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ABSTRACT

BACKGROUND: Emergency department
overcrowding has been associated with
increased odds of hospital admission and
mortality after discharge from the emer-
gency department in predominantly
adult cohorts. The objective of this study
was to evaluate the association between
crowding and the odds of several adverse
outcomes among children seen at a pedi-
atric emergency department.

METHODS: We conducted a retrospective
cohort study involving all children visit-
ing 8 Canadian pediatric emergency
departments across 4 provinces between
2010 and 2014. We analyzed the associa-
tion between mean departmental length
of stay for each index visit and hospital
admission within 7 days or death within

14 days of emergency department dis-
charge, as well as hospital admission
at index visit and return visits within
7 days, using mixed-effects logistic
regression modelling.

RESULTS: A total of 1931465 index visits
occurred across study sites over the
5-year period, with little variation in
index visit hospital admission or median
length of stay. Hospital admission within
7 days of discharge and 14-day mortality
were low across provinces (0.8%-1.5%
and <10 per 100000 visits, respectively),
and their association with mean depart-
mental length of stay varied by triage cat-
egories and across sites but was not sig-
nificant. There were increased odds of
hospital admission at the index visit with

increasing departmental crowding
among visits triaged to Canadian Triage
and Acuity Scale (CTAS) score 1-2 (odds
ratios [ORs] ranged from 1.01 to 1.08)
and return visits among patients with a
CTAS score of 4-5 discharged at the
index visit at some sites (ORs ranged
from 1.00 to 1.06).

INTERPRETATION: Emergency depart-
ment crowding was not significantly
associated with hospital admission
within 7 days of the emergency depart-
ment visit or mortality in children.
However, it was associated with
increased hospital admission at the
index visit for the sickest children, and
with return visits to the emergency
department for those less sick.

problem and an important health services and public health

concern. Although the magnitude of emergency department
overcrowding varies regionally, the Canadian Association of Emer-
gency Physicians has identified overcrowding as a serious problem
across Canada, particularly at trauma and tertiary care centres.! In
North America, emergency department overcrowding has been
associated with reduced quality of care, negative clinical outcomes
(mortality and morbidity), and decreased patient and physician

E mergency department overcrowding is a complex systems

satisfaction.?® Some studies suggest an increased risk of in-patient
mortality, prolonged hospital admissions and increased costs
associated with increased emergency department volume.® A
population-based Ontario study found that emergency department
visits during shifts with a longer departmental mean length of stay
were associated with higher odds of hospital admission and mor-
tality within 7 days of discharge from the emergency department.2?
Although delay in transfer of admitted patients (i.e.,
“boarded” patients) in the emergency department® is the
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primary cause of overcrowding in general emergency depart-
ments, increasing visit volumes and operational inefficiencies
appear to drive overcrowding in pediatric emergency depart-
ments.'1? Studies of overcrowding in pediatric emergency
departments have identified important effects on quality of
care, including delays in timely use of pain assessment scores
for injuries, antibiotic administration for febrile neonates,
analgesia for sickle cell crises or long bone fracture, and timely
treatment of asthma.’*> Evidence supporting an association
between measures of crowding in the pediatric emergency
department and patient outcomes or impact on health care
use, however, is lacking.

This study explores the association between crowding in the
pediatric emergency department at the time of patient arrival
and hospital admission within 7 days or death within 14 days of
discharge from an index visit, as well as rates of hospital admis-
sion at index visit and return visits to the emergency department
within 7 days of emergency department discharge across 8 pedi-
atric emergency departments in Canada.

Methods

Study design, population and setting
We conducted a retrospective cohort study of all patient visits to
8 Canadian pediatric emergency departments from Jan. 1, 2010,
toDec. 31, 2014, inclusive. All study sites are tertiary care pediat-
ric emergency departments (study sites are listed in Appendix 1,
available at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj
.181426/-/DC1) in 4 provinces (British Columbia, Alberta, Mani-
toba and Ontario) that treat an average of 30000-60 000 children
annually. We included all emergency department visits of
patients younger than 18 years, without exclusion. Of note, data
for pediatric emergency departments in Ontario included only
visits associated with an Ontario Health Insurance Plan number.
We obtained de-identified visit-level data (visitors from abroad
or surrounding provinces were not captured).

