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Abstract

Background Efforts to reduce emergency department (ED) volumes often target frequent users. We examined
transitions in care across ED, hospital, and community settings, and in-hospital death, for high system users (HSUs)
compared to controls.

Methods Population-based databases provided ED visits and hospitalizations in Alberta and Ontario, Canada. The
retrospective cohort included the top 10% of all the ED users during 2015/2016 (termed HSUs) and a random sample
of controls (4 per each HSU) from the bottom 90% per province. Rates of transitions among ED, hospitalization,
community settings, and in-hospital mortality were adjusted for sociodemographic and ED variables in a multistate
statistical model.

Results There were 2,684,924 patients and 579,230 (21.6%) were HSUs. Patient characteristics associated with shorter
community to ED transition times for HSUs included Alberta residence (ratio of hazard ratio [RHR]=1.11, 95% con-
fidence interval [CI] 1.11,1.12), living in areas in the lower income quintile (RHR=1.06, 95%Cl 1.06,1.06), and Ontario
residents without a primary health care provider (RHR=1.13,95%Cl 1.13,1.14). Once at the ED, characteristics asso-
ciated with shorter ED to hospital transition times for HSUs included higher acuity (e.g, RHR=1.70,95% Cl 1.61,

1.81 for emergent), and for many diagnoses including chest pain (RHR=1.71, 95%Cl| 1.65,1.76) and gastrointestinal
(RHR=1.66,95%Cl 1.62,1.71). Once admitted to hospital, HSUs did not necessarily have longer stays except for condi-
tions such as chest pain (RHR=0.90, 95% Cl 0.86, 0.95). HSUs had shorter times to death in the ED if they presented
for cancer (RHR=2.51), congestive heart failure (RHR=1.93), myocardial infarction (RHR=1.53), and stroke (RHR=1.84),
and shorter times to death in-hospital if they presented with cancer (RHR=1.29).

Conclusions Differences between HSUs and controls in predictors of transitions among care settings were identified.
Co-morbidities and limitations in access to primary care are associated with more rapid transitions from community
to ED and hospital among HSUs. Interventions targeting these challenges may better serve patients across health
systems..
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Background

Many urban emergency departments (EDs) face crowd-
ing issues with long wait times for patients [1]. High
system users (HSUs) of EDs have been identified as a
potential target of interventions to address crowding
due to their disproportionately high numbers of ED
presentations for a relatively small proportion of all
ED users [2, 3]. Lacalle and Rabin cite literature show-
ing that “Frequent users comprise 4.5% to 8% of all ED
patients but account for 21% to 28% of all visits” In
the Canadian province of British Columbia, Moe and
colleagues found that HSUs made up 15.8% of all ED
patients but 40.3% of all ED visits. They showed that
HSU’s use of ED was growing over time, and growing
faster than non-HSUs ED use [4]. In pursuit of health-
care resource optimization, some look to the possibility
of better serving HSUs [5]. This may occur by resolv-
ing reasons for frequent ED use in ED, or by linking
frequent users to appropriate social and healthcare
supports provided in other settings. Reduced ED visits
might lead to reduced pressures on emergency provid-
ers and thus improvements in quality of care. Potential
cost savings are also large, especially as frequent users
of ED are also higher users of other costly health ser-
vices including inpatient and ambulance [6].

Most studies on high ED use summarize character-
istics of patients or ED presentations [3, 7-9]. Many
authors estimate rates or expected counts using Poisson
or negative binomial modeling [10—13]. Published stud-
ies tend to exclude other health services use like hospi-
talizations. Those analyses ignore the timing of events
and thus cannot demonstrate the interconnections of
ED presentations with other health services use. Multi-
state models deconstruct longitudinal data into distinct
states that capture changes in health status over time
[14, 15]. For example, states could be healthy, diseased,
or dead and transitions are made between the healthy
and diseased states as well as from the healthy state to
dead and the diseased state to dead. Multistate models
have the potential to identify factors associated with
changes in health states and may lead to targeted inter-
ventions to increase or decrease the transition times.

