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ABSTRACT
Objective: To identify the level of consensus among a group of Canadian emergency department
(ED) experts on the importance of a set of indicators to document ED overcrowding.
Methods: A 2-round Delphi survey was conducted from February 2005 to April 2005, with a multidisciplinary group of 38 Canadian experts in various aspects of ED operations who rated the relevance of 36 measures and ranked their relative importance as indicators of ED overcrowding.
Results: The response rates for the first and second rounds were 84% and 87%, respectively. The
most important indicator identified by the experts was the percentage of the ED occupied by inpatients (mean on a 7-point Likert-type scale 6.53, standard deviation [SD] 0.80). The other 9 indicators, in order of the importance attributed, were the total number of ED patients (mean 6.35,
SD 0.75), the total time in the ED (mean 6.16, SD 1.04), the percentage of time that the ED was at
or above capacity (mean 6.16, SD 1.08), the overall bed occupancy (mean 6.19, SD 0.93), the time
from bed request to bed assignment (mean 6.06, SD 1.08), the time from triage to care (mean 5.84,
SD 1.08) the physician satisfaction (mean 5.84, SD 1.22), the time from bed availability to ward
transfer (mean 5.53, SD 1.72) and the number of staffed acute care beds (mean 5.53, SD 1.57).
Conclusion: Ten clinically important measures were prioritized by the participants as relevant indicators of ED overcrowding. Indicators derived from consensus techniques have face validity, but
their metric properties must be tested to ensure their effectiveness for identifying ED overcrowding in different settings.
Key words: crowding, overcrowding, emergency medicine, health services accessibility, Delphi
technique
RÉSUMÉ
Objectif : Déterminer, chez un groupe d’experts des services d’urgence au Canada, le niveau de
consensus sur l’importance d’une série d’indicateurs visant à documenter l’engorgement des urgences.
Méthodes : De février 2005 à avril 2005, on a procédé à une enquête Delphi à deux tours auprès
d’un groupe multidisciplinaire de 38 experts canadiens de divers aspects des activités des services

From the *University of Alberta Evidence-Based Practice Centre and the †Department of Emergency Medicine, University of Alberta, Edmonton, Alta., the ‡Division of Emergency Medicine, University of Toronto and Institute of Clinical Evaluative Sciences, Toronto, Ont., and
the §Department of Emergency Medicine, Providence Health Care, St. Paul’s Hospital, Vancouver, BC
This study was presented at the 11th International Conference on Emergency Medicine and the Canadian Association of Emergency
Physicians (CAEP) 2006 Annual Meeting, June 3–7, 2006, Halifax, NS.
Received: Dec. 4, 2006; revised: Apr. 10, 2007; accepted: Apr. 10, 2007
This article has been peer reviewed.
Can J Emerg Med 2007;9(5):339-46

September • septembre 2007; 9 (5)

CJEM • JCMU

339

Ospina et al

d’urgence. Ils ont coté la pertinence de 36 paramètres et en ont classé l’importance relative
comme indicateurs de l’engorgement à l’urgence.
Résultats : Les taux de réponse aux premier et deuxième tours ont atteint 84 % et 87 %, respectivement. Le pourcentage du service d’urgence occupé par des patients hospitalisés (moyenne sur
l’échelle de type Likert à 7 points de 6,53, écart-type [ET] de 0,80) a constitué l’indicateur le plus
important dégagé par les experts. Les neuf autres indicateurs, selon l’ordre d’importance qui leur
a été attribué, étaient le nombre total de patients à l’urgence (moyenne de 6,35; ET de 0,75), la
durée totale du temps passé à l’urgence (moyenne de 6,16; ET de 1,04), le pourcentage du temps
pendant lequel l’urgence a fonctionné à pleine capacité ou plus (moyenne de 6,16; ET de 1,08),
l’occupation totale des lits (moyenne de 6,19; ET de 0,93), le temps écoulé entre la demande de lit
et l’attribution d’un lit (moyenne de 6,06; ET de 1,08), le temps écoulé entre le triage et le traitement (moyenne de 5,84; ET de 1,08), la satisfaction du médecin (moyenne de 5,84; ET de 1,22), le
temps écoulé entre la disponibilité du lit et le transfert aux étages (moyenne de 5,53; ET de 1,72)
et le nombre de lits de soins actifs dotés (moyenne de 5,53; ET de 1,57).
Conclusion : Les participants ont classé en ordre d’importance 10 paramètres clinique comme indicateurs pertinents de l’engorgement des urgences. Les indicateurs dérivés de techniques de consens
ont une validité apparente, mais il faut en vérifier les propriétés paramétriques pour en assurer
l’efficacité lorsqu’il s’agit de déterminer l’engorgement des urgences dans des divers contextes.

