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Abstract
Objectives. The aims of the present study were to identify predictors of admission and describe outcomes for

patients who arrived via ambulance to three Australian public emergency departments (EDs), before and after the opening
of 41 additional ED beds within the area.

Methods. The present study was a retrospective comparative cohort study using deterministically linked health
data collected between 3 September 2006 and 2 September 2008. Data included ambulance offload delay, time to see doctor,
ED length of stay (LOS), admission requirement, access block, hospital LOS and in-hospital mortality. Logistic
regression analysis was undertaken to identify predictors of hospital admission.

Results. Almost one-third of all 286 037 ED presentations were via ambulance (n = 79 196) and 40.3% required
admission. After increasing emergency capacity, the only outcome measure to improve was in-hospital mortality.
Ambulance offload delay, time to see doctor, ED LOS, admission requirement, access block and hospital LOS did not
improve. Strong predictors of admission before and after increased capacity included age >65 years, Australian Triage
Scale (ATS) Category 1–3, diagnoses of circulatory or respiratory conditions and ED LOS >4 h. With additional capacity,
the odds ratios for these predictors increased for age >65 years and ED LOS >4 h, and decreased for ATS category and
ED diagnoses.

Conclusions. Expanding ED capacity from 81 to 122 beds within a health service area impacted favourably on
mortality outcomes, but not on time-related service outcomes such as ambulance offload time, time to see doctor and
ED LOS. To improve all service outcomes, when altering (increasing or decreasing) ED bed numbers, the whole healthcare
system needs to be considered.
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What is known about the topic? Escalating growth in demand for emergency patient services has placed increasing
strain on both ambulance and hospital resources. Poor patient outcomes can result from crowded EDs and hospitals.
What does this paper add? This paper identifies that following the opening of a 41-bed ED within a health service
area, there was an improvement in in-hospital mortality outcomes for those who arrived to the ED via ambulance. Data
linkage enhanced our ability to report on and understand the impact on outcomes across several systems (ambulance, ED
and hospital admission). This paper provides a foundation for further research regarding emergency services expansion
from a geographical area-wide perspective. Easily identifiable predictors of hospital admission for ambulance-arriving
patients that may be useful for informing patient flow strategies are highlighted.
What are the implications for practitioners? Practitioners need to be aware that patients arriving by ambulance to the
ED are more likely to require admission if they are older, triaged to higher acuity, have circulatory or respiratory conditions
and have an ED LOS of >4 h. Service planners need to consider the whole system when planning expansion.

Additional keywords: ambulance, data linkage, outcomes, service delivery.
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Introduction

Approximately 23% of the 7.1million emergency department
(ED) presentations made to Australian public hospitals in
2007–08 were via ambulance.1 Compared with other Australian
states and territories, Queensland reported the largest average
annual increase in ED presentations (7.7% p.a.) from 2006–07 to
2010–11.2 The utilisation rates of ambulance services in Queens-
land have also increased considerably at an average annual rate
of 5.4% between 1999–00 and 2009–10 for urgent dispatches.3

Escalating growth in demand from emergency patient services
has placed increasing strain on both ambulance and hospital
resources.3,4 Negative outcomes, such as ambulance diversion,
access block (an ED length of stay (LOS) of >8 h for patients
requiring hospital admission5) and increased risk of hospital
mortality, as a result of ED and hospital crowding have been
reported in Australia and overseas.5–7 Meeting healthcare targets
within this environment can be difficult, but is becoming increas-
ingly mandated, monitored and reported upon.

Improvements in or expansions of healthcare-related services
are required in order to meet the healthcare needs of the com-
munity in a safe and sustainable fashion.8–11 In Australia, the
Federal Government (through the National Partnership Agree-
ment) has committed to provide funding exceeding A$3 billion
for new subacute beds, to meet ED and elective surgery targets
and for capital and recurrent projects to improve access for
patients accessing public hospital services.10 Following a staged
annual increase commencing in 2012, it is expected that by
2015 90% of ED presentations should be admitted, transferred
or discharged within 4 h, thereby meeting National Emergency
Access Targets (NEAT).10 Although descriptions of opening an
additional ED or expanding the size and number of beds in an
existing ED are noted within the literature,12–16 little research
exists evaluating the impact these measures can make to patient,
ambulance and health service delivery outcomes.

