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Abstract

ED crowding has been reported to
reduce the quality of care. There are
many proposed crowding metrics,
but the metric most strongly associ-
ated with care quality remains
unknown. The present study aims to
determine the crowding metric with
the strongest links with processes and
outcomes of care linked to the Insti-
tute of Medicine quality domains.
Systematic searches in healthcare
databases were conducted using
terms for ‘crowding’, ‘metrics’ and
‘performance’, supplemented by grey
literature and citation searches. The
level of evidence for each association
was assessed using an explicit tool.
The body of evidence was assessed
using the Grading of Recommenda-
tions Assessment, Development and
Evaluation approach. Evidence was
synthesised using harvest plots. Titles
and abstracts of 2052 studies were
screened, 452 selected for full-text
review and 183 included. Inter-
observer agreement was moderate
k =0.54 (95% confidence interval
0.50-0.59). Two thirds were from
urban tertiary hospitals in North

America (65%), Australasia (13%),
Europe (12%) and Asia (8%). One
third provided Level 3 or higher evi-
dence. Metrics were based on occu-
pancy (38%), time (31%), workload
(19%) or combinations (9%). Data
were synthesised from 25607 375
patients, 2368 staff, 9089 hospitals
and 101 177 sampling times. Almost
all crowding metrics were patient-
centred and reflect timeliness and effi-
ciency. ED length of stay, boarding
time and total occupancy had the
strongest association with safety and
effectiveness of care. ED length of
stay was also associated with equity.
The certainty of evidence for associa-
tions between crowding measures
varied across domains of quality,
from very low to moderate certainty.

Key words: crowding, emergency
service, hospital, length of stay, qual-
ity of healthcare, systematic review.

Introduction

ED crowding has long been considered
a major cause of preventable harm,!
suggesting it may be an appropriate
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Key findings

* Crowding measures with the
strongest associations with
quality of care were total ED
occupancy and total EDLOS
(measured as a departmental
average rather than at individ-
ual level, and in higher acuity
settings).

® Occupancy varies from hour
to hour and is a useful measure
to trigger real-time interven-
tions to mitigate immediate
harm to patients. Whereas
EDLOS at departmental level
may be a more reliable mea-
sure of overall system perfor-
mance over time and be more
suited as a quality indicator at
state or national level to drive
long term system changes.

indicator of the quality of care within
health systems. However, there remains
no consensus around how best to mea-
sure crowding, with many measures
suggested previously. Establishing the
association between crowding metrics
and processes and outcomes of care is
an essential step towards ascertaining
which metrics should be used as quality
indicators. If there is no association
between the metric and either a process
or outcome of care then the metric
should not be used.

Previous systematic reviews of ED
crowding were unable to draw con-
clusions about which metrics to rec-
ommend, because of the complexity
of the source literature and the
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imprecise nature of the review
findings.”™®  Despite  including
478 unique study references, with
over 700 different metrics identified,
only one previous review concluded
which metrics were associated with
quality of care (Appendix S1). The
suggested measures were: ‘the number
of patients in the waiting room, ED
occupancy (percentage of overall ED
beds filled), and the number of admit-
ted patients in the ED awaiting inpa-
tient  beds’.!>  However, this
conclusion was based solely on a
count of how often links were made
between the crowding measure and
the Institute of Medicine (IOM) qual-
ity domains'* in 32 included
studies,'® representing only a fraction
of the available evidence. Further-
more, the strength and direction of
the associations and the quality of evi-
dence behind the associations were
not factored into this conclusion.

The question of which measures of
ED crowding are most strongly asso-
ciated with quality of care remains
unanswered. The aim of the current
study is to determine which mea-
sures were most strongly associated
with care quality.

Methods
Protocol

The protocol was registered with the
International Prospective Register of
Systematic Reviews (PROSPERO)
CRD42016053307 on 14 December
2016.

Search strategy

Structured searches in the Cochrane
Library, MEDLINE, Embase, CINAHL
and the World of Science CORE col-
lection (for theses) using MeSH and
free-text terms for ‘emergency
department’ ‘crowding’ ‘metrics’
and ‘performance’ were undertaken
for all available years until October
2017 (Appendix S1). Citation
searches were undertaken, and
abstract authors contacted where
possible for other unpublished
work. There was no restriction by
language.

Study selection

We included studies that were origi-
nal research articles meeting the
inclusion criteria: focused on ED
crowding; specified a variable that
measures crowding (the metric);
specified an effect measure (process
or outcome) influenced by the met-
ric; and tested the association
between the metric and the effect
measure. Studies making general
comments without specifying which
measure of crowding were associated
with which outcomes were excluded,
as were review articles, secondary
reports, duplicates, news articles,
opinion pieces and editorials.