Introduction
One of the most challenging issues currently facing the
Canadian health care system is overcrowding in hospital
emergency departments (EDs). The Canadian Association
of Emergency Physicians and the National Emergency
Nurses Affiliation have defined ED overcrowding as a situation in which the demand for ED services exceeds the
ability to provide care in a reasonable length of time.1 A recent survey of 243 Canadian ED directors found that 62%
reported overcrowding as a major or severe problem in
2004 and 2005.2 Although emergency health care providers
and hospital administrators may have an intuitive sense of
when an ED is becoming overcrowded, there is no consensus on what overcrowding is or how it can best be measured. A systematic review3 found wide variation in content, with only 43% of the studies providing explicit
definitions. The authors concluded that a single definition
or isolated indicators do not provide a comprehensive assessment of ED overcrowding and may not be suitable for
all situations. A more consistent approach that focuses on
standardized indicators of events occurring in the ED
would help distinguish between the causes, characteristics
and outcomes of overcrowding.3
Several studies4–9 have developed lists of proxy measures, scales or indicators of ED overcrowding. Yet, these
have not been widely accepted owing to the multiple attributes of overcrowding. Moreover, it is unclear what indicators of ED overcrowding are important to ED providers,
researchers and administrators within Canada.
The objective of this study was to identify the level of
consensus among ED experts across Canada on the impor340

tance of a set of potential indicators of ED overcrowding.
A secondary objective was to describe the relative importance of these indicators.

Methods
Study design
A 2-round modified Delphi study was conducted from
February 2005 to April 2005. The Delphi approach is a
consensus technique that involves the participation of a
group of experts and has 4 distinguishing features:
anonymity, iteration (the procedure involves at least 1
round), controlled feedback (results of each round are analyzed separately and responses fed back to Delphi participants) and statistical group response (expression of the degree of consensus among the group). 10 The Delphi
technique has been used to identify indicators in a variety
of biomedical areas.11–13 The study was reviewed and approved by the Health Research Ethics Board at the University of Alberta.
Figure 1 shows the flow of the Delphi process. A purposeful sample of 38 Canadian ED experts involved in various aspects of ED operations was invited to participate.
An expert was defined as any Canadian ED administrator,
medical director, physician or nurse with a known or stated
interest in ED overcrowding. Names of potential Delphi
participants were obtained from an advisory panel that
comprised 10 researchers, clinicians, administrators and
opinion leaders in emergency medicine across Canada. Potential participants were individually contacted by email.
Each received a letter of consent describing the Delphi
process and the expectations regarding their participation.
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An initial list of potential indicators of ED overcrowding
along with their operational definitions was generated from
literature searches. The list was revised by members of the
advisory panel, who were also invited to add other indicators and operational definitions. After discussions with the
advisory panel, a group of 36 indicators was included in
the first-round questionnaire. Operational definitions were
provided in the survey questionnaire for all of the 36 potentially relevant indicators. The instrument was pretested
on a convenience sample of 11 emergency physicians. Responses from the pretesting were not included in the Delphi analysis.
In the first-round, participants were asked to rate the importance of the 36 measures as indicators of ED overcrowding on a 7-point Likert-type scale (1 = extremely
unimportant and 7 = extremely important). In round 2, participants were presented with a list of 10 indicators for
which consensus on importance had been achieved in
round 1. They were also provided with their first-round ratings as well as the group rating for each indicator. This
provided an opportunity for them to amend their ratings in

Definition of
problem
Questionnaire development (round 1)
36 indicators

Selection of
participants
(n = 38)
Pilot survey for feasibility

Delphi
round 1
(n = 32)

