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Emergency department crowding negatively influences
outcomes for children presenting with asthma: a population-
based retrospective cohort study
Sofia Sagaidak1, Brian H. Rowe2,3, Maria B. Ospina3,4 and Rhonda J. Rosychuk 5

BACKGROUND: Emergency department (ED) crowding may delay assessment and management and compromise outcomes. The
association between the crowding metric time to physician initial assessment (PIA) and outcomes for children presenting for acute
asthma is examined.
METHODS: A population-based retrospective cohort of all presentations to 18 high-volume EDs during 2010–2014 in Alberta,
Canada was created. Hourly, facility-specific median PIAs were calculated. Physician claims and hospitalizations data were linked for
children (2–17 years) presenting for asthma.
RESULTS: Twenty-five thousand three hundred and eighty-three presentations (16,053 children) were made for asthma. Crowding
was common in all hospitals and affected PIA more for lower acuity presentations. For every 1-h increase in median facility PIA, the
individual-level PIA increased by 13min (95% CI: 12, 14) for high, 43 min (95% CI: 42, 44) for moderate, and 60min (95% CI: 58, 61)
for the low acuity groups, when adjusted by predictors. Similarly, length of stay increased by 6, 36, and 45min for the high,
moderate, and low acuity groups, respectively. Increased PIA resulted in more departures prior to completion of care for the lower
acuity groups.
CONCLUSIONS: Crowding adversely affects short-term outcomes of less ill children more than those who are more ill. When EDs
experience increased crowding, care to patients with asthma is delayed; effective strategies to reduce crowding and delays to care
are urgently needed.
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IMPACT:

● For children presenting to EDs for asthma, increased time to physician initial assessment adversely affects short-term outcomes
of patients with less severe presentations to a greater extent compared to those who are most severe.

● Times to physician initial assessment are below recommended benchmarks; however, delays in care exist that impact LOS, odds
of admission, and premature patient departures.

● Pediatric patients with severe asthma are seen quickly and their outcomes are excellent.
● Since crowding adversely affects short-term outcomes of pediatric patients with asthma, efforts to reduce ED crowding and

assess patients with asthma in a more timely manner are needed.

INTRODUCTION
Emergency departments (EDs) are a critical component of
healthcare systems and crowding is a common problem for
health systems in high-income countries and high-volume
medical centers. Crowding represents a state where the demand
for emergency services surpasses the resources available for
providing timely and quality care.1–3 Crowding can result in
compromised care and delay therapies for time-sensitive condi-
tions such as systemic corticosteroid administration for asthma;4 it
has also been shown to increase hospital length of stay (LOS),
patients leaving without completing care, and mortality.5,6

Asthma is the most common chronic condition in children7 and
in Canada has a prevalence of 18% in boys and 13% in girls.8

Acute exacerbations often result in ED presentations with 750,000
presentations for children in the United States annually.9 Acute
asthma requires timely care and can be life-threatening without
proper management.10 Despite the importance of EDs for asthma
care, there is limited literature on ED presentations and the effects
of crowding on outcomes. Decreased timeliness and effectiveness
of care for children with acute asthma was found to be associated
with metrics ED occupancy and number waiting to see an
attending-level physician.11 Few studies provide data from
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multiple sites across a defined region, examined over multiple
years, with comprehensive information on outcomes and follow-
up.
We used administrative data to explore the association between

crowding in high-volume EDs in Alberta, Canada and outcomes
for children presenting with asthma. We extracted all presenta-
tions for any condition from these facilities during a 5-year period
and calculated the facility-specific hourly ED crowding metric of
time to physician initial assessment (PIA). We investigated the
impact of facility-specific ED crowding on important patient
outcomes for children presenting with asthma.