The top 10% of patients with respect to the number
of ED presentations during the fiscal year [16] form the
HSU groups in two provinces for this study. We compare
trends in ED presentations and hospitalizations for HSUs
of EDs and controls using a multistate model. We decon-
struct an individual’s time into mutually exclusive states,
i.e. settings of in the ED, admitted to hospital, death
in-ED or in-hospital, and in the community as illustrated
in Fig. 1. The effects of covariates on transitions among
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Fig. 1 A four state model for health care states (solid arrows represent transitions observed and estimated)



Rosychuk et al. BMIC Health Services Research (2023) 23:1250

states are examined via the multistate model. In particu-
lar, we determine if the covariate effects differ for HSUs
and controls. A better understanding of the timing of ED
presentations and hospitalizations may signal changes in
health and help identify opportunities for interventions.

Methods

Study design

This retrospective study used data from population-
based administrative health databases from the Canadian
provinces of Alberta (population>4 million [17]) and
Ontario (population nearlyl4 million [17]) during April
1, 2015, to March 31, 2016. The study data are part of a
larger data extract with similar methods and the charac-
teristics of patients and ED presentations have already
been described [6, 18]. The University of Alberta Health
Research Ethics Board approved this study.

Study setting and population

A dynamic cohort of the most frequent adult ED users
[16] was created in collaboration between the Canadian
Institutes of Health Research (CIHR) and the Canadian
Institute for Health Information (CIHI). Alberta and
Ontario are the only provinces that report on all ED
presentations to the National Ambulatory Care Report-
ing System (NACRS) [16, 19] and CIHI holds and used
this database. For each province, the top 10% of patients
with respect to the number of ED presentations during
the fiscal year [16] form the HSU groups. Control groups
were also created for each province by selecting a ran-
dom sample of patients not in the HSU groups during the
fiscal year using a sampling ratio of 4:1 [16]. These design
choices were made by CIHR and CIHI.

Study protocol

The NACRS database provides demographic charac-
teristics and ED presentation characteristics including
dates and times, triage level, diagnoses, and disposition
status. For Ontario, the data include access to primary
health care provider. Triage level represents the urgency
of ED care required and is based on the Canadian Emer-
gency Department Triage and Acuity Scale (CTAS) [20,
21]. The triage codes are as follows: 1=resuscitation,
2 =emergency, 3=urgent, 4=semi-urgent, and 5=non-
urgent, and grouped for this study as CTAS 1/2 vs. all
others. Up to 10 diagnoses are provided as International
Classification of Diseases (ICD-10-CA) [22] codes. The
main diagnosis code was categorized using a combina-
tion of the Quan adaptation [23] to the Deyo/Charlson
comorbidity coding scheme icd [24] and Guttmann et al’s
classification [25]. Any overlapping ICD codes were kept
only in the Quan scheme to ensure mutually exclusive
categories (Supplementary Table 1, Additional File 1). We
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grouped the 15 disposition codes as discharges, admis-
sions/transfers, deaths, left without being seen (LWBS),
and left against medical advice (LAMA).

The Discharge Abstract Database (DAD) [26] is also
held by CIHI and provided hospitalization data (e.g.,
date/time of admission and discharge, ICD-10-CA [22]
diagnosis codes). Statistics Canada 2011 census data pro-
vided neighborhood income quintiles and the popula-
tion centre type (which depends on technical definitions
of population size, census metropolitan area [CMA] and
census agglomeration [CA] designations) [27]. We classi-
fied the area of residence into large urban areas (grouped
from the categories of core, secondary core, and popula-
tion centres outside CMA/CAs), fringe (all small urban
areas within a CMA or CA that are not contiguous with
the core of the CMA or CA), and rural [28].