Rating of the importance of
measures to document emergency
department overcrowding

Data analysis for agreement
Delphi
round 2
(n = 33)

Results
analyzed for
degree of
consensus

Consensus on 10 measures
Questionnaire development (round 2)

Relative ranking for the top 10
measures

Fig. 1. Flow chart for the Delphi study.
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light of the opinions expressed by the group. Participants
ranked the indicators according to their relative importance
in documenting ED overcrowding. It was established a priori that a group mean of 5.5 (important to very important)
or, in the presence of skewed data, a group median of 6
(very important) in the Likert scale would be deemed an
indicator of consensus.11
Both first- and second-round questionnaires were distributed electronically. The second-round questionnaire
was sent to all the individuals regardless of their participation in the first round. Nonrespondents were sent 3 reminders at 2-week intervals after the initial distribution.
Proportions and percentages were generated for categorical data. Information from the Likert scales was treated as
continuous data and reported as means with standard deviations (SDs) or, in the presence of skewed data, medians
with interquartile ranges (IQRs). SAS version 6 (SAS Institute, Carey, NC) was used for all the analyses.

Results
Delphi participants
Of the 38 experts who were contacted, 32 (84% response
rate) completed the first Delphi round and 33 (87% response rate) completed the second round. Twenty-nine participants had an affiliation with a university hospital. The
annual ED census of their institutions ranged from 25 000
to 210 000 patients (median 60 000, IQR 50 000–70 000).
Round 1
Ten indicators of ED overcrowding were selected by consensus as being relevant and clinically important (Table 1).
Four indicators were considered extremely important (i.e.,
with a median Likert scale value of 7). They were the total
number of ED patients, the percentage of ED occupied by
inpatients, the total time in the ED and the percentage of
time the ED was at or above its capacity. Indicators considered very important (Likert scale ≥ 6) were the overall bed
occupancy, the time from bed request to bed assignment,
the number of staffed acute care beds, the time from triage
to emergency practitioner, the time from bed ready to
transfer to wards and emergency physician satisfaction.
Round 2
The rank ordering of the top 10 indicators of ED overcrowding selected from round 1 is shown in Table 2. The
percentage of the ED occupied by inpatients was ranked as
the most important indicator of ED overcrowding (mean
6.53 on 7-point Likert scale, SD 0.80). The other 9 indicators, in order of the importance attributed from most to
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least, were the total number of ED patients (mean 6.35, SD
0.75), the total time in the ED (mean 6.16, SD 1.04), the
percentage of time that the ED is at or above capacity
(mean 6.16, SD 1.08), the overall bed occupancy (mean
6.19, SD 0.93), the time from bed request to bed assignTable 1. Consensus on the importance attributed to
indicators of emergency department overcrowding (Delphi
round 1)

Measure of ED overcrowding
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

Total ED patients
Percentage of ED occupied by inpatients
Total time in the ED
Percentage of time ED at or above stated
capacity
Overall bed occupancy
Time from bed request to bed assignment
Number of staffed acute care beds
Time from triage to EP
Time from bed ready to transfer to ward
EP satisfaction
Time from triage to placement
Nurse satisfaction
Admission proportions
Time from waiting room to patient care
area in ED
Patients in waiting room
Longest time in ED for admitted patient
since admission
Patients in triage
Time from triage to bedside nurse
Left without being seen
Time from consult to disposition decision
CTAS category 2 and 3
Number of hours out of the last 24 on
diversion
Average and range of patients/hour seen
by EP
Percent of time on diversion
Total ED volume
Bed ratio
Time from EP assessment to disposition
Time from lab order to lab result returned
Longest time in ED since registration
Number of ED nurses
Time from DI order to actual imaging
Number of attending ED physicians
Provider ratio
Hours of EP coverage
CTAS category 4 and 5
Leave against medical advice

Consensus
median
value*
(IQR)
7 (6–7)
7 (6–7)
7 (5–7)
7 (5–7)
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Data reporting
Data from the first round were positively skewed and the
median is the appropriate measure to describe the importance of the indicators. The responses were normally distributed in the second round and therefore the mean is the
appropriate measure of the relative importance of the indicators selected from round 1.