METHODS
Subjects
This retrospective cohort study used population-based health
administrative databases from Alberta, Canada from April 1, 2010
to March 31, 2015. The study focused on Alberta’s 18 highest-
volume EDs, classified into three categories: regional, urban
(Calgary and Edmonton), and academic/teaching. The regional
and urban hospitals assessed mixed pediatric–adult patient ages,
whereas two academic/teaching EDs assessed only pediatric
patients (ages ≤ 17 years) and three academic/teaching EDs are
to assess only adult patients. The high-volume EDs have >30,000
visit annually with 57,307 as the median number of visits over
study years for regional EDs (interquartile range [IQR]
51,737–60,753), 54,502 (IQR 50,221–71,218) for urban EDs,
72,404 (IQR 66,449–78,080) for academic/teaching EDs serving
adult patients only, and 54,129 (IQR 41,294–70,793) for academic/
teaching EDs serving pediatric patients only.
Presentations to the ED were extracted from the National

Ambulatory Care Reporting System (NACRS), and linkages were
made to the Cumulative Registry File (CRF) for demographic data,
the Physician Claim File (PCF) for physician fee-for-service claims,
and the Discharge Abstract Database (DAD) for hospitalization
data. Statistics Canada 2006 census data provided neighborhood
income quintiles and community size. The Health Research Ethics
Board of the University of Alberta (Pro00056282) approved
this study.
Children (2 ≤ age ≤ 17 years) residing in Alberta who presented

to the high-volume EDs during the study period, with a primary or
secondary diagnosis of asthma, defined as an International
Classification of Diseases (ICD-10-CA)12 diagnostic code of J45.x
(asthma all forms), formed the study population. Non-residents of
Alberta were not included in the study (<1% of NACRS13).

Variables
The NACRS database provides the dates and times related to ED
presentations, triage level, and disposition status. The date/time
variables included registration, triage, PIA, disposition decision,
and when the patient left the ED. The start of the ED presentation
was set to be the minimum of the registration and triage dates
and times. The start of the ED presentation was used to define
fiscal year, month of year, weekday/weekend, and time of shift.
Triage level represents the acuity and urgency of ED care required
and is based on the Canadian Emergency Department Triage and
Acuity Scale (CTAS).14,15 The triage levels were assigned by
dedicated nursing staff and are defined as: resuscitation (CTAS 1),
emergency (CTAS 2), urgent (CTAS 3), semi-urgent (CTAS 4), and
non-urgent (CTAS 5), with corresponding timeliness of PIA (i.e.,
immediate, 15, 30, 60 and 120 min, respectively). Patients are
assigned 1 of the 10 disposition codes according to the way in
which they are released from ED, and we grouped these as
discharges, admissions, transfers, deaths, and left without
completion of care (e.g., patients who leave against medical
advice or without being seen [LWBS]).
Demographic and geographic data were obtained from the CRF.

Age is calculated as age at the date of ED presentation. Sex is

coded as either male or female. The postal code and health zone
of residence (North, Edmonton, Central, Calgary, South) are
reported according to residence at fiscal year-end. The Postal
Code Conversion File Plus16 links postal codes to census data to
provide neighborhood income quintile16 and community size.
Only area-level proxy of socio-economic status is available.
The PCF database provided the date a patient visited a

physician and the physician type. Specialists of interest were
categorized as respiratory medicine specialist and other specialists
(internal medicine, pediatrician, and asthma educator). Physician
claims (hereafter called follow-up visits) were extracted up to
183 days after an ED visit. The DAD database provided the date
and time of the start and end of hospitalization.

Crowding metric
We used one of the recommended ED crowding metrics1 based
on all presentations made by patients to a facility for any
condition: time to PIA. An individual PIA was calculated as the time
from ED presentation start (usually triage) to the first assessment
by a physician for presentations that were not LWBS (set to 0 if PIA
occurred before registration or triage in a critical situation17). For
each facility, all ED visits that started within the same hour (e.g.,
08:00–08:59) were used and hourly facility-specific medians for PIA
were determined.

