain more resources in the longer term 

than EDLOS metrics. These were rarely used to modify hospital processes in real time but 

were often used to modify ED processes in real time. Combinations of metrics were as likely 

to be reported and used to obtain resources in the longer term as EDLOS metrics in isolation 

but were more often used in real time to react to ED overcrowding. 
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Formal statistical analysis was considered inappropriate for these differences as the numbers 

in each category were small, especially for the metrics used in isolation. 

Summary of Free Text Comments to Question 5. ‘How do you use your results from your 

measurement of ED Crowding?’ 

There were 25 responses from 24 respondents in the free text section of Question 5. Most of 

the comments (21) were about the degree of ‘buy in’ to the metrics from hospital management 

and inpatient teams or at a whole system level. Three comments related to the functionality of 

Information Technology with respect to whether current systems were able to be used to 

measure or report metrics, and one comment noted that it was difficult to measure the effect of 

ED crowding (adverse events for patients) directly, especially when the ED was busy. 

 ‘Buy-in’ to Crowding Metrics beyond the ED 

There were 12 negative, 6 positive and 3 neutral comments about different aspects of ‘buy in’ 

to the various metrics. These aspects of ‘buy-in’ were: Accountability for the metrics for 

managers or clinicians beyond the ED, the presence or absence of an effective response to the 

metric and the availability of funding. These categories should not be considered mutually 

exclusive as each may influence the other. Examples of these aspects of ‘buy-in’ to ED 

crowding metrics beyond the ED are shown below: 

 Accountability  

Negative Comments 

“There is little buy-in by hospital. I get to talk to NEAT and answer the ‘why’ questions; there 

are no metrics that inpatient teams / nurse managers / executive have to which they are held 

accountable”  

 “Our DHB accepts patients in the ED corridor”* 

Positive Comments 

“Measuring breaches in time from bed allocation to bed ready is important to ensure that 

ward Nurse Unit Managers are accountable for accepting patients at the designated time as 

part of a whole hospital ‘Keep Times Real’ campaign” 

“Our DHB is working towards improving patient flow from ED to inpatient areas”* 

*Two different comments from same respondent 

 An effective response  
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Negative Comments 

“The theory is that there are triggers in these figures that should demand a response from 

hospital management. Unfortunately this does not happen in practice” 

“Unfortunately data often does not lead to any effective action” 

“Not used consistently in ED because not enacted upon in ED or by the hospital” 

“To date this reporting has not had an effect” 

“A number of business cases have been developed and put forward, but to date remain 

unsuccessful” 

“Mostly our figures are better than (our) peers so they are used to prevent any improvements 

in resources” 

“Despite the escalation / over census guideline being in place it is constantly breached” 

“Overload score seen at hospital bed meeting and used in some conversations. However, not 

embedded in culture or escalation processes” 

Positive Comments 

“Whole of hospital approach” 

 “Used to open surge beds” 

 “We will also be using these to modify upcoming staffing rosters and will roster more staff on 

duty. We use these as part of an escalation plan within the dept. to access further assistance 

within the dept.” 

“Also used to develop local load levelling and escalation policies with Local Network tertiary 

centre” 

Neutral Comments 

“We try to use these to increase resources (acute and chronic) with variable success” 

“Used only as a means to change processes in the medium term and not via any additional 

resources – only by process efficiencies” 

“Try to improve culture of hospital to improve ED crowding” 

 Funding 

Negative Comments 
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“We would like to use these results to get more resources but chronic acute underfunding 

means that there is simply no additional resource available”  

Positive Comments 

“We also obtained funding and are planning a Short Stay Unit that will be built during the 

next 12 months” 

 Information Technology 

The three negative comments about Information Technology with respect to measuring ED 

crowding are shown below: 

Negative Comments 

“We use a very out-dated DOS-based IT system in ED which has limitations in terms of 

reporting functionality” 

“ED occupancy rate reporting done retrospectively as we use paper-base(d) system 

currently” 

“Unfortunately there is no measure of waiting room patient burden or overall ED occupancy 

and over census time” 

There were no positive comments about Information Technology. 

 Measuring the Effects of Crowding 

Although there were no comments directly relating to whether specific metrics were good 

measures of crowding or not, one respondent alluded to the lack of a more direct measure of 

the outcomes of crowding and hinted that when a department is busy it is difficult for staff to 

spend time manually recording events:  

“We do not have any way to measure increases in adverse events when overcrowded. The 

increased pressures at those times results in reduced reporting of events.” 

Barriers to Measuring Crowding 

Response to Question 6. “What are the challenges you face when trying to measure ED 

crowding?” 

There were 85 free text responses to this question indicating that this was an area of high 

relevance to the respondents. Five respondents indicated that they did not face a challenge to 

measuring ED crowding, while one did not complete the answer sufficiently to allow 

categorisation of the response. Two more respondents answered as if they were answering a 
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question about the challenges of crowding rather than what the challenges of measuring 

crowding were. This meant there were 78/113 (69%) responses available for analysis. More 

than one challenge was noted by several respondents so in total there were 120 challenges 

noted by the 78 respondents.  

An example of multiple challenges noted by a single respondent and how these were 

categorised was:  

“Having both a reliable measure, and someone capable in the setting of crowding to apply 

and record that measure, and ultimately knowing that bothering to record that measure will 

impact in a way that will address crowding” 

This response was categorised as  

1. Knowing what the ‘Best’ metric is 

2. Recording Data Takes Too Much Staff Time 

3. Lack of an Effective Response. 

The example also illustrates how different categories may inter-relate and overlap. 

The challenges were able to be grouped into eight categories as shown in the example above. 

Numbers of responses in each category are shown in Figure 3-11. 

Figure 3-11 Challenges Faced when Measuring ED Crowding. 

 

The challenge most often mentioned was not knowing which crowding metric to measure. 

This was mentioned 31 times. Examples of how the respondents voiced this concern are 

provided below: 

“It is complicated and hard to measure all aspects of this” 
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“Lack of standard definitions and measures” 

“It is a bit subjective” 

“Very difficult to define and to truly analyse”  

“The metrics we are measure(d) by criticise the ED for poor performance, and put pressure 

on our staff” 

The next most common challenge was that of lack of ‘buy-in’ by inpatient teams or hospital 

management, which was noted 27 times. 

“buy-in from district exec difficult if using measure they don't understand or approve” 

(lack of) “Interest or understanding of other parts of organisation” 

“struggling to have a coordinated whole of hospital approach; a lot of work still required to 

engage senior medical staff and look at leadership roles in the organisation” 

“engaging with the wider hospital to ensure patients are not waiting for inpatient beds” 

“This needs system ownership and support from all services” 

“Lack of buy in from inpatient units that they are the main or one of the major causes of the 

problem” 

Inadequate Information Technology systems was the third most common challenge to 

measuring ED crowding, stated by 23 respondents. Access and ability to react to real-time data 

was specifically mentioned by seven of these, while data accuracy was noted to be a challenge 

by five. Examples of responses are shown below:  

“I have little / no ability to report this - it is all manual; except for a high level dashboard 

(which is pretty cool, but doesn't drill down to patient level) 

“Our IT systems are not sophisticated enough to be able to do this electronically.” 

“Difficult to get information that reflects real time events in the ED. Fluctuations in hourly 

presentation numbers can have large effect on ED capacity” 

“Lack of effective IT systems which enable us to measure and report.” 

“Reliance on data entry from clinical staff in Electronic Health Record” 

“Data capture accurate and real time” 
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“Currently has to be done manually as our new IT system is not capable of generating and 

providing real-time stats with regards to ED capacity.” 

“Getting data that is meaningful in a real time manner and which is understandable and 

accessible to the rest of the hospital so that action can be taken” 

Part of the challenge with respect to Information Technology was the time that staff took 

recording data, which overlapped with the next most common challenge noted by respondents, 

that of lack of available time for clinical staff to contribute to the measurement of crowding, 

which was noted by 18 respondents and was most obvious at times when departments were 

overcrowded. Examples of these responses are shown below: 

“When we are overcrowded easy measurement is inhibited by the work(load).”  

“Hard to take time to measure when overcrowded” 

“requirement is really for real time assessment but at the time when least staff time 

available!” 

“requires input from charge nurse when they are very busy fighting fires” 

Lack of an effective response to the metrics was noted by 11 respondents. Ten of these 

responses were also considered to be examples of lack of buy-in to the metrics from inpatient 

clinical staff or management. Examples of these responses are provided below: 

“Lack of interest in the measure in terms of medium to long-term system changes  We do not 

have a clear, mutually accepted escalation plan for immediate action for an over-crowded 

ED” 

“trying to get patient to the ward as soon as possible” 

“Resistance to response measures needed by rest of hospital” 

“little time for real time change when busy” 

Insufficient resources in order to deal with crowding were noted by eight respondents. Only 

one respondent noting resources as a challenge aligned this with lack of an effective response 

to the metrics. Examples of these responses are given below: 

“Huge resource issues” 

“crowding can occur without all treatment spaces being occupied if the demand for resources 

including staff exceeds the supply” 
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“Lack of resources to do anything about it.” 

Three respondents mentioned that as part of the challenges faced when trying to measure 

crowding that the ED staff copes, and carry on regardless. Two thought that this ability to cope 

rendered the measurement of crowding somewhat redundant: 

“Difficulty finding time to waste on implementing and training with tools when we can just get 

on and manage the issue” 

 “Our computer system … does not allow monitoring of progress in real time without 

significant time and effort (time which would be better spent just getting on with the job and 

providing the best patient care that you can under the circumstances) 

The other believed that this tendency of ED staff to work harder in times of adversity caused 

by crowding may be counter-productive in the longer term:  

“Staff tend to just cope with crowding and work harder which hides the problem” 

Aligned with this concept of staff just rolling their sleeves up and working harder is the 

perception that ED crowding has become ‘Normalised’ in some departments, a challenge 

noted by two respondents 

“Defining "normal" … this has drifted so much that the present "normal" would have been 

shocking 2 years ago. Getting acceptance of a "standard" within the hospital and Nationally” 

“The ED community and wider community expect crowding. Any ED with capacity to deal 

with an unexpected major case would be regarded as overstaffed.” 

Knowledge of Proposed Metrics 

Response to Question 7. “Which of the following metrics of ED crowding have you heard of?” 

Question 7 was included to determine whether respondents were aware of previously proposed 

metrics for ED crowding. These metrics attempted to encompass all facets of crowding and be 

used in real time, as desired by many survey respondents. The options for respondents also 

contained two metrics suggested by ACEM (Access Block and Ambulance Diversion) and an 

option to list other metrics. 

Ten of 113 (9%) of respondents stated that they were not aware of any of the metrics listed. Of 

the metrics listed, those that were suggested by ACEM and were in use in Australasia were 

most often recognised by the respondents (Figure 3-12). These were Access Block, noted by 

96/113 (85%) of respondents and Ambulance Diversion, noted by 88/113 (78%). The simplest 

of the published metrics, ED Occupancy (the count of all the patients in ED at a point in time 
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divided by the number of beds available in the ED) was the next most recognised metric 

39/113 (35%). Most respondents were not aware of the Compound scales proposed for ED 

crowding. The National ED Crowding Scale (NEDOCS) was recognised by 18/113 (16%), 

and the ED Work Score, ED Crowding Scale and ED Work Index (EDWIN) by 9/113 (8%). 

The least recognised metrics were the Real Time Emergency Analysis of Demand Indicators 

(READI) 3/113 (3%) and the Revised Crowding Scale (ROCS) 2/113 (2%).  

Five of 113 suggested other metrics that they were aware of in the free text response section 

for this question. Three mentioned dashboard metrics in use in their hospitals (SAPhTE, 

ECHO and ‘Hospital at a Glance’) and two mentioned a national access target. 

Figure 3-12 Awareness of Crowding Metrics 

 
ED=Emergency Department, READI=Real Time Emergency Analysis of Demand Indicators, n=113 

3.4. Limitations 

Choice of Survey Methodology to Answer the Questions of Interest 

The candidate used a survey as this was the most efficient method to collect the data required 

to answer the questions of interest given the resources available. The time frame and cost of 

conducting semi-structured interviews or focus groups precluded using purely qualitative 

methods to answer these questions (including a supervisory team without a formal qualitative 

research background).  This was considered appropriate, as the analysis of free text responses 

to the survey is only a small part of this thesis which is based substantively on a quantitative 

research paradigm.  

As a cross-sectional measurement at a single point in time, responses reflect the respondent’s 

thoughts at that time and it is possible that a similar survey conducted at another time may 

yield different results. It is known that ED crowding is seasonal, being worse in the winter 
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months.(6, 131) The survey was initially sent out during summer months, which may bias 

towards respondents not currently believing that crowding was a major problem. Conversely, 

survey reminders were sent to non-responders during winter months, which may favour 

respondents being more likely to report that ED crowding was a common and important 

problem. Although these potential biases based on the timing of the survey would tend to 

balance out it is not possible to demonstrate this empirically.  

Most of the analysis was quantitative (counts) and therefore it was important to include as 

large a sample of respondents as possible to enable a meaningful statistical analysis of this 

data.  

Qualitative methods, for example coding categories of metrics, were also used where 

appropriate to analyse the data. For these sections of the survey, true qualitative research 

methodologies (such as inductive analysis of the transcripts of structured interviews or focus 

groups) may have allowed more in-depth analysis of respondent’s knowledge and 

understanding of ED crowding. The survey methodology allowed for both quantitative and 

qualitative analysis in one tool and ensured a breadth of response across almost 80% of all 

eligible respondents. This is one way of achieving saturation of ideas with respect to 

demonstrating the diversity of knowledge and understanding about ED crowding among the 

population of interest.(125) However, it may have come at the cost of a lack of depth of 

response by individual respondents especially for the free text questions, where often only a 

few words were recorded in the survey response.  

It is also possible that respondents may have answered questions differently if a purely 

qualitative research methodology was used. In the survey approximately one third of 

respondents indicated that they did not use a state or national crowding metric. This can only 

be taken at face value in the survey, despite Australia and New Zealand both using mandatory 

national reporting of ED length of stay targets at the time of the survey (and these are metrics 

of crowding). This raises the question: why did the respondents not consider the national 

targets as metrics of crowding? In a structured interview or focus group the reasons why 

respondents did not consider these targets as metrics of crowding may have been teased out.  

Choice of Survey Respondents 

As Clinical Directors are responsible for obtaining and reporting quality metrics in their ED 

and have oversight of the running of the ED with respect to patient flow, they were 

purposefully chosen as the group most likely to have an interest and the best knowledge about 

ED crowding. However, this group is only a subset of emergency medicine specialists, and as 
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such their views may not be representative. The views of ED managers were not sought, and 

their perspective may have been different to the Clinical Directors surveyed. 

Survey Numbers 

There were only 145 eligible Emergency Departments throughout Australasia. Although there 

was a reasonable response rate of near 80% for the survey, this still meant that the quantitative 

analysis was limited and mostly descriptive. 

Question Structure 

The use of positive and negative stems for question 2 may have led to confusion for 

respondents. One respondent who answered both the ACEM and MOH surveys strongly 

agreed that ED crowding was a major problem in both but in the ACEM survey strongly 

agreed that it occurred rarely, while in the MOH survey they strongly disagreed that it 

occurred rarely. It is possible that the response in the ACEM survey was an error, as it is 

logical to assume that those that thought crowding was a major problem are also likely to 

experience it commonly. However, as these constructs are different, this was not assumed, and 

the original answer to the ACEM survey was used in the analysis as defined in the methods. 

Although this would bias against finding that ED crowding was common, the premise that ED 

crowding is common in Australasia was still supported by the overall survey results.  

Verification of Responses 

As a single point in time anonymous snapshot, the survey methods did not allow for 

verification of responses with respondents, which would have strengthened the results.   

Sole Researcher 

Categorisation of free text responses such as the use of metrics in Question 5 and the 

challenges faced in Question 6, is by nature subjective. The survey responses were analysed 

only by the candidate, and as a result they should be interpreted with caution.  

3.5. Discussion 

Summary of Survey Results 

The survey showed that there is a shared understanding about what ED crowding is amongst 

ED clinical directors in Australasia. This was the concept that crowding occurs when the 

demand exceeds the supply of ED resources, noted by more than half of respondents. Most 

respondents also reflected some part of the ACEM policy statement on ED crowding in their 

response. The ACEM definition is broad, including ten different concepts. The survey 
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respondents mirrored this, describing 11 concepts and nine specific metrics. This finding 

threatens the premise of this thesis that there is a single best metric to measure crowding and 

raises the possibility that demand / supply mismatch between resources and workload may 

manifest differently in different departments.   

ED crowding was more likely to be considered a major problem in Level 4 hospitals than in 

Level 1-3 hospitals with almost all Level 4 hospital respondents believing it is a major 

problem while around two thirds of respondents from Levels 1-3 hospitals believing this. 

Furthermore, ED crowding is not rare in most EDs regardless of their Level and whether they 

are in Australia or New Zealand. On this basis the hypothesis that ED Crowding is both 

important and common in Australasia is supported by the survey results.  

Of the two thirds of respondents that stated they measured ED crowding, there were a wide 

range of metrics used across EDs in both New Zealand and Australia and across all levels of 

hospital. This is consistent with the differing concepts of crowding that the respondents had. A 

minority of respondents stated that they measured only one metric while the majority used a 

combination of metrics. Furthermore, approximately one third of respondents stated that they 

did not measure ED crowding at all. This supports the hypothesis that there was variability in 

the way that ED crowding was being measured. 

The hypothesis that there is variability in how ED crowding metrics are used was also 

supported by the survey results. Some who measured crowding stated that they did not use the 

results of their measures for anything, and few respondents indicated that they reported 

crowding metrics at a state or national level. These were surprising findings, as at the time of 

the survey all hospitals were required to report either Australia’s NEAT or New Zealand’s 

SSED target.  Both targets are measures of EDLOS and were introduced to reduce ED 

crowding. The survey results suggest that these respondents did not consider the ED length of 

stay targets to be crowding metrics. This finding calls into question the face validity of the 

targets as a crowding metric from the perspective of ED staff. Two main categories of metrics 

were in use; Time and Occupancy metrics. Although a third category was also identified 

(Workload), this was used by less than 5% of respondents. Many respondents measured more 

than one metric or category of metric and some used a formal dashboard of multiple metrics 

either derived at hospital level or used one provided externally at a city or state level. There 

was some evidence that a Time metric (LOS) was used as a lever to achieve longer term 

change, while ED occupancy metrics tended to be used in real time to obtain staff or space to 

help alleviate an immediate problem of crowding. This may be explained by a combination of 

factors. Firstly, ED occupancy may be more obvious to staff than the length of time people 



 

69 

 

spend in ED (either the department is full, or it is not, regardless of how long patients have 

been there). Secondly, having a mandatory EDLOS target that hospital management were 

accountable for at a higher level, meant that this became an effective lever to lobby hospital 

management for more resources. The use of multiple metrics and dashboards at single sites 

may reflect more engagement with the issue of ED crowding at these sites. It also suggests that 

a metric that captures only one aspect of ED crowding may not be suitable to measure the 

multifaceted problem of ED crowding.  

The survey results also supported the hypothesis that there were barriers to the measurement 

of ED crowding. The most common challenge when trying to measure crowding was lack of 

an agreed crowding metric. Other common challenges noted were lack of buy in from 

inpatient teams and management, followed by insufficient IT systems or human resources to 

capture real-time crowding. Less common was lack of effective response to metrics. 

‘Normalisation’ of ED crowding and staff ‘just getting on and dealing with it’ were also 

noteworthy challenges faced by some respondents.  

Finally, the respondents appeared to have little awareness of existing metrics that encompass 

different aspects of ED crowding that have been previously developed. It is possible that one 

or more of these previously developed combination metrics may be a useful crowding measure 

in Australasia. 

Integration of Findings with Prior Concepts: towards a ‘best’ metric 

Other researchers have attempted to find the best metric of ED crowding. In a systematic 

review undertaken by the Society for Academic Emergency Medicine task force on ED 

Crowding in the USA in 2009 by Hwang et al.,(132) 71 metrics of overcrowding were 

identified and categorised as: clinician opinion, input measures, throughput measures, output 

measures and multidimensional measures, based on the conceptual framework for ED 

crowding suggested by Asplin in 2003.(59) These reviewers tabulated each measure against the 

metric used to validate them in the retrieved studies, with a comment on the statistical 

significance of the association of the proposed measure with the metric against which it was 

compared (for each study where this was available). They began their narrative discussion 

with the statement that: 

 “The vast number and wide variability in the metrics of crowding reflect how challenging this 

common phenomenon is to measure”.(132)  

They then re-categorised the measures into those that measure ‘flow’ of patients through the 

ED (time interval measures) and those that measure the ‘non-flow’ of patients (counts of 
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occupancy). This was followed by a discussion of why simple measures of ‘flow’ and ‘non-

flow’ may be more useful than multidimensional measures that encompass more complex 

concepts of workload and patient acuity (in this case acuity can mean both how unwell the 

patients in the ED are and how urgent it is to see the new patients arriving at the ED).  

However, the categorisation of time interval metrics as reflecting ‘flow’ and occupancy 

metrics as reflecting ‘non-flow’ may be problematic. This is because long lengths of stay 

reflect a ‘non-flow’ situation and low occupancy reflects good ‘flow’ through the ED. An 

argument can be made that time and occupancy metrics both measure ‘flow’ and ‘non-flow’ 

and that categorising them in this way adds an unnecessary layer of complexity to what is 

already a conceptually difficult field. 

Hwang et al. went on to discuss the pros and cons of ‘non-flow’ and ‘flow’ metrics. They 

suggested that ‘non-flow’ metrics (counts) are best used as snapshots of conditions at a point 

in time, or to gauge changes over time at a single site, that could be used prospectively to test 

hypotheses (about crowding interventions). However, they questioned the generalisability 

across sites of patient counts unless they were provided as a proportion of available space. In 

contrast, they proposed that ‘flow’ metrics (times) may be better suited to retrospective 

multisite comparisons that were hypothesis generating, as they believed that these were more 

likely to be generalizable across sites compared to counts. This assumption may also be 

challenged, as there seems no reason that changes in a time interval such as ED length of stay 

cannot be used to gauge change over time at a single site, or to prospectively test a hypothesis 

about a crowding intervention.   

Interestingly, Hwang et al. were unable to suggest the best measure of ED crowding after 

conducting their review. They concluded that:  

“While there remains no objective criterion standard measure of crowding in the ED, a 

combination of time intervals and patient counts seems to be most promising…the validity and 

feasibility of both flow and non-flow metrics will clarify which options emerge as the metrics 

of choice in this “crowded” field of measures”.(132)  

This statement is supported by the findings of the current survey in Australasian EDs 

discussed above. A wide range of metrics are in use and they are used in a variety of ways in 

Australasia, without a clear consensus on which is the ‘best’ metric.  

ED crowding is a multidimensional problem and the various metrics in use measure different 

aspects of crowding. However the components of crowding are not mutually exclusive.(132) 

Long times spent in ED are likely to translate into increased occupancy and a fully occupied 
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ED is likely to have long waits for new patients to be seen. Similarly, the more occupied a 

department is or the sicker its patients are the busier its staff will be, and this may result in 

longer treatment times. The relationship between the three main categories of crowding 

metrics derived from the survey is shown in Figure 3-13. 

Figure 3-13 Relationship between Categories of Crowding Metrics 

 

This relationship reflects Little’s Law (     ) discussed in Chapter 1,(71) where L is the 

average number of people in the system (Occupancy), λ is the rate of entry (Workload) and W 

is the average time waiting (Time). 

This inter-dependency between the components of crowding also applies to the conceptual 

framework of flow through the ED.(59) Inputs and outputs determine throughput. When there 

is a surge of arrivals (inputs) then subsequent throughput will be slowed, more so when the 

resources of the department are unable to cope with the influx. Where there are insufficient 

resources in the hospital to cope with the number of acute admissions via ED (outputs) then 

throughput may be hampered by inpatients whose access to hospital has been blocked and are 

boarding in the ED. When throughput slows due to access block for acute admissions, then the 

ability to deal with further inputs may be impaired.  

It is therefore difficult to categorise metrics of ED crowding separately as pure input, 

throughput or output metrics. Indeed, the three main categories of crowding metrics derived 

from the survey: Time, Occupancy and Workload, can all be said to be dependent on the 
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interaction between the input to; the throughput of; and the output from the ED, rather than 

being exclusively linked to only one aspect of this conceptual framework. 

ED crowding is likely to be perceived differently by different stakeholders, which may 

contribute to the lack of consensus around which metric to use for crowding. ED patients are 

the most important stakeholders as they are the ones who suffer when EDs are crowded. 

Patients report that waiting for treatment is the most important factor for them when they come 

to the ED, although the perception of the waiting time may be more important than the actual 

wait.(55, 133) State or national governments have held health providers accountable for meeting 

targets for total EDLOS and these were developed as a result of concerns raised by patients 

about the amount of time spent waiting for treatment.(134) Those accountable for reporting 

metrics to regulators (hospital managers) are naturally interested in the metric that they are 

accountable for, and in the case of EDLOS targets these are ‘Time’ metrics. In contrast to the 

other stakeholders, clinicians working in the ED may be more concerned with how full 

(occupied) their department is at one point in time and their current workload as a reflection of 

crowding. Another stakeholder group is the clinicians who care for patients within the 

hospital. In many sites they influence how long it takes for patients who are being admitted to 

hospital to move through the ED into their hospital bed, and it is thought that this is a key 

factor in ED crowding.(5) Lack of buy-in to the problem of crowding by in-patient specialists 

was noted as one of the key challenges to measuring crowding by the survey respondents.  

In the survey, sites that had developed multidimensional dashboards were able to use these 

across the range of potential uses of metrics both in real time to try and decompress a crowded 

ED and in the longer term to obtain more resources to prevent crowding from occurring. 

Where single categories of metric were employed, they tended not to be used as widely as 

multidimensional metrics. However, multidimensional metrics may be site-specific, which 

would limit their usefulness as a benchmarking tool between sites.(132) These often also 

require manual input, which is logistically challenging when EDs are crowded and staff 

workload is high, as noted by survey respondents.  

3.6. Conclusion 

The survey results suggest the ‘best’ metrics of crowding may lie within the intersection of 

Time, Occupancy and Workload. Encapsulated in Little’s Law, their interdependency means 

that any one element also reflects the others, hence it may not be necessary to measure all 

three components at once. ED crowding metrics should capture what is important to all 

stakeholders, especially the patients who are the focus of care and the ED staff who provide 
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the care to these patients. It should be possible to collect and report the metrics in real time, to 

help reverse crowding. The metrics must therefore have relevance to in-patient clinicians who 

control the flow of patients from the ED to hospital wards. Finally, they should be reportable 

to hospital management and state or national regulators to enable the appropriate distribution 

of resources in the longer term to prevent crowding from occurring and allow comparisons 

across sites and over time. 
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 Systematic Review and Appraisal of Crowding Metrics Chapter 4.

as Quality Indicators 

4.1. Introduction 

In Chapter One, it was established that ED crowding is associated with adverse outcomes for 

patients,(3-5) and crowding is considered a major cause of preventable harm.(1) This means 

that ED crowding may be an appropriate indicator of the quality of care provided within health 

systems.  

Establishing the association between a crowding metric and processes and outcomes of care is 

an essential step towards ascertaining whether a metric should be used as a quality indicator: if 

there is no association between the metric and either a process or outcome of care then the 

metric should not be used for this purpose. This chapter includes a systematic review and 

appraisal of ED crowding metrics as quality indicators 

Prior to starting this systematic review the candidate was aware of three previous systematic 

reviews which examined the definitions,(72) causes,(135) effects(135, 136) and potential 

solutions(135) for ED crowding. None of these made conclusions regarding which might be the 

best metrics to use as quality indicators.    

Using a process of expert consensus, the Emergency Department Benchmarking Alliance 

(EDBA) in the USA attempted to address the lack of consensus around ED operational 

metrics. The EDBA is a not-for-profit collaboration between subscribing member EDs, 

established in 1994. Around 1700 ED contribute to this organisation, which seeks to identify 

industry best practices by sharing data and operational strategy.(137, 138) The first of a series of 

consensus meetings was held in 2006. In the report of that meeting, crowding was defined in 

two ways:  

“the number of hours (reported as a per day element) in which patient census exceeds 

designated patient care areas” and “Longer than six-hour stay” (139) 

The latter was also mentioned as a ‘patient flow marker’ to reflect ‘capacity’ in the report.(139) 

However in the reports of the two subsequent meetings of the EDBA these definitions were 

dropped off the list of ED operational metrics. Crowding is alluded to in the preamble to the 

2011 report but is not mentioned at all in the 2014 document.(137, 138, 140) This document lists 



 

75 

 

60 ED operational metrics but does not link any of them specifically to crowding or quality of 

care, although it is implicit that some of them are linked to these concepts.(140) 

The literature search by the candidate for this Chapter identified nine other systematic reviews 

that reported the association between various crowding metrics and healthcare outcomes.(62, 

132, 141-147). Together these reviews cited 478 unique study references, with up to 735 

different metrics identified (Table 4-1).  

Prior to conducting a further systematic review of the source studies, the candidate conducted 

a formal review of these systematic reviews to identify where gaps in knowledge might lie and 

how to best address the question, ‘What is the best measure of emergency department 

crowding to use as a marker of quality of care?’ 

The candidate critically appraised each of these reviews formally using the Graphic Appraisal 

Tool for Epidemiology (GATE) for systematic reviews.(148) The candidate then used the 

Grading of Recommendations Assessment, Development and Evaluation (GRADE) 

terminology to rate the evidence from these systematic reviews.(149) The quality of evidence 

from these eleven previous systematic reviews was either Low (two reviews) or Very Low 

(nine reviews). Most were at moderate to high risk of selection bias, some selectively reported, 

and some made limited or no attempts to appraise the quality of evidence provided by the 

source articles. Most were not able to draw a conclusion about which metrics to recommend 

due to the complexity of the source literature and the imprecise nature of the review findings 

(Table 4-1). 
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Table 4-1. Previous Systematic Reviews Associating Crowding with Quality of Care 

Author / 

Year 

Number 

of Studies 

Number of 

Metrics 

Effect 

Measures Results 

Summary of critical appraisal using 

GATE* GRADE  

Stang 2015(144) 32  
 

English 

Language  
 

 

  

15 Clinician opinion, 
times to care, 

receiving care or 

not, adverse 
outcomes, mortality, 

patient satisfaction, 

guideline adherence, 
medication errors.  

 

Excluded studies 
that did not provide 

quantitative data on 
link between 

crowding and 

quality of care 
 

 

Metrics categorised into one IOM  
domains.  

Timely = 42 

Effective = 10 
Patient Centred = 6 

Safe = 7 

Equitable = 0 
Efficient = 0 

 

Count of times metric linked to care 
quality:  

Number in the WR (10),  
ED occupancy % overall beds filled (9),  

Number of admitted patients in the ED 

awaiting an inpatient bed (9) 
Total patient care hours (7) 

Total ED volume (6) 

EDLOS (4),  
EDLOS for admitted patients (4) 

91/7413 screened articles retrieved for full text 
review. Exclusion criteria not stated explicitly. No 

reference to the 59 studies excluded after full text 

review.   Used count of publications quantitatively 
linked to care quality as summary outcome. Two 

authors selected studies and assessed quality using 

the Newcastle Ottawa scale, no mention of inter-
rater reliability. Study quality “moderate” although 

star rating using the were high (median 8/9 for 

cohort and 7/9 for case-control). Effect measures 
based on individual article authors opinions. The 

strength of association between the individual 
metrics and the quality domains was not discussed. 

Noted that some aspects of quality were unchanged 

or improved in crowded conditions. The authors 
recommend metrics based on the number of times 

the metric was associated with an outcome that 

could be categorised into a quality domain 

 
Low quality 

 

Downgraded for 
selection bias 

and imprecision 

Hwang 

2011a(132) 

46 studies 

included on 

measuring 
crowding 

 

English 
language 

71 Clinician opinion, 

Ambulance 

Diversion, LWBS, 
times to care, 

forecasting, other 

Excluded studies 
which used 

outcomes such as 

mortality to validate 
the metrics 

No firm conclusion. Suggest Time and 

Occupancy measures are ‘promising’ 

Of 2660 retrieved articles, 747 screened 92 retrieved 

for full text review. Exclusion criteria stated 

explicitly, no reference to the 22 studies excluded 
after full text review.  From these a further 22 were 

excluded, these are referenced. No consideration of 

publication bias. No critical appraisal of included 
studies. Reference standards were not uniform and 

based on individual article authors opinions. The 

strength of association with outcomes was not 
discussed.  

 

Low Quality 

 
Downgraded for 

selection bias 

and imprecision 
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Author / 

Year 

Number 

of Studies 

Number of 

Metrics 

Effect 

Measures Results 

Summary of critical appraisal using 

GATE* GRADE  

Morley(147) 40 Studies 
included in 

the results for 

consequences 

of crowding 

 

English 
Language 

Not specifically 
stated mention 5 in 

the discussion 

around association 

with mortality 

Multiple 
 

Grouped in to 

patient, staff and 

system level effects 

Summarise study results narratively and 
state that there were mostly negative 

effects in all studies (no discussion of 

effects in opposite direction to expected) 

Patients 

Delayed Treatment 

Exposure to Error 
Increased Hospital LOS 

Increased in-patient Mortality 

Staff 
Increased Stress and Violence 

Adherence to Guidelines 

System Level 
Increased EDLOS 

Increased Hospital LOS (included twice) 

Search strategy simple. Broad inclusion criteria but, 
only 40/>200 relevant articles were selected for full 

text review. Restriction was on study title which 

may be the reason for this. Appraised the quality of 

articles using the SIGN tool but included all Low 

quality alongside High quality articles as equals 

with respect to their findings. Excluded paediatric 
and non-English language articles specifically. 

Considered publication bias but no formal 

assessment. Listed some metrics but didn’t say 
which may be the most useful or discuss why so 

many different measures were used. Effect measures 

were not uniform and based on individual article 
authors opinions. The strength of association with 

outcomes was not discussed. 

Very Low 
quality  

 

Downgraded for 

selection bias, 

imprecision and 

limited 
information 

relating to the 

current review 

Higginson 

2012(146) 

20 studies on 

measuring 

Crowding  

 

English 
Language 

Number unclear 

Mention 16 

metrics throughout 

the article 

Ambulance 

Diversion, DNW, 

EDLOS, Mortality, 

Time to Treatment, 

Nosocomial 
infection, Guideline 

Compliance 

Discusses the metrics and the evidence for 

them briefly. Did not conclude which 

metric was best. States t metrics subject to 

influences other than crowding 

(implication that they are imperfect 
measures) The author concludes: “The 

extent of ED crowding in the UK is 

unknown.“ 

Single author systematic review at risk of selection 

and reporting bias. 1076 studies retrieved, 136 full 

text reviewed. Selection process not explicit, no 

reference to excluded studies. Measurement of 

crowding comprised only a small part of the 
published review. Not all potential metrics were 

considered. Metrics only discussed briefly with no 

conclusion. A general statement that the level of 
evidence was “low” was made without an explicit 

statement of how this appraisal was formed  

 

Very Low 

quality 

 

Downgraded for 
selection bias 

and imprecision   

and limited 
information 

relating to the 

current review 

Forero 2010(62) 6 studies on 
association 

between 

crowding and 
outcomes  

 

English 
language  

7 
 

Mortality, DNW, 
Risk of MRSA, 

Time to Assessment, 

Hospital LOS, Costs  

State results of 6 studies in a table. 
Summarise the mortality association for 

three of four studies descriptively. One of 

these studies found reduced mortality 
during crowded periods compared to non-

crowded periods, which is not 

discussed.(150) No discussion of other 

study outcomes. 

The authors conclude: “There is an 

estimated 20–30% increased mortality 
rate due to access block** and ED 

overcrowding.” 

Limited search of one database without explicit 
criteria for inclusion and no independent checking 

of selection of studies. Included unpublished studies. 

Data abstraction was not checked. Studies were 
appraised formally using an established tool based 

on study design. Results reported selectively. 

Mortality data combined despite important 
differences in metrics and study design and did not 

include a study that showed reduced mortality in 

crowded periods compared to the ‘not crowded’ 
period or another showing no association.  

 
Very Low 

quality 

 
Downgraded for 

selection bias, 

reporting bias 
and   imprecision 

Bernstein Unclear how Number of metrics Mortality, DNW, Metrics grouped in IOM domains and Explicit search in small selection of databases,  
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Author / 

Year 

Number 

of Studies 

Number of 

Metrics 

Effect 

Measures Results 

Summary of critical appraisal using 

GATE* GRADE  

2009(136) many studies 
included.  

 

English 

language only 

unclear 
6 mentioned in 

table  

 

 

Time to Treatments, 
Patient Satisfaction, 

Healthcare 

disparities 

note all domains affected. Metrics from 
source studies are not consistently stated. 

Authors conclude: “A growing body of 

data suggests that ED crowding is 

associated both with objective clinical 

endpoints, such as mortality, as well as 

clinically important processes of care, 
such as time to treatment for patients with 

time-sensitive conditions such as 

pneumonia. At least two domains of 
quality of care, safety and timeliness, are 

compromised by ED crowding” 

selection process subjective, no data extraction tool.  
No consideration of publication bias. The number of 

selected studies (41) was greater than number in 

table of results (20) and fewer than discussed in the 

narrative (50) so it is not clear how many studies 

were selected on what basis and how many metrics 

were included. There was no systematic appraisal of 
study quality. There was no attempt to combine the 

results of studies, rather a narrative review based on 

the IOM quality domains is presented in the 
discussion.  

Very Low 
quality 

 

Downgraded for 

selection bias 

imprecision and 

subjective 
discussion 

Hoot 2008(135) 8 thought 
relevant to 

measurement 

of crowding  
 

English 

language only  

4 metrics 
described formally 

as such in body of 

text.  
 

7 others noted in 

table of studies but 
not discussed in 

body of text  

Ambulance 
Diversion, Staff 

Opinion 

EDWIN associated with staff opinion and 
ambulance diversion 

NEDOCS associated with staff opinion in 

USA but not Australia 
READI was not associated with staff 

opinion 

Work Score predicted ambulance 
diversion 

Experts reached consensus on 38 metrics 

(not stated which) 
 

Brief discussion of each of 4 formally 

identified compound metrics with no 
conclusion about which should be used 

Searched only one English language database. The 
search was probably explicit but actual syntax not 

provided. Screening was done independently with 

formal analysis of agreement between authors 
k=0.47 (0.42 to 0.52). Of 4271 abstracts 188 were 

selected for full text review and 93 included. There 

is no table of excluded studies or references for 
these. There is no mention of publication bias.  

Study quality was assessed formally using a tool 

originally designed for clinical trials, adapted for 
observational studies. Level 1,5 with Level 1 being a 

large study with a clearly defined outcome (there no 

mention of study methodology in the quality 
assessment tool). All studies were included 

regardless of quality, however the authors state that 

73 studies were ‘high quality’.   

 
Very Low 

quality  

 
Downgraded for 

selection bias 

and imprecision 
and limited 

information 

relating to the 
current review 

Morris 

2012(141) 

17 Studies on 
measuring 

Crowding 

included  

 

 

 

Unclear 
 

EDLOS, 
Satisfaction, Pain 

Communication, 

Privacy, Dignity, 

Productivity, 

Effectiveness, 

Burnout, Staff 
Turnover, Quality of 

Care, Infection 
Control, Response to 

major incidents, 

Hospital LOS 

Discusses the metrics in broad terms only. 
Specific metrics not related to specific 

outcomes.  

 

Authors conclude: “While current 

evidence is poor, this does not justify 

maintaining current practice which risks 
lives. Building up an evidence base is 

critical, but requires agreed definitions, 
measures and methods, which can be 

applied to systematic evaluation of 

plausible solutions.” 

The search strategy was not explicitly stated, dates 
of the search were not given. Selection arbitrary, 

without consideration of publication bias. There was 

no assessment of study quality and many of the 

references are to opinion articles. There was no 

formal process of data abstraction. 

 

 
Very Low 

quality  

 

Downgraded for 

selection bias 

and imprecision   
and limited 

information 
relating to the 

current review  
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Author / 

Year 

Number 

of Studies 

Number of 

Metrics 

Effect 

Measures Results 

Summary of critical appraisal using 

GATE* GRADE  
Richardson 

2011(143) 

Unclear 
 

1 + Hospital LOS 
 

 

 

 

Quality of Care 

Processes 
 

 

 
Mortality 

↑ 0.8 days in patients experiencing Access 
Block** 

 

No formal conclusion stated but Author 

discusses: 

Access Block**  and other metrics of ED 

Crowding are associated with worse 
quality of cares, mainly with respect to 

timeliness 

Access Block** and other metrics of ED 
Crowding are associated with mortality in 

some but not all studies 

Narrative summary of studies conducted by the 
author into Access Block and ED crowding (mostly 

in the form of conference abstracts), which is the 

author’s MD thesis. There is also selective reference 

to other crowding literature. There is no systematic 

search for studies, so there is a high risk of selection 

bias in the studies discussed. There is also a high 
risk of reporting bias with respect to the results of 

the studies and no assessment of the quality of 

included studies 

 
Very Low 

quality 

 

Downgraded for 

selection bias 

imprecision and 
limited 

information 

relating to the 
current review  

Wiler 2011(145) Unclear Number of metrics 
unclear (not 

stated) 

Compound Metrics 
(EDWIN, Work 

Score, READI) 

 
Occupancy Level 

Formula metrics rated as 'Good' for 
defining crowding ease of development 

and use. They are considered 'Poor' at 

forecasting and 'Not Applicable' to predict 
process improvements. Regression based 

models are rated as 'Fair' and Time Series 

Analysis, Queuing Theory and Discrete 
Event Simulation are considered Not 

Applicable to defining crowding. 

 
No conclusion 

A narrative review of modelling and simulation 
techniques and the implications for ED operations 

and crowding research. There is no systematic or 

explicit search so there is a high risk of selection 
bias. There is no attempt to discuss study quality. 

The authors discuss metrics noting the limitation of 

clinician opinion as a validation tool, and that 
compound metrics have not been shown to out-

perform simpler measures, as well as problems with 

generalising across sites. They rate the different 
conceptual models of crowding in terms of their 

perceived ease of development and use, their ability 

to define crowding, forecast in crowding in the short 
term, and the impact of predict process 

improvement. This is a subjective assessment. 

 
Very low quality 

 

Downgraded for 
selection bias 

mechanism 

based reasoning 
and limited 

information 

relating to the 
current review 

Ospina 

2006(142) 

169 Studies 

that 
mentioned a 

metric of 

crowding 

3 Category 

Systems 143 Input 
499 Throughput 

87 Output 

(729 total) 

 

 

397 Descriptive 
204 Evaluative 

134 Predictive 
(735 total) 

 A post hoc 

iterative 

None Overlap between metrics within the 

categories. Time and occupancy metrics 
were provided as examples in 5 of the 8 

categories each.  

Times = 292 

Overall Volume = 85  

Patient Waiting Volume = 65 

ED Administration = 59 
Ambulance Diversion = 52 

Left Without Being Seen = 40 
EDLOS = 31 

 

Conclusion: “Researchers need to identify 

This was an explicitly described and well-conducted 

systematic search for crowding metrics. Publication 
bias considered, attempt to avoid this with grey 

literature searches. A full list of included and 

excluded studies provided. However, the authors set 

out deliberately not to appraise study quality. 

Studies that explored the association between 

crowding and outcomes categorised as ‘predictive’. 
There was no synthesis of this literature to allow any 

conclusions around which metrics may be the most 
likely to reflect quality of care.  

 

Not applicable as 
no evidence is 

provided for the 

association 

between metrics 

and processes or 

outcomes of care 
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Author / 

Year 

Number 

of Studies 

Number of 

Metrics 

Effect 

Measures Results 

Summary of critical appraisal using 

GATE* GRADE  
categorisation into 
eight types of 

metrics 

 

 

measures that are feasible, relevant, 
reliable, valid, and sensitive to change 

over time. There is an urgent need for 

rigorous assessment of the measures 

being used in ED overcrowding research. 

Such an assessment will optimize their 

effectiveness, applicability, and 
generalized adoption by clinicians, 

Administrators, policy makers, and 

researchers in the ED overcrowding 
field” 

*Graphic Appraisal Tool for Epidemiology for systematic reviews Version 4, 2014. GRADE=Grading of Recommendations Assessment, Development and Evaluation.(149)  IOM=Institute of Medicine, 

LWBS=Left Without Being Seen, DNW=Did not wait for assessment, ED=Emergency Department, LOS=Length of Stay, MRSA=Methicillin Resistant Staphylococcus Aureus, EDWIN=ED Work Index, 

NEDOCS=National Emergency Department Overcrowding Scale, READI=Real Time Emergency Analysis of Demand Indicators,   **Access Block = >8hr EDLOS for admitted patients
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The review by Ospina et al. had the most explicit, exhaustive and reproducible methodology 

and found 134 studies up to the end of 2004 which related ED crowding metrics to patient 

outcomes, but made no attempt to analyse the studies, or draw a conclusion about which 

metrics should be used.(142)  

Despite this wealth of literature, there was still no consensus on the how best to measure ED 

crowding and at what threshold an ED was ‘overcrowded’. In 2009, five years after a call to 

standardise the definition of ED crowding,(72) Bernstein et al. summarised the on-going lack 

of consensus concisely in the introduction to their review: 

 “We did not pre-specify a definition of crowding, insofar as multiple measures are in use, and 

no consensus yet exists on a quantitative definition of crowding.”(136) 

Hwang et al. moved closer to recommending metrics, but their conclusion was still broad:  

“Time intervals and patient counts are emerging as the most promising tools for measuring 

flow and nonflow (i.e., crowding), respectively. Standardized definitions of time intervals 

(flow) and numerical counts (nonflow) will assist with validation of these metrics across 

multiple sites and clarify which options emerge as the metrics of choice in this ‘crowded’ field 

of measures.” (132) 

Based on these recommendations, there has been a substantial body of evidence published in 

recent years investigating the association between simple to measure time and occupancy 

metrics and effects on processes and outcomes of care. Only one prior systematic review 

specifically addressed the question of which metrics of crowding were linked to care 

quality.(144)  Stang et al. made specific recommendations on which metrics were most 

associated with quality of care, according the IOM domains of safety, effectiveness, patient-

centeredness, timeliness, efficiency, and equity, based on how often a link was made in the 

retrieved studies.(52):  

“The three measures most frequently linked to quality of care were the number of patients in 

the waiting room, ED occupancy (percentage of overall ED beds filled), and the number of 

admitted patients in the ED awaiting inpatient beds.”(144)   

However, a high risk of selection bias in this review limits this conclusion. Of 7,413 studies 

initially identified, the reviewers selected 91 for full text review with 32 finally included. 

Given the breadth of the IOM quality domains and the volume of literature previously 

identified, it is surprising that only 32 studies linked ED crowding to quality of care. The 

candidate considered that it was likely that other studies linking ED crowding metrics to 
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quality of care may not have been included. Furthermore, the reviewers did not attempt to 

determine the strength of association between metrics and effects, and only briefly mentioned 

that some studies found either no associations or associations in the direction opposite to that 

expected.(144) There was also no mention of whether the three proposed metrics were suitable 

to be quality indicators according to the criteria outlined in Chapter 2.  

In summary, the previous systematic reviews did not sufficiently answer the question: ‘What 

is the best measure of emergency department crowding to use as a marker of quality of care?’ 

The candidate undertook a further systematic review to address the limitations in the previous 

reviews outlined in Table 4-1. A systematic search, objective appraisal of source studies, and 

synthesis of the evidence linking a metric to quality of care is a key first step towards 

answering this question. To determine how the measure may perform as a quality indicator, 

several other factors need to be considered. These are the characteristics of quality indicators 

and the technical aspects of measuring indicators.  Consequently, the second part of this 

chapter describes the process of making a recommendation of which may be the best 

indicator(s) to use, using the Quality Indicator Critical Appraisal (QICA) tool. 

4.2. Methods of the Review 

Summary of Review Methods 

Figure 4-1 shows an overview of the process to determine the strength of recommendations 

about whether metrics should be used. This occurred in three overlapping phases:  

Phase 1:  Systematic search to find relevant studies, data extraction and assignment of a 

level of evidence for each study based on critical appraisal using the GATE 

Phase 2: Assessment of the overall quality of the body of evidence for each metric’s 

association with processes and outcomes of care using the GRADE process.   

Phase 3: A critical appraisal of the metrics as potential quality indicators using the QICA 

tool developed in Chapter 2 of this thesis. 
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Figure 4-1 Process to Determine the Strength of Recommendation for Crowding Metrics  
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Phase 1 Systematic Review 

Search Strategy 

The research question: ‘What is the best measure of emergency department crowding to use as 

a marker of quality of care?’ was broken down into the Population, Exposure, Outcome and 

Time framework to facilitate a structured search in healthcare databases (Table 4-2).  

Structured searches in the Cochrane Library, Medline, Embase, CInAHL and the World of 

Science CORE collection (for theses) using MeSH and free-text terms for ‘emergency 

department’ ‘crowding’ ‘metrics’ and ‘performance’ were undertaken for all available years 

up to October 2017. A description of the exact search terms used is provided in the Appendix 

to Chapter 4. A citation search of the reference lists of relevant articles undertaken, and 

authors of abstracts contacted where possible for any other unpublished work. There was no 

restriction on language or country of origin. 

Table 4-2 Search Terms 

PECOT item Primary Search Term  Synonym 1  Synonym 2 

Population / 

Participants / 

patients / clients 

Emergency Service, 

Hospital/ or emergency 

department.mp. or 
*Emergency Medical 

Services/ 

OR (accident and 

emergency).mp.  

OR emergency room.mp. 

Exposure 

(Interventions) 

measur*.mp. or metric.mp. or 
tool.mp. or scales.mp. or exp 

"Weights and Measures"/ 

OR quality indicator.mp. or exp 
Quality Indicators, Health 

Care/ or exp "Outcome 

Assessment (Health Care)"/ 

OR exp "Task Performance and 
Analysis"/ or performance 

measures.mp. 

crowding.mp. or exp 

Crowding/ or occupancy.mp. 

or exp Bed Occupancy/ or 
crowding.mp.  

OR exp Bed Occupancy/ or exp 

Hospital Bed Capacity/ or 

exp Patient Admission/ 
boarder or boarding).mp or 

patient surge.mp. or 

OR exp Health Services 

Accessibility/ or exp 

"Length of Stay"/ or access 
block.mp. or exp Admitting 

Department, Hospital/ 

Comparison 

(Outcomes) 

Any correlation or association of the metric to another Metric, a Process or Outcome of care was included – no 
restriction on basis of type of comparator 

Time waiting time.mp. or *Time 

Factors/ 
OR exp Efficiency, 

Organizational/  
OR exp Efficiency/ or 

efficiency.mp. 

Study Selection 

The candidate included any study that was an original research article that met the selection 

criteria that was not a review article, secondary report of another study, duplicate article, news 

article, opinion piece or editorial. 

To be included a study needed to fulfil the following criteria 

 focused on ED crowding and  

 specify a variable that measures crowding (the metric) and  

 specify an effect measure (process or outcome) influenced by the metric and 

 test the association between the metric and the effect measure 
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Those studies that made general comments without specifying which measure of crowding 

was associated with which outcomes were excluded.  

Studies that used a variable that represented crowding as the outcome to measure the effect of 

an intervention were also excluded, as these studies do not relate metrics to an outcome, rather 

they relate the intervention to the outcome ‘crowding’. The exception to this was when the 

intervention was also a crowding metric (for example an EDLOS target), in which case the 

study was included in the assessment of metrics as quality indicators. 

The titles and abstracts of articles were screened by the candidate, using the selection criteria 

above. If the selection criteria appeared to be met based on the title or abstract, or it was not 

clear that they should be excluded, studies were regarded as possibly relevant. Approximately 

20% of articles were also screened by another reviewer independently (Appendix to Chapter 

4). If there was disagreement between the reviewers, consensus discussion between the 

reviewers via email was used to reach agreement. If agreement was not reached, the default 

position was to regard the article as potentially relevant and the full text was sought for 

review. If an email address was provided, the authors of conference abstracts were contacted 

to provide full text of unpublished manuscripts. Screening was done using a standard 

screening tool developed and piloted by the candidate in Microsoft Excel™ with drop down 

lists and an inbuilt formula to determine eligibility for the review based on selections from the 

drop-down lists. This was to minimise inconsistency in data entry and any individual bias in 

selection of studies (Figure 4-2). There was also a free text comments field provided to 

facilitate discussion.  

Figure 4-2 Screenshot of Study Screening Tool 

 

The agreement between the candidate and the other reviewers was assessed using the kappa 

statistic. The studies that were excluded were recorded and tabulated with the reason for 

exclusion in the Appendix to Chapter 4. 
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Description of Studies 

The study descriptors were: 

 Author:  First author of the article (if known) 

 Year:    Year of publication or presentation as appropriate 

 Country:  Country where study conducted 

 Number of Hospitals: How many hospitals were included in the study 

 Type of ED: ACEM role delineation previously described(122)   

 Observational Study:  A study of groups of patients or staff exposed to different levels 

of crowding who do or do not go on to develop an outcome or a study comparing the 

association of one crowding metric with another. Cohort, case control and cross-

sectional studies were included.  

 Simulation Study: Discusses/describes/defines a measure and tests/uses it in a 

simulation model 

None of the previous systematic reviews found any Randomised Controlled Trials in this topic 

areas, which is logical as it is not possible to randomise individual to arrive at the ED at 

different times of crowding. The candidate did not anticipate finding any such trials in the 

present review. 

Description of Metrics 

The metrics reported in each study were categorised according to the following schedule. 

Categories were based on the qualitative analysis of the results of the survey reported in 

Chapter 3 of this thesis 

 Occupancy:  Measures any aspect of how ‘full’ the ED is. These measures can be 

Direct such as: ED occupancy (number of patients/number of available beds) and 

subsets of this such as occupancy of particular parts of the ED, or ED occupancy by 

subsets of patients, such as those waiting for hospital admission (number of 

‘boarders’). They may also be Indirect such as Ambulance Diversion, Ramping, or the 

time spent Ramping (ambulance Off Stretcher Time, OST) which occur when there is 

no space to place a new ambulance patient in the ED. The OST is not time in ED but 

time on an ambulance stretcher waiting to get into ED. 

 Time:  Measures any aspect of the time a patient spends in the ED Examples are: Time 

waiting to see a Clinician (Triage Time / Time to Assessment), time under treatment in 

ED (Treatment Time), time waiting for admission to a hospital bed (Boarding Time), 

and ED Length of Stay (EDLOS). National Emergency Access Targets are also 
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considered time interval metrics as they give a count (proportion) of those who have 

left ED within a certain time frame. As such they do not measure current ED 

occupancy and are therefore not regarded as a combination occupancy-time metric as 

defined below. 

 Workload: Measures any aspect of how busy the ED is. Examples are staffing 

levels and skill mix, relative to either the number of patients or the ‘acuity’ of the 

patients in the ED (acuity in this sense means urgency to be seen or triage category or 

how unwell a patient is). An example may be the number of new patients presenting to 

the ED per hour. 

 Compound: Combinations of different metrics either derived statistically into a 

predictive model combining aspects of occupancy, time intervals, capacity, workload 

and/or resources or simple lists of metrics that together form a measurement ‘bundle’ 

or ‘dashboard’ 

 Other:  Does not fit into one of the above categories. 

Effect Measures 

The effect measure is what the author of each study uses to show that the metric is associated 

with quality of care – the consequence of crowding. This is the same as the category of 

‘prediction’ metrics coined by Ospina et al.(142) As there is no agreed reference standard it is 

likely that a metric may sometimes be used as the exposure and sometimes as an outcome. 

Using the same method described by Hoot,(135) the metrics were treated as the author of the 

source studies intended: with the exposure metric in the source study as the exposure in this 

review and the effect measure in the source study as the effect measure in this review. 

 Timeliness of Care:  Times to treatments  

 EDLOS:   Time spent in the ED  

 Hospital LOS:  Duration of hospital ward stay 

 Mortality:  Death in ED, hospital or within ‘x’ days of visit 

 Receiving Care: Whether a treatment was given or not 

 Did not Wait (DNW): Patients who left prior to receiving, or completing care 

 Re-presentation: Patients who returned to ED within ‘x’ time of visit 

 Other:   Does not fit category above 

 Patient Experience: Patient perception of care 

 Staff Experience: Impact on staff / staff perception of care 



 

88 

 

The reference standards were categorised into Processes and Outcomes of care as suggested by 

Donabedian(43, 47) and associated with the domains of quality according to those described by 

the Institute of Medicine (Table 4-3).(52)  

Clinically important differences (CID) for times to treatment are condition specific and 

discussed in the evidence summaries where relevant. Prior research by the candidate specified 

the CID for a range of processes and outcomes.(39, 80, 151) These were used in the current 

review. 

Table 4-3 A Quality Framework for Crowding Metrics 

 Institute of Medicine Quality Domain(s) 

CID 
Patient 

Centred 
Timely Efficient Equitable Effective Safe 

D
o
n

a
b

ed
ia

n
 F

ra
m

ew
o
r
k

 

Processes 

Timeliness of 

Care 
✔ ✔ ✔ ? ? ? Varies 

EDLOS ✔ ✔ ✔ ? ? ? 30 min 

Hospital LOS ✔ ✔ ✔ ? ? ? 8 hr 

Outcomes  

Mortality ✔ ? ? ? ✔ ✔ 
10% relative 

1% absolute 

Receiving Care ✔ ? ? ? ✔ ? Varies 

Other Outcomes ? ? ? ? ? ? Varies 

DNW ✔ ✔ ✔ ? ? ? 1% absolute 

Re-presentation ✔ ? ✔ ? ✔ ? 1% absolute 

Patient 

Experience 
✔ ? ? ? ? ? Varies 

Staff Experience X ? ? ? ? ? Varies 

Key: ED=Emergency Department, LOS=Length of Stay, DNW=Did not wait for assessment: ✔=encompasses the domain; ?=may encompass 

this domain, depending on the particular outcome and circumstance; X=does not encompass that domain of quality, CID=Clinically Important 

Difference 

Data Extraction 

When studies met the selection criteria, relevant data were entered into a table using a standard 

form in Microsoft Excel™ (Figure 4-3).  
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Figure 4-3 Screenshot of Data Extraction Form 

 

Included studies were described, appraised and placed into tables of included studies 

according to the schedule below.  

 Author / Date:  Lead author of the study / Year of Publication 

 Setting:  Country, Type of Hospital(s), Number of patients / sites  

 Article Type:  Observational, Simulation, Other as appropriate 

 Metric:   What was used to measure ED Crowding (the ‘Exposure’) 

 Effect Measure: Process or outcome used to reflect consequences of crowding 

 Findings:  Adjusted analyses were considered less subject to confounding 

and were extracted in preference to unadjusted analyses where available. Clinically 

Important Differences (CID) will vary according to outcome (Table 4-3). 