Expanding ED capacity interacts with overall service provi-
sion and patient outcomes. As such, the aim of the present study
was to identify the characteristics and predictors of hospital
admission and describe outcomes for patients who arrived via
ambulance to three Australian public EDs before and after the
opening of 41 additional ED beds within a health service.

Methods
Design and setting

The present study was a retrospective comparative cohort study
undertaken in three regional public hospitals located in south-
east Queensland, Australia. These three hospitals, along with
three private hospitals, served a total population of approximately
800 000.17 All three EDs were teaching facilities and treated
both adult and paediatric patients. Hospital A had 45 ED beds
and 473 hospital beds; Hospital B had 36 ED beds and 290
hospital beds; Hospital C had 41 ED beds and 200 hospital beds.
Located approximately 15 km apart, Hospitals A and C shared
operational capability; a further 50 km away, Hospital B was
slightly more isolated, locatedmidway between twomain groups
of larger hospitals. The ED at Hospital C opened on 3 September
2007. Seventeen permanent Queensland Ambulance Service
stations were located in the direct catchment area, plus a rotary
wing retrieval service.

Patients

All patient presentations arriving to three EDs over a 24-month
period (3 September 2006–2 September 2008) were included in
the linkage of data sources from ambulance, ED and hospital
admission. Figure 1 shows the sample inclusion process. Some
patient presentations were excluded from the dataset during and
following the data cleaning and data linking process due to
mode of arrival incorrectly coded (was not via ambulance), no
name, no gender and incomplete date and time data. A power
calculation showed that the sample size was more than
adequate to detect a difference in the primary outcome (hospital
admission) and the chance of a Type II error was negligible.
Our sample size could provide 99% power, based on an a level
of 0.05, model (Nagelkerke) R2 of 0.384 and 21 predictors for
the primary outcome (hospital admission).

Data collection

The specific data used (sourced from the Queensland Ambulance
Service (QAS) Emergency Department Information System
(EDIS) and Hospital Based Corporate Information System
(HBCIS)) are given in Table 1. The variables chosen were based
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on previous research and related literature.18,19 The Australasian
Triage Scale (ATS) is an indicator of urgency, where a number
(on a scale of 1–5) corresponds to the time frame in which
patients should be seen by a doctor.20 Patients allocated an
ATS Category 1 should be seen immediately, Category 2 within
10min, Category 3 within 30min, Category 4 within 60min
and Category 5 within 120min.

We used Health Data Integration (HDI; Australian eHealth
Research Centre, Herston, Qld, Australia), an automated deter-
ministic linking approach developed by the Commonwealth
Scientific and Industrial Research Organisation (CSIRO), to link
data from the three separate health information systems
databases (QAS, EDIS and HBCIS). The HDI linking strategy
has been tested previously for accuracy with high sensitivity,
specificity and positive predictive values.21

Statistical analysis

Descriptive statistics were used to describe the profile of all
patients presenting to three EDs via ambulance. These statistics
included median and interquartile range for age, time to see

doctor, ED LOS and hospital LOS, and frequency and percen-
tages for categorical variables (i.e. age group, gender, ATS
category, day presented, season, admission, diagnostic-related
group, offload time >30min, seen within ATS time frame, ED
LOS >4 h, ED LOS >8 h for admitted patients and in-hospital
mortality). Inferential statistics were used to identify differences
between groups before (3 September 2006–2 September 2007)
and after (3 September 2007–2 September 2008) opening of
the ED. The non-parametric Mann–Whitney U-test was used for
continuous data; Chi-squared tests were used for categorical
variables. Univariate followed bymultivariate logistic regression
models were built (using the enter and forward stepwise method,
respectively) to assess the individual variable contribution fol-
lowed by adjusted contribution for the main outcome, hospital
admission. Multivariate procedures were used to adjust for the
confounding effect because there were at least three predictor
variables.22 Predictors entered into the regression model
included age, gender, ATS category, time of presentation (in
8 h blocks), day of week (as weekday or weekend), International
Statistical Classification of Disease and Related Health