Outcome measures
Several outcomes were calculated for individual presentations.
Some outcomes were only available for subsets of the data (i.e.,
admitted or discharged patients). In the ED, the outcomes
included: disposition, ED LOS, and time from disposition decision
to hospital admission. The total ED LOS depended on disposition
(Canadian Institute for Health Information17). For discharged
patients, ED LOS was calculated as the time from the start of ED
presentation (usually triage) until the time of the disposition
decision. For admitted patients, ED LOS was calculated as the time
from the start of the ED presentation until time the patient left the
ED. Hence, the time of the disposition decision reflects the end of
the ED presentation for discharged patients, whereas the end
of the ED presentation for admitted patients is when the patient
left the ED. The outcomes examined outside of the ED included
length of hospitalization for admitted patients. For discharged
patients, outcomes were time from end of ED presentation to ED
return (if appropriate), time to first follow-up visit with a physician
and whether physician follow-up occurred within 7, 14, and
30 days of discharge, time to first follow-up with a respiratory
medicine specialist and whether it occurred within 30 days of
discharge, and time to first follow-up with other specialist and
whether it occurred within 30 days of discharge.

Data analysis
Numerical summaries (e.g., means, standard deviations [SDs], IQR
(represented as 25th percentile, 75th percentile]) and counts
(percentages) describe data. Mixed-effects regression models
assessed the association of the crowding metric with outcomes
by three CTAS groups: high acuity defined as CTAS 1 or 2,
moderate acuity defined as CTAS 3, and low acuity defined as
CTAS 4 or 5. The few ED presentations with missing CTAS were
removed from the data. The models were linear and Cox
proportional hazards for duration outcomes without and with
censoring, respectively, and generalized linear for categorical
outcomes. Random effects accommodated the correlated data
from the same patient and captured variation in the ED facility. For
the time-to-event analyses, all times were censored at the March
31, 2015 study end date, except for follow-up visits, which were
censored at 183 days.
The value of the crowding metric used as a covariate in the

model corresponded to the same start hour and ED facility as a
patient’s ED presentation. These base models provided
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Table 1. Demographic and ED presentation characteristics for children with acute asthma (n= 16,053 patients) based on acuity as reflected through
the Canadian Triage and Acuity Scale (CTAS).

Characteristic All presentations
(n= 25,383)

High acuity (CTAS
1/2) (n= 8077)

Moderate acuity (CTAS
3) (n= 13,290)

Low acuity (CTAS
4/5) (n= 4016)

Sex, n (%)

Female 9317 (36.7) 2792 (34.6) 4908 (36.9) 1617 (40.3)

Male 16,066 (63.3) 5285 (65.4) 8382 (63.1) 2399 (59.7)

Age (years)

Mean (SD) 7.4 (4.3) 6.4 (3.9) 7.7 (4.4) 8.6 (4.5)

Median [IQR] 6.3 [3.8, 10.3] 5.1 [3.3, 8.6] 6.7 [4.1, 10.8] 7.9 [4.8, 12.1]

Zone of residence, n (%)

North 2263 (8.9) 480 (5.9) 1044 (7.9) 739 (18.4)

Edmonton 8797 (34.7) 3294 (40.8) 4629 (34.8) 874 (21.8)

Central 1224 (4.8) 448 (5.5) 577 (4.3) 199 (5.0)

Calgary 11,351 (44.7) 3644 (45.1) 6057 (45.6) 1650 (41.1)

South 1717 (6.8) 199 (2.5) 971 (7.3) 547 (13.6)

Missing 31 (0.1) 12 (0.1) 12 (0.1) 7 (0.2)

Neighborhood income quintile, n (%)

1 (lowest) 5180 (20.4) 1667 (20.6) 2692 (20.3) 821 (20.4)

2 4755 (18.7) 1503 (18.6) 2471 (18.6) 781 (19.4)

3 5350 (21.1) 1717 (21.3) 2792 (21.0) 841 (20.9)

4 5606 (22.1) 1741 (21.6) 2983 (22.4) 882 (22.0)

5 (highest) 4317 (17.0) 1388 (17.2) 2262 (17.0) 667 (16.6)

Missing 175 (0.7) 61 (0.8) 90 (0.7) 24 (0.6)

Community size, n (%)