Abstracts were screened by two
reviewers independently. If selection
criteria appeared to be met, or it was
unclear that they should be excluded,
studies were considered possibly rele-
vant. Agreement between reviewers
was assessed using exact agreement
and the kappa statistic. Consensus
was used to resolve disagreements.
Excluded studies (with reasons) are
listed in Appendix S2.

Description of metrics

Metrics reported in each study were
categorised as occupancy, time,
workload, compound or other (see
Appendix S1 for definitions)."’

Effect measures

Effect measures were what authors

used to quantify associations between

crowding metrics and quality of care

(Appendix S1).

Reference standards were cat-
egorised into Processes and Out-
comes of care as suggested by
Donabedian'®'” and associated with
the domains of quality according to
those described by the IOM:'*
¢ Patient-centred: Patient experience;
e Timely:  Timeliness/Time  to

Assessment;

e Efficient: ED length of stay (LOS)
components/did not wait for
assessment (DNW)/Diversion;

e Effective: Receiving Care/Re-
presentation;

e Safe: Mortality/Adverse Events/
Hand Hygiene/Violence in ED; and

© 2021 Australasian College for Emergency Medicine

e Equitable: Effect measure explored
with respect to healthcare inequities.
Clinically important differences

for times to treatment are condition-

specific and discussed in the evidence
summaries where relevant, based on
prior studies (Appendix $1).'82°

Data extraction

Data were extracted and tabulated
using a standard electronic form.

Strength of evidence

Included  studies were critically
appraised using the Graphic Appraisal
Tool for Epidemiology to assign a
Level of Evidence based on the
‘Oxford 2011 Levels of Evidence’
(Appendix S1). We used the Grading
of Recommendations Assessment,
Development and Evaluation process
to appraise the certainty of the body
of evidence for the association of each
metric with effect measures.”' The cer-
tainty of evidence from Level 4 studies
were downgraded one level, and Level
5 evidence was excluded because of
high risk of bias (highly uncertain).

Summarising the evidence

We used harvest plots to show the
multiple dimensions of the body of evi-
dence.”? Clinical importance rather
than degree of statistical significance
determined the strength of association
(see Appendix S1 for an explanation of
harvest plots and how strength of asso-
ciation was determined). Publication
bias was also assessed (Appendix S1).

Results
Search results

The Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses
diagram (Fig. 1) shows the search
results. The database search found
2095 titles and 189 were sourced by
citation searchers and other sources.
After removal of duplicates, 1777 titles
and abstracts were screened indepen-
dently by two reviewers and 1219 were
excluded. There was moderate agree-
ment between the reviewers on selec-
tion for full-text review « = 0.54 (95%
confidence interval 0.50-0.59)*>2* and
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Figure 1. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses

diagram. *Numerator is greater than the number of studies as more than one metric

and association often reported in the source studies.

differences were resolved by consensus.
After full-text review of 558 studies,
another 374 studies were excluded
(Appendix S1). The 184 included stud-
ies with detailed results and their level
of evidence are shown in Appendix S3.

Description of studies

Table 1 summarises the included
studies, which were all
observational.

Two thirds of associations were
supported by Level 4 evidence at higher
risk of bias. Occupancy (33%) and time
(32%) metrics were most often reported
followed by workload (19%) and com-
pound metrics (8%). DNW was rarely
used as a crowding metric (3%).

Patients were the unit of analysis in
141 studies (75%). The median

(interquartile range [IQR]) number of
included patients was 8717 (778-
51 669), range 17-14 551 553. Staff
were the unit of analysis in six studies
(3%). The median (IQR) number of
staff involved was 215 (92-347),
range 76-1419. Sampling times were
used as the unit of analysis in 32 studies
(17%), with median (IQR) 225
(129-1179) times, range 20-52 263.
Hospitals were the unit of analysis in
nine studies (5%), median (IQR)
405 (67-467) hospitals, range 18-
4810. As not all studies stated the
number of participants, times or hospi-
tals, respectively, the exact number
involved remains unknown. Based on
the studies that reported this, the
results of this review are founded on
25 607 375 patients; 2368 staff; 9089
hospitals and 101 177 sampling times.