Discussion

6.5 (5–7)
6 (5–7)
6 (5–7)
6 (5–7)
6 (5–7)
6 (5–7)
5.5 (5–7)
5.5 (5–7)
5 (5–6.5)
5 (4–7)
5 (5–7)
5 (4.5–6.5)
5 (3–7)
5 (5–6)
5 (5–6)
5 (4.5–7)
5 (4–7)
5 (5–6)
5 (4–6)
5 (5–7)
5 (3–7)
5 (5–6)
5 (4–6)
5 (5–6)
5 (3–6)
4 (3–6)
5 (4.5–5.5)
4 (3–5.5)
5 (4–5)
5 (3–5)
4 (3–5)
4 (3–5)

ED = emergency department; IQR = interquartile range; EP = emergency
38
physician; CTAS = Canadian Triage and Acuity Scale ; DI = diagnostic imaging.
*Likert-type scale (1 = extremely unimportant, 7 = extremely important).

ment (mean 6.06, SD 1.08), the time from triage to care
(mean 5.84, SD 1.08), physician satisfaction (mean 5.84,
SD 1.22), the time from bed availability to ward transfer
(mean 5.53, SD 1.72) and the number of staffed acute care
beds (mean 5.53, SD 1.57).

ED overcrowding is an important issue in many countries.14 One conceptual model used to understand ED overcrowding is the input–throughput–output model.15 The input component refers to measures of the number of
patients seeking ED care. The throughput component
refers to factors related to ED efficiency, workload and capacity. The output component involves measurement of the
efficiency and capacity of the inpatient system to admit patients requiring hospital care and of the ambulatory care
system to provide timely care after discharge.4,15,16 The use
of such a model can provide an approach to grouping ED
overcrowding indicators identified in this study.
This study identified and ranked 10 indicators that are
considered important for reporting ED overcrowding in
Canada. The most important indicator identified by Canadian experts was the percentage of the ED occupied by inpatients. This factor has also been referred to as access
block, emergency inpatients (EIP) or “being boarded” in
the ED, and it constitutes an area of emerging research activity.17–20 It describes a situation in which admitted patients
requiring hospitalization remain in the ED for an extended
period of time before being transferred to an inpatient bed.
Other indicators in the top categories, such as the total
ED patients, the total time in the ED, the percentage of
time the ED is at or above capacity and the overall bed occupancy, likely represent similar concepts. The indicator of
the total number of ED patients must be interpreted with
caution, as it is clearly dependent on ED capacity. For example, 50 patients in a 30-bed ED represents severe overcrowding, whereas 50 patients in a 75-bed ED may not.
Moreover, it could be argued that the overall bed occupancy and the percentage of time that an ED is at or above
capacity represent an additional form of access block.
Clearly, for experts in emergency medicine, the delays re-
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garding flow through the department (throughput indicators) and into admitted beds (an output indicator) are important contributors to ED overcrowding. The majority of
indicators selected by consensus addressed factors affecting the ability of the ED to cope with the inflow of patients
(input indicators), followed by indicators of the ability of
the inpatient and ambulatory care systems to provide care
after ED discharge (output indicators).
This study is part of a recent trend in the emergency
medicine research community to develop reliable measures of ED overcrowding. Some investigators have used
the terms overcrowding and crowding interchangeably to
describe this problem.3 We used the term “overcrowding”
in this study; however, we do not wish to imply that
“crowded” emergency departments are acceptable. Composite crowding measures have been developed 4–9,21,22;
however, they are often cumbersome and to date have
rarely been applied outside their places of development.
Our study reflects the state of knowledge and belief on
Canadian ED overcrowding in 2005–2006, and the list of
indicators may require revision as newer evidence
emerges.
Studies using consensus methodology have demonstrated that experts’ opinions may be a reliable measure of
the importance of certain indicators of ED overcrowding.
Solberg and colleagues4 used a group consensus method
with 74 experts from the United States and reported that
“ED throughput time” and “ED boarding time” were the