≥100,000 19,759 (77.8) 6798 (84.2) 10,478 (78.8) 2483 (61.8)

10,000–99,999 4544 (17.9) 890 (11.0) 2303 (17.3) 1351 (33.6)

<10,000 1013 (4.0) 365 (4.5) 478 (3.6) 170 (4.2)

Missing 67 (0.3) 24 (0.3) 31 (0.2) 12 (0.3)

ED category, n (%)

Regional 4900 (19.3) 966 (12.0) 2479 (18.7) 1455 (36.2)

Urban 6425 (25.3) 2373 (29.4) 3357 (25.3) 695 (17.3)

Academic/teaching 14,058 (55.4) 4738 (58.7) 7454 (56.1) 1866 (46.5)

Fiscal year, n (%)

2010/2011 4713 (18.6) 1357 (16.8) 2583 (19.4) 773 (19.2)

2011/2012 4501 (17.7) 1229 (15.2) 2489 (18.7) 783 (19.5)

2012/2013 5154 (20.3) 1637 (20.3) 2728 (20.5) 789 (19.6)

2013/2014 5019 (19.8) 1633 (20.2) 2524 (19.0) 862 (21.5)

2014/2015 5996 (23.6) 2221 (27.5) 2966 (22.3) 809 (20.1)

Month of year, n (%)

January 1496 (5.9) 403 (5.0) 797 (6.0) 296 (7.4)

February 1696 (6.7) 507 (6.3) 889 (6.7) 300 (7.5)

March 1860 (7.3) 559 (6.9) 988 (7.4) 313 (7.8)

April 1939 (7.6) 554 (6.9) 1035 (7.8) 350 (8.7)

May 2367 (9.3) 655 (8.1) 1313 (9.9) 399 (9.9)

June 2246 (8.8) 700 (8.7) 1213 (9.1) 333 (8.3)

July 1247 (4.9) 382 (4.7) 635 (4.8) 230 (5.7)

August 1726 (6.8) 651 (8.1) 828 (6.2) 247 (6.1)

September 4649 (18.3) 1879 (23.3) 2306 (17.4) 464 (11.6)

October 2662 (10.5) 900 (11.1) 1343 (10.1) 419 (10.4)

November 1694 (6.7) 439 (5.4) 915 (6.9) 340 (8.5)

December 1801 (7.1) 448 (5.5) 1028 (7.7) 325 (8.1)

Day of week, n (%)

Weekday (Mon–Fri) 17,502 (69.0) 5417 (67.1) 9331 (70.2) 2754 (68.6)

Weekend (Sat, Sun) 7881 (31.0) 2660 (32.9) 3959 (29.8) 1262 (31.4)
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unadjusted estimates. Predictor variables were added to the base
models to obtain full models and adjusted estimates: age, sex,
income quintile (1/2 vs. others), community size (≥100,000 vs.
others), zone of residence, weekday/weekend, month of year, time
of shift, fiscal year, and ED category. Full models assessed the
effect of crowding metrics on outcomes when adjusting for
important predictors. Estimates, odds ratios (ORs), and hazard
ratios (HRs) were provided with 95% confidence intervals (CIs),
and a p value < 0.05 was considered statistically significant. R18

and SAS19 were used for analyses.