 Critical Appraisal: Summary of the appraisal of the study using the GATE 

 Level of Evidence: Based on the study type and critical appraisal, reflects risk of 

bias  

The GATE tool allows randomised and non-randomised (observational) studies to be assessed 

using a similar format and encompass the key elements of the risk of methodological bias 

based on study design and reporting. The candidate used different versions of the tools over 

the time course of this thesis as the format of the GATE tool was refined, however the core 

elements of study appraisal did not vary between versions. A level of evidence based on the 

‘Oxford 2011 Levels of Evidence’ and the GATE appraisal was determined (Appendix to 

Chapter 4). For simulation studies, the level of evidence was Level 4 if there was model 

validation against real data and Level 5 without validation. If different metrics were reported 

in a study, then a different Level of Evidence might apply given to each metric reported in that 

study.  
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Phase 2 Appraisal and Summary of the Body of Evidence for each Metric 

The candidate used the GRADE process to appraise the quality of the overall body of evidence 

for the association of each metric with processes of care and outcomes for patients.(152) The 

GRADE approach assigns the quality of the entire body of evidence based on the type of 

studies providing the evidence and the methodology and results of those studies for each 

outcome of interest. In this system, the quality of evidence is graded High, Moderate, Low or 

Very Low. To start with, observational studies begin as ‘Low’ quality evidence and 

randomised controlled trials are ‘High’ quality evidence. Each type of study may be up or 

down graded depending on the nature of the studies and their findings. Downgrading occurs if 

there was a serious risk of bias, inconsistency between studies, indirectness, imprecision or 

likelihood of publication bias. Upgrading occurs if there is a large effect size, a ‘dose-

response’ gradient and where confounding would have reduced an observed association (or 

been likely to give bias towards showing an association in studies where no association was 

found).(149)  

Only five prior systematic reviews in this field assessed the quality of the evidence of the 

included studies. All included every study regardless of the level of evidence the study 

provided.(62, 135, 144, 146, 147) In the current review, the quality of evidence from Level 4 

studies were downgraded one level, as the results may not be reliable due to risk of 

methodological or reporting bias. Where the evidence for association between a crowding 

metric and a care quality process or outcome was Level 5 the data were considered at too high 

a risk of bias to be included in the analysis and were excluded. 

Summarising the Evidence  

Prior systematic reviews found the literature on ED crowding to be heterogeneous with respect 

to clinical setting, study design and reporting. This has precluded summarising quantitative 

data in meta-analysis. Harvest plots are an alternative to meta-analysis in situations where the 

evidence is synthesised from a broad and complex range of studies.(153) These show several 

dimensions of the body of evidence in a simple graph. In this review the quality of the body of 

evidence for associations was summarised by the height of the bars, with the number of 

studies providing evidence placed at the base of each bar. Directions of the effect was shown 

by the colour of the bar, with red for worse effect with crowding, green better with crowding 

and white no association. The depth of the colour in the bar indicated the strength of effect, 

with darker colours meaning a stronger association. 
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Where some studies showed a strong association and others a weak or no association, the 

overall association reduced to moderate, representing the ‘average’ of the effects in different 

studies. This process is subjective but similar to what happens mathematically in a quantitative 

meta-analysis when effect sizes differ between studies (the true point estimate of effect is 

assumed to lie somewhere between the high and low extremes in individual studies).  

Where studies found associations in opposite directions, the highest quality evidence was 

shown in the Harvest plot as the more likely association, with the quality of evidence 

downgraded for inconsistency. Where studies with the same quality of evidence provided 

results in opposite directions, or the settings were markedly different, the evidence was 

considered too heterogeneous to combine and results were shown separately in the Harvest 

plots with a data label indicating the differences. 

Results were considered imprecise if the upper or lower limits of the 95% confidence intervals 

were close to the point of no difference for the association. 

Clinical importance rather than degree of statistical significance determined the strength of 

association. Clinical importance varies between conditions (Table 4-3). Generally, for times to 

treatment or assessment, 30 or 60 minutes may be important; while a 10% relative or 1% 

absolute change may be important for other outcomes. When results were presented as 

correlations, those less than 0.01 were considered very weak; less than 0.30 weak; less than 

0.70 moderate and greater than or equal to 0.70 strong.(154) For studies reporting metrics as 

‘diagnostic tests’ for crowding, those with positive likelihood ratios of at least 10 or negative 

likelihood ratio of 0.10 or less as strong; 5,9 and 0.1,0.2 moderate; 2,5 and 0.2,0.5 weak; and 

1,2 and 0.5,1 as very weak respectively.(155) Relative risks and Odds ratios were considered 

very weak less than 1.05,  weak less than 1.2, moderate between 1.2 and 1.5 and strong greater 

than 1.5, although this was superseded by the absolute effects if reported. 

To assess for publication bias, the results of abstracts for which the full text could not be 

retrieved were tabulated to explore the pattern and strength of association with effect measures 

to see if this was similar or different from the published evidence. 

Phase 3 Assessment of the Metrics as Quality Indicators and Recommendations 

Whether the metric meets the required characteristics of a quality indicator and whether it is 

technically feasible and practical to use was determined using the QICA tool (Chapter 2). The 

results from the QICA analysis were summarised in tables by category of metric. At the 

completion of this process, the candidate assigned a rating from 0-100 on a 10cm Visual 

Analogue Scale (VAS), the ‘Bottom Line’ of the QICA tool. This reflected the candidate’s 
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impression of each metric, hence informing the strengths of the recommendation for using the 

metric as a quality indicator. The ‘Bottom Line’ readily translates to the four categories along 

the theoretical continuum of Strength of Recommendations recommended by the GRADE 

group.(156)  Throughout this process, mortality was considered the ‘critical’ outcome while 

other processes and outcomes were considered ‘important’. This meant the strength of 

recommendation places relatively more weight on mortality than other outcomes.(156) Where 

there was less confidence in a recommendation for a metric the term ‘conditional’ was used to 

avoid potential negative connotations of the term ‘weak’ in this context (to avoid confusion 

with the concept of ‘weak’ evidence). Where confidence in a recommendation was high, the 

candidate used the term ‘strong’.(156) 
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4.3. Systematic Review Results 

Search Results 

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

diagram (Figure 4-4) shows the search results. 

Figure 4-4 PRISMA Diagram 

 

 
PRISMA=Preferred Reporting Items for Systematic Reviews and Meta-Analyses * Numerator is greater than the number of studies as more 

than one metric and association often reported in the source studies 

 

Table 4-4 shows the dates of the searches and the number of hit from each search.
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Table 4-4 Table of Search Hits 

Stage of Search Title and Abstract Review Full Text Review 

Database Date Hits Date Hits 

T
o

tal H
its 

D
u

p
licates 

U
n

iq
u
e R

eco
rd

s 

N
o

t S
tu

d
y
 

N
o

t E
D

 

N
o

t C
ro

w
d

in
g

 

N
o

 M
etric 

N
o

 C
o

m
p

ariso
n
 

P
o

ten
tially

 

R
elev

an
t 

N
o

t S
tu

d
y
 

N
o

t E
D

 

N
o

t C
ro

w
d

in
g

 

N
o

 M
etric 

N
o

 C
o

m
p

ariso
n

 

D
u

p
licate 

A
w
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Cochrane 23/07/14 126 17/10/17 34 160 12 148 1 54 65 4 6 18 7 1 1 1 4    4 

Medline+Medline in 

Process 
23/07/14 228 10/10/17 237 465 53 412 15 24 182 7 65 119 21 2 7 0 44  2  43 

Embase 23/07/14 584 11/10/17 328 912 216 696 26 192 260 18 93 107 14 4 11 1 41 4 1 8 23 

CInAHL 23/07/14 195 17/10/17 75 270 67 203 9 51 30 3 26 84 4 0 1 1 19 1 1 1 55 

WOS Core 24/07/14 168 17/10/17 120 288 126 162 3 51 22 4 26 56 7 1 2 0 24    22 

Citation Search 

Prior Reviews and 

other sources 

2015,2018 557 126 431 62 5 25 23 131 185 37 2 1 7 26 10 9 18 75 

Total 2652 600 2052 116 377 584 59 348 568 90 10 23 10 158  15 13 27 222 

Key: CInAHL=Cumulative Index of Allied Health Literature, WOS=World of Science, ED=Emergency Department 
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The database search found 2095 titles and 557 were sourced by citation searchers and other 

sources. After removal of 600 duplicates, the candidate screened 2052 titles and abstracts. One 

of four other review authors screened 598 of these independently. Agreement between the 

candidate and the other review authors on selection for full text review was κ=0.60 (95%CI 

0.53,0.67), indicating moderate to substantial agreement.(157, 158). Consensus failed to resolve 

five of 105 differences between the candidate and the other reviewers and these were included 

in the full text screening process. Excluded at this stage were 1484 studies. A further 370 

studies were excluded after full text review. The reasons for exclusion are shown in Figure 4-4 

(and detailed for the studies excluded after full text in the Appendix to Chapter 4). 

Description of Studies 

Table 4-5 summarises the 198 included studies. Of the included studies, there were no 

randomised controlled trials, 35 prospective observational studies, 161 retrospective 

observational studies and two simulation studies. 

Table 4-5. Description of Included Studies 

Parameter Descriptor n=198 Percent 

Setting  

 

North America 121 62% 

Australia / New Zealand 39 20% 

Europe 19 10% 

Asia 13 7% 

UK 6 3% 

Study Type 
Observational 196 99% 

Simulation 2 1% 

Level of Evidence* 

n=486 

1 0 0% 

2 14 3% 

3 147 30% 

4 325 67% 

Metric Category* 

n=486 

Time 170 35% 

Occupancy 177 36% 

Workload 87 18% 

Compound 40 8% 

DNW 12 2% 

Effect Measures* 

Processes* 

n=486 

Timeliness 117 24% 

EDLOS 114 23% 

Hospital LOS 31 6% 

Staff Experience 77 16% 

Outcomes* 

n=486 

Mortality 82 18% 

Receiving Care 55 11% 

DNW 64 13% 

Re-presentation 34 7% 

Other 106 22% 

Patient Experience 46 9% 

Level of Evidence based on critical appraisal using Graphic Appraisal Tool for Epidemiology, 1 is lowest risk of bias, 4 is highest, 
*Numerator is greater than the number of studies as more than one metric and effect measure reported in the source studies. ED=Emergency 

Department, LOS=Length of Stay, DNW=Did not wait for assessment, UK=United Kingdom 
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A third of associations were supported by Level 2 or 3 evidence at low risk of bias and two 

thirds by Level 4 evidence at higher risk of bias. Occupancy (36%) and Time (35%) metrics 

were most often reported followed by Workload (18%) and Compound metrics (8%). DNW 

was rarely used as a crowding metric (2%). 

Patients were the unit of analysis in 151 studies (77%). The median (IQR) number of included 

patients was 5,616 (597-51,699) with a range from 17 to 14,551,553. Staff were the unit of 

analysis in 8 studies (4%) The median number of staff involved was 177 (IQR) 92-316 with a 

range from 76 to 352. Sampling times were used as the unit of analysis in 30 studies (15%). 

The median (IQR) number of sampling times was 233 (130-1,461) with a range from 20 to 

52,263. Hospitals were the unit of analysis in 11 studies (6%). The median (IQR) number of 

hospitals was 272 (23-437), with a range from 17 to 4,810. As not all studies stated the 

number of participants, times or hospitals respectively, the exact number involved remains 

unknown. However, based on the studies that did report this information the results of this 

review are founded on 42,248,927 patients, 1,208 staff, 9,128 hospitals and 102,977 sampling 

times. One study included both staff and patients so the sum of proportions of the units of 

analysis is greater than 100%.(159) 

Tables of Included Studies 

Tables 4.2 to 4.19 show the main results of the included studies and the Level of Evidence 

based on the GATE appraisal. There were too many studies to include in a single table, so 

tables based on category of metric are presented. The tables are ordered firstly by Level of 

Evidence and secondly in descending order of year of publication. Up and down arrows 

indicate the direction of association between the crowding metrics and the effect measures. 

Numbers in parentheses indicate 95% confidence intervals unless stated otherwise. The word 

‘reference’ indicates that the category in question was the reference category to which others 

were compared in regression analyses. Where the first quarter result is not shown this was the 

reference category for the regression. Where studies published adjusted results, these are 

prioritised, so unadjusted results are not shown in the tables for brevity. Words in italics are 

statements putting the results in context. The small letter ‘a’ preceding the abbreviations for 

result types in capital letters indicate that the result is from an adjusted analysis (for example 

aOR indicates that the result is an adjusted Odds Ratio). The small letter ‘m’ preceding the 

abbreviations for Compound Metrics indicates that a local modification of the original metric 

was used (for example mEDWIN means a modified version of the EDWIN score). Diversion 

refers to ambulance diversion and satisfaction implies patient satisfaction. ‘Q’ refers to the 

quarter of interest, Q1 is lowest, Q4 is highest. 
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Table 4-6 Included Studies Waiting Room Occupancy 

Study / Setting ED Level Effect Measure Results 

Evidence 

Level 

Gorski 2017 USA(160) 4 Admission Rate aOR 1.011(1.001,1.020) 

Holding physician load=0; probability of admission when  
0 in WR: 35.3% (34.2,36.4) 

6 in WR: 36.4% (35.0,37.7) 

12 in WR: 37.4% (35.3,39.5) 

3 

Depinet 2014 USA(161) 4 Vital Sign Measurement  ↓Re-assessment of vital signs: 0.90 (0.88,0.92) per 10 patients waiting  3 

McCusker 2014 Canada(162) Multiple  

30 day Mortality  
Re-presentation <30days 

Admission to hospital at Re-Presentation 

aOR  

1.00 (0.99,1.01) p=0.27 Pseudo r2=0.43 
0.99 (0.99,1.00) p<0.001 Pseudo r2=0.06 

1.00 (0.99,1.01) p=0.789 Pseudo 2=0.19 

3 

Kennebeck 2011 USA(163) 4 Time to Antibiotics: Febrile Neonates r2=11.2% p=0.034 
1 unit ↑WR patients→time to antibiotics ↑1.03min 

3 

Mills 2010 USA(164) 4 Time to CT read abdominal pain (median)min Q1 318 

Q2 364 
Q3 414 

Q4 445 

Log linear regression of time 
Q2 0.18 (-0.07, 0.11) 

Q3 0.10 (0.01,0.29) 

Q4 0.19 (0.09,0.28) 
P<0.001  

3 

Pines 2010a USA(165) 4 Index patient EDLOS (median)min 

 

 
 

Time First Nebuliser (median)min 

 
 

 

Time Steroid (median)min 
 

 

 

 

EDLOS >median (median)min 

Q1 151 

Q2 185 

Q3 207 
Q4 243 

Q1 15 

Q2 18 
Q3 21 

Q4 17 

Q1 21 
Q2 27 

Q3 22 

Q4 47 

all p<0.0125 

aRR ↑1patient in WR 1.03 (1.02,1.03) 

3 

McCarthy 2009 USA(166) 4 Outcomes stratified 12 categories 
WR Time  

 

↑WR number 50th→90th centile (subset of patients) 
↑WR time all sites, ≥30 min for 8/12 strata 

↑WR time for ESI 2,4/5 all sites, no strata ≥30 min 

↑number in WR from 10→90th centile combined sites day shift ↑WR time ≈50min  

3 

Pines 2009 USA(167) 4 ACS  

Adverse cardiac outcome 

 

aOR, Q1 reference 

Q2 1.1 (0.4,3.2) 

Q3 0.9 (0.3,2.9) 

3 
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Study / Setting ED Level Effect Measure Results 

Evidence 

Level 
 

ECG≤10min  

 
 

Aspirin 

 
 

β-Blocker  

 

 

Non-ACS Chest Pain 
Adverse cardiac outcome 

Q4 3.7 (1.3,11.0) 

Q2 1.6 (0.9,2.8) 

Q3 1.5 (0.9,2.8) 
Q4 1.5 (0.8,2.8) 

Q2 0.8 (0.4,1.7) 

Q3 0.8 (0.3,2.0) 
Q4 1.2 (0.5,2.8) 

Q2 0.6 (0.3,3) 

Q3 0.9 (0.4,1.8) 
Q4 1.2 (0.6,2.6) 

Q2 1.6 (0.8,3.4) 

Q3 2.3 (1.1,5.0) 
Q4 3.5 (1.4,8.4) 

Mills 2009 USA(168) 4 Received Analgesia per quartile of WR patients 

 
 

 

Delay Analgesia >1hr  
 

 

Q1 182 (67.4%) 

Q2 180 (64.8%) 
Q3 142 (66.7%) 

Q4 145 (67.4%), p(trend)=0.88 

aRR Q1 reference 
Q2 1.46 (1.26,1.69)  

Q3 1.57 (1.35,1.82) 

Q4 1.53 (1.31,1.77), all p<0.0001 

3 

Pines 2008a USA(169) 4  
Time to Analgesia >1hr 

Not Receiving Analgesia 

↑1 patient in WR aOR 
1.05 (1.04,1.06).  

1.03 (1.02,1.03) 

3 

Weiss 2004 USA(170) Multiple Staff perception crowding 
↑0→1 Awaiting registration 

↑0→1 awaiting triage 

 
Number in WR/Beds ↑10→30% 

Change in Score (0,200) 
0.51 (-0.8, 1.89), p=0.46 

-0.31 (-1.5, 0.85), p=0.60 

 
6.2 (3.4,9.0), p<0.0001 

3 

Crawford 2014 USA(171) Multiple  

WR Time 
DNW 

Barding Time 

Ambulance Diversion 
Readmission ≤30days 

Waiting Trigger to Discharge Patients from Ward in Simulation 

↓70 to 6min, p<0.01 
↓1.3% to “≈0” 

↓6.3→2.4hr, p<0.01 

↓229→14hr, p<0.01 
↑1708→2875 per year, p<0.01 

4 
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Study / Setting ED Level Effect Measure Results 

Evidence 

Level 

Chatterjee 2011 USA(172) 4/3 Presented <3hrs: 

 

Proportion with time to completion of CT >25min 
 

 

CT Interpretation >45min 
 

 

Thrombolysis>60min 

Academic aRR Q1 reference 

Q2 0.8 (0.6,1.2) 

Q3 0.9 (0.6,1.2) 
Q4 0.8 (0.5,1.2)  

 

Q2 1.2 (0.6,2.5) 
Q3 1.5 (0.7,2.8) 

Q4 0.8 (0.4,2.0)  

nr 

4 

Presented >3hr 

Time to CT(min) 

Academic Hospital 

Q1 91 (40,140) 

Q2 63 (40,147) 
Q3 107 (45,195) 

Q4 107 (52,220) 

p=0.035 

Community Hospital 

104 (70,105) 

114 (73,161) 
102 (80,215) 

175 (128,230) 

p=0.007 

Wrenn 2010 USA(173) 4 Stress: Residents  PSQ 0.05 (-0.28,0.40) p=0.72. 4 

Pines 2010b USA(174) 4  
Teaching 

Clinical Care 

Approachability 

Helpfulness: 

Total Teaching Score ≥16 

aOR 
1.02 (0.99,1.04)  

1.01 (0.99,1.03)  

1.02 (0.99,1.04)  

1.01 (0.99,1.04)  

1.02 (0.99,1.05) 

4 

Pines 2010c USA(175) 4 Triage to Analgesia(min) 
 

 

 
Received Analgesia  

 

 

Academic Hospital, aRR Q1 reference 
Q2 1.19 (1.14,1.27) 

Q3 1.21 (1.16,1.28) 

Q4 1.23 (1.27,1.30) 
Q2 0.99 (0.95,1.05) 

Q3 1.02 (0.97,1.07) 

Q4 1.00 (0.95,1.05) 

Community Hospital, aRR Q1 reference 
Q2+Q3 1.30 (1.24,1.4) 

 

Q4 1.48 (1.40,1.58) 
Q2+Q3 0.96 (0.90,1.02) 

 

Q4 1.00 (0.94,1.06) 

4 

Pines 2007a USA(159) 4 Care Compromise 
Patient Perception 

Staff Perception 

↑1 patient 
OR 1.01 (0.98,1.04) 

Nurse aOR ↑1.05 (1.02,1.07)  

Physician OR 1.02 (1.00,1.04)  

4 

Pines 2007b USA(176) 4  

Delay in antibiotics >4hr CAP 

 

delay for ↑1patient in WR aOR 

↑1.05 (1.01,1.09) 

Interaction WR Number and EDLOS and probability of not/delay receiving antibiotics 
Lowest Quartile of both 0.31 (0.21,0.42) 

Highest Quartile of both 0.72 (0.61,0.81) 

4 

Weiss 2002 USA(177) 4 Staff perception crowding r=0.33, p<0.05 4 
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Study / Setting ED Level Effect Measure Results 

Evidence 

Level 

Pines 2008b USA(178) 4 Patient satisfaction  

Recommend ED 

 
 

 

Overall rating hospital care 

better score aOR Q1 reference 

Q2 1.0 (0.7,1.3) 

Q3 0.9 (0.6.1.2)  
Q4 0.6 (0.4.0.8) p ≤0.05 

 

Q2 1.0 (0.7,1.4) 
Q3 1.1 (0.8,1.5) 

Q4 1.0 (0.7,1.3) 

4 

Epstein 2006 USA(179) 4 Diversion aPE 3.23 (2.82,3.64), p<0.01 4 

ED=Emergency Department, LOS=Length of Stay, WR=Waiting Room, aOR=Adjusted Odds Ratio, OR=Odds Ratio, aRR=Adjusted Relative Risk, RR=relative risk, aPE=Adjusted Parameter Estimate, ECG=Electrocardiogram, 

ACS=Acute Coronary Syndrome, DNW=did not wait for assessment, CT=Computerised Tomography, PSQ=Perceived Stress Questionnaire, nr=not reported 
 

 

 

Table 4-7 Included Studies Occupancy by those under Treatment 

Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 

Gorski 2017 USA(160) 4 Admission Rate aOR 1.010 (1.002,1.019) 

Holding WR Number=0 
0 patients 35.3% (34.2,36.4) 

8 patients 36.6% (36.1,37.1) 

16 patients 37.9% (36.6,39.2) 

3 

Stang 2013 Canada(180) 4 DNW aRR 0.98 (0.98,0.99) 3 

McCarthy 2009 USA(166) 4 Outcomes stratified 12 categories 
WR Time 

 

 
 

Treatment Time 

 
 

↑50th→90th centile number being treated  
↑WR time all strata; ≥ 30 min ↑ for 1/12 strata 

↑WR time for ESI 2,4/5 all strata; but none ≥30 min 

Graph combined sites day shift ↑WR time≈22min 
 

↑ treatment time 11/12 strata, ↓1/12 strata (no changes ≥30min)  

↑ treatment time for 8/15 strata for ESI 2,4/5 but none ≥ 30min 
Graph combined sites day shift ↑treatment time 12 min  

3 

Richardson 2005a Australia(181) 4  

Triage Time Compliance% 
Treatment Time(hr ) 

Boarding Time(hr) 

EDLOS 
Discharged hr 

Admitted hr 

Access Block% 
DNW% 

DRG-HLOS day 

Mortality% 

>MSO vs <MSO (ROCS) 

40.09% vs 49.2%, p=0.0001 
Discharged 1:19 vs 1:18, p ns 

6:33 vs 5:51 p=0.05 

 
2:48 vs 2:38 p=0.05 

7:38 vs 6:43 p=0.015 

50.3% vs 42.5% p<0.0001 
12.8% vs 8.2% p=0.0001 

DRG 0.196 vs 0.284 p ns 

0.76% vs 0.46% p=0.08  

4 
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Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 

Richardson 2005b Australia(182) 3  

Triage Time Compliance% 

Mean Number Waiting 
Mean DNW% 

>MSO vs <MSO (ROCS) 

↓13.8% p=0.001 

↑0.95 p<0.001 
↑3.39%, p=0.00002  

4 

Richardson 2005c Australia(183) 3  

Mean Number Waiting 
Triage Time Compliance% 

Mean DNW%  

Number Starting Treatment/hr  
(ratio to mean that hour in derivation period) 

>MSO vs <MSO (ROCS) 

↑1.4 p<0.001 
↓17% p<0001 

DNW ↑3.9% p<0.001 

↓0.24 p=0.01 
 

4 

Weiss 2002 USA(177) 4 Staff perception: crowding r=0.5 p<0.05  4 

ED=Emergency Department, LOS=Length of Stay, WR=Waiting Room, aOR=Adjusted Odds Ratio, DNW=did not wait for assessment, MSO=Maximum Safe Occupancy, ROCS=Refined Overcrowding Scale, Access Block is an 

EDLOS >8 hours for admitted patients, DRG=Diagnosis Related Group, HLOS=Hospital Length of Stay, ns=not significant 
 

 

 

 

Table 4-8 Included Studies Boarder Occupancy 

Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 

Schull 2003a Canada(184) 4  

Diversion Time 

↑1boarder 

↑6.2 (3,10)min 

2 

Leisman 2017 USA(185) 4  
Delay Antibiotic 2nd Dose  

In-hospital Mortality  

Late ICU admission 
Hospital LOS 

aOR  
2.67 (1.74,4.09) p<0.001 

0.87 (0.51,1.51) p=0.63 

0.64 (0.38,1.09) p=0.099 
nr 

3 

Depinet 2014 USA(161) 4 Time to Vital Sign Measurement  ↓Reassessment vital signs: HR 0.69 (0.66,0.75) per 10 boarders 3 

Stang 2013 Canada(180) 4 DNW aRR 0.97 (0.95,0.99) 3 

White 2013 USA(186) 4 EDLOS Discharged  Median EDLOS 

Q1 205min 

Q2 215min 

Q3 221min 

Q4 221min 

r=0.25 (0.246,0.254) 

3 

Kennebeck 2011 USA(163) 4 Time to Antibiotics for Febrile Neonates r2=11.5% p=0.023 
1 unit ↑number boarding→4.2 min ↑time to antibiotics, number boarders=11.5% of variance 

3 

Hwang 2010 USA(187) 4 Troponin TAT(min) 

 

↑100% boarders/beds associated with ↑TAT at each centile of TAT 

10th centile 23.9 (17.43,30.38) 
25th centile 31.24 (25.09,37.40) 

50th centile 32.67 (23.83,41.50)  

3 
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Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 
75th centile 33.42 (19.82,47.01) 

90th centile 62.44 (33.91,90.98) 

↑100% number of boarders beyond bed capacity ↑TAT 33 (24,42) min 

Mills 2010 USA(164) 4 Time to CT Read ↑boarders→↑time to CT, ≈80 min between most and least crowded periods p<0.001 3 

Pines 2010a USA(165) 4 Index patient EDLOS median(min) 
 

 

 
 

Time to First Nebuliser median(min) 

 
 

 

Time to Steroid median(min) 
 

 

 
 

 

EDLOS 

Q1 157 (95,238) 
Q2 174 (109,275) 

Q3 214 (128,302) 

Q4 229 (144,347) 
 

Q1 17 (2,17) 

Q2 22 (2,49) 
Q3 21 (1,97) 

Q4 26 (2,143) 

 
Q1 23 (2,47) 

Q2 24 (0,54) 

Q3 21 (1,63) 
Q4 58 (19,142) 

All p<0.0125  

aRR delay EDLOS >median for ↑1boarder→1.06 (1.05,1.07) 

3 

Mills 2009 USA(168) 4 Received Analgesia  

 

 
 

 

Delay to Analgesia >1hr 
 

Q1 180 (64.3%) 

Q2 133 (63.3%) 

Q3 189 (73.5%) 
Q4 147 (64.2%) 

p=0.42 

aRR  
Q2 1.26 (1.07,1.48) p=0.006 

Q3 1.46 (1.27,1.68) p<0.0001 

Q4 1.57 (1.36,1.81) p<0.0001 

3 

Pines 2009 USA(167) 4 ACS  

Adverse cardiac outcome 

 
 

 

ECG≤10min  
 

 

Aspirin 
 

 

 
 

Β-Blocker  

aOR Q1 reference 

Q2 1.3 (0.6,2.8) 

Q3 1.3 (0.5,3.3) 
Q4 1.6 (0.6,4.1) 

 

Q2 1.7 (1.0,2.8) 
Q3 1.8 (1.0,3.1) 

Q4 1.5 (0.9,2.5) 

Q2 0.7 (0.4,1.3) 
Q3 1.0 (0.4,2.7) 

Q4 1.4 (0.6,3.3) 

 
Q2 0.8 (0.5,1.3) 

Q3 1.1 (0.7,1.8) 

3 
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Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 
 

 

Non-ACS Chest Pain 
Adverse cardiac outcome 

Q4 1.2 (0.7,1.9) 

 

Q2 0.9 (0.5,1.6) 
Q3 0.8 (0.4,1.3) 

Q4 0.6 (0.4,1.1) 

McCarthy 2009 USA(166) 4 CID 30min 
WR Time 

 

 
Treatment Time 

 

CID 60min 
Boarding Time 

 

↑number boarding 50th→90th centile  
↑WR time all sites; ≥30min↑ 1/12 strata 

Graph combined sites day shift waiting time ↑12min 

 
↑4/12 strata; ↓4/12 strata (none ≥30min)  

Graph combined sites day shift treatment time ↓7min 

 
↑>60min 8/12 strata; <60min 4/12 strata 

Graph combined sites day shift boarding time ↑115min 

3 

Hwang 2008 USA(188) 4 Count 

Time to Analgesia 
Time to Pain Assessment 

Pain Documentation 

Receiving Analgesia 
Proportion 

Time to Analgesia 

Time to Pain Assessment 
Pain Documentation 

Receiving Analgesia 

below/above median number boarding 

↑35 (16,59)min 
↑ 43 (27,64)min 

↓0.05 (-0.51,0.42) 

↓0.36 (-0.70,-0.01) 
 

↑16 (-3,37)min 

↑16 (-3,31)min 
↑0.07 (-0.30,0.45) 

↑0.03 (-0.31,0.26) 

3 

Weiss 2004 USA(170) Multiple Staff Opinion: Crowding 2→0, boarding, ↑ score 12/200 (3,21) 3 

Truong 2017 Canada(189) Multiple Re-presentation  Boarding at noon aOR 1.00 (0.99,1.00) at midnight aOR 1.00 (0.92,1.00) 4 

Gaieski 2017 USA(190) 4  

IV fluids ≤1hr 
Time to Fluids (min) 

 

 
 

Antibiotic <=3 hr 

Time to Antibiotic (min) 
 

 

 
In-hospital Mortality  

 

 
 

 

Implementation of Protocoled Sepsis Care 

Adjusted analysis 

aOR 0.79 (0.62,1.01) 
Q1 33.0 

Q2 26.0 

Q3 35.5 
Q4 42.0, p=0.05 

aOR 0.75 (0.59,0.96) 

Q1 111.0 
Q2 110.0 

Q3 106.0 

Q4 117.5 p=0.16 
aOR 0.99 (0.70,1.40) 

Q1 30.4% 

Q2 27.3% 
Q3 21.2% 

Q4 28.6% p=0.54 

aOR 0.40 (0.30,0.59) 

4 
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Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 
 Q1 71.3% 

Q2 63.8% 

Q3 61.2% 
Q4 50.5% p<0.001 

Husain 2015 Australia(191) 4 Clinician perception: safely manage patients r=-0.32 (-0.42,-0.22), p<0.001, adjusted ns 4 

Richardson 2015 Australia(192) 4  

In-hospital Mortality 

Hospital LOS 
Time to Assessment 

Treatment Time 

Boarding Time 

>8 Boarding vs <8 Boarding 

4.9% vs 5.6% p=0.25 

5.9 vs 5.9days p=0.46 
105 vs 80min p nr 

5:44 vs 5:46hr p nr 

6:44 vs 4:22hr p nr 

4 

Boyle 2015 UK(193) Multiple Consultant opinion  

Crowded 

 
Dangerous  

>10% occupied by boarders 

Sensitivity 85.3 (77.7,92.9); Specificity 70.0 (60.2,79.8) 

LR+2.84, LR-0.21 
Sensitivity 76.9 (67.9,85.9); Specificity 52.1 (41.4,62.8)   

LR+ 1.61, LR-0.44 

4 

Crawford 2014 USA(171) Multiple  

WR Time 
DNW 

Boarding Time 

Diversion 
Readmission ≤30 days 

Boarding Triggered inpatient discharge 

↓ 70→0min p<0.01  
↓1.3%→≈0 p nr 

↓6.3→0.5hr p<0.01 

↓229→0hr p<0.01 
↑1708→3438 per year p<0.01 

4 

Chatterjee 2011 USA(172) 4 Presented <3hours 

Proportion with time to completion of CT >25min 
 

 

CT Interpretation >45min 
 

 

Thrombolysis>60min 

aRR Q1 reference 

Q2 0.8 (0.5,1.1) 
Q3 0.8 (0.5,1.1) 

Q4 0.8 (0.6,1.2)  

Q2 0.8 (0.5,1.4) 
Q3 0.7 (0.4,1.5) 

Q4 1.3 (0.7,2.3) 

Nr 

4 

Arkun 2010 USA(194) 3 Time to Assessment 

Boarding Time 

aOR 1.02 (1.0,1.03) 

aOR 1.03 (1.01,1.06) 

4 

Pines 2010b USA(174) 4  

Total Teaching Score >=16 

Teaching 

Clinical Care 

Approachability 
Helpfulness 

aOR 

1.01 (0.97,1.03) 

1.02 (0.97,1.08)  

1.01 (0.96,1.06)  

1.03 (0.97,1.08)  
1.02 (0.96,1.08)  

4 

Pines 2010c USA(175) 4  

Triage to Analgesia(min) 
 

 

Academic Hospital aRR Q1 reference 

Q2 1.11 (1.09,1.12) 
Q3 1.14 (1.09,1.12) 

Q4 1.18 (1.12,1.24) 

 

Community Hospital aRR Q1 reference 

Q2 1.26 (1.14,1.38) 
Q3 1.34 (1.22,1.48) 

Q4 1.45 (1.34,1.60) 

 

4 
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Median(min) 

Q1 126 

Q2 158 
Q3 192 

Q4 253 p(trend)<0.001 

Median(min) 

Q1 98 

Q2 128 
Q3 150 

Q4 203 p(trend)<0.001 

Bair 2010 USA(195) Unclear mNEDOCS  
 

↓mNEDOCS 135.6→109.2 when the boarder released ratio ↑0%→100%.  
Proportion 'overcrowded' ↓88.3%→50.4%. 

4 

Lucas 2009a USA(196) Multiple Opportunity Loss (not seeing other patients) r=0.67 4 

Hillier 2009 USA(197) 4  

DNW 

EDLOS discharged 
EDLOS admitted 

Hallway Use 

10% ↑proportion boarders  

aOR ↑1.11 (1.0,1.24) 

0.4 (-0.4,1.1)min 
0.2 (-0.09,1.2)min 

aOR 1.21 (1.15,1.26) 

4 

Gilligan 2008 Ireland(198) 4 In-hospital Mortality 

TTA 
EDLOS 

Admission Rate 

MRSA Rate 
DNW 

aOR 1.0004 (0.996,1.013) p=0.29 

‘no association’ 
correlation p<0.001 (scatterplot very weak linear correlation and r not given) 

‘no association’ 

aOR 0.996 (0.985,1.008) p=0.55 
‘no correlation’ p=0.25 

4 

Pines 2008b USA(178) 4 Patient Satisfaction 

Recommend ED 
 

 

Overall Rating of Hospital Care 
 

 

aOR Q1 reference 

Q2 0.7 (0.5,0.9), p≤0.05 
Q3 0.6 (0.5,0.8), p≤0.05 

Q4 0.6 (0.5,0.8), p≤0.05 

aOR 
Q2 0.8 (0.5,1.0) 

Q3 0.8 (0.6,1.1) 

Q4 0.8 (0.6,1.1) 

4 

Pines 2007a USA(159) 4 Patient Perception: Care Compromise 

 

Staff Perception: Care Compromise 
Nurses 

Physicians 

OR  

1.03 (0.98,1.07) 

aOR  
1.08 (1.03,1.12) 

1.14 (1.10,1.75) 

4 

Asaro 2007a USA(199) 4 DNW per unit change in boarder number 

20th vs 80th centile 2 vs 13 boarders  

aOR 1.051 (1.047,1.055) 

aOR 1.73 (1.66,1.79) 

4 

Asaro 2007b USA(200) 

 

4  

EDLOS admissions 

EDLOS discharges 
EDLOS Fast track 

Time to room placement 

Main ED 
Fast track 

Treatment time admits 

Treatment time discharges 

↑1 boarder 

↑8.52 (7.9,9.15)min, p<0.001  

↑3.4 (3.09,3.71)min p ns,  
↑2.0 (1.8,2.2) p<0.001 

 

↑0.18 (-0.19, 0.54) p=0.338  
↑1.7 (1.5,1.8) p<0.001) 

↑0.05 (0.23,0.77) p<0.001  

nr 

4 
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Treatment time fast track 

Boarding time admits 

↑0.20 (0.0,0.3) p=0.057.  

↑6.84 (6.35,7.33) p<0.001 

Epstein 2006 USA(179) 4 Ambulance Diversion 95%CI for β-coefficient (10.51,11.33) p<0.01 
 

4 

Polevoi 2005 USA(201) 3 DNW aOR 1.07 (0.99,1.15) 4 

Lambe 2003 USA(202) Multiple Time to Assessment ↑1Boarder ↓64 (8.7,119.5)min p=0.02 4 

ED=Emergency Department, LOS=Length of Stay, WR=Waiting Room, aOR=Adjusted Odds Ratio, OR=Odds Ratio, aRR=Adjusted Relative Risk, RR=relative risk, aHR=adjusted Hazard Ratio, HR=Hazard Ratio, aPE=Adjusted 
Parameter Estimate, LR=Likelihood Ratio, ECG=Electrocardiogram, ACS=Acute Coronary Syndrome, DNW=did not wait for assessment, CT=Computerised Tomography, CID=Clinically Important Difference, min=minutes, 

IV=Intravenous, mNEDOCS=modified National ED Overcrowding Scale, , ns=not significant, nr=not reported 

 
 

Table 4-9 Included Studies Total ED Occupancy 

Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 

Jo 2012 Korea(203) 4 Mortality Pneumonia 
 

 

 
 

 

Time to Antibiotics 

Occupancy 86→109% 
aOR 5.92 (0.87,40.2) p=0.069 

HR 5.28 (1.0,28.1) p=0.051 

>110% 
aOR 9.5 (1.5,58.9) p=0.016 

HR 6.39 (1.37,29.8) p=0.018 

r=0.009 p=0.86 

2 

Reznek 2017 USA(204) 4  
Door to CT stroke 

↑10% occupancy 

aOR 0.83 (0.75,0.91) p=0.0002 

3 

Verelst 2015 Belgium(205) 4 Mortality All 
 

 

 
 

Mortality in ED 

 
 

 

Nosocomial Complication 
Pneumonia 

 

 
VTE 

 

 
 

Sepsis 

 

aRR Q1 reference 
Q2 1.0 (0.8,1.2) 

Q3 0.92 (0.72,1.15) 

Q4 0.93 (0.72,1.2) 
 

Q2 0.87 (0.58,1.3) 

Q3 0.80 (0.50,1.2) 
Q4 0.79 (0.5,1.22) 

 

Q2 0.92 (0.72,1.2) 
Q3 1.15 (0.91,1.50) 

Q4 1.31 (1.06,1.63) p<0.01  

 
Q2 1.4 (0.8,3.2) 

Q3 1.8 (0.9,3.8) 

Q4 1.4 (0.78,1.45) 
 

Q2 1.4 (0.8,3.2) 

Q3 1.8 (0.9,3.8) 

3 
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Kidney Injury 
 

 

 
Access Block 

Q4 1.4 (0.78,1.45) 

 

Q2 1.0 (0.7,1.50) 
Q3 1.0 (0.7,1.51) 

Q4 0.9 (0.6,1.4) 

 
aOR 0.6 (0.5,0.7) p < 0.0001 

Perimal-Lewis 2015 Australia(206) 4 Time to Assessment 

Treatment Time  

↑ 1person=↑2 (1.97,2.01)min, p<0.001; ↑ 2.6 (2.5,2.7)min treatment time p<0.001 3 

Gabayan 2015 USA(207) 3 Admission <7 days Discharged Patients 
  

 

Mortality <7 Days 

For point occupancy on arrival and time averaged occupancy 
Main outcome not shown and no association in three types of regression models 

(linear, squared, cubic).  

No association 

3 

Depinet 2014 USA(161) 4 Time to Vital Sign Measurement  ↑10 patients→reassessment 0.94 (0.93,0.95) 3 

Bergs 2014 Belgium(208) 4 ESI 1≤10min median wait 5 (4,8) min 84% 
 

ESI 2 ≤30min wait 12 (6,24)min 81.1% 

AUCROC 0.63 (0.54,0.71) 
 

AUCROC 0.74 (0.73,0.75) 

3 

Derose 2014 USA(209) Multiple In-Hospital Mortality  
 

 

 
 

Hospital LOS 

Arrival Occupancy 
Mean 78% died vs 79% survivors p=0.10 

Occupancy time averaged over index patient stay 

Mean 84% died vs 83% survivors p=0.25 
 

Arrival Occupancy 

Mean Q1 77% vs Q4 80% p<0.001, adjusted ns 
Occupancy time averaged over index patient stay in ED 

Q1 80% vs Q4 84%, p<0.001 

9 hr ↑Hospital LOS 10th→50th centile time averaged occupancy 

3 

McCusker 2014 Canada(162) Multiple  

Mortality at 30 days 

ED Re-presentation <30 days 
Admission at Re-Presentation 

aOR  

1.03 (1.02,1.04) p<0.001  

1.00 (0.99,1.01) p=0.36  
1.03 (1.01,1.04) p<0.001  

3 

Stang 2013 Canada(180) 4 DNW aRR 1.23 (1.11,1.37) 3 

Bellow 2012 USA(210) 3 EDLOS 60th centile of census ratio EDLOS 5.6min higher than baseline of 97 min, p=0.06 3 

Kennebeck 2011 USA(163) 4 Time to Antibiotics Febrile Neonates r2=10.3% p=0.11  

1unit ↑patients in ED→0.42min ↑time to antibiotics 

3 

Fee 2011 USA(211) 4 Order to antibiotic administered  
Blood culture order to done 

Arrival to CxR order  

Arrival to room placement  
CxR order to done  

Room placement to antibiotic order  

↑9.3 (1.4,19.0)min 
-0.4 (-7.2,7.4)min 

↑14.3 (6.5,24.0)min 

↑26 (10.6,49)min 
↓-9.5 (-19.1,-2.0)min 

18.1 (-5.1,43)min 

3 
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Sills 2011a USA(212) 4  

Asthma Severity Score 

Β-agonist 

Steroid 

 
Fracture Analgesia 

Any 

Opioid 

aRR  

0.33 (0.27,0.44) 

0.48 (0.36,0.59) 
0.26 (0.17,0.38) 

 

 
0.70 (0.53,0.94) 

1.00 (1.00,1.00) 

3 

Mills 2010 USA(164) 4 Time to CT Scan interpretation abdominal pain ≈2 hr difference most/least crowded periods p<0.001 3 

Hwang 2010 USA(187) 4 Troponin TAT 
 

↑100% occupancy ↑TAT 

10th percentile 8.88 (6.47,11.29) 

25th percentile 12.12 (9.72,14.51) 
50th percentile 11.54 (8.92,14.17)  

75th percentile 8.35 (4.74,11.95) 

90th percentile 15.42 (6.07,24.76) 

3 

Pines 2010a USA(165) 4 Index patient EDLOS 

 

Median (IQR)min  
 

 

 
 

Time to First Nebuliser 

Median (IQR)min 
 

 

 
Time to Steroid 

Median (IQR) min 

 
 

 

Delay EDLOS >median for 10%↑ occupancy  

aRR 1.02 (1.01,1.03) 

Q1 144 (88,230) 
Q2 191 (118,281) 

Q3 211 (132,309) 

Q4 228 (144,332) 
 

Q1 17 (2,40) 
Q2 17 (1,59) 

Q3 15 (1,103) 

Q4 25 (1,126) 
 

Q1 21 (2,40) 

Q2 25 (1,25) 
Q3 43 (2,118) 

Q4 41 (0,155) 

all p<0.0125 

3 

Mills 2009 USA(168) 4 Received Analgesia  
 

 

 
 

Delay Analgesia >1hour  

 
 

Q1 172 (64.2%) 
Q2 171 (71.6%) 

Q3 154 (66.1%) 

Q4 152 (64.4%), p=0.76 
aRR 

Q2 1.39 (1.19,1.62) 

Q3 1.52 (1.30,1.77) 
Q4 1.64 (1.42,1.91) 

p <0.0001 

3 

Pines 2009 USA(167) 4 ACS  
Adverse cardiac outcome 

aOR Q1 reference 
Q2 0.9 (0.3,2.8) 

3 
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ECG≤10min  

 

 
 

Aspirin 

 
 

 

 
Β-Blocker  

 

 
Non-ACS Chest Pain 

Adverse cardiac outcome 

Q3 1.3 (0.4,4.4) 

Q4 3.1 (1.0,9.3) 

 
Q2 1.3 (0.8,2.3) 

Q3 1.5 (0.9,2.5) 

Q4 1.5 (0.8,2.9) 
 

Q2 0.9 (0.4,2.3) 

Q3 1.3 (0.6,3.0) 
Q4 1.4 (0.6,3.3) 

 

Q2 1.5 (0.7,3.1) 
Q3 1.5 (0.7,3.3) 

Q4 1.7 (0.8,3.8) 

 
Q2 0.9 (0.5,1.5) 

Q3 1.2 (0.6,2.2) 

Q4 1.8 (0.9,3.3) 

Pines 2008a USA(169) 4  

Receiving Analgesia 

Time to Analgesia >1hr 

Occupancy ↑10%  

aOR 1.01 (0.99,1.04) 

aOR 1.18 (1.15,1.21) 

3 

McCarthy 2008 USA(213) 4 and 3 DNW 
Diversion 

AUCROC 0.73 (0.65,0.80) 
AUCROC 0.78 (0.75,0.80) 

3 

Hoot 2007 USA(214) 4 Diversion AUCROC = 0.90 (0.87,0.93) 3 

Weiss 2004 USA(170) Multiple Staff Opinion: Crowding 70% vs 50% difference in occupancy ↑NEDOCS 14 (10,19) p<0.001  3 

Chiu 2018 Taiwan(215) Unclear EDLOS 

Admission to ward  

 
 

 

 
CT Use 

 

 
 

Laboratory Tests 

 
 

 

Mortality 

Q1 1.6hr vs Q4 1.9hr p<0.001 

aOR Q1 reference 

Q2 1.5 (1.39,1.56) 
Q3 2.0 (1.82,2.10)  

Q4 2.5 (2.31,2.74) 

  
Q2 1.0 (0.95,1.08) 

Q3 1.1 (0.99,1.16) 

Q4 1.1 (1.03,1.25) 
 

Q2 1.0 (0.91,1.01) 

Q3 1.0 (0.96,1.09) 
Q4 1.1 (1.03,1.20) 

 

Q2 0.9 (0.59,1.46)  
Q3 0.7 (0.37,1.17)  

Q4 1.0 (0.50,1.85) 

4 
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Truong 2017 Canada(189) Multiple Re-presentation aOR 1.00 (1.00,1.00) 4 

Wickman 2017 Sweden(216) 4 EDLOS 

11 groups: diagnostic/triage category 

High acuity: 10/11 conditions longer median EDLOS when occupancy >100% p<0.01 

Median differences 48,57min 

Low acuity: range of differences 68min 128min p<0.01 

4 

Perdahl 2017 Sweden(217) 4 EDLOS aOR 1.07 (0.99,1.15) 4 

Gaieski 2017 USA(190) 4 IV fluids ≤1hr 

Time to Fluids(min) 

 

 
 

Antibiotic ≤3hr 

Time to Antibiotic(min) 
 

 

 
In-hospital Mortality  

 

 
 

 

Protocoled Sepsis Care 
 

aOR 0.73 (0.59,0.92) 

Q1 28.0 

Q2 32.3 

Q3 33.0 
Q4 37.5 p=0.26 

aOR 0.77 (0.61,0.96) 

Q1 103 
Q2 110 

Q3 112 

Q4 124 p=0.18 
aOR 0.90 (0.64,1.25) 

Q1 28.6% 

Q2 23.6% 
Q3 25.3% 

Q4 30.6% p=0.91 

aOR 1.52 (1.05,2.19) 
Q1 58.6% 

Q2 59.0% 

Q3 66.5% 
Q4 66.1% p=0.43 

4 

Tsai 2016 Taiwan(218) 4 Stroke CT order<10min 

CT<25min 
Time to Thrombolysis <60min 

aOR 1.03 (1.02,1.06) 

OR 1.05 (1.02,1.07) 
OR 1.04 (0.96,1.13) 

4 

Anderson 2016 USA(219) Multiple  

DNW 

↑100% Occupancy  

↓ 0.4% (-2.4,1.67%) p= 0.71 

4 

Van Der Linden 2016a 

Netherlands(220) 

4  
EDLOS >4 hr 

Median EDLOS min 

 
EDLOS 

 

Triage Category Assigned 
Target TTA exceeded 

 

Re-direction to GP from triage 

crowded vs non-crowded 
19.3% vs 16% p<0.001 

146 vs 126 p<0.001 

Adjusted for nurse experience 

β-coefficient 1.009 (0.915,1.104) p<0.001 

2.2% vs 1.6% p<0.001 
49.7% vs 2.9% p<0.001 

Adjusted for nurse experience 

β-coefficient 0.331 (0.322,0.340) p<0.001 

aOR 1.002 (1.000,1.0004) p=0.122 

4 

Van Der Linden 2016b 

Netherlands(221) 

4 24hr Mortality 

10 Day Mortality 

aOR 1.16 (0.9,1.47) p=0.23 

aOR 1.07 (0.94,1.21) p=-0.34 

4 
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Time to 

Triage 

Treatment 

Unadjusted Crowded vs Not Crowded 

29.7% vs 14.6% p<0.001 

11.7% vs 7.3% p<0.0001 

Muller 2015 Canada(222) 4 Hand Hygiene Compliance OR 0.98 (0.76,1.3) p=0.87 4 

Husain 2015 Australia(191) 4 Clinician Perception that could safely manage patients  r=-0.40 (-0.49,-0.30) p<0.001 4 

Boyle 2015 UK(193) Multiple Consultant opinion  

Crowded 

 

Dangerous  

ED Occupancy >100% 

Sensitivity 55.9 (45.3,66.5); Specificity 78.0 (69.1,86.9) 

LR+2.54, LR-0.57 

Sensitivity 84.6 (76.9,92.3): Specificity 73.2 (63.8,82.7) 
LR+3.16, LR-0.21 

4 

Jo 2015 Korea(223) 4 In Hospital Mortality 

 

 
 

 

EDLOS(hr) 

aOR Q1 reference 

Q2 1.95 (1.23,3.12)  

Q3 2.51 (1.58,3.99) 
Q4 1.93 (1.21,3.09) 

 

Q1 23.2  
Q2 24.1 

Q3 24.6 

Q4 26.0 
p=0.45 

4 

Jo 2014 Korea(224) 4  

Mortality >7days 
 

 

 
Mortality Day 1 

 

 
 

Mortality Day 2 

 
 

 

Mortality Day 3 
 

aOR Q1 reference 

Q2 1.14 (0.99,1.32) 
Q3 1.06 (0.91,1.23) 

Q4 1.10 (0.94,1.27 

 
Q2 1.27 (0.97,1.65) 

Q3 1.11 (0.84,1.47) 

Q4 1.42 (1.08,1.88) 
 

Q2 1.20 (0.95,1.51) 

Q3 1.15 (0.91,1.47) 
Q4 1.31 (1.04,1.67) 

 

Q2 1.14 (0.92,1.42) 
Q3 1.13 (0.90,1.41) 

Q4 1.27 (1.02,1.58) 

4 

Tekwani 2013 USA(225) 4 Patient Satisfaction  
Score ≥85% 

 

r=-0.16 (-0.173,-0.046) p<0.001 
aOR 0.34 (0.18,0.66) p<0.001  

AUCROC 0.59 (0.54,0.65) p<0.001 

4 

Medley 2012 USA(226) 4 Violent Days aOR 3.4 (1.5,7.8) p<0.003 4 

Harris 2012 USA(227) 4 Time to  

ECG 

 

r=-0.15 (-0.30,-0.003) p=0.046 

4 
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Activate Code STEMI 

PCI for STEMI 

r=-0.10 (-0.24,0.04) p=0.18 

r=.02 (-0.13 0.11) p=0.78 

Chatterjee 2011 USA(172) 4 Presented <3hours 
CT >25min 

 

 
 

CT Interpretation >45min 

 
 

Thrombolysis>60min 

Academic aRR Q1 reference 
Q2 0.90 (0.60,1.2) 

Q3 0.90 (0.70,1.3) 

Q4 0.80 (0.60,1.2) 
 

Q2 0.80 (0.50,1.5) 

Q3 0.70 (0.40,1.5) 
Q4 1.4 (0.7,2.5) 

nr 

4 

Presented >3hr 

Time to CT 

Academic  

Q1 60 (30,122)  
Q2 84 (35,140)  

Q3 129 (34,223) 

Q4 101 (60,210)  
p<0.008 

Community  

106 (65,110) 
107 (74,145) 

114(74,152) 

178 (145,240) 
p=0.001 

Cha 2011 Korea(228) Multiple Mortality 

Boarding Time  
→Ward 

→ICU 

→Theatre 

HR 1.26 (1.019,1.558), p<0.03 

Unadjusted Crowded vs Not 
10.23 vs 8.67hr, p<0.01 

3.26 vs 3.20hr, p=0.81 

8.22 vs 7.46hr, p<0.01 

4 

Arkun 2010 USA(194) 3  
Time to Assessment 

Boarding Time 

aOR Q1 reference 
0.25 (0.13,0.48) 

0.20 (0.07,0.58) 

4 

Wrenn 2010 USA(173) 4 Perceived Stress for Residents  VAS 0.04 (-0.14,0.21) p=0.68  
PSQ -0.08 (-0.2,0.05) p=0.21  

4 

Sikka 2010 USA(229) 3 Time to Antibiotics CAP<4hr r=0.17 p=0.008; β-coefficient 0.17 (0.09,0.50) 

AUCROC 0.62 (0.54,0.75)  
OR 0.31 (95%CI 0.13,0.75) 

4 

Pines 2010b USA(174) 4 Quality of Teaching 

Teaching 
Clinical Care 

Approachability 

Helpfulness 
Total Education Score >=16 

aOR Q1 reference 

0.97 (0.85,1.09)  
0.93 (0.81,1.06)  

0.99 (0.87,1.11)  

0.96 (0.85,1.08) 
0.90 (0.76,1.07) 

4 

Pines 2010c USA(175) 4 Delay Analgesia>1hr) 

 
 

 

Received Analgesia 

Academic aRR Q1 reference 

Q2 1.19 (1.13,1.26) 
Q3 1.21 (1.14,1.27) 

Q4 1.23 (1.17,1.30) 

aRR 
Q2 1.00 (0.95,1.05) 

Q3 1.00 (0.95,1.05) 

Q4 1.03 (0.98,1.09) 

Community aRR Q1 reference 

Q2 1.03 (0.96,1.10) 
Q3 1.01 (0.94,1.09) 

Q4 0.99 (0.92,1.07) 

aRR 
Q2 1.03 (0.96,1.10) 

Q3 1.01 (0.94,1.09) 

Q4 0.99 (0.92,1.07) 

4 
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Bickell 2008 USA(230) 4 Time to Theatre for Appendicitis 

 

<4 compared to ≥4 hours  

aOR -0.002 (-0.005,0.002) p=0.28 

4 

Bickell 2008 USA(230) 4 Time to Theatre (EDLOS) Appendicitis <4hr Proportion: 0.78 vs 0.78 p=0.86 4 

Hwang 2008 USA(188) 4  

Pain Documentation 
Receiving Analgesia 

Time to Pain Assessment 

Time to Analgesia 

Dichotomised Low vs High aPE 

0.05 (-0.35,0.45)  
-0.47 (-0.80,-0.07) 

55 (40,74)min 

43 (25,67)min 

4 

Pines 2008b USA(178) 4 Satisfaction 

Recommend ED 

 
 

 

 
 

 

Overall Rating Hospital Care 

aOR Q1 reference 

Q2 0.8 (0.6,1.0) 

Q3 0.6 (0.4,0.8) p ≤0.05 
Q4 0.5 (0.4,0.7) p ≤0.05 

Patient in Hallway 

Q2 nr 
Q3 0.7 (0.6,1.0) p ≤0.05 

Q4 nr 

Q2 0.9 (0.6,1.2) 
Q3 0.8 (0.6,1.1) 

Q4 0.9 (0.7,1.2) 

Patient in Hallway 
Q2 nr 

Q3 aOR 0.7 (0.6,1.0) p ≤0.05 

Q4 nr 

4 

Fee 2007 USA(231) 4 Time to Antibiotics <4hr CAP aOR ↓0.96 (0.93,0.99) 4 

Pines 2007a USA(159) 4 Perception: Care Compromise 
Patient  

Nurse 

Resident Physician 
 

Patient  

Nurse 
Resident Physician 

Count OR 
1.03 (0.99,1.06) 

1.10 (1.07,1.14) 

1.12 (1.07,1.18)  
 

Proportion ↑10% OR 

1.07 (0.99,1.16) 

1.26 (1.17,1.37) 

1.34 (1.19,1.51) 

Adjusted ns 

4 

Hwang 2006 USA(232) 4 Document Pain 

Receive Pain Relief 
Ln Time to Pain Assessment  

Ln Time to Analgesia 

aOR 0.46 (0.21,0.98) p=0.05 

aOR 2.02 (0.89,4.62) p=0.10 
aPE 0.79 (0.25,1.32) p=0.01 

aPE 0.19 (-0.29,0.67) p=0.44 

4 

Weiss 2005 USA(233) 4 DNW r= 0.54 (0.41 to 0.65) p ns. 4 

Polevoi 2005 USA(201) 3 DNW aOR 1.96 (1.22,3.17) 4 

Weiss 2002 USA(177) 4 Staff perception of crowding r=0.51 p<0.05 4 
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Hedges 2002 USA(234) 4 Patient Satisfaction r =0.11 (-0.7,0.28) p = 0.23 4 

Kyriacou 1999 USA(235) 3  

Time to Assessment 

Boarding Time 
EDLOS 

Estimated occupancy <100% vs >100% 

↓29 vs 65min p<0.001 

↓95 vs 220min p<0.001 
Nr 

4 

Miro 1999 Spain(236) 4 Mortality 

 

Re-presentation 

r=0.25 (0.061,0.422) p=0.01.  