We defined an index visit as one with no prior visit within
7 days. For each index visit, we obtained demographic informa-
tion (age in years and sex), visit characteristics (acuity level cate-
gorized by the pediatric Canadian Triage and Acuity Scale
[CTAS],* date and time of arrival), emergency department dispo-
sition (admitted or discharged), and outcomes after emergency
department discharge (return visits to the emergency depart-
ment, hospital admission and death).

Exposure variable

Our measure of crowding in the pediatric emergency department
was the mean departmental length of stay, defined for each
index visit to the pediatric emergency department as the mean
length of stay for all patients who arrived at the pediatric emer-
gency department within 8 hours before the index patient’s
arrival, excluding those who left without being seen. Length of
stay was defined as the period from earliest recorded arrival time
to the pediatric emergency department (registration or triage
based on each site’s recording practice) until departure.
Although many factors contribute to overcrowding, length of

stay is commonly used as a measure of crowding because it
reflects the combined results of volume surges, increased
resource demands and throughput delays.1%11:17-2

Outcome measures

The primary measure of adverse outcomes was either hospital
admission within 7 days to one of the study sites or death within
14 days of an index visit among those discharged home or who
left without being seen. Secondary measures of adverse
outcomes included (a) hospital admission at the index visit and
(b) return visits to the emergency department (scheduled or
unscheduled) within 7 days of the index visit if the patient was
discharged or left without being seen. We also reported
measures of use at each study site over the 5-year study period
(total volumes stratified by acuity level). All outcomes were
evaluated by triage acuity, grouped as high (CTAS score 1-2),
medium (CTAS score 3) and low (CTAS score 4-5). The CTAS is a
validated scale used for triage in emergency departments across
Canada to stratify patient acuity, risk and care needs based on
presenting signs and symptoms.!® Categories of the CTAS
include 1 (resuscitation; e.g., cardiac arrest), 2 (emergent; e.g.,
severe asthma), 3 (urgent; e.g., abdominal pain), 4 (less urgent;
e.g., upper respiratory tract infection) and 5 (nonurgent; e.g.,
benign rash).

Data sources

Province-level administrative databases were available for 3
(Alberta, Manitoba and Ontario) of the 4 provinces, which
allowed us to capture outcomes within the regions even if they
did not occur at the original site. In BC, data were limited to the
single pediatric emergency department, thus return visits to the
emergency department, hospital admission and death at
another site within the region were not captured. Data differed
among provinces with regard to mortality: in Ontario, complete
vital statistics data (death anywhere, not just in hospital) were
used, whereas only in-hospital mortality data were available
from the other 3 provinces. Further details regarding data
sources are available in Appendix 2, available at www.cmaj.ca/
lookup/suppl/doi:10.1503/cmaj.181426/-/DC1.

Statistical analysis

We used descriptive statistics to summarize visit characteristics
and health care use by province. We used mixed-effects logistic
regression to test the association between departmental length
of stay before arrival and our outcomes for patients with low-,
medium- and high-acuity visits. Models treated patients arriving
during the same shift in each pediatric emergency department
as a cluster and included a random intercept for each cluster.
Based on empirical observations (spike in event rates in the
group aged <1 yr), a nonlinear adjustment for age was included
in the models. For each study hospital, we analyzed the odds of
hospital admission within 7 days or death within 14 days of dis-
charge from the pediatric emergency department, odds and
95% confidence intervals (Cls) of hospital admission at the index
visit, and odds of return visits to the emergency department
within 7 days of discharge from the pediatric emergency
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department, with each hour increase in mean departmental
length of stay before the index visit’s arrival. For Alberta and
Ontario, we pooled results from the multiple sites within each
province using weights proportioned to the number of visits to
obtain summary results for each province. Similarly, analyses
combining provinces used weights proportional to the number
of visits analyzed in each province. Age, sex, acuity (CTAS score),
shift of arrival (day, evening or night) and season of arrival were
included as potential confounders. The inclusion of season,
however, led to problems with convergence during model fit-
ting, and in cases where convergence was not a problem, it did
not change the results. Hence, we excluded season in the final
models. Only available data for each variable were analyzed.
Given the large pool of data, and the low rate of missing data,
we did not conduct sensitivity analyses. We did not adjust for
multiple comparisons.