RESULTS
There were 764,775 presentations to the EDs by children for all
conditions during the study; 25,388 (3.3%) were for children with
asthma and were made by 16,056 unique children. Five
presentations with missing triage levels were removed, yielding
25,383 ED presentations for asthma (16,053 unique children) for
further analysis. The majority of ED presentations were made by
boys (63.3%), with an average age of 7.4 years, from communities
≥100,000 (77.8%), who presented to academic/teaching hospitals
(55.4%; Table 1). A small number of presentations for children
occurred at adult only academic/teaching hospitals (376, 1.5%).
Presentations most often occurred during the evening, were
highest in the months of September and October, were lowest in
the winter, and were stable across fiscal years. Presentations most
commonly had an urgent (CTAS 3) triage level (13,290, 52.4%), and
asthma presentations had disproportionally more resuscitation/
emergency triage levels compared to children or adults present-
ing with any condition (Fig. 1). There were 244 (1.0%) and 7833
(30.9%) presentations that had resuscitation (CTAS 1) and
emergency (CTAS 2) triage levels, respectively. Further, 3728
(14.7%) were semi-urgent presentations (CTAS 4) and 288 (1.1%)
were non-urgent (CTAS 5) presentations. Of the 25,383 presenta-
tions for acute asthma, 87.2% (22,146) were discharged, 9.4%
(2393) were admitted, 1.9% (494) were transferred, and 1.4% (346)
left without completion of care. There was some variation by CTAS
group; notably less acute patients were more likely to be
discharged. While 95.7% of patients with low acuity presentations
were discharged, the largest number of discharges occurred in
children with moderate acuity (12,179 [55%]). Admissions resulted
for 5.9% of presentations in the moderate acuity group. There
were very few deaths (<10 patients), and data confidentiality
agreements prevent further description.
The facility-specific hourly ED crowding metrics based on

presentations for any condition and any age were calculated for all
included EDs, for each hour and each day of their operation. The
mean of the median PIA metric was 93min (median= 79min, IQR

48min, 2 h 2min) across all facilities and hours (Supplementary
Table S1) and remained stable over the study period.
The PIA time for patients with asthma was similar to the facility-

specific PIA metric (Table 2). The median PIA was 50min (IQR 27
min, 93min), and more acute patients had shorter PIA than less
acute patients. For presentations of asthma ending in discharge
(n= 22,146, Table 3), 6.6% (1469) of presentations resulted in a
return to the ED within 30 days for asthma, 26.8% (5939) had a
physician follow-up within 7 days, 0.8% (172) had follow-up with a
respiratory medicine specialist within 30 days, and 21.1% (4681)
had a follow-up with another specialist (e.g., pediatrician, asthma
educator) within 30 days. For presentations of asthma ending in
admission (n= 2393, Table 4), the median time from the
admission decision to admission was 1 h 53min (IQR 61min, 3 h
38min), and the median length of hospitalization was 2 days (IQR
1.4, 3). The medians were similar across CTAS groups. The same
summaries are provided for the children who presented for
conditions other than asthma (Supplementary Table S2). Children
presenting for asthma generally had shorter median PIA and
longer median LOSs than the children who presented for other
conditions.

Table 1. continued

Characteristic All presentations
(n= 25,383)

High acuity (CTAS
1/2) (n= 8077)

Moderate acuity (CTAS
3) (n= 13,290)

Low acuity (CTAS
4/5) (n= 4016)

Time of day, n (%)

Daytime (08:01–16:00) 9220 (36.3) 2691 (33.3) 4764 (35.8) 1765 (43.9)

Evening (16:01–24:00) 11,105 (43.7) 3656 (45.3) 5868 (44.2) 1,581 (39.4)

Night (00:01–08:00) 5058 (19.9) 1730 (21.4) 2658 (20.0) 670 (16.7)

Disposition, n (%)

Discharged 22,146 (87.2) 6123 (75.8) 12,179 (91.6) 3844 (95.7)

Admitted 2393 (9.4) 1555 (19.3) 781 (5.9) 57 (1.4)

Transferred 494 (1.9) 372 (4.6) 116 (0.9) 6 (0.1)

Left without completion of care 346 (1.4) 23 (0.3) 214 (1.6) 109 (2.7)

IQR interquartile range, SD standard deviation, CTAS Canadian Triage and Acuity Scale, ED emergency department.