Scatterplot very weak linear association 

r=0.19 (-0.002,0.369) p=0.06 

4 

ED=Emergency Department, LOS=Length of Stay, WR=Waiting Room, aOR=Adjusted Odds Ratio, OR=Odds Ratio, aRR=Adjusted Relative Risk, RR=relative risk, aHR=adjusted Hazard Ratio, HR=Hazard Ratio, aPE=Adjusted 

Parameter Estimate, AUCROC=Area Under Curve Receiver Operating Characteristics, IQR=Interquartile Range, LR=Likelihood Ratio, ECG=Electrocardiogram, ACS=Acute Coronary Syndrome, DNW=did not wait for assessment, 

CxR=Chest xRay, CT=Computerised Tomography, VTE=Venous thromboembolism, ESI=Emergency Severity Index, Access Block is an EDLOS >8 hours for admitted patients, TAT=Turn-around Time, IV=Intravenous, TTA=Time to 
Assessment, PCI=Per-cutaneous Coronary Intervention, STEMI=ST-segment Elevation Myocardial Infarction, ICU=Intensive Care Unit, PSQ=Perceived Stress Questionnaire, VAS=Visual Analogue Scale, CAP=Community-acquired 

Pneumonia, ns=not significant, nr=not reported 

 

Table 4-10 Included Studies Indirect Occupancy 

Study / Setting ED Level Effect Measure Results 

Evidence 

Level 

Shenoi 2009 USA(237) Multiple Mortality  

Day of Presentation  

During Admission 

aOR Q1 reference 

0.84 (0.34,2.09) 

0.76 (0.46,1.28) 

2 

Schull 2004 Canada(56) Multiple Door to Needle Time STEMI  

Delay >60min 

Moderate Diversion  

↑8 (-0.7,16.6)min  

aOR 1.23 (0.93,1.62) 
High Diversion 

↑11.3 (2,20.1)min 

aOR 1.23 (0.96,1.59) 

2 

Schull 2003b Canada(238) Multiple Transport interval  ↑1hr gridlock ↑ 0.2 (0.1,0.4)min. 2 

Sun 2013 USA(239) Multiple Mortality 
3 Days 

This Admission 

Hospital LOS 
Hospital Costs 

aOR Q1 reference 
1.09 (1.04,1.13) 

1.05 (1.02,1.08) 

1.008 (1.005,1.012) 
1.011 (1.007,1.015) 

3 

Weiss 2004 USA(170) Multiple Staff Opinion of Crowding 

 

0→1 diversion hours ↑ 5.1 (-6.5,16.8) p=0.38 

Diversion excluded from final model 

3 

Boyle 2015 UK(193) Multiple Consultant opinion  
Crowded 

 

Dangerous  
 

Ambulance Offload (90th centile >15 min)   
Sensitivity 55.9 (45.3,66.5); Specificity 90.0 (83.6,96.4) 

LR+5.6; LR-0.49 

Sensitivity 46.2 (35.5,56.8); Specificity 74.7 (65.3,83.9 
LR+1.83; LR-0.72 

4 

Crilly 2015 Australia(240) 4 and 3 Median (IQR) min 

Time to Triage 
Offload Time  

Hospital A  

4(2,8) / 11 (5,21) 
10(6,15) / 41(35,52) 

Hospital B  

2(1,4) / 3(2,6) 
11(7,18) / 58(41,88) 

Hospital C 

4(2,7) / 11(5,22) 
10(7,15) / 39(35,48) 

4 
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Study / Setting ED Level Effect Measure Results 

Evidence 

Level 
Time at ED 

TTA 

EDLOS All 
EDLOS Discharged 

EDLOS Admitted 

Triage Time Met % 
NEAT Met% 

Admitted % 

Access Block % 
HLOS days 

In Hospital Mortality 

23(14,33) / 48(39,62) 

37(12,102) / 65(27,132)                                                                                                                                                                                                                                                                                                                     

333(200,543) / 373(243,628) 
236(148,373) / 273(186,391) 

456(303,687) / 515(357,811) 

39.9% / 22.7%  
33.5% / 24.6%  

48.8% / 51.0% p=0.12  

46.5% / 55.0% 
2(1,6) / 3(1,7) p=0.05 

3.6% / 2.9% p=0.34 

p<0.01 unless stated  

34(23,48) / 73(55,104) 

48(18,106) / 71(32,130) 

265(158,444) / 357(223,606) 
213(130,336) / 283(184,440) 

423(274,643) / 523(350,803) 

39.4% / 23.9%  
44.8% / 28.5%  

32.4%/ 37.2%  

41.8% / 56.7%  
2(1,6) / 3(1,6) 

3.5% / 3.4% p=0.85 

p<0.01 unless stated  

20(12,29) / 47(39,58) 

26(12,61) / 45(21,85) p<0.01 

308(190,515) / 386(227,696) 
215(143,334) / 270(161,403)  

446(306,700) / 497(347,959)  

51.4% / 33.3%  
36.7% / 26.4%  

47.3% / 52.7% p=0.09 

45% / 52.2% p=0.96  
2(1,4) / 1.5(1,4) p=0.59 

2.4% / 4.4% p=0.134  

p<0.01 unless stated 

EDLOS >4hr aOR 1.65 (1.54,1.78) 

Tekwani 2013 USA(225) 4 Patient Satisfaction OR 0.62 (0.36,1.05) 4 

Hsia 2013 USA(241) Multiple Readmission  aOR 1.01 (0.99,1.02) 4 

Hitchcock 2010 Australia(242) 3 EDLOS >8hr 

In-Hospital Mortality 

1.34 (1.06,1.7) p=0.014 

1.8% vs 2.9% p=0.14, adjusted ns 

4 

McConnell 2006 USA(243) 4 No Diversion 

Any Diversion  

Critical Care Diversion Complete Diversion  

$US 2,894 (2,667–3,110) 

$US 1,808 (1,491–2,232)  

$US 1,651 (1,272–2,307) 
$US 2,074 (1,662–2,678) 

Statistical tests done but not shown. 

4 

Pines 2006 USA(57) Multiple PCI <120 minutes 

Antibiotic ≤4hr CAP 

r=-0.29 (-0.68,0.22) p=0.26  

r=-0.01 (-0.49,0.47) p=0.97 

4 

Fatovich 2005a Australia(150)  4 In-Hospital Mortality  

Pre-Diversion vs Control 

Diversion vs Control 

RR 

1.13 (0.88,1.46) p=0.34 

0.72 (0.61,0.95) p=0.02 

4 

Polevoi 2005 USA(201) 3 DNW aOR 1.18 (0.69,20.4) 4 

Begley 2004 USA(244) Multiple In-Hospital Mortality 
Transferred Cases 

aRR 1.12 p=0.34 
aRR 1.86 (0.85,4.07) p=0.12 

4 

Weiss 2002 USA(177) 4 Staff perception: crowding r=0.03 p ns 4 

Redelmeier 1994 USA(245) Multiple Mortality  

 

 
Scene Time 

Transport Time 

Diverted vs Not patients 

↓1.43% (1.28,1.59) 

Unadjusted Mean difference 
1.1 (0.95,1.25)min 

1.7 (1.53,1.87)min 

4 

Other     

Krall 2014 USA(246)  

Door to Room Time 

3 Room to doctor time 

EDLOS discharged 
Time from decision to discharge to departure 

r=0.143 p=0.006 

r=0.804 p<0.001 
r=0.290 p<0.001 

4 
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Study / Setting ED Level Effect Measure Results 

Evidence 

Level 
Doctor to discharge time 

Patients per day 

 

r=0.000 p=0.996 

r=0.657 p<0.001 

Fayyaz 2013 Pakistan(247) 

Diversion of Ambulatory Patients 

4  

DNW 

When Diversion active 

aOR 1.49 (1.26,1.76) 

4 

ED=Emergency Department, LOS=Length of Stay, NEAT=National Emergency Access Target, HLOS=Hospital Length of Stay, TTA=Time to Assessment, aOR=Adjusted Odds Ratio, OR=Odds Ratio, aRR=Adjusted Relative Risk, 

RR=relative risk, aHR=adjusted Hazard Ratio, HR=Hazard Ratio, IQR=Interquartile Range, LR=Likelihood Ratio, min=minute, ECG=Electrocardiogram, DNW=did not wait for assessment, CT=Computerised Tomography, 

STEMI=ST-segment Elevation Myocardial Infarction, ACS=Acute Coronary Syndrome, PCI=Per-cutaneous Coronary Intervention, US=United States, ns=not significant, nr=not reported 

 

 
 

 

 
 

 

Table 4-11 Included Studies Hospital Occupancy 

Study / Setting ED Level Effect Measure Results 

Evidence 

Level 

Schull 2003a Canada(184) 4 Diversion Time ↑1 residential care patient in acute bed 

-0.3 (-2.6,2.0) diversion minutes 

2 

Forster 2003 Canada(248) 4  
Median EDLOS admitted patients 

Consultation Rate 

Admission Rate 

10% ↑ in hospital occupancy  
↑18 (11,24) min 

0.1 (-0.2,0.4) 

0.0 (-0.3,0.3) 

2 

Yergens 2015 

Canada(249) 

 4 and 3  ICU Occupancy 
In-hospital Mortality 

aOR 
80,85% 1.26 (0.81,1.95), p=0.30 

85,90% 1.0 (0.57,1.71), p=0.99 

>90%:1.72 (1.03,2.83), p=0.03 

3 

Zhou 2012 China(250) 4 Inpatient serious complications (shock, intubation, death) 

 

 
EDLOS (median)hr 

 

 
 

Access Block 

 
 

Mortality per 1000 patient days 

<90% reference aOR 

90-95% 1.21 (0.84,1.80) 

>95% 1.73 (1.29,2.39) 
<90%: 6.73 (4.66,8.80)  

90-95%: 6.34 (5.24,7.43)  

>95%: 9.99 (9.06,10.92),  
p<0.001 for >95 vs <90 and p=0.004 vs 90-95 

<90%: 4.1%  

90-95%: 6.47%  
>95%: 15.0% p<0.001 

<90%: 1.21 

90-95%: 1.71 
>95%: 1.32 

All p>0.05 

3 
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Study / Setting ED Level Effect Measure Results 

Evidence 

Level 

Rathlev 2012 USA(251) 4  

EDLOS  

EDLOS Elective Admissions  

1% ↑ in hospital occupancy per 24hr 

↑1.08 (0.68, 1.50)min 

-0.10 (-0.38, 0.20)min 

3 

Sills 2011a USA(212) 4 Asthma Score 

β-agonist 

Steroid  
 

Fracture Analgesia 
Any 

Opioid 

At the 25th vs 75th centile of crowding aRR 

0.82 (0.74,0.90) 

0.87 (0.80,0.95) 
0.31 (0.15,0.54) 

aRR 

0.94 (0.75,1.16) 
1.10 (0.87,1.49) 

3 

McCarthy 2009 USA(166) 4 Treatment Time 

CID 30min 
 

Boarding Time 

CID 60min 

↑ hospital occupancy 50th→90th Centile  

No ↑ treatment time >30 minutes at any site at any shift or for any ESI category 
Graph combined sites day shift waiting time on day shift ↑ treatment time 7 minutes 

↑ boarding time >60min for at least 2 sites during all 3 shifts.  

At least 2 sites had ↑boarding time >60minutes for ESI categories 2 and 3. 
Graph combined sites day shift ↑boarding time 113min 

3 

Rathlev 2007 USA(252) 4  

EDLOS  

5% ↑ hospital occupancy 

↑4.11 (0.60,7.63)min 
 

 

3 

Sprivulis 2006 

Australia(64) 

Multiple   In-hospital Mortality Hazard Ratio,  

<90% reference 
90-99% HR 1.2 (1.1,1.3) 

>99% HR 1.3 (1.1,1.6) p=0.001 

3 

Gorelick 2005 USA(253) 4 EDLOS For 10% ↑ in hospital occupancy  
↑ 2.8 (1.8,3.7) min 

3 

Sun 2015 Singapore(254) Multiple Re-presentation A: r=0.04 p=0.043 

B: r=-0.03 p=0.176 

C: r=-0.02 p=0.34 
aRR 1.01 (1.00,1.02) p<0.001 

4 

Handel 2014 USA(255) Multiple   EDLOS All(min) 

 
 

 

EDLOS Discharged(min) 
 

 

EDLOS Admitted(min) 
 

 

DNW 
 

<60% reference, mean difference between reference and others 

60-70%: 6.6 (-0.1,13.3) 
70-80%: 22.4 (14.5,30.3) 

> 80%: 21.3 (10.6,31.9) 

60-70%: 3.9 (-2.6,10.5) 
70-80%: 18.1(10.4,25.8) 

> 80%: 13.9 (3.5,24.2) 

60-70%:11.7 (-1.9,25.3) 
70-80%:30.2 (14.2,46.1) 

> 80%: 41.0 (19.7,62.3) 

60-70%: 0.1% (-0.2,0.4) 
70-80%: 0.3% (-0.01,0.7) 

> 80%: 0.3% (-0.1,0.8) 

4 
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Study / Setting ED Level Effect Measure Results 

Evidence 

Level 

Arkun 2010 USA(194) 3 Time to Assessment 

Boarding Time 

aOR 1.00 (1.00,1.01) 

aOR 0.99 (0.99,1.00) 

4 

Harris 2010 Australia(256) Multiple   Patient Care Time 
 

 

 
Boarding Time 

1%↑ doctors→0.24% (1 min) ↓PCT (0.23,0.25) 
1% ↑nurses→2.38% (9 min) ↓PCT (2.31,2.45) 

1% ↑ beds→2.99% (12 min) ↓PCT (2.89,3.09) 

Combined 1%↑ doctors / nurses / beds→22 min ↓PCT 
 ns for doctors; “positive” for nurses (direction opposite to above);  “similar” for number beds 

4 

Lucas 2009b USA(257) Multiple    

Total hospital census 

 ICU census  
Telemetry census  

Unstandardized B-coefficient for regression analysis  

-0.551 (–1.634,0.532) p=0.316 

0.795 (0.191,1.398) p=0.010 
1.308 (0.867,1.759) p<0.001 

4 

Hillier 2009 USA(197) 4  

DNW 
EDLOS (discharged) 

EDLOS (admitted) 

Hallway Use 
 

5% ↑ hospital occupancy  

aOR ↑1.21 (1.12,1.31) 
↑17.7 (2.2,33.2)min* 

↑34.3 (11.4,57.2)min* 

aOR ↑1.21 (1.12,1.31) 
*Below 80% occupancy no association  

4 

Asaro 2007a USA(199) 4 DNW 

20th vs 80th centile  

1% higher bed usage  

aOR 1.0004 (1.0001,1.0007) 

 
 

 

4 

Asaro 2007b USA(200) 

 

4 Room placement  
ED  

fast track 

Boarding Time 
EDLOS admissions 

1% ↑hospital occupancy 
-0.1 (-0.3,0.2) min p=0.72 

0.0 (0.0,0.0) min p<0.001 

0.11 (0.07,0.15) min p<0.001 
0.14 (0.09,0.19) min p<0.001 

4 

Cooke 2004 UK(258) Multiple   EDLOS >4hr Scatterplot weak positive correlation 

Regression model bed occupancy contributor to EDLOS >4hr (+0.8), r2=0.11 p<0.0001 

4 

Kyriacou 1999 USA(235) 3 Boarding Time 95 min when hospital occupancy <100% vs 220 min when >100%,, p<0.001 4 

ED=Emergency Department, LOS=Length of Stay, WR=Waiting Room, Access Block is an EDLOS >8 hours for admitted patients, aOR=Adjusted Odds Ratio, OR=Odds Ratio, aRR=Adjusted Relative Risk, RR=relative risk, 
HR=Hazard Ratio, ICU=Intensive Care Unit, CID=Clinically Important Difference, DNW=did not wait for assessment, PCT=Patient Care Time, min=minutes, ns=not significant 

 

 

 

 

 
 

 

 
 

 

 



 

119 

 

Table 4-12 Included Studies Time to Assessment 

Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 
Perimal-Lewis 2015 Australia 4 Treatment Time  ↑1hr Time to Assessment→↑10 (8.6,11.3)min Treatment Time 3 

Gabayan 2015 USA(207) 3 Admission <7days of ED 

discharge  

 
Mortality <7days of  

ED discharge  

No association graphically, linear and cubic models negative association, squared model positive association 

 

 
Main outcome not shown and no association in 3 models 

3 

Yergens 2015 Canada(249) 4 and 3 Mortality in hospital aOR 1.00 (0.96,1.02) p=0.73 3 

Derose 2014 USA(209) 3 In-Hospital Mortality  

 
Hospital LOS 

Index Patient Waiting Time 

Died ↓6min vs survivors p<0.001, No difference after adjustment for confounders 
QI 0.56 vs Q4 0.55hr of hospital LOS p<0.001. No difference after adjustment for confounders 

3 

Stang 2013 Canada(180) 4 DNW aRR 2.11 (2.01,2.21) 3 

Weiss 2004 USA(170) Multiple Staff Opinion of Crowding 8 vs 3hr wait 

↑ score by 3.7/200 (0.53,6.7), p=0.02 

3 

Thompson 1996 USA(133) 3 Patient Satisfaction 
Likelihood to Recommend 

Effect 0.08 p=0.07 
Effect 0.06 p=0.14 

3 

Shindul-Rothschild 2017 

USA(259) 

Multiple DNW  

EDLOS discharged 

EDLOS admitted 

Analgesia long bone fracture 

Boarding Time 

Census 2013 
Census 2014 

Hospital Occupancy 

Nurse workload 2013 
Nurse workload 2014 

r=0.464 (0.24,0.64) p<0.001 

r=0.360 (0.12,0.56) p=0.002 

r=0.148 (-0.1,0.38) p=0.126 

r=0.324 (0.08,0.53) p=0.005 

r=0.147 (-0.1,0.38) p=0.127 

r=0.474 (0.18,0.69) p=0.002 
r=0.346 (0.03,0.60) p=0.018 

r=0.113 (-0.22,0.42) p=0.252 

r=0.354 (0.03,0.6) p=0.002 
r=0.138 (-0.19,0.44) p=0.207 

4 

Nichol 2016 USA(260) 4 Patient Satisfaction 

Overall (0,10) 
Wait Time (0,100) 

Recommend (0,100) 

 
Overall (0,10) 

Wait Time (0,100) 

Recommend (0,100) 

↑1hr average Door to Room Time 

-0.13 (-0.01,-0.25) p=0.027  
nr 

nr 

↑individual Door to Room 
-2.13 (-1.58,-2.68) p<0.001 

-24.6 (-18.1,-31.1) p<0.001 

-21.82 (-15.8,-27.8) p<0.001 

4 

Anderson 2016 USA(219) Multiple DNW ↑Log Time 100% 

↑41.9% (36.5,45.6) p<0.001 

4 

Goloback 2015 USA(261) 4 Patient Satisfaction 

Wait >60min 
Time Continuous  

Daily Average 

aRR 

1.36 (1.26,1.45) 
1.00 (1.00,1.00) 

Nr 

4 

Muller 2015 Canada(222) 4 Hand Hygiene Compliance aOR 0.67 (0.51,0.89), p=0.005 4 
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Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 

Boyle 2015 UK(193) Multiple Consultant opinion  

Crowded 

 
Dangerous 

Time to Assessment for Triage 1 or 2 >30min 

Sensitivity 32.4 (22.4,42.4); Specificity 84.0 (76.2,91.8) 

LR+2.03, LR-0.8 
Sensitivity 46.2 (35.5,56.8); Specificity 81.7 (73.4,90.0) 

LR+2.52; LR-0.66 

4 

Jones 2014 USA(262) Multiple PCI time <90min 
Below standard (<91.9%) 

At standard  

At benchmark (100%) 

Time to Assessment 
39min 

27min 

23min p<0.001 

4 

Mullins 2014 USA(263) Multiple Mortality 30 days 
 

 

Readmission 30 days  
 

 

Acute Myocardial Infarction 
 

 

 
 

 

Long Bone Fracture 
Patient satisfaction  

(10 domains) 
Hospital Acquired Complications 

 

 
 

Medicare spending 

Outpatient Imaging Efficiency 
 

 

 
Pneumonia measures  

 

AHRQ measures  

MI r=-0.04 p ns 
Heart Failure r=-0.05 

Pneumonia r=0.00 

Myocardial Infarction r=0.05 
Heart Failure r=0.06 

Pneumonia r= 0.09 

Time to PCI r=-0.12 
Time to ECG r=0.08 

Time to transfer r=0.11 

Aspirin r=-0.10 
Thrombolysis<30 min r=0.05  

Time to Thrombolysis r=-0.10 

Time to Analgesia r=0.51 
r ranged -0.02 to -0.22 

 
Air embolism r=0.04 

CAUTI r=0.10 

CLAB r=0.19 
poor glycaemic control r=0.13 

r=0.09 

MRI Lumbar Spine r=-0.08 
CT Abdomen r=-0.04 

CT Thorax r=-0.05 

Brain/Sinus CT, r=0.06 
BC before Antibiotic r=-0.11 

Initial Antibiotic Immunocompetent Patient r=-0.06 

composite serious complications r=-0.08 
serious complications composite measure r=-0.03 

iatrogenic pneumothorax r=-0.02 

4 

Fayyaz 2013 Pakistan(247) 4  

DNW 
 

Time to Room  

0,30min→2.1% (1.89,2.25) 
31,60min→19.3% (13.9,15.0) 

>61 min→35.2% (34.3,36.0) 

4 

Wrenn 2010 USA(173) 4  
Perceived Stress for Residents 

VAS-0.16 (-0.95,0.63) p=0.69 
PSQ-0.21 (-0.79,0.36) p=0.46 

4 
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Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 

Pitrou 2009 France(264) 2 Dissatisfaction 

 

 
 

 

Satisfied/Not Satisfied 

aOR Q1 reference 

Q2 0.40 (0.06,2.66)  

Q3 1.45 (0.32,6.47)  
Q4 2.69 (0.65,11.08) 

p=0.04 

Mean wait: 32.4 vs 50.3min p<0.001 

4 

Pines 2008b USA(178) 4 Patient Satisfaction 

 

Recommend ED to others 
 

 

Overall rating of hospital care 

135 associations reported. The most relevant are shown here 

aOR Q1 reference 

Q2 1.0 (0.7,1.3) 
Q3 0.7 (0.5,1.0) p ≤0.05 

Q4 0.4 (0.3,0.5) p ≤0.05 

Q2 1.0 (0.7,1.4) 
Q3 1.0 (0.7,1.4) 

Q4 1.0 (0.7,1.3) 

4 

Pines 2007a USA(159) 4 Perception of Care Compromise 

Patient  
Nurse 

Resident 

↑10 min in Time to Room 

OR 1.07 (1.04,1.10) 
aOR 1.05 (1.01,1.08) 

OR 1.03 (0.99,1.07) 

4 

Weiss 2002 USA(177) 4 Staff perception: crowding r=0.18, p ns  4 

Hedges 2002 USA(234) 4 Patient satisfaction 

Perceived Wait  
Estimated Wait  

Measured Wait 

 

r=0.37 (0.21,0.51) p<0.001 
r=-0.09 (-0.26,0.09) p=0.32 

r=0.05 (-0.13,0.22) p=0.58 

4 

Kyriacou 1999 USA(235) 3 DNW r=0.79, scatterplot demonstrates almost vertical relationship 4 

Gentile 1999 France(265) Multiple Patient Satisfaction Coefficient 0.95, p<0.05 4 

Aharonson-Daniels 1996 Hong 

Kong(266) 

Unclear EDLOS r2=0.60 4 

McNamara 1995 USA(267) 3 DNW mean wait for DNW 1.78hr vs 1.17hr for those that waited p<0.05 4 

Booth 1992 UK(268) 3 Patient Satisfaction  
 

r=0.43 p<0.05 if not triaged  
r=0.65 p<0.005 if triaged 

4 

Bindman 1991 USA(269) 4  

Triage 2(min) 

Triage 3(min) 
Triage 4(min) 

DNW vs Waited “↑52mim” Shown graphically by triage category (stratified) 

120 vs 100 p ns 

215 vs 180 p<0.05 
215 vs 195 p<0.001 

4 

ED=Emergency Department, LOS=Length of Stay, WR=Waiting Room, aOR=Adjusted Odds Ratio, OR=Odds Ratio, aRR=Adjusted Relative Risk, RR=relative risk, LR=Likelihood Ratio DNW=did not wait for assessment, 

CT=Computerised Tomography, MRI=Magnetic Resonance Imaging, STEMI=ST-segment Elevation Myocardial Infarction, ACS=Acute Coronary Syndrome, PCI=Per-cutaneous Coronary Intervention, ECG=Electrocardiogram, 
CAUTI=Catheter Associated Urinary Tract Infection, CLAB=Central Line Associated Bacteraemia, AHRQ=Agency for Healthcare Research and Quality, PSQ=Perceived Stress Questionnaire, VAS=Visual Analogue Scale, ns=not 

significant, nr=not reported 
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Table 4-13 Table of Included Studies Time for Treatment 

Study / Setting ED Level Effect Measure Results 

Evidence 

Level 
Schull 2003a 

Canada(184) 

4  

Diversion 

1hr ↑treatment time 

↑10 (3,16)min 

2 

Gabayan 2015 USA(207) 3 Admission <7days from ED discharge 
 

Mortality <7days from 

ED discharge 

aRR 3.9 (3.7,4.1) 
linear model 0.43 (0.41,0.45), squared model -0.02 (-0.03,-0.02), cubic model 0.0004(0.00035,0.00043) 

 

Main outcome not shown and no association in the three types of models 

Index Patient Treatment Time 

Died 4.25hr vs 4.32hr survivors p=0.65 

3 

Derose 2014 USA(209) 3 In-Hospital Mortality  

 
Hospital LOS 

No association shown graphically 

Index Patient Treatment Time 
4.24hr vs 4.46hr lowest vs highest quartile of hospital LOS, p<0.001, no difference after adjustment for confounders 

3 

Stang 2013 Canada(180) 4 DNW 

Time to Assessment 
Time for Treatment 

aRR 

2.11 (2.01,2.21). 
1.55 (1.25,1.90) 

3 

Plunkett 2011 

Ireland(270) 

Unclear Mortality Emergency Admissions  

 

 
‘Door to Inpatient Team’ time: 

 

<2.6hr (10th Quantile) 5.3% 

<3.9hr (25th Quantile) 6.8% 

 
<5.8hr (50th Quantile) 8.6% 

<8.7hr (75th Quantile) 11.8% 

>8.7hr (>75th Quantile) 17.7% 
aOR 1.13 (1.07,1.19) p<0.0001 

3 

Paton 2018 

Australia(271) 

 Mortality 

≤120min 
120,180 

181,240 

>240 
MET Calls 

 

aOR reference 
0.99 (0.79,1.22) p=0.91 

0.96 (0.74,1.25) p=0.763 

0.90 (0.63,1.29) p=0.56 
nr 

4 

Clark 2012 USA(272) 4 Mortality aOR 1.29 (1.01,1.51) 4 

Mitra 2012 

Australia(273) 

2,4 In-hospital Mortality, TDP < 4 h aOR 1.38 (1.15,1.65) p<0.001 

Significant interaction (p=0.007) TDP and EDLOS: EDLOS<8 hr TDP<4hr OR 0.87 (0.60,1.27) p=0.475 

EDLOS≥8hr aOR 1.57 (1.28,1.92) p<0.001)  

4 

Pitrou 2009 France(264) 2  

Satisfied/Not Satisfied 

Mean treatment time 

114.1 vs 115.0min p=0.32 

4 

Pines 2007a USA(159) 4 Perception Care Compromise 

Patient  
Nurse 

Resident Physician 

Time to Room ↑10min 

OR 1.02 (1.00,1.03) 
OR 1.01 (1.00,1.02) 

OR 1.01 (1.00,1.02) 

4 

Weiss 2002 USA(177) 4 Staff perception: crowding Lab test time r=-0.12 p ns 
Radiology time r=0.24 p ns 

4 

ED=Emergency Department, LOS=Length of Stay, aOR=Adjusted Odds Ratio, OR=Odds Ratio, aRR=Adjusted Relative Risk, DNW=did not wait for assessment, MET=Medical Emergency Team, ns=not significant, nr=not reported 
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Table 4-14 Included Studies Boarding Time 

Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 
Schull 2003a 

Canada(184) 

4 Diversion ↑1hr boarding→11 (6,17)min ↑diversion 2 

Liu 2011 USA(274) 4 Delays 
Routine medication 

Troponin 

Prothrombin time 

2nd Dose Antibiotics 

Medication Error 

Adverse Event 

aOR 
1.07 (1.05,1.10) 

0.93 (0.88,0.97) 

OR 0.97 (0.92,1.04) 

1.01 (0.97,1.04) 

1.05 (0.96,1.14) 

1.01 (0.95,1.08) 

2 

Reznek 2018 USA(275) 4 and 3 Mortality 
Admitted Patients 

ICU Patients 

HR 
1.19 (1.03,1.39) p=0.016 

0.96 (0.92,1.01) p nr 

3 

Coil 2016 USA(276) 4 Medication 
On Time 

Missed 

Delayed 

aOR 
0.46 (0.38,0.55) 

1.84 (1.46,2.30) 

2.58 (1.94,3.42) 

3 

Gabayan 2015 USA(207) 3 Discharged Patients 
Admission <7days 

Mortality <7days 

Individual and Time Averaged Boarding Time  
Admission: No association shown graphically, linear model positive; squared model negative, cubic model no association 

Mortality: Main outcome not shown and no association in three models 

3 

Derose 2014 USA(209) 3 In-Hospital Mortality  
 

 

 
Hospital LOS 

 

Index patient boarding time  
Died 2.76hr vs 2.53hr survivors p<0.001 

Average boarding time of other patients when index patient arrived 

Died 2.12hr vs 2.18hr survivors p=0.28.  
Index patient boarding time  

2.13hr vs 2.86hr for lowest vs highest quartile of hospital LOS, 43.8 min difference p<0.001  

Difference remained after adjustment for confounders, shown graphically 
Boarding time ↑0,14hr→ Admission LOS ↑20hrs 

Average boarding time of other patients when index patient arrived 

2.14hr vs 2.29hr for lowest vs highest quartile of hospital LOS p<0.001. No difference after adjustment, shown graphically. 

3 

Depinet 2014 USA(161) 4 Time to Vital Sign Measurement  vital sign reassessment: 0.98 (0.97,0.99) per 4 patient care hours boarding 3 

Bekmezian 2012 

USA(277) 

4 Hospital LOS 
 

 

Cost 
 

In-Hospital Mortality 

Re-admission <72hr 

1hr ↑boarding→log true-HLOS ↑0.011 (0.002,0.019) p=0.01 
Low-acuity short boarders, 128hr; low-acuity long boarders 151 hr p=0.008 

High-acuity short boarders, 134hr; high-acuity long boarders, 141hr p=0.33. 

1hr↑ boarding→log cost US$↑0.021 (0.015,0.028) p<0.001 
Short boarder USD$8380; Long boarder USD$10,383 

Short boarder 1.2% vs long boarder 0.9% p=0.65 

Short boarder 4.8% vs long boarder 4.2% p=0.65.  
Surgical short boarders 2.2% vs long boarders 6.2% readmission p=0.01 

Medical patients 5.8% vs 4.0% p=0.15 

3 

Kennebeck 2011 

USA(163) 

4 Time to Antibiotics for Febrile Neonates r2=15.3% p=0.0003 
1hr↑ boarding→1.31min ↑time to antibiotics  

3 
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Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 

Plunkett 2011 Eire(270) Unclear Mortality Emergency Admissions (30 day) aOR 1.07(1.02,1.13) p<0.01 3 

Pines 2009 USA(167) 4 ACS  

Adverse cardiac outcome 

 
 

ECG≤10min  

 

 

Aspirin 

 
 

 

β-Blocker  

 

 
Non-ACS Chest Pain 

Adverse cardiac outcome 

aOR Q1 reference 

Q2 1.0 (0.5,2.0) 

Q3 0.6 (0.2,1.4) 
Q4 1.5 (0.5,4.0) 

Q2 1.7 (0.5,2.1) 

Q3 1.0 (0.5,2.3) 

Q4 1.7 (0.8,3.5) 

Q2 1.4 (0.7,2.7) 

Q3 1.3 (0.6,2.9) 
Q4 1.4 (0.6,3.3) 

Q2 1.0 (0.5,2.1) 

Q3 1.0 (0.5,2.3) 
Q4 1.7 (0.7,3.1) 

Q2 0.9 (0.5,1.5) 

Q3 0.8 (0.5,1.3) 
Q4 1.2 (0.6,2.0) 

3 

Timm 2008 USA(278) 4 EDLOS 

 
Time to Assessment 

 
DNW 

↑ boarding time 24hr ↑4.4% EDLOS discharged patients p<0.001 

<10 minutes up to 250 patients and <20 minutes from 250 to 400 patients shown graphically 
↑6.7% time to triage (<1min/24hr increase) p<0.001 

↑5.3% time to assessment (↑3min/24hr boarding) p<0.001 
↑14% DNW (almost linear ≤1%/24hr boarding) p<0.001 

3 

Paton 2018 

Australia(271) 

2,4 Mortality 

≤120min 

120,180 
181,240 

MET Calls 

 

aOR reference 

1.23 (0.96–1.56) p=0.100 
1.36 (1.05–1.77) p=0.022 

Nr 

4 

Chang 2017 USA(279) Multiple Patient Satisfaction 
Top Rating  

Recommend Hospital 

Time to analgesia long bone fracture 
DNW 

Re-admission  

PCI <90 min 

1hr ↑Boarding Time 
↓0.6% (0.3,0.9%) p<0.01 

↓0.5% (0.2,0.8%) p<0.01 

↑3min (2,4) p<0.01 
aOR 1.21(1.02,1.43) p=0.03 

0.01% (-0.11,0.02%) p=0.69 

-0.21% (-1.08,0.15%) p=0.53 

4 

Boyle 2015 UK(193) Multiple Consultant opinion  
Crowded 

Dangerous 

Boarding time (<90% left ED <2hr of decision to admit)  
Sensitivity 55.9 (45.3,66.5); Specificity 100 (88.8,100), LR+infinity LR-0.44 

Sensitivity 53.9 (43.2,64.5); Specificity 83.1 (75.1,91.1), LR+3.19 LR-0.55 

4 

Sun 2015 Singapore(254) Multiple Unplanned Re-attendance <72hr 50th Centile Boarding Time 
A: r=-0.08 p<0.001 

B: r=-0.03 p=0.176 

C: r=-0.02 p=0.398 
95th Centile Boarding Time 

A: r=-0.03 p=0.137 

4 
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Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 
B: r=-0.02 p=0.269 

C: r=-0.06 p=0.003 

Combined hospitals aRR: 0.98 (0.97,1.00) p=0.06 

Sri-on 2014 USA(280) 4 Delays 

Routine medication 
Troponin 

Prothrombin time 

2nd Dose Antibiotics 
Medication Error 

Adverse Event  

RR 

1.54 (1.26,1.88) p<0.001 
0.17 (0.09,0.27) p<0.001 

0.54 (0.27,0.96) p<0.001 

2.49 (1.72,3.52) p<0.001  
nr 

2.36 (1.15,4.72) p=0.02 

4 

Mullins 2014 USA(263) Multiple Mortality 30 days 

 
 

Readmission 30 days  
 

 

Acute Myocardial Infarction 
 

 

 
 

 

 
Long Bone Fracture 

Patient satisfaction (10 domains) 

Hospital Acquired Complications 
 

 

 
Medicare spending 

Outpatient Imaging Efficiency 

 
 

 

Pneumonia measures  

 

AHRQ measures  

MI r=-0.11 

Heart Failure r=-0.18 
Pneumonia r=-0.10 

Myocardial Infarction r=0.11 
Heart Failure r= 0.11 

Pneumonia r= 0.12 

Time to PCI r=-0.04 
Time to ECG r=-0.02 

Time to transfer r=0.10 

Aspirin r=0.06 
Thrombolysis<30 min r=-0.05  

Median time to Thrombolysis r=0.07 

Time to Analgesia r=0.26 
r range -0.44,0.00 (most negative) 

Air embolism r=0.06 

CAUTI r=0.20 
CLAB r=0.37 

poor glycaemic control r=0.2 

r=0.24 
MRI Lumbar Spine r=-0.23 

CT Abdomen r=-0.11 

CT Thorax r=-0.11 
Brain/Sinus CT, r=0.03 

BC before Antibiotic r=-0.04 

Initial Antibiotic Immunocompromised Patient r=0.15 

composite serious complications r=-0.07 

serious complications composite measure r=-0.05 

iatrogenic pneumothorax r=-0.06 

4 

Singer 2011 USA(281) 4 In-hospital Mortality 
<2hr 

2-5hr 
6-11hr 

12-24hr 

>24hr 

aOR 
reference  

0.91 (0.8,1.05) 
1.24 (1.00,1.54 

1.43 (1.13,1.82) 

1.23 (0.73,2.09) 

4 
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Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 
ICU admission 

2-5hr 

6-11hr 
12-24hr 

>24hr 

Hospital LOS days 
2-5hr 

6-11hr 

12-24hr 
>24hr 

<2hr reference 

0.85 (0.79,0.91) 

1.14 (1.01,1.29) 
1.18 (1.02,1.35) 

1.19 (0.88,1.61) 

<2hr reference 
↑0.23 (0,0.46) 

↑0.49 (0.08,0.90) 

↑0.74 (0.25,1.23) 
↑1.93 (0.79,3.06) 

Lucas 2009a USA(196) Multiple Opportunity Lost (to see other patients) Daily Boarding: r=0.77 

Boarding Time per Boarder: r=0.694 
Boarding Time per Admission: r=0.909.  

30min boarding time per admission→time to care for 3.5% of ED census 

4 

Hong 2009 Taiwan(282) 4 Mortality  aOR 3.4 (1.3,8.6) p=0.012 4 

Gilligan 2008 

Ireland(198) 

4 Mortality 

MRSA 

aOR 0.988 (0.983,0.992) p<0.001 

aOR 0.992 (0.986,0.999) p=0.024. 

4 

Steele 2008 USA(283) Multiple Diversion 
DNW  

r=0.93 (0.90,0.95)  
r=0.90 (0.87,0.92) 

4 

Pines 2008b USA(178) 4 Satisfaction 

 

Recommend ED 
 

 
Overall rating hospital care 

 

135 associations reported. The most relevant are shown here 

aOR Q1 reference 

Q2 0.6 (0.6,1.2) 
Q3 1.2 (0.8,1.7)  

Q4 0.7 (0.5,0.9) p ≤0.05 
Q2 0.7 (0.5,1.0) 

Q3 0.9 (0.6,1.3) 

Q4 0.7 (0.5,1.0) p ≤0.05 

4 

Chalfin 2007 USA(284) Multiple ICU LOS 
median(range) days 

 

Hospital LOS median(range) days 
 

ICU mortality 

In hospital mortality 

Delay vs non-delay 
1.9 (0.1,30.8) vs 1.8 (0.1,82.9) p<0.01 

 

7.0 (1,154) vs 6.0 (1,256) p <0.001 
 

10.7% vs 8.4% p<0.01 

17.4 vs 12.9% p<0.001, aOR 0.71 (0.56,0.85) p=0.004 

4 

Clark 2007 USA(285) 4 In-hospital mortality aOR 1.17 (1.01,1.35) p=0.032 4 

Fatovich 2005b 

Australia(286) 

4 and 3 ED LOS per month 
Diversion 

Triage time non-compliance 

r=0.96 (0.91,0.98) p<0.001 
r=0.75 (0.49,0.88) p=0.002  

r=0.83 (0.65,0.93) p<0.001 

4 

ED=Emergency Department, LOS=Length of Stay, aOR=Adjusted Odds Ratio, OR=Odds Ratio, aRR=Adjusted Relative Risk, RR=relative risk, LR=Likelihood Ratio,  ICU=Intensive Care Unit, DNW=did not wait for assessment, 
US=United States, ACS=Acute Coronary Syndrome, PCI=Per-cutaneous Coronary Intervention, ECG=Electrocardiogram, CAUTI=Catheter Associated Urinary Tract Infection, CLAB=Central Line Associated Bacteraemia, 

AHRQ=Agency for Healthcare Research and Quality, MRSA=Methicillin Resistant Staphylococcus Aureus, MET=Medical Emergency Team, ns=not significant, nr=not reported 
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Table 4-15 Included Studies Total EDLOS 

Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 

Gabayan 2015 USA(207) 3 Outcome <7days ED discharge 
Admission  

Mortality   

 
Admission 

Mortality 

 
Admission 

Mortality 

EDLOS of Index Patient 
aRR 3.5 (3.3,3.7) 2/3 models showed positive association, other negative 

Main outcome not shown and no association in three different types of models  

Mean TPCT 
Main outcome not shown, no association in three models 

Main outcome not shown, no association in three models 

Time Averaged TPCT 
No association shown graphically, three conflicting associations in the different models  

Main outcome not shown and no association in the three types of models 

3 

Derose 2014 USA(209) 3 In-Hospital Mortality  

 
 

 

 
Hospital LOS 

 

For EDLOS of Other Patients when Index Patient Arrived 

Died 3.13hr vs 3.09hr survivors p=0.13. No difference after adjustment for confounders 
For time averaged EDLOS of Other Patients 

Died 3.17hr vs 3.17hr survivors p=0.13. No difference after adjustment for confounders 

 
For EDLOS of Other Patients when Index Patient Arrived 

Q1 3.09hr vs Q4 3.14hr, 3 min difference p <0.001: adjusted no association 

For time averaged EDLOS of Other Patients 

Q1 3.18hr vs Q4 3.22hr, ↑2.4min p<0.001, adjusted no association 

3 

Depinet 2014 USA(161) 4 Time to Vital Sign Measurement   reassessment of vital signs: 0.93 (0.90,0.96) per 100 patient care hours  3 

Kennebeck 2011 USA(163) 4 Time to Antibiotics for Febrile Neonates r2=11.8% p=0.017, ↑1hr TPCT in the hour of arrival→↑0.21min time to antibiotics 3 

Sills 2011a USA(212) 4  

Asthma Severity Score 
β-agonist 

Steroid 

Fracture Analgesia 
Any 

Opioid 

aRR 

0.76 (0.65,0.87) 
0.75 (0.58,0.93) 

0.59 (0.45,0.77) 

 
1.28 (0.97,1.68) 

1.52 (1.17,2.09) 

3 

Pines 2010a USA(165) 4 Index patient EDLOS 

median(IQR)min 
 

 

 

 

Time to First Nebuliser 
median(IQR)min 

 

 
 

Time to Steroid 

median(IQR)min 

 

Q1 149 (91,239) 
Q2 176 (110,274) 

Q3 211 (125,309) 

Q4 230 (14,376) 

 

Q1 17 (2,44) 
Q2 15 (1,59) 

Q3 19 (1,87) 

Q4 21 (1,155) 
 

Q1 19 (0,45) 

Q2 18 (1,57) 

3 



 

128 

 

Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 
 

 

 
 

Delay in EDLOS >median 

Q3 30 (1,114) 

Q4 54 (7,155) 

All p<0.0125 
For 10 more Patient Care Hours 

aRR 1.02 (1.02,1.02) 

Mills 2009 USA(168) 4  
Received Analgesia  

 

 
 

 

Delay to Analgesia >1hr 
 

 

TPCT 
Q1 164 (66.9%) 

Q2 160 (64.8%) 

Q3 158 (65.8%) 
Q4 167 (68.4%) 

P(trend)=0.73 

aRR for delay Q1 reference 
Q2 1.38 (1.17,1.63) 

Q3 1.53 (1.31,1.78) 

Q4 1.54 (1.32,1.80) 
p<0.0001 

3 

Mitchell 2009 Australia(287) 4 Time to Analgesia HR 1.02 (0.99–1.02) 3 

Pines 2009 USA(167) 4 ACS  

Adverse cardiac outcome 

 

 

 

ECG≤10min  
 

 

 
Aspirin 

 

 
 

 

β-Blocker  

 

 

Non-ACS Chest Pain 

Adverse cardiac outcome 

aOR Q1 reference 

Q2 1.0 (0.5,2.0) 

Q3 0.6 (0.2,1.4) 

Q4 1.5 (0.5,4.0) 

 

Q2 1.7 (0.5,2.1) 
Q3 1.0 (0.5,2.3) 

Q4 1.7 (0.8,3.5) 

 
Q2 1.4 (0.7,2.7) 

Q3 1.3 (0.6,2.9) 

Q4 1.4 (0.6,3.3) 
 

Q2 1.0 (0.5,2.1) 

Q3 1.0 (0.5,2.3) 
Q4 1.7 (0.7,3.1) 

 

Q2 0.9 (0.5,1.5) 
Q3 0.8 (0.5,1.3) 

Q4 1.2 (0.6,2.0)  

3 

Richardson 2009 Australia(60) 4  
Delay to theatre >24hr  

 

 
 

 

Access block quartiles at time of arrival 
Q1 54% (43,64) 

Q2 66% (54,76) 

Q3 69% (58,77) 
Q4 76% (56,84) 

p<0.001. 

3 
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Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 
 

Post-operative LOS 

Index patient Access Block 

12.9 vs 9.9days (geometric mean) p=0.009 

Diercks 2007 USA(288) Multiple Aspirin  
>8hr vs 4,8hr 

>8hr vs <4hr 

β-blocker 

>8hr vs 4,8hr 

>8hr vs <4hr 
Heparin 

>8hr vs 4,8hr 

>8hr vs <4hr 
GP2b3a Inhibitor 

>8hr vs 4,8hr 

>8hr vs <4hr 
Clopidogrel  

>8hr vs 4,8hr 

>8hr vs <4hr 
Mortality  

>8hr vs 4,8hr 

>8hr vs <4hr 
Re-MI this admission  

>8hr vs 4,8hr 

>8hr vs <4hr 

aOR 
0.74 (0.65,0.84)  

0.76 (0.67,0.87) 

 
0.86 (0.78,0.95) 

0.86 (0.78,0.95) 

 
0.86 (0.79,0.94) 

0.83 (0.75,0.91) 

 
0.79 (0.73,0.86) 

0.76 90.70,0.82) 

 
0.99 (0.93,1.05) 

0.91 (0.86,0.98) 

 
1.13 (0.96,1.33)  

0.98 (0.82,1.17) 

 

1.23 (1.01,1.48)  

1.16 (0.95,1.40) 

3 

Weiss 2004 USA(170) Multiple Staff Opinion: Crowding 
 

10→15hr EDLOS 
-0.8 (-3.6, 2.0)/200 p<0.01 

3 

Thompson 1996 USA(133) 3 Satisfaction 

Likelihood to Recommend 

effect 0.06 p=0.55 

effect 0.06 p=0.74 

3 

Chen 2017 Taiwan(289) 4  
In-hospital Mortality 

Gastrointestinal Bleed 

Stroke 
 

Hospital LOS 

EDLOS stay <12 vs >12 hours aOR 
0.7 (0.44,1.78) 

1.5 (0.82,2.6) 

0.9 (0.53,1.43) 
 

GRACE <3: 6.8 vs 7.6 p=0.27 
GRACE 3: 14.5 vs 16.1 p=0.63 

4 

Truong 2017 Canada(189) Multiple Quartiles EDLOS 

Re-present <7days 

aOR 

Q2 1.01 (0.95,1.06) 

Q3 1.00 (0.95,1.06) 
Q4 0.96 (0.91,1.01) 

4 

Gaieski 2017 USA(190) 4 IV fluids≤1hr 

Time to Fluids(min) 
 

 

 
Antibiotic ≤hr 

aOR 0.64 (0.51,0.81) 

Q1 31.5 
Q2 33.0 

Q3 28.0 

Q4 43.0 p=0.17 
aOR 0.77 (0.61,0.96) 

4 
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Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 
Time to Antibiotic(min) 

 

 
 

In-hospital Mortality  

 
 

 

 
Protocoled Sepsis Care 

 

Q1 98.5 

Q2 104.5 

Q3 117.0 
Q4 121.5 p=0.009 

aOR 0.99 (0.70,1.39) 

Q1 26.7% 
Q2 29.1% 

Q3 24.0% 

Q4 27.6%% p=0.95 
aOR 1.15 (0.80,1.66) 

Q1 60.7% 

Q2 61.4% 
Q3 63.8% 

Q4 64.1% p=0.35 

Chang 2017 USA(279) Multiple  
Satisfaction 

Recommend Hospital  

 
Time to analgesia long bone fracture 

DNW (baseline 1%) 

Re-admission (baseline 15%) 

PCI <90 minutes (baseline 97%) 

↑1hr median EDLOS between years 
↓0.7% (0.4,0.9%) p<0.01 

↓0.7% (0.4,1.0%) p<0.01 

 
↑6 (5 to 7)min p<0.01 

OR ↑1.44 (1.24,1.68) p<0.01 

-0.05% (-0.11,0.02%) p=0.14 

-0.46% (-1.08,0.15%) p=0.14 

4 

Nichol 2016 USA(260) 4 Patient Satisfaction 

Overall experience (0,10) 
Wait time experience (0,100) 

Recommend ED (0,100) 

Change in Score EDLOS>2hr 

-0.5 (-0.11,-0.89) p ns 
nr 

-6.93 (-2.5,-11.4) p<0.001 

4 

von Thiele Swartz 2016 

Sweden(290) 

4 Staff Experience Rated 1,10 on 5 aspects 

Rewarding 
Efficient 

Quality of work 

Quantity of work 
Work-related efforts  

 

Number of Patients 

Days rated as Low or High through-put based on whether below or above median % of patients with EDLOS <4hr. 

r=-0.30 p<0.005 
r=-0.30 p<0.005 

r=-0.04 p nr  

r=-0.35 p<0.001 
r=-0.40 p<0.001 

Similar results ANOVA based on >62.6% <4hr EDLOS 

r=-0.37 p<0.001 

4 

Vermeulen 2016 Canada(291) Multiple STEMI Re-perfusion 

≤60min thrombolysis ≤90min PCI) 

Asthma 
Steroid ≤60min 

β-agonist ≤60min 

Fractures 
Analgesic/Splint ≤60min 

aRR 

1.59 (1.03,2.45) 

 
1.88 (1.59,2.24);  

1.47 (1.25,1.74) 

 
1.66 (1.22,2.26) 

4 

Anderson 2016 USA(219) Multiple DNW ↑EDLOS 1 min ↑0.6% (0.34,0.91) <0.001 4 

Yergens 2015 Canada(249) 4 and 3 Mortality EDLOS ≤7 hr vs EDLOS >7hr survival 66.4% vs 74.6% p=0.001 4 



 

131 

 

Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 

Boyle 2015 UK(193) Multiple Consultant opinion  

Crowded 

 
Dangerous 

EDLOS 90th Centile <4hr 

Sensitivity 44.1 (33.5,54.7); Specificity 100 (88.8,100) 

LR+infinity LR-0.56 
Sensitivity 53.9 (43.2,64.5); Specificity 88.7 (43.2,64.5) 

LR+4.77 LR-0.52 

4 

Ward 2015 USA(292) Multiple Individual EDLOS patients transferred to 
another hospital for PCI 

Coefficient from multiple linear regression: 0.084 (0.049,0.119) p<0.001.  

↑1h→↑5(3,7)min EDLOS 

4 

Goloback 2015 USA(261) 4 Satisfaction  EDLOS >240min aRR 1.12 p<0.001 

EDLOS continuous aRR 1.00 p nr 

4 

Jo 2015 Korea(223) 4 Mortality 

 

aOR Q1 reference 

Q2 0.70 (0.44,1.10) p=0.126 

Q3 0.71 (0.44,1.15) p=0 .164 
Q4 0.76 (0.46,1.24) p=0.266 

4 

Jones 2014 USA(262) Multiple PCI time <90min 
Below standard (<91.9%) 
At standard  

At benchmark (100%) 

EDLOS (admitted patients 

343min 

303min 
282min p=0.01 

4 

Nippak 2014 Canada(293) 3 Hospital LOS r=0.073 p<0.001 4 

Mullins 2014 USA(263) Multiple Mortality 30 days 

MI 

Heart Failure 

Pneumonia 

Readmission 30 days  
Myocardial Infarction  

Heart Failure  

Pneumonia 
Acute Myocardial Infarction 

Time to PCI 

Time to ECG 
Time to transfer 

Received Aspirin 

Thrombolysis<30 min 
Median time to Thrombolysis 

 

Long Bone Fracture 
Time to Analgesia 

 

Patient satisfaction (10 domains) 
 

Hospital Acquired Complications 

Air embolism 
CAUTI 

CLAB 

Discharged 

r=-0.08 

r=-0.15 

r=-0.09 

 
r=0.04 

r = 0.05 

r= 0.11 
 

r=-0.07 

r=0.02 
r=0.09 

r=-0.03 

r=0.00 
r=-0.01 

 

r=0.51 
 

 

r -0.37 to 0.07, most negative 
 

 

r=0.09 
r=0.21 

r=0.35 

Admitted 

r=-0.09 

r=-0.20 

r=-0.08 

 
r=0.14 

r = 0.14 

r= 0.17 
 

r=-0.09 

r=0.03 
r=0.16 

r=0.02 

r=-0.07 
r=0.07 

 

r=0.40 
 

 

r -0.45 to -0.07, all negative 
 

 

r=0.08 
r=0.18 

r=0.37 

4 
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ED 

Level Effect Measure Results 
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Level 
poor glycaemic control 

 

Medicare spending 
 

Outpatient Imaging Efficiency 

MRI Lumbar Spine 
CT Abdomen 

CT Thorax 

s Brain/Sinus CT 
 

Pneumonia measures  

Blood culture before Antibiotic 
Initial Antibiotic in Immunocompetent 

Patient 

 
AHRQ measures  

composite serious complications 

serious complications composite measure 
iatrogenic pneumothorax 

r=0.21 

 

r=0.17 
 

r=-0.17 

r=-0.09 
r=-0.09 

r=0.07 

 
 

 

r=-0.08 
r=0.05 

 

 
 

r=-0.04 

r=-0.07 
r=-0.07 

r=0.20 

 

r=0.22 
 

r=-0.24 

r=-0.11 
r=-0.09 

r=0.05 

 
 

 

r=-0.11 
r=0.10 

 

 
 

r=-0.09 

r=-0.05 
r=-0.04 

Casalino 2013 France(294) 4  

Counts of patients 

Admission Rate 

Time to Triage >11min 

Time to Assessment >66min 
EDLOS non-admitted >160min 

EDLOS admitted >290min 

On days with EDLOS >4hr 

aOR 1.86 (1.09,3.19)  

23% vs21.5% p<0.001) 

OR 2.36 (1.36,4.11) p=0.002 

OR 1.93 (1.05,3.54) p= 0.03 
OR 9.5 (5.17,17.48) p<0.001 

OR 2.46 (1.44,4.22) p<0.001) 

4 

Mitra 2012 

Australia(273) 

2,4 In-hospital Mortality 
EDLOS≥8hr  

 
aOR 1.25 (1.03,1.51) p=0.03 

Although interaction with time to disposition plan 

4 

Geelhoed 2012 Australia(295) 4 and 3  

Mortality 

↓10% Access Block, aRR 

↓9.3% (5.1,13.7) p<0.001 tertiary hospitals 

2.3% (-15.4,17.4) p= 0.78 secondary hospitals 

4 

Medley 2012 USA(226) 4 Violent Days  aOR 2.005 (1.464,2.744) p<0.0001 4 

Guttmann 2011 Canada(4) Multiple Mortality≤7days 

CTAS 1,3 
CTAS 4,5 

 

Admission≤7 days 
CTAS 1,3 

CTAS 4,5 

mean length of stay of ≥6 hr v <1 hr, aOR 

1.79 (1.24,2.59) 
1.71 (1.25,2.35) 

Forest plot of other time intervals with wide overlap of CI suggesting no difference 

aOR 1.95 (1.79,2.13) 
1.66 (1.56,1.76)  

Forest plots show increase for category of average EDLOS with narrow CI. Absolute differences are <1% 

4 

Intas 2011 Greece(296) Unclear  
Hospital LOS 

 

EDLOS >6hr Intubated patients 
OR =-0.779 (0.145,0.987) 

Note: negative OR given in table in original manuscript. Raw data show Hospital LOS was longer in patients with 

4 
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ED 

Level Effect Measure Results 
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Level 
 

Survival in hospital (excluding deaths 

<24hr) 

long ED stays 

OR=0.284 (0.137,0.587) 

Chatterjee 2011 USA(172) 4 Presented <3hrs: 

Proportion with time to completion of CT 

>25min 
 

 

 
CT Interpretation >45min 

 

 
Thrombolysis>60min 

 

Academic aRR 

Q2 0.90 (0.70,1.3) 
Q3 0.80 (0.50,1.2) 

Q4 0.80 (0.50,1.2) 

 
Q2 0.80 (0.40,1.8) 

Q3 0.70 (0.40,1.2) 

Q4 1.4 (0.7,2.5) 
nr 

4 

Wrenn 2010 USA(173) 4 Perceived Stress: Residents  aPE 

PSQ 0.04 (-0.44, 0.46) p=0.97 

VAS 0.06 (-0.68, 0.8) p=0.87 

4 

Henneman 2010 USA(297)  4 Diversion 

DNW 

>3 patients with EDLOS >6hr ↑≈3% to 6% p=0.017 

0 patients >6hr→DNW 0.34/hr vs 0.77/hr p<0.001 

4 

Pines 2010b USA(174) 4 Quality of teaching. 

Teaching: 
Clinical Care: 

Approachability: 

Helpfulness: 
Total Education Score>=16 

aOR 

1.00 (0.97,1.03)  
1.00 (0.97,1.03)  

1.01 (0.98,1.04)  

1.01 (0.98,1.03)  
1.00 (0.97,1.03)  

4 

Pines 2010c USA(175) 4 Triage to Analgesia 

Analgesia<60 min 
 

 

 
 

Received Analgesia 

Academic Hospital aRR  

Q1 reference 
Q2 1.09 (1.02,1.15) 

Q3 1.14 (1.08,1.12) 

Q4 1.16 (1.08,1.22) 
 

Q2 1.05 (0.99,1.11) 

Q3 1.05 (1.00,1.11) 
Q4 1.02 (0.97,1.05) 

(CI estimated from graphs) 

Community Hospital aRR 

Q1 reference 
Q2 1.46 (1.32,1.64) 

Q3 1.54 (1.40,1.70) 

Q4 1.62 (1.48,1.80) 
 

Q2 0.98 (0.91,1.05) 

Q3 0.95 (0.88,1.02) 
Q4 0.96 (0.89,1.03) 

(CI estimated from graphs) 

4 

Pitrou 2009 France(264) 2 Satisfied vs Not  Mean EDLOS 142.5 vs 165.3min p=0.28 4 

Chu 2009 Australia(298) 4 Time to Analgesia Renal Colic EDLOS>8 Admitted aOR 1.0 (0.4,2.9) 4 

Pines 2008b USA(178) 4 Satisfaction  

Recommend ED 
 

 

 
Overall rating of hospital care 

Average EDLOS Admitted last 6hr aOR 

Q2 0.7 (0.6,1.0) 
Q3 0.7 (0.5,1.0)  

Q4 0.5 (0.3,0.7) p ≤0.05 

 
Q2 0.8 (0.6,1.1) 

Q3 0.9 (0.7,1.3) 

TPCT all p≤0.05 

Q2 0.7 (0.5,0.9) 
Q3 0.6 (0.5,0.9) 

Q4 0.5 (0.4,0.7) 

 
Q2 0.7 (0.5,1.0) 

Q3 0.6 (0.5,0.9) 

4 
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Level 
Q4 0.7 (0.5,1.0) Q4 0.8 (0.5,1.0) 

Carr 2007 USA(299) 4 Nosocomial Pneumonia aOR 1.21 (1.04,1.39) 4 

Pines 2007b USA(176) 4 Delay in antibiotics >4 hours pneumonia 
 

 

Median number in WR =6 (3,10)  

 

↑1hr EDLOS 
aOR 1.14 (1.04,1.25) 

 

Interaction between Quartiles of WR Number / Quartiles of EDLOS and probability of not receiving or delay in 

receiving antibiotics, such that each varied with the other. 