Ethics approval
Research ethics board reviews were conducted, and approvals
were obtained for all participating sites.

Of note, because BC and Manitoba have only 1 pediatric
emergency department each, data from these sites were identifi-
able. We engaged pediatric emergency department leadership
from both sites, and neither had reservations about publishing
the results.

Table 1: Distribution of departmental length of stay during

8-hour periods before arrival index within and across
provinces (2010-2014)

Length of stay, hr
Province Mean + SD Median (IQR)
Ontario 3.6+1.1 3.5(2.9-4.2)
Manitoba 29+1.3 2.8(2.3-3.4)
Alberta 3.4+0.9 3.2(2.7-3.9)
British Columbia 3.5+0.9 3.5(2.9-4.1)

Note: IQR = interquartile range, SD = standard deviation.

Results

During the study period, a total of 1931465 index visits
occurred across study sites. The 4 provinces had an annual
average of 386293 index visits to pediatric emergency depart-
ments, and almost 90% were triaged as CTAS 3 or 4 (equally
divided). We noted missing data in less than 2% of visits in each
province. We observed modest variations in the proportion of
visits resulting in hospital admission or the patient leaving
without being seen at the index visit, with no clear pattern in
median length of stay. Details by province and year are
reported in Appendix 3, available at www.cmaj.ca/lookup/
suppl/doi:10.1503/cmaj.181426/-/DC1. The mean departmental
length of stay varied both across and within provinces (Table 1).
Across provinces, the mean length of stay ranged from 2.9 hours
to 3.6 hours; within provinces, standard deviations ranged from
0.9to 1.3 hours.

Overall, the prevalence of adverse outcomes was low: 0.8% to
1.5% of index visits to the emergency department resulted in
hospital admission within 7 days of emergency department dis-
charge. Mortality within 14 days of emergency department
discharge was rare at less than 10 per 100000 visits to the pediat-
ric emergency department (Table 2). Figure 1 depicts the crude
rate of all outcomes by level of exposure to overcrowding in the
pediatric emergency department.

The association between crowding in the pediatric emer-
gency department and the odds of hospital admission within
7 days or mortality within 14 days of discharge from the index
visit varied by acuity of the index visit and between sites. Nine of
the 12 analyses (4 provinces x 3 acuity groups) yielded point esti-
mates showing a positive association between crowding in the
pediatric emergency department and hospital admission within
7 days or death within 14 days of discharge from the index visit.
However, the magnitudes of the odds ratios (ORs) were rela-
tively modest (from 1.02 to 1.03 per hour across provinces for
high-acuity visits, from 0.99 to 1.02 per hour for medium-acuity
visits, and from 0.98 to 1.11 per hour for low-acuity visits) and all
of the 95% Cls touched or crossed 1.0 (Figure 2). In further analy-
sis using only hospital admission within 7 days as the outcome

Table 2: Outcomes of pediatric emergency department visits

No. (%)*

Outcome Ontario Manitoba Alberta British Columbia
No. of index visitst (2010-2014) 830950 224977 508 234 192 555
No. discharged at index visits 756 034 207 902 466 479 176 833
Index hospital admission 74 845 (9.0) 16 895 (7.5) 41679 (8.2) 15717 (8.2)
Hospital admission within 7 days of ED discharge 12579 (1.5) 2018 (1.0) 4319 (0.8) 1957 (1.1)
Mortality within 14 days of ED discharge (per 100 000) 39 (4.7) <6f 25 (4.9) 13(7.4)
Return ED visit within 7 days of ED discharge 75343(9.1) 20992 (10.1) 43473 (8.6) 15680 (8.9)
Note: ED = emergency department.
*Unless stated otherwise.
tIncludes only the first visit within a 7-day period.
1No rates reported for low counts.
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(i.e., excluding mortality), the results were nearly identical, likely
because deaths were rare and contributed negligibly to the total
number of composite outcomes.