High acuity
(CTAS 1/2)

0
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40

50

Moderate acuity
      (CTAS 3)

Low acuity
(CTAS 4/5)

Canadian triage and acuity scale
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Fig. 1 Percent of children (aged 2–17) years presenting foor
asthma and any condition by Canadian Triage and Acuity Scale
(CTAS) groups. Dark gray indicates children presenting with asthma
and light gray indicates children presenting for any condition.
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Individual-level PIA for patients with asthma increased by acuity
group as the median PIA facility-specific metric increased
(Supplementary Table S3). For every 1-h increase in median
facility PIA, the individual-level PIA increased by a small amount,
13min (95% CI: 12, 14) for the high acuity group, by larger
amounts for the moderate acuity group (43min; 95% CI: 42, 44),
and the low acuity group (60min; 95% CI: 58, 61) when adjusted
by other predictors. Similarly, for every 1-h increase in median
facility PIA, the LOS increased by 6, 36, and 45min for the high,
moderate, and low acuity groups, respectively. Increased median
PIA was also associated with increased odds of admission for the
moderate acuity group when adjusted by other predictors
(adjusted OR (aOR)= 1.29; 95% CI: 1.06–1.57) and increased odds
of left without completion of care for the moderate acuity (aOR=
4.72; 95% CI: 3.09–7.21) and the low acuity (uOR= 2.37; 95% CI:
1.345–4.18) groups (Supplementary Fig. S1).
For presentations of asthma ending in discharge, increased

median PIA was associated with longer times to ED return for the
moderate (adjusted HR (aHR)= 0.96; 95% CI: 0.93–0.99) and low
acuity (aHR= 0.92; 95% CI: 0.86–0.993) groups when adjusted by
predictors. In adjusted models and for presentations for asthma
ending in admission, a 1-h increase in median facility PIA was
associated with increased time between admission decision and
admission for the high acuity (16 min, 95% CI: 2–30) and moderate
acuity (20 min, 95% CI: 3–37) groups (Fig. 2). Of those presenta-
tions that ended in left without completion of care, 5.2% (18/346)
experienced a return ED visit within 3 days; 0.58% (2/346) required

admission. Comparatively, of the presentations that ended in
discharge, 3.0% (678/22,146) experienced a return ED visit within
3 days and 0.55% (122/22,146) required admission.

DISCUSSION
This large population-based study examined individual patient-
level outcomes associated with the facility-specific ED crowding
metric of time to PIA for high-volume EDs during 5 consecutive
years in Alberta. We have focused on the efficiency domain of
medical care defined by the Institute of Medicine.20 Overall, the
results have revealed several important observations. First,
patients with asthma present with respiratory distress, and not
surprisingly, their acuity is assessed more commonly as severe or
urgent, and their PIAs are below the institutional averages for
these ages. In mixed EDs seeing pediatric and adult patients, the
treatment of adults did not contribute to delays in care for
children. Second, despite severe crowding in these EDs, available
crowding metrics remained stable over the study period, perhaps
reflecting the difficulty in defining the issue from administrative
data and the lack of progress addressing this issue in this province.
Third, perhaps because of age and distress of patients and the
anxiety of their parents, pediatric patients with asthma are seen
quickly and their outcomes are excellent (<7% admission, <1%
death). While any deaths are devastating and most admissions are
preventable, the majority of patients respond to treatment (not
detailed here), are discharged, and few relapse within the next 30

Table 2. Summaries for PIA and LOS for all children presenting with asthma and grouped on acuity as reflected through the Canadian Triage and
Acuity Scale (CTAS).

Outcome All
(n= 25,383)

High acuity (CTAS 1/2)
(n= 8077)

Moderate acuity (CTAS 3)
(n= 13,290)

Low acuity (CTAS 4/5)
(n= 4016)

PIA

Median [IQR] 50 min [27 min, 1 h 33min] 29min [16min, 48min] 1 h 04min [36min, 1 h 49min] 1 h 20min [46 min, 2 h 07min]

Missing 3063 865 1419 779

ED LOS

Median [IQR] 3 h 22min [2 h 10min, 5 h 01min] 4 h 20min [2 h 52min, 6 h 24min] 3 h 12min [2 h 07min, 4 h 40min] 2 h 25min [1 h 33min, 3 h 32min]