Key outcome measures

We assume an individual is in one of four mutually exclu-
sive states at any time during the study period (Fig. 1).
The ED state defines the time in which patients are in
the ED. The start of the ED state is the date and time
(hour:minute) the patient arrives at the ED and the end
of the ED state is that date and time a patient leaves the
ED. The hospital state defines the time that patients are
admitted to hospital. The community state defines the
time that patients are neither in the ED nor admitted to
hospital and have not died in those settings. The death
state is limited to death in the ED or in the hospital (e.g.,
in-hospital death) because provincial vital statistics data
are not part of CIHI holdings and linkage is not allowed.
The rates of transition between states are the outcomes of
interest.

Data analysis
Summary statistics (e.g., sample means, sample stand-
ard deviations [SDs]) describe data. We excluded ED
presentations and hospitalizations that were not entirely
within the study period. There were some variables that
had missing or not applicable categories (e.g., population
type) and these were combined into a category referred
to as missing. Statistical analyses were conducted in R
[29] using the packages survival [30] and mstate [31, 32].
The mstate package was used to create the multistate
model data structure assuming each transition time fol-
lows a Cox proportional hazards regression model, which
formulates the distribution of a transition time as a func-
tion of state-specific covariates. The time associated with
a transition to other states that does not occur is viewed
as right-censored. All transitions included province,
sex, age, lowest income quintile indicator, population
centre type, and access to primary health care provider
(Ontario only) as covariates. For transition from ED to
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hospital, triage level and diagnosis in the ED were addi-
tional covariates. For transitions from the ED to com-
munity state, ED diagnosis was included whereas for the
hospital to community transition, hospital diagnosis was
included. The time from last entry to community state
to the end of study period was removed from analysis
because death dates in the community were not known.
Models included interactions with HSU status to deter-
mine if the effect of covariates on transitions was differ-
ent for HSUs compared to controls. By nature of the HSU
definition, the transition from community to ED is more
likely but any differential effects of covariates nonetheless
require quantification. Further, because data on access to
primary health care provider is only available for Ontario
patients, that covariate is only entered into the model
as an interaction with an Ontario indicator variable. To
adjust for correlated data (i.e., a patient may have mul-
tiple community to ED transitions), the nonparametric
cluster bootstrap was employed with 100 samples with
replacement [33]. Hazard ratios (HRs), ratios of hazard
ratios (RHRs; the ratio of HSU HR and control HRs), and
associated bootstrap percentile-based 95% confidence
intervals (CIs) [34] are provided. Since interest focuses
on differences between effects for HSUs and controls,
we report RHRs. RHRs>1 indicate a shorter time to
transition for HSUs (shorter state occupancy) whereas
RHRs<1 indicate a longer time to transition for HSUs.
Estimates of cumulative hazard functions are provided in
Additional File 1. A p-value (p) less than 0.05 was consid-
ered to be statistically significant.

Results

Characteristics

There were 5,022,536 ED presentations and 724,369
hospitalizations available for analysis involving
2,684,924 patients. High system users were 579,230
(21.6%) of the patients and had 2,461,004 (49.0%) of the
ED presentations and 388,578 (53.6%) of the hospitali-
zations (Table 1). About 80% of the hospital encounter
data were from Ontario. The cohort had a large propor-
tion of patients from large urban areas and from lower
income areas. Over half of the transitions from ED to
hospital and hospital to community were from HSUs
but only 37.2% of community to hospital transitions
were from HSUs. Most transitions to hospital went
through the ED rather than directly from the commu-
nity. About 38,000 patients died in the ED (29.3% HSUs)
or during their hospital admission (46.2% HSUs). Char-
acteristics by provinces and transitions also appear
in Supplementary Tables 2—4, Additional File 1. There
were important differences in the distribution of diag-
noses among the various transitions (Supplementary
Table 5, Additional File 1).
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Community to ED transition