286 037 total presentations to ED (EDIS)
(3 September 2006 – 2 September 2008)

205 853 presentations excluded from analysis
– No name
– Incorrect gender (I, U)
– Incorrect age (>104)
– No link (data discrepancy/duplicate records)
– Incomplete/inaccurate time data
– Did not arrive by ambulance

79 196 analysable presentations 
to ED via ambulance

73 304 hospital admissions via ED 

Data linked 

31 928 (40.3%)
Admitted to 

hospital

47 268 (59.7%)
Not admitted to 

hospital

94 375 presentations to ED 
via ambulance

Fig. 1. Sample inclusion flow diagram (data from three hospitals, 24 months).

Table 1. Data collected from each health information source
DRG, diagnostic-related group;ED, emergencydepartment; ICD10, International Statistical Classification ofDisease andRelated

Health Problems (10th revision)

Ambulance data ED data Hospital admission data

Unit record number Unit record number Unit record number
Name Name Name
Age Age Date of birth
Gender Gender Gender
Post code pick up Mode of arrival Post code
Suburb pick up Triage category Date and time of hospital admission
Triage code allocated by communications centre Presenting complaint category Date and time of hospital discharge
Suburb location of base station Date and time of arrival DRG
Date and time of dispatch Date and time of triage Discharge destination
Date and time of arrival on scene Date and time seen by doctor
Date and time of on-scene departure Date and time of ED discharge
ED transported to ED ICD 10 diagnosis code
Date and time of arrival to ED Discharge disposition from ED
Date and time of ED triage
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Problems – 10th revision (ICD 10) diagnosis code, season,
ambulance offload delay >30min, ED LOS >4 h and hospital.
The ICD 10 are internationally recognised diagnostic codes
that account for diagnoses, descriptions of symptoms and cause
of death.23 In Australia, patients who present to the ED are
assigned a modified ICD 10 code by the treating medical
officer or nurse and are entered prospectively into the ED
database.24 Crude and adjusted odds ratios (OR) are provided
for the logistic regression models with results presented as OR
and 95% confidence intervals (CI). Two-sided P < 0.05 was
considered significant. Reference groups were based on
previous research, cell size or the most logical comparison. Data
were analysed using SPSS version 18.0 (SPSS, Chicago, IL,
USA).

Ethics approval was obtained from the Health Service
Districts Human Research Ethics Committee, the Queensland
Ambulance Service and Queensland Health’s Research Ethics
and Governance Unit to use health information.

Results

Characteristics

In total, 286 037 patients presented to the three EDs in the study
period. Of these presentations, 79 196 analysable patient pre-
sentations were via ambulance, with the overall number of
ambulance arrivals increasing by over 2000 from one year to
the next. The characteristics of patients presenting via ambulance
differed between the periods before and after ED expansion in
terms of the demographic and clinical characteristics of age,
gender, ATS category and diagnosis (Table 2). Although a 2-year
increase in median age is statistically significant, it is unclear
whether this finding is clinically significant. However, a 1.5%
increase in Category 1 and 2 presentations, although small, may
have clinical significance. Table 3 presents the ED characteristics
of ambulance-arriving presentations. Although proportions

appear relatively unchanged from a clinical perspective, some
characteristics differed statistically between the periods before
and after ED expansion (weekday or weekend, season), whereas
others did not (shift, day of week).

Predictors of hospital admission

The proportion of ambulance-arriving patient presentations that
required admission within each potential predictor entered into
the univariate regression model is presented in
Table 4. Table 4 also displays the crude OR, 95%CI and P-value
of each predictor. All univariate predictors were entered into the
multivariate logistic regression analysis model. When stratified
according to the period before and after ED expansion, similar
numbers (15 and 14, respectively) and types of independent
predictors, indicating higher odds of hospital admission, were
identified. Predictors with OR >2 across both time frames were
age�65 years, ATSCategory 1, 2 or 3, ICD diagnoses relating to
circulatory and respiratory diseases and an ED LOS >4 h.