Missing 184 29 96 59

ED LOS for discharged

Median [IQR] 3 h 08min [2 h 05min, 4 h 31min] 3 h 48min [2 h 38min, 5 h 10 min] 3 h 05min [2 h 04min, 4 h 24min] 2 h 23min [1 h 34min, 3 h 30min]

Missing 162 25 81 56

ED LOS for admitted

Median [IQR] 8 h 25min [5 h 25min, 12 h 11min] 8 h 39min [5 h 48min, 12 h 21min] 8 h 06min [5 h 04min, 12 h 01min] 5 h 58min [3 h 40min, 8 h 59min]

Missing 0 0 0 0

CTAS Canadian Triage and Acuity Scale, ED emergency department, IQR interquartile range, LOS length of stay, PIA time to physician initial assessment, SD
standard deviation.

Table 3. Outcomes for all patients with ED presentations of asthma ending in discharge and grouped based on acuity as reflected through the
Canadian Triage and Acuity Scale (CTAS).

Outcome All discharged (n=
22,146 [87.2%])

High acuity (CTAS
1/2) and
discharged
(n= 6123 [75.8%])

Moderate acuity
(CTAS 3) and
discharged
(n= 12,179
[91.6%])

Low acuity (CTAS
4/5) and
discharged
(n= 3844 [95.7%])

ED return within 30 days, n (%) 1469 (6.6) 471 (5.8) 810 (6.7) 188 (4.9)

Physician follow-up, n (%)

Within 7 days 5939 (26.8) 1621 (26.5) 3330 (27.3) 988 (25.7)

Within 14 days 8428 (38.1) 2,312 (37.8) 4691 (38.5) 1425 (37.1)

Within 30 days 11,889 (53.7) 3246 (53.0) 6614 (54.3) 2029 (52.8)

Respiratory medicine specialist follow-up within 30 days, n (%) 172 (0.8) 42 (0.7) 89 (0.7) 41 (1.1)

Other specialist follow-up within 30 days, n (%) 4681 (21.1) 1414 (23.1) 2630 (21.6) 637 (16.6)

Other specialist refers to pediatrician or asthma educator.
CTAS Canadian Triage and Acuity Scale, ED emergency department.
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(6.6%) days. Longer times to ED return may suggest that increase
PIA was a deterrent to return and/or patients have found other
care options (i.e., was able to get an appointment with a family
physician or ambulatory clinic).
Irrespective of the metric used to define crowding in this

system, there are some important generalities in the findings. The
effects of ED crowding were felt most for the less severe acuity
groups (i.e., CTAS 3–5). When adjusted for other predictors,
increases in median PIA increased an individual’s PIA and LOS,
with lower acuity groups experiencing greater increases. These
small effects are likely indicative of the ability of ED clinicians to
detect patients with more severe asthma and initiate therapy
quickly. It is clear that an individual’s PIA is a critical component of
an individual’s total ED LOS.
The time to PIA is a portion of the overall patient ED LOS that

likely reflects the impact of triage decisions on patients’ pathway
and experience with ED care. The impact of ED crowding in pediatric
outcomes such as asthma exacerbations has been seldom explored
in the scientific literature; however, there is some evidence of
delayed asthma treatment as a result of crowding.11,21

We found that a longer time to PIA increased the odds of leaving
without completion of care among lower acuity patients (CTAS 3–5)
compared to those classified as emergency cases at triage. Although
leaving without completion of care has been proposed as an
indicator of crowding and poor health outcomes,22 some evidence
in adult populations indicates that patients who leave the ED
without being assessed by a physician are not at a higher risk of
admission within 7 days compared to those seen by physicians and
discharged home after a prolonged ED LOS.23 The number of
patients who leave without completion of care is closely correlated
to waiting time to see a physician.24 As time to PIA increases, patient
and parental satisfaction with ED care decreases25 and parents of
low acuity patients with asthma may choose to leave while those
with higher triage priority elect to stay in the ED until their children
receive asthma care. Notably, our study shows that increases in
median PIA lead to greater odds of left without completion of care.