Compared to Ontario, Alberta patients had shorter
transition times for both HSUs (HR=1.21, 95%CI
1.21, 1.22) and controls (HR=1.09, 95%CI 1.09, 1.09;
Supplementary Table 6, Additional File 1). HSUs in
both provinces had even shorter community to ED
transition times (HSU-to-control RHR=1.11, 95%CI
1.11, 1.12; Fig. 2). In Ontario primary health care pro-
vider data were available and HSUs without a primary
health care provider had shorter transition times than
controls (RHR=1.13, 95%CI 1.13, 1.14). Patient char-
acteristics associated with shorter community to ED
transition times for HSUs included living in areas in
the lower income quintile (RHR=1.06, 95%CI 1.06,
1.06) or where income was missing (RHR=1.35, 95%CI
1.32, 1.37), and increasing age (RHR=1.02 per 5 years,
95%CI 1.02, 1.02), and. HSUs had longer times if they
resided in fringe (RHR=0.98, 95%CI 0.98, 0.99) or
rural areas (RHR=0.97, 95%CI 0.97, 0.98) compared to
patients in large urban areas.

ED to death transition

There were 4,380 patients who died in the ED and fewer
diagnosis categories were included in modeling because
of small numbers. The median time from ED start to
death was 57 min (IQR=15 min, 3h37min). Charac-
teristics associated with shorter ED to death transition
times for HSUs were patients presenting with cancer
(RHR=2.51, 95%CI 1.93, 3.38; Supplementary Table 7,
Supplementary Fig. 1, Additional File 1), general signs
and symptoms (RHR=2.31, 95%CI 1.59, 3.39), conges-
tive heart failure (RHR=1.93, 95%CI 1.25, 2.89), stroke
(RHR=1.84, 95% CI 1.26, 2.80), and myocardial infarc-
tion (RHR=1.53, 95%CI 1.25, 1.84). Longer times were
for patients presenting with peripheral vascular disease
(RHR=0.55, 95%CI 0.29, 0.79), Ontarians without a pri-
mary health care provider (RHR =0.60; 95%CI 0.48, 0.74),
males (RHR=0.71, 95%CI 0.65, 0.79), Alberta residents
(RHR=0.86, 95%CI 0.76, 0.98), and younger age.

ED to hospital transition

Once at the ED, characteristics associated with shorter
ED to hospital transition times for HSUs included higher
acuity (Fig. 3, Supplementary Table 8, Additional File 1),
and for most of the key diagnostic groups except men-
tal health (Fig. 3, Supplementary Table 9, Additional File
1). Characteristics associated with longer ED to hospital
transition times for HSUs included residence in an area
where income was low or missing and a lack of primary
health care provider. The median time from ED start to
hospitalization was 6h13min (IQR=3h53min, 9h27min).
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Fig. 2 Ratio of HSU vs control hazard ratios and associated 95% confidence intervals for the community to ED transition. Reference categories are
Ontario, female, combined medium-low to highest income quintile, large urban area, and family physician or other health care provider

ED to community transition

Characteristics of patients associated with shorter ED
to community transition times (Fig. 4, Supplementary
Tables 8 and 9, Additional File 1) for HSUs included
residence in Alberta, increasing age, residence in areas
with lower income quintile, residence in fringe or rural
areas, lack of a primary health care provider, being
assigned CTAS 1, 3 or 4, and for most of the key diagnos-
tic groups except skin problems. Transition times were
also shorter for HSUs for patients who left without being
seen (RHR=1.09, 95%CI 1.08, 1.11) or left against medi-
cal advice (RHR=1.12, 95%CI 1.11, 1.14). Characteristics
associated with longer ED to community transition times
for HSUs included male sex and from a missing income
area. The median time from ED start to community was
2h44min (IQR = 1h29min, 4h50min).