most important throughput and output measures, respectively. Two of the indicators included in our study (“total
time in the ED”— a throughput indicator — and “time
from bed request to bed assignment”— an output indicator) — had similar definitions and were ranked number 2
and number 6 out of 10, respectively, by the experts in our
study. This suggests that Canadian ED operations experts
have similar attitudes toward the importance of certain
types of indicators.
A qualitative Canadian study by Estey and colleagues23
identified 2 important factors to characterize ED overcrowding: inefficient access to ED beds due to slow
throughput of patients and staff shortages. Schull and colleagues5 assembled a group of clinical and administrative
experts in pre-hospital, ED and hospital settings in Canada
to develop a standard definition and a list of determinants
for ED overcrowding.5 Ambulance diversion was deemed
an appropriate operational definition; however, in many
Canadian centres ambulance diversion is not possible or is
not permitted. Other factors that were considered as potentially important determinants included the number of admitted patients held in the ED, intermittent surges in numbers of newly arriving ambulances and ambulatory
patients, ED physician staffing, ED physician characteristics, ED nurse staffing, the availability of ED social work
and geriatric teams, response times to ED consultation requests, the enforcement of ED consultation timeliness policies, ED design (e.g., the number of stretchers and cardiac

Table 2. Consensus on the relative importance attributed to the top 10 selected indicators of emergency
department overcrowding (Delphi round 2)
Measure of ED overcrowding

Definition

1. Percentage of ED
occupied by inpatients
2. Total ED patients

Percentage of patients in ED that have been admitted but have not
been transferred to ward owing to lack of bed availability
Total number of patients in ED, including those on stretchers, on
chairs, in hallways and in waiting room
Time from first triage assessment to leaving the department (to the
floor for admissions or discharge)
Percentage of time or day that ED has more patients than stated bed
capacity
Overall proportion of acute care beds occupied by patients
(measured on daily basis)
Time (min or h) from admission decision to bed assignment
(admitted patients only)
Time (min or h) from assignment of triage category to examination
by an EP
EPís per ception of the impact of ED overcrowding on care provided
Time (min or h) from admission assignment to leaving the
department (admitted patients only)
Number of active beds staffed and “open” in a hospital

3. Total time in the ED
4. Percentage of time ED at
or above stated capacity
5. Overall bed occupancy
6. Time from bed request to
bed assignment
7. Time from triage to EP
8. EP satisfaction
9. Time from bed ready to
transfer to ward
10. Number of staffed acute
care beds

Consensus
mean (SD)*
6.5 (0.8)
6.3 (0.7)
6.1 (1.0)
6.1 (1.0)
6.1 (0.9)
6.0 (1.0)
5.8 (1.0)
5.8 (1.2)
5.5 (1.7)
5.5 (1.5)

ED = emergency department; SD = standard deviation; EP = emergency physician.
* Likert-type scale (1 = extremely unimportant, 7 = extremely important).
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monitors, and the size of department) and the availability
of radiologic imaging off-hours.
The top 10 indicators we report differ from previous
studies and this may reflect the changing nature of our understanding of the problem of ED overcrowding. Our indicators loosely concur with measures that researchers in
English-speaking countries outside of North America have
considered important. Access block and daily total patient
care time are considered the key indicators of ED overcrowding in Australia.24,25 In England in 2004, the National
Health Service set a 4 hour target for the maximum total
time patients spend in the ED (the third ranked measure in
our study).26–28 In the United States, access block caused by
boarding inpatients has been considered a major contributor to crowding.4,29,30
The results of this Delphi study suggest that experts consider the “satisfaction of emergency physicians working in
the ED” to be an indicator of ED overcrowding; whatever
form overcrowding takes, it inevitably leads to a reduction
in physician satisfaction. Although physician dissatisfaction cannot be considered a direct measure of ED overcrowding, it certainly can be an indicator of the problem.
Weiss and colleagues31 found that the perceptions of ED
physicians, and nurses and their feeling of being rushed,
correlate with 7 “objective” measures of ED overcrowding:
the number of patients in the waiting room, at triage and at
registration; the number of full rooms; hallway patients;
patients awaiting beds; and the total number of patients
registered. The low rating assigned to staffing indicators
differs from Estey’s results and is concordant with the results of Schull and colleagues,32 in which the numbers of
nurse-hours were not significantly associated with overcrowding.
A central limitation of this study is that, while we identified the perceived best indicators of ED overcrowding,
we could not, in all cases, identify which measure of these
indicators is best for quantifying and comparing overcrowding between locations. For example, “total ED volume” or the “number of ED nurses” are not, themselves,
direct measures of ED overcrowding; they become indicators when placed in the context of a hospital’s capacity.
Other indicators, such as “the percentage of ED occupied
by inpatients” are standardized and do not require a sitespecific context to make them meaningful. For this reason, some authors have considered the former to be surrogate, rather than direct measures of ED overcrowding.31
Similarly, while “total time in the ED” was identified as a
leading indicator in this study, our results do not identify
the most appropriate reporting metric. For example,
“Length of Stay” (LOS) may be evaluated based on pa344