The database used for our study does not include comprehensive
information on whether patients presenting really did require the
level of care provided in the ED in the first place.
The admission of patients with moderate severity after a

prolonged PIA can be a reflection of the impact of a poor ED flow
on delays in ED treatment of time-sensitive conditions such as
asthma in which delays in ED care of urgent/CTAS 3 patients may
lead to worsening patient condition requiring hospitalization.
Strengths of our study include a large sample size from

population-based data sources with standardized data reporting
in a geographically large area of Canada. This study has several
limitation that require discussion. First, there is considerable
debate about the appropriate metrics to represent crowding; we
use PIA, while others have used LOS. Second, every metric is a
proxy for actual real-time data on the level of crowding. Since a
standard measurement of crowding is not routinely recorded in
most Canadian EDs, any alternative is a proxy for the conditions at
the recorded time. Third, administrative data do not contain the
level of detail that may better explain a direct connection between
metrics and outcomes. In particular, data on procedures and
medications are not available, and other measures representing
the severity of the asthma in the patient are also not available.
Thus we were not able to study timeliness, patient-centeredness,
or equitability domains of care.20 Fourth, we have focused on
relapse and follow-up, and we acknowledge that there are many
other relevant short-term outcomes for children with asthma that
are not available from the administrative data sources. Fifth, there
may be errors or missing times; however, missing data were
infrequent (<1%). Sixth, while there are effective interventions that
could decrease ED presentations for asthma (e.g., action plans and
asthma education), we were unable to determine who did and did
not have access to either of these important asthma interventions.
Finally, our results may not be generalizable to jurisdictions with
different healthcare systems.
Notwithstanding the above concerns, strengths of this study

included the large sample size from population-based data

Table 4. Outcomes for all patients with ED presentations of asthma ending in admission and grouped based on acuity as reflected through the
Canadian Triage and Acuity Scale (CTAS).

Outcome All admitted (n= 2393 [9.4%]) High acuity (CTAS 1/2) and admitted
(n= 1555 [19.3%])

Moderate acuity (CTAS 3) and
admitted (n= 781 [5.9%])

Low acuity (CTAS 4/5) and
admitted (n= 57 [1.4%])

Length from disposition decision to admission

Median [IQR] 1 h 53min [1 h 01min, 3 h 38min] 1 h 54min [1 h 01min, 3 h 47min] 1 h 50min [1 h 03min, 3 h 25min] 1 h 36min [53min, 3 h 02min]

Missing 5 3 2 0

Length of hospital admission (days)

Median [IQR] 2.0 [1.4, 3.0] 2.0 [1.4, 3.2] 1.9 [1.3, 2.7] 1.8 [1.1, 2.8]

Missing 226 150 70 6

CTAS Canadian Triage and Acuity Scale, ED emergency department, IQR interquartile range, SD standard deviation.

Physician initial assessment (h)

ED length of stay (h)

ED length of stay for discharged (h)

ED length of stay for admitted (h)

Disposition decision to admission (h)

Length of hospital admission (d)

0 0.5 1 1.5 0 0.5 1 1.5 0 0.5 1 1.5

High acuity (CTAS 1/2) Moderate acuity (CTAS 3) Low acuity (CTAS 4/5)

Fig. 2 Coefficient estimates (with 95% confidence intervals) for ED crowding metric time to physician initial assessment (PIA) for each
continuous outcome and each Canadian Triage and Acuity Scale (CTAS) group. Estimates are adjusted for age, sex, income quintile,
community size, patient’s zone of residence, weekday, month of year, time of shift, fiscal year, and ED category. Numerical values are provided
in Supplementary Table S3. CTAS Canadian Triage and Acuity Scale, d days, ED emergency department, PIA physician initial assessment.
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sources, standardized data reporting, and a geographically large
area of Canada. In conclusion, the time to PIA crowding metric
influenced patient outcomes during the ED presentation and
showed mixed evidence of associations with longer-term out-
comes. Delays in physician assessment contributed more to
outcomes for less severe patients and perhaps PIA is the best
metric for crowding in these patients.
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