Hospital to death transition

There were 34,210 patients who died during their hospital
admission and fewer diagnosis categories were included
in modeling because of small numbers. The median time
from hospitalization start to death was 6d20h50min
(IQR=2d9%h16min, 16d17h31min). Characteristics asso-
ciated with shorter hospital to death transition times for
HSUs were patients presenting with cancer (RHR=1.29,
95%CI 1.21, 1.38) and from rural areas (RHR=1.07,
95%CI 1.02, 1.12; Supplementary Table 7, Supplemen-
tary Fig. 2, Additional File 1). Longer times were for
patients presenting for some diagnose such as liver dis-
ease (RHR=0.65, 95%CI 0.57, 0.73), headache or other
neurological (RHR=0.69, 95% 0.60, 0.79), and peptic
ulcer disease (RHR=0.69, 95%CI 0.65, 0.89). Times were
also longer for patients who lacked a primary health care
provider (RJR=0.71, 95%CI 0.64, 0.80), resided in areas

with lower incomes (RHR =0.86, 95%CI 0.82, 0.88), and
younger.

Hospital to community transition

Characteristics associated with shorter hospital to com-
munity transition times (i.e., shorter hospital lengths of
stay) for HSUs included residence in Alberta, male sex,
increasing age, and residence in areas with lower or miss-
ing income quintile, and a lack of primary health care
provider (Supplementary Fig. 3, Supplementary Table 8,
Additional File 1). For diagnoses, ratios of HRs were
mixed (Supplementary Fig. 3, Supplementary Table 9,
Additional File 1) with mental health (RHR=1.56, 95%CI
1.53, 1.60), chronic pulmonary disease, genitourinary/
obstetric, headache and other neurological, and skin
problems being associated with shorter hospital to com-
munity transition times for HSUs. Conversely, diagnoses
associated with longer hospital to community transition
times for HSUs included chest pain and general signs and
symptoms. The median time from hospitalization start
to community was 3d16h55min (IQR=1d20h58min,
7d20h21min).

Community to hospital transition

There were 152,813 transitions from community to hos-
pital so, as expected, the vast majority of the patients in
this study accessed hospital care via presentation to an
ED. Characteristics associated with longer community
to hospital transition times for HSUs included resi-
dence in areas with lower or missing income quintile
and residence in Alberta (Supplementary Fig. 4, Addi-
tional File 1). Characteristics associated with shorter
community to hospital transition times for HSUs
included male sex (RHR=1.62, 95%CI 1.59, 1.64), lack
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Fig. 3 Ratio of HSU vs control hazard ratios and associated 95% confidence intervals for the ED to hospital transition (key diagnostic groups
presented). Reference categories are Ontario, female, combined medium-low to highest income quintile, large urban area, family physician or other
health care provider, CTAS 5 non-urgent, and diagnoses other than those presented in Supplementary Table 5, Additional File 1

of a primary health care provider (RHR=1.13, 95%CI
1.07, 1.19), and older ages. In addition, rural areas had
shorter community to hospital transition times for
HSUs. Estimates for the cumulative hazard function of
this transition and the others are provided in Supple-
mentary Fig. 5, Additional File 1.

Discussion

This study used a large extract of HSUs and controls to
evaluate transitions among four care states using multi-
state modeling. The advantage of examining what predic-
tors relate to time patients spend in each state, compared
to merely examining rates of interactions with services,
is a better ability to predict patient flow within the health
system.

Most transitions to hospital occurred through the ED,
suggesting that acute exacerbations of chronic condi-
tions—that may be sensitive to more optimal control in
the community—were a driver of hospital use. The lack
of a primary health care provider in Ontario led to longer
times from community to ED for controls but shorter
times for HSUs, suggesting a key role for primary care

providers in managing HSUs’ health needs in the com-
munity. The fact that HSUs’ and controls’ times to tran-
sitions were differently impacted by their diagnoses
supports the notion that disease-specific interventions
may be useful in reducing the need for hospitalization
among HSUs. As HSUs frequently have multiple co-mor-
bidities [35], interventions could consider multi-morbid-
ity in addition to accessibility to comprehensive primary
care [36, 37].