Outcomes

Outcomes for patients arriving at the ED via ambulance are
presented in Table 5. All outcomes differed significantly between
the periods before and after ED expansion. The only outcomes
that improved related to in-hospitalmortality,which decreased by
1.5% based on the patient’s last index of admission. Outcomes
that did not improve included the proportion of patients not
offloaded within 30min, admitted and access blocked; these
increased by 4%, 4% and 11%, respectively. The proportion of
patients seen within the recommended ATS time frame also did
not improve, decreasing from 44% to 39%. Median time to see a
doctor and ED LOS for both admitted and non-admitted patients
did not improve, increasing by 4, 65 and 21min, respectively.
These differences were statistically significant. Due to the large
sample sizes included in the study, the in-hospital LOS differed

Table 2. Clinical characteristic of patients arriving at the emergency department (ED) via ambulance before and after ED expansion
IQR, interquartile range; ATS, Australasian triage scale; ICD 10, International Statistical Classification of Disease and Related Health Problems (10th revision)

Characteristic Before (n= 38 412) After (n= 40 784) P-value

Median (IQR) age (years) 45 (25–69) 47 (25–70) <0.001
No. men (%) 19 511 (50.8%) 20 195 (49.5%) <0.001
Triage category <0.001
ATS 1 644 (1.7%) 819 (2.0%)
ATS 2 6435 (16.8%) 7748 (19.0%)
ATS 3 22 015 (57.3%) 23 031 (56.5%)
ATS 4 8878 (23.1%) 8758 (21.5%)
ATS 5 440 (1.1%) 428 (1.0%)

ED ICD 10A 0.014
Injury, poisoning and certain other consequences

of external causes (S00–T98)
9286 (26.3%) 10 008 (25.3%)

Symptoms, signs and abnormal clinical and laboratory findings,
not elsewhere classified (R00–R99)

6178 (17.5%) 7005 (17.7%)

Diseases of the circulatory system (I00–I99) 3617 (10.2%) 4021 (10.2%)
Factors influencing health status and contact

with health services (Z00–Z99)
2909 (8.2%) 3496 (8.8%)

Diseases of the respiratory system (J00–J99) 2881 (8.1%) 3270 (8.3%)
Mental and behavioural disorders (F00–F99) 1893 (5.4%) 2104 (5.3%)
All other 8596 (24.3%) 9643 (24.4%)

ABased on 74 907 cases where diagnosis data were entered.
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significantly; however, this was not necessarily clinically mean-
ingful because the median LOS remained constant at 2 days.
Compared with National public hospital data,25 a favourable
outcome for ambulance-arriving patients included ED LOS for
those who did not require hospital admission; less favourable
outcomes included time to see a doctor, ED LOS for patients
requiring hospital admission, being seen within ATS recom-
mended times, admission requirement and in-hospital mortality.

Discussion

Within Queensland, more people present to the ED, arrive via by
ambulance, have longer waiting times, require hospital admis-
sion, have a shorter hospital LOS and have higher mortality,
higher admission costs and more potentially preventable hospi-
talisations compared with most other Australian states and ter-
ritories.26 The ability to link patient level records across and
within systems enabled us to obtain a more informed understand-
ing of the patient journey that encompasses the ambulance, ED
and hospital admission episodes of care.

Characteristics

The proportion of ambulance-arriving patient presentations
made to the EDs in the present study was higher than that of the
national average (33% vs 23%).25 With such large sample sizes
and with distributions that were highly skewed, although the
differences in demographic and clinical characteristics of patients
presenting in the two time periods (before and after ED service
expansion) reached statistical significance, clinically these
small differences would make little impact on service provision.
The one difference that could have influenced outcome was the
1.5% increase in ATS Category 1 and 2 patients arriving after
the ED bed numbers had expanded.