tient characteristics (e.g., all patients v. triage level 3), cutpoints (e.g., 4 v. 6 v. 8 h) and various statistical techniques
(e.g., 90 th percentile, mean, median). Since recent editorials suggest reporting simpler outcomes that all sites can
generate, such as LOS,33 consensus is required to identify
the best methods of reporting such indicators. Thus, while
we have identified the best “indicators” to document ED
overcrowding, these indicators do not each constitute a direct measure of overcrowding, but rather a variable that
provides descriptive or predictive information about the
problem. The next critical research step is to identify, for
each indicator, the best measures that correlate with perceived overcrowding.
Our study has other limitations that should be considered when interpreting the results. Owing to our sampling
method, the Delphi group was predominantly represented
by experts from large, urban, academic hospitals, thereby
limiting our ability to generalize our findings to smaller
settings. Data from a recent survey of Canadian ED directors indicated that ED overcrowding in Canada is more
likely to occur in EDs with 50 000 visits per year, communities with a population of at least 150 000, universityaffiliated hospitals, trauma centres and EDs with 30 or
more treatment spaces.2 The participants in this Delphi
study were derived from similar sampling to the one we
employed, and since overcrowding may be a problem in
some rural settings, this represents a potential bias.30 Our
method of sampling also undoubtedly affected the type of
ED provider represented in our study. The Delphi group
was predominantly represented by emergency physicians,
and the responses obtained with the Delphi method may
not represent the opinions of other ED providers (e.g.,
nurses, administrators and others) affected by ED overcrowding.
Regional variations in the perception of the causes and
the impact of ED overcrowding across Canada may not be
captured completely by the set of indicators that were chosen. Measures selected from the medical literature may be
influenced by variations in time, their availability and the
settings where the studies were conducted. The importance
of some indicators may vary according to local criteria and
may change over time.
There is no universally accepted method of achieving
consensus on both the number of rounds or the numerical
values that might indicate consensus in Delphi studies.10,34
Based on recommendations on the theoretical foundations
of the Delphi,35 we decided to stop after 2 rounds by using
a “statistical group response” as an indicator of consensus.
The Delphi method described here used an email questionnaire, whereas classic Delphi studies use mailed ques-
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tionnaires. Despite the reported low response rate of email
surveys,36 the high response rate in this study suggests that
the email format did not discourage recipients from responding.

Conclusion
The indicators presented in this study have face validity
and may help to develop and guide improvements in uniform ED data collection systems to track overcrowding
across Canada. This study contributes to the body of Canadian research on important ED overcrowding measures, it
reaffirms the perceived importance of length of stay and
volume measures in the Canadian context, and it sets a potential agenda for future research reporting and administrative oversight.
We identified 10 indicators that were considered by consensus among a group of Canadian ED experts to be relevant and clinically important indicators of ED overcrowding. There remains an urgent need for rigorous assessment
of these indicators in Canada. Such an assessment would
optimize the effectiveness, applicability and adoption of
appropriate indicators by Canadian clinicians, administrators, policy makers and ED overcrowding researchers.
Most of the indicators we identified can be obtained in systems with sophisticated ED information systems.37 Moreover, further extension of our work should facilitate intraand inter-institutional comparisons and assist in designing
and implementing interventions to reduce overcrowding.
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