Lowest Quartile of both  

0.31 (0.21,0.42) 
Highest Quartile of both 

0.72 (0.61,0.81) 

4 

Pines 2007a USA(159) 4 Perception Care Compromise 
Patient 

Nurse 

Resident 

↑10hr Total Patient Care Hours, OR 

1.03 (1.01,1.06) 

1.07 (1.05,1.09) 
1.07 (1.05, 1.09) 

4 

Richardson 2006 Australia(3) 4 In-Hospital Mortality ‘Overcrowded’ 

Q4 TPCT per shift vs other shifts 

RR 1.34 (1.04,1.72) p=0.025 

Absolute difference 1 (0.1,2.0) extra death per thousand patients 

4 

Hwang 2006 USA(232) 4 Document Pain 
Receive Pain Relief 

Ln Time to Pain Assessment  

Ln Time to Analgesia 

aOR 0.85 (0.39,1.88) p=0.70 
aOR 1.17 (0.55,2.45) p=0.69 

-0.14 (-0.58,0.30) p=0.54 

0.22 (-0.25,0.69) p=0.36 

4 

Pines 2006 USA(57) Multiple Time to Antibiotics ≤4hr 
Time to PCI ≤2 hr 

r=-0.44 (-0.72,-0.03) p=0.04 
r=0.36 (-0.06,0.67) p=0.88 

4 

Polevoi 2005 USA(201) 3 DNW aOR 1.10 (0.93,1.30) 4 

Bayley 2005 USA(300) 4 Time to Assessment 

Hospital LOS 

 
EDLOS>3hr 

Mortality 

Adverse event (Ischaemia and MI) 

r=0.23 (0.17,0.29) 

r=0.01 

Unadjusted analysis using GATE calculator from raw data <3 vs >3 
RRR 0.5 (0.2,1.26) 

RRR 0.23 (0.12,0.44)  

ARR -10.8 (-18.5,-3.05), NNT 9 (5,33) 

4 

Richardson 2005a 

Australia(181) 

4  

Hospital LOS-average LOS for DRG 

EDLOS >8hr Admitted 

0.56 vs 0.002 p=0.07. 

4 

Liew 2003 Australia(301) 3 Hospital LOS 

EDLOS<=4hr 
EDLOS 4,8hr 

EDLOS 8,12hr 

EDLOS>12hr 
 

HLOS-SALOS 

EDLOS<=4 hr HLOS-SALOS 
EDLOS 4,8 hr HLOS-SALOS 

 

3.73days 
5.65days 

6.60days 

7.20days 
P(trend)<0.001 

 

0.39days aOR 0.68 (0.63,0.74) 
1.30days. reference 

4 
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EDLOS 8,12 HLOS-SALOS 

EDLOS>12 HLOS-SALOS 

1.96days aOR 1.2 (1.1,1.3) 

2.35days aOR 1.49 (1.36,1.63) 

Weiss 2002 USA(177) 4 Staff perception: crowding r=-0.23 p ns 4 

Richardson 2002 

Australia(302) 

4  
Hospital LOS (mean) 

DRG-HLOS 

Access Block vs no Access Block 
4.9 vs 4.1days p<0.0001 

0.56 vs 0.002 p=0.07 

4 

Hedges 2002 USA(234) 4 Satisfaction r=0.01 (-0.17,0.18) p=0.94 4 

Booth 1992 UK(268) 3 Satisfaction  r=0.48 p<0.001 4 

ED=Emergency Department, LOS=Length of Stay, TPCT=Total Patient Care Time, aOR=Adjusted Odds Ratio, OR=Odds Ratio, aRR=Adjusted Relative Risk, RR=relative risk, LR=Likelihood Ratio, aPE=Adjusted Parameter 

Estimate, IQR=Interquartile Range, ICU=Intensive Care Unit, DNW=did not wait for assessment, US=United States, GRACE=Global Registry of Acute Coronary Events, ACS=Acute Coronary Syndrome, STEMI=ST-segment 

Elevation Myocardial Infarction, PCI=Per-cutaneous Coronary Intervention, ECG=Electrocardiogram, CAUTI=Catheter Associated Urinary Tract Infection, CLAB=Central Line Associated Bacteraemia, AHRQ=Agency for Healthcare 
Research and Quality, MRSA=Methicillin Resistant Staphylococcus Aureus, MET=Medical Emergency Team, IV=Intravenous, MRI=Magnetic Resonance Imaging, CT=Computerised Tomography, CTAS=Canadian Triage and Acuity 

Scale, PSQ=Perceived Stress Questionnaire, VAS=Visual Analogue Scale, DRG=Diagnosis Related Group, HLOS=Hospital Length of Stay, min=minutes, ns=not significant, nr=not reported 

 
 

Table 4-16 Included Studies Time Targets for ED Length of Stay 

Author  

 

Effect Measure Results 

Evidence 

Level 

Forero 2018(303) 

Australia 
90% ≤ 4hr 

 

Age Standardised Mortality/1000 
Western Australia 

New South Wales 

Queensland 
Australian Capital Territory 

Change in mortality slope from GLM post target 
−0.28 (-0.55,-0.02) p=0.04  

0.20 (-0.41,0.81) p>0.05 

0.62 (0.35,0.88) p=0.001 
-0.53 (-1.74,0.67) p>0.05 

Grouped by change in target or access block performance→no difference in mortality post target 

3 

Sullivan 2016(304) 

Australia 
90% ≤ 4hr 

Hospital Standardised Mortality (eHSMR)/month Total NEAT: eHSMR ↓5.5% for 5%↑ compliance to 83% (then↑) p<0.001 
 

Admitted NEAT: eHSMR ↓4.5% for ↑5% compliance to 60-80% (then↑) p<0.001 

3 

Paton 2018(271) 

Australia 90% ≤4hr 

Mortality 

>240min 

210,240 
<210 

MET Calls 

>240min 
210,240 

<210 

<24hr of Admission 
>240min 

210,240 

<210 

aOR 

Reference  

0.67 (0.47,0.93) p=0.020  
1.06 (0.82,1.35) p=0.660 

 

77 (4.2%) 
154 (3.8%)  

 140 (3.2%) p=0.01 

 
64 (1.5%) 

60 (1.5%) 

235 (1.4%) p=0.99 

4 
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Ngo 2018(305) 

Australia 

Varied between sites from 
2009 until 90% ≤4hr in 2011 

 

 

Change in post target trend (per quarter) compared to pre 

Target trend 

ED occupancy rate (>100% =crowded) 
 

 

 
 

Time to Assessment (minutes) 

 
 

 

EDLOS (hr) 
 

 

 
 

EDLOS <4 hours 

 
 

 

Access Block (ratio) 

 

 
 

 

ED attendance  
Re-attendance (≤7 days)  

 

 
DNW 

 

Admission rate 
 

Short-stay admission (<24 hours). 

Only results for statistically significant changes in post Target trends shown for brevity 

↓1.88% (-2.81,-0.95) 

↓1.67% (-2.72,-0.62) 
↓0.80% (-2.01,0.41) 

↓3.19% (-4.78,-1.60) 

↓6.23% (-9.55,-2.91) 
 

↓0.540 (-0.956,-0.123) 

↑0.536 (0.362,0.709) 
↓1.031 (-1.422,-0.640) 

 

↓0.085 (-0.119,-0.051) 
↓0.076 (-0.123,-0.030) 

↓0.139 (-0.205,-0.073) 

↑0.029 (0.012,0.045) 
 

↑1.86% (0.65,3.06) 

↑1.79% (1.03,2.55) 
↑0.52% (0.05,0.98) 

↑2.15% (1.38,2.91) 

0.897 (0.873,0.921) 

0.932 (0.904,0.961) 

0.868 (0.814,0.925) 
0.881 (0.836,0.928) 

0.939 (0.925,0.954) 

↑8.3% (3.9,12.6) 
↓0.08% (-0.11,-0.05) 

↓0.14% (-0.26,-0.02) 

 
↓0.11% (-0.19,-0.03) 

↑0.15% (0.08,0.23) 

↑0.15% (0.02,0.28) 
↑0.77% (0.63,0.90) 

0/5 changed 

4 

Shetty 2017(306) 

Australia 
90% ≤ 4hr 

DNW 

Hospital Bed Occupancy 

r=-0.39 p<0.001 

r=-0.14 p<0.001 

4 

Perera 2016(307) 

Australia 

90% ≤ 4hr 
 

 

Time to Assessment median hr 

Boarding Time median hr 
EDLOS median hr 

HLOS median days 

Time to Surgical Team Review median hr 
Time to Theatre Appendix median hr 

2011 v 2012 v 2013 (median IQR) 

1.33 vs 0.45 vs 0.55 p < 0.001 

2.72 vs 2.48 vs 2.28 p< 0.001 
8.52 vs 7.77 vs 7.66 p<0.001 

2.07 vs 2.05 vs 1.84 p< 0.001 

3.80 vs 3.50 vs 3.27 p< 0.001 
16.4 vs 14.6 vs 26.5 p not given 

4 
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Time to Theatre Cholecystectomy median hr 

Mortality (all ED presentations) 

Inter-unit Transfers <48hr 

Shown in graph with no p value given 

Duplicate data with Perera 2014 shown below 

2013 vs 2011: 5.3%→14.7%; RR 2.53 (1.81–3.54) p<0.001 (2012 nr) 

Husain 2015(191) 

Australia 

90% ≤ 4hr 

EAP 80% admissions have 
EDLOS  <8 hours 

Safely Manage Shift 

 

 

EAP performance 

r=-0.38 p<0.01 

aOR 0.83 (0.79 to 0.87) 

↑1 unit perception score = ↑6% (4 to 7%) NEAT compliance p<0.001 

r= 0.64 p<0.001 

4 

Safely Manage Shift aOR 4.3 (1.88,9.86) p<0.001.  4 

Sullivan 2014(308) 

Australia 

90% ≤ 4hr 

EDLOS mean(sd)hr 

 
 

 

 
 

 

Mortality 
HSMR 

All 

2012 7.2(5.8) vs 2013 4.4(3.5) p<0.001 
2013 vs 2014 3.8(2.9) p<0.001 

Admitted 

2012 9.7(6.3) vs 2013 6.7(4.0) p<0.001; 
2013 vs 2014 6.1(3.5) p <0.001 

 

2012 vs 2013 2.3% vs 1.7% p=0.045; 2013 vs 2014 1.0% p=0.004 
2012 vs 2013 93/4768 vs 72/4398 p<0.001; 2013 vs 2014 55/4425 p<0.019 

4 

 

Perera 2014(309) 

Australia 

90% ≤ 4hr 

 

Time to Assessment hr 

Boarding Time hr 
EDLOS hr 

 

HLOS median days 
Mortality ED presentations 

Mortality Inpatients 

Inter-unit Transfers <48hr 
SSU admissions 

Hospital Admissions  

Access Block 

2011 v 2012 v 2013 (median) 

1.05 vs 0.38 vs 0.45 p<0.001 

1.75 vs 2.47 vs 2.60 p< 0.001 
4.08 vs 4.00 vs 3.77 p<0.001 

 

2.05 vs 2.78 vs 2.50 p< 0.001 
0.08% vs 0.13% ns 

3.27 pre-target vs 3.72 post target RR 1.14 (0.97,3.73) 

0.84% vs 7.1% in 2012 RR,7.93 (5.98– 10.51) p<0.001 
6.5% vs 9.3% vs 13.4% p<0.001 

25.9% vs 25.6% vs 24.7% p=0.02 

2012 vs 2011 RR 0.97 (0.94,1.00) p=0.16 
2013 vs 2011 RR 0.81 (0.80,0.83) p<0.001 

4 

 

Khanna 2013(310) 

Australia 
90% ≤ 4hr 

Access Block 

(denominator of all ED patients) 

 

ED Occupancy 

 

r 0.40 to 0.73, strongest for admitted patients in larger hospitals  

graphs show this was negative 08:00 to 17:00 and positive or no relationship at other times  

 

Shown as graphs only. Morning=negative relationship between occupancy and NEAT non-compliance., Evening-Night 

positive 

4 

Geelhoed 2012(295) 

Australia 

98% ≤ 4hr 

Mortality by  

Target Performance (10%↑)  

 
Mortality change/month 2009,2011 

 

aRR 

9.2% (4.1,12.1) p< 0.001 tertiary hospitals 

15.0% (-19.4, 39.5) p=0.35 secondary hospitals 
↓1.1% (0.6,1.7) p <0.001), tertiary 

0.3% (-1.2, 1.7) p=0.73 secondary 

4 
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Higginson 2017(311) 

UK 

98% ≤ 4hr 

Occupancy ‘majors’ and resuscitation areas Minutes each day at percentiles of occupancy plotted against daily target performance 

70% r=0.18; r2=3.29 p=0.70 

80% r=-0.33; r2=0.1 p<0.001 
90% r=-0.52; r2=0.27 p<0.001 

100% r=-0.67; r2=0.45 p<0.001  

Show plot of 95%CI of target performance versus number of beds occupied. >100% occupied = lower limit of 95% CI 
doesn’t reach 95% target achievement 

Also show plot of minutes occupied per day as a percentage of maximum possible: Once >64% occupancy then lower 

limit of 95% CI doesn’t reach 95% target achievement 

4 

Mason 2012(312) 

UK 

98% ≤ 4hr 

EDLOS  

All 

Admitted 
Time to Assessment 

All 

Admitted 

Target performance ↑ 83.9% to 96.3% (2003-2006) 

↑8.6 (7.5,9.6)min 

↑37 (36.4,37.6)min 
 

↓1.2 (1.8,0.6)min 

↑4.2 (3.9,4.5)min 

4 

Weber 2012(313) 

UK 

98% ≤ 4hr 

 

% admitted 
% Lab tests 

% ECG 

% CT 
% xRay 

Representation <7days;  

Admission at representation 
Died in ED 

Estimated % change per year 

0.34 (-0.43, 1.11) 
1.00 (-0.09, 2.08) 

0.44 (-0.46, 1.34) 

0.14 (-0.16, 0.44) 
-0.60 (-1.58, 0.37) 

0.02 (-1.53, 1.56) 

-3.1 (-7.32, 1.11) 
-0.02 (-0.06, 0.02) 

4 

Jones 2017a(39) 

NZ 
95% ≤ 6hr 

Outcome (CID) 

Hospital LOS (0.25 hr) 
EDLOS (0.5 hr) 

Time to Assessment (15 min) 

Access Block (10%) 
Re-present 48 hr (1%) 

Re-admit 30 days (1%) 

DNW (1%) 
Admission (5%) 

Mortality (10% relative change) 

Died in ED 
Acute Mortality 

Elective Mortality 

ED Discharge Mortality (10 days) 
Ward Discharge Mortality (30 days) 

Adjusted analysis predicted model estimate vs actual 

-0.29 days p<0.001 
-1.6hr p<0.001 

-3.4min p<0.001 

-28.6% p<0.001 
-0.7% p<0.001 

+1% p<0.001 

-2.8% p<0.001 
+3.9% p<0.001 

Relative Change 

-57.8% p<0.001 
-4.1% p=0.33 

-42.2% p<0.001 

+6.4% p=0.18 
-7.4% p=0.97 

3 
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Jones 2017b(80) 

NZ 

95% ≤ 6hr 

 

Time to Analgesia 

Time to Antibiotics for Sepsis 
Time to Theatre for appendicitis 

Time to Theatre for NOF 

Time to Thrombolysis for STEMI 

Adjusted Pre / Post 

48 vs 46min p=0.77 

106 vs 104min p=0.93 
14.1 vs 16.4hr p=0.21 

35.4 vs 32.4hr p=0.24 

36.9 vs 47.6min p=0.14 

4 

Jones 2018(314) 

NZ 
95% ≤ 6hr 

Time to CT Head (reported by ethnicity due to interaction 

between period and ethnicity p=0.043). CID 1hr 
 

CT Appropriate (reported by ethnicity due to interaction 

between period and ethnicity p=0.06) 
 

EDLOS 

Hospital LOS 
 

 

Time to Assessment Median (IQR) 
Time to Theatre direct from ED  

Mortality in hospital 

Maori ↓0.47hr (-0.88 to -0.08); Pacific 0.22hr (-0.19 to 0.64); European/Other ↓0.27hr (-0.44 t o-0.12).  

 
 

Maori ↑21.1% (6.2,36.1); Pacific ↑14.3% (9.2,19.5%); European/Other -4.0% (-10.2 - 2.1) 

 
 LSM) 

-0.13 (-0.27,-0.01) hours 

-0.18 (-0.53, 0.18) days  
 

Unadjusted raw 

24min vs 23min p=0.61 
nr 

3.8% (2,7) vs 2.9% (2,5) p=0.70 

4 

 

Jones 2017c(315) 

NZ 

95% ≤ 6hr 

 

Time to CT for TBI min 
Time to Assessment (≤30min) 

 

EDLOS min 
Time to Theatre min 

Hospital LOS hr 

LSM 

Pre 68 (56–81) / Post 65 (53–78) p=0.66 
aOR 3.6 (1.4,9.1) 

LSM 

Pre 211 (187–238) / Post 166 (98–160) p= 0.006 
Pre 523 (305–898) / Post 307 (158–595) p=0.19 

Pre 119 (94–150) /Post 125 (98–160) p=0.69 

4 

Jones 2016(151) 

NZ 

95% ≤ 6hr 

Time to Assessment min 

Received Steroids 
Time to Steroids min 

 

Time to Salbutamol min 
Time to Ipratropium min 

 

DNW 
 

EDLOS LSM hr 

Change in EDLOS differed by hospital  
 

 

 
Admission  

Change in Admission differed by hospital  

21 (9–48) vs 20.5 (7–56) p nr 

aOR 2.1 (1.2–4.3) 
LSM 58.1 (49.9–67.5) pre vs 50.4 (42.9–55.8) post p=0.15 

 

24 (12–56.5) pre vs 438, 25 (11–63) post p nr 
51 (16–132) pre vs 43 (17–122) post p nr 

 

0.9%(0.3,2.3) pre vs 2.2% (1.1,4.0) post  p nr 
 

Hospital 1 Pre 2.6 (2.3–3.0) vs Post 2.6 (2.2–2.9) p=0.77 

Hospital 2 Pre 6.5 (5.8–7.3) vs Post 6.5 (5.8–7.3) p=0.98 
Hospital 3 Pre 3.9 (3.4–4.4) vs Post 4.8 (4.2–5.4) p=0.02 

Hospital 4 Pre 7.0 (6.1–8.1) vs Post 5.6 (4.9–6.5) p=0.01 

aOR 
Hospital 1 0.03 (0.003,0.21) p<0.001 

Hospital 2 1.4 (0.8–2.5) p=0.21 

4 
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Author  

 

Effect Measure Results 

Evidence 

Level 
 

 

 
HLOS LSM hr 

Change in Hospital LOS differed by hospital 

 
 

 

Discharge Prescription Steroids 
Re Present 72 hours 

Hospital 3 0.66 (0.33–1.3) p=0.25 

Hospital 4 0.9 (0.5–1.6) p=0.72 

 
Hospital 1 Pre 34.4 (28.1,42) vs Post 20 (16.4–24.5) p<0.001 

Hospital 2 Pre 18.9 (15.5–23) vs Post 20.5 (16.9–25) p=0.54 

Hospital 3 Pre 30.6 (24.8–37.7) vs Post 23.9 (19.3–29.7) p=0.09 
Hospital 4 Pre 17.7 (14.1–22.2) vs Post 12.7 (10.1–16.1) p=0.03 

aOR 

1.3 (0.9–1.96) 
1.1 (0.5–2.3) 

Harper 2016(316) 

NZ 

95% ≤ 6hr 

Quality Discharge Summaries Analysis at yearly level. 

Pre-target slope −0.43 (0.20) p=0.02; No step at target introduction (p=0.47).  
↑adequate summaries over time post-target: slope +0.33 

change in slope +0.76 (0.27) p=0.006 

4 

Vermeulen 2016(291) 

Canada 

Discharged Patients 90% ≤4hr 
 

Admitted Patients 90% ≤8 hr 

 

Acute Myocardial Infarction 

Receipt of Aspirin  

Re-perfusion (thrombolysis/PCI) 
Re-perfusion (≤60min thrombolysis or ≤90min PCI) 

Asthma 

Any lung function test  

No CxR 

Steroid ≤60min 

β-agonist ≤60min  
Steroid prescription at discharge 

Discharge instructions  

Fractures 
Pain assessment 

Got Analgesia/Splint 
Analgesic/Splint ≤60 minutes  

Discharge instructions 

 

Primary Analysis at Hospital Level  

No association with outcome in the primary analysis of difference in differences (shown graphically), with sensitivity 

analysis (not shown) the same  
 

Graphs were a logarithmic scale of relative risk ratios and it was not possible to extrapolate the point estimates or 

confidence intervals accurately.  
 

4 

 

 

Conway 2015(317) 

Ireland <6hr 

In-Hospital Mortality 
EDLOS 

<3hr  

6hr 
12hr 

24hr 

Overall 

 
aOR 

reference 

0.53 (0.39,0.72) p=0.001 
0.44 (0.33,0.59) p=0.001 

0.41 (0.30,0.56) p=0.001 

0.76 (0.67,0.86) p=0.001 

4 

ED=Emergency Department, LOS=Length of Stay, eHSMR=Hospital Standardised Mortality Rate emergency admissions, NEAT=National Emergency Access Target, MET=Medical Emergency Team, DNW=did not wait for 

assessment, HLOS=Hospital Length of Stay, EAP=Emergency Access Performance (that >80% of admitted patients spend <8hr in ED), SSU=Short Stay Unit, TBI=Traumatic Brain Injury, aOR=Adjusted Odds Ratio, OR=Odds Ratio, 

aRR=Adjusted Relative Risk, RR=relative risk, aPE=Adjusted Parameter Estimate, LSM=Least Square Mean, min=minutes, ns=not significant, nr=not reported 
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Table 4-17 Included Studies Workload Metrics 

Study / Setting 

ED 

Level Effect Measure Results Evidence Level 

Patient Acuity 

Schull 2003a Canada(184) 4 Diversion ↑1ambulance patient ↑5.2 (3,8)min 

↑1trauma patient 4 (-1.5, 11.4)min 

↑1 walk in patient 1.1 (-0.2, 2.4)min 

2 

Stang 2013 Canada(180) 4 DNW Number of Triage 1 and 2 patients per shift: aRR 1.0 (0.99,1.01) 

Number of Ambulance Patients per shift: aRR 1.01 (1.0,1.02) 

3 

Rathlev 2012 USA(251) 4  

EDLOS 

↑1Resuscitation case 

Morning Shift: -5.65(-12.16, 0.86)min 
Evening Shift: -2.16(-17.59, 13.27)min 

Night Shift -3.49(-19.30, 12.32)min 

3 

Rathlev 2007 USA(252) 4  
EDLOS 

↑1ICU admission 
0.25 (-1.7, 2.2)min 

3 

Schull 2007 Canada(318) Multiple Time to Assessment 

↑10 low complexity 

↑10 medium complexity 
↑10 high complexity 

EDLOS for high complexity patients 

↑10 low complexity 
↑10 medium complexity 

↑10 high complexity 

Change in Time 

↑2.1 (1.8,2.4) min 

↑10 (9 to 10) min 
↑15 (14-16) min 

 

↑5.4 (4.2 to 6.0) min 
↑10 (8 to 11) min 

↑72 (72-78) min 

3 for low complexity result 

 

4 for medium and high complexity due to c-
co-linearity as these variables not 

independent of the outcome variable 

Lambe 2003 USA(202) Multiple Time to Assessment ↑ 10% non-urgent patients 
↓4.8 (1.9,7.7) min p=0.0002 

3 

Anderson 2016 USA(219) Multiple DNW high acuity patients ↑100% 

↓−0.4% (−0.6,-0.1%) p=0.01 

4 

Handel 2014 USA(255) Multiple  
EDLOS All 

 

 
 

EDLOS Discharged  

 
 

 

EDLOS Admitted  
 

 

 
DNW 

Per 1000 ambulance presentations 
<10 reference 

10,19: 12.7 (4.3–21.0)min p<0.05 

20,29: 21.8 (11.2–32.3)min p<0.05 
30+: 23.9 (4.3–43.6)min p<0.05 

<10 reference 

10,19: 6.1 (-1.9 to 14.1)min 
20,29: 17.3 (7.2–27.4)min p<0.05 

30+: 21.9 (3.6–40.2)min p<0.05 

<10 reference 
10,19: 9.7 (-6.9 to 26.3)min  

20,29: 25.9 (5.1–46.8)min p<0.05 

30+: 4.9 (-33.3 to 43.1)min 
<10 reference 

10,19: 0.3% (-0.01 to 0.7) 

20,29: 0.6% (0.1–1.1) p<0.05  
30+: 0.5% (-0.3 to 1.3) 

4 
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Study / Setting 

ED 

Level Effect Measure Results Evidence Level 

Arkun 2010 USA(194) 3 Time to Assessment 

Acuity not specified 

ICU ‘volume’ 
 

Boarding Time 

Acuity not specified 
ICU ‘volume’ 

 

aOR 0.35 (0.11,1.08) 

aOR 0.98 (0.95,1.00) 
 

 

aOR 0.36 (0.07,1.8) p nr 
aOR 1.03 (0.99,1.07) p nr 

4 

Bickell 2008 USA(230) 4 Time to Theatre for Appendicitis <4hr vs ≥4hr 

mean acuity 4.6 vs 4.5 p=0.43 

4 

Epstein 2006 USA(179) 4  
Diversion 

β-coefficient for component of Work Score 
0.097 (0.07,0.12) p<0.01 

4 

Fatovich 2005b 

Australia(286) 

4 and 3  

Triage time non-compliance 
EDLOS 

Diversion 

↑Low acuity 

r=0.01 (-0.39, 0.41) p=0.98 
r=0.05 (-0.36, 0.44) p=0.93 

r=0.19 (-0.23, 0.55) p=0.38 

4 

Weiss 2002 USA(177) 4 Staff Perception Crowding Ventilators 

r=0.27 p ns 

4 

Chan 1997 USA(319) 4 EDLOS discharged 

Major 

Minor 

↑Low acuity 

r=0.38 p=0.0012 

r=ns 

4 

Number of Admissions 

Schull 2003a Canada(184) 4  
Diversion  

↑1 admission per shift 
4.6 (0.1,9.0)min  

2 

Stang 2013 Canada(180) 4 DNW aRR 1.03 (1.01,1.04) 3 

Rathlev 2012 USA(251) 4  

EDLOS min 

 
 

 

ICU admissions on a shift (≥3 vs 0) 

↑1Admission per shift 

Morning Shift: 3.88 (2.81,4.95)  

Evening Shift: 2.88 (0.47,5.28) 
Night Shift: 4.91 (2.29,7.53) 

 

Morning Shift: 14.27 (2.01,26.52) 
Evening Shift: 4.89 (-24.36, 34.13) 

Night Shift: -10.50 (-38.76, 17.75) 

3 

Sills 2011a USA(212) 4  

Asthma Score 

β Agonist 

Steroid 
Fracture Analgesia 

Any 

Opioid: 

aRR 

1.04 (0.95 to 1.13) 

0.98 (0.91 to 1.05) 

1.0 (1.0 to 1.0) 
 

1.0 (1.0 to 1.0) 

0.94 (0.72 to 1.27) 

3 

Rathlev 2007 USA(252) 4  
EDLOS 

↑1 additional admission from ED 
↑2.2 (1.7,2.7)min 

3 

Anderson 2016 USA(219) Multiple  ↑1% admissions 4 
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Study / Setting 

ED 

Level Effect Measure Results Evidence Level 
DNW ↑0.22% (-0.35, 1.29%) p=0.52 

Handel 2014 USA(255) Multiple  

EDLOS Discharged Patients(min) 

 
 

 

EDLOS Admitted Patients(min) 

 

 

 
DNW 

per 1000 presentations 

<10 reference 

10,19: 5.8 (-4.4, 15.6) 
20,29: 33.6 (21.6–45.5) p<0.05 

30+: 30.4 (13.2–47.7) p<0.05 

<10 reference 

10,19: 6.1 (-3.8, 16.1) 

20,29: 26.1 (14.5–37.7) p<0.05 

30+: 15.3 min (-1.1, 31.8) 
<10 reference 

10,19: -2.8 (-23.6, 18.0) 

20,29: 25.6 (1.3–49.8) p<0.05 
30+: 3.3 (-30.9, 37.5) 

4 

Arkun 2010 USA(194) 3  

Time to Assessment 

Boarding Time 
 

aOR of being seen at 20:00 

1.0 (0.99,1.01) p nr 

0.99 (0.99,1.01) p nr 

4 

Lucas 2009b USA(257) Multiple Median EDLOS β-coefficient 1.49 (0.009,2.977) p=0.049 4 

Fee 2007 USA(231) 4 Antibiotics ≤4hr Pneumonia For one more admitted patient 

0.93 (0.88 to 0.99) 

4 

Asaro 2007a USA(199) 4 DNW aOR 1.02 (1.02,1.03) 20th→80th centile admissions 
aOR 1.12 (1.08 to 1.15) 21.5%→27% admissions 

4 

Asaro 2007b USA(200) 4 Time to Room Placement min 

Main ED 
Fast Track 

Treatment Time min 

Admissions 
Fast Track 

Discharges 

Boarding Time min 
EDLOS min 

Admissions 

Discharges 
Fast Track 

Change in time per unit increase in percent of admissions 

↑0.06 (0.04,1.17) p=0.03 
↑1.6(1.4,1.8) p<0.001 

 

0.19 (-0.22, 0.59) p=0.369  
nr 

0.1 (-0.2, 0.3) p=0.703.   

0.15 (-0.61, 0.90) p=0.706 
 

↑2.68 (1.7,3.7) p<0.001 

↑2.02 (1.6,2.5) p nr 
↑1.7 (1.4,2.0) p<0.001 

4 

Fatovich 2005b 

Australia(286) 

4 and 3 Triage time non-compliance 

EDLOS 

Diversion 

r=0.53 (0.16,0.77) p=0.008 

r=0.6 (0.26,0.81) p=0.002 

r=0.3 (-0.11,0.63) p=0.16 

4 

Number of Arrivals 

Stang 2013 Canada(180) 4 DNW aRR 1.03 (1.02 to 1.03) 3 

Sills 2011a USA(212) 4  aRR 3 
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Study / Setting 

ED 

Level Effect Measure Results Evidence Level 
Asthma Score 

β Agonist 

Steroid 
Fracture Analgesia 

Any 

Opioid: 

0.57 (0.47,0.65) 

0.61 (0.50,0.74) 

0.41 (0.29,0.61) 
 

0.54 (0.39,0.81) 

0.71 (0.48,0.97) 

Timm 2008 USA(278) 4  

Time to Assessment 

EDLOS 

↑50 arrivals 

↑53.7% (non-linear <7 minutes shown graphically) p<0.001. 

↑9.1% (≤ 15 minutes shown graphically) p<0.001. 

3 

Rathlev 2007 USA(252) 4  
EDLOS 

For ↑1 arrival 
0.2 (-0.25, 0.66) min 

3 

Gorelick 2005 USA(253) 4  

EDLOS 

↑10 Patients per day 

↑ 4.3 (3.0,5.5) min 

3 

Anderson 2016 USA(219) Multiple  
DNW 

Log ED Census ↑1% 
↑0.49% (-0.15% to 1.63%) p=0.16 

4 

Handel 2014 USA(255) Multiple  

EDLOS All(min) 
 

 

 
EDLOS Discharged(min) 

 

 
 

EDLOS Admitted(min) 

 
 

 

DNW 

per 1000 presentations 

<20 reference 
20-40: 14.4 (5.3,23.3) 

40-60: 24.7 (13.6,35.5) 

>60: 24.0 (11.0,37.7) 
<20 reference 

20-40: 12.5 (3.6,21.5) 

40-60: 24.8 (14.0,35.6) 
>60: 25.8 (13.4,38.8) 

<20 reference 

20-40: 5.4 (6.4 to 44.4) 
40-60: 48.6 (25.6 to 71.5) 

>60: 68.4 (42.1 to 94.7) 

<20 reference 
20-40: 0.5 % (0.1 to 0.9) 

40-60: 0.9% (0.4 to 1.4) 

>60: 1.3% (0.7 to 1.9) 
all p<0.05 

4 

Krall 2014 USA(246) 3 Door to Room Time r=0.657 p<0.001 4 

Van Der Linden 2014 

Netherlands(320) 

4 and 3 DNW aOR 1.06 (1.01 to 1.10) 4 

Hong 2013 Korea(321) 4 Delay to placement in sole resuscitation 

space 

OR 2.0 (1.4,3.2) 

 

4 

Arkun 2010 USA(194) 3  

Time to Assessment 

Boarding Time 

aOR of being seen at 20:00 

0.99 (0.99,1.00) 

1.0 (0.99,1.01) 

4 

Lucas 2009b USA(257) Multiple EDLOS β-coefficient 0.376 (–0.372, 1.125) p=0.321  4 
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Study / Setting 

ED 

Level Effect Measure Results Evidence Level 

Hillier 2009 USA(197) 4  

DNW 

EDLOS discharged 
EDLOS admitted 

Hallway Use 

↑1 arrival per hour  

aOR ↑1.11 (1.07–1.15) 

↑6 (3.9,8.1)min 
-2.4 (-5.4, 0.5)min 

aOR ↑1.21 (1.19,1.23) 

4 

Forero 2008 Australia(322) 4 Time to Analgesia r=0.57 p<0.001 4 

Asaro 2007a USA(199) 4 DNW aOR  

1.021 (1.019 to 1.022) 
200→234 arrivals: aOR 2.0 (1.93 to 2.07) 

4 

Asaro 2007b USA(200) 

 

4 Time to Room Placement min 

Main ED 
Fast Track 

Treatment Time min 

Admissions 
Fast Track 

Discharges 

Boarding Time min 
EDLOS min 

Admissions 

Discharges 
Fast Track 

Change in time per arrival 

0.06 (-0.03, 0.15) p=0.214  
1.0 (0.9,1.0) p<0.001 

 

0.04 (-0.03, 0.10) p=0.255 
nr 

0.1 (0.1,0.2) p<0.001 

0.69 (0.57,0.82) p<0.001 
 

1.4 (1.3,1.6) p<0.001 

1.11 (1.03,1.18) p nr 

1.1 (1.1,1.2) p<0.001 

4 

Pines 2006 USA(57) Multiple Time to Antibiotics ≤4hr 

Time to PCI ≤2 hr  

 
Time to Antibiotics ≤4hr 

Time to PCI ≤2 hr 

r=-0.58 (-0.8,-0.21) p=0.004 

r = -0.01 (-0.43, 0.41) 

Arrivals per bed 
r=0.09 (-0.39, 0.53) p=0.70 

r= -0.23 (-0.63, 0.27) p=0.35 

4 

Fatovich 2005b 

Australia(286) 

4 and 3 Triage time non-compliance 
EDLOS 

Diversion 

r=0.46 (0.07,0.73) p=0.02;  
r=0.2 (-0.22, 0.56) p=0.36 

r=-0.16 (-0.53 , 0.26) p=0.45 

4 

Weiss 2005 USA(233) 4 Time to ECG 
Diversion 

r=0.15 (-0.18, 0.45) p ns 
r= .86 (0.81,0.90) p<0.01 

4 

Fatovich 2003 

Australia(323) 

4  

Diversion  

When >10 patients per hour for last 2 hours 

OR 6.2 (4.3,8.5) 

4 

Chan 1997 USA(319) 4 EDLOS discharged All arrivals r=0.32 p=0.0028 

Paediatric arrivals r=0.43 p=0.0003 

4 

Number of Discharges 

Rathlev 2012 USA(251) 4  
EDLOS (min) 

 

 

↑1 Discharge per shift 
Morning: -1.10 (-1.52,-0.69) 

Evening: -0.21 (-1.14, 0.73) 

Night: 1.54 (0.54,2.54) 

3 

Sills 2011a USA(212) 4  

Asthma Score 

aRR 

0.95 (0.85,1.07) 

3 
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Study / Setting 

ED 

Level Effect Measure Results Evidence Level 
β Agonist 

Steroid 

Fracture Analgesia 
Any 

Opioid 

0.97 (0.86,1.11) 

Steroid: 0.87 (0.65,1.15) 

 
1.0 (1.0,1.0) 

0.58 (0.38,0.90) 

Fee 2007 USA(231) 4 Antibiotics ≤4hr Pneumonia ↑1 more discharged patient 
aOR 0.97 (0.93,1.02) 

4 

Fatovich 2005b 

Australia(286) 

4 and 3 Triage time non-compliance 

EDLOS 

Diversion 

r=0.06 (-0.35, 0.45) p=0.79 

 

r=-0.10 (-0.48, 0.31) p=0.63 
r=-0.34 (-0.65, 0.07) p=0.11 

4 

Number of Staff 

Schull 2003a Canada(184) 4 Diversion ↑1 nursing hour per shift 

-0.4 (-1.5, 0.7)min diversion 

2 

Rathlev 2012 USA(251) 4  
EDLOS 

 

↑ ED Nurses by 1 per shift 
Morning: -0.58 (-3.80, 2.64)min 

Evening: -0.32 (-7.93, 7.28)min 

Night: -4.13 (-3.92, 12.17)min 

3 

Rathlev 2007 USA(252) 4 EDLOS ↑1 additional attending Physician hour in ED 
25.5 (-46 to 97) min 

3 

Gorelick 2005 USA(253) 4  

EDLOS 

↑1 Attending Physician hour 

↑0.14 (-1.26 to 1.75) min 

3 

Weiss 2004 USA(170) Multiple NEDOCS  13 compared to 8 nurses 
-1.4 (-11 to 9)/200 p=0.79  

3 

Anderson 2016 USA(219) Multiple DNW  

 

Physician Hrs ↑1% ↓0.14% (-.25% to -0.01%) p=0.05 

Nurse Hrs ↑1%: ↑0.17% (-.004% to 0.39%) p=0.06 

4 

Tsai 2016 Taiwan(218) 4 Process Times for Stroke 

Time to first order request in Electronic 

Medical Record 
 

 

 
 

 

 
 

Time to CT completion 

 
 

 

 
 

 

 

<10min / >10min  

2.6 / 2.3 attending physicians 
OR 0.49 (0.32,0.75) ↑ 1 unit attending→↓2min 

2.4 / 2.5 residents 

OR 1.1 (0.94,1.3) 
6.3 / 6.1 nurses 

OR 0.85 (0.63,1.16) 

 
<25min / >25min 

2.6 / 2.2 attending physicians 

OR 0.41 (0.25,0.65) ↑1 unit attending→↓7min 
2.4 / 2.5 residents 

OR 1.11 (0.92,1.34) 

6.3 / 6.0 nurses 
OR 0.76 (0.54,1.07) 

 

4 
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Study / Setting 

ED 

Level Effect Measure Results Evidence Level 
 

Time to Thrombolysis 

<60min / >60min,  

2.7 / 2.5 attending physicians 

OR 2.46 (0.39,15.9) 
2.4 / 2.5 residents  

OR 0.99 (0.27,1.72) 

6.6 / 6.2 nurses 
OR 0.18 (0.04,0.80) ↑nurses (4,7)→↓DTN time 15min  

Muller 2015 Canada(222) 4 Hand Hygiene Compliance  

Nurse hrs per shift: 
Overtime hrs per shift 

 

OR 0.79 (0.61,1.03) p=0.081 
OR 0.99 (0.76,1.3) p=0.93 

4 

Husain 2015 

Australia(191) 

4 Clinician Perception that could safely 

manage patients  

Doctors 

r=0.15 p=0.01, aOR ns 

4 

Medley 2012 USA(226) 4 Violent Days 

Doctors 
Nurses 

 

aOR 1.342 1.206–1.494 p< 0.0001 
aOR 1.119 0.904–1.384 p=0.301 

4 

Arkun 2010 USA(194) 3  

Time to Assessment 
Boarding Time 

aOR of being seen at 20:00 

0.98 (0.96,1.01) 
0.99 (0.94,1.03) 

4 

Bickell 2008 USA(230) 4 Doctors 

Time to Theatre for Appendicitis 

 

Nurses 

Time to Theatre for Appendicitis 

<4hr vs ≥4hr 

10.4% vs 8.4% p<0.001 

aPE -0.04 ( -0.06 to -0.007) p=0.01  
 

17.7% vs 15.8% p<0.001 
aPE nr 

4 

Pines 2007a USA(159) 4 Care Compromise 
Doctor perception  

Nurse perception 

Patient perception 

Number of Nurses 
aOR 1.39 (1.09, 1.20) p nr 

aOR nr 

aOR nr 

4 

Asaro 2007a USA(199) 4 DNW aOR 0.976 (0.973 to 0.978) 
↑2 nurses per shift (11% change): aOR 0.76 (0.74 to 0.78) 

4 

Kelly  2007 USA(324) 4  

Quality of teaching 
Teaching attributes 

Productivity  

β-estimate -0.01 p=0.36 
β-estimate -0.02 p=0.75 

4 

Asaro 2007b USA(200) 4 Time to Room Placement(min) 

Overall 

Fast Track 
Treatment Time(min) 

Admissions 

Fast Track 
Discharges 

Boarding Time 

EDLOS 

Change in time ↑1unit relative percent of nurses  

-0.41 (-0.57,-0.25) p<0.001 

-0.1 (-0.1 to -0.1) p<0.001 
 

-0.28 (-0.39,-0.16) p<0.001,  

0.20 (0.01,0.2) p=<0.001 
nr 

-1.04 (-1.26,-0.83) p<0.001 

 

4 
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Study / Setting 

ED 

Level Effect Measure Results Evidence Level 
Admissions 

Discharges 

Fast Track 

-1.98 (-2.25,-1.70) p<0.001 

-1.09 (-1.22,-0.95) p nr 

0.1 (0.0,0.2) p=0.003 

Lambe 2003 USA(202) Multiple Time to Assessment 

 

 

↑1 doctor/NP per patient waiting 

↓ 82 (0.8,163.4) min p=0.04 

↑1 triage nurse per patient waiting 
↓ 28.8 (0.42,53.4) min p=0.02 

4 

Weiss 2002 USA(177) 4 Staff Perception Crowding r=-0.07 p=ns 4 

Number Waiting to be Seen 

Sills 2011a USA(212) 4  
Asthma Score 

β Agonist 

Steroid 
Fracture Analgesia 

Any 

Opioid 

aRR 
0.32 (0.24,0.41) 

0.47 (0.36,0.63) 

0.31 (0.22,0.41) 
 

0.80 (0.58,1.06) 

0.75 (0.55,1.00) 

3 

Gaieski 2017 USA(190) 4 IV fluids ≤1hr 

Time to Fluids(min) 

 
 

 

Antibiotic ≤3hr 
Time to Antibiotic(min) 

 

 
 

In-hospital Mortality  

 
 

 

 
Protocoled Sepsis Care 

 

aOR 0.92 (0.74 to 1.15) 

Q1 37.0 

Q2 32.5 
Q3 28.0 

Q4 34.0 p=0.15 

aOR 0.92 (0.74,1.15) 
Q1 116.0 

Q2 100.5 

Q3 115.0 
Q4 113.5 p=0.80 

aOR 0.73 (0.52,1.03) 

Q1 27.0% 
Q2 36.5% 

Q3 18.8% 

Q4 23.8% p=0.24 
aOR 1.28 (0.89,1.85) 

Q1 60.5% 

Q2 62.3% 
Q3 61.6% 

Q4 65.9% p=0.25 

4 

Husain 2015 

Australia(191) 

4 Clinician Perception: safely manage 
patients  

r=-0.42 (-0.51,-0.32) p<0.001 
aOR 0.92 (0.88,0.95)  

4 

Weiss 2002 USA(177) 4 Staff Perception Crowding 

Waiting for Registration 

Waiting for Triage 

 

r=0.54 p<0.05 

r=0.53 p<0.05 

4 

Skane Emergency Department Assessment of Patient Load (SEAL) 
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Study / Setting 

ED 

Level Effect Measure Results Evidence Level 
Wretborn 2015 

Sweden(325) 

Multiple Staff perception: workload (scale 1,6)  

 

 
 

Full model 14 variables  

r2 = 0.96 (0.95 to 0.97);  

Four variables explained 96.4% of variation in final model  
r2 = 0.51 (0.41 to 0.59) p<0.001. 

Correlation between doctors and nurses r2=0.41 (0.3 to 0.5) 

3 

ED=Emergency Department, LOS=Length of Stay, ICU=Intensive Care Unit, DNW=did not wait for assessment, NEDOCS=National ED Overcrowding Scale, PCI=Per-cutaneous Coronary Intervention, ECG=Electrocardiogram, 
CT=Computerised Tomography, IV=Intravenous, aOR=Adjusted Odds Ratio, OR=Odds Ratio, aRR=Adjusted Relative Risk, RR=relative risk, aPE=Adjusted Parameter Estimate, min=minutes, ns=not significant, nr=not reported,  
 

 
Table 4-18 Included Studies Other Metrics (DNW) 

Study / Setting ED Level Effect Measure Results Evidence Level 

Geirsson 2013 Iceland(326) 4 Re-presentation  

<8days 

<30 days 
Admission  

<8 days 

<30 days 
Mortality 

<8 days 

<30 days 

aHR 

6.24 (5.79 6.72) 

4.84 (4.53,5.17) 
 

0.97 (0.73,1.21) 

1.09 (0.91,1.27) 
 

0.90 (0.00,2.39) 

0.84 (0.17,1.63) 

3 

 

 
 

 

 
 

 

4 

Bindman 1991 USA(269) 4  

Re-presentation 

Admission within 14 days 
Patient Dissatisfaction 

Patient Perception  

Pain Worse 
Seriousness of Condition Worse 

Stayed vs DNW 

9.9% vs 27.5% p<0.001 

3.4% vs 3.9% p and CI nr 
12% vs 22% p<0.01 

 

17% vs 8% p<0.05 
24% vs 14% p<0.05 

4 

Weiss 2005 USA(233) 4 Time to ECG 

Diversion 

r=0.68 (0.46,0.85) p<0.05 

r=0.47 p ns 

3 

4 

Pines 2006 USA(57) Multiple Time to Antibiotics ≤4hr 
Time to PCI ≤2 hr 

r=-0.51 (-0.77,-0.11) p=0.01 
r=-0.11 (-0.51, 0.33) p=0.67 

4 

Guttmann 2011 Canada(4) Multiple Mortality 

Patient Level DNW 

CTAS 1,2 patients 

CTAS 3,5 patients  

Annual ED Level DNW 
CTAS 1,2 patients 

CTAS 3,5 patients 

aOR 

estimated from graph 

≈0.7 (0.60,0.85) 

≈0.7 (0.55,0.95)  

from body of text 
1.00 (0.97,1.02) 

1.03 (0.99,1.06) 

4 

Medley 2012 USA(226) 4 Violence towards staff aOR 0.93 (0.91–0.96) p=0.001 4 

Mullins 2014 USA(263) Multiple Mortality 30 days 

 

Myocardial Infarction r=0.08 

Heart Failure r=-0.03 

4 
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Study / Setting ED Level Effect Measure Results Evidence Level 
 
 

Readmission 30 days  

 
 

STEMI  

 
 

 

 
 

 

Long Bone Fracture 
Patient satisfaction (10 domains) 

 

Hospital Acquired Complications 
 

 

 
 

Medicare spending 

 

Outpatient Imaging Efficiency 

 

 
 

 
Pneumonia measures  

 

 
AHRQ measures  

 

Pneumonia r=0.06 
 

Myocardial Infarction r=0.01 

Heart Failure r = 0.05 
 

Pneumonia r= 0.05 

Time to PCI r=-0.04 
Time to ECG r=0.07 

Time to transfer r=0.10 

Aspirin r=-0.15 
Thrombolysis<30 min r=-0.01  

Median time to Thrombolysis r=0.08 

Time to Analgesia r=0.44 
r varied -0.23 to 0.05, mostly negative 

 

Air embolism r=0.03 
CAUTI r=0.00 

CLAB r=0.09 

poor glycaemic control r=0.08 
 

r=0.08 

 

MRI Lumbar Spine, r=0.01 

CT Abdomen, r=-0.08 

CT Thorax, r=0.09 
Brain/Sinus CT, r=0.10 

 
Blood Culture before Antibiotic r=-0.08 

Initial Antibiotic in Immunocompetent Patient r=-0.06 

 
'composite serious complications', r=-0.09 

'serious complications composite measure', r=-0.03 

iatrogenic pneumothorax, r=-0.02 

Jones 2014 USA(262) Multiple PCI time <90min 
Below standard (<91.9%) 

At standard  

At benchmark (100%) 

 
2.7% 

2.3% 

1.7% p=0.002 

4 

Truong 2017 Canada(189) Multiple Re-presentation 

DNW individual 

DNW daily% 

aOR 

1.73 (1.57,1.90) 

1.00 (0.99,1.00) 

4 

ED=Emergency Department, CTAS=Canadian Triage and Acuity Scale, PCI=Per-cutaneous Coronary Intervention, ECG=Electrocardiogram, CT=Computerised Tomography aOR=Adjusted Odds Ratio, OR=Odds Ratio, aHR=adjusted 
Hazard Ratio, HR=Hazard Ratio, CI=Confidence Interval, DNW=did not wait for assessment, STEMI=ST Elevation MI, MRI=Magnetic Resonance Imaging, CAUTI=Catheter Associated Urinary Tract Infection, CLAB=Central Line 

Associated Bacteraemia, AHRQ=Agency for Healthcare Research and Quality,  ns=not significant, nr=not reported 
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Table 4-19 Included Studies Compound Metrics 

Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 

ED Work Index (EDWIN) 

McCarthy 2008 

USA(213) 

4 ED Occupancy 

DNW 

Diversion 

r=0.58 (0.56,0.60), Range 0.03,0.89  

AUCROC 0.65 (0.58,0.72) Range 0.52,0.75 

AUCROC 0.70 (0.59,0.81) Range 0.52,0.81 

3 

Hoot 2007 USA(214) 4 Diversion AUCROC 0.81 (0.77,0.85); Sensitivity fixed at 90%: LR+ 2.42, LR- 0.15 3 

Brouns 2017 

Netherlands(327) 

mEDWIN 

4 Occupancy (>100%) 
EDLOS (≥4 hr)  

r=0.95 (0.94,0.96); AUCROC 0.86 (0.85,0.87) 
r=0.16 (0.14,0.18); AUCROC 0.50 (0.40,0.60) 

4 

Tekwani 2013 

USA(225) mEDWIN 

4 Satisfaction  

Score ≥85% 
Predict satisfaction  

r=-0.11 (-0.158,-0.062) p=0.02 

OR 0.05 (0.004,0.015) p=0.015 
AUCROC 0.57 (0.52,0.62) p=0.012 

4 

Johnson 2011 

USA(328) 

4 Time to Vital Sign Measurement 

 
 

Response to Worsening  

r=0.128 p=0.039  

Mean 132.8min crowded vs 103.8min not crowded p(1-tailed)=0.018. 

↑1 on EDWIN→↑1.2min between vital sign recordings 

r=0.071 p=0.205 

4 

Kulstad 2010 

USA(329) mEDWIN 

3 Medication Errors 
Detect errors  

 

r=0.33 p=0.001; 
AUCROC detect >1 medication error per day 0.65 (0.56,0.78) p=0.005 

4 

Kulstad 2009 

USA(330) mEDWIN 

4  
Time to Catheter Lab 

Time to PCI for STEMI 

Crowded vs Not Crowded 
76 vs 62min p=0.06  

107 vs 84min p=0.008 

4 

Epstein 2006 

USA(179) 

4 Diversion AUCROC 0.79 (0.73,0.85) 4 

Hoot 2006 USA(331) 4 Diversion  
AUCROC 0.88 (CI not given p ns); False alarms ≈0.6/hr 

4 

Jones 2006 

USA(332)  
 

4 Staff perception: crowding  

 
Correlations crowding metrics 

NEDOCS 

EDWIN 
READI-DV 

AUCROC 0.84 (0.77,0.93); LR+3.4 (site specific threshold) 

 
 

r=0.67 (0.57,0.75) 

r=0.26 (0.10,0.41) 
r=0.49 (0.356,0.61), all p <0.01 

4 

Weiss 2006 

USA(333) 

4 Staff perception crowding  r=0.75 (0.66,0.82) p<0.001; AUCROC 0.80 (0.73,0.88) 4 

Bernstein 2003 

USA(334) 

4 Staff perception 
Not busy 

Average 

Busy 

Diversion 

Composite poor quality 

DNW / Re-presentation 72hr / xRay over-read / referred to 

Median (IQR) 
1.07 (0.80,1.55) 

1.55 (1.16,1.93) 

1.83 (1.42,2.45) p<0.001 
2.77 (1.83,3.63) vs 1.45 (1.05,2.00) p<0.001 

1.90 (1.45,2.33) vs 1.66 (1.25,2.22) p=0.10 

Post- hoc divided EDWIN into 3 categories 0,1 to  1 .31;  1.32 to 1.69;/ 1.7. 0 to highest: EDWIN 

4 
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Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 
Quality improvement team ‘significantly’ higher for those with a ‘bad outcome’ p<0.03 (n=34 in pre-specified analysis, n=67 in post 

hoc analysis) 

 
 

National Emergency Department Overcrowding Scale (NEDOCS) 

Lee 2012 

Taiwan(335) 

4 Contaminated Blood Cultures NEDOCS ≥100 aOR 1.58 (1.01,2.59) p=0.04 3 

Raj 2006 

Australia(336) 

3 Staff Perception Crowding (difference subjective and 

NEDOCS) 
95%CI for limits of agreement  

Kappa for score category 

3.5 (-0.9, 7.8)/200  

 
-46, 53  

0.31 (0.17,0.45) 

3 

Hoot 2007 USA(214) 4 Diversion AUCROC 0.88 (0.85,0.91) 
Sensitivity fixed at 90% LR+ 2.75, LR- 0.15 

3 

Weiss 2005 

USA(233) 

4 DNW 

 

 
Diversion 

ED Occupancy 

Time to ECG 

r=0.66 (0.55,0.75) p<0.01  

r2=0.43 p<0.02.  

Effect size 0.03 (0.01,0.06) 
r=0.73 (0.64,0.80) p<0.01 

r=0.80 (0.73,0.85) p<0.01 

r=0.28 (0.12,0.43) p ns 

3 

 

 
 

 

4 

Weiss 2004 

USA(170) 

Multiple Staff Perception of Crowding Full model r2=0.49 p<0.001, reduced model 5 variables 88% accuracy of full model 3 

Johnson 2016 

USA(337) 

4 Post-Shift Racial Bias 

Race Implicit Association tool 
Explicit using direct questioning 

Race Implicit Association Tool ↑0.09 (0.01,0.17) d=0.24 

Multivariable model 1 unit ↑NEDOCS ↑post shift bias 0.11 (0,0.21) p=0.05 
No association  

4 

Wang 2014 

USA(338) 

4 EDLOS  

 
 

DNW 

 
Staff Perception: crowding 

Table split by ESI and admission status, 30 comparisons.  

No statistically significant difference but clinically important differences shown 
Overall mean in not crowded was 5.1hr, crowded 5.9hr and severely crowded 5.9hr 

Not crowded 1.3 vs 2.1 p=0.14 for not vs crowded 

Crowded 2.1 vs 2.4 p=1.0 for crowded vs severely crowded 
k=0.37 p<0.001 

4 

Richards 2011 

USA(339) 

4 Satisfaction 

 

Preferring ward hallway to ED hallway with high NEDOCS 

r=−0.14 p=0.08 

 

OR 1.2 (0.8,1.8) p=0.03 

4 

Weiss 2007 

USA(340) 

4 Staff perception crowding on 100mm VAS r=0.70 (0.50,0.86) p<0.01 4 

Hoot 2006 USA(331) 4 Diversion AUCROC 0.92 (CI not given p ns); False alarms ≈0.2/hr 4 

Jones 2006 

USA(332) 

4 Staff perception crowding 

Site-specific threshold of 37/200 

 
Correlations with other crowding metrics 

EDWIN 

EDCS 

AUCROC 0.92 (0.85,0.97) 

LR+6.23 at site specific threshold 

 
 

r= 0.67 (0.57,0.75) 

r=0.29 (0.13,0.44) 

4 
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Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 
READI-DV r=0.41 (0.26,0.54), all p <0.01. 

Weiss 2006 

USA(333) 

4 Staff perception crowding  r=0.71 p<0.001; AUCROC 0.83 (0.75,0.90) 4 

Community Emergency Department Overcrowding Scale (CEDOCS) 

Weiss 2014 

USA(341)  

Multiple Staff perception crowding  

 

Correlation other metrics 
ED Occupancy 

CEDOCS  

NEDOCS  

CEDOCS explained 47.4% model variability  

NEDOCS explained 39% model variability 

 
r=0.6 p nr 

r=0.67 p nr 

r=0.62 p nr  

3 

Paediatric Emergency Department Overcrowding Scale (PEDOCS) 

Weiss 2007 

USA(340)  

4 Staff perception crowding  r=0.81 (0.67,0.89) p<0.01 4 

READI DV 

Hoot 2007 USA(214) 4 Diversion AUCROC 0.65 (0.60,0.71); Sensitivity fixed at 90%, LR+ 1.32, LR- 0.32 3 

Jones 2006 

USA(332)  
 

4 Staff perception of crowding  
At site specific threshold   

Components of READI 

Bed Ratio 
Acuity Ratio 

Provider Ratio 

Correlations crowding metrics 
NEDOCS 

EDWIN 

EDCS 

AUCROC 0.66 (0.55,0.76); LR+1.6 at site specific threshold 
 

 

AUCROC 0.86 (0.78,0.93) 
AUCROC 0.57 (0.44,0.69) 

AUCROC 0.53 (0.41,0.66) 

 
r=0.41 (0.26,0.54) 

r=0.49 (0.36,0.61) 

r=0.50 (0.36,0.62), all p <0.01 

4 

Reeder 2003 

USA(342) 

4 Staff perception crowding (Yes/No) 

Mean difference  

 

When DV exceeded vs not Exceeded 

0.225 (-1.07, 0.62) p ns 

4 

Work Score 

Hoot 2007 USA(214) 4 Diversion AUCROC 0.90 (0.86,0.92); Sensitivity fixed at 90%, LR+ 3.09, LR- 0.14 3 

Epstein 2006 

USA(179) 

4 Diversion AUCROC 0.89 (0.86,0.92) at value 4.77 for Work Score, LR+ 4.3, LR- 0.18 4 

Other 

Boyle 2013 UK(193) 

sICMED 

 

Multiple Emergency Medicine Consultant opinion  
Crowded 

 

 
 

Any Three Violations 
Sensitivity 91.2 (85.1,97.2); Specificity 100 (92.9,100) 

LR+infinity LR-0.09 

AUCROC 0.80 (0.72,0.90) 
 

4 
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Study / Setting 

ED 

Level Effect Measure Results 

Evidence 

Level 
Dangerous 

 

 
 

Sensitivity 61.5 (51.1,71.9); Specificity 67.6 (57.6,77.6) 

LR+1.9 LR-0.57 

AUCROC 0.74 (0.60,0.89) 
Sensitivity / specificity of components of sICMED for crowding see relevant tables above 

Ruger 2012 

USA(343) 

Intensive Use Index 

4 EDLOS 

Normal 
High 

High Intensity 

 

303.6 (278,239)min  
310.7 (263,358)min  

358.5 (278,478)min p <0.001  

4 

Degan 2009 

Australia(130) 

SAPhTE 

3 Emergency Capacity Hospital Overview  

Count of daily presentations  
Count of daily Admissions  

r=0.67 p=0.01 

 
r<0.2 p ns 

r<0.2 p ns 

4 

Sprivulis 2006 

Australia(64) 

Overcrowding Hazard 

Scale 

Multiple Mortality 
Day 2 

Day 7 

Day 30 
 

Day 2 

Day 7 
Day 30 

OHS >2 Hazard ratio  
1.3 (1.1,1.6) p=0.001 

1.3 (1.2,1.5) p<0.001 

1.2 (1.1,1.3) p<0.001  
excess deaths per 1000  

1 (0.4,1.4) 

1.9 (0.7,2.5)  
2.3 (1.2,3.2) 

3 

Jones 2006 

USA(332) ED 

Crowding Scale 
 

4 Staff perception of crowding  

 

Correlations with other crowding metrics 
NEDOCS 

EDWIN 
READI-DV 

AUCROC 0.64 (0.53,0.75); LR+1.2 at site specific threshold 

 

 
 

r=0.29 (0.13,0.44) 
r=0.26 (0.10,0.41) 

r=0.50 (0.36,0.62), all p <0.01 

4 

Liu 2003 USA(344) 

Critical Bed Status 

4  

Orders to first intervention time(min)  
Arrival to Room(min) 

Room to Physician(min) 

Treatment+Boarding Time(min) 
EDLOS(min) 

Not Crowded vs Crowded 

22.5 vs 31.7  p ns 
 

33.3 vs 63.7 p<0.01 

35.2 vs 22.7  p ns 
207.5 vs 178.4  p ns 

 

255.2 vs 217.7  p ns 

4 

ED=Emergency Department, LOS=Length of Stay, CTAS=Canadian Triage and Acuity Scale, ESI=Emergency Severity Index, ATS=Australasian Triage Scale, STEMI=ST-segment Elevation Myocardial Infarction, ACS=Acute 

Coronary Syndrome, PCI=Per-cutaneous Coronary Intervention, ECG=Electrocardiogram, aOR=Adjusted Odds Ratio, OR=Odds Ratio, CI=Confidence Interval, IQR=Interquartile Range, LR=Likelihood Ratio, min=minutes, ns= not 

significant, nr=not reported, DNW=did not wait for assessment, AUCROC=Area Under Curve Receiver Operating Characteristics, NEDOCS=National ED Overcrowding Scale, CEDODS=Community ED Overcrowding Scale. 
PEDOCS=Paediatric ED Overcrowding Scale, READI-DV=Real Time Emergency Analysis of Demand Indicators-Demand Valve. EDWIN=ED Work Index, EDCS=ED Crowding Scale, SAPhTE=Staffing Acuity Physical Capacity 

Disposition/Transfer and Environment in ED, sICMED= Shortened International Crowding Measure in ED, ns=not significant, nr=not reported 
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Publication Bias 

Twenty-eight studies were available only as abstracts and are listed in the Table of Excluded 

Studies in the Appendix to Chapter 4. The strength of associations with effect measures was 

spread evenly across the comparisons that were reported. These are shown in Table 4-20. 