Prevalence and predictors of hospital admission
Patients who present to the ED via ambulance have a relatively
high admission rate. Compared with all presentations made to
Australian public hospital EDs,25 patients arriving to the EDs in
the present study, via ambulance, were a group with higher
admission requirements (27%25 vs 40%). Our admission rate
was similar to that reported in aCanadian study27 (38%admission
rate of ambulance arrivals), but lower than that seen in a study
undertaken in Singapore (59% admission rate for ambulance
arrivals).28 The Canadian study further revealed that people
arriving to the ED via ambulance had admission odds 3.15-fold
those of people arriving via other means.27 These figures indicate
that further identification of specific predictors of admission
used to facilitate targeted service delivery and patient flow may
be useful.

Although the odds of admission changed slightly for some
predictors in our study, the actual predictors themselves remained
relatively unchanged between the periods before and after ED
expansion. Prominent predictors of hospital admission for
patients arriving to the ED via ambulance in our study are easily
identifiable and include age �65 years, ATS Category 1, 2 or 3,
ICD diagnoses relating to circulatory and respiratory diseases
and an ED LOS >4 h. With the exception of ED LOS, all the
predictors identified in our study can be recognised very early on
in a patient’s ED episode of care.

Our findings are relatively congruent with other studies iden-
tifying the prevalence and predictors of hospital admission;
however, other studies were not limited to ambulance-only
arrivals and some focused on the predictors of specific demo-
graphic or illness groups. With this in mind, our discussion here
focuses on the main predictors of hospital admission. Regarding
age, several studies have identified an admission rate of approx-
imately 65% for people aged �65 years.28,29 Within this demo-
graphic, higher odds of admission were related to increasing
patient age, higher heart rate, lower blood pressure, lower triage
score and several chief complaints, such as pneumonia and
stroke.29 Knowing that older people (particularly those arriving
via ambulance) comprise a high proportion of and likelihood
for admission, it is possible to use this and other predictive
information, such as that offered by LaMantia et al.,29 to order
an in-patient bed at the point of triage, thus avoiding delays in
admission.

Admission requirement for people arriving by ambulance
and triaged ATS Category 1, 2 or 3 was relatively high
(~84%, 66% and 40%, respectively). Although these proportions
were reasonably reflective of all ED presentations made to
Australian public EDs during this time,26 they are higher than
those noted elsewhere.27 Identifying higher odds of admission for
people triaged as more emergent (i.e. ATS Category 1, 2 or 3)
compared with the less emergent ATS Category 5 ambulance
patient presentations was not surprising and, rather than ‘over-
triaging’ (a practice where nurses allocate a triage category of
higher acuity than required),30 thefinding ismost likely reflective
of genuine urgency and illness.

Circulatory (80% admission rate) and respiratory (55% ad-
mission rate) diseases were indicative of hospital admission for
ambulance-arriving presentations made to the three study site
EDs with odds six- and twofold higher than for people not
admitted with these conditions. A more recent Canadian study

Table 3. Emergency department characteristics of patients arriving at
the emergency department (ED) via ambulance before and after ED

expansion

Characteristic Before
(n= 38 412)

After
(n= 40 784)

P-value

Shift of presentation 0.349
Morning (0700–1459 hours) 15 241 (39.7%) 16 082 (39.4%)
Evening (1500–2259 hours) 14 811 (38.6%) 15 927 (39.1%)
Night (2300–0659 hours) 8360 (21.8%) 8775 (21.5%)

Day of week 0.246
Monday 5637 (14.7%) 5919 (14.5%)
Tuesday 5257 (13.7%) 5620 (13.8%)
Wednesday 5189 (13.5%) 5498 (13.5%)
Thursday 5261 (13.7%) 5768 (14.1%)
Friday 5463 (14.2%) 5934 (14.5%)
Saturday 5762 (15.0%) 5997 (14.7%)
Sunday 5843 (15.2%) 6048 (14.8%)

Weekday or weekend 0.037
Weekday 26 807 (69.8%) 28 739 (70.5%)
Weekend 11 605 (30.2%) 12 045 (29.5%)