Four studies used two units of analy-
sis, so the denominator for the propor-
tions of the units of analysis was
188 25-28

Associations between crowding
measures and quality of care

Summary of findings, tables and har-
vest plots in Appendix S4 show the
strength and direction of the associa-
tions, and the detailed certainty of
evidence for each metric, with indi-
vidual study references for each
effect measure.

The measures with the strongest
associations with quality of care were
total ED occupancy and total EDLOS
(when measured as a departmental
average rather than at individual
level, and in higher acuity settings).
Harvest plots summarising the evi-
dence for these metrics are shown in
Figures 2 and 3, respectively.

Patient-centred

Nearly every metric studied was asso-
ciated with a worse patient experi-
ence, although not in all studies. The
certainty of evidence for these associ-
ations was very low for most metrics.
The strongest associations were for
time to assessment, waiting room and
boarder occupancy (low certainty evi-
dence). The other time metrics, DN'W
and number of arrivals were weakly
associated (very low or low certainty
evidence). Indirect occupancy was not
associated with patient experience
(one study) and hospital occupancy
only very weakly associated in one
study (very low certainty evidence).

Timely

Timeliness of care was most strongly
associated with total EDLOS in most
studies although there was some
inconsistency, with some very weak
associations in the direction opposite
to expected (low certainty evidence).
ED occupancy, especially occupancy
by boarders and in the treatment area
were moderately associated with
delays to care in most studies (low
certainty evidence). However, for
boarder occupancy there were strong
associations with more timely care in
a small minority of conditions (oppo-
site to expected), most notably for

© 2021 Australasian College for Emergency Medicine



- _ _ repeat cardiac markers. This was also
TABLE 1. Description of included studies the case for boarding time (Appendix
S4). Indirect occupancy measures were

Parameter n=184 Percent
strongly associated with timeliness of
Country care (low certainty evidence). There
North America 120 65 was moderate certainty evidence that
PR an . waitir_lg room occupancy was weakly
associated with timeliness of care as
Europe 23 13 was the number of arrivals (low cer-
Asia 14 8 tainty evidence). Compound metrics
UK 3 2 varied in their association with timeli-

ness and all evidence was very low cer-

Study typet, n = 187 . .
tainty. DNW was weakly associated

O 149 7 with timeliness, although not all asso-
Observational prospective 39 21 ciations were in the direction expected
Type of hospital (very low certainty evidence). Hospital
Level 4 (urban tertiary academic) 111 60 occupancy was mOStly not associated
with timeliness of care but occasionally
Level 3 (urban secondary) 21 11 ..
a moderate association was observed
Level 2 (rural or regional) 1 1 (very low certainty evidence).
Multiple types 39 26
Unclear 4 2 Eﬁiczent
Level of evidencet, 7 = 189 ED occupancy, notably occupancy in
1 0 0 the main treatment area of ED was
5 g . strongly a§soc1ated with efficiency, as
were indirect occupancy measures
3 53 28 (low certainty evidence). Boarder
4 131 68 occupancy had a very weak associa-

tion (low certainty evidence). There

Metric categoryt, 7 = 459 .
were also rare but moderate associa-

Time 146 32 . .

tions opposite to expected for these
Occupancy 177 = occupancy measures (low and very
Workload 88 19 low certainty evidence). Conversely,
Compound 39 8 nearly all associations reported for
DNW 12 3 EDLOS and time to assessment were

moderately associated with efficiency

i R, s G (moderate  certainty  evidence).

Processes Boarding time was weakly associated
Timeliness 109 16 and treatment time very weakly asso-
EDLOS 106 16 ciated with efficiency (low certainty

evidence). Workload metrics were

Hospital LOS 24 N very weakly associated with better
Staff experience 76 11 and worse efficiency, or not associated
Outcomes (very low or low certainty evidence).
Mortality 77 12 In contrast, the compound metrics
Receiving care vz - NEDOCS and 'the wor.k score were
strongly associated with efficiency

DNW 59 (moderate and low certainty evidence
Re-presentation 30 5 respectively). The EDWIN score was
Other 92 14 weakly associated with efficiency and
A g e 49 - the READI-DV was very weakly asso-

ciated (both low certainty evidence).
Hospital occupancy was weakly asso-
ciated with efficiency in most studies
(low certainty evidence).

