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Abstract
Objective: To describe and compare
characteristics and outcomes of pa-
tients who arrive by ambulance to the
ED. We aimed to (i) compare pa-
tients with a delayed ambulance
offload time (AOT) >30 min with
those who were not delayed; and (ii)
identify predictors of an ED length of
stay (LOS) of >4 h for ambulance-
arriving patients.
Methods: A retrospective, multi-site
cohort study was undertaken in Aus-
tralia using 12 months of linked health
data (September 2007–2008). Out-
comes of AOT delayed and non-
delayed presentations were compared.
Logistic regression analysis was under-
taken to identify predictors of an ED
LOS of >4 h.
Results: Of the 40 783 linked,
analysable ambulance presentations,
AOT delay of >30 min was experi-
enced by 15%, and 63% had an ED

LOS of >4 h. Patients with an AOT
<30 min had better outcomes for:
time to triage; ambulance time at
hospital; time to see healthcare pro-
fessional; proportion seen within rec-
ommended triage time frame; and ED
LOS for both admitted and non-
admitted patients. In-hospital mortal-
ity did not differ. Strong predictors of
an ED LOS >4 h included: hospital ad-
mission, older age, triage category, and
offload delay >30 min.
Conclusion: Patients arriving to the
ED via ambulance and offloaded
within 30 min experience better out-
comes than those delayed. Given that
offload delay is a modifiable predic-
tor of an ED LOS of >4 h, targeted im-
provements in the ED arrival process
for ambulance patients might be
useful.

Key words: ambulance, data linkage,
emergency department, offload delay,
outcome.

Introduction
ED crowding and congestion are in-
creasingly common issues facing acute
healthcare systems internationally and
have been associated with negative
patient and staff outcomes.1 Associ-
ated with crowding, ambulance offload
time (AOT) delay (i.e. extended time
from ambulance arrival to ED to
offload onto hospital stretcher, also
called ambulance ramping) has
emerged as an issue affecting care
quality, patient safety and ability to
respond to the surrounding commu-
nity.2,3 Around 23% of the 7.1 million
ED presentations made to Australian
public hospitals in 2007–2008 were via
ambulance.4 Research examining either
patient or system outcomes associat-
ed with AOT delay is limited.

Key areas for hospital system im-
provements have been noted at the in-
ternational, national and local level.
Desired improvements focus on care
quality in terms of safety, timeliness,
patient-centredness, efficiency, effec-
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Key findings
• Around 30% of ED presenta-

tions arrive via ambulance.
• Offloading ambulance arriving

patients within 30 minutes trans-
lates to better outcomes.

• Linked health data provides an
ability to more comprehensively
understand the patient journey to
inform patient and service deliv-
ery improvements.
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tiveness and equity.5–7 ‘Access’ is one
component reflecting equity and ef-
fectiveness.8 Accessing emergency ser-
vices and subsequent inpatient care (if
required) in a timely fashion is impor-
tant to safety and quality of care de-
livery. Following the implementation
of 4 h targets set in the UK,7 similar
ED ‘access’ targets were set for
Australia by the Federal Government.9

An understanding of this target and
other outcomes can inform the effi-
cient use of ambulance and ED re-
sources, as well as measuring and
monitoring performance.

The aims of the present study were
to examine whether, for patients who
arrived to ED via ambulance: (i)
differences in outcomes occurred for
those who were AOT delayed by >30
min versus those not delayed; and (ii)
which factors predicted ED length of
stay (LOS) of >4 h.

Methods
Design and setting

A retrospective, cohort study was
undertaken in three major public
teaching hospitals located in Queens-
land, Australia, serving a population
of approximately 800 000.10 All three
EDs treated both adult and paediat-
ric patients, and had a combined ED
bed number of 122 and hospital bed
number of 963. Hospitals A and C
shared operational capability. The
Queensland Ambulance Service (QAS)
had 17 permanent stations and one
rotary wing retrieval service located in
the catchment area.