Table 4-20 Strength of Association with Effect Measures in Unpublished Studies 

Category 

Strength of Association 

None Weak Moderate Large Not Quantified 

Time 6 7 10 2 9 

Occupancy 1 3 4  3 

Workload 7 7   1 

Compound 1 1 2 1 3 

DNW 1    1 

Total 19 18 18 3 17 

 

There was no association with processes or outcomes for 19 comparisons, weak associations 

in 18, moderate in 19 and Large in three. This finding may be subject to selective reporting as 

17 comparisons the association were not quantified. The distribution of the strengths of 

association roughly matched that of the published studies discussed in the tables of included 

studies. Time and Occupancy metrics tended to have stronger associations with effect 

measures than Workload metrics in the abstracts, also matching the pattern seen in published 

studies. On this basis there was little evidence that publication bias a factor in this body of 

evidence. 
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4.4. Summary of Evidence for Crowding Metrics 

Figures 4-5 to 4-9 are Harvest Plots that summarise the evidence of associations between the 

crowding metrics and care quality. The GRADE process to determine the quality of evidence 

for each category of metric displayed in the Harvest plots is shown in the Summary of 

Findings tables immediately below each set of plots. All studies were observational and started 

as low quality for this process.  

Figure 4-5 Time to Assessment Associations with Quality 

A-All Processes and Staff Experience 

 
B-Outcomes and Patient Experience 

 
ED=Emergency Department, LOS=Length of Stay, DNW=did not wait for assessment, PCI=Per-cutaneous Coronary Intervention, 

ECG=Electrocardiogram 
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Table 4-21 Summary of Findings Time to Assessment 

Quality Measure 

Number of Participants 

(studies)
(References)

 

Strength; Direction 

of Association GRADE process 

Evidence 

Quality Comment 

Processes 

Timeliness  

Analgesia 4,877 Hospitals (2 studies)
(259, 263)

 Moderate; Worse ↓Risk of Bias ↓Indirect +  

Acute Coronary 

Syndromes 

5,082 Hospitals(2 studies)
(263, 345)

 None 
↓Risk of Bias ↓Indirect 

↓Inconsistent 
+ 

Contradictory very weak 

associations most likely no 
real association PCI 

4,810 Hospitals (1 study)
(263)

 Very Weak; Better   + 
Thrombolysis 

Opposite to expected 

4,810 Hospitals (1 study)
(263)

 Weak; Worse ↓Risk of Bias ↓Indirect + ECG 

EDLOS 

Time to Assessment      

Treatment Time 250,905 (1 study)
(206)

 Weak; Worse  ++  

Boarding Time 67 Hospitals (1 study)
(259)

 None ↓Risk of Bias ↓Indirect +  

Total 257,197 (3 studies)
(259, 263, 266)

 Weak; Worse 
↓Risk of Bias ↓Indirect 

↓Inconsistent 
+ 

 

Hospital LOS 136,740 (1 study)
(209)

 None  ++  

Outcomes 

Mortality 768,416 (4 studies)
(207, 209, 249, 263)

 None  ++  

Receiving Care 4,810 Hospitals (1 study)
(263)

 Very Weak; Worse ↓Risk of Bias ↓Indirect + 
Guideline recommended 
treatment or investigations 

Other 

Adverse Events 4,810 Hospitals (1 study)
(263)

 None ↓Risk of Bias ↓Indirect + 
Contradictory very weak 

associations most likely no 
real association 

Workload 67 Hospitals (1 study)
(259)

 Moderate; Worse ↓Risk of Bias ↓Indirect ↓Imprecise +  

Hospital Occupancy 67 Hospitals (1 study)
(259)

 None ↓Risk of Bias ↓Indirect ↓Imprecise +  

Costs 4,810 Hospitals (1 study)
(263)

 Very Weak; Worse ↓Risk of Bias ↓Indirect +  

Hand Hygiene 1,116 (1 study)
(222)

 Moderate; Worse ↓Risk of Bias +  

DNW 43,485 (7 studies)
(180, 219, 235, 247, 259, 267, 269)

 Strong; Worse ↑Strength of Effect +++  

Re-presentation 629,906 (2 studies)
(207, 263)

 None ↓Inconsistent + 
Admission within 7 days of 

ED discharge 

Patient Experience 
>≈12,597 (10 studies)

(133, 159, 178, 234, 260, 261, 

263-265, 268)
 

Weak; Worse ↑Dose Response ↓Inconsistent ++ 
Recommend ED 

4,810 hospitals 

>8597 patients 

Staff 

Experience 

Perception Crowded 440 Sampling times (3 studies)
(170, 177, 193) 

 Weak; Worse ↓Inconsistent + 
 

Danger/Care 
Compromise 

≈1,503 (2 studies)
(159, 193)

 Weak; Worse ↓Risk of Bias + 
1,419 surveys 
84 sampling times 

Stress 216 (1 study)
(173)

 None ↓Risk of Bias +  

Very Low Quality, ++Low Quality, +++Moderate Quality, ++++High Quality. ≈combines different units of analysis, >n=n not stated in ≥1 study, ED=Emergency Department, LOS=Length of Stay, DNW=Did Not Wait, 

ECG=Electrocardiogram, PCI=Percutaneous Coronary Intervention
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Figure 4-6 Time for Treatment Associations with Quality 

A-All Processes and Staff Experience 

 
B-Outcomes and Patient Experience 

 
ED=Emergency Department, LOS=Length of Stay, DNW=did not wait for assessment, PCI=Per-cutaneous Coronary Intervention, 

ECG=Electrocardiogram, ICU=Intensive Care Unit  
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Table 4-22 Summary of Findings Time for Treatment 

Quality Measure 

Number of Participants 

(studies)
(References)

 

Strength; Direction 

of Association GRADE process 

Evidence 

Quality Comment 

Processes 

Hospital LOS 136,740 (1 study)
(209)

 None  ++  

Outcomes 

Mortality 837,016 (6 studies) 

Weak; Worse
(270, 272)

  ++ Heterogeneous 

settings None
(207, 209, 271, 273)

  ++ 

Moderate; Better
(273)

 ↓Risk of Bias ↑Strength of Effect ↓Inconsistent + Interaction EDLOS   

Receiving Care      

Other Diversion 1,095 Sampling times (1 study)
(184)

  Weak; Worse  ++  

DNW 2,190 Sampling times (1 study)
(180)

 Moderate; Worse  ++ Paediatric  

Re-presentation 625,096 (1 study)
(207)

  Strong; Worse ↑Strength of Effect +++  

Patient 

Experience 

Satisfaction 146 (1 study)
(264)

 
None ↓Risk of Bias ++ 

 

Care Compromise 644 (1 study)
(159)

 

Staff 

Experience 

Perception 

Crowding 
 20 (1 study)

(177)
 None ↓Risk of Bias + 

 

Care Compromise 1,419 Surveys (1 study)
(159)

 None ↓Risk of Bias +  

+Very Low Quality, ++Low Quality, +++Moderate Quality, ++++High Quality. ED=Emergency Department, LOS=Length of Stay, DNW=Did Not Wait 
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Figure 4-7 Boarding Time Associations with Quality 

A-Timeliness 

 
B-All Processes and Staff Experience 

 
C-Outcomes and Patient Experience 

 
ED=Emergency Department, LOS=Length of Stay, DNW=did not wait for assessment, PCI=Per-cutaneous Coronary Intervention, 

ECG=Electrocardiogram, APTT=Adjusted Partial Thromboplastin Time, CAP=Community Acquired Pneumonia, ACS=Acute Coronary 
Syndrome, STEMI=ST Elevation Myocardial Infarction, Ix=Investigations, Rx=Treatment 
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Table 4-23 Summary of Findings Boarding Time 

Quality Measure 

Number of Participants 

(studies)
(References)

 

Strength; Direction 

of Association GRADE process 

Evidence 

Quality Comment 

Processes 

Timeliness  

Antibiotics 1,621 (3 studies)
(163, 274, 280)

 None ↓Inconsistent +  

Analgesia 7,429 Hospitals (2 studies)
(263, 279)

 Weak; Worse ↓Risk of Bias ↓Indirect +  

Acute Coronary 
Syndromes 

 ≈5,213 (2 studies)
(167, 263)

 None ↓Imprecise ↓Indirect + 
ECG; 803 patients 

4,810 hospitals 

1,431 (2 studies)
(274, 280)

 None ↓Inconsistent + 
Coagulation tests; 2 studies 
same cohort different analysis 

1,431 (2 studies)
(274, 280)

 Weak; Better ↑Dose Response +++ 
Troponin tests  

Opposite to expected 

7,429 Hospitals (2 studies)
(263, 279)

 None ↓Risk of Bias ↓Indirect + Reperfusion 

Regular Medication 1,721 (3 studies)
(274, 276, 280)

 Strong; Worse ↑Dose Response +++  

Vital Signs 9,976 (1 study)
(161)

 Weak; Worse  ++  

EDLOS 
Time to Assessment 2,191 Days (2 studies)

(278, 286)
 Moderate; Worse ↓Inconsistent +  

Total 2,191 Days (2 studies)
(278, 286)

 Moderate; Worse ↓Inconsistent +  

Hospital LOS 209,825 (4 studies)
(209, 277, 281, 284)

 Moderate; Worse ↑Dose Response ↓Inconsistent ++ Setting dependent 

Outcomes 

Mortality 

331,016 (10 studies)
(198, 209, 263, 270, 271, 275, 

281, 282, 284, 346)
 

Moderate; Worse 
↑Strength of Effect ↑Dose Response 

↓Inconsistent 
+++ 

 

626,888 (2 studies)
(207, 277)

 None  ++ Low acuity settings 

Receiving 

Care 

Recommended care ≈9,234(2 studies)
(167, 263)

 None ↓Inconsistent ↓Risk of Bias ↓Indirect + 
4.424 patients 

4,810 hospitals 

Charted Medication 290 (1 study)
(276)

 Strong; Worse ↑Strength of Effect +++  

Other 

Diversion 1,095 (3 studies)
(184, 283, 286)

 Moderate; Worse ↑Strength of Effect ↓Risk of Bias ++  

Adverse Events 25,453 (5 studies)
(167, 198, 263, 274, 280)

 None ↓Imprecise ↓Inconsistent +  

Cost 6,602 (2 studies)
(263, 277)

 Moderate; Worse ↑Strength of Effect +++  

ICU admission 41,256 (1 study)
(281)

 Weak; Worse ↓Imprecise ↓Risk of Bias +  

Lost Opportunity 27,325 (1 study)
(196)

 Moderate; Worse ↑Strength of Effect ↓Risk of Bias ++  

DNW Unclear (3 studies)
(278, 279, 283)

 Moderate; Worse  ++  

Re-presentation 634,317 (5 studies)
(207, 239, 263, 277, 279)

 None ↓Inconsistent +  

Patient 

Experience 
Satisfaction ≈8,898 (3 studies)

(178, 263, 279)
 Weak; Worse ↓Imprecise ↓Indirect + 

1,469 patients 
7429 hospitals 

Staff 

Experience 

Perception Crowding 84 Sampling times (1 study)
(193)

 Strong; Worse ↑Strength of Effect ↓Risk of Bias ++  

Danger 84 Sampling times (1 study)
(193)

 Weak; Worse ↓Risk of Bias +  

Very Low Quality, ++Low Quality, +++Moderate Quality, ++++High Quality; ≈combines different units of analysis, >n=n not stated in ≥1 study, ED=Emergency Department, LOS=Length of Stay, DNW=Did Not Wait 

 



 

162 

 

Figure 4-8 Total ED Length of Stay Associations with Quality 

A-Timeliness 

  
B-All Processes and Staff Experience 

 
C-Outcomes and Patient Experience 

 
ED=Emergency Department, LOS=Length of Stay, DNW=did not wait for assessment, PCI=Per-cutaneous Coronary Intervention, 
ECG=Electrocardiogram, CAP=Community Acquired Pneumonia, ACS=Acute Coronary Syndrome, STEMI=ST Elevation Myocardial 

Infarction, CT=Computerised Tomography, OT=Operating Theatre, Ix=Investigations, Rx=Treatment 
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Table 4-24 Summary of Findings Total EDLOS Processes 

Quality Measure 

Number of Participants 

(studies)
(References)

 

Strength; 

Direction of 

Association GRADE process 

Evidence 

Quality Comment 

Timeliness  

Antibiotics 3,821 (4 studies)
(57, 163, 176, 190)

 Weak; Worse  ++  

Analgesia 

22,716 (9 studies)
(168, 175, 232, 

263, 279, 287, 291, 298, 347)
 

Strong; Worse 
↑Strength of Effect ↑Dose Response 

↓Inconsistent 
+++ 

 

1,229 (1 study)
(347)

 Moderate; Better ↓Imprecise + 
Opposite to expected 
Paediatric 

ACS 

ECG 9,234 (2 studies)
(167, 263)

 None ↓Risk of Bias ↓Imprecise ↓Indirect + 
4,424 patients 

4,810 hospitals 

Reperfusion 
10.370 (5 studies)

(57, 262, 263, 

279, 291)
 

Weak; Worse 
↑Dose Response ↑Strength of Effect 

↓Imprecise ↓Inconsistent ↓Indirect 
+ 

2,646 patients 
7,724 hospitals 

Asthma 
11,360 (3 studies)

(165, 291, 347)
 Moderate; Worse ↑Dose Response +++ Steroid 

11.360 (3 studies)
(165, 291, 347)

 Weak; Worse  ++ β-agonist 

Vital Signs 9,976 (1 study)
(161)

 Weak; Worse  ++  

Diagnosis 506 (1 study)
(172)

 None ↓Risk of Bias + CT stroke 

Theatre 437 (1 study)
(60)

 Strong; Worse 
↑Strength of Effect ↑Dose Response 

↓Imprecise 
+++ 

Fractured neck of 
femur 

EDLOS 

Time to Assessment 68,211 (2 studies)
(294, 300)

 Moderate; Worse ↑Strength of Effect ↓Imprecise ↓Risk of Bias +  

Treatment Time      

Boarding Time      

Total 68,616 (3 studies)
(165, 292, 294)

 Moderate; Worse 
↑Strength of Effect ↑Dose Response ↓Risk 

of Bias 
+++ 

Association with 

LOS for specific 

condition 

Hospital LOS 
181,173 (9 studies)

(60, 181, 209, 

289, 293, 296, 300-302)
 

Moderate; Worse ↑Strength of Effect ↓Inconsistent ++ 
 

+Very Low Quality, ++Low Quality, +++Moderate Quality, ++++High Quality. ED=Emergency Department, LOS=Length of Stay, DNW=Did Not Wait, ACS=Acute Coronary Syndromes 
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Table 4-25 Summary of Findings Total EDLOS Outcomes 

Quality Measure 

Number of Participants 

(studies)
(References)

 

Strength; Direction 

of Association GRADE process 

Evidence 

Quality Comment 

Mortality 

15,958,961(8 studies)
(3, 4, 190, 223, 263, 273, 295, 

296)
 

Moderate; Worse 
↑Strength of Effect ↑Dose Response ↓Inconsistent 

↓Risk of Bias ++ Department level. high acuity setting 

1,990446 (6 studies)
(207, 209, 288, 289, 295, 300)

   None  ++ Low acuity settings 

45,241 (2 studies)
(249, 317)

 Moderate; Better ↑Strength of Effect ↑Dose Response ↓Inconsistent  +++ Individuals, Opposite to expected 

Receiving 

Care 

Antibiotics ≈7,723 (2 studies)
(190, 263)

 None ↓Risk of Bias ↓Imprecise ↓Inconsistent ↓Indirect + 2,913 patients; 4,810 hospitals 

Analgesia 6,750 (3 studies)
(168, 175, 232)

 None  ++  

Acute Coronary 

Syndromes 
≈52,014 (3 studies)

(167, 263, 288)
 Weak; Worse ↓Imprecise ↓Inconsistent ↓Indirect + 

47,204 patients; 4,810 hospitals 

Asthma Score 927 (1 study)
(347)

 Moderate; Worse  ++  

Other 

Diversion 103,613 (1 study)
(297)

 Moderate: Worse ↓Risk of Bias +  

Adverse Events 

47,344 (3 studies)
(167, 288, 299) 

 Moderate; Worse ↑Strength of Effect ↓Inconsistent ++ Late MI, pneumonia 

≈5,307 (2 studies)
(263, 289)

 None ↓Risk of Bias ↓Inconsistent ↓Indirect + 497 patients; 4,810 hospitals 

904 (1 study)
(300)

 Strong; Better ↑Strength of Effect ↓Risk of Bias ++ Late MI, Opposite to expected 

Cost 4,810 hospitals (1 study)
(263)

 Weak; Worse ↓Risk of Bias ↓Indirect +  

Workload >67,307 (2 studies)
(290, 294)

 Moderate; Worse ↓Risk of Bias ↓Imprecise +  

Hand Hygiene 1,116 sampling times (1study)
(222)

 None ↓Risk of Bias ↓Imprecise +  

DNW ≈106,639 (4 studies)
(201, 219, 279, 297)

 Moderate; Worse ↓Risk of Bias ↓Inconsistent ↓Indirect + ≈103,613 patients; 3,026 hospitals 

Re-presentation 
≈15,323,318 (4 studies)

(4, 189, 207, 263)
 Moderate; Worse ↑Strength of Effect ↑Dose Response ↓Inconsistent +++ 15,315,889 patients; 7,429 hospitals 

≈144,050 (2 studies)
(189, 263)

 Very Weak; Worse  ++ 139,240 patients; 4,810 hospitals 

Patient 

Experience 

Satisfaction 6,333 (6 studies)
(133, 178, 234, 261, 264, 268)

 None ↓Inconsistent +  

Recommend ED ≈9,708 (4 studies)
(178, 260, 263, 279)

 Weak; Worse ↓Risk of Bias + 2,279 patients; 7,429 hospitals 

Care Compromise  644 (1 study)
(159)

 None ↓Risk of Bias +  

Staff 

Experience 

Perception 

Crowding  
440 sampling times (3 studies)

(170, 177, 193)
 Moderate; Worse 

↑Strength of Effect  

↓Imprecise ↓Risk of Bias ↓Inconsistent  + 
 

Danger 84 sampling times (1 study)
(193)

 Weak; Worse ↓Imprecise ↓Risk of Bias +  

Care Compromise 1,419 surveys (1 study)
(159)

 None ↓Risk of Bias +  

Violence 1,242 sampling times (1 study)
(226)

 Strong; Worse ↑Strength of Effect ↓Risk of Bias ++  

Stress 216 sampling times (1 study)
(173)

 None ↓Risk of Bias +  

Teaching 352 (1 study)
(174)

 None ↓Risk of Bias +  

5 Domains 95 (1 study)
(290)

 Weak; Better ↓Risk of Bias ↓Inconsistent + 
4/5 Opposite to expected 

1/5 No association 

+Very Low Quality, ++Low Quality, +++Moderate Quality, ++++High Quality. ≈combines different units of analysis, >n=n not stated in ≥1 study, ED=Emergency Department, LOS=Length of Stay, DNW=Did Not Wait, 

MI=Myocardial Infarction,
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Figure 4-9 Waiting Room Occupancy Associations with Quality 

A-Timeliness 

 
B-All Processes and Staff Experience 

 
C-Outcomes and Patient Experience 

 
ED=Emergency Department, LOS=Length of Stay, DNW=did not wait for assessment, ECG=Electrocardiogram, CAP=Community Acquired 

Pneumonia, ACS=Acute Coronary Syndrome, MI=Myocardial Infarction, CT=Computerised Tomography, Rx=Treatment 
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Table 4-26 Summary of Findings Waiting Room Occupancy 

Quality Measure 

Number of Participants 

(studies)
(References)

 

Strength; Direction 

of Association GRADE process 

Evidence 

Quality Comment 

Processes 

Timeliness  

Antibiotics 884 (2 studies)
(163, 176)

 Weak; Worse  ++  

Analgesia 7,660 (3 studies)
(168, 169, 175)

 Moderate; Worse ↓Inconsistent +  

Asthma 
1,716 (1 study)

(165)
 None  ++ β-agonist 

1,716 (1 study)
(165)

 Weak; Worse ↑Dose Response +++ Steroid 

Vital Signs 9,976 (1 study)
(161)

 Moderate; Worse  +++  

Diagnosis 
767 (1 study)

(164)
 Strong; Worse ↑Dose Response ↑Strength of Effect ++++ CT abdomen 

506 (1 study)
(172)

 None ↓Risk of Bias ↓Imprecise + CT stroke 

ECG 4,424 (1 study)
(167)

 None ↓Imprecise +  

EDLOS 

Time to Assessment >226,534 (2 studies)
(166, 171)

 Moderate; Worse ↑Strength of Effect ↓Inconsistent ++  

Boarding Time Unclear (1 study)
(171)

 Strong; Worse ↑Strength of Effect ↓Risk of Bias ++ Simulation 

Total 1,716 (1 study)
(165)

  ↑Dose Response ↑Strength of Effect ++++ Asthma patients 

Outcomes 

Mortality 667,475 (1study)
(162)

 None  ++  

Receiving 

Care 

Antibiotics 694 (1 study)
(176)

 Weak; Worse ↓Risk of Bias  +  

Analgesia 20,350 (3 studies)
(168, 169, 175)

 None ↓Inconsistent +  

Acute Coronary 

Syndromes 
803 (1 study)

(167)
 None ↓Imprecise + 

Aspirin, β-blocker 

Other 

Diversion >52,263 (2 studies)
(171, 179)

 Strong; Worse ↑Strength of Effect ↓Risk of Bias ++  

Adverse Events 4,424 (1 study)
(167)

 Strong; Worse ↑Strength of Effect ↓Risk of Bias ↓Imprecise + Late MI 

Admission Rate 49,487 (1 study)
(160)

 Very Weak; Worse ↓Imprecise +  

DNW Unclear (1 study)
(171)

 Strong; Worse ↑Strength of Effect ↓Risk of Bias ++  

Re-

presentation 

Re-presentation 677,475 (1 study)
(162)

 Very Weak; Better ↓Imprecise + Opposite to expected 

Admission 7 days >677,475 (2 studies)
(162, 171)

 None ↓Inconsistent +  

Patient 

Experience 

Recommend ED 1,469 (1 study)
(178)

 Moderate ↓Risk of Bias +  

Care Compromise 644 (1 study)
(159)

 None ↓Risk of Bias   

Staff 

Experience 

Perception Crowding 356 sampling times (2 studies)
(170, 177)

 Weak; Worse  ++  

Care Compromise 1,419 surveys (1 study)
(159)

 None ↓Risk of Bias +  

Stress 216 sampling times (1 study)
(173)

 None ↓Risk of Bias +  

Teaching 352 surveys (1 study)
(174)

 None ↓Risk of Bias +  

+Very Low Quality, ++Low Quality, +++Moderate Quality, ++++High Quality. >n=n not stated in ≥1 study, ED=Emergency Department, LOS=Length of Stay, DNW=Did Not Wait, MI=Myocardial Infarction 
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Figure 4-10 Occupancy by ED Patients under Treatment Associations with Quality 

A-All Processes and Staff Experience 

 

 

B-Outcomes and Patient Experience 

 
ED=Emergency Department, LOS=Length of Stay, DNW=did not wait for assessment  
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Table 4-27 Summary of Findings Occupancy under Treatment 

Quality Measure 

Number of Participants 

(studies)
(References)

 

Strength; Direction of 

Association GRADE process 

Evidence 

Quality Comment 

Processes 

EDLOS 

Time to Assessment >234,366 (4 studies)
(166, 181-183)

 Moderate; Worse ↓Inconsistent +  

Treatment Time 226,534 (1 study)
(166)

 Weak; Worse ↓Inconsistent + 
Within study 

inconsistency 

Boarding Time      

Total Admitted 7,832 (1 study)
(181)

 Moderate; Worse ↓Risk of Bias +  

Total Discharged 7,832 (1 study)
(181)

 Weak; Worse ↓Risk of Bias +  

Hospital LOS 7,832 (1 study)
(181)

 Weak; Worse ↓Risk of Bias ↓Imprecise +  

Outcomes 

Mortality 7,832 (1 study)
(181)

 None ↓Risk of Bias ↓Imprecise +  

Other 

Waiting Unclear (2 studies)
(182, 183)

 Weak; Worse ↓Risk of Bias +  

Starting Treatment Unclear (1 study)
(183)

 Weak; Worse ↓Risk of Bias +  

Admission 49,487 (1 study)
(160)

 Very Weak; Worse ↓Imprecise +  

DNW 
>7,832 (3 studies)

(181-183)
 Strong; Worse ↑Strength of Effect ↓Risk of Bias ++  

2,190 sampling times (1 study)
(180)

  Very Weak; Better ↓Imprecise + 
Paediatric 

Opposite to expected 

Staff 

Experience 

Perception Crowding 20 sampling times (1 study)
(177)

 Moderate; Worse ↓Risk of Bias +  

Care Compromise      

+Very Low Quality, ++Low Quality, +++Moderate Quality, ++++High Quality. >n=n not stated in ≥1 study, ED=Emergency Department, LOS=Length of Stay, DNW=Did Not Wait 
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Figure 4-11 Occupancy by Boarders Associations with Quality 

A-Timeliness 

 
B-All Processes and Staff Experience 

 
C-Outcomes and Patient Experience 

 
ED=Emergency Department, LOS=Length of Stay, DNW=did not wait for assessment, ECG=Electrocardiogram, ACS=Acute Coronary 

Syndrome, CT=Computerised Tomography, Ix=Investigations, Rx=Treatment 
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Table 4-28 Summary of Findings Boarder Occupancy Processes 

Quality Measure 

Number of Participants 

(studies)
(References)

 

Strength; Direction 

of Association GRADE process 

Evidence 

Quality Comment 

Timeliness  

Antibiotics 3.931 (3 studies)
(163, 185, 190)

 Moderate; Worse ↑Strength of Effect ↓Inconsistent ++  

Analgesia 7,660 (3 studies)
(168, 175, 188)

   Moderate; Worse ↑Strength of Effect ↑Dose Response ↓Imprecise +++  

Acute Coronary 

Syndromes 

4,424 (1 study)
(167)

   None ↓Imprecise + ECG 

9,492 (1 study)
(187)

 Moderate; Worse ↑Strength of Effect ↓Imprecise ++ Troponin test 

Diagnosis 
767 (1 study)

(164)
 Strong; Worse ↑Strength of Effect +++ CT abdomen 

506 (1 study)
(172)

 None ↓Risk of Bias + CT stroke 

Vital Signs 9,976 (1 study)
(161)

 Weak; Worse  ++  

Asthma 1,716 (1 study)
(165)

 Weak; Worse ↑Dose Response +++ 
Steroid > 

β-agonist 

EDLOS 

Time to Assessment 
>410,761(6 studies)

(166, 171, 192, 194, 198, 200)
  Weak; Worse ↓Inconsistent +  

1,167 (1study)
(198)

 Strong; Better ↓Risk of Bias ↓Imprecise + Opposite to expected 

Treatment Time 395,861 (3 studies)
(166, 192, 200)

 None ↓Inconsistent +  

Boarding Time 394,394 (4 studies)
(166, 171, 194, 200)

 Moderate; Worse ↑Strength of Effect ↓Inconsistent ++  

Total 
332,629 (4 studies)

(165, 186, 198, 200)  
 Moderate; Worse ↑Strength of Effect ↓Inconsistent ++  

56,335 (1study)
(197)

 None ↓Risk of Bias + Paediatric 

Hospital LOS 2,473 (1 study)
(188)

 None ↓Risk of Bias +  

+Very Low Quality, ++Low Quality, +++Moderate Quality, ++++High Quality. >n=n not stated in ≥1 study, ED=Emergency Department, LOS=Length of Stay, ECG=Electrocardiogram. CT=Computerised Tomography 
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Table 4-29 Summary of Findings Boarder Occupancy Outcomes 

Quality Measure 

Number of Participants 

(studies)
(References)

 

Strength; Direction of 

Association GRADE process 

Evidence 

Quality Comment 

Mortality 19,571 (4 studies)
(185, 190, 192, 198)

 None ↓Imprecise +  

Receiving 

Care 

Analgesia 7,660 (3 studies)
(168, 175, 188)

 None ↓Inconsistent +  

Acute Coronary 

Syndromes 
803 (1 study)

(167)
 None ↓Imprecise + 

Aspirin, β-blocker 

Sepsis Protocol 2,913 (1 study)
(190)

 Moderate; Worse ↓Risk of Bias ↑Dose Response +  

Other 

Diversion >53,358 (3 studies)
(171, 179, 184)

 Moderate; Worse ↑Strength of Effect ↓Risk of Bias ++  

Adverse Events 18,609 (3 studies)
(167, 185, 198)

 None ↓Imprecise +  

Pain Score 1068 (1 study)
(188)

 None ↓Imprecise +  

Crowding >56,335 (2 studies)
(195, 197)

  Weak; Worse ↓Risk of Bias +  

Lost Opportunity 27,325 (1 study)
(196)

 Moderate; Worse ↓Risk of Bias +  

DNW 
>243,928 (6 studies)

(171, 195, 197-199, 201)
 Moderate; Worse ↓Risk of Bias ↓Inconsistent +  

2,190 sampling times (1 study)
(180)

 Weak; Better ↓Imprecise + 
Paediatric 

Opposite to expected 

Re-presentation 
139,240 (1 study)

(189)  
 None ↓Risk of Bias ↓Imprecise + Paediatric 

Unclear (1 study)
(171)

 Strong; Better ↑Strength of Effect ↓Risk of Bias ++ 
Simulation 
Opposite to expected 

Patient 

Experience 

Recommend ED  1,469 (1 study)
(178)

 Moderate; Worse ↓Risk of Bias +  

Care Compromise 644 (1 study)
(159)

 None ↓Risk of Bias +  

Staff 

Experience 

Perception 

Crowding 
440 sampling times (2 studies)

(170, 193)
 Weak; Worse ↓Imprecise + 

 

Care Compromise ≈1860 (3 studies)
(159, 191, 193)

  Very Weak; Worse ↓Risk of Bias ↓Imprecise + 
440 Sampling times 
1,419 surveys 

Education 352 (1 study)
(174)

 None ↓Risk of Bias +  

+Very Low Quality, ++Low Quality, +++Moderate Quality, ++++High Quality. ≈combines different units of analysis, >n=n not stated in ≥1 study ED=Emergency Department, LOS=Length of Stay, DNW=Did Not Wait 
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Figure 4-12 Total Occupancy Associations with Quality 

A-Timeliness 

 
B-All Processes and Staff Experience 

 
C-Outcomes and Patient Experience 

 
ED=Emergency Department, LOS=Length of Stay, DNW=did not wait for assessment, PCI=Per-cutaneous Coronary Intervention, 
ECG=Electrocardiogram, CAP=Community Acquired Pneumonia, ACS=Acute Coronary Syndrome, CT=Computerised Tomography, 

Ix=Investigations, Rx=Treatment 
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Table 4-30 Summary of Findings Total Occupancy Processes  

Quality Measure 

Number of Participants 

(studies)
(References)

 

Strength; Direction 

of Association GRADE process 

Evidence 

Quality Comment 

Timeliness  

Antibiotics 4,608 (6 studies)
(163, 190, 203, 211, 229, 231)

 Weak; Worse ↓Inconsistent +  

Analgesia 23,732 (6 studies)
(168, 169, 175, 188, 212, 232)

 Moderate; Worse ↑Dose Response +++  

Acute Coronary 

Syndromes 

4,634 (2 studies)
(167, 227)

   None ↓Imprecise + ECG 

9,492 (1 study)
(187)

 Weak; Worse ↑Plausible Bias +++ Troponin 

210 (1 study)
(227)

 None ↓Risk of Bias ↓Imprecise + Reperfusion 

Asthma 
3,872 (2studies)

(165, 212)
 Moderate; Worse ↑Dose Response ↓Inconsistent ++ Steroid 

3,872 (2studies)
(165, 212)

 Weak; Worse ↓Inconsistent + Β-agonist 

Stroke 

2,138 (3 studies)
(172, 204, 218)

 Weak; Worse ↑Plausible Bias ↓Inconsistent ++ CT stroke 

90 (1 study)
(172) (172) (172) (172) (172) (172) (172) (172) 

(172) (172) (172) (172) 
 

None ↓Risk of Bias ↓Imprecise + 
Thrombolysis 

Diagnosis 
767 (1 study)

(164)
  Moderate; Worse ↑Dose Response +++ Abdomen 

242 (1 study)
(230)

 None ↓Risk of Bias + Surgeon’s diagnosis appendicitis 

Vital Signs 9,976 (1 study)
(161)

 Moderate; Worse ↑Dose Response +++  

EDLOS 

Time to Assessment 
351,292 (6 studies)

(194, 206, 208, 220, 221, 235)
 

Strong; Worse 
↑Strength of Effect ↑Dose 

Response ↓Inconsistent  
+++ 

 

Boarding Time 
126,574 (2 studies)

(194, 228)
  

Strong; Worse 
↓Risk of Bias ↑Strength of 

Effect 
++ 

 

Total 
222,375 (8 studies)

(165, 210, 215-217, 220, 221)
 Weak; Worse ↑Dose Response ↓Inconsistent ++  

108,229 (1 study)
(205)

 Strong; Better ↑Strength of Effect ↓Inconsistent ++ Opposite to expected 

Hospital LOS 
224,969 (2 studies)

(205, 209)
 Moderate; Worse  ++ Time averaged EDLOS 

136,740 (1 study)
(209)

  None ↓Risk of Bias + EDLOS at arrival low acuity setting 

+Very Low Quality, ++Low Quality, +++Moderate Quality, ++++High Quality. ED=Emergency Department, LOS=Length of Stay, ECG=Electrocardiogram, CT=Computerised Tomography 
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Table 4-31 Summary of Findings Total Occupancy Outcomes 

Quality Measure 

Number of Participants 

(studies)
(References)

 

Strength; Direction 

of Association GRADE process 

Evidence 

Quality Comment 

Mortality 

1,160,418 (10 studies)
(162, 190, 203, 205, 

215, 221, 223, 224, 228, 236) 
 

Moderate; Worse ↑Strength of Effect ↓Inconsistent ++ 
 

761,836 (2 studies)
(207, 209)

 None  ++ Low acuity setting 

Receiving 

Care 

Analgesia 21,576 (5 studies)
(168, 169, 175, 188, 232)

 None ↓Inconsistent   

Acute Coronary 

Syndromes 
803 (1 study)

(167)
 None ↓Imprecise + 

Aspirin, β-blocker 

Sepsis Protocol 2,139 (1 study)
(190)

 None ↓Risk of Bias ↓Imprecise +  

Asthma Score 927 (1 study)
(212)

 Strong; Worse ↑Strength of Effect ↓Imprecise ++  

Triage Score 49,539 (1 study)
(220)

 Weak; Worse ↓Risk of Bias +  

Investigations 70,222 (1 study)
(215)

 Very Weak; Worse ↓Risk of Bias ↓Imprecise + 
Unclear if tests appropriate 

or not 

Other 

Diversion 10,288 (3 studies)
(213, 214, 233)

 Strong; Worse ↑Strength of Effect +++ Sampling times 

Adverse Events 112,653 (2 studies)
(167, 205)

 Weak; Worse ↑Strength of Effect ↓Imprecise ↓Inconsistent + 
1 strong, 1 moderate, 4 none, 

all imprecise 

Triage Away 49,539 (1 study)
(220)

 None ↓Risk of Bias +  

Documentation Pain 1,226 (2 studies)
(188, 232)

 Weak; Worse ↓Risk of Bias ↓Imprecise ↓Inconsistent +  

Hand Hygiene 1,116 (1 study)
(222)

 None ↓Risk of Bias ↓Imprecise + Sampling times 

Admissions 70,222 (1 study)
(215)

 Strong; Worse 
↑Strength of Effect ↑Dose Response ↓Risk of 

Bias 
+++ 

 

DNW ≈4,937 (5 studies)
(180, 201, 213, 219, 233)

 Moderate; Worse 
↑Strength of Effect ↑Dose Response 

↓Imprecise ↓Inconsistent 
++ 

407 Hospitals 

4,530 sampling times 

Re-

presentation 

Re-presentation 898,016 (3 studies)
(162, 189, 236)

 None  ++  

Admission 7 days 1,302,571 (2 studies)
(162, 207)

 Weak; Worse ↓Inconsistent +  

Patient 

Experience 

Satisfaction 3,186 (3 studies)
(178, 225, 234)

 Weak; Worse ↓Risk of Bias ↓Imprecise ↓Inconsistent +  

Care Compromise 644 (1 study)
(159)

 None ↓Risk of Bias +  

Staff 

Experience 

Perception Crowding 
1,984 sampling times (4 studies)

(170, 

177, 193, 341)
 

Weak; Worse  ++ 
 

Care Compromise 1,419 surveys (1 study)
(159)

  None ↓Risk of Bias +  

Danger 84 sampling times (1 study)
(193)

 Weak; Worse ↓Risk of Bias +  

Violence 1,242 days (1 study)
(226)

  Strong; Worse ↑Strength of Effect ↓Risk of Bias ++  

Stress 216 sampling times (1 study)
(173)

 None ↓Risk of Bias +  

Education 352 (1 study)
(174)

 None ↓Risk of Bias +  

Shift Quality 303 shifts (1 study)
(191)

 None ↓Risk of Bias + After adjustment 

+Very Low Quality, ++Low Quality, +++Moderate Quality, ++++High Quality. ≈combines different units of analysis, ED=Emergency Department, LOS=Length of Stay, DNW=Did Not Wait 
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Figure 4-13 Indirect Occupancy Associations with Quality 

A-All Processes and Staff Experience 

 

B-Outcomes and Patient Experience 

 
ED=Emergency Department, LOS=Length of Stay, DNW=did not wait for assessment, PCI=Per-cutaneous Coronary Intervention, 

ECG=Electrocardiogram, CAP=Community Acquired Pneumonia, OST=Off-stretcher Time 
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Table 4-32 Summary of Findings Indirect Occupancy 

Quality Measure 

Number of Participants 

(studies)
(References)

 

Strength; Direction of 

Association GRADE process 

Evidence 

Quality Comment 

Processes 

Timeliness  

Antibiotics 17 Hospitals (1 study)
(57)

 None ↓Risk of Bias ↓Imprecise +  

Acute Coronary 

Syndromes 
≈3,469 (2 studies)

(56, 57)
 Moderate; Worse ↑Dose Response ↓Inconsistent ++ 

Reperfusion  

3,452 Patients 
17 Hospitals 

EDLOS 

Time to 

Assessment 
>40,783 (2 studies)

(240, 246)
 Weak; Worse ↓Risk of Bias  + 

 

Boarding Time Unclear (1 study)
(246)

 Weak; Worse ↓Risk of Bias +  

Total >42,640 (3 studies)
(240, 242, 246)

 Strong; Worse ↓Risk of Bias ↑Strength of Effect ++  

Hospital LOS 1,036,162 (2 studies)
(239, 240)

 Weak; Worse  ++  

Outcomes 

Mortality 
(results not combined due to 

heterogeneity) 

124,005 (4 studies)
(237, 240, 242, 244)

 None ↓Imprecise +  

995,379 (1 study)
(239)

 Very Weak; Worse ↓Imprecise +  

182,711 (2 studies)
(150, 245)

 Moderate; Better 
↑Strength of Effect ↓Risk of Bias 

↓Imprecise 
+ 

Opposite to expected 

Other 
Ambulance Scene 

Times 
164,567 (2 studies)

(238, 245)
 Very Weak; Worse ↓Imprecise + 

 

Cost/Revenue 1,005,680 (2 studies)
(239, 243)

 Weak; Worse ↓Inconsistent +  

DNW 
38,762 (1 study)

(247)
 Moderate; Worse ↓Risk of Bias + 

Diversion of non-

ambulance patients 

Unclear (1 study)
(201)

 None ↓Imprecise + 
Ambulance 
Diversion 

Re-presentation 3,368,527 (1 study)
(241)

 None ↓Risk of Bias +  

Patient 

Experience 
Satisfaction 1,591 (1 study)

(225)
 None ↓Risk of Bias ↓Imprecise + 

 

Staff 

Experience 

Perception 

Crowding 

356 sampling times (2 studies)
(170, 177)

  None  ++ 
Ambulance 

Diversion 

84 sampling times (1 study)
(193)

 Moderate; Worse ↓Risk of Bias ↓Imprecise + Off Stretcher Time 

Danger 84 sampling times (1 study)
(193)

 Very Weak; Worse ↓Risk of Bias ↓Imprecise +  

+Very Low Quality, ++Low Quality, +++Moderate Quality, ++++High Quality. ≈combines different units of analysis, ED=Emergency Department, LOS=Length of Stay, DNW=Did Not Wait 
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Figure 4-14 Hospital Occupancy Associations with Quality 

A-All Processes and Staff Experience 

 

B-Outcomes and Patient Experience 

 
ED=Emergency Department, LOS=Length of Stay, DNW=did not wait for assessment 
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Table 4-33 Summary of Findings Hospital Occupancy 

Quality Measure 

Number of Participants 

(studies)
(References)

 

Strength; Direction of 

Association GRADE process 

Evidence 

Quality Comment 

Processes 

Timeliness 

Analgesia 1,229 (1 study)
(212)

 None ↓Imprecise +  

Asthma 
927 (1 study)

(212)
 Weak; Worse  ++ Β-agonist 

927 (1 study)
(212)

 Strong; Worse ↑Strength of Effect +++ Steroid 

EDLOS 

Time to Assessment 168,397 (2 studies)
(194, 200)

 None ↓Risk of Bias +  

Treatment Time  393,388 (2 studies)
(166, 200)

 Very Weak; Worse ↓Inconsistent +  

Boarding Time >395,757 (5 studies)
(166, 194, 200, 235, 256) 

 Moderate; Worse ↑Strength of Effect ↓Inconsistent ++  

Total EDLOS 

Discharged 
≈223,656 (3 studies)

(197, 200, 255)
 Very Weak; Worse ↓Risk of Bias ↓Inconsistent + 

223,189 patients 

467 hospitals 

Total EDLOS 
Admitted 

≈686,690 (6 studies)
(197, 200, 248, 250, 251, 255)

 Moderate; Worse ↑Dose Response ↓Imprecise ++ 
686,493 patients 
467 hospitals 

Total EDLOS All  ≈395,757 (6 studies)
(251-253, 255, 257, 258)

 Weak; Worse ↑Dose Response ↓Imprecise ++ 
212,242 patients 

614 hospitals 

207 weeks 

Outcomes 

Mortality 84,541 (3 studies)
(64, 249, 250)

 Moderate; Worse 
↑Strength of Effect ↑Dose Response 

↓Inconsistent ↓Imprecise 
++ 

 

Receiving Care 927 (1 study)
(212)

 Weak; Worse  ++ Asthma score 

Other 

Diversion 1,095 sampling times (1 study)
(184)

 None  ++  

Adverse Events 20,276 (1 study)
(250)

 Strong; Worse 
↑Strength of Effect ↑Dose Response 

↓Imprecise 
+++ 

 

Hallway Use 56,335 (1 study)
(197)

 Weak; Worse ↓Risk of Bias +  

DNW 231,038 (3 studies)
(197, 199, 255)  

 Weak; Worse ↓Risk of Bias ↓Inconsistent  +  

Re-presentation Unclear (1 study)
(254)

 Very Weak; Worse ↓Risk of Bias ↓Imprecise ↓Inconsistent +  

+Very Low Quality, ++Low Quality, +++Moderate Quality, ++++High Quality. ≈combines different units of analysis, ED=Emergency Department, LOS=Length of Stay, DNW=Did Not Wait 

 



 

179 

 

Figure 4-15 Workload Metrics Associations with Quality 

A-Timeliness 

 
B-All Processes and Staff Experience 

 
C-Outcomes and Patient Experience 

 
ED=Emergency Department, LOS=Length of Stay, DNW=did not wait for assessment, PCI=Per-cutaneous Coronary Intervention, 

ECG=Electrocardiogram, CAP=Community Acquired Pneumonia, CT=Computerised Tomography, SEAL= Skane Emergency Department 
Assessment of Patient Load, Ix=Investigations, Rx=Treatment 
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Table 4-34 Summary of Findings Workload Processes 

Quality Measure 

Number of Participants 

(studies)
(References)

 

Strength; Direction 

of Association GRADE process 

Evidence 

Quality Comment 

Timeliness  

Antibiotics 

18 hospitals (1 study)
(57)

 
Moderate; Worse ↓Risk of Bias ↓Inconsistent ↓Indirect + Arrivals 

None ↓Risk of Bias ↓Inconsistent ↓Indirect + Arrivals/beds 

2,913 (1 study)
(190)

 None ↓Risk of Bias ↓Imprecise + Waiting 

344 (1 study)
(231)

 
Weak; Worse ↓Risk of Bias ↓Imprecise + Admitted 

None ↓Risk of Bias ↓Imprecise + Discharged 

Analgesia 
1,229 (1 study)

(347)
 None ↓Inconsistent or ↓Imprecise + Discharged; Admitted; Waiting 

2,326 (2 studies)
(322, 347)

 Moderate; Worse  ++ Arrivals 

Acute Coronary 

Syndromes 

18 hospitals (1 study)
(57)

 None ↓Risk of Bias ↓Imprecise ↓Indirect + Arrivals/beds: Reperfusion 

38 sampling times (1 study)
(233)

 None ↓Imprecise + Arrivals: ECG 

Asthma 

β-agonist Steroid 
1,229 (1 study)

(347)
 

None  ++ Discharged; Admitted 

Strong; Worse ↑Strength of Effect +++ WTBS 

Moderate; Worse  ++ Arrivals 

Stroke 1,142 (1 study)
(218)

 
None ↓Risk of Bias ↓Imprecise + Nurse CT; Doctor: Thrombolysis 

Weak; Worse ↓Risk of Bias ↓Imprecise + Nurse Thrombolysis; Doctor CT 

OT Abdominal Pain 242 (1 study)
(230)

 Weak; Worse ↓Risk of Bias ↓Imprecise + Staff 

Resuscitation 396 (1 study)
(321)

 Strong; Worse ↑Strength of Effect ↓Risk of Bias ++ Arrivals 

EDLOS 

Time to Assessment ≈169,882 (5 studies)
(194, 200, 246, 278, 286)

 Weak; Worse ↓Inconsistent + Arrivals 

Treatment Time 

≈3,829 (4 studies)
(194, 202, 286, 318)

 Weak; Worse ↑Dose Response ↓Risk of Bias ↓Indirect ↓Inconsistent + Acuity 

24 sampling times (1 study)
(286)

 None ↓Risk of Bias ↓Imprecise + Discharged 

≈168,421 (3 studies)
(194, 200, 286)

 Weak; Worse ↓Risk of Bias ↓Inconsistent + Admitted 

169,564 (3 studies)
(194, 200, 202)

 Weak; Worse ↓Risk of Bias ↓Imprecise ↓Inconsistent + Staff 

166,854 (1 study)
(196)

 Weak; Worse ↓Risk of Bias + 
Arrivals: Fast Track 
Staff: Admissions 

166,854 (1 study)
(196)

 None ↓Risk of Bias + Admitted 

Weak; Better ↓Risk of Bias ↓Inconsistent + Staff: Fast Track 

Boarding Time 

168,397 (2 studies)
(194, 200)

 Weak; Worse ↓Risk of Bias ↓Inconsistent + Arrivals Staff 

1,543 (1 study)
(194)

 None ↓Risk of Bias ↓Imprecise + Acuity 

168,397 (2 studies)
(194, 200)

 None ↓Risk of Bias  + Admitted 

Total 

≈345,925 (7 studies)
(197, 200, 252, 253, 255, 257, 278)

  Weak; Worse ↓Inconsistent + Arrivals 

≈241,503 (6 studies)
(251, 252, 255, 286, 318, 319) None ↓Inconsistent + Acuity 

≈379,587 (6 studies)
(200, 251, 252, 255, 257, 286) Moderate; Worse  ++ Admitted 

≈91,667(2 studies)
(251, 286)

 None ↓Inconsistent + Discharges 

≈351,980 (4 studies)
(200, 251-253)

 None ↓Imprecise ↓Inconsistent + Staff 

+Very Low Quality, ++Low Quality, +++Moderate Quality, ++++High Quality. ≈combines different units of analysis, ED=Emergency Department, LOS=Length of Stay, DNW=Did Not Wait, CT=Computerised Tomography 
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Table 4-35 Summary of Findings Workload Outcomes 

Quality Measure Number of Participants (studies)
(References)

 

Strength; Direction 

of Association GRADE process 

Evidence 

Quality Comment 

Mortality 2,913 (1 study)
(190)

 None ↓Imprecise + Waiting 

Receiving 

Care 

Asthma Score 2,156 (1 study)
(347)

 
Moderate; Worse  ++ Arrivals; Waiting 

None ↓Imprecise + Admitted; Discharged 

Sepsis Protocol 2,913 (1 study)
(190)

 None ↓Risk of Bias ↓Imprecise + Waiting 

Other 

Diversion 

203 sampling times(3 studies)
(233, 286, 323)

 
Strong; Worse 

↑Strength of Effect ↓Risk of Bias 

↓Inconsistent 
+ 

Arrivals 

1,119 sampling times (2 studies)
(184, 286)

 Weak; Worse ↓Imprecise + Admissions 

24 sampling times (1 study)
(282)

 None ↓Imprecise + Discharges 

1,095 sampling times (1 study)
(184)

  None  ++ Staff 

52,263 sampling times (1 study)
(179)

 Weak; Worse ↓Risk of Bias + Acuity/Staff 

Hand Hygiene 1,116 sampling times (1 study)
(222)

 None ↓Risk of Bias + Staff 

Hallway Use 56,335 (1 study)
(197)

 Moderate; Worse ↓Risk of Bias + Arrivals 

DNW 

≈235,603 (7 studies)
(180, 197, 199, 219, 255, 278, 320)

 Weak; Worse ↑Dose Response  +++ Arrivals 

≈3064 sampling times (4 studies)
(180, 201, 219, 255)

 None ↓Inconsistent + Acuity 

≈177,300 (4 studies)
(180, 199, 219, 255)

 Very Weak; Worse ↓Imprecise + Admissions 

≈174,643 (2 studies)
(199, 219)

 Weak; Worse ↓Risk of Bias ↓Imprecise + Staff 

Patient 

Experience 
Care Compromise 644 (1 study)(159) None ↓Risk of Bias ↓Imprecise + Staff 

Staff 

Experience 

Perception Crowding 

20 sampling times (1 study)
(173)

 Moderate; Worse ↓Risk of Bias + Waiting  

356 sampling times (2 studies)
(170, 177)

 
None  ++ Nurses 

Weak; Worse ↓Imprecise ↓Inconsistent + Acuity 

Care Compromise 1,419 surveys (1 study)
(159)

 Weak; Worse ↓Risk of Bias ↓Inconsistent + Nurses 

Shift Quality 303 sampling times (1 study)
(191)

 Weak; Worse ↓Risk of Bias + Waiting 

Violence 1.242 days (1 study)
(226)

 
None ↓Risk of Bias ↓Imprecise + Nurses  

Moderate; Worse ↓Risk of Bias + Doctors 

Education 335 doctors (1 study)
(324)

 None ↓Risk of Bias + Productivity 

Perception Workload 233 sampling times (1 study)
(325)

 Moderate; Worse  ++ SEAL 

+Very Low Quality, ++Low Quality, +++Moderate Quality, ++++High Quality. ≈combines different units of analysis, ED=Emergency Department, LOS=Length of Stay, DNW=Did Not Wait, SEAL=Skane Emergency Department 

Assessment of Patient Load
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Figure 4-16 DNW Associations with Quality 

A-All Processes and Staff Experience 

 

B-Outcomes and Patient Experience 

 
ED=Emergency Department, LOS=Length of Stay, DNW=did not wait for assessment, STEMI=ST Elevation Myocardial Infarction, 

ECG=Electrocardiogram, CAP=Community Acquired Pneumonia, CT=Computerised Tomography 
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Table 4-36 Summary of Findings DNW 

Quality Measure 

Number of Participants 

(studies)
(References)

 

Strength; Direction 

of Association GRADE process 

Evidence 

Quality Comment 

Processes 

Timeliness  

Antibiotics 22 hospitals (1 study)
(57)

 Moderate; Worse ↓Risk of Bias ↓Indirect +  

Analgesia 4,810 hospitals (1 study)
(263)

 Moderate; Worse ↓Risk of Bias ↓Indirect +  

Acute Coronary 

Syndromes 

≈4,848 (2 studies)
(233, 263)

 Weak; Worse ↓Risk of Bias ↓Inconsistent + 
ECG 

4,810 hospitals 

38 sampling times 

5,104 hospitals (3 studies)
(57, 262, 263)

 None ↓Risk of Bias ↓Indirect + STEMI Reperfusion 

Outcomes 

Mortality 
4,935 hospitals (2 studies)

(4, 263)
 None ↓Risk of Bias ↓Inconsistent ↓Indirect + Departmental Level 

14,658,672 (2 studies)
(4, 326)

 Moderate; Better ↑Strength of Effect ↓Risk of Bias ++ Patient Level 

Receiving Care 4,810 hospitals (1 study)
(263)

 

Weak; Worse ↓Risk of Bias ↓Indirect + ACS: Aspirin 

Very Weak; Worse ↓Risk of Bias ↓Indirect + Pneumonia: Guideline 

None ↓Risk of Bias ↓Inconsistent ↓Indirect + CT Imaging 

Other 

Diversion 132 sampling times (1study)
(233)

 None ↓Risk of Bias ↓Imprecise + 

Reported as not significant but 

point estimate moderate and 

calculated CI suggest may be 
significant 

Adverse Events 4,810 hospitals (1 study)
(263)

 None ↓Risk of Bias ↓Inconsistent + 
Associations in both 

directions but all r>0.10, most 
consistent with no real 

association 
Costs 4,810 hospitals (1 study)

(263)
 None ↓Risk of Bias + 

Re-presentation 

4,828 hospitals (2 studies)
(189, 263)

 None ↓Risk of Bias + Hospital level 

247,059 (3 studies)
(189, 269, 326)

 Strong; Worse ↑Strength of Effect +++ Patient Level 

107,819 (2 studies)
(269, 326)

 None ↓Risk of Bias ↓Imprecise + Readmission if represent 

Patient 

Experience 

Satisfaction 4,810 hospitals (1 study)
(263)

 Weak; Worse ↓Risk of Bias ↓Indirect ↓Inconsistent +  

Condition Worse 700 (1 study)
(265)

 Moderate; Worse ↓Risk of Bias +  

Staff 

Experience 
Violence 1,242 sampling times (1 study)

(226)
 Weak; Better ↓Risk of Bias  Opposite to expected 

+Very Low Quality, ++Low Quality, +++Moderate Quality, ++++High Quality. ≈combines different units of analysis, ED=Emergency Department, LOS=Length of Stay, DNW=Did Not Wait, ECG=Electrocardiogram, ACS=Acute 

Coronary Syndrome, CT=Computerised Tomography 

 

 



 

184 

 

Figure 4-17 Compound Metrics Associations with Quality 

A-Timeliness 

 
B-All Processes and Staff Experience 

 
C-Outcomes and Patient Experience 

 
ED=Emergency Department, ACS=Acute Coronary Syndrome, NEDOCS=National ED Overcrowding Scale, CEDODS=Community ED 
Overcrowding Scale. PEDOCS=Paediatric ED Overcrowding Scale, READI-DV=Real Time Emergency Analysis of Demand Indicators-

Demand Valve. EDWIN=ED Work Index, SAPhTE=Staffing Acuity Physical Capacity Disposition/Transfer and Environment in ED, 

sICMED= Shortened International Crowding Measure in ED ECG=Electrocardiogram, PCI=Per-cutaneous Coronary Intervention, 
Ix=Investigations, Rx=Treatment
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Table 4-37 Summary of Findings Compound Metrics Processes 

Quality Measure 

Number of Participants 

(studies)
(References)

 

Strength; Direction 

of Association GRADE process 

Evidence 

Quality Comment 

Timeliness 

Acute Coronary 

Syndromes 

38 sampling times (1 study)
(233)

 None ↓Risk of Bias ↓Imprecise + NEDOCS: ECG 

17 (1 study)
(330) 

 
None ↓Risk of Bias ↓Imprecise + EDWIN: To catheter lab 

Weak; Worse ↓Risk of Bias ↓Imprecise + EDWIN: To PCI 

Regular Medication 118 (1 study)
(344)

 None ↓Risk of Bias ↓Imprecise + Critical Bed Status 

Vital Signs 
255 (1 study)

(328)
 Weak ↓Risk of Bias + EDWIN: Re-assess 

None ↓Risk of Bias + EDWIN: Respond 

EDLOS 

Time to Assessment 

118 (1 study)
(344)

 
Moderate; Worse ↑Strength of Effect ↓Risk of Bias ++ 

Critical Bed Status Treatment Time + 
Boarding Time 

None ↓Risk of Bias ↓Imprecise + 

Total 

118 (1 study)
(344)

 None ↓Risk of Bias ↓Imprecise + 

6854 (1 study)
(338)

 None ↓Risk of Bias ↓Imprecise + NEDOCS 

28,220 (1 study)
(327)

 Weak; Worse ↓Risk of Bias ↓Imprecise + mEDWIN 

71,287 (1 study)
(343)

 Strong; Worse ↑Dose Response ↑Strength of Effect ↓Risk of Bias +++ Intensive Use Index 

+Very Low Quality, ++Low Quality, +++Moderate Quality, ++++High Quality. ED=Emergency Department, LOS=Length of Stay, DNW=Did Not Wait, m=modified, NEDOCS=National ED Overcrowding Scale, EDWIN=ED Work 

Index, PCI=Per-cutaneous Coronary Intervention 

 

 

 

 

 

 

 



 

186 

 

Table 4-38 Summary of Findings Compound Metrics Outcomes 

Quality Measure 

Number of Participants 

(studies)
(References)

 

Strength; Direction of 

Association GRADE process 

Evidence 

Quality Comment 

Mortality 62,495 (1 study)
(64)

 Moderate; Worse ↑Dose Response +++ OHS 

Receiving Care 225 (1 study)
(328)

 None ↓Risk of Bias ↓Imprecise + 
EDWIN Response to 

Abnormal Observations 

Other 

Diversion 

34,144 sampling times (3 studies)
(214, 233, 

331)
 

Moderate; Worse  ++ NEDOCS 

88,708 sampling times (5 studies)
(179, 213, 

214, 331, 334)
 

Moderate; Worse ↓Inconsistent + EDWIN 

7,948 sampling times (1 study)
(214)

 Weak; Worse  ++ READI-DV 

60,211 sampling times (2 studies)
(179, 214)

 Moderate; Worse  ++ Work Score 

BC 

contamination 
558 (1 study)

(335)
 Strong; Worse ↑Strength of Effect ↓Imprecise ++ NEDOCS 

Deterioration 225 (1 study)
(328)

 None ↓Risk of Bias + EDWIN 

Medication 
Errors 

Unclear (1 study)
(329)

 Weak; Worse ↓Risk of Bias ↓Imprecise + EDWIN 

Other Crowding 

Metrics 

≈30,563 (4 studies)
(130, 213, 327, 332) 

28,220 patients 

>2,343 sampling times 
Weak; Worse ↓Risk of Bias ↓Inconsistent + 

NEDOCS EDWIN READI-

DV EDCS SAPhTE ED 
Occupancy 

DNW 
≈6,986 (2 studies)

(233, 338)
 Moderate; Worse ↓Imprecise + 

NEDOCS 6,854 patients 
132 sampling times 

2,208 sampling times (1 study)
(213)

 Weak; Worse ↓Imprecise + EDWIN 

Patient 

Experience 
Satisfaction 

99 (1 study)
(339)

 None ↓Risk of Bias + NEDOCS 

1,591 (1 study)
(225)

 Very Weak; Worse ↓Risk of Bias ↓Imprecise + EDWIN 

Staff 

Experience 

Perception 

Crowding 

≈2,474 (7 studies)
(170, 332, 333, 336, 338, 340, 341)

 Strong; Worse ↑Strength of Effect ↓Inconsistent ++ 
NEDOCS 6,584 patients 
770 sampling times 

1,628 sampling times (1 study)
(341)

 Moderate; Worse  ++ CEDOCS 

41 sampling times (1 study)
(340)

 Strong; Worse ↑Strength of Effect ↓Risk of Bias ++ PEDOCS 

490 sampling times (3 studies)
(332-334)

 Moderate; Worse ↑Strength of Effect ↓Inconsistent ++ EDWIN 

135 sampling times (1 study)
(332)

 Very Weak; Worse ↓Risk of Bias ↓Imprecise + EDCS 

360 sampling times (2 studies)
(332, 342) 

Very Weak; Worse ↓Risk of Bias ↓Imprecise ↓Inconsistent + READI-DV 

84 sampling times (1 study)
(193)

 Strong; Worse ↑Strength of Effect ↓Risk of Bias ++ sICMED 

Danger 84 sampling times (1 study)
(193)

 Very Weak; Worse ↓Risk of Bias ↓Imprecise + sICMED 

Racial Bias 91 (1 study)
(337)

 Weak; Worse ↓Risk of Bias ↓Imprecise + NEDOCS 

+Very Low Quality, ++Low Quality, +++Moderate Quality, ++++High Quality. ≈combines different units of analysis, >n=n not stated in ≥1 study, ED=Emergency Department, LOS=Length of Stay, DNW=Did Not Wait, 

SAPhTE=Staffing Acuity Physical Capacity Disposition/Transfer and Environment in ED, NEDOCS=National ED Overcrowding Scale, CEDODS=Community ED Overcrowding Scale. PEDOCS=Paediatric ED Overcrowding Scale, 

READI-DV=Real Time Emergency Analysis of Demand Indicators-Demand Valve. EDWIN=ED Work Index, sICMED= Shortened International Crowding Measure in ED 
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The evidence in Figures 4-6 to 4-19 and Tables 4-21 to 4-38 above allows an estimation of the 

strength and direction of association between the metrics and effect measures. Table 4-3 at the 

beginning of this chapter shows how effect measures relate to the quality domains, and  

Table 4-39 below summarises which metrics relate to which quality domains based on this 

evidence.  