Ten of the 12 analyses yielded point estimates showing a posi-
tive association between crowding in the pediatric emergency
department and admission at the index visit. The magnitude of
the ORs varied substantially across provinces, from 1.01 to 1.08

per hour in the high-acuity group to 0.99 to 1.04 per hour in the
medium-acuity group (Figure 3). Similarly, 10 of the 12 analyses
yielded point estimates showing a positive association between
crowding in the pediatric emergency department and a return
visit within 7 days of the index visit. The magnitude of these asso-
ciations overall was also modest and significant only in the low-
acuity group (Figure 4).
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Figure 1: Crude rate of outcomes by mean departmental length of stay (LOS) in the 8 hours before index arrival. Note: CTAS = Canadian Triage and Acuity Scale.
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Interpretation

In our multicentre cohort study of visits to the pediatric emer-
gency department, we found no significant association between
measures of crowding and either hospital admission within
7 days or mortality within 14 days after discharge. We did, how-
ever, observe an increase in the odds of hospital admission at the
index visit with increasing departmental length of stay among
the sickest children (CTAS score 1-3) and in return visits to the
emergency department in the low-acuity group.

This study’s main strength is its use of large data sets from
multiple health regions in Canada. The multiprovincial data set
provides an opportunity to explore the consistency, strength and

variability of associations between emergency department
crowding and adverse effects on measures of patient outcomes
across different environments.

Studies in mixed or adult emergency departments have shown
an association between crowding and increased mortality or
excess hospital admission.2%%-22 The most comparable previous
studies are those of Guttmann and colleagues from Ontario and
our group’s earlier single-centre study in BC.1*% In their study of
emergency department visits in a mostly adult sample (including
children, but without separate analyses), Guttmann and col-
leagues observed ORs of 1.8 to 2.0 for hospital admission and
mortality among patients discharged during shifts with a mean
length of stay of 6 hours or longer compared with those with a

Index 0dds ratio (95% Cl) No. of No. of
CTAS Province per hour visits events
|
|
lor2 BC 1.02 (0.92-1.14) 18 609 514 I t . |
|
AB 1.02 (0.95-1.09) 51306 1258 |_L._|
|
MB 1.03(0.94-1.14) 15040 413 I : a ]
|
ON 1.03 (1.00-1.06) 91531 4265 ——
|
All 1.03 (1.00-1.05) -
|
=0%;p>0.9 :
|
|
|
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|
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|
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|
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Figure 2: Odds of hospital admission within 7 days or mortality within 14 days of discharge from the pediatric emergency department, by triage acuity,
with increasing departmental mean length of stay in the 8 hours before arrival. Note: Cl = confidence interval, CTAS = Canadian Triage and Acuity Scale.
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mean length of stay of less than 1 hour.?® The total sample of that
study was larger than our individual provincial samples, and mor-
tality in their mixed population study was 14-fold higher than in
our pediatric emergency department population (70/100000 v.
5/100000). Owing to the low mortality rate in children in general,
our primary outcome was driven by hospital admission after dis-
charge, which was also lower than that of the Ontario study,
though more comparable (1.3% v. 1.8%), rather than mortality. In
our group’s prior single-centre pediatric emergency department
study, we found an association between measures of crowding
and odds of hospital admission at the index visit.

The 2 earlier studies used a different measure of crowding
that introduced the possibility of reverse causality. Although

both used departmental mean length of stay, this was derived
for the shift of the index patient’s arrival, excluding that
patient’s own length of stay. The potential flaw in using this def-
inition and the challenge it creates for interpreting causality
relates to the timing of the index patient arrival within that shift
and the resources required for that individual patient. For exam-
ple, if index patient A arrived at the beginning of an uncrowded
shift and required substantial resources, the mean shift length of
stay for all others arriving after patient A would increase, and
some patients might leave without being seen. In this example,
the measures of crowding assigned to patient A (mean shift
length of stay, left without being seen) are inflated by their own
contribution to emergency department resource use. Moreover,

Index 0Odds ratio (95% Cl) No. of No. of
CTAS Province per hour visits events
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Figure 3: Odds of hospital admission at index visit to the pediatric emergency department with increasing departmental mean length of stay in the
8 hours before arrival. Note: Cl = confidence interval, CTAS = Canadian Triage and Acuity Scale.