Season <0.001
Summer 9372 (24.4%) 10 414 (25.5%)
Autumn 9711 (25.3%) 9920 (24.3%)
Winter 10 054 (26.2%) 10 330 (25.3%)
Spring 9275 (24.1%) 10 120 (24.8%)
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involving all adult ED presentations also identified (to a lesser
extent) high admission rates (50%) for circulatory conditions
compared with other illnesses.27 An Australian study undertaken
in five Melbourne EDs focusing on patients admitted with a
specific respiratory disease (chronic obstructive pulmonary dis-
ease) revealed this as a group with a higher admission rate
(77%).31 Although these two studies were not confined to am-
bulance-arriving patients, they do indicate that people with
circulatory and respiratory conditions are highly likely to be
admitted. Furthermore, these patients may benefit from early
intervention and expedited admission processes, such as those
offered by medical admission units.32

People arriving by ambulance spending more than 4 h in the
ED were admitted in higher proportions (60% vs 40%) and had
odds of admission sixfold higher than those spending <4 h in the
ED. This finding may be explained by an inadvertent pressure
on medical staff to admit, rather than discharge. Although the
present study was conducted before the introduction of NEAT
targets,10 it provides evidence to indicate a need for practice
and process changes. With the imperative to improve patient
flow from awhole-of-hospital approach,33–35 this findingmay be
useful to justify early planning and management purposes. It is
suggested that planners use additional clinical information (e.g.
timely reporting on diagnostic investigations)36 and evidence-
based admission prediction tools37 to enhance predictability and
avoid inappropriate admissions.

Outcomes before and after ED expansion

Our study identified both statistically and clinically significant
differences for patients arriving to the ED via ambulance follow-
ing ED expansion. Even though ED capacity expanded from 81
to 122 beds within a health service area, difficulty meeting
several ED performance targets continued. These ongoing
challenges included offloading patients within 30min, seeing
patients within the recommended ATS time frame and ED LOS
>8 h.

Most patientswere able to be offloaded from ambulance to ED
within 30min. Although some (11% before and 15% after ED
expansion) were delayed by >30min, the proportions are lower
than those noted in recent research undertaken in New South
Wales, where 17% of patients experienced a delay of >30min.38

This finding indicates that further research understanding
specific elements of this process is required. Although some of
the Queensland processes result in better outcomes than in
other states, Queensland outcomes are still not perfect and
alternative service models may be useful in targeting the initial
30min for patients arriving via ambulance.

The issue of ambulance offload delay has been of concern
to patients, hospitals and the Queensland State Government. A
recent Queensland report into this issue presented 15 recommen-
dations for implementation in EDs across the state.39 Examples
of these recommendations include: having an off-stretcher key
performance indicator within the health service; the development
of performance-based hospital access incentive-funding
framework; aborting hospital authority to ‘bypass’ or divert
ambulances to another hospital; rest responsibility of sharing
ambulance distribution with the ambulance service; that major
publichospitals introduce senior clinical nurses to care forwaitingS
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patients; and the establishment of a high-level Emergency Ser-
vices Management Committee to provide policy advice to the
Minister on issues affecting consumer access to (and delivery of)
public hospital emergency services.39 The extent to which and
outcomes from the implementation of recommended changes are,
to date, unknown. In Canada, a dedicated advanced practice
nurse, tasked with receiving care of and providing early man-
agement for ambulance-arriving patients, has been a model in
place (funded by the ambulance service) for several years.40 A
formal evaluationwouldbenefit other health services interested in
implementing a similar model.

The results of the present study indicate that expansion of ED
bed capacity did not lead to improvements in compliance with
ATS categories for time to be seen by a doctor for ambulance-
arriving patients. Furthermore, in this study setting, greater
proportions of patients exceeded ATS category cut-offs for the
time to be seen by a doctor, both before and after ED expansion,
compared with the national average for all patient presentations
(56% before and 61% after ED expansion vs 32% nationally).25

Other service delivery models to address this stage of the patient
journey are required. Nurse practitioners and/or doctors to assist
in triage41 or shortly thereafter42 may be worth trialling.