Table 4-39 Summary of Evidence for Associations with Quality of Care Domains 

 Institute of Medicine Quality Domain 

Patient 

Centred 
Timely Efficient Equitable Effective Safe 

M
et

ri
c 

C
a
te

g
o
ry

 

Time 

Time to Assessment ✔ ✔ ✔    

Treatment Time ✔? ✔ ✔  ✔ ✔?X 

Boarding Time ✔ ✔? ✔?  ✔ ✔ 

Total EDLOS* ✔ ✔ ✔ ✔? ✔ ✔ 

Occupancy 

Waiting Room ✔ ✔ ✔  ?  

Treatment Area ✔? ✔ ✔    

By Boarders ✔? ✔ ✔  ✔?X  

Total ED Occupancy ✔ ✔ ✔  ✔ ✔ 

Indirect Occupancy  ✔ ✔  ✔? ?X 

Hospital Occupancy ✔ ✔ ✔  ✔? ✔ 

Workload 

Arrivals  ✔ ✔  ✔?  

Waiting to be Seen  ✔ ✔  ✔?  

Acuity  ✔?     

Admissions  ✔ ✔?    

SEAL       

Compound 

NEDOCS   ✔ ✔? ✔?  

EDWIN ✔? ✔? ✔    

READI-DV   ✔    

IUI, CBS  ✔ ✔    

OHS ✔     ✔ 

Did Not Wait* ✔ ✔ ✔  ✔?  

ED=Emergency Department, LOS=Length of Stay, SEAL=Skane Emergency Department Assessment of Patient Load, National ED 

Overcrowding Scale, EDWIN=ED Work Index, READI-DV=Real Time Emergency Analysis of Demand Indicators-Demand Valve. 

IUI=Intensive Use Index, CBS=Critical Bed Status. ✔=association X=association opposite, ?=inconsistent/very weak association  

 

Boarding Time, Total EDLOS, Total Occupancy and Hospital Occupancy were associated 

with the most quality domains, and all were associated with mortality, arguably the most 

important outcome. Determining the associations between metrics and quality of care domains 
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is a key step towards deciding which may be the best metrics to use as quality indicator, 

although it is not the only step. This evidence needs to be considered as part of the QICA 

appraisal of the metrics as quality indicators in Section 4.5 below. 

4.5. Appraisal of Metrics as Quality Indicators 

The QICA analysis for each category and type of metric revealed that several quality indicator 

attributes are common to most metrics. Often data can be collected anonymously from 

electronic patient records or manual head counts by staff. Tracking of patient arrivals and time 

stamps of the stages of their journey through an ED is done routinely as part of usual care, so 

collecting this data to measure Times and Occupancy metrics should not add an administrative 

burden to clinical staff or extra costs. For those complex Compound or Workload metrics that 

require manual counts or investment in new software builds to collect the required data, there 

is no evidence to support the extra investment required to do so, especially as the simple Time 

and Occupancy metrics also have stronger evidence of associations with processes and 

outcomes of care to support their use, as discussed below.  

Regardless of which metrics were used, data would be reported at aggregate level, so there is 

unlikely to be any concern with maintenance of confidentiality for individuals. However, at a 

hospital or departmental level there may be concerns with respect to identification of 

individual hospitals especially if results are reported in the public domain and sites are 

compared using league tables. Where this type of performance regimen is implemented at state 

or national level, there is evidence of unintended consequences such as gaming and data 

manipulation.(348) This is more a reflection on the internal and external pressure put on actors 

charged with implementing the performance measures than the measures themselves.(349) If 

financial, professional or personal pressures are exerted on those deemed responsible for the 

performance measure, it is likely that some form of data manipulation or gaming will occur 

irrespective of which metric is used. It is important that checks and balances to mitigate this 

are considered when introducing a performance measurement regimen to ensure that reported 

differences reflect real changes, rather than the pressure to be seen to be performing well.(350) 

Although only one study formally assessed crowding with respect to potential for inequities of 

care,(337) effect measures related to metrics may be reported by ethnicity, gender, deprivation, 

age or other potential vulnerable groups. It is not yet known whether any crowding metric is 

more likely to highlight inequities of care. Not all metrics demonstrated consistent associations 

with processes or outcomes in all settings.  
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There were also differences in the characteristics of the metrics with respect to their reliability 

and precision. The strength and weaknesses of the metrics are discussed in detail below in the 

following tables. 

Time Metrics 

Table 4-40 describes the findings of the QICA appraisal of Time metrics as quality indicators. 

Total Time spent in ED has face validity for patients and staff in the ED. This is a broad all-

encompassing indicator that reflects how the whole system is working for all patients and is 

the summation of all phases of ED care (input, throughput and output). As a simple ‘all in one’ 

option it is attractive. It is linked to the Timeliness, Efficiency and Patient Centred IOM 

domains of quality of care, and evidence of a link to Safety and Effectiveness with respect to 

mortality in high but not low acuity settings when measured at department level. Use of 

EDLOS is confounded in that some longer stays are appropriate clinically and sometimes care 

is better in the ED for certain groups of patients. This is demonstrated by two single site 

studies that looked at particular sub-groups of patients, which used individual EDLOS as the 

metric rather than departmental average EDLOS, finding that longer EDLOS was associated 

with improved mortality.(249, 317) In contrast, studies with using department level EDLOS 

overall in high acuity settings found   an association with higher mortality.(3, 4, 190, 223, 263, 

273, 295, 296)  This suggests that some patients will benefit by longer ED stays while overall 

most patients may benefit from a shorter  average departmental LOS, suggesting the unit of 

analysis is important for this metric. 
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Table 4-40 QICA Time Metrics 

Attribute Time to Assessment Time for Treatment Boarding Time Total EDLOS 

Acceptability 
Strong face validity for consumers and providers. 

This is a real time indicator that is common 
Has face validity for consumers and providers. 

This is a real time indicator that is common 

Has face validity for ED staff may be less so for 

consumers and inpatient teams, Uncommon in 

low acuity settings 

Strong face validity for consumers and providers. 
This is a real time indicator that is common 

Evidence of association with 

outcomes 

Weak association with other components of 

EDLOS, inconsistent for time to treatment. 
Limited evidence for association with receiving 

care. No association with mortality adverse 

events, re-admission. Strong association DNW, 
weak patient experience (perception of wait more 

important than actual wait). Weak association 

staff perception of crowding/danger 

No evidence for association with times to 

treatment or phases of EDLOS. No association 

with Hospital LOS, staff or patient experience. 
Markedly inconsistent associations with mortality 

between sites. Limited evidence but moderate 

association with DNW and strong for Re-
admission, weak for diversion 

Inconsistent association with timeliness, moderate 

for Time to Assessment, strong for ED and 

Hospital LOS. Moderate associations with not 
receiving care, Mortality in high acuity settings, 

Diversion, Costs, DNW. No association adverse 

events or representation. Limited evidence but 
association with staff and patient experience 

Moderate association with time to treatment, time 

to assessment, diversion, DNW. Weak/no 

association with receiving care. Moderate 
association mortality at department level 

especially high acuity settings. Inconsistent 

association adverse events. Weak association re-
presentation, moderate re-admission. Inconsistent 

association staff or patient experience. Individual 

longer stays improved mortality and staff 
experience some settings 

Used as Metric 
Yes – triage time compliance used in NZ and 

Australia, also in Ontario 
No No 

At state and national level in several countries, 

reported by ethnicity in NZ 

Reliability 
The data should be reliable but relies on accurate 

recording at source 

The data should be reliable but relies on accurate 

recording at source 

The data should be reliable but relies on accurate 
recording at source. Multiple definitions of when 

‘decision to admit’ is made currently 

The data should be reliable but relies on accurate 
recording at source, evidence of data manipulation 

when used as a metric 

Precision of the indicator 

Small differences may be found statistically 

significant if too large a sample is used. It is 

important that what constitutes a clinically 
important difference is clearly defined 

A readily available measure, but one that is more 
likely influenced by patient needs than system 

issues (may be more noise than signal) 

Small differences may be found statistically 

significant if too large a sample is used. It is 

important that what constitutes a clinically 
important difference is clearly defined 

Small differences may be found statistically 

significant if too large a sample is used. It is 

important that what constitutes a clinically 
important difference is clearly defined 

Adjustable for case mix 

It would be simple to account for hospital type 

and case mix if these were recorded. It is 

imperative that triage adjusted for t in any 
analysis using this metric 

Important to adjust for case mix, which influences 

both the metric and the outcomes of interest, as 

seen by the different associations with mortality in 
different settings 

Case mix would need to be adjusted for and the 

results stratified by type of hospital 

There is a difference in what may be appropriate 

EDLOS for different sizes/types of hospital Need 

to adjust for this or stratify by type of hospital 
when comparing sites 

Cost of measuring worth it? Yes, easy to measure if have electronic patient record. No extra burden on clinical staff resources to collect data. 

Reflects inequities It would be possible to stratify results by ethnicity or other groups. In NZ reported by Māori / Pacific / All 

Limited evidence in reduction of inequity with 
respect to timing and appropriateness of CT scan 

for head injury in one recent study in NZ(39) 

Measuring & reporting is 

ethical 

Collected without direct patient contact, as part of routine care, without impacting care. Reported at aggregate level so no individual may be identified. 

Potential risk to hospital if hospitals identified publicly without due consideration to appropriate case-mix adjustment 
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Attribute Time to Assessment Time for Treatment Boarding Time Total EDLOS 

Potential for unintended 

consequences 

It is easy for time data to be manipulated at source 

if the clock was not started exactly when the 

patient arrived or stopped when seen by a 
clinician. 

It is possible for time data to be manipulated at 

source if the clock was not started exactly when 

seen by a clinician and stopped exactly when the 
ED care was complete 

Possible for data to be manipulated at source 

depending who was recording the ‘decision to 

admit’ time and the ‘departure time’. The point at 
which ‘decision to admit’ is made is also open to 

manipulation. Internal hospital politics between 

ED and inpatient teams to come into play if this 
indicator was used. 

Data manipulation has occurred when used as 
indicator. Including non-ED patients in counts. 

Use of ED SSU ‘stops the clock’ for patients who 

require ward admission. Patients transferred to 
other places in the hospital prior to completion of 

their ED care 

Target population described 

Unit of Analysis Clear 

ED patients. Unit of analysis is the patient, but 

reported at department level at a point in time or 

over a specified period 

ED patients. Unit of analysis is the patient, but 

reported at department level at a point in time or 

over a specified period 

This has been measured at index patient level and 

as average of other patients in the department.  
Patient level measurement would need to account 

for clinical needs 

EDLOS of other patients measured at time of 

arrival of the index patient is associated with 

outcomes, EDLOS averaged daily or over a shift 
not associated with outcomes but may be simpler 

to report. EDLOS of individual patient less suited 

to be quality indicator 

Sample described/Definition 
ED patients 

Assessment Time-Arrival Time 

ED patients 

Care Complete Time-Assessment Time 

Admitted patients waiting for a bed. 

Departure Time – Decision to Admit Time 

ED Patients 

Departure Time - Arrival Time 

Data accessible / useable / 

verifiable 

Actual time verification would require manual 

audit. Examining the distribution of reported 
times can show unusual spikes that indicate data 

manipulation or where the system is not working 

naturally. 

Actual time verification would require manual 

audit. Examining the distribution of reported 
times can show unusual spikes that indicate data 

manipulation or where the system is not working 

naturally. 

Actual time verification would require manual 

audit. Examining the distribution of reported 
times can show unusual spikes that indicate data 

manipulation or where the system is not working 

naturally. 

Actual time verification would require manual 

audit. Examining the distribution of reported 
times can show unusual spikes that indicate data 

manipulation or where the system is not working 

naturally. 

Defined scoring system 
Various jurisdictions have recommended times to 

assessment based on urgency to be seen 

There is no threshold for what constitutes too 
short or too long a time for Treatment in ED. 

Patient and condition specific 

There may be a threshold time at around 6 hours 
where boarding is associated with worse 

outcomes 

Several different thresholds have been set by 
different jurisdictions, unclear which is best. 

Optimal time may be site specific. 

Responsiveness 
Yes, if had staff resources to mobilise in response 

to prolonged delays 

Limited responsiveness. Depends on staff 

efficiency and investigation turnaround times 

This is a real time indicator that could be used to 
mobilise hospital resources in to move patients to 

a ward. 

This is a real time indicator that could be used to 

mobilise ED resources to prevent long waits for 

assessment / hospital resources in to move 
patients to wards 

Results understandable Yes, important to patients and easily understood Yes Yes Yes 

Reflects your department  
Reflects mainly input but also throughput. 

Partially under control of ED 

Reflects input and throughput mainly. Partially 

under control of ED 

Reflects output and hence throughput. Often not 

under control of ED 

Reflects input, throughput and output. Partially 

under control of ED. 

Reflects whole system 
Unclear as mostly relies on ED function but 

influenced by extrinsic demand 

Unclear as mostly relies on ED function but 
influenced by extrinsic factors such as turn-

around times for investigations 

Reflects strongly how the systems and culture 

within the hospital work for acute patients 

Captures elements of the extrinsic demand for 
care, ED function and hospital function and 

capacity 

Institute of Medicine 

Domains  
Patient Centred, Timeliness, Efficient, 

Patient Centred, Timeliness, Efficient, Effective, 
?Safety  

Patient Centred ?Timeliness, ?Efficient, Effective, 
Safety 

Patient Centred Timeliness, Efficient, Effective, 
Safety, ?Equity 

Key: QICA=Quality Indicator Critical Appraisal Tool (Chapter 2), ED=Emergency Department, LOS=Length of Stay, DNW=Did not Wait for assessment or treatment 
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This is supported by evidence from Australia that very high EDLOS time target achievement 

at departmental level is linked to higher hospital standardised mortality and optimal thresholds 

for EDLOS target achievement may differ for different groups of patients.(304)  

EDLOS has been used extensively over the last decade as a metric reported at state or national 

level and had drawn criticism for a propensity for data to be manipulated, such that reported 

performance may not reflect reality and meeting a time target may not improve care 

quality.(312) However, any metric used in a performance measurement regime is susceptible to 

this problem. This experience has unveiled two simple methods to detect when changes in 

EDLOS target performance may not wholly reflect system improvements. Firstly, measuring 

the frequency distribution of times may reveal when unusual activity has been triggered in 

response to a time target threshold, where spikes appear in the usual smooth frequency 

distribution curves at or around the target time.(350, 351) Secondly, finding spikes in the 

preference for the terminal digits of reported times directly indicates data manipulation.(352) 

The ability to routinely detect when performance data may not reflect the truth may be an 

advantage when selecting indicators if this is built in to monitoring the indicator. While 

attractive as a general measure, EDLOS will depend on case mix, so results would need to be 

stratified by hospital level if sites were being benchmarked against each other.  

Finally, EDLOS is in some ways analogous to a Compound metric, as it encompasses all 

phases of ED care. In this regard, the phases of care contributing to prolonged stays would 

need to be determined before actions could be taken to address these. For example, adding 

more staff to the ED will not improve prolonged stays due to boarding inpatients (output 

problem) but may improve prolonged times to assessment (input problem). 

Time to Assessment is associated with number in the waiting room and impacts on patient 

satisfaction and DNW rates with little evidence of association with other processes or patient 

outcomes including mortality. This metric is confounded by use of triage systems that 

prioritise sicker patients to be seen first.(353) Adjustment or stratification by triage category 

would be required when reporting Time to Assessment. Treatment Time in ED is patient and 

condition specific and there is little evidence to support using it as a metric for crowding that 

reflects quality of care. The association with mortality varied from associations with improved 

mortality to associations with worse mortality in different settings. 

By comparison, Boarding Time is mostly a reflection of inappropriate time spent in ED as the 

emergency treatment phase has finished. Boarding Time was more strongly associated with 

patient outcomes including mortality in nine studies, and some but not all processes of care. 

For patients with chest pain, boarding in ED has been associated with faster turn-around times 
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for cardiac marker tests, reflecting the increased focus of ED staff on this process of care, 

which may allow faster diagnosis and facilitate a disposition from ED for these patients. In 

contrast, charting of routine medications which is not a focus for ED staff was delayed for 

patients boarding in ED.(274) This demonstrates that the choice of effect measures will also 

influence the apparent utility of crowding metrics. This may also be a less useful indicator in 

settings with low admission rates or low hospital occupancy rates, as it reflects mainly the 

output from ED. However, for sites where output from the ED is a major cause of crowding, 

focus on Boarding Time might be a way of engaging stakeholders in the hospital beyond the 

ED who may not otherwise understand or believe that culture and processes within the 

hospital impact on the quality of care for patients in the ED, and provide a lever for inpatient 

teams to access improved resources. However, this may come at the cost of diverting 

resources away from the input phase of ED care. If boarding time were used as an indicator, 

there would need to be clear and objective definitions for how to measure boarding time to 

enable comparisons. This metric is at high risk of manipulation based on the subjective time of 

‘decision to admit’, and efforts would need to be made within sites to ensure consistent and 

reliable application of an agreed definition for this time.  

Time Targets for ED Length of Stay 

The search identified 22 studies that reported effect measures related to introduction of state or 

national time targets for EDLOS (n=30,639,920). This body of evidence is summarised in 

Figure 4-18 and Table 4-41 and 4-41 below. In different jurisdictions, different lengths of stay 

have been suggested as targets (from 4-12 hours) with various recommended proportions of 

patients achieving the targets. Initially in the UK a 98% threshold at four hours was set and 

this was adopted in Australia also. However over time evidence has emerged that this may be 

too tight and some states in Australia have now opted for a threshold around 80% based on 

associations with hospital standardised mortality.(304) Table 4-16 shows the time target times 

and thresholds in place at the times of the pertinent studies. 
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Figure 4-18 EDLOS Time Targets Associations with Quality 

A-All Processes and Staff Experience 

 
B-Outcomes and Patient Experience 

 
ED=Emergency Department, ACS=Acute Coronary Syndrome, CT=Computerised Tomography, PCI=Per-cutaneous Coronary Intervention, 

UK=United Kingdome, NZ=New Zealand, Aus=Australia 
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Table 4-41 Summary of Findings Time Targets Processes 

Quality Measure 

Number of Participants 

(studies)
(References)

 

Strength; Direction of 

Association GRADE process 

Evidence 

Quality Comment 

Timeliness  

Antibiotics 179 (1 study)
(80)

 None ↓Risk of Bias +  

Analgesia 3,865 (2 studies)
(80, 291)

 None ↓Risk of Bias +  

Acute Coronary 
Syndromes 

2,724 (2 studies)
(80, 291)

 None ↓Risk of Bias ↓Imprecise + STEMI Reperfusion 

2,646 (1 study)
(291)

 None ↓Risk of Bias ↓Imprecise + Aspirin 

Operating Theatre 1,551 (4 studies)
(80, 307, 314)

 None ↓Risk of Bias ↓Imprecise + 
Neck of Femur Appendix 

Cholecystectomy Craniotomy 

CT Head 825 (2 studies)
(314, 315)

 None ↓Risk of Bias ↓Inconsistent + 
Reduced time to CT and more 

appropriate CT for Māori 

Asthma 3652 (2 studies)
(80, 291)

 None ↓Risk of Bias ↓Imprecise + Steroid β-agonist 

Time to Assessment 11,906,085 (5 studies)
(39, 305, 307, 309, 312)

 Weak; Better ↓Inconsistent +  

EDLOS 

Boarding Time 
19,459 (1 study)

(309)
   Moderate; Worse ↓Risk of Bias ↓Inconsistent + All admissions 

2,619 (1 study)
(307)

 Weak; Better ↓Risk of Bias ↓Inconsistent + Surgical Admissions 

Total 
≈>9,133,996 (10 studies)

(39, 151, 191, 305, 307-

310, 314, 315)
 Strong; Better ↑Strength of Effect ↓Inconsistent ++ 

Australia NZ 

>303 shifts 
9,133,693 patients 

Total 735,588 (1 study)
(312)

 Moderate; Worse ↓Risk of Bias + UK 

Hospital LOS 
3,880,197 (1 study)

(39) 
 Moderate; Better  ++ NZ 

19,459 (1 study)
(309)

 Moderate; Worse ↓Risk of Bias  Australia 

+Very Low Quality, ++Low Quality, +++Moderate Quality, ++++High Quality. ED=Emergency Department, LOS=Length of Stay, Did not Wait for assessment or treatment, STEMI=ST Elevation Myocardial Infarction, UK =United 

Kingdom, NZ=New Zealand 
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Table 4-42 Summary of Findings Time Targets Outcomes 

Quality Measure 

Number of Participants 

(studies)
(References)

 

Strength; Direction of 

Association GRADE process 

Evidence 

Quality Comment 

Mortality 

In ED 6,566,292 (2 studies)
(39, 313)

 Moderate; Better ↑Strength of Effect ↓Inconsistent ++ 
NZ better  

UK no difference 

Acute in-hospital to 

30 days 

7,062,831 (7 studies)
(39, 295, 303, 308, 309, 314, 

317)
 

None ↓Inconsistent  + 
Higher quality studies 
accounting for pre-target trends 

= no difference 

Elective 2,082374 (1 study)
(39)

 Strong; Better ↑Strength of Effect +++  

Target Compliance >12,524746 (2 studies)
(271, 304)

 Strong; Better 

↑Strength of Effect ↑Dose 

Response ↓Risk of Bias 

↓Inconsistent 

++ 
Threshold for lowest mortality 
≈80% 

Receiving 

Care 

Antibiotics 179 (1 study)
(80)

 None ↓Risk of Bias +  

Analgesia 3,865 (2 studies)
(80, 291)

 None 
↓Risk of Bias ↓Inconsistent 

↓Imprecise 
+ 

 

Asthma 

Steroid  

 In ED  923 (1 study)
(148)

 Weak; Better ↓Risk of Bias + 
Odds Ratio large, absolute value 

small 

Prescription 3,652 (2 studies)
(151, 291)

 None ↓Risk of Bias ↓Imprecise +  

Acute Coronary Syndromes 2,724 (2 studies)
(80, 291)

 None ↓Imprecise ↓Inconsistent + Reperfusion 

Investigations 
780,524 (2 studies)

(291, 313)
 None ↓Risk of Bias + Number of tests 

635 (1 study)
(310)

 Weak; Better ↓Risk of Bias ↓Inconsistent + 
Appropriate CT for head injury 
improved for Māori and Pacific 

Other 

Inter-unit Transfers 79,554 (2 studies)
(307, 309)

 Strong; Worse ↓Risk of Bias ++ One site 

MET Calls 24,746 (1 study)
(271)

 Moderate; Better 
↑Dose Response ↓Risk of Bias 

↓Inconsistent 

+ Post target compliance 

Ward Admissions 

5,793,767 (1 study)
(39)

 Weak; Worse  ++ NZ 

772,525 (1 study)
(313)

 None ↓Risk of Bias + UK 

3,291,525 (3 studies)
(305, 307, 309)

 Very Weak; Better ↓Risk of Bias ↓Inconsistent + Australia 

Short Stay Admissions 3,291,525 (3 studies)
(305, 307, 309)

 Weak; Worse ↓Risk of Bias ↓Inconsistent + Australia 

DNW 9,201,075 (3 studies)
(39, 305, 306)

 Strong; Better ↑Strength of Effect ↓Inconsistent ++  

Re-presentation 9,781,094 (3 studies)
(39, 305, 313)

 Weak; Better ↓Inconsistent +  

Re-admission 7 days 772,525 (1 study)
(313)

 None ↓Risk of Bias ↓Imprecise   

Re-admission 30 days 3,880,197 (1 study)
(39)

 Moderate; Worse  ++  

Staff Experience 303 sampling times (1 study)
(191)

 Weak; Better ↓Risk of Bias + Safely Manage Shift 
+Very Low Quality, ++Low Quality, +++Moderate Quality, ++++High Quality. ED=Emergency Department, LOS=Length of Stay, Did not Wait for assessment or treatment, UK =United Kingdom, NZ=New Zealand 
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Time Targets seemed to have no association with timeliness of care overall, although baseline 

times were often short, biasing against finding differences. There were associations with 

reduced EDLOS and several other care quality measures including reduced mortality in 

several settings. A study at one site found shorter times to CT and a better rate of appropriate 

CT scans for Māori with head injuries post target, such that the post-target rates were similar 

to European/Other ethnicities, suggesting time targets may have the potential to help reduce 

health inequities.(39)  However, there were also associations with unintended negative effects 

in some settings. How any performance measure is implemented in a setting is likely to 

influence the effects, both intended and unintended.(349, 350) 

Occupancy Metrics 

Table 4-43 describes the findings of the appraisal of ED Occupancy metrics as quality 

indicators.  
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Table 4-43 QICA Occupancy Metrics 

Attribute Waiting Room Occupancy Treatment Area Occupancy Boarder Occupancy Total Occupancy 

Acceptability Strong face validity for consumers and providers. Occupancy is a real-time indicator that is common. Intuitively linked to crowding 

Evidence of association with 

outcomes 

Moderate association EDLOS phases (quality of 

evidence varies), ambulance diversion and 

adverse cardiac events. No association with 

mortality. Fewer representations if more in 

waiting room. Weak associations: diversion, 

receiving care and DNW. Patients less likely to 
recommend ED and care quality not associated, 

weak association staff perception crowding 

No evidence of associations with Timeliness, but 
some evidence of association with number 

starting treatment and Time to Assessment and 

total EDLOS. No association with mortality, 
conflicting evidence of association with DNW. 

No evidence for patient experience but some for 

staff perception of crowding 

Strong association with Timeliness, Boarding 

time and EDLOS. Less for Time to Assessment. 
Little association with receiving care. No 

association with mortality, adverse events. 

Conflicting evidence of associations with DNW. 
Associated with diversion. Patients less likely to 

recommend ED but don’t believe care is 

compromised while staff do and contributes to 
staff perception of crowding 

Associated strongly with Time to Assessment, 

Diversion. Moderate association with timeliness, 
other phases of care, EDLOS, mortality, hospital 

LOS, DNW. Weaker for receiving care, adverse 

events, patient experience. No association with 
representation but some for re-admission. 

Associated with violence towards staff and staff 

perception of crowding, but not stress and 
education 

Used as Metric No 

Reliability 

Simple counts should be reliable if patient 

registered on tracking system. Proportions 
unreliable as denominator unclear 

Definitions of a ‘treatment space’ differ and need 

stable denominator for proportions to be 

meaningful. Ignores patients who are still in ED 
and using ED resources, will underestimate 

crowding 

Simple counts should be reliable but need stable 

denominator for proportions to be meaningful 

Simple counts should be reliable but need stable 

denominator to be meaningful. Fluctuates through 
the day 

Precision of the indicator 

Some observed associations were not clinically 

important due to large sample sizes in the studies. 
Would need to measure at least hourly to be 

meaningful as a crowding metric, averages over 

longer times may not be sensitive to fluctuations 
in crowding 

Some observed associations were not clinically 

important due to large sample sizes in the studies. 
Would need to measure at least hourly to be 

meaningful as a crowding metric, averages over 

longer times may not be sensitive to fluctuations 
in crowding 

The optimal period over which to measure this is 

unknown. May need to measure at least hourly to 

be meaningful as a crowding metric, averages 
over longer times may not be sensitive to 

fluctuations or extremes of crowding 

The optimal period over which to measure not 
clear. Will differs for different purposes. Research 

lacking re ‘average’ over time test outcomes that 

would inform use as indicator. Point occupancy 
used in real time as metric to respond to. For site 

comparisons reporting average over time masks 

peaks 

Adjustable for case mix Need to adjust for case mix to compare across sites. This is possible. 

Cost of measuring worth it? Yes, easy to measure if have electronic patient record. No extra burden on staff to collect 

Reflects inequities It would be possible to stratify results by ethnicity or other groups, although no current evidence 

Measuring & reporting is 

ethical 

Collected without direct patient contact, as part of routine care, without impacting care. Reported at aggregate level so no individual may be identified. 

Potential risk to hospital if hospitals identified publicly without due consideration to appropriate case-mix adjustment 

Potential for unintended 

consequences 

Counts may be manipulated. Some evidence to 

suggest an unintended consequence of small 
increase in admission rate in response to increased 

number in the waiting room 

Limited potential to manipulate data at source if 
collected from electronic patient tracking system. 

Evidence to suggest an unintended consequence 

of small increase in admission rate in response to 
increased number in the treatment area 

Data may be manipulated electronically to 
misrepresent whether patient boarding or not. 

Low quality evidence of increased ward re-

admission if boarder number used as trigger for 
lower threshold to discharge ward patients 

Limited potential to manipulated data at source if 
collected from electronic patient tracking system, 

Focus on occupancy may risk inappropriately 

early discharges / admissions, which may lead to 
unintended consequences or worse care 
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Attribute Waiting Room Occupancy Treatment Area Occupancy Boarder Occupancy Total Occupancy 

Target population described 

Unit of Analysis Clear 

ED patients in WR. Unit of analysis is patient, but 
measured at department level at a point in time or 

over a specified period 

ED patients in treatment spaces. Unit of analysis 
is the patient, but measured at department level at 

a point in time or over a specified period 

Patients waiting for admission. Unit of analysis is 
patient, but measured at department level at a 

point in time or over a specified period 

All patients in ED, Unit of analysis is patient, but 
measured at department level at a point in time or 

over a specified period 

Sample described/Definition 

Denominator of ‘spaces’ in the WR may vary, 

unusual to have a set number of spaces here. 
Simple count maybe more reliable 

What counts as a treatment space may vary (eg 
hallway spaces / observation areas).This needs 

clear definition. Ignores other patients consuming 

ED resources. 

The definition of a boarder (or when boarding 

starts) may vary, as may the denominator of 
number of beds 

Different numerators and denominators used. This 

requires standardisation for this indicator to be 
used to benchmark across sites 

Data accessible / useable / 

verifiable 

If electronic patient log, would require manual 

audit to verify 

If electronic patient log, would require manual 

audit to verify 

If electronic patient log, would require manual 

audit to verify 

If electronic patient log, would require manual 

audit to verify 

Defined scoring system No 

Suggestion from other industries that ≈85% 

maximum occupancy optimal, often >100% used 

in ED setting to determine crowding 

No 

Suggestion from other industries that ≈85% 

maximum occupancy optimal, often >100% used 

in ED setting to determine crowding 

Responsiveness 

It is not usually possible to control the number of 
patients coming in which makes this less useful as 

a measure of crowding. 

May be amenable to change with increased 

hospital capacity, improved ED processes 

May be amenable to change with increased 
hospital capacity. Control may lie with hospital 

teams not ED 

May be amenable to change with increased 

hospital capacity, improved ED processes 

Results understandable Yes Yes 
Perhaps less so than other occupancy metrics for 

patients / family 
Yes 

Reflects your department  
Reflects input, but also throughput (and indirectly 

output). Not in the control of ED 
Reflects throughput (influenced by input and 

output). Partially in control of ED 

Reflects output (and hence throughput) Not in 

control of ED in many settings but impacts ED 

processes negatively 

Reflects throughput (influenced by input and 
output). Partially under the control of ED 

Reflects whole system 
Reflects demand for care, interface between the 

community and ED 
Unclear, depends on contribution of boarders to 

treatment space use. 
Strong reflection of how hospital is working for 

acute patients. 

Yes, summarises how whole system working, 

reflecting demand, ED function and hospital 

capacity 

Institute of Medicine 

Domains  

Patient Centred, Timeliness, Efficiency, 

?Effectiveness 
?Patient Centred, Timeliness, Efficiency  

?Patient Centred, Timeliness, Efficiency, 

?Effectiveness 

Patient Centred Timeliness, Efficient, Effective, 

Safety 

Key: QICA=Quality Indicator Critical Appraisal Tool (Chapter 2), ED=Emergency Department, LOS=Length of Stay, DNW=Did not Wait for assessment or treatment 

 



 

200 

 

All types of occupancy measures have high face validity for both patients and staff as 

occupancy is the most obvious manifestation of crowding. Of the four direct occupancy 

metrics, total ED Occupancy had the strongest associations with outcomes, reflected all three 

phases of ED care (input, throughput and output) and reflected most IOM quality domains.  

Occupancy in the waiting room usually reflects those with minor illness or injury who are at 

least risk of adverse outcomes. Although there was evidence of an impact on the processes of 

care, there was little evidence of an impact on outcomes. The occupancy of patients under 

treatment had the least evidence of association with poor outcomes, while occupancy by 

boarding inpatients had stronger impact on ED function. However, this indicator would not be 

useful in settings with low admission rates and few barriers to admission where input rather 

than output factors would contribute more to crowding. 

Although 100% occupancy has been used as a threshold to define crowded conditions in ED 

(180, 208, 216, 320) it would seem prudent to use lower thresholds to trigger changes to prevent 

maximum occupancy being reached to avoid patient harms if occupancy was used as a 

crowding metric, although there was a paucity of empirical evidence to support this concept. 

ED occupancy varies throughout the day in a predictable manner, with lowest occupancy in 

the early hours of the morning and highest during the afternoon and evening.(354). This means 

taking a daily or longer ‘average’ occupancy may underestimate harms caused by shorter 

periods of high occupancy, and the potential impact of ‘point’ occupancy may differ if 

occupancy was increasing or decreasing at the point in time it was measured. Occupancy may 

be a useful metric in real time to trigger interventions to decompress an overcrowded ED, but 

less useful as a metric to report over longer periods at a higher level. Although it would be 

possible to conceive a metric based along the lines of ‘proportion of time the ED was occupied 

less than XX%’, this has not been used to date. 

Other Occupancy Measures 

Table 4-44 describes the findings of the appraisal of Indirect Occupancy, Hospital Occupancy 

and DNW as quality indicators. 
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Table 4-44 QICA Indirect Occupancy and Other Metrics 

Attribute Indirect Occupancy Hospital Occupancy DNW 

Acceptability 

Strong face validity for experts which was mostly not supported 

by empirical studies of physician experience, a real time 

indicator that reflects >100% occupancy of the ED 

Has face validity for consumers and providers, 

although this may not be universal. This is a real 

time indicator that is common 

The concept of not waiting to be seen will have meaning to all 

stakeholders, and it ‘makes sense’ that this should reflect crowding 

(especially if there are long waits to be seen) 

Evidence of association with 

outcomes 

Inconsistent association with Timeliness, weak association with 

phases of EDLOS and Hospital LOS, strong for total EDLOS. 

No evidence for receiving care and most evidence of no 

association or an association opposite to that expected for 

mortality. Diversion of walking patients associated with DNW, 
ambulance diversion is not. No association re-presentation, 

patient experience and inconsistent for staff experience 

Limited evidence of association with Timeliness, but 
stronger evidence of association with Boarding Time 

and EDLOS. Limited evidence of association with 

receiving care, strong association with mortality and 
adverse events in hospital, use of hallways in ED. No 

association with diversion, weak with DNW and re-

presentation. No evidence for staff or patient 
experience 

Limited evidence of association with timeliness. No evidence of 
association with EDLOS phases although known association with 

perceived more than actual Time to Assessment (see above). Limited 

inconsistent evidence of association with not receiving care. Patient Level 
DNW associated with reduced mortality but higher re-presentations. ED 

Level DNW not associated with these outcomes. Weak association with 

patient experience and association with less violence to staff when DNW 
higher 

Used as Metric 
Yes, Off Stretcher Time and ramping used in Australia, 

Diversion used in Canada and USA, losing favour 
No No 

Reliability 

There was much variation in the Diversion triggers between 
studies (and sites within studies), which was often subjective. 

Some jurisdictions have banned diversion. This makes it an 

unreliable metric. Ramping / Off-stretcher time may be more 

reliable, but would require clear definitions and application 

Although this should be a simple count of number of 

patients/number of beds, in practice this may vary as 

the number of beds available to be occupied may 
vary up and down depending on staffing and 

predicted demand. Different authors have used 

different definitions of occupancy 

Different authors used different definitions of DNW or did not define it. 
To be reliable or able then a common definition is needed. 

Precision of the indicator 

Depends on measure and system. If divert ambulances then off 
stretcher time would not be good indicator, if ban diversion then 

invalidates this. Evidence lacking that this is harmful to patients 

so threshold at which this becomes meaningful is unclear 

Often measured at a point in time or daily average, 

when crowding fluctuates hourly. Daily averages or 
points in time may be insensitive to hourly changes. 

Unclear what an important change would be and depends on baseline. 

Also, there may be non-crowding related patient or staff factors that 
influence a person’s decision to wait for assessment 

Adjustable for case mix 
Case-mix and hospital Level would need to be adjusted for to 

compare across sites. This is possible. 

There was consistency of effects for delayed 

processes from many different types of hospital. 

Should be adjusted for Level of hospital 

Case-mix would need to be adjusted for to compare across sites. This is 
possible. 

Cost of measuring worth it? 
Not reliable, little association with outcomes so not worth it. 

May require extra resources if not set up to do this currently 

Once reliability issues addressed would be easy to 

measure if have electronic patient record 
Not as a measure of ED crowding. 

Reflects inequities 
It would be possible to stratify results by ethnicity or other 

groups. 

It would be possible to stratify results by ethnicity or 
other groups. Unclear if meaningful in terms of 

equity 

It would be possible to stratify results by ethnicity or other groups, some 

evidence higher rate for Māori 

Measuring & reporting is ethical 

Collected without direct patient contact, as part of routine care, 

without impacting care. Reported at aggregate level so no 
individual may be identified. 

Potential risk to hospital if hospitals identified publicly without 

due consideration to appropriate case-mix adjustment 

Collected without direct patient contact, as part of 

routine care, without impacting care. Reported at 
aggregate level so no individual may be identified. 

Potential risk to hospital if hospitals identified 

publicly without due consideration to appropriate 

Collected without direct patient contact, as part of routine care, without 

impacting care. If reported at aggregate level no individual may be 
identified, however at individual level some risk of this. 

Potential risk to hospital if hospitals identified publicly without due 

consideration to appropriate case-mix adjustment 
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Attribute Indirect Occupancy Hospital Occupancy DNW 

case-mix adjustment 

Potential for unintended 

consequences 

It is possible for data to be manipulated at source by staff 

recording OST, some evidence of individual staff having 

different thresholds for initiating ramping and potential to be 
manipulated exists. May lead to use of ED hallways if became a 

reportable metric 

It is possible for data to be manipulated at source if 
the number of resourced (staffed) beds was less than 

the number of physical beds and physical beds were 

used as the denominator. Focus on hospital 
occupancy may risk inappropriately early discharges 

which may lead to unplanned re-attendance / re-

admission 

This metric would be simple to manipulate at source if patients were 
encouraged to go elsewhere prior to being logged in the system in which 

case they would not be recorded. Diverting resources to reduce DNW rates 

may theoretically result in other aspects of care being compromised 

Target population described 

Unit of Analysis Clear 

Ambulance patients (usually) 
Patient Handover Time – Ambulance Arrival Time 

Hospital inpatients 

Unit of analysis is the hospital usually reported daily 

which would reduce usefulness. 

ED patients waiting to be seen 

Best unit of analysis is patient, however would be reported at hospital 

level. Time frame unclear. 

Sample described/Definition Ambulance patients 
Who counts as an inpatient may vary, as with the 

number of beds available 
ED patients who did not wait, variable definitions 

Data accessible / useable / verifiable 

Diversion data may need to be recorded manually although 

could set IT system to auto trigger objectively. 
OST held by EMS providers, not the ED. Unclear whether 

some jurisdictions hold data on ramping or diversion 

Timing of measurement is important (point estimates 

hourly likely more useful than averages over longer 

periods or single point estimates). Difficult to verify 

If electronic patient log, would require manual audit to verify 

Defined scoring system 

Authors have suggested times at which a delay in offload is 
considered too long. Would need standardisation. Any ramping 

or diversion may be considered system failure but little 

evidence to suggest harm as result 

There is evidence to suggest that hospital occupancy 

>80,90% leads to worse outcomes for patients 

It is simple to calculate a proportion, but as noted above, there are different 
ways to measure this so definition should be stated up front. What 

constitutes an acceptable DNW rate is not defined and what constitutes a 

clinically important change in DNW is also unclear. 

Responsiveness ED and hospital may respond by creating capacity but this 
Potentially, depending on the hospital’s capacity and 

desire from management / inpatient teams to react 

At an individual level once the person has left it is not possible to then 

prevent them leaving. At an organisational level there may be actions to 

reduce DNW in both short and longer terms (e.g. more physician hours) 

Results understandable Yes Yes Yes 

Reflects your department  
Reflects input and throughput, and hence output. Partially under 

control of ED 
Reflects capacity for output from ED, hence 

throughput also. Mostly not under control of ED 
Reflects input phase of ED care. As patient factors play a role, only 

partially under the control of ED. 

Reflects whole system Yes, where capacity to cope with demand is exceeded 
Reflects how the hospital functions and the ability to 

move patients out of hospital back the community 
More a reflection of patient / staff factors within the ED. 

Institute of Medicine Domains  Timeliness, Efficient, ?Effective ?Not Safety 
Patient Centred Timeliness, Efficient, ?Effective, 

Safety 
Patient Centred Timeliness, Efficient, ?Effective 

Key: QICA=Quality Indicator Critical Appraisal Tool (Chapter 2), ED=Emergency Department, LOS=Length of Stay, DNW=Did not Wait for assessment or treatment 
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Indirect Occupancy 

Although Ambulance Ramping, Off Stretcher Time and Diversion have high face validity 

based on opinions of experts, this is not strongly supported by empirical evidence of 

associations with outcomes for patients. There is some evidence of an effect on Timeliness of 

care and EDLOS, while most evidence suggests no association with mortality or other 

outcomes. Ambulance diversion is not reliable over time or between settings as the triggers for 

diversion vary and some jurisdictions do not use this practice. Off Stretcher Time is not 

measured by ED in some settings and would require additional costs to obtain this 

information. As with all ‘times’ this may also be prone to manipulation at source. When direct 

measures of Occupancy are readily available and have stronger associations with care quality 

it seems that Indirect Occupancy measures should not take priority. 

Hospital Occupancy 

Hospital Occupancy influences the output phase and therefore the throughput phase of care, 

with some evidence that this also indirectly impacts the input phase. Nearly all IOM domains 

of quality will be affected by excess hospital occupancy. There was evidence linking this 

metric to mortality for admitted patients, delayed admission from the ED, DNW, hallway use, 

delayed processes of care and reduced re-attendance to the ED. However, there is also 

evidence that responding to this metric by discharging earlier from hospital has the potential to 

lead to the unintended consequence of increased ward re-admissions. The data for this metric 

should be simple to obtain, although it may be that different sites define numerators and 

denominators differently and if this was to be used, standardisation would need to occur. 

There is limited evidence to suggest a threshold of 80-90% is relevant to the impact of hospital 

occupancy on quality of ED care. Use of Hospital Occupancy as a quality of care measure may 

help engage stakeholders who may not be concerned about quality of care in the ED and may 

also result in improved care for all hospital patients. 

Did Not Wait 

DNW is a Patient Centred metric, although there is very limited evidence associating DNW 

with the care quality. When measured at patient level there was evidence of lower mortality,(4, 

326) but increased re-presentation rates.(189, 269, 326) At ED level there was no association with 

these outcomes. Higher DNW rates were found on days when there was less violence to 

staff,(226) and DNW was dropped from a multiple combination metric due to difficulty 

measuring and acting on this in real time.(193) Definitions of DNW varied across studies and 

like all metrics, this would require a clear and consistent definition if used to compare 

different hospitals. Patient factors and staff interaction may also play a part in DNW which 
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would confound any association with crowding. Adjustment for age, ethnicity and acuity may 

be required for any between site comparisons to be valid and it may not be possible to adjust 

for case-mix. What constitutes an unacceptable DNW rate or what change in DNW rate is 

clinically important is unclear, although at an individual level just one person leaving without 

assessment may indicate that the system has not worked for that person. On balance DNW rate 

does not meet the requirements for a quality indicator with respect to crowding. 

Workload  

This category includes a heterogeneous group of potential measures. Table 4-45 describes the 

findings of the appraisal of Workload metrics as quality indicators. 
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Table 4-45 QICA Workload Metrics 

Attribute Arrivals Waiting to be Seen Acuity Staff Admissions SEAL score 

Acceptability 

Concept of Number of Arrivals 

has face validity for providers 
and consumers 

Concept of Number Waiting to be 

seen has face validity for providers 
and consumers 

Concept of Acuity has face 

validity especially for providers 

Concept of Number of Staff high 

has face validity for providers and 
consumers 

Unclear. Admission mostly reflects 

patient need. More admissions linked 

to workload for nurses, may be easier 
to admit a patient for doctor than to 

discharge them if complex. 

Should have face validity for 
providers, although occupancy 

reduces score which is counter 

intuitive 

Evidence of 

association with 

outcomes 

Weak association with 

Timeliness of care, phases of 
EDLOS. Limited evidence for 

receiving care and hallway use, 

strong association with diversion 
and DNW. No evidence for 

mortality or adverse events No 
evidence for Hospital LOS or 

staff / patient experience. 

Weak association with Timeliness, 

limited for receiving care. No 

association with mortality. No 
evidence for phases of EDLOS, 

hospital LOS or other outcomes. 

No evidence for Timeliness, no 
association with EDLOS 

phases. Weak association with 

staff perception of crowding, 
ambulance diversion. No 

evidence for mortality, other 
outcomes or patient experience 

Weak association with Timeliness 

and phases of EDLOS, diversion. 

No association with total EDLOS,  
or patient perception of care 

compromise. Weak association 

with DNW. No evidence for 
mortality. Moderate association 

violence (doctors not nurses) 

Weak association with Timeliness and 

phases of EDLOS, strong association 

with total EDLOS. Diversion; weak for 
DNW. No association receiving care, 

no evidence for mortality or other 

outcomes, patient experience. Limited 
evidence association with violence 

(doctors not nurses) 

Weak association with staff 

perception of workload. No 

evidence for any other 
processes, outcomes or patient 

experience 

Used as Metric No 

Reliability 

Simple counts of number of 

arrivals be reliable over time but 

may miss if leave before 

registered. 

Simple counts of number of 

patients should by reliable over 

time 

There are standardised methods 
to assess acuity, but several 

other methods reported in 

literature. Needs to be 
standardised for comparisons 

Number of staff or staff hours may 

be unreliable as not all staff may 

be working full time, use of locum 

staff may not be accounted for. 

Definition of an ‘admission’ would 

need to be standardised as may vary 

between sites or over time 

Unlikely to be reliable across 

jurisdictions and perhaps not 

over time 

Precision of the 

indicator 

Varies by hour, daily, and by 

month or year and by hospital 

Level. Large numbers mean 
small differences would be 

significant. 

Varies by hour, averaging over 

longer period may lose meaning. 

Will vary greatly per hour, 
average over time is more of a 

baseline measure than quality 

indicator. 

Staffing numbers may be too small 
to detect differences while staffing 

hours may be large and find small 

differences to be significant 

Admission is most influenced by 

patient need, so high noise to signal 
ratio as a reflection of crowding. 

Unclear as insufficient evidence 

Adjustable for case 

mix 

Impact depends on factors of 

acuity and staffing 

Impact depends on 

factors of acuity and staffing 

Impact depends on staffing and 

numbers presenting 

Staffing levels are a baseline 
which should be based on 

anticipated workload not an 

indicator of workload 

Yes 
Acuity and number of beds 

included in score. 

Cost of measuring 

worth it? 

Yes, easy to measure if have 

electronic patient record 

Yes, easy to measure if have 

electronic patient record 

Yes, easy to measure if have 

electronic patient record 

Easy to measure but requires 

manual input 

Yes, easy to measure if have electronic 

patient record 

Unclear, metric would require 

investment in IT to set up 

Reflects inequities 
Possible to stratify results by 

ethnicity or other groups. 
Possible to stratify results by 

ethnicity or other groups 
Possible to stratify results by 

ethnicity or other groups 
Possible to stratify staff by ethnic 

group 
Possible to stratify results by ethnicity 

or other groups 
Possible to stratify results by 

ethnicity or other groups 

Measuring & 

reporting is ethical 

Collected without direct patient contact, as part of routine care, without impacting care. Reported at aggregate level so no individual may be identified. 

Potential risk to hospital if hospitals identified publicly without due consideration to appropriate case-mix adjustment 
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Attribute Arrivals Waiting to be Seen Acuity Staff Admissions SEAL score 

Potential for 

unintended 

consequences 

Can manipulate any count data at 
source. The number of arrivals 

objective but if non-ED patients 

are counted the figure may be 
inflated artificially 

It is possible to manipulate any 
count data at source. The number 

waiting to be seen should be 

objective however depends when 
clinicians sign on to patient 

Triage category unlikely to be 

manipulated as reflects patient 

characteristic 

If used comparatively, some sites 

may be seen as overstaffed and  
risk being cut back, fear of this 

would lead to manipulation of data 

Admission usually based on clinical 
need. Higher admission thresholds may 

result in more re-presentations, 

theoretical harm to patients. Lower 
threshold may lead to worse crowding 

Unclear. It is possible to 
manipulate any count data at 

source. With multiple metrics 

combined this may be harder to 
manipulate 

Target population 

described 

Unit of Analysis Clear 

Patients arriving at ED. Unit of 

analysis is patient, but reported 

at department level at a point in 
time or over a specified period 

Patients not seen by a clinician yet. 

Unit of analysis is patient, but 

reported at department level at a 

point in time or over a specified 

period 

All ED Patients. Unit of 

analysis is patient, but reported 

at department level at a point in 
time or over a specified period 

Staff. Unit of analysis is the staff 

member, but reported at 

department level at a point in time 
or over a specified period 

Patients admitted to hospital. . Unit of 

analysis is patient, but reported at 

department level at a point in time or 
over a specified period 

All ED patients. Unit of analysis 

is patient, but reported at 

department level at a point in 
time or over a specified period 

Sample 

described/Definition 

Number arriving in a particular 
time period. May vary from site 

to site if some non-ED patients 

are counted 

Number who have not seen a 

treating clinician, regardless of 

where they are in the ED may vary 
from site to site if some non-ED 

patients are counted 

All patients in ED 

Roles should be defined, such as 

designating who is a ‘decision 
making’ or ‘treating’ clinician 

Use of short stay units may mean 

denominator varies between sites 
All ED patients 

Data accessible / 

useable / verifiable 

If electronic patient log, would 

require manual audit to verify 

If electronic patient log, would 

require manual audit to verify 

If electronic patient log, would 

require manual audit to verify 
Yes 

If electronic patient log, would require 

manual audit to verify 

Would require electronic data 
capture to be set up from 

electronic patient log 

Defined scoring 

system 
No No 

Yes, various jurisdictions have 

definitions for different 
categories of urgency to be 

seen (Triage Scores) 

Mathematical models for staffing 

based on prior demand, and 
productivity but will vary based on 

case-mix and goals 

No 

No. Same score from different 

triggers means won’t know 
which area causing issue at any 

one time 

Responsiveness No 
Potential to mobilise staff in real 

time to cope with surge 
No 

Potential to mobilise staff in real 
time to cope with absences 

May be able to alter thresholds for 
admissions 

Unclear depending on 
underlying cause 

Results 

understandable 
Yes, simple concept Yes, simple concept Yes, relatively simple concept Yes, simple concept Yes, simple concept No, meaning of score unclear 

Reflects your 

department  

Reflects input (external demand). 
Not in the control of ED 

Reflects input and throughput. 
Partially under ED control 

Not under the control of ED, 
reflects patient need 

Related to throughput. Staff 

levels/distribution partially under 

control of ED 

Although more a reflection of patient 

need, reflects throughput and output. 

Often not in control of ED 

Reflects mainly input, only 
partially under ED control 

Reflects whole system 
Reflect external demand for 

acute care 
No No, reflects patient need 

Possibly reflects resourcing across 
whole hospital 

Mainly reflects patient need but also 
reflects hospital capacity 

Reflects demand for care mainly 

Institute of Medicine 

Domains  

Timeliness, Efficiency 

?Effectiveness 

Timeliness, Efficiency 

?Effectiveness 
?Timely 

?Patient Centred ?Timeliness, 

?Efficiency 
Timeliness, Efficiency  

Key: QICA=Quality Indicator Critical Appraisal Tool (Chapter 2), ED=Emergency Department, LOS=Length of Stay, DNW=Did not Wait for assessment or treatment, SEAL=Skane Emergency Department Assessment of Patient Load 
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Workload may not always reflect crowding, as evidenced by higher occupancy on the Skane 

Emergency Department Assessment of Patient Load (SEAL) instrument counting as less 

workload. This is a counter-intuitive finding that threatens the face validity of this metric.(325) 

The SEAL is a complex combination metric validated against staff impression of workload, 

although there was at best moderate correlation between different staff and this has not been 

validated against patient outcomes. 

The Number of Arrivals had the strongest evidence of association with care processes and the 

outcomes of ambulance diversion and DNW. However, Arrivals are not under the control of 

the ED and are not modifiable. The average number arriving measured over long periods 

would not be a useful indicator of ED crowding, which fluctuates hourly and it is the peaks of 

arrival and a department’s ability to cope with these that is most important in the short term. 

The impact of the Number of Arrivals depends on the case-mix, and the resources (staff, beds 

and equipment) available. This may be a trigger to obtain more short-term staff resources, 

however this would be site and circumstance specific.  

Number of discharges was not associated with any process or outcome measures, so does not 

appear a useful metric. Number of admissions was associated with EDLOS, but this is more a 

reflection of patient needs or the setting studied than a controllable metric of crowding. 

Similarly, patient Acuity is determined by patient needs and thus may reflect the resources 

required, but this is more of a baseline factor that needs to be considered when reporting and 

analysing ED crowding than a metric of crowding that should be used to reflect quality of 

care. This also applies to the Number of Arrivals, Admissions and Staffing. 

Compound Metrics 

At the start of this thesis in 2009, the candidate set out to find which complex metric was the 

best to use. Over the intervening time, these metrics have fallen out of favour, with simple 

measures of Time and Occupancy surpassing them.(132) Table 4-46 and Table 4-47 describe 

the Compound metrics as quality indicators. 
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Table 4-46 QICA Compound Metrics A  

Attribute NEDOCS and Variations EDWIN and Modifications READI-DV ED Work Score ED Crowding Scale 

Acceptability The concept of combining metrics has high face validity and most were derived initially based on staff perception of crowding or expert opinion 

Evidence of association 

with outcomes 

No association timeliness, strong staff 
perception of crowding, blood culture 

contamination, ambulance diversion, weak 

for racial bias DNW and other crowding 
metrics. No association patient experience, 

no evidence for mortality 

Weak association timeliness, and EDLOS, 

medication errors, DNW, patient and staff 

experience. Strong association ambulance 

diversion, no association patient 

deterioration, no evidence for mortality 

Weak association ambulance diversion, 

other crowding metrics, staff perception of 

crowding. No evidence timeliness or 

EDLOS, receiving care, mortality, DNW, 

re-presentation, patient experience. 