Key: Level of Evidence based on critical appraisal using Graphic Appraisal Tool for
Epidemiology, 1 is lowest risk of bias, 4 is highest. tNumerator is greater than the num-
ber of studies as some source studies nested more than one study within a published
report, reported multiple metrics or effect measures, or provided different levels of evi- )
dence for different effect measures within the same study. DNW, did not wait for assess- Ef f ective

ment; LOS, length of stay. Time metrics were found to have
more associations with the

© 2021 Australasian College for Emergency Medicine
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DNW, did not wait for assessment; ECG, electrocardiogram; Ix, investigations; LOS, length of stay; PCI, percutaneous coronary

intervention; Rx, treatment.

effectiveness of care than occupancy
metrics, although the associations
varied from very weak to strong and
there were also very weak associa-
tions in the direction opposite to
expected, except for treatment time
which had a strong association with
effectiveness, but this moderate cer-
tainty evidence came from a single

study. Similarly, the evidence of a
moderate or strong association
between the workload metrics num-
ber of arrivals and number waiting
to be seen came from one or two
studies only and was low or very
low certainty. Other workload met-
rics, DNW and compound metrics
were not associated with efficiency.

Safe
Of the time metrics, EDLOS (mod-
erate  certainty  evidence) and

boarding time (low certainty evi-
dence) had the strongest associa-
tions with safety, although for both
there were also very weak associa-
tions in the direction opposite to
expected. Total ED occupancy was

© 2021 Australasian College for Emergency Medicine
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Other DNW

Re-presentation Patient Experience

(a) All processes and staff experience. (b) Outcomes and patient experience. (m), Worse with crowding; (0O), no associa-

tion; (m), better with crowding. ACS, acute coronary syndrome; CAP, community-acquired pneumonia; CT, computed tomography;

DNW, did not wait for assessment; ECG, electrocardiogram; Ix, investigations; LOS, length of stay; PCI, percutaneous coronary

intervention; Rx, treatment.

also strongly associated with safety ~were more strongly associated with

in about a third of studies (low cer-
tainty evidence). The occupancy
metric with the strongest association
was waiting room  occupancy,
although this evidence came from
only two studies and was low cer-
tainty. Indirect occupancy measures

improved safety than worse safety,
although mostly there was no asso-
ciation (very low certainty evi-
dence). Similarly, DNW was more
often associated with improved
safety although where found, all
associations were very weak (very

© 2021 Australasian College for Emergency Medicine

low certainty evidence). There was
no evidence that workload metrics
were associated with safety. Of the
three compound metrics studied
with respect to safety, the over-
crowding hazard scale was strongly
associated with safety in a single
study (moderate certainty evidence),
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NEDOCS was weakly associated in
one study (low certainty evidence)
and the EDWIN score was mostly
not associate with safety (very low
certainty evidence).

Equitable

Few studies explored equity in rela-
tion to crowding metrics. Total
EDLOS was moderately associated
with ethnicity (longer stays for ethnic
minorities) in one study (low cer-
tainty evidence), while time to assess-
ment was also longer (weak
association, very low certainty evi-
dence). The NEDOCS score was
very weakly associated with an
increase in implicit (but not explicit)
racism in a singly study (very low
certainty evidence).

Staff experience

Several studies reported staff percep-
tion of crowding or danger and the
effect of crowding on staff education
or stress. While most metrics here
associated with staff perceptions of
crowding or danger, the compound
metrics were most strongly associ-
ated (low certainty evidence). No
metrics were found to be associated
with the quality of education or
stress (Appendix S4).

Discussion

This is the most comprehensive sys-
tematic review of ED crowding met-
rics to date and the first to explicitly
state the certainty of evidence
supporting the associations between
crowding metrics and quality of
care. We found that the two metrics
with the highest certainty evidence
for associations with worse quality
of care in most settings and for most
conditions were total EDLOS and
total ED occupancy.

EDLOS was associated with worse
quality of care across all six IOM
domains. In some settings and for
particular conditions, a longer indi-
vidual EDLOS was associated with
improved guality of care, including
mortality.””3° This suggests that for
a minority of patients a longer stay
in ED was better, although this may
be confounded by sicker patients
being prioritised for admission or

requiring definitive care outside the
ED. However, there were also set-
tings where longer individual
EDLOS was associated with higher
mortality,’’ and when EDLOS was
measured at department level, the
associations were either neutral or
negative (higher mortality when on
average patients have longer
EDLOS).>** Time to assessment
was strongly associated with the
timeliness and efficiency domains but
less so for equity effectiveness and
safety. In contrast, longer boarding
times were associated with worse
effectiveness and safety as well as the
timeliness and efficiency domains.