Accessibility (which includeswaiting times forEDcare) is one
of the health system performance indicators of the National
Health Performance Framework.25 Waiting time (from arrival
to treatment) is one of three distinct phases of a patient’s journey
through the ED.19 The other two are time to triage (from arrival)
and LOS, both for non-admitted and admitted patients.19 Re-
garding LOS, our findings indicate that the EDs performed well
on the portion of the indicator for non-admitted ED LOS, which
was 72min (before) and 51min (after ED expansion) shorter than
the national average of 281min.25 Thismay be explained, in part,
by the use of efficient models of care for minor injuries.43

However, on the portion of the indicator for ED LOS for
admitted patients, ED LOS was far higher (by 147 and 212min
before and after ED expansion, respectively) than the average of
244min.25 This long ED LOS for admitted patients is reflected
in the high levels of access block also identified (35% and 47%
before and after ED expansion, respectively) and the 4% increase
seen in the admission rate for ambulance-arriving patients. Ad-
ditional in-patient beds did not accompany the ED expansion in
the study hospitals, and this may explain, to some extent, the
reason why further improvements in these outcomes were not
identified.

For those patients requiring hospital admission, hospital LOS
remained unchanged (at 2 days), which was considerably less
than the 3.1 days (for all acute care admissions) and 6.3 days
(excluding same day separations) noted in a national report.25 In-
hospital mortality rates found in our study were higher than the
national average of 1.2%.25 This finding may be reflective of the
high acuity and admission likelihood of our study group (patients
arriving via ambulance only). However, in-hospital mortality
rates did decrease between the before and after ED expansion
periods.Thismaybe explainedby the following: (1) patientswere
discharged earlier due to access block pressures and they may
have died elsewhere; (2) there may have been better care, but this
was unable to be captured in the parameters we collected and
presented herein; or (3) after ED expansion, the proportion of
patients who presented in ATS Categories 1 and 2 increased by
1.5%. Although it may be argued that improvements beyond
those identified here may have been expected, it may be that the
high access block rates reflect a crowded system that extends
beyond the ED. As has been noted by Han et al.,16 if the volume
and complexity of presentations increase and in-patient beds are
not available to enable transfer out of the ED, then this limits
theED’s capacity to improveperformance.16Awhole-of-hospital

Table 5. Outcomes for patients arriving at the emergency department (ED) via ambulance before and after ED expansion
Data are presented as the number of patients in each group, with percentages in parentheses, or as the median (interquartile range), as appropriate. Time to see
doctor, based on 75 129; ED length of stay (LOS) (total): based on79 191 patient presentations; EDLOS (not admitted), based on46 605 patient presentations; ED
LOS (admitted), based on 31 928 patient presentations; seen within Australasian Triage Scale (ATS), based on 75 129 ED presentations. AIHW, Australian

Institute of Health and Welfare; IQR, interquartile range; N/A, not available

Outcomes Present study: ambulance-arriving ED patient
presentations, three public hospitals

AIHW: all ED patient
presentations, public hospitals22

Before (n= 38 412) After (n= 40 784) P-value

Offload time >30min 4167 (10.8%) 6123 (15.0%) <0.001 N/A
Time to see doctor (min) 38 (14–90) 42 (15–101) <0.001 23min
ED LOS (total) (min)A 268 (164–428) 310 (187–517) <0.001 na
ED LOS (admitted) (min)A 391 (266–575); n= 14 682 456 (303–695); n= 17 246 <0.001 244min
ED LOS (not admitted) (min)A 209 (132–321); n= 23 489 230 (145–361); n= 23 116 <0.001 281min
Seen within ATS 15 829 (44.1%) 15 421 (39.3%) <0.001 70%
AdmittedA 14 682 (38.5%) 17 246 (42.7%) <0.001 27%
Access blockedB 5197 (35.4%) 8016 (46.5%) <0.001 na
Hospital LOS (days)C 2 (1–6) 2 (1–6) <0.001 3.1 (acute care admission); 6.3