Strong association with ambulance 

diversion. No evidence timeliness or 

EDLOS, receiving care, mortality, 

DNW, re-presentation, patient 

experience, staff experience 

Weak association with staff perception 

of crowding, other crowding metrics. 

No evidence timeliness or EDLOS, 

receiving care, mortality, DNW, re-

presentation, patient experience 

Used as Metric Yes No No No No 

Reliability 

The NEDOCS did not perform as well as 

in the derivation sites for community or 

paediatric hospitals and different 
thresholds for NEDOCS were required 

other sited 

The EDWIN score needed to be modified 

in different ways at sites different to where 

it was derived and had variable 
associations with outcomes at different 

sites 

Unlikely. Need to know predicted arrivals 
and departures, physician productivity, 

occupancy. May not be reliable over time 

or between sites 

Unclear as not formally defined, 

combination of staffing, acuity, WR 

occupancy, boarder occupancy. May 
not be reliable over time or between 

sites 

Unclear as not formally defined, 

combination of staffing acuity, ED 

occupancy time and hospital 
occupancy. May not be reliable over 

time or between sites 

Precision of the 

indicator 
Categorisation of scores of some metrics may be too broad to pick up the nuances of crowding at different sites. Large samples will find small differences statistically significant 

Adjustable for case mix Yes, this would be required to compare across sites 

Cost of measuring 

worth it? 

Unclear. Requires manual input of patients 
on ventilators in ED and linked IT system 

to generate scores 

Unclear Requires manual input staffing 
numbers and linked IT system to generate 

scores 

Unclear. Requires manual input staffing 

numbers and linked IT system to generate 

scores, knowledge of predicted arrivals 
departures 

Unclear as not formally defined, but 
requires manual entry of staff 

numbers 

Unclear as not formally defined, but 

requires manual entry of staff numbers 

Reflects inequities 
Evidence of association with implicit 

racial bias in ED staff 
Unclear 

Measuring & reporting 

is ethical 

Collected without direct patient contact, as part of routine care, without impacting care. Reported at aggregate level so no individual may be identified. 

Potential risk to hospital if hospitals identified publicly without due consideration to appropriate case-mix adjustment 

Potential for 

unintended 

consequences 

It would be difficult to manipulate routinely collected multiple data points. As the metrics cover multiple aspects it is may be less likely that diversion of resources would be inappropriate 

Target population 

described 

Unit of Analysis Clear 

ED patients are target population, but these metrics measured at reported at department Level. 
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Attribute NEDOCS and Variations EDWIN and Modifications READI-DV ED Work Score ED Crowding Scale 

Sample 

described/Definition 
May vary between sites Unclear, insufficient detail in source articles 

Data accessible / 

useable / verifiable 
Some data requires manual entry which may be unfeasible especially in times of crowding, would require manual check of data 

Defined scoring system 
Scoring systems have been proposed for compound metrics. These have generally been validated against clinician (doctor and nurse) perception of crowding rather than patient outcomes. Strongest validation 

against Ambulance Diversion which may not be a reliable measure (see above). Validation studies in other sites found thresholds not transferable between sites. 

Responsiveness 
It is not possible to act on the summary score of a multiple metric without knowing which component of the metric was causing the problem. 

Needs to break the score down into its’ components to act appropriately in response, so a combination score is not necessary 

Results understandable 
As the multiple combination metrics are derived from one group of end users opinion of crowding then they will be understandable to these end users (staff in the ED). 

It is less likely that the results would be meaningful to stakeholders outside the ED (inpatient specialists, managers, and regulators). The meaning to patients is also unclear 

Reflects your 

department  

NEDOCS reflects input throughput output 

but is site specific 

PEDOCS reflects input, not under ED 
control 

CEDOCS not reported 

Reflects input throughput output but site 

specific. 

Reflects input throughput output but site 

specific 

Reflects input throughput output but 

site specific 

Reflects throughput and output, likely 

to be site specific 

Reflects whole system Unclear Yes, includes admitted patients in ED Unclear Unclear Yes, includes hospital occupancy 

Institute of Medicine 

Domains  

Efficiency ?Effectiveness ?Equity 
 

?Patient Centred ?Timeliness, Efficiency  Efficiency Efficiency  

Key: QICA=Quality Indicator Critical Appraisal Tool (Chapter 2), ED=Emergency Department, LOS=Length of Stay, DNW=Did not Wait for assessment or treatment. NEDOCS= National ED Overcrowding Scale, 

PEDOCS=Paediatric ED Overcrowding Scale, CEDOCS=Community ED Overcrowding Scale, EDWIN= Emergency Department Work Index, READI-DV= Real time Emergency Analysis of Demand Indicators – Demand Valve 
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Table 4-47 QICA Compound Metrics B  

Attribute Overcrowding Hazard Scale Intensive Use Index Critical Bed Status SAPhTE sICMED 

Acceptability 

High face validity to ED staff, as 

combines hospital occupancy and 

access block. Perhaps less so for 

inpatient staff 

Will have face validity for staff and 
patients, as combines number arriving 

and acuity 

Will have face validity for staff 
and patients, as combines acuity, 

arrivals and occupancy 

Dashboard of metrics based on expert 

opinion, so high face validity for ED 
staff, combines acuity, staffing, 

capacity, and the ED environment. 

Likely to have validity for patients 

Dashboard of metrics based on expert 

opinion, so high face validity for ED staff, 

also likely to have validity for patients as 

covers all phases ED care 

Evidence of association with 

outcomes 

Strong association with mortality. No 

evidence for any other quality measures 

Strong association with EDLOS. No 

evidence of associations with other 
quality measures 

No association with Timeliness 

for treatments, but strong for 

Time to Assessment. No 
evidence of associations with 

other quality measures 

Association with other crowding 

metric. No evidence of associations 
with other quality measures 

Strong association with staff perception of 
crowding, weak for perception of danger. No 

evidence of associations with other quality 

measures 

Used as Metric No 

Reliability 

Should be reliable but hospital 
occupancy definitions of this may vary 

between sites. 

No. Site specific thresholds for number 

of arrivals per day, unlikely to be 
reliable over time or at other sites. 

Unclear what proportion of high acuity 

is the threshold 

No. The criteria are subjective 

and likely to vary between staff 

at one site, individuals over time 

and between sites 

No, there is subjectivity in the 

environment section of the matrix. 
Explicit values in rest of matrix 

unlikely to remain valid over time or 

between sites 

Unclear as combines seven metrics and 
considered positive if any three metrics reach 

thresholds. Likely to vary between sites and 

within sites over time. Same score will mean 

different thing and require different response 

at different times 

Precision of the indicator 
Measured daily may not capture 

nuances of hourly changes in crowding. 
Measured daily may not capture 

nuances of hourly changes in crowding. 
Unclear 

Potential that will detect important 
episodes of crowding 

Potential that will detect important episodes 
of crowding 

Adjustable for case mix 
Yes, this would be required to compare 

across sites 
Yes, this would be required to compare 

across sites 
Yes, this would be required to 

compare across sites 
Unclear, has specific thresholds, may 

be different at different sites 
Unclear, has specific thresholds, may be 

different at different sites 

Cost of measuring worth it? 

Unclear. Requires manual input of 

patients on ventilators in ED and linked 
IT system to generate scores 

Unclear Requires manual input staffing 

numbers and linked IT system to 
generate scores 

Unclear. Requires manual input 

staffing numbers and linked IT 

system to generate scores, 
knowledge of predicted arrivals 

departures 

Unclear. Requires manual input staffing 
numbers and linked IT system to 

generate scores, subjective assessment 

of environment 

Unclear. Two components may not be 

routinely measured by ED IT systems (time 

to triage and off stretcher time), would 
require linkage with pre-hospital systems or 

major change in ED systems 

Reflects inequities 
Evidence of association with implicit 

racial bias in ED staff 
Unclear Unclear Unclear Unclear 

Measuring & reporting is 

ethical 

Collected without direct patient contact, as part of routine care, without impacting care. Reported at aggregate level so no individual may be identified. 

Potential risk to hospital if hospitals identified publicly without due consideration to appropriate case-mix adjustment 

Potential for unintended 

consequences 

Possible for data to be manipulated at 
source depending who was recording 

the ‘decision to admit’ time and the 

May be subjective element to the score 

so possibility for manipulation 

Subjectivity in score so 

possibility for manipulation 

Difficult to manipulate routinely 
collected multiple data points. As the 

metrics cover multiple aspects it is may 

Difficult to manipulate routinely collected 
multiple data points. As the metrics cover 

multiple aspects it is may be less likely that 
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Attribute Overcrowding Hazard Scale Intensive Use Index Critical Bed Status SAPhTE sICMED 

‘departure time’. Internal hospital 

politics between ED and inpatient 

teams to come into play if this indicator 
was used. 

be less likely that diversion of resources 

would be inappropriate. Subjective 

element to the score which is open to 
manipulation 

diversion of resources would be inappropriate 

Target population described 

Unit of Analysis Clear 

Patients waiting for admission 

Unit of analysis is hospital level, 

measured daily 

ED patients are target population, but  

these metrics measured at reported at 

department Level. 

ED patients are target population, 

but  these metrics measured at 

reported at department Level. 

ED patients are target population, but  

these metrics measured at reported at 

department Level. 

ED patients are target population, but  these 

metrics measured at reported at department 

Level. 

Sample described Yes No, likely to vary between sites No, likely to vary between sites 
No, likely to vary between users and 

sites 

Yes, clear definitions, use proportions so 

more likely to be comparable across sites 

Data accessible / useable / 

verifiable 

Data should be available from hospital 
and ED IT system, would require 

manual check 

Some data requires manual entry which 

may be unfeasible especially in times 

of crowding, would require manual 
check of data 

Some data requires manual entry 

which may be unfeasible 
especially in times of crowding, 

would require manual re-check 

of data 

Some data requires manual entry which 

may be unfeasible especially in times of 

crowding, would require manual check 
of data in real time 

Some data from non-ED sources, may not be 

feasible to capture 

Defined scoring system Yes, unclear if valid in other sites No No Yes Yes 

Responsiveness 

As measured daily could only respond 

daily rather than to hourly fluctuations, 

reducing its usefulness as a real time 

metric 

Could be used in real time to recruit 

more staff to cope with demand 

Could be used in real time to 

recruit more staff to cope with 

demand 

Would respond to specific element 

causing problem. Combined score not 

required for this 

Would respond to specific metric reaching 

threshold. Combined score not required for 

this 

Results understandable 
Would require explanation of what 

score meant 

Would require explanation of what 

score meant 

Would require explanation of 

what score meant 

Individual metrics are understandable. 
Combined score without knowledge of 

these would be less so 

Individual metrics are understandable. 
Combined score without knowledge of these 

would be less so 

Reflects your department  
Reflects throughput and output. Mainly 

outside of ED control 

Reflects input phase and not in control 

of ED 

Reflects mainly input and 

throughput, mostly not in control 
of ED 

Reflects input, throughput, outpu.t. 

Partially under ED control 

Reflects input, throughput and output. 

Partially under ED control 

Reflects whole system 
A strong measure of hospital function 

and culture 

Mostly a reflection of acute demand, 

doesn’t reflect hospital function 

Mainly a reflection of acute 

demand although ED throughput 
also important 

Yes, includes wider system related 

elements 
Yes, includes wider system related elements 

Institute of Medicine Domains  Patient Centred, Safety Timeliness, Efficiency Timeliness, Efficiency 

No evidence for the dashboard but 

components associated with 
Timeliness, Efficiency, Patient Centred, 

Safety, Effectiveness 

No evidence for the dashboard but 

components associated with Timeliness, 
Efficiency, Patient Centred, Safety, 

Effectiveness 

Key: QICA=Quality Indicator Critical Appraisal Tool (Chapter 2), ED=Emergency Department, LOS=Length of Stay, DNW=Did not Wait for assessment or treatment, SAPhTE= Staffing, Acuity, Physical Capacity, Disposition / 

Transfer and Environment in ED, sICMED= Shortened International Crowding Measure in ED 
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There is insufficient evidence of association with patient outcomes to recommend use of any 

of the Compound metrics as quality indicators. Only the Overcrowding Hazard Scale was 

associated with mortality in one setting, with no other studies published to validate this 

finding.(64) There is weak evidence of an association between Compound metrics and Access 

to care, reflected mainly in ambulance diversion. No studies looked at Effectiveness of 

treatments and few explored processes of care with limited evidence of associations. There 

was also very limited evidence relating to patient perception of care. Most evidence related to 

clinician perceptions of crowding, which have not been validated against patient outcomes. 

Responding to a score on a combination metric requires knowledge of which facet of the score 

was causing the problem at the time in question. It is simpler to record several individual 

metrics without combining them into a score, as seen with the recently described sICMED 

score.(193) This is a dashboard of metrics that are combined, such that when three of the seven 

metrics reach threshold, there is a correlation with staff perception of crowding. There are also 

examples where individual departments in Australasia have adopted their own dashboard 

approach to measuring and reporting crowding, as discussed in Chapter 3.(130) A fundamental 

issue with such an approach is that it is the individual metric of concern at a point in time 

which is of most interest with respect to implementing a solution to overcrowding in real time 

within a department, so the value to quality improvement of combining several metrics 

together to make a score is unclear. 

A common thread running through the QICA analyses was that many metrics and thresholds 

are site specific, especially complex Compound and Workload metrics derived using statistical 

regression techniques. When applied at different sites, these metrics needed to be modified or 

the original thresholds were not relevant. An example of this is that for paediatric sites, the 

input phase of care is most associated with staff perception of crowding, as reflected in the 

components of the PEDOCS score (waiting room and registered patients) with no output 

factors considered important in this setting,(340) in contrast to the original NEDOCS which 

was derived in a general ED setting and includes output factors (admitted patients, ventilator 

patients, longest stay in ED).(170) The importance of the input aspect of crowding in paediatric 

settings has also been shown by others.(212). It may be that this is also true for more simple 

metrics such as Time and Occupancy when thresholds are being chosen. Current thresholds for 

total EDLOS used to report at state or national level have limited evidence to support 

them,(304) and it is not known whether thresholds found in one setting will transfer to other 

settings.  
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4.6. Summary and Recommendations 

This chapter describes a comprehensive systematic review of the evidence for associations 

between crowding metrics and processes and outcomes of care. The candidate incorporated the 

evidence into an assessment of whether the metrics would satisfy the attributers of a good 

quality indicator. Table 4-48 shows the candidate’s subjective assessment score based on the 

QICA appraisal for each metric, and the summary of recommendations. 
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Table 4-48 Summary of Recommendations  

Metric 

QICA 

Score* 

Rationale for Recommendation to use Indicator  

as a Metric of Crowding that Reflects Quality of Care Recommendation** 

Strength of 

Recommendation† 

Time to 

Assessment 
55 

Mainly input phase of care and not associated with critical outcome of mortality (little evidence available, more research required) but 

highest quality evidence association with patient experience and strong association DNW. Less strongly associated with other important 
outcomes. Use of triage to identify unwell patients as the priority confounds associations with mortality so needs case mix adjustment or 

stratification within a site and between sites. In control of ED 

May be used Conditional 

Treatment Time 25 
Little evidence available for any processes or outcomes. Association with mortality inconsistent and site dependent, making comparisons 

between sites unreliable. Crossover between ED and inpatient care phase unreliable. Mainly represents appropriate time in ED 
Should not be used Conditional 

Boarding Time 75 
Boarding Time was most strongly associated with mortality and other patient outcomes (mainly in high volume/acuity settings where 

crowding prevalent). Crossover between ED and inpatient care phase unreliable. Inappropriate time in ED, not controlled by ED 
 May be used Conditional 

Total EDLOS 90 

Sum of other times. Reliable for comparison between sites (although stratification for workload/case mix required). May be broken down 

into component times to determine which phase of care requires attention. Satisfies requirements for local action and benchmarking at a 
higher level. Extensive experience using this metric, pitfalls recognised and preventable. Limited evidence reduced inequities 

  Should be used Strong 

Waiting Room 

Occupancy 
10 

Mainly input phase of care and no association with critical outcome of mortality (little evidence available, more research required).  

Strongly associated with times to care and patient experience, DNW, diversion. Less with receiving care and care outcomes. Unreliable to 
measure and compare across sites. Not in the control of ED 

Should not be used Strong 

Treatment Area 

Occupancy 
0 

When separated out from total occupancy no association with mortality on limited evidence. Little association with other important 

processes or outcomes. Not reliable. Total occupancy simpler to measure and renders this redundant Should not be used Strong 

Boarder 

Occupancy 
60 

No association with critical outcome of mortality and weaker associations with other important outcomes than boarding time and total 

occupancy. Strong association with timeliness and other processes. Point of time of transfer of care to inpatient team (definition of a 

‘boarder’ may be unreliable) 
May be used Conditional 

ED Occupancy 80 
Sum of other occupancy measures, easily broken down into components. Strong associations with mortality and other outcomes, satisfies 
requirements for local site use but unclear how to translate into higher level benchmarking. 

Should be used Conditional 

Indirect 

Occupancy 
0 

Evidence of associations opposite to expected for mortality and little evidence for association with other outcomes. Stronger evidence of 

association with processes of care. Not reliable and not applicable in many sites Should not be used Strong 

Hospital 

Occupancy 
80 

Strong association with mortality and other important outcomes. Satisfies many indicator attributes. This is most useful as a real-time 

indicator to trigger interventions to combat crowding, use at a state or national level not defined. Hourly fluctuations may blunt 
usefulness if reported over longer periods, further research required 

Should be used Conditional 

Workload Metrics 0-20 
Most had limited or no association with outcomes of care. These provide information on the baseline ‘busyness’ of the ED and although 

key to guiding longer term planning of adequate staffing and resources for an ED they are not recommended as metrics of crowding Should not be used Strong 

DNW 0 
At an individual patient level, DNW strongest association with patient experience but measured at a departmental level was not a good 

indicator of other aspects of care quality 
Should not be used Strong 

Compound 

Metrics 
0 

Complex metrics which include different crowding components are unlikely to be comparable between sites are difficult to measure, 

requiring manual input. Total scores on these metrics do not explain where the problems lie, and the scores may be the same when 

different input, throughput or output components are causing problems at different points in time. The bulk of evidence supporting them 
is opinion based rather than patient outcomes and it is unlikely that they would perform any better than their individual components 

Should not be used Strong 

ED=Emergency Department, LOS=Length of Stay, DNW=Did not wait *Score on 100mm VAS anchored at 0 and 10. *Candidates overall perception of utility as a quality indicator after an appraisal using the QICA tool. **4 point 

categorical scale linked to QICA score: 0-25=’Should Not’; 26-50=’May Not’; 51-75=’May’; 76-100=’Should’. †Dichotomous with conditional=some uncertainty about the recommendation, strong=confident about the recommendation



Limitations 

There are several limitations in the methods of this systematic review and appraisal of ED 

crowding metrics as quality indicators. Firstly, the database search may have missed 

potentially relevant articles. To reduce the risk of systematic selection bias, the candidate 

searched the reference lists of eleven prior systematic reviews in this topic area and 

corresponded with experts in the field. There was also a high risk of selection bias when 

choosing articles to include. To mitigate against this, the candidate recruited experts in the 

field who independently screened approximately 20% of the articles, with a default to include 

the study if consensus could not be reached between the candidate and the co-reviewer. Inter-

observer agreement on selection was moderate, and similar to two prior systematic reviews on 

crowding which found κ=0.63 (0.58 to 0.68)(142) and κ=0.47 (0.42 to 0.52)(135).The present 

review included five times more studies than any prior review in this topic area, although it is 

still possible that some relevant articles were not included.  

Prior systematic reviews have included all studies regardless of the quality of evidence, which 

risks over or under estimating the strength of association and basing conclusions on biased 

research. To reduce the chance of studies with higher risk of bias having the same impact on 

the results of this review as studies with a lower risk of bias, the candidate excluded studies 

with only descriptive results and downgraded the quality of evidence for or against 

associations if the evidence came from studies at higher risk of bias. As further clarification 

from the individual study authors was not feasible, the assessment of quality of evidence was 

based on retrieved manuscripts. This means that the quality of evidence may have been 

underestimated in the current review, which would bias towards finding weaker associations 

between crowding metrics and quality of care. 

Splitting the metrics into categories based on what they measured was arbitrary and other 

authors have suggested other systems of categorisation.(132, 142) Previously described 

categories were also arbitrary, and somewhat problematic as discussed above and in Chapter 3. 

The system used for this review was derived through a qualitative analysis of what metrics 

were used in EDs in Australasia and embraces the recommendation of Hwang et al. who 

suggested that time and occupancy measures may be the most promising.(132)  

Categorisation of the impact of crowding using a quality framework was also arbitrary and 

others may not have chosen the same categories. However the approach chosen by the 

candidate is consistent with that recommended by Liu et al.(355) and extends the previous 

work by Stang et al. who also took this approach, but had a more rigid view on which metrics 

reflected which domains of quality.(144) 
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The data extraction process and decisions about the strength of association between crowding 

metrics and processes and outcomes of care was at risk of measurement bias. Utilising a 

second reviewer to independently extract the data and resolve any differences by rechecking 

the source articles and discussing would have minimised the risk of bias in extraction of 

results. However, this was not feasible due to the magnitude of the current review. 

Determining the clinically important differences prior to extracting the data reduced the risks 

of declaring no association when a study was too small to find an important difference or 

declaring an association when studies were so large trivial differences were statistically 

significant. No previous review authors in this field have considered the strength of 

association between crowding metrics and outcomes based on whether the observed 

differences were clinically important or not. 

A further limitation relates to the outcomes of staff and patient experience. The current review 

only included quantitative primary research studies. This excluded qualitative research that 

may provide insights into the experience of care and care delivery that quantitative research 

may not. 

The assessment of publication bias is limited in that only studies that were found in the search 

could be assessed. It is not possible to know if other studies were done that were not submitted 

as abstracts due to ‘negative’ results. 

Finally, most evidence for crowding metrics came from larger urban academic tertiary (ACEM 

Level 4) hospitals in the first world, and the findings of this review may not be generalisable 

to other settings. 

The QICA tool analysis of the metrics as quality indicators to reflect crowding was also at risk 

of measurement bias, as this was a subjective process through the candidate’s lens. Others 

using the same tool for the same purpose looking from a different perspective may have come 

to different conclusions about which metrics were ‘best’. The final part of the QICA Tool, the 

‘Bottom Line’ score for whether the appraiser thinks a metric should be used, is arbitrary and 

not validated.(120) Decisions around bodies of evidence to make recommendations are 

notoriously subjective and the most important aspect is be to be explicit about the process used 

to meet the recommendation.(356) 

Implications for Research  

None of the studies conducted in New Zealand have explored the association between metrics 

and patient outcomes directly.  
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As part of prior research into the Shorter Stays in ED target, the candidate utilised a database 

of 5.7 million ED visits in New Zealand from 2006 to 2012 to determine the association 

between introduction of the SSED target and outcomes at a national level.(39) This  provides 

indirect evidence as crowding conditions faced by individuals on arrival at the ED were not 

considered. Sub-studies of specific conditions undertaken as part of that research were not 

powered sufficiently to determine any mortality effect for individuals.(80, 151, 314, 315) 

Exploring the association between individual patient outcomes with respect to the crowding 

conditions they faced when they presented to the ED is the best way to obtain direct evidence 

of associations between crowding metrics and the critically important outcome of mortality. 

A validation of the potential metrics against the critically important outcome of mortality in 

the NZ setting comprises chapter 5 of the thesis. 
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 Crowding Metrics in New Zealand: Association with 7-Chapter 5.

day Mortality 

5.1. Introduction 

This chapter builds on the work of the previous chapters of this thesis by testing the ED 

crowding metrics in the New Zealand setting. A common theme throughout the literature was 

that different metrics may be more suitable in different settings. The majority of Emergency 

Departments in New Zealand are in regional centres (Level 2 hospitals) and little prior 

research into crowding have included this type of hospital, and  no previous New Zealand 

studies have explored the association between proposed metrics of crowding and quality of 

care. 

Mortality is the ultimate patient centred marker of quality of care and has strong face validity 

for both patients and staff in the healthcare system. It reflects safety and effectiveness of care; 

and for those with critical illness, timeliness of care affects mortality.(357, 358) In New 

Zealand, mortality rates expose healthcare inequities.(359) Concerns about using mortality as a 

general quality indicator to compare hospitals have been raised, with issues of ‘signal to noise 

ratio’ (when most deaths are not preventable), unreliable methods of measuring and reporting, 

lack of power and inconsistent associations with care quality for different conditions.(360, 361) 

However, mortality may be used to indicate quality of care in situations where associations 

with mortality and care quality have been demonstrated. Evidence from Chapter 4 suggests 

that in high acuity acute care settings, mortality is associated with crowding. New Zealand’s 

emergency departments are generally high acuity, with a low proportion of minor injury and 

illness presentations, and hospital admission rates averaging 30%.(39) It is known that deaths 

within seven days of emergency admission(362) or discharge(363, 364) are associated with care 

quality. The longer the duration after presentation, the less likely it is that deaths would relate 

to conditions or care experienced in the ED.  

The aim of this chapter is to determine whether presenting to an Emergency Department in 

New Zealand at times of crowding is associated with increased mortality within seven days of 

presentation. 
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5.2. Methods 

Study Type 

This was a retrospective cohort study, using administrative data from patients presenting to 

EDs throughout New Zealand from 2006-2012. The association between various measures of 

crowding and mortality were tested, after adjusting for patient and system level covariates also 

thought to be associated with mortality.  

Setting 

This study involves 25 of the 28 (89%) eligible acute hospitals in New Zealand, for the years 

2006 to 2012 inclusive. There were four Level 1, eleven Level 2, four Level 3 and six Level 4 

hospitals from throughout the country. The included hospitals provide care for 91% of the 

population, and had an annual census of approximately one million visits in 2012.(39) 

Data Sources  

As principal investigator for the quantitative arm of a mixed-methods study of New Zealand’s 

Shorter Stays in Emergency Departments (SSED) health target, the candidate had previously 

led the development of a database of patient presentations to New Zealand EDs.(39) This 

enabled the candidate to gain an understanding of the context of care and how visits and time 

stamps were coded nationally.  

Selection of Hospitals for the SSED database 

Of 34 potentially eligible public hospitals in New Zealand with an ED, six did not staff the ED 

on-site 24 hours a day, and these were excluded. Of the 28 eligible hospitals, three were 

unable to supply data for technical reasons and these were also excluded (two were Level 2 

(15% of Level 2) and one Level 4 (14% of Level 4). 

This database was created by linking all ED visits for the study years identified from the 

National Non-Admitted Patient Collection (NNAPC)(365) and the National Minimum Dataset 

(NMDS),(366) which are maintained by the Ministry of Health in New Zealand and contain 

event-based information for all Emergency Department and Hospital admissions respectively. 

Visit dates and demographic data were extracted and linked via a unique patient identifier, the 

National Health Index (NHI) number,(367) to local District Health Board (DHB) databases 

containing detailed time stamps of the ED patient journey (presentation time, triage, 

assessment, admission and discharge times) in each hospital for each event. Duplicate events 

were identified and removed. To account for multiple events within a single hospital visit 

(which may be done for administrative reasons at DHB level) events relating to a single visit 
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were merged. A complete description of the data definitions for each variable and the data 

collection process is available with the protocol for the SSED National Research Project.(79)   

The variables in the SSED database are listed below.  

 District Health Board Identifier 

 Hospital Identifier 

 Event Identifier 

 National Health Index  

 Patient Date of Birth 

 Patient Date of Death 

 Patient Gender 

 Patient Ethnicity (Prioritised per New Zealand ethnicity data protocols)(368) 

 Domicile Code 

 NZ Deprivation Index(369) 

 ED Arrival Type 

 Referral Type 

 Admission Type 

 ACC Status (Trauma/non-Trauma) 

 Triage Category 

 Presentation Date/Time 

 Triage Date/Time 

 Assessment Date/Time 

 Referral Date/Time 

 Inpatient Team Date/Time 

 Time of Bed Request 

 Time of Bed Allocation 

 ED Short Stay Unit Assign Date/Time 

 ED Departure Date/Time 

 ED Discharge Type 

 ED Discharge Destination Type 

 Ward Admission Date/Time 

 Ward Departure Date/Time 

 Ward Discharge Type 

 Ward Discharge Destination Type 
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Two new variables were created, firstly to identify how many visits each patient had made to 

the study hospitals during the period of the study (Max-Visits). The second identified where a 

visit comes in the sequence of visits for each patient: first, second, third, etc. (Visit-Nr). A 

unique presentation date and time to the ED defined a visit in the database. 

The number of beds for each ED was sourced from surveys of ED point occupancy conducted 

in all EDs in the country by the candidate bi-annually for the years 2010 to 2012.(6) Where 

data was not available for the years 2006 to 2009, the first value available in 2010 was 

imputed. 

The Level of Hospital as previously described,(122) was determined from the ACEM survey of 

Clinical Directors in 2014 and for non-ACEM accredited hospitals by the candidate based on 

the hospital location, number of presentations staffing and function. The hospitals were 

numbered randomly within Level to preserve anonymity using the ‘Sample’ function in R 

V3.5.1 (64 bit). 
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Exposure Variables 

All visits were included in the calculation for the crowding variables. To reveal the crowding 

conditions faced by a patient on arrival at an ED, the data from the SSED database was 

imported into a relational database for data management (PostgreSQL V10.0). This was held 

on a secure server (Nectar Cloud) via a University of Auckland subscription. Variables were 

created in the PostgreSQL database directly or using statistical software R V3.5.1 (64 bit) with 

the R Studio V1.1.456 interface (http://r-project.org). This was done together with a 

biostatistician at the University of Auckland, School of Population Health. The candidate’s 

role was to advise which variables needed to be created and in discussion with the 

biostatistician work out how to create them from the SSED data. The biostatistician wrote the 

SQL statements in PostgreSQL and code in R for this in real time with the candidate. Table 

5-1 shows the names and descriptions of the crowding exposure variables.  

Table 5-1 Exposure Variables 

Variable Description and Thresholds for Categories Code 

ED Length of Stay 
Exit Time – Presentation Time. This is the median EDLOS of other 

patients in ED at the time of the index patient arrival. Thresholds were 

2,4,6,8 hours 
MedianEDLOS 

Total Patient Care 

Time 
Sum of EDLOS of other patients at time of index patient arrival. 
Thresholds are quartiles of Total Patient Care Time (TPCT) 

TPCT 

Time Target for 

EDLOS 

Proportion of patients in ED with an EDLOS < threshold at the time of the 

index patient arrival.  Thresholds are 90% < four hours and 95% < six 

hours 

EAT’hr’, where ‘hr’ is 

the target time in hours 

Access Block 
Proportion of patients with a decision to admit with EDLOS >8 hours at 
the time of the index patient arrival 

AB 

Boarding Duration 
Time spent in ED after the Decision to Admit. This is the median 

Boarding Duration of all other patients in ED at the time of the index 
patient arrival. Thresholds are 1, 2, 4 hours 

BD 

Time target for 

Boarding Duration  

Proportion of patients in ED with a Boarding Duration < threshold at the 

time of the index patient arrival.  Thresholds are quartiles of Boarding 

Duration target success. Thresholds were 2 and 4 hours 

BD’hr’, where ‘hr’ is the 

time in hours 

Time to Assessment 
Assessment Time – Presentation Time. This is the time of first sign on by 

a treating clinician of other patients at the time of arrival of the index 

patient. Thresholds are 30, 60, 90, 120 minutes 
TTA 

Triage Time 

Compliance 

This is the proportion of patients already seen by a treating clinician 
within the ACEM recommended time from arrival according to their 

triage category (ATS). Thresholds are quartiles of triage time compliance 

TCAT_’c’_TRUE, where 

c = triage category 

ED Occupancy 
Number of patients in ED at the time of the index patient arrival / Number 
of Beds. Thresholds are 85%, 100% 120% 

edor 

Boarder Number  
Number of patients in ED with a decision to admit to hospital at the time 

of the index patient arrival. Thresholds are quartiles of the number 
boarding 

nBD 

Arrivals in Previous 

hour / 6 hours 

The number of presentations to ED in the period prior to the index 

patient’s presentation (does not count the index patient). Thresholds are 

quartiles of number of arrivals 

NrEnteredPreviousHour, 

NrEnteredPrevious6Hour 

ED=Emergency Department, LOS=Length of Stay, ATS=Australasian Triage Scale: 1=most urgent, 5=least urgent 
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Covariates 

Covariates to include in the model were selected a-priori clinically and from the literature, 

based on their likely association with either the exposure or outcome variables (Table 5-2). 

Table 5-2 Covariates in the adjusted model 

Variable Description Rationale 

Age 
Calculated as Date of Presentation – Date of Birth Continuous  
Categorical: <5 / 5,14 / 15,34 / 35,64 / 65+ 

Mortality Association 

Gender  Categorical: Male / Female Mortality Association 

Ethnicity  
Categorical 

Māori / Pacific / European / Asian / Other 
Mortality Association 

Deprivation  
Quintiles of deprivation based on geographic area of domicile

(369)
 

1=Least Deprived / 5=Most Deprived 
Mortality Association 

Triage category  
According to the ACEM categories of urgency to be seen:  1=Most 

Urgent / 5=Least Urgent 
Mortality Association 

Ambulance Arrival 
Categorical: Yes / No 

Whether the patient arrived by Ambulance (including Helicopter) or 

Self Presented 
Mortality Association 

ACC status  
Categorical; Yes / No  

In New Zealand this distinguishes between trauma/overdose and 

non-trauma cases; a crude approximation of type of condition 
Mortality Association 

Hospital  Categorical 
Different Conditions and 

Staffing 

Year  
 Categorical 
2006 / 2007 / 2008 / 2009 / 2010 / 2011 / 2012 

Account different patterns of 

disease and changes in practice 

in different years 

Situation Change  
Categorical: Improving / Static / Worsening  

according to the variables edor (occupancy) and TPCT (total patient 
care time) at time of arrival of index patient 

Account for changing situation 

at times of presentation with 

same level of exposure variable 

Shift of arrival  

Categorical 

08:00,15:59 Day 
16:00,23:59 Evening 

00:00,07:59 Night  

Associated with different 

staffing levels and degrees of 

crowding 

Day of Week  
Categorical 00:00 to 23:59 for each day 
Monday / Tuesday / Wednesday / Thursday / Friday / Saturday / 

Sunday 
Mortality Association 

Season 

Categorical: based on NZ seasons defined below 

Spring: September-November 

Summer: December-February 

Autumn: March-May 
Winter: June-August 

Mortality Association 

ACC=Accident Compensation Corporation, ACEM=Australasian College for Emergency Medicine 

 

Outcome Variable 

Mortality was determined by the Date of Death and Discharge Type in the SSED database. 

This information is collected at a national level from data provided to the registry of Births 

Deaths and Marriages by funeral directors based on death certificates which are completed by 

medical practitioners at or soon after the time of death. Data for deaths held in the National 

Collections according to a patient’s unique NHI is updated monthly and is considered reliable. 

A check of death record reliability by the office of the Privacy Commissioner found that only 

14 of 30,141 death records required subsequent correction in the 2012/13 year.(370) Death 

within seven days of presentation was determined by the ED or ward disposition coded as 

‘died’, if this occurred less than seven days from ED presentation Time. As both time of 

presentation and time of disposition are recorded, the duration of survival to the minute was 

able to be calculated. For cases that were discharged alive but died with seven days of their 
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ED presentation, the Date of Death minus Presentation Time was calculated. If this fell within 

seven days of ED presentation, the time of death was provided as 00:00. If Presentation Time 

was subtracted from this value, the number of deaths within seven days would be 

underestimated, as some of those cases would have true time of death between 00:01 and 

23:59. To correct for this, 12 hours was added to the dates of death where time of death was 

not known. For cases that presented more than once within seven days and died at one of the 

subsequent visits within seven days of the first visit, the duration to death was calculated for 

the first visit only. 

The unit of analysis was the patient rather than the visit. Only the first visit by each person 

during the study period was counted in the survival analysis to maintain the assumption of 

independence. This approach identifies the lower bound of events per visit and underestimates 

the actual event per visit rate. However, the first visit event rate more closely approximates the 

true rate than the last visit event rate, which overestimates the actual event rate markedly, as 

shown in  

Figure 5-1. 

Figure 5-1 7-day Mortality by Visit and Hospital Level 

 
Sample Size 

As this data contained more than 90% of the population available to study and included over 

two million individuals, a sample size calculation was not considered necessary. With large 

data sets there is a danger of finding clinically unimportant differences statistically significant. 

The clinically important difference in mortality was determined prior to undertaking the 

analysis as a 10% relative difference.(39) 
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Statistical Analysis 

Categorical data were described using proportions and 95% confidence intervals (CI). 

Continuous data were categorised into clinically meaningful groups after exploring their 

underlying distributions (Figure 5-2).  

Figure 5-2 Distributions of Continuous Variables 

 
P=proportion, ED=Emergency Department, LOS=Length of Stay, TPCT=Total Patient Care Time, EAT=Emergency Access Target, 

BD=Boarding Duration, TTA=Time to Assessment, Triage Compliance=met ACEM recommended TTA for triage category, edor=ED 
Occupancy Rate, nBD=Number Boarding, nr=number, Count=number in ED. 

 

 

Survival (time to event) analysis was used as both the exposure(371) and outcome variables 

may be time dependent.(224) When this is the case, survival analysis is thought to be more 

appropriate than logistic regression at a single point in time to estimate the effect of crowding 

on an outcome.(371) Kaplan Meier curves were constructed for each exposure variable and the 

potential confounding variables (Appendix to Chapter 5) and differences between the 

categories were tested with the Log-rank test. Multivariable Cox proportional hazard 

modelling was used to determine the probability of death within seven days of the presentation 

to ED based on clinically relevant categories of each crowding metric in the unadjusted 

models. The potential confounding variables (covariates) were explored using Cox 

Proportional Mixed Effect models. This was done stepwise in order of association with the 

outcome variable to find the best fitting model based on the value of the Akaike Information 

Criterion (AIC).(372) The final model included triage category, age, arrival mode, ACC status, 

ethnicity, season, deprivation and day of week. The addition of Hospital Level produced a 
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competing model (AIC difference <2) at the cost of an extra variable, so this was not 

included.(372) Gender and shift of arrival did not improve the model, so these were also not 

included. Hospital and year were included in the model as separate random terms.  

In the adjusted analysis, each crowding metric was added separately to the best fitting model 

of the confounding variables to determine whether the crowding term improved the model. 

Code for the analysis was written by a biostatistician with the candidate sitting alongside to 

provide clinical context. The candidate selected appropriate cut points to create clinically 

relevant categories for each variable for analysis and how best to present the output. The 

statistical software R V3.5.1 (64 bit) was used to analyse the data using R Studio V1.1.456 

interface (http://r-project.org), with separate packages for the univariate analysis, (373) Kaplan 

Meier plots, (374) and multivariate analyses.(375) Statistical significance was taken at p<0.05. 

Ethics 

The Northern-A Health and Disability Ethics Committee granted approval for the use of the 

data as an amendment to the original ethics approval for the SSED National Research Project. 

New Zealand Health and Disabilities Ethics Committees reference: MEC/10/06/060/AM06, 

17
th

 March 2017 (Appendix to Chapter 5). 

5.3. Results 

There were 5,793,767 ED visits to the study hospitals by 2,214,865 individuals over the seven-

year study period. There were 17,795 visits with data errors and these were excluded. A 

further 50,465 patients had missing data for one or more variables and these were excluded 

from the multivariable analysis. This left 2,146,605 individuals for the multivariable analysis 

(96.9%). 
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Unadjusted Analysis 

The demographics of the populations studied and unadjusted mortality according to each 

category of the covariates are shown in Table 5-3 

Table 5-3 Unadjusted Mortality by Category of Covariate 

Variable Categories 

First Visit 

n=2,197,070 n, % 

7-day Mortality 

n 

7-day Mortality 

% (95%CI) 

Age 

 

<5 296664, 13.5% 235 0.08 (0.07, 0.09) 

5,14 254993, 11.6% 70 0.03 (0.02, 0.03) 

15,34 604306, 27.5% 429 0.07 (0.06, 0.08) 

35,64 685358, 31.2% 2368 0.35 (0.33, 0.36) 

≥65 355749, 16.2% 8055 2.26 (2.22, 2.31) 

Gender 

 

Female 1062593, 48.4% 5350 0.50 (0.49, 0.52) 

Male 1134477, 51.6% 5807 0.51 (0.50, 0.53) 

Ethnicity* 

  

European 1389487, 63.2% 8197 0.59 (0.58, 0.60) 

Māori 356356, 16.2% 1220 0.34 (0.32, 0.36) 

Pacific 185578, 8.4% 617 0.33 (0.31, 0.36) 

Asian 165680, 7.5% 455 0.27 (0.25, 0.30) 

Other 41958, 1.9% 117 0.28 (0.23, 0.33) 

Unknown 58011, 2.6% 551 0.95 (0.87, 1.03) 

Deprivation**  

1 310549, 14.1% 1410 0.45 (0.43, 0.48) 

2 328392, 14.9% 1689 0.51 (0.49, 0.54) 

3 400745, 18.2% 2079 0.52 (0.50, 0.54) 

4 509363, 23.2% 2844 0.56 (0.54, 0.58) 

5 601719, 27.4% 2942 0.49 (0.47, 0.51) 

Unknown 46302, 2.1% 193 0.42 (0.36, 0.48) 

Triage 

category 

(ATS) 

1 15555, 0.7% 2936 18.9 (18.3, 19.5) 

2 202855, 9.2% 3533 1.74 (1.69, 1.80) 

3 839507, 38.2% 3706 0.44 (0.43, 0.46) 

4 923160, 42.0% 885 0.10 (0.09, 0.10) 

5 211712, 9.6% 82 0.04 (0.03, 0.05) 

Unknown 4281, 0.2% 15 0.35 (0.17, 0.53) 

Ambulance 

Arrival 

Yes 491151, 22.4% 7615 1.55 (1.52, 1.59) 

No 1705919, 77.6% 3542 0.21 (0.20, 0.21) 

ACC status  
No 1494539, 68.0% 9893 0.66 (0.65, 0.68) 

Yes 702531, 32.0% 1264 0.18 (0.17, 0.19) 

Shift of 

Arrival 

00:00-07:59 294747, 13.4% 1710 0.58 (0.55, 0.61) 

08:00-15:59 1007701, 45.9% 5494 0.55 (0.53, 0.56) 

16:00-23:59 894622, 40.7% 3953 0.44 (0.43, 0.46) 

Key: ACC=Accident Compensation Corporation (Denotes injury (yes) or non-injury (no) related presentation). ATS=Australasian Triage 

Scale 1=most urgent, 5=least urgent. Prioritised according to New Zealand ethnicity data protocols,(368), **Social deprivation based on area 

of domicile 1=least deprived 5=most deprived,(369)  

 

Table 5-3 demonstrates that the categories chosen for the covariates to include in the 

multivariable analysis were meaningful with respect to the dependent variable of mortality 

within seven days. Those in triage category 1 and 2, greater than 65 years and ambulance 
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arrivals had the highest mortality. As there may be interactions between the covariates (for 

example age and ethnicity), the observed differences between groups in this descriptive 

analysis should be interpreted with caution. Table 5-4 shows calendar variables previously 

shown to be associated with hospital mortality. 

Table 5-4 Unadjusted Mortality by Day, Month, Season and Year  

Variable Categories 

First Visit 

n=2,197,070 n, % 

7-day Mortality 

n 

7-day Mortality 

% (95%CI) 

Day 

Saturday 324251, 14.8% 1573 0.49 (0.46, 0.51) 

Sunday 328506, 15% 1549 0.47 (0.45, 0.50) 

Monday 326172, 14.8% 1707 0.52 (0.50, 0.55) 

Tuesday 304598, 13.9% 1590 0.52 (0.50, 0.55) 

Wednesday 299930, 13.7% 1635 0.55 (0.52, 0.57) 

Thursday 301778, 13.7% 1566 0.52 (0.49, 0.55) 

Friday 311835, 14.2% 1537 0.49 (0.47, 0.52) 

Month 

January 203302, 9.3% 1005 0.49 (0.46, 0.53) 

February 182771, 8.3% 821 0.45 (0.42, 0.48) 

March 194615, 8.9% 926 0.48 (0.45, 0.51) 

April 182612, 8.3% 890 0.49 (0.46, 0.52) 

May 182098, 8.3% 1003 0.55 (0.52, 0.59) 

June 177649, 8.1% 1090 0.61 (0.58, 0.65) 

July 184230, 8.4% 1110 0.60 (0.57, 0.64) 

August 187243, 8.5% 1065 0.57 (0.54, 0.60) 

September 175573, 8% 891 0.51 (0.47, 0.54) 

October 173862, 7.9% 872 0.50 (0.47, 0.54) 

November 171323, 7.8% 745 0.43 (0.40, 0.47) 

December 181792, 8.3% 739 0.41 (0.38, 0.44) 

Season 

Summer 567865, 25.8% 2565 0.45 (0.43, 0.47) 

Autumn 559325, 25.5% 2819 0.50 (0.49, 0.52) 

Winter 549122, 25.0% 3265 0.59 (0.57, 0.62) 

Spring 520758, 23.7% 2508 0.48 (0.46, 0.50) 

Year 

2006 453369, 20.6% 3047 0.67 (0.65, 0.70) 

2007 374724, 17.1% 2100 0.56 (0.54, 0.58) 

2008 327450, 14.9% 1677 0.51 (0.49, 0.54) 

2009 297838, 13.6% 1416 0.48 (0.45, 0.50) 

2010 270934, 12.3% 1104 0.41 (0.38, 0.43) 

2011 246518, 11.2% 1016 0.41 (0.39, 0.44) 

2012 226237, 10.3% 797 0.35 (0.33, 0.38) 

 

Mortality was highest in the winter and lowest towards the end the week, most likely 

representing different types of presentations during those times. There was a reduction in 

mortality by year, which may be an artefact of the selection process, as the first visit in the 
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database in the earlier years is more likely also to be the last visit for that person. However, 

there was also a trend over time towards reduced mortality by overall visit in this cohort.(39)  

Table 5-5 shows the unadjusted mortality by hospital, arranged in ascending order by hospital 

Level. The hospitals were numbered randomly within Levels to preserve anonymity. 

Table 5-5 Unadjusted Mortality by Hospital 

ACEM  

Level Hospital* 

First Visit 

n=2,197,070 n, % 

7-day Mortality 

n 

7-day Mortality 

% (95%CI) 

1 

1 21758, 1.0% 105 0.48 (0.39, 0.58) 

2 11866, 0.5% 59 0.50 (0.37, 0.62) 

3 28149, 1.3% 129 0.46 (0.38, 0.54) 

4 25823, 1.2% 94 0.36 (0.29, 0.44) 

2 

5 37946, 1.7% 161 0.42 (0.36, 0.49) 

6 98430, 4.5% 572 0.58 (0.53, 0.63) 

7 42639, 1.9% 162 0.38 (0.32, 0.44) 

8 36519, 1.7% 153 0.42 (0.35, 0.49) 

9 65191, 3% 319 0.49 (0.44, 0.54) 

10 42786, 1.9% 189 0.44 (0.38, 0.51) 

11 35300, 1.6% 148 0.42 (0.35, 0.49) 

12 77783, 3.5% 467 0.60 (0.55, 0.66) 

13 63419, 2.9% 222 0.35 (0.3, 0.40) 

14 66467, 3.0% 557 0.84 (0.77, 0.91) 

15 88669, 4.0% 518 0.58 (0.53, 0.63) 

3 

16 101383, 4.6% 357 0.35 (0.32, 0.39) 

17 139574, 6.4% 749 0.54 (0.5, 0.58) 

18 104826, 4.8% 513 0.49 (0.45, 0.53) 

19 80092, 3.6% 183 0.23 (0.2, 0.26) 

4 

20 133220, 6.1% 860 0.65 (0.6, 0.69) 

21 259541, 11.8% 1275 0.49 (0.46, 0.52) 

22 92936, 4.2% 34 0.04 (0.02, 0.05) 

23 135460, 6.2% 533 0.39 (0.36, 0.43) 

24 175181, 8.0% 1188 0.68 (0.64, 0.72) 

25 232112, 10.6% 1610 0.69 (0.66, 0.73) 

ACEM=Australasian College for Emergency Medicine,*Random order within Level of Hospital to maintain anonymity, §Level 4: Major 

Referral Hospital +/- University affiliation, Level 3: Urban District Hospital, Level 2: Major Regional / Rural Base Hospital, Level 1: Rural 

Emergency Service(122) 

 

There were differences in mortality by hospital, which may reflect case-mix. 
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Figure 5-3 shows the degree of crowding according to each metric at different Levels of 

Hospital, with trends towards higher levels of crowding as Level of Hospital increased 

(respective Hospital Levels are 1-4 shown, from left to right in each group of boxplots in 

Figure 5-3). 

Figure 5-3 Distribution of Crowding Metrics by Level of Hospital 

 
 
Level according to Australasian College for Emergency Medicine role delineation. Level 4: Major Referral Hospital +/- University affiliation, 

Level 3: Urban District Hospital, Level 2: Major Regional / Rural Base Hospital, Level 1: Rural Emergency Service Extreme outliers were 
truncated at 95%. ED=Emergency Department, LOS=Length of Stay, TPCT=Total Patient Care Time, EAT=Emergency Access Target, 

BD=Boarding Duration, TTA=Time to Assessment, Triage Compliance=met ACEM recommended TTA for triage category, edor=ED 

Occupancy Rate, nBD=Number Boarding, nr=number.  
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Table 5-6 shows the number and proportion of deaths within seven days for each category of 

crowding metric. 
Table 5-6  Categories of Crowding Metric and Number of Deaths 

Crowding Metric* Categories 

Number in 

Category, % 

7-day Mortality 

n 

7-day Mortality 

% (95%CI) 

Arrivals in Previous 

Hour 

(0,3] 619622, 28.2% 3189 0.51 (0.50, 0.53) 

(3,6] 626550, 28.5% 3095 0.49 (0.48, 0.51) 

(6,9] 439266, 20% 2231 0.51 (0.49, 0.53) 
(9,46] 511632, 23.3% 2642 0.52 (0.50, 0.54) 

Arrivals in Previous Six 

Hours 

(0,19] 513840, 23.4% 2611 0.51 (0.49, 0.53) 

(19,32] 561360, 25.6% 2879 0.51 (0.49, 0.53) 
(32,51] 558898, 25.4% 2708 0.48 (0.47, 0.50) 

(51,Max] 562972, 25.6% 2959 0.53 (0.51, 0.54) 

Time to Assessment 

(min) 

(0,30] 835453, 38% 4066 0.49 (0.47, 0.50) 
(30,60] 910352, 41.4% 4688 0.51 (0.50, 0.53) 

(60,90] 298722, 13.6% 1544 0.52 (0.49, 0.54) 

(90,120] 86199, 3.9% 480 0.56 (0.51, 0.61) 
(120,Max] 66344, 3% 379 0.57 (0.51, 0.63) 

Triage Time Compliance 

(0,28.6] 562893, 25.6% 2976 0.53 (0.51, 0.55) 

(28.6,46.9] 559603, 25.5% 2945 0.53 (0.51, 0.55) 

(46.9,70] 560969, 25.5% 3005 0.54 (0.52, 0.56) 
(70,100] 513605, 23.4% 2231 0.43 (0.42, 0.45) 

Median Boarding 

Duration (hr) 

(0,1] 655988, 29.9% 3005 0.46 (0.44, 0.47) 

(1,2] 717329, 32.6% 3458 0.48 (0.47, 0.50) 
(2,4] 576856, 26.3% 3105 0.54 (0.52, 0.56) 

(4,Max] 246897, 11.2% 1589 0.64 (0.61, 0.68) 

Proportion with 

Boarding Duration >2hr 

(0,0.25] 727766, 33.1% 3225 0.44 (0.43, 0.46) 

(0.25,0.5] 754319, 34.3% 3797 0.50 (0.49, 0.52) 
(0.5,0.75] 469550, 21.4% 2697 0.57 (0.55, 0.60) 

(0.75,1] 245435, 11.2% 1438 0.59 (0.56, 0.62) 

Proportion with 

Boarding Duration >6hr 

(0,0.25] 1827518, 83.2% 8720 0.48 (0.47, 0.49) 
(0.25,0.5] 275833, 12.6% 1767 0.64 (0.61, 0.67) 

(0.5,0.75] 69372, 3.2% 523 0.75 (0.69, 0.82) 

(0.75,1] 24347, 1.1% 147 0.60 (0.51, 0.70) 

 Median ED Length of 

Stay (hr) 

(0,2] 1080764, 49.2% 5019 0.46 (0.45, 0.48) 
(2,4] 856364, 39% 4360 0.51 (0.49, 0.52) 

(4,6] 146300, 6.7% 976 0.67 (0.63, 0.71) 
(6,8] 44837, 2% 293 0.65 (0.58, 0.73) 

(8,115] 68805, 3.1% 509 0.74 (0.68, 0.80) 

Proportion with EDLOS 

<4hr 

90% Target Met 611087, 27.8% 2703 0.44 (0.43, 0.46) 

90% Target Not Met 1585983, 72.2% 8454 0.53 (0.52, 0.54) 

Proportion with EDLOS 

<6hr 

95% Target Met 896682, 40.8% 4012 0.45 (0.43, 0.46) 

95% Target Not Met 1300388, 59.2% 7145 0.55 (0.54, 0.56) 

Access Block 

(0,0.1] 1516438, 69% 7004 0.46 (0.45, 0.47) 
(0.1,0.25] 359713, 16.4% 2006 0.56 (0.53, 0.58) 

(0.25,0.5] 236982, 10.8% 1502 0.63 (0.60, 0.67) 

(0.5,0.75] 66830, 3% 536 0.80 (0.73, 0.87) 
(0.75,1] 17107, 0.8% 109 0.64 (0.52, 0.76) 

Total Patient Care Time  

(TPCT)  

(0,21.9] 485977, 22.1% 2177 0.45 (0.43, 0.47) 

(21.9,52.1] 532454, 24.2% 2537 0.48 (0.46, 0.50) 
(52.1,120] 555796, 25.3% 2840 0.51 (0.49, 0.53) 

(120,Max] 622843, 28.3% 3603 0.58 (0.56, 0.60) 

Boarder Number  

(0,2] 534256, 24.3% 2309 0.43 (0.42, 0.45) 

(2,7] 571831, 26% 2731 0.48 (0.46, 0.50) 
(7,15] 483793, 22% 2589 0.54 (0.52, 0.56) 

(15,59] 607190, 27.6% 3528 0.58 (0.56, 0.60) 

ED Occupancy 

(0,0.85] 1183715, 53.9% 6003 0.51 (0.49, 0.52) 
(0.85,1] 284672, 13% 1281 0.45 (0.43, 0.48) 

(1,1.25] 275440, 12.5% 1434 0.52 (0.49, 0.55) 

(1.25, Max] 453243, 20.6% 2439 0.54 (0.52, 0.56) 

Change in ED 

Occupancy  

Decreasing ↓ 543005, 24.7% 2800 0.52 (0.50, 0.54) 

Static 0 551611, 25.1% 2759 0.50 (0.48, 0.52) 

Increasing ↑ 1102454, 50.2% 5598 0.51 (0.50, 0.52) 

Change in TPCT 
Decreasing ↓ 658352, 30.0% 3259 0.50 (0.48, 0.51) 

Static 0 11094, 0.5% 71 0.64 (0.49, 0.79) 

Increasing ↑ 1527624, 69.5% 7827 0.51 (0.50, 0.52) 

*Conditions in the ED when Index patient Arrives, TPCT=Total Patient Care Time, ED=Emergency Department, LOS=Length of Stay. 
Round bracket=includes value, square bracket=up to but not including value 

 

There were trends towards increased risk of mortality as crowding increased for: Time to 

Assessment; Boarding Duration; EDLOS; Access Block, Total Patient Care Time; Number of 

Boarders and when TPCT was static. There was a reduced risk of mortality for high Triage 
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Time Compliance, and when ED Occupancy was 85-99%. Compliance with both EDLOS 

targets was associated with lower mortality. Number of Arrivals (one and six hours) or change 

in Occupancy at time of arrival were no associated with mortality. Table 5-7 shows the 

unadjusted risk of death within seven days. 

Table 5-7 Unadjusted Mortality by Category of Crowding Metric 

Crowding Metric* Categories Hazard Ratio 95% CI 

Arrivals in Previous Hour 

(0,3] Reference - 
(3,6] 0.96 0.91, 1.01 

(6,9] 0.98 0.93, 1.04 

(9,46] 0.99 0.94, 1.04 

Arrivals in Previous Six 

Hours 

(0,19] Reference - 

(19,32] 1.00 0.95, 1.06 

(32,51] 0.95 0.90, 1.00 
(51,Max] 1.02 0.96, 1.07 

Time to Assessment (min) 

(0,30] Reference - 

(30,60] 1.05 1.01, 1.10 

(60,90] 1.06 0.99, 1.12 
(90,120] 1.15 1.05, 1.27 

(120,Max] 1.17 1.05, 1.30 

Triage Time Compliance 

(0,28.6] Reference - 
(28.6,46.9] 0.99 0.94, 1.05 

(46.9,70] 1.02 0.96, 1.07 

(70,100] 0.83 0.79, 0.88 

Median Boarding Duration 

(hr) 

(0,1] Reference - 

(1,2] 1.05 1.00, 1.11 

(2,4] 1.18 1.12, 1.24 
(4,Max] 1.42 1.33, 1.51 

Proportion with Boarding 

Duration >2hr 

(0,0.25] Reference - 

(0.25,0.5] 1.13 1.08, 1.18 

(0.5,0.75] 1.29 1.23, 1.36 
(0.75,1] 1.34 1.26, 1.42 

Proportion with Boarding 

Duration >6hr 

(0,0.25] Reference - 

(0.25,0.5] 1.35 1.29, 1.43 
(0.5,0.75] 1.58 1.45, 1.73 

(0.75,1] 1.30 1.10, 1.53 

 Median ED Length of Stay 

(hr) 

(0,2] Reference - 

(2,4] 1.09 1.05, 1.14 
(4,6] 1.44 1.35, 1.55 

(6,8] 1.42 1.26, 1.60 

(8,115] 1.59 1.45, 1.75 

Proportion with EDLOS <4hr 
90% Target Met Reference - 

90% Target Not Met 1.20 1.15, 1.25 

Proportion with EDLOS <6hr 
95% Target Met Reference - 

95% Target Not Met 1.23 1.18, 1.27 

Access Block 

(0,0.1] Reference - 

(0.1,0.25] 1.21 1.15, 1.27 

(0.25,0.5] 1.38 1.30, 1.46 
(0.5,0.75] 1.73 1.59, 1.89 

(0.75,1] 1.42 1.17, 1.71 

Total Patient Care Time  

(TPCT)  

(0,21.9] Reference - 
(21.9,52.1] 1.06 1, 1.12 

(52.1,120] 1.13 1.06, 1.19 

(120,Max] 1.27 1.21, 1.34 

Boarder Number  

(0,2] Reference - 
(2,7] 1.10 1.04, 1.16 

(7,15] 1.22 1.16, 1.29 

(15,59] 1.33 1.26, 1.4 

ED Occupancy 

(0,0.85] Reference - 

(0.85,1] 0.88 0.83, 0.94 

(1,1.25] 1.02 0.96, 1.08 
(1.25, Max] 1.06 1.01, 1.11 

Change in ED Occupancy  
Decreasing ↓ Reference - 

Static 0 0.97 0.92, 1.02 

Increasing ↑ 0.98 0.94, 1.03 

Change in TPCT 
Decreasing ↓ Reference - 

Static 0 1.33 1.05, 1.69 

Increasing ↑ 1.03 0.99, 1.08 

*Conditions in the ED when Index patient Arrives, TPCT=Total Patient Care Time, ED=Emergency Department, LOS=Length of Stay. 
Round bracket=includes value, square bracket=up to but not including value 
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In the unadjusted analysis, arrivals were not associated with increased risk of seven-day 

mortality. Whether ED Occupancy was increasing, static or decreasing at the time of arrival 

was also not associated with increased risk. However, when Total Patient Care Time was static 

at the time of arrival the risk of mortality was a third higher. There was a small increase in risk 

of mortality when ED Occupancy was more than 125% while ED Occupancy between 85 and 

99% was associated with a 12% lower risk of mortality within seven days. There was an 

increasing risk of mortality across quartiles of Total Patient Care time, such that in the highest 

quartile there was a 27% higher risk of death within seven days. A similar and slightly 

stronger trend was seen with number of boarding in-patients, with a 33% higher risk of death 

for those arriving in ED when there were 15 or more patients waiting for admission still in the 

ED.  