Different impacts of some predictors (e.g. sex, age,
income and geography) for HSUs and controls further
suggests that serving the needs of HSUs will require spe-
cialized strategies targeted at their individual character-
istics or underlying medical problems, rather than one
size fits all solutions that may be adopted to serve “the
average patient” in community, ED or hospital systems.
Specifically, the finding that increasing age and lack of
primary care predict both transitions from community to
ED and from hospital to community suggest that inter-
ventions targeting older patients with decreased primary
care access may reduce the frequency of health system
use. Patient-specific interventions or targeted approaches
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Fig. 4 Ratio of HSU vs control hazard ratios and associated 95% confidence intervals for the ED to community transition (key diagnostic groups
presented). Reference categories are Ontario, female, combined medium-low to highest income quintile, large urban area, family physician or other
health care provider, CTAS 5 non-urgent, and diagnoses other than those presented in Supplementary Table 5, Additional File 1

may better meet HSUs health care needs and safely
improve appropriate use of EDs. Variations on case man-
agement have been shown to be widely effective in reduc-
ing ED use among HSUs, although less is known about
their clinical effectiveness, such that these approaches
should be studied further [5].

The relatively few patients that transitioned directly
from the community to hospital had shorter transition
times if they were in Alberta, were female, and were
older. It is not clear if these transitions represent planned
admissions (e.g., for surgery or chemotherapy). Such
planned admissions may be an efficient and patient-ori-
ented process involving direct admission of HSUs from
outpatient clinics. However, these transitions could also
represent potentially unsafe bypass of ED (where diag-
nostic expertise is concentrated).

There are no directly comparable investigations of
frequent ED users and controls in terms of transi-
tions among ED, hospital, death, and community states.
A few studies have looked at frequent ED users and
their hospitalizations. In three Australian EDs, Berry
et al. [38] focused on 115 seniors with frequent ED use

and compared hospital admissions at the first and last
ED presentations. Over time, they had more hospital
stays>7 days, suggesting deteriorating health status.
Their study did not consider a control group or examine
the times between events. In Korea among 156,246 ED
users, 3.1% were frequent ED users and these users had
longer stays when admitted to hospital [39]. Frequent
ED users in Korea with type 2 diabetes (n=2849) were
also shown to have longer stays when admitted to hospi-
tal compared to non-frequent ED users (n=7,895) [40].
While these Korean studies did examine hospitalization
length of stay, the timing of ED presentations and hospi-
talization events were not considered.

In the future, analyses could use smaller jurisdic-
tions and include other aspects like ED characteristics
and clinical data. Diagnosis groups, like patients with a
specific chronic condition or combinations of multiple
morbidities, may also provide new insights on the flow
of patients through different care settings. Separately,
future studies of patients’ ED use and outcomes, or of
interventions related to ED use and outcomes, should
account for frequency of ED use. The fact that the
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relationships between demographic factors, diseases
and transitions timing differed between controls and
HSUs means that failure to account for frequency of ED
use will bias any studies results.

Our study limitations include the fact that adminis-
trative datasets are unable to provide granular clinical
and treatment data, or data on housing status, family
supports and substance use. Thus, we likely miss some
important variables in the modeling because they are
not collected as part of administrative processes. This
study also did not include all health services used and
for example, primary care physician visits could be
another care state to add to a multistate model. Vital
Statistics data were not available to allow for transitions
from community to death to be included in the mod-
eling. About 55% of deaths in the two provinces happen
in hospital [41] and if deaths in this cohort are repre-
sentative of the whole population, the 45% of deaths
in the community would amount to a relatively small
amount of 1.2% of our cohort that may have died that
we are unable to capture.

Conclusions

We used a multistate model to identify differential
effects of predictors for HSUs and controls on transi-
tions among four care settings. Co-morbidities and lim-
itations in access to primary care are associated with
more rapid transitions from community to ED and hos-
pital among HSUs. Interventions targeting these chal-
lenges may better serve patients across health systems.
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