(excluding same day separations)
In-hospital mortality, patient’s last admissionD 562 (5.6%) 564 (4.1%) <0.001 1.24%
In-hospital mortality, all admissionsE 575 (3.9%) 569 (3.3%) 0.003 1.24%

AAdmitted: based on 78 538 ED patient presentations.
BAccess blocked: based on 31 928 ED presentations requiring hospital admission.
CHospital LOS: based on 31 928 ED presentations requiring hospital admission.
DIn-hospital mortality based on patient’s last admission (n= 23 711).
EIn-hospital mortality based on all admissions (n= 31 928) within time frame.
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approach that involves shared responsibility and communication
between the ED and wards to better meet ED targets and reduce
overcrowding and mortality rates has been reportedly successful
in Western Australia44 and warrants consideration by other
Australian states.

Limitations

There are several limitations to the present study. First, because
this was a retrospective analysis of prospectively collected data,
there may have been inaccuracies within the data provided.
However, we did implement data-cleaning measures in order to
account for and manage inaccuracies. In addition, with the
intention of understanding service delivery from an area-wide
perspective, our analysis reflects pooled data from three EDs.
Therefore, improvements to individual sites are not evident.
Second, results indicating statistical significance may not neces-
sarily relate to clinically meaningful significance due to the
extensive volume of data used.45 However, not all outcomes
were significant, indicating that sample size was not the only
factor determining significance. Third, our study was limited to
the impact of opening additional ED beds only and comprised
patients arriving to theEDvia ambulanceonly.Noaccompanying
hospital beds were opened at the same time, and we did not
compare those arriving to the ED via ambulance with those
arriving via other means. In addition, factors outside the scope
of the present study, such as changes to working practices within
the pre-hospital and ED settings and changes to health policy
and funding arrangements, may have impacted on our results.
Thus, the interpretation of our findings should consider these
facts. Fourth, the present study did not include the effect on the
three private hospitals within the local area or the other seven
public hospitals within the broader geographic region. As such,
there may have been a network effect that extended beyond
the sites included in this study. Fifth, although we found ED
LOS >4 h to be correlated with admission likelihood, it is
difficult to ascertain whether this was caused by the wait or
contributed to the cause for admission. Given that the ED LOS
was shorter than the national average for non-admitted patients
and longer than the national average for admitted patients, this
indicates that the long ED LOS is likely caused by difficulties
moving the patients from the ED to the hospital. However, this
(i.e. ED LOS >4 h) and other predictors used were chosen based
on related literature and clinical expertise. Finally, research
examining structures, processes and other outcomes not de-
scribedwithin our study (e.g. costs, time to triage, re-presentation,
readmission rates and other crowding measures noted by
Hwang et al.46 and Liu et al.47) can be useful in providing
further insight into the care quality and outcomes of this change
in service and to this patient group. Further research accounting
for these limitations is warranted.

Conclusions

The aim of the present study was to identify characteristics and
predictors of hospital admission and describe the outcomes for
patients who arrived via ambulance to three EDs following the
opening of 41 additional ED beds within the area. The results
demonstrate that for this group of patients, after the additional
emergency capacity was operational, improvements to in-

hospitalmortality outcome could be realised. However, improve-
ments to other outcomes, such as time to be offloaded from an
ambulance, time to see a doctor, ED LOS and hospital LOS,
were not realised and further research related to novel models of
care are required. Easily identifiable predictors for hospital
admission were noted in both pre- and post-ED expansion
cohorts and included older age, assignment of higher (more
emergent) triage categories and certain diseases pertaining to
circulatory, respiratory and mental health groups. Understanding
these predictors may be useful for implementing new strategies
and managing certain patient groups who arrive to the ED via
ambulance. Focused care pathways for these patients likely to be
admitted, but spending lengthy times in the ED, may be required.
Although conducted before NEAT, our findings (higher admis-
sion rate in patients with prolonged ED LOS and lower mortality
rate) provide important information regarding the use of time-
related targets.
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