ED occupancy was associated with
five of the six IOM domains, with no
studies reporting equity in relation to
occupancy. Waiting room occupancy
was strongly associated with safety in
one study with respect to adverse car-
diac outcomes® but not with mortal-
ity in another study.’® Boarder
occupancy was infrequently associ-
ated with effectiveness and not associ-
ated with safety. Indirect occupancy
measures such as ambulance diver-
sion and offload delays were strongly
associated with timeliness and effi-
ciency but not with safety and effec-
tiveness of care.

While occupancy measures the
‘crowdedness’ of a system at a point
in time, this is directly related to the
time people spend in the system, a
concept encapsulated in Little’s Law
(L = AW), where L is the average
number of people in the system, A is
the rate of entry and W is the average
time in the system.?” This implies that
EDLOS and ED occupancy should
not be regarded as different measures,
rather they are different ways of mea-
suring the same concept and each will
have its role. Occupancy varies from
hour to hour and is a useful measure
to trigger real-time interventions to
mitigate immediate harm to patients.
Whereas EDLOS at departmental
level may be a more reliable measure
of overall system performance over
time and be more suited as a quality
indicator at state or national level to
drive long term system changes.

Workload metrics were weakly
and inconsistently associated with
efficiency and timeliness and mostly
not associated with effectiveness and

safety. The number of arrivals was
the most likely of the workload met-
rics to be associated with care qual-
ity, but as this is out of the control
of the ED or the hospital system then
it is unlikely to be a useful quality
indicator, as opposed to EDLOS and
ED occupancy which may be amena-
ble to system interventions.

DNW has also been suggested as a
crowding measure. We found that
DNW reflects patient experience and
perception of timeliness of care. At
department level, DNW was not
associated with safety or effective-
3238 while at patient level this
was associated with improved mor-
tality>®> and less violence towards
staff.>” This means DNW has limited
usefulness as a quality indicator out-
side of patient experience.

The compound metrics include vari-
ous mixtures of other crowding mea-
sures. These were associated with all
domains of care in at least one study.
However, the associations were mostly
weak. These metrics are complex to
calculate and less useful outside the
setting they were derived in. As simple
and generalisable crowding measures
with stronger associations with quality
of care are readily available, complex
compound measures of crowding are
unnecessary.

Only 1 of 11 prior reviews of
crowding metrics associations with
quality of care were able to make a
conclusion around which were the
best metrics.!® Stang et al. concluded
that the number in the waiting room,
ED occupancy and boarder occu-
pancy were the metrics most associ-
ated with care quality based on a
descriptive count of the number of
studies. As their review included less
than one fifth of the available studies
and included studies regardless of
study quality, this conclusion is itself
at high risk of bias (Appendix S4). We
excluded studies with only descriptive
results and downgraded the certainty
of evidence for or against associations
if the evidence came from studies at
higher risk of bias.

Limitations

Although comprehensive, our search
may have missed potentially relevant
articles and there was a risk of

© 2021 Australasian College for Emergency Medicine
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selection bias when choosing articles
to include. To mitigate against this,
all  studies were independently
screened by two authors, with a
default to include the study if con-
sensus could not be reached between
the candidate and the co-reviewer.
Inter-observer agreement on selec-
tion was moderate, and similar to
two prior systematic reviews on
crowding which found x =0.63
(0.58-0.68)” and k =0.47 (0.42—
0.52).> 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.

Splitting the metrics into categories
based on what they measured was
arbitrary and other authors have
suggested ~ other  systems  of
categorisation,”'* based on Asplin’s
classic description of input, through-
put and output measures.*’ The clas-
sification used for this review was
derived through a qualitative analysis
in use in Australasia'® and embraces
the recommendation of Hwang et al.
who suggested that time and occu-
pancy (throughput) measures may be
the most promising.'

Categorisation of the impact of
crowding using a quality framework
was also arbitrary and others may
not have chosen the same categories.
The approach chosen is consistent
with that recommended by Liu
et al*' and extends the previous
work by Stang et al. who also took
this approach.’?

The data extraction process and
decisions about the strength of asso-
ciation between crowding metrics
and processes and outcomes of care
was at risk of measurement bias as
these were done by a single reviewer.
To reduce the risk of bias an explicit
guideline was followed. No previous
review authors in this field have con-
sidered the strength of association
between crowding metrics and out-
comes based on whether the
observed differences were clinically
important or not.

A further limitation relates to the
outcomes of staff and patient experi-
ence. The current review only
included quantitative ~ primary
research studies. This excluded quali-
tative 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 hospitals in
the high income countries, and the
findings of this review may not be
generalisable to other settings.

Conclusion

Total EDLOS and ED occupancy are
the crowding metrics with the stron-
gest evidence of associations with the
domains of healthcare quality.
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