Time to Assessment was associated with increased mortality, and those arriving in ED when 

the waiting time to be seen was more than 2 hours had a 17% increased risk of mortality 

within seven days. Similarly, when compliance with ATS triage targets was more than 70% 

there was a 17% reduction in mortality for new arrivals. The time spent waiting for an in-

patient bed was strongly associated with mortality for new arrivals. When the median time was 

more than four hours the mortality risk for new arrivals was 42%. Increased risks were also 

seen when this was measured by quartiles of boarding duration more than two or six hours. 

Consistent with this, there was also a strong trend towards increasing risk of 7-day mortality if 

patients arrived at times of high Access Block. If more than half of patients requiring 

admission had EDLOS greater than eight hours at the time of arrival, there was a 73% 

increased risk. 

Median EDLOS for all patients in ED was also strongly associated with increased mortality 

for a new arrival, such that when median EDLOS was more than four hours the risk was 44% 

higher and when it was eight hours the risk was 59% higher. Failing to meet current time 

targets for EDLOS in Australia (90% at four hours) and New Zealand (95% at six hours) were 

also associated with increased risk of mortality for arriving patients, in the order of 20% 

higher for either target. 

Multivariate Analysis 

Error! Reference source not found. shows the association with mortality for each crowding 

metric after adjustment for confounders (triage category, age, arrival mode, ACC status, 

ethnicity, season, deprivation, and day of week). 
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Table 5-8. Adjusted Mortality by Crowding Metric 

Crowding Metric* Categories Hazard Ratio 95% CI p AIC Difference** 

Arrivals in Previous 

Hour 

(0,3] Reference -  

+2.9 
(3,6] 0.99 0.94, 1.04 0.690 

(6,9] 0.99 0.93, 1.05 0.670 

(9,46] 0.91 0.85, 0.97 0.005 

Arrivals in Previous 

Six Hours 

(0,19] Reference -  

+11.3 
(19,32] 1.03 0.97, 1.09 0.290 

(32,51] 0.96 0.91, 1.03 0.260 

(51,Max] 0.90 0.84, 0.97 0.004 

Time to Assessment 

(min) 

(0,30] Reference -  

-2.9 

(30,60] 0.97 0.92, 1.01 0.170 

(60,90] 0.97 0.91, 1.03 0.280 
(90,120] 1.01 0.92, 1.12 0.810 

(120,Max] 0.89 0.79, 1.01 0.067 

Triage Time 

Compliance 

(0,28.6] Reference -  

+7.0 
(28.6,46.9] 0.96 0.91, 1.02 0.180 

(46.9,70] 1.06 1.01, 1.12 0.030 

(70,100] 1.01 0.95, 1.08 0.730 

Median Boarding 

Duration (hr) 

(0,1] Reference -  

-0.3 
(1,2] 0.98 0.93, 1.04 0.500 

(2,4] 1.03 0.97, 1.09 0.320 

(4,Max] 1.06 0.98, 1.13 0.130 

Proportion with 

Boarding Duration 

>2hr 

(0,0.25] Reference -  

-1.4 
(0.25,0.5] 1.03 0.98, 1.08 0.300 

(0.5,0.75] 1.04 0.98, 1.11 0.140 

(0.75,1] 1.07 1.00, 1.15 0.050 

Proportion with 

Boarding Duration 

>6hr 

(0,0.25] Reference -  

+3.9 
(0.25,0.5] 1.09 1.03, 1.16 0.002 

(0.5,0.75] 1.06 0.96, 1.17 0.260 

(0.75,1] 1.08 0.92, 1.28 0.350 

 Median ED Length 

of Stay (hr) 

(0,2] Reference -  

-4.2 
(2,4] 1.02 0.97, 1.06 0.490 
(4,6] 1.08 1.00, 1.17 0.056 

(6,8] 1.01 0.89, 1.15 0.860 

(8,115] 1.02 0.92, 1.14 0.670 

Proportion with 

EDLOS <4hr 

90% Target Met Reference -  

+4.8 90% Target Not 

Met 1.07 1.01, 1.12 0.011 

Proportion with 

EDLOS <6hr 

95% Target Met Reference -  
+1.3 95% Target Not 

Met 1.04 1.00, 1.09 0.068 

Access Block 

(0,0.1] Reference -  

+9.7 

(0.1,0.25] 1.10 1.05, 1.17 0.000 

(0.25,0.5] 1.09 1.02, 1.17 0.009 

(0.5,0.75] 1.15 1.04, 1.28 0.007 

(0.75,1] 1.08 0.89, 1.31 0.420 

Total Patient Care 

Time  

(TPCT)  

(0,21.9] Reference -  

-4.5 
(21.9,52.1] 1.00 0.93, 1.07 0.940 

(52.1,120] 1.02 0.95, 1.10 0.580 
(120,Max] 1.03 0.94, 1.13 0.490 

Boarder Number  

(0,2] Reference -  

-2.4 
(2,7] 0.96 0.90, 1.02 0.200 

(7,15] 0.92 0.85, 1.00 0.057 

(15,59] 0.90 0.82, 0.98 0.021 

ED Occupancy 

(0,0.85] Reference -  

-1.5 
(0.85,1] 0.91 0.86, 0.97 0.005 

(1,1.25] 0.98 0.92, 1.05 0.550 

(1.25, Max] 0.94 0.88, 1.01 0.088 

Change in ED 

Occupancy  

Decreasing ↓ Reference -  
-1.5 Static 0 0.96 0.91, 1.01 0.150 

Increasing ↑ 0.97 0.92, 1.01 0.160 

Change in TPCT 
Decreasing ↓ Reference -  

-4.5 Static 0 1.15 0.90, 1.47 0.270 

Increasing ↑ 1.00 0.95, 1.04 0.810 

*Conditions in the ED when Index patient Arrives, TPCT=Total Patient Care Time, ED=Emergency Department, LOS=Length of Stay. 

Round bracket=includes value, square bracket=up to but not including value. Bold indicates statistical significance. AIC=Akaike Information 
Criterion, **Difference between the AIC of covariate model (triage category, age, arrival mode, ACC status, ethnicity, season, deprivation, 

day of week) and the AIC of model including the crowding metric: higher values=better model. AIC differences +/-2 indicate competing 

(equivalent) models. 
  

The metric with strongest association with mortality for a patient arriving at a New Zealand 

ED was Access Block for admitted patients who were in the ED at the time of the new 

patient’s arrival. There was a consistent increase in 7-day mortality for patients arriving at 
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times when more than 10% of patients due for ward admission had been in ED for longer than 

eight hours. The risk was clinically important, at approximately 10% across all categories of 

Access Block and statistically significant for all but the highest quartile of Access Block (the 

point estimate similar, but as few were exposed to this degree of crowding the confidence 

intervals were wide and crossed the point of no difference). Consistent with this, presenting at 

times when the Boarding Duration for more than a quarter of admitted patients was more than 

six hours was also associated with increased mortality at seven days for new arrivals. Again, 

there were few occasions when more than half of admitted patients had been boarding for 

more than six hours, so although the point estimates were similar for these categories, the 

confidence intervals were wide and crossed the point of no difference. When a Boarding 

Duration of two hours was used as the cut-off, presenting when more than 75% of admitted 

patients were waiting more than two hours for admission was also associated with an 

increased risk of death within seven days (seven percent higher). Although there was a trend 

towards higher mortality as median boarding duration increased, no category of median 

boarding duration was statistically significantly associated with increased risk of death.  

After adjustment, the median Time to Assessment was not associated with mortality, while the 

third quartile of Triage Time Compliance was associated with a six percent higher risk of 

mortality within seven days. 

Median EDLOS was not associated with increased risk of mortality when split into multiple 

categories. However, when considered as a dichotomous variable with four hours as the 

‘target’, there was a statistically significant seven percent higher risk of mortality at seven 

days for patients arriving when fewer than 90% of other patients had EDLOS less than four 

hours. The point estimate of risk was in the same direction when a threshold of 95% at six 

hours was taken, although this was lower (four percent), and not statistically significant. 

Arriving at times when ED Occupancy was between 85-99% remained an independent 

predictor of lower mortality after adjustment, with a statistically significant nine percent 

reduction. Higher occupancy levels were not associated with increased mortality. 

Arriving at when the Number of Boarders was in the highest quartile was associated with 10% 

lower risk of mortality. Similar trends were seen for the highest quartiles of Number of 

Arrivals within one and six hours. 

After adjustment, there was no association between Total Patient Care Time, the state of 

change of crowding according to Total Patient Care Time or Occupancy and 7-day mortality 

for new arrivals. 
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5.4. Limitations 

This analysis is limited by the source data, which did not contain information relating to type 

of disease and co-morbidity. As around 40% of ED visits at the time the source data was 

collected did not trigger the threshold for mandatory coding of visits (i.e.: an EDLOS of more 

than three hours or a hospital admission) this information was not likely to be available for a 

large proportion of the studied population, so these data were not actively sought.(39) Instead, 

age was included as a surrogate for complexity and surrogates of disease severity (arrival 

mode and triage category) were also included. 

An EDLOS threshold of 95% of patients with staying less than six hours was not as strongly 

associated with mortality at seven days than a threshold 90% staying less than four hours. This 

result may be confounded by the presence of a national time target for EDLOS in New 

Zealand from July 2009, which may have modified clinician behaviour and outcomes related 

to this threshold, and potentially weakened the observed association.(39, 350) 

Although more robust than an unadjusted analysis, the findings from the current adjusted 

analysis should be interpreted with caution. To date the interactions between the confounding 

variables have not been explored. It is possible that a better model of confounding variables 

may be found if interactions between the covariates were included, and this may affect the 

strength or direction of the observed associations. 

Despite adjustment for individual hospitals in the analysis, which means that the current 

findings are generalisable across all Levels of Hospital, it is also possible that the metrics may 

perform differently within different Levels of Hospital, and that the best model of confounding 

variables may also differ between Levels of Hospital. Work on optimising the models of 

confounding variables accounting for interactions and Level of Hospital is on-going and will 

be the subject of post-doctoral work by the candidate. 

5.5. Conclusion 

After adjustment for confounding variables, the crowding metric most strongly associated with 

mortality at seven days in New Zealand EDs was an EDLOS more than eight hours for 

admitted patients. EDLOS more than four hours for 90% of all patients was also associated 

with excess mortality, while an optimised ED Occupancy of 85-99% was associated with 

lower mortality. These results should be interpreted with caution as the interactions between 

confounding variables are still under investigation. 
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 Discussion  Chapter 6.

6.1. Summary of the Thesis 

With its central role in acute care for the most unwell and severely injured and as society’s 

safety net for those unable to access care elsewhere, the ED is a good place to measure quality 

of care. ED crowding is associated with worse quality of care and can manifest in many ways, 

due to the inter-relatedness of time, occupancy and workload. This has led to the development 

of many measures of crowding and much confusion about which should be used as quality and 

performance measures. A large body of evidence is now available and in this thesis the 

candidate has systematically sought, appraised and distilled the evidence to determine which 

metrics are most strongly associated with quality of care and importantly, which of these are 

best suited to be used as quality indicators.  

In chapter 3, the knowledge and understanding that emergency medicine specialists have about 

ED crowding and crowding metrics was sought. The survey results suggested that the ‘best’ 

metric of crowding may lie within the intersection of time, occupancy and workload. The 

interdependency of these concepts raised the possibility that using multiple metrics for 

crowding may not be necessary. Access Block, which measures the length of stay (time in ED) 

for admitted patients, was the metric most recognised by the survey respondents. As patients 

suffering Access Block are occupying ED treatment spaces when they should be on an 

inpatient ward this metric reflects both inappropriate occupancy in the ED and inappropriate 

workload for ED staff. As it includes non-value added time for their patients, this metric 

should also have relevance to in-patient clinicians who often influence the flow of patients 

from the ED to hospital wards.  

In chapter 4, the evidence for associations between ED crowding and quality of care was 

sought through a systematic review. Workload metrics had the least evidence to support their 

use, and on reflection these are not really crowding metrics at all, rather they are measures of 

the nature (or structure) of an ED, within which crowding is measured. The Number of 

Arrivals and Acuity of patients at presentation are matters of fact and not modifiable. These 

determine what staff resources are required, and other measures will show when the resources 

are insufficient to deal with the workload.  

There was evidence that all metrics reflected at least some domains of quality care, confirming 

that regardless of what measure is used, crowding impacts adversely on some aspect of care 

quality. Nearly all metrics were patient centred, and all were associated with the timeliness 
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and efficiency of care. However, there was a paucity of evidence associating Time to 

Assessment, Time for Treatment, Waiting Room Occupancy and Treatment Area Occupancy 

with the quality domains of effectiveness and safety. Did not Wait (DNW) was linked to the 

timeliness and efficiency domains. However, the perception of the time waiting to be seen is 

more important than the actual time in forming the decision to leave, and this decision is also 

influenced by personal and inter-personal factors that are not related to crowding. This means 

DNW is a poor measure of crowding. The metrics associated with both effectiveness and 

safety, were ED Occupancy and Hospital Occupancy, Boarding Time and EDLOS. EDLOS 

was also associated with equity, although the evidence was limited.  

When appraised as quality indicators using the quality indicator critical appraisal (QICA) tool 

developed in chapter 2 of this thesis, ED and hospital Occupancy metrics were best suited to 

local use. However, due to differences in definitions of denominators between sites and 

predictable large fluctuations in occupancy through the course of the day which are not 

reflected in daily averages, these metrics were found to lack the reliability and precision 

required to be used as performance indicators at a state or national level, or for benchmarking 

between sites. 

Although the quality of evidence for the association between EDLOS and mortality was lower 

than for boarding time, EDLOS scored highest on the QICA analysis. It is more reliable to 

measure, as arrival and departure times are more objective than the ‘decision to admit’ or ‘ED 

care complete’ times, which are required to calculate Boarding Time. Boarding Time is most 

relevant for hospitals having difficulty with the output phase of care, so for some lower acuity 

or private hospitals this may not be a meaningful measure. Total EDLOS can be split into its 

component times and thus also allows for recording of the input (Time to Assessment), 

throughput (Treatment Time) and output (Boarding Time) phases of care. Hence Total 

EDLOS can be used flexibly to have local relevance while retaining broader relevance across 

all types of hospitals, although comparisons between hospitals would need to be peer-

appropriate according to hospital Level. EDLOS can also be reported by sub-groups of 

patients to enable assessments of equity for different at-risk groups. Access Block, the well-

recognised measure that lies at the intersection of time occupancy and workload, is simply the 

EDLOS for admitted patients. It is important to note that this discussion refers to EDLOS 

measured at department level rather than individual patient level. Longer stays in ED may be 

appropriate and lead to be better outcomes for some patients, while long average lengths of 

stay in ED reflect poorly performing healthcare systems. 
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After more than a decade of use as a performance measure in several countries there is a good 

understanding of the potential for unintended consequences using EDLOS as a metric of 

crowding. Such consequences are data manipulation to alter times, moving patients to other 

places to ‘stop the clock’ and hurried referrals to the wrong inpatient teams. Unintended 

consequences such as these are due to human responses to performance measurement, rather 

than being unique to a particular measure. Instead of being a reason to argue against using 

EDLOS as a crowding metric, this understanding should allow users to actively seek out and 

prevent such unintended consequences within their setting. It also provides a ready mechanism 

for regulators to identify when such behaviours may be occurring at individual sites by 

examining the frequency distribution of times to identify unusual spikes in the normally 

smooth frequency distribution curve of EDLOS.(350) 

In chapter 5, a retrospective cohort study of 2.1 million patients in 25 New Zealand hospitals 

determined whether arriving at the ED when it was crowded was associated with increased 

mortality at seven days. This found that several crowding metrics were associated with 

mortality, but the strongest association was found for Access Block. There was a 10% higher 

risk of death for patients arriving in ED when more than 10% of patients waiting for admission 

had been in ED longer than eight hours. In this study, the threshold for EDLOS of 90% of all 

patients leaving ED within four hours was more strongly associated with mortality than 95% 

leaving within six hours, although this may have been confounded by use of the 95% threshold 

at six hours as a reportable measure in New Zealand from mid-2009. Notably, use of this Total 

EDLOS target was associated with a marked reduction in both Access Block and mortality in 

New Zealand post target introduction, suggesting that improvements in what was important 

occurred, despite not directly measuring Access Block or mortality, and some gaming of the 

EDLOS target. The association between EDLOS target compliance and reduction in Access 

Block had been shown in previous research by the candidate.(6) There was also evidence from 

this study that thresholds below 100% for ED Occupancy and below 90% for the Hospital 

Occupancy would be reasonable to use to trigger interventions to decompress the system in 

real time to reduce Access Block and avoid preventable mortality.  

All three chapters of this thesis suggested that department level EDLOS may be the best 

metric of crowding, due to its reliability, ease of measurement, flexibility, relevance to all 

stakeholders and association with the most domains of quality of care.  
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6.2. Strengths and Limitations 

This thesis has strengths, and several limitations which have been discussed in detail as part of 

each chapter. These are summarised below. 

In chapter 3, a survey of ED clinical directors who are responsible for obtaining and reporting 

ED quality metrics, was the most efficient method to collect the data required. The high 

response rate ensured saturation of ideas, and meant that the questions of interest for this 

chapter were answered. A high number of respondents also meant that a meaningful 

quantitative analysis could be conducted. As a cross-sectional measurement, responses reflect 

the respondent’s thoughts at that point in time, so a similar survey conducted at another time 

may yield different results. Also, with a single round of questions no verification of responses 

by the respondents was possible. Purposeful selection of this group of respondents excluded 

other stakeholders who may have responded differently. For the sections of the survey where 

qualitative data was sought, other methodologies (such as inductive analysis of the transcripts 

of semi-structured interviews or focus groups) may have allowed more in-depth analysis of a 

smaller number of respondent’s knowledge and understanding of ED crowding. As the survey 

responses were analysed only by the candidate, their interpretation reflects the candidate’s 

views, and are at risk of bias.  

Chapter 4 is the most comprehensive systematic review conducted to date on the relationship 

between ED crowding and quality of care. It is the only review that quantifies strength and 

direction of associations between crowding metrics and domains of quality. This allowed the 

identification of crowding metrics that have not been shown to be associated with the 

important domains of safety and effectiveness of care. No previous study has formally 

critically appraised metrics as quality indicators and this process facilitated the process of 

making a decision regarding the best metric. As a single researcher systematic review and 

critical appraisal process undertaken by the candidate, this research is at risk of bias based on 

the candidate’s views. The research would have been strengthened by another researcher 

independently undertaking the processes of the review and critical appraisal of the metrics, 

with consensus decisions reached if there were conflicts of opinion. However this was not 

possible in the context of the current thesis. 

Chapter 5 is the only study to date exploring the association between ED crowding and 

mortality in New Zealand. The study included virtually all people presenting to an ED 

nationally over a seven year period and was adequately powered to answer the question of 

interest. Adjustments were made for confounding variables known to be associated with 
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mortality and this strengthens the findings. However, the study was limited by lack of clinical 

data on diagnosis and co-morbidity, which was not available in the source database. Instead, 

age was included as a surrogate for complexity and surrogates of disease severity (arrival 

mode and triage category) were also included. Although more robust than an unadjusted 

analysis, the findings from the current multivariate analysis did not include interactions 

between the confounding variables. It is possible that a better model of confounding variables 

may be found if interactions between the covariates were included, and this may affect the 

strength or direction of the observed associations. 

6.3. Impact of the Research to Date 

As a result of conducting the research presented in this thesis the candidate has changed his 

view about EDLOS as a measure of quality. From a position of strong antipathy towards using 

EDLOS as a measure of quality, the candidate now believes that EDLOS at department level 

is a good measure of quality of care which has broad application. The candidate has recently 

been appointed the New Zealand Ministry of Health Target Champion for the Shorter Stays in 

ED Health Target and is currently fighting to retain use of this measure in the face of a change 

in government with different priorities. As part of this role, in the last 18 months the candidate 

has visited half of New Zealand’s DHBs to help them improve their systems of care through 

translating the knowledge gained by conducting this research. The candidate has also been 

invited to be part of the Task Force on ED Crowding formed by the International Federation of 

Emergency Medicine and has been chosen to lead the evidence review component of this Task 

Force. Several articles relating to this research have been published to date; including 

background articles driving the candidate’s desire to undertake this research,(77, 78) articles 

relating to New Zealand’s Shorter Stays in ED Health Target Policy (6),(39, 79-81, 151, 314-316, 

350, 376, 377) and articles pertaining to chapter 2(120) and 3(378) of this thesis 

6.4. Recommendations for Policy and Practice 

In conclusion, the candidate strongly recommends that EDLOS is the best overall measure of 

ED crowding for use as a quality indicator (performance measure). Although the analysis of 

New Zealand data in this thesis suggested that the threshold target of 90% within four hours 

for all ED patients was more strongly associated with mortality than the current 95% six hour 

threshold, this may have been due to confounding due to current use of the six hour threshold 

and gaming around this measure.(350) Despite evidence of gaming the six-hour target in New 

Zealand, Access Block (the metric most strongly associated with mortality both in the existing 

literature and in the original research conducted as part of this thesis) improved as a result of 
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implementing the six-hour target in New Zealand,(39) which suggests that focus on this target 

should continue. In his current role as the Ministry of Health Target Champion, the candidate 

has submitted a paper to the Ministry to rename the target as the Acute Patient Access 

Measure, and recommended that District Health Boards report this target by admitted and 

discharged patients. This will refocus attention on the EDLOS for admitted patients and place 

the target firmly as a patient centred quality measure rather than a department centred process 

measure, with a view to improving the palatability of the target to all stakeholders. 

6.5. Further Research Priorities 

As with all research this thesis has generated further questions. Priorities for research 

stemming from the results of this thesis are:  

 to confirm the findings of chapter 5 by optimising the base model of 7-day mortality 

for ED arrivals, through inclusion of first order interaction terms  

 to determine whether the observed weaker association between mortality and the six-

hour 95% EDLOS target compared to the four-hour 90% EDLOS target was apparent 

both before and after the introduction of the six-hour target in New Zealand. This will 

test the hypothesis that behaviours related to the implementation of the six-hour target 

may have accounted for the current finding of a weaker association 

 to address the paucity of research into potential inequities of care related to ED 

crowding. Research is currently underway to explore this and other inequities of ED 

care in the New Zealand setting.(379)  

These studies will serve to strengthen or weaken the current findings of this thesis.  
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 Appendices Chapter 7.

The following pages contain supplementary material to inform the previous chapters.  

There is no appendix to Chapter 1. 
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Appendix to Chapter 2  

Literature Search Strategy for Quality Indicator Attributes  

Example of search strategy in Medline. Similar terms appropriate for, Embase and CInAHL 

were used when searching those databases. 

Database(s): Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations, Ovid 

MEDLINE(R) Daily and Ovid MEDLINE(R) 1948 to Present  

Date 25/10/2011 

 *Quality Assurance, Health Care/ or quality assurance.mp. 

(indicator adj performance).mp. [mp=protocol supplementary concept, rare disease 

supplementary concept, title, original title, abstract, name of substance word, subject heading 

word, unique identifier] 

(performance adj indicator).mp. [mp=protocol supplementary concept, rare disease 

supplementary concept, title, original title, abstract, name of substance word, subject heading 

word, unique identifier] 

2 or 3 

*Quality Indicators, Health Care/ 

1 or 4 or 5 

appraisal tool.mp. 

critical appraisal.mp. 

7 or 8 

10. 6 and 9 

Result: 78 hits search 10. Search 10 used, with 13 potentially relevant on abstract review.  
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Validation of Suggested Attributes of Healthcare Quality Indicators 

The List of experts in the fields of quality of care, performance measurement and/or 

emergency medicine were approached to give their opinions of the attributes is shown in 

Appendix Table 7-1 Experts Validating Quality Indicator AttributesAppendix Table 7-1 

Appendix Table 7-1 Experts Validating Quality Indicator Attributes  

Name  Organisation / Affiliation Country 

Professor 

Bill 

Runciman 

President, Australian Patient Safety Foundation. Professor, Patient 

Safety & Healthcare Human Factors, School of Psychology, Social 

Work & Social Policy, University of South Australia. Research Fellow, 

Australian Institute of Health Innovation 

Australia 

Professor 

Alan Merry 

Chair of the Board of the NZ Health Quality and Safety 

Commission. Professor in Anaesthesiology and Head of the 

School of Medicine, Faculty of Medicine and Health Sciences, 

University of Auckland 

NZ 

Associate 

Professor 

David 

Mountain 

Associate Professor of Emergency Medicine, University of 

Western Australia, Perth.  

Co Primary Investigator 'Validation & Impact of the Four-Hour 

Rule in the Emergency Department NHMRC study 

Australia 

Associate 

Professor 

Tony 

Joseph 

Australasian College for Emergency Medicine Quality 

Management Subcommittee, Clinical Lead for the Northern 

Sydney Local Health District National Emergency Access 

Target Program, Vice-President of the Australasian Trauma 

Society 

Australia 

Dr. Geoff 

Williamson 

Australasian College for Emergency Medicine Quality Management 

Subcommittee, Director of Clinical Services Rockingham General 

Hospital, Western Australia 

Australia 

Dr. 

Stephen 

Priestly 

Australasian College for Emergency Medicine Quality Management 

Subcommittee, board member Queensland Emergency Research 

Foundation, Queensland, district Director of Emergency Medicine, 

Sunshine Coast, Queensland 

Australia 

 Dr. Sally 

McCarthy 

Australasian College for Emergency Medicine Quality Management 

Subcommittee 

Medical Director Emergency Care Institute New South Wales 

Immediate Past-President Australasian College for Emergency 

Medicine 

Australia 

Associate 

Professor 

Melinda 

Truesdale 

Australasian College for Emergency Medicine Quality Management 

Subcommittee 

Director of Emergency Medicine, Royal Melbourne Hospital, Victoria 

Australia 

Dr. Carmel 

Crock 

Chair, Australasian College for Emergency Medicine Quality 

Management Subcommittee, Director of Emergency Medicine, Royal 

Victorian Eye and Ear Hospital, Melbourne, Victoria 

Australia 

Dr. Ian 

Martin 

Australasian College for Emergency Medicine Quality Management 

Subcommittee, Emergency Medicine Specialist, Waikato Hospital 

NZ 

Professor 

Yusuf 

Nagree 

Australasian College for Emergency Medicine Quality Management 

Subcommittee, Professor of Emergency Medicine, University of 

Western Australia. Past State Health Emergency Director, Department 

of Health, Western Australia 

Australia 

Dr. 

Amanda 

Stafford 

Australasian College for Emergency Medicine Quality Management 

Subcommittee, 

Joint Head of Emergency Department, Swan Kalamunda Health 

Service, Western Australia 

Australia 

Dr. 

Andrew 

Gosbell 

Director of Policy and Research & Deputy CEO at 

Australasian College for Emergency Medicine 

Australia 

Professor 

Fiona 

Lecky 

Clinical Professor and Honorary Consultant in Emergency 

Medicine at the School of Health and Related Research and 

Salford Royal  NHS Foundation Trust, Sheffield Session Chair 

UK 
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CEM/IFEM Symposium: Quality and Safety in Emergency 

Care 

Professor 

Jonathan 

Benger 

Professor of Emergency Medicine, United Bristol Healthcare Trust, 

University of the West of England, Bristol; Chair, Clinical 

Effectiveness Committee, College of Emergency Medicine, Session 

Chair CEM/IFEM Symposium: Quality and Safety in Emergency Care 

UK 

Dr. Ian 

Higginson 

Emergency Medicine Specialist, Derriford Hospital, Plymouth. Session 

Chair CEM/IFEM Symposium: Quality and Safety in Emergency Care  

UK 

Professor 

Susan 

Mason 

Director of Health Services Research at ScHARR Session 

Chair CEM/IFEM Symposium: Quality and Safety in 

Emergency Care 

UK 

Associate 

Professor 

Michael 

Schull 

Director of the Division of Emergency Medicine in the 

Department of Medicine University of Toronto. Senior 

Scientist at the Institute for Clinical Evaluative Sciences. 

Canadian Institutes of Health Research Applied Chair in Health 

Services and Policy Research 

Canada 

Professor 

Art 

Kellermann 

Paul O'Neill Alcoa Chair in Policy Analysis at the RAND 

Corporation Former professor of emergency medicine and 

public health and associate dean for health policy at the Emory 

School of Medicine in Atlanta. Member of the board of 

directors of the American College of Emergency Physicians, 

Member of the Institute of Medicine.  

USA 

Professor 

Rod 

Jackson 

Professor of epidemiology in the Section of Epidemiology & 

Biostatistics, School of Population Health, Faculty of Medical 

and Health Sciences, University of Auckland. He is also the 

director of the Evidence-based Practice, health Informatics and 

Quality improvement group, University of Auckland 

NZ 

Dr. Tim 

Tenbensel 

Head of Section Health Systems, School of Population Health, Faculty 

of Medical and Health Sciences, University of Auckland 

NZ 

Professor 

Michael 

Ardagh 

Professor of Emergency Medicine Christchurch Hospital; 

National Clinical Director of ED Services, Ministry of Health 

NZ 

Dr. Tom 

Morton 

Director of Emergency Medicine, Nelson Hospital, Member of 

the National Advisory Group for Emergency Departments  

NZ 

Dr. 

Michael 

Roberts 

Clinical Director, Emergency Department and Chief Medical 

Officer, Whangarei Hospital, Northland 

NZ 

Dr. Tim 

Kerruish 

Emergency Medicine Specialist and former Director of 

Emergency Department, Dunedin Hospital, Dunedin 

NZ 

Colin 

McArthur 

Former Director of Department of Critical Care, and Chair of 

Quality Assurance Committee, current Chair of Credentials 

Committee Auckland City Hospital, Auckland 

NZ 
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Ethics Approvals for QICA Tool Validation 

Correspondence from Northern X Regional Ethics Committee 
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Correspondence relating to ethics approval in Australia 
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Survey to Validate Attributes 

The survey instrument used in Survey Monkey™ in order to validate the quality indicator attributes is shown in Appendix Figure 7-1 below. 

Appendix Figure 7-1 Quality Indicator Attributes Survey 
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Quality Indicator Critical Appraisal (QICA) Tool  

The version of the QICA tool used for this thesis is shown in Appendix Figure 7-2. 

 

Appendix Figure 7-2 QICA Tool 
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Appendix to Chapter 3 

Feedback on Draft Survey 

Content Experts Who Reviewed the Draft Surveys 

Associate Professor David Mountain 
University of Western Australia, Australia 

https://www.socrates.uwa.edu.au/Staff/StaffProfile.aspx?Person=DavidMountain 

Emergency Medicine Specialist 

Member of the Quality Subcommittee of ACEM 

 

Dr Tim Parke 
Adult Emergency Department, South Glasgow University Hospital, Glasgow, Scotland 

Emergency Medicine Specialist 

http://www.researchgate.net/profile/Tim_Parke 

Formally Clinical Director Adult Emergency Department, Auckland City Hospital and member National 

Advisory Group for Emergency Departments, Ministry of Health  

 

Dr Ian Higginson 
Consultant in Emergency Medicine, Derriford Hospital, Plymouth, England 

Program lead for MSc in Healthcare Management, Leadership and Innovation University of Plymouth 

 

Dr James LeFevre 
Adult Emergency Department, Auckland City Hospital 

Emergency Medicine Specialist, MBA  

Elected board member Waitemata District Helath Board, former deputy chair Auckland District Health Board, 

member ACEM Hospital Overcrowding sub-committee 

 

 

Expert’s Feedback on Draft Survey  

 
 

 

 

 

 

https://www.socrates.uwa.edu.au/Staff/StaffProfile.aspx?Person=DavidMountain
http://www.researchgate.net/profile/Tim_Parke
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Comments from A/Prof Mountain on the Survey instrument 
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Feedback on Electronic Survey 
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Ethics Approval for Survey of Crowding Metrics 

Correspondence from NZ Health and Disability Ethics Committee  
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Electronic Version of Survey Instrument 

The final version of the survey used in Survey Monkey™ is shown in Appendix Figure 7-3 

Appendix Figure 7-3 Crowding Survey (Electronic Version) 
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Correspondence with Ministry of Health National Advisory Group 
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Sample Size and Assumptions of Logistic Regressions 

Peduzzi et al(380) suggested that a formula incorporating the smallest proportion of cases of 

the dependent variable (P) and the number of independent variables (K) can be used to 

estimate the required sample size for logistic regression: N =10 x K / P 

For Question 2a the smallest proportion of responses was for disagreement (approximately 

25%) and for Question 2b the smallest proportion of responses (approximately 22%) was for 

agreement. Using the formula this suggests the sample size = 10 x 2 / 0.22 = 91.  

The sample size of 113 was considered sufficient to conduct the planned logistic regression. 

Assumptions for Logistic Regression Chapter 3, Section 3.3 Questions 2a (Crowding a 

Major Problem?) and 2b (Crowding not Rare?), p66 of thesis. 

There are seven assumptions for logistic regression. 

1. A dichotomous dependent variable: Met 

2. One or more independent variables which are continuous or nominal: Met 

3. Independence of observations and mutually exclusive categories of nominal 

independent variables: Met 

4. Appropriate sample size: Met (see above) 

5. Linear relationship between continuous independent variables and the logit 

transformation of the dependent variable: Not Applicable as there were no continuous 

independent variables 

6. No evidence of multicollinearity in the independent variables: Met, tolerance was 

greater than 0.7 for the independent variables (>0.1 being acceptable)  

7. No significant Outliers: Assumption not met for the question of ED Crowding being a 

major problem. There were two studentised residuals with values greater than 2.0, 

these were -3.933 and -3.089 respectively, both were Level 4 hospitals whose 

respondents did not believe that ED Crowding was a major problem. They were kept in 

the primary analysis as it was believed that these were likely to be true responses. Also, 

as there are only three Level 4 hospitals whose respondents thought ED crowding was 

not a major problem, excluding two of them would make the analysis meaningless. 

This assumption was also not met for the question of ED Crowding being rare. There 

were two studentised residuals greater than 2.0 (both 3.353). These were both Level 4 
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hospitals from Australia that were neutral about whether ED Crowding was rare. As 

these were likely to be valid responses they were kept in the analysis. 

Assumptions for Logistic Regression Analyses on Whether Crowding Measured or not 

Chapter 3, Section 3.3, Questions 3 and 4, Table 3-7 p 68 of Thesis. 

Sample Size Requirement 

The required size is N =10 x K / P. With the number of independent variables, K=4 and the 

lowest probability of an outcome on the dependent variable p=0.375.  

Therefore N=40/0.375 = 107, which is similar smaller than the 112 sample size attained. 

Assumptions  

1. A dichotomous dependent variable – Met 

2. One or more independent variables which are continuous or nominal – Met 

3. Independence of observations and mutually exclusive categories of nominal 

independent variables – Met 

4. Appropriate sample size – Met  

5. Linear relationship between continuous independent variables and the logit 

transformation of the dependent variable – Not Applicable as there were no continuous 

independent variables 

6. No evidence of multicollinearity in the independent variables – Met, tolerance was 

greater than 0.4 for the independent variables (>0.1 being acceptable)  

7. No significant Outliers – Met, there were no outliers 
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Metrics by Country and Hospital Level  

How crowding metrics were used according to Country and Level of Hospital are shown in 

Appendix Table 7-2 and Appendix Table 7-3 respectively. 

Appendix Table 7-2  How Metrics used by Country 

  Australia n=88 New Zealand=25 †Chi
2
 p 

Use in ED 

n,% (95%CI) 

More ED Resources in Long 

Term 
43, 49% (39-59) 10, 40% (23,59) 0.614 0.433 

More ED Staff or Space in Real 

Time 
22, 25% (17-35) 6, 24% (11,44) 0.010 0.919 

Modify ED Processes in Real 

Time 
32, 36% (27-47) 9, 36% (20,56) 0.001 0.973 

ED Quality Indicator 36, 41% (31-51) 12, 48% (30,67) 0.401 0.527 

Use in 

Hospital  

n,% (95%CI) 

More Hospital Resources in the 

Long Term 
26, 30% (21-40) 10, 40% (23,59) 0.980 0.322 

More Hospital Staff or Space in 

Real Time 
23, 26% (18-36) 4, 16% (6,35) 1.100 0.294 

Modify Hospital Processes in 

Real Time 
37, 42% (32-52) 4, 16% (6,35) 5.713 0.017 

Hospital Quality Indicator 40, 46% (35-56) 7, 28% (14,48) 2.442 0.118 

Reporting  

n,% (95%CI) 

Report at State or National Level 25, 28% (20-39) 3, 12% (3,31) 2.813 0.094 

Report to Management 52, 59% (49-69) 7, 28% (14,48) 7.543 0.006 

†Cell counts for expected values were >5, therefore Chi2 was appropriate 

 

 
 

 

Appendix Table 7-3 How Metrics Used by Level of Hospital 

  Level 1/2 n=39 Level 3 n=45 Level 4 n=29 †Chi
2
 p 

Use in ED 

n,% (95%CI) 

More ED Resources in 

Long Term 
17, 44% (29-59) 17, 38% (25-52) 19, 66% (47,80) 2.654 0.103 

More ED Staff or Space in 

Real Time 
7, 18% (9-33) 10, 22% (12-36) 11, 38% (23,56) 3.325 0.068 

Modify ED Processes in 

Real Time 
13, 33% (21-49) 14, 31% (19-46) 14, 48% (32,66) 1.368 0.242 

ED Quality Indicator 16, 41% (27-57) 15, 33% (21-48) 17, 59% (41,75) 1.664 0.197 

Use in 

Hospital  

n,% (95%CI) 

More Hospital Resources 
in the Long Term 

11, 28% (17-44) 11, 24% (14-39) 14, 48% (32,66) 2.603 0.107 

More Hospital Staff or 

Space in Real Time 
6, 15% (7-30) 10, 22% (12-36) 11, 38% (23,56) 4.434 0.035 

Modify Hospital Processes 
in Real Time 

12, 31% (18-47) 16, 36% (23-50) 13, 45% (28,62) 1.368 0.242 

Hospital Quality Indicator 13, 33% (21-49) 18, 40% (27-55) 16, 55% (38,72) 3.116 0.078 

Reporting  

n,% (95%CI) 

Report at State or National 

Level 
9, 23% (12-39) 10, 22% (12-36) 9, 31% (17,49)  0.846 0.486 

Report to Management 19, 49% (34-64) 22, 49% (35-63) 18, 62% (44,77) 1.055 0.304 

†Chi2 test for trend 
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Appendix to Chapter 4  

Search Strategy in Medline 

The search strategy for the systematic review of crowding association with quality of care 

used in Medline is shown below in Appendix Table 7-4, along with the number of hits. Similar 

strategies used for the other databases with database specific terms as appropriate. 

 

Appendix Table 7-4 Crowding and Quality Medline Search Strategy 
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Co-Reviewers who Screened Articles for Inclusion 

Of the 2052 titles and abstracts screened by the candidate, each other reviewer independently 

screened 150 titles and abstracts.  

 

Associate Professor Sally McCarthy 
Australasian College for Emergency Medicine Quality Management Subcommittee 

Medical Director Emergency Care Institute New South Wales 

Immediate Past-President Australasian College for Emergency Medicine 
 

Professor Yusuf Nagree 
Professor of Emergency Medicine, University of Western Australia 

Australasian College for Emergency Medicine Quality Management Subcommittee,. Past State Health 

Emergency Director, Department of Health, Western Australia 

 

Associate Professor David Mountain 
University of Western Australia, Australia 

Emergency Medicine Specialist 

Member of the Quality and Hospital Overcrowding Subcommittees of ACEM and  

 

Associate Professor Anthony Bell 
University of Queensland 

Former Director of Emergency Medicine at the Royal Brisbane and Women’s Hospital 

Member ACEM Hospital Overcrowding Subcommittee 

 

Table of Excluded Studies 

The reasons for Exclusion were 

1. Awaiting classification 

2. Conference abstract author contacted did not provide data 

3. Conference abstract author contacted no full text available 

4. Conference abstract no email address unable to contact author 

5. Conference abstract no reply from author 

6. Duplicate 

7. Level 5 evidence 

8. No comparison between metrics / effect measure 

9. No metric 

10. Not a primary research study 

11. Not crowding 

12. Not ED 

13. Thesis abstract no reply from author 
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The number in Appendix Table 7-5 in the column RE (Reason for Exclusion) corresponds to 

the number in the list of reasons for inclusion on page 270. 

Appendix Table 7-5 Excluded Studies 

Author Year RE Author Year RE Author Year RE 

Handyside(381) 1967 12 Hollander(382) 2007 10 Chadha(383) 2012 8 

Digiacomo(384) 1982 7 Mortimore(385) 2007 10 Chase(386) 2012 8 

Liptak(387) 1985 7 Yen(388) 2007 10 Considine(389) 2012 8 

Smeltzer(390) 1986 8 Bernstein(391) 2008a 4 Doyle(392) 2012 8 

Mitchell(393) 1987 7 Bernstein(394) 2008b 4 Dugas(395) 2012 8 

Smeltzer(396) 1987 8 Salgado(397) 2008 1 Greene(398) 2012 8 

Saunders(399) 1989 8 Gelrud(400) 2008 8 Henneman(401) 2012 8 

Baker(402) 1991 7 Hoot(403) 2008b 8 Hogan(404) 2012 8 

Hu(405) 1993 8 Hung(406) 2008 8 Imperato(407) 2012 8 

Loncar(408) 1993 10 Paoloni(409) 2008 8 Mohan(410) 2012 8 

Benson(411) 1994 7 Olsen(412) 2008 9 Love(413) 2012 8 

Barber Pérez(414) 1994 1 Banerjee(415) 2008 10 Mchugh(416) 2012 8 

Fernandes(417) 1994 8 Derlet(418) 2008 10 Nestler(419) 2012 8 

Stock(420) 1994 8 Hoot(135) 2008a 10 Paul(421) 2012 8 

Neely(422) 1994 12 Bullard(423) 2009 8 Pines(424) 2012 8 

Krochmal(425) 1994 9 Devkaran(426) 2009 8 Pitts(427) 2012 8 

Bazarian(428) 1996 8 Gilligan(429) 2009 8 Rasheed(430) 2012 8 

Blake(431) 
1996 8 

Gomez-

Vaquero(432) 
2009 8 

Richardson(433) 
2012 8 

Siddharthan(434) 1996 11 Hoot(435) 2009a 8 Schull(436) 2012 8 

Bouget(437) 1997 7 Hoot(438) 2009b 8 Shetty(439) 2012 8 

Fernandes(440) 1997 8 Hung(441) 2009 8 Sinreich(442) 2012 8 

Bruce(443) 1998 11 Khare(444) 2009 8 Soremekun(445) 2012 8 

Jenkins(446) 1998 10 Liu(447) 2009 8 Stone-Griffith(448) 2012 8 

Roberts(449) 1998 10 Nelson(450) 2009 8 Welch(451) 2012 8 

Bagust(452) 1999 8 Ramirez(453) 2009 8 Wong(454) 2012 8 

Schwab(455) 1999 8 Viccellio(456) 2009 8 Birkhahn(457) 2012 11 

Lane(458) 2000 7 Crook (459) 2009 11 Harrison(460) 2012 11 

Miró(461) 2000 1 Kim(462) 2009 11 Meek(463) 2012 11 

Derlet(464) 2000 10 Lipley(465) 2009 11 Zengin(466) 2012 11 

Miró(461) 2001 1 Unanue(467) 2009 11 Harris(468) 2012 6 

Brown(469) 2001 4 Vartak(470) 2009 11 Liu(471) 2012 6 

Erickson(472) 2001 4 Lucas(257) 2009c 6 Davies(473) 2012 12 

Hobbs(474) 2001 4 Sayah(475) 2009 6 Helton(476) 2012 12 

Richardson(477) 2001a 3 Gardellini(478) 2009 12 Loftus(479) 2012 12 

Richardson(480) 2001b 3 Anonymous(481) 2009 10 Suthers(482) 2012 12 

Derlet(483) 2001 8 Bernstein(136) 2009 10 Wong(454) 2012 12 

Velin(484) 2001 8 Cameron(485) 2009 10 Day(486) 2012 10 

Reeder(487) 2001 8 Genewein(488) 2009 10 Higginson(146) 2012 10 

Mclendon(489) 2001 10 Jones(490) 2009 10 Jones(79) 2012 10 

Stirling(491) 
2001 10 

Moskop(492) 
2009 10 

Khangura 

Jaspreet(493) 
2012 10 

Litvak(494) 2002 7 O'connor(495) 2009 10 Morris(141) 2012 10 
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Author Year RE Author Year RE Author Year RE 

Lewin Group(496) 2002 1 Scott(497) 2009 10 Villa-Roel(498) 2012 10 

Asplin(499) 2002 4 Walters(500) 2009 10 Almehdawe(501) 2013 7 

Bullard(502) 2002 8 Zun(503) 2009 10 Francis(504) 2013 5 

Derlet(505) 2002 8 Baumlin(506) 2010 8 Hamrock(507) 2013 7 

Frank-Soltysiak(508) 2002 11 Brown(509) 2010 8 Jones(510) 2013 4 

Schull(511) 
2002a 6 

Carr(512) 
2010 8 

Polanco-

Gonzalez(513) 
2013 7 

Cameron(514) 2002 10 Horwitz(515) 2010 8 Saxon(516) 2013 4 

Schull(517) 2002b 10 Hutten-Czapski(518) 2010 8 Ashour(519) 2013 8 

Velianoff(520) 2002 10 Juan(521) 2010 8 Athlin(522) 2013 8 

Espinosa(523) 2002 1 Keijzers(524) 2010 8 Burke(525) 2013 8 

Dunn(526) 2003 7 Lebaron(527) 2010 8 Cheng(528) 2013 8 

Schull(529) 2003c 7 Ng(530) 2010 8 Christmas(531) 2013 8 

Curry(532) 2003 4 Romero(533) 2010 8 Genuis(534) 2013 8 

Richardson(535) 2003a 3 Sorensen(536) 2010 13 Geskey(537) 2013 8 

Richardson(538) 2003b 3 Stang(539) 2010 8 Gill(540) 2013 8 

Richardson(541) 2003c 3 Wong(542) 2010 8 Horng(543) 2013 8 

Richardson(544) 2003d 3 Vitkin(545) 2010 8 Huang(546) 2013 8 

Sanchez(547) 2003 1 Considine(548) 2010 11 Li(549) 2013 8 

Cardin(550) 2003 8 Dormann(551) 2010 11 Lim(552) 2013 8 

Channan(553) 2003 8 Eitel(63) 2010 10 Mchugh(554) 2013 8 

Iraola-Ferrer(555) 
2003 8 

Forero(62) 
2010 10 

Mohamed 

Ismail(556) 
2013 8 

Miro(557) 2003 8 Glickman(558) 2010 10 Mohan(559) 2013 8 

Solberg(560) 2003 8 Handel(561) 2010 10 Nasim(562) 2013 8 

Yoon(563) 2003 8 Jones(78) 2010a 10 Silich(564) 2013 8 

Aragon(565) 2003 11 Jones(566) 2010b 10 Soong(567) 2013 8 

Miro(568) 2003 6 Felton(569) 2011 7 Woodcock(570) 2013 8 

Olsen(571) 2003 9 Mccarthy(371) 2011 7 Anderson(572) 2013 11 

Warden(573) 2003 9 Oldfield(574) 2011 1 Meek(575) 2013 11 

Estey(576) 2003 10 Wong(577) 2011 4 McCue(578) 2013 6 

Trzeciak(579) 2003 10 Desmond(580) 2011 8 Anonymous(581) 2013 10 

Mcmullan(582) 2004 7 Dixon(583) 2011 8 Melon(584) 2013 10 

Baumann(585) 2004 4 Friedman(586) 2011 8 Hurwitz(587) 2014 7 

Richardson(588) 2004a 3 Holden(589) 2011 8 Pitts(590) 2014 7 

Richardson(591) 2004b 3 Knazik(592) 2011 8 Richardson(593) 2014 7 

Richardson(594) 2004c 3 Leu(595) 2011 8 Banks(596) 2014 4 

Richardson(597) 2004d 3 Martin(598) 2011 8 Aksel(599) 2014 8 

Richardson(600) 2004e 3 Qureshi(601) 2011 8 Bastani(602) 2014 8 

Rehmani(603) 2004 8 Scott(604) 2011 8 Carter(605) 2014 8 

Walrath(606) 2004 8 Sethuraman(607) 2011 8 Chan(608) 2014 8 

Forero(609) 2004 8 Sharma(610) 2011 8 Crilly(611) 2014 8 

Mcconnell(612) 2004 8 Tsoi(613) 2011 8 Doyle(614) 2014 8 

Boudreaux(615) 2004 11 Weng(616) 2011 8 Kadri(617) 2014 8 

Bucheli(618) 

 
2004 9 

Wharff(619) 
2011 8 

Lee(620) 
2014 8 

Boudreaux(621) 2004 10 Xie(622) 2011 8 Mestdagh(623) 2014 8 
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Author Year RE Author Year RE Author Year RE 

Cooke(624) 2004 10 Mahajan(625) 2011 11 Mumma(626) 2014 8 

Hwang(72) 2004 10 Weichenthal(627) 2011 11 Patel(628) 2014 8 

Magid(629) 2004 10 Sills(347)b 2011 6 Sayah(630) 2014 8 

Stuart(631) 2004 10 Sills(632)c 2011 6 Storm-Versloot(633) 2014 8 

Burns(634) 2005 8 Arendts(635) 2011 12 Ward(636) 2014 11 

Monzon(637) 2005 8 Morrison(638) 2011 9 Wang(639) 2014 9 

Sinreich(640) 2005 8 Anonymous(641) 2011 10 Crane(642) 2014 10 

Sprivulis(643) 2005 8 Braithwaite(644) 2011 10 Keijzers(645) 2014 10 

Liu(646) 2005 6 Cooney(647) 2011 10 Cremonesi(648) 2015 7 

Rondeau(649) 2005 9 Fee(650) 2011 10 Lin(651) 2015 8 

Cowan(652) 2005 10 Handel(653) 2011 10 Lowthian(654) 2015 8 

Miro(655) 2006 1 Heyworth(656) 2011 10 Meng(657) 2015 8 

Ortiga(658) 2006 1 Hwang(132) 2011a 10 Mitra(659) 2015 11 

Vieth(660) 2006 7 Hwang(661) 2011b 10 Wang(662) 2015 12 

Choi(663) 2006 8 Kocher(664) 2011 10 Bos(665) 2015 9 

Moloney(666) 2006 8 Mason(667) 2011 10 Ardagh(668) 2015 10 

Patel(669) 2006 8 Mcclelland(670) 2011 10 McCaughey(671) 2015 10 

Sun(672) 2006 8 Ovens(673) 2011 10 Stang(144) 2015 10 

Rowe(674) 2006a 8 Pham(675) 2011 10 Eiset(676) 2016 8 

Rowe(67) 2006b 6 Pines(677) 2011 10 Khalifa(678) 2016 8 

Asplin(679) 2006a 10 Pines(680) 2011 10 Moy(681) 2016 8 

Asplin(682) 2006b 10 Pines(683) 2011 10 Shi(684) 2016 8 

Bernstein(685) 2006 10 Richardson(143) 2011 10 Varndell(686) 2016 8 

Ospina(142) 2006 10 Rowe(687) 2011a 10 Khanna(688) 2016 8 

Rowe(689) 2006c 10 Rowe(690) 2011b 10 Mcalister(691) 2016 8 

Twanmoh(692) 2006 10 Schiff(693) 2011 10 Pan(694) 2016 11 

Pham(695) 2006 10 Soremekun(696) 2011 10 Staib(697) 2016 10 

Burley(698) 2007 8 Van Dyke(699) 2011 10 Boden(700) 2016 7 

Flottemesch(354) 2007 8 Ward(701) 2011 10 Noel(702) 2017 1 

Han(703) 2007 8 Wiler(145) 2011 10 Rahmani(704) 2017 7 

Hung(406) 2007 8 Khanna(705) 2012 7 Street(706) 2017 1 

Ospina(707) 2007 8 Castner(708) 2012 4 Gaglani(709) 2017 2 

Bond(710) 2007 6 Saad(711) 2012 4 Burke(712) 2017 8 

Hwang(713) 2007 6 Akkaya(714) 2012 8 Dar(715) 2017 8 

Pines(716) 2007c 6 Barrett(717) 2012 8 Khanna(718) 2017 8 

Mohsin(719) 2007 9 Beniuk(720) 2012 8 Mason(721) 2017 10 

Crilly(722) 2007 10 Bullard(723) 2012 8 Staib(724) 2017 10 

Gilligan(725) 2007 10 Burstrom(726) 2012 8 Doupe(727) 2018 1 

      Morley(147) 2018 10 

RE=Reason for Exclusion 

Level of Evidence Guide 

Appendix Figure 7-4 shows the guide for assessing the Level of Evidence of studies in the 

systematic review of crowding metrics. This in turn allowed an assessment of the risk of bias 

to inform the GRADE of evidence for the whole body of evidence for each metric 
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Appendix Figure 7-4 Levels of Evidence used to Determine Risk of Bias in Studies 
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Appendix to Chapter 5  

Ethics Approval for Study of Crowding Metrics Association with Mortality 
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Univariate Kaplan Meier Plots for 7-Day Mortality 

Appendix Figure 7-5 shows 7-day survival curves by categories of the covariates and crowding metrics used in the analysis in Chapter 5.  

Appendix Figure 7-5 Univariate Kaplan-Meier Plots 

Acuity  

Triage Category (Australasian Triage Scale) 

 

1=Most Urgent, 5=Least Urgent 
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Arrival Mode 

 
1=ambulance or helicopter, 2=other 
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ACC status 

 
ACC=Accident Compensation Corporation, Y=trauma, N=non trauma (medical or surgical) 
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Demographics 

Age 
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Ethnicity 

 
1=European, 2=Māori, 3=Pacific, 4=Asian, 5=Other, 6=Unknown 
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Deprivation Quintiles 

 
1=Least Deprived, 5=Most Deprived 
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Gender 

 
M=Male, F=Female 
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Time of Arrival 

Year 
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Season 
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Month 

 
1=January, 2=February, 3=March, 4=April, 5=May, 6=June, 7=July, 8=August, 9=September, 10=October, 11=November, 12=December 
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Day of the Week 
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Shift of Arrival 

 
[-Inf,8]=Night Shift (midnight to 07:79), [8,16]=Day Shift (08:00 to 15:59) , [16,inf]=Evening Shift (16:00 to 23:59) 
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Situation at Arrival  

Change in Occupancy (increasing, static or decreasing) 

 
Occupancy Reducing=dedor_dt=-1, Occupancy Static=dedor_dt=0, Occupancy Increasing=dedor_dt=1 
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Change in Total Patient Care Time (increasing, static or decreasing) 

 
TPCT=Total patient Care time (sum of Length of Stay of others in the Emergency Department at the   time of arrival of the index patient). TPCT reducing=dtpct_dt=-1, TPCT static=dtpct_dt=0, TPCT increasing=dtpct_dt=1 
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Hospital 

 
hid=Hospital Identifier 
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Hospital Level 

 
Hospital Level according to Australasian College for Emergency Medicine role delineation. Level 4: Major Referral Hospital +/- University affiliation, Level 3: Urban District Hospital, Level 2: Major Regional / Rural Base Hospital, 

Level 1: Rural Emergency Service 
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Crowding Metrics 

The following show survival probabilities based on the state of the Emergency Department when the index patient arrived by crowding metric. 

Number Entered Previous Six Hours 

 
Round Bracket=includes value, Square Bracket=up to but not including value 
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Number Entered Previous Hour 

 
Round Bracket=includes value, Square Bracket=up to but not including value 
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Time to Assessment 

 
TTA=Time to Assessment, Round Bracket=includes value, Square Bracket=up to but not including value 
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Triage Time Compliance (Percent) 

 
Quartiles of Triage Time Compliance: according to whether the thresholds were met for the proportion of patients seen with the recommended time by the Australasian College for Emergency Medicine  for each of five  triage categories 
based on urgency to be seen. Round Bracket=includes value, Square Bracket=up to but not including value  
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Median Boarding Duration (Hours) 

 
Boarding refers to the situation when a patient is ready for admission to a ward but   remains in the Emergency Department, Round Bracket=includes value, Square Bracket=up to but not including value 
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Proportion of Patients with Boarding Duration More than Two Hours 

 
Boarding refers to the situation when a patient is ready for admission to a ward but   remains in the Emergency Department, Round Bracket=includes value, Square Bracket=up to but not including value 
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Proportion of Patients with Boarding Duration More than Six Hours 

 
Boarding refers to the situation when a patient is ready for admission to a ward but   remains in the Emergency Department, Round Bracket=includes value, Square Bracket=up to but not including value 
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Proportion of Patients Awaiting Admission with Emergency Department Length of Stay more than Eight Hours (Access Block) 

 
ABTotal=Includes time spent in an observation ward prior to transfer to a hospital ward. Round Bracket=includes value, Square Bracket=up to but not including value 
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Median ED Length of Stay (Hours) 

 
Round Bracket=includes value, Square Bracket=up to but not including value 
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Compliance with Time Target of Greater than 90% of Patients have EDLOS Less than Four Hours 

 
ED=Emergency Department, LOS=Length of Stay, EAT=Emergency Access Target. Round Bracket=includes value, Square Bracket=up to but not including value 
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Compliance with Time Target of Greater than 95% of Patients have EDLOS Less than Six Hours 

 
ED=Emergency Department, LOS=Length of Stay, EAT=Emergency Access Target. Round Bracket=includes value, Square Bracket=up to but not including value 
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Quartiles of Total ED LOS of Other Patients (at the time of arrival of the index patient) 

 
ED=Emergency Department, LOS=Length of Stay, TPCT=Total Patient Care Time. Round Bracket=includes value, Square Bracket=up to but not including value 
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Quartiles of the Number Boarding 

 
Boarding refers to the situation when a patient is ready for admission to a ward but   remains in the Emergency Department. Round Bracket=includes value, Square Bracket=up to but not including value 
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Total Occupancy in the Emergency Department 

 
edor=Emergency Department Occupancy (Values are proportions=number of patients registered / number of beds). Round Bracket=includes value, Square Bracket=up to but not including value
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