E632 CMAJ | JUNE 10,2019 | VOLUME 191 | ISSUE 23



if patient A was eventually admitted to the intensive care unit
(an adverse outcome), the observed positive association
between exposure and outcome might represent reverse causal-
ity. To address this problem, our current study used mean
length of stay of all patients in the pediatric emergency depart-
ment for the 8 hours preceding the index visitor’s arrival to
ensure the exposure was measured in a consistent way for all
index visits irrespective of arrival time and to mitigate the
potential for reverse causality.

Whereas recent literature on pediatric emergency care
describing the impact of emergency department crowding has
focused largely on quality-of-care measures,3-%2425 our study

adds new findings related to health care use. We observed an
association between crowding in the pediatric emergency depart-
ment and the odds of hospital admission at the index visit among
high-acuity patients (CTAS-1 and CTAS-2) across 3 of 4 provinces.
Possible explanations include a delay in timely initiation of med-
ical interventions that could lead to deterioration requiring hospi-
tal admission; alternatively, clinicians may respond to emergency
department crowding with rising levels of caution in their disposi-
tion decision-making. Although the underlying cause of this asso-
ciation cannot be determined from this study, this association
represents a previously undescribed impact of crowding on
health care use with substantial cost implications.

Return within 7 days
Index 0dds ratio (95% Cl) No. of No. of
CTAS Province per hour visits events
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Figure 4: Odds of returning to the pediatric emergency department within 7 days of discharge with increasing departmental mean length of stay in the

8 hours before arrival. Note: Cl = confidence interval, CTAS = Canadian Triage and Acuity Scale.
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Finally, although the volume of emergency department visits
increased annually across the 5-year study period, the overall
length of stay remained stable. Potential explanations include
operational and staffing adjustments during the study period.
Some sites, for example, increased emergency department
capacity and others enrolled in provincial fee-for-performance
programs targeting length of stay or waiting time. In Alberta, a
second emergency department staffed by clinicians from the
pediatric emergency department opened in Calgary in 2013,
resulting in additional staffing that may have affected the length
of stay at the existing hospitals. In Ontario, 3 of the 4 sites partici-
pated in the Emergency Room Wait Time Strategy program
(starting in 2009/10),2¢ which provided funding to increase emer-
gency departments’ capacity to meet specific length-of-stay
benchmarks. The sites in BC and Manitoba were not involved in
any provincial initiatives to increase emergency department
capacity and had only minimal changes in staffing coverage dur-
ing the study period.

Limitations

The main limitations of the study are the retrospective design
and use of administrative databases, which depend on the accu-
racy of entered data and are limited in detail. Administrative
databases do not capture other exposure variables that may con-
found the association between crowding and negative patient
outcomes. For example, variability in emergency department
clinicians’ adherence to available evidence-based clinical guide-
lines, risk tolerance, clinical decision-making and efficiency may
affect both emergency department crowding and patient out-
comes.?"?® Another variable of interest, which we could not
access for this study, was inpatient hospital occupancy rates at
the time of emergency department index arrival. The impact of
not including these variables as potential confounders is difficult
to estimate, as no prior studies have reported on their associa-
tion with emergency department length of stay and clinical out-
come measures.

Although we report pooled estimates, differences in health
care systems, populations served, and variations in practice and
data elements across provinces raise concerns about whether
the models estimate a common parameter across sites, and use
of a single summary estimate of association may not be appro-
priate given this heterogeneity.

We acknowledge that the data we used are old and varied in
availability across provinces; this reflects challenges and time
required to obtain multiprovince data in light of specific privacy
and ethics requirements at each site and health authority. How-
ever, limited epidemiologic studies have not shown a change in
the rate of pediatric emergency department use or CTAS distri-
bution (as a measure of acuity) in the last decade.

Conclusion

Although we did not find a significant association between
crowding in the pediatric emergency department and hospital
admission within 7 days or mortality within 14 days after dis-
charge, we identified an association between hospital admis-
sion at index emergency department visit among high-acuity

visits, as well as return visits within 7 days among low-acuity
visits with increasing emergency department crowding. Prior
reports of the association between emergency department
crowding and poor patient outcomes have been limited to the
adult population. Our observed associations suggest that
crowding in the pediatric emergency department has implica-
tions for use of health services.
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