Patients

All patient presentations made to the
three EDs over a 12 month period (3
September 2007–2 September 2008)
were included. Deterministic data
linkage between disparate data sources
from ambulance, ED and hospital ad-
mission was undertaken. Figure 1 dis-
plays the sample inclusion process. A
power calculation showed that the
sample size was more than adequate
to detect a difference in the outcome
(ED LOS >4 h) and the chance of a
type II error was negligible. Based on
an alpha level of 0.05, model
(Nagelkerke) R2 of 0.30 and 20 pre-
dictors for the outcome (ED LOS >4

h), our sample size provided a power
of 99%.

Data collection

Table 1 presents the data used for
the present study. Data were
sourced from the Ambulance Service
database, Emergency Department In-
formation System (EDIS), and Hospi-
tal Based Corporate Information
System (HBCIS).

To link data from the three sepa-
rate health information system data-
bases, we used a deterministic linking
approach developed in collaboration
with the Commonwealth Scientific and
Industrial Research Organisation
(CSIRO). The accuracy of the linking
strategy has been previously report-
ed with sensitivity of between 95% and
99%, and specificity of between 75%
and 99%.11 Appropriate Human
Research Ethics approvals were
obtained.

Statistical analysis

To describe patient characteristics, we
used descriptive statistics, including
median and interquartile range. Fre-
quency and percentages were used for
categorical variables. To identify dif-
ferences between delayed and non-
delayed groups, we used the Mann–
Whitney U non-parametric test for
continuous data and χ2 tests for cat-
egorical variables.

To identify independent predictors
of ED LOS >4 h, univariate analysis
was followed by multivariate logistic

regression models (using the enter
method). Predictors entered into the re-
gression model included age, sex, triage
category, time of presentation (in 8 h
aliquots), day of week (as weekday/
weekend), season, ambulance offload
delay >30 min (Yes/No), ED Interna-
tional Classification of Diseases (ICD)
10 code, hospital admission (Yes/
No) and hospital (A/B/C). We consid-
ered a two-sided P value of <0.05 to
be statistically significant. Reference
groups were based on previous re-
search, cell size or the most logical
comparison. SPSS version 18.0 (SPSS,
Chicago, IL, USA) was used to analyse
data.

Results
Characteristics of ambulance
offload time delayed versus
non-ambulance offload time
delayed patient presentations

A total of 40 783 analysable patient
presentations were made to the three
EDs, via ambulance, during the 12
month study period. Of those 15% (n
= 6122) were delayed by >30 min from
arrival to ED offload. For each site,
delayed and non-delayed ambulance
presentations differed significantly for
almost all demographic and ED char-
acteristics (Table 2). Older people rep-
resented a higher proportion of the
AOT delayed group, and the results
for men and women were relatively
balanced. The majority of presenta-
tions were in Australasian Triage Scale
(ATS) category 3. AOT delays were

6803 (14%) presentations excluded from analysis 
- No name
- Indeterminate / unknown sex (I, U) 
- Incorrect age (> 104) 
- No link (data discrepancy) 
- Incomplete/inaccurate date/time data 
- Duplicate record

40 783 linked, analysable 
presentations to ED via 

ambulance  

6122 (15%)  
Offload delay 

> 30 mins 

34 661 (85%)  
Non-delayed 

47 587 out of a total 154 746 presentations to 
ED (EDIS) via ambulance 

(3 September 2007 – 2 September 2008) 

Figure 1. Sample inclusion flow diagram (data from three hospitals; 12 months).
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most evident within this triage cat-
egory. Although those presenting with
‘injury, poisoning and other conse-
quences of external causes’ comprised
the highest proportion of the ED illness
groups, there was no specific illness
group seen where AOT delays and
non-delays differed. Most arrivals
occurred during the evening shift
(between 15.00 and 22.59 h), with
AOT delays notably worse during this
time period. Friday appeared to be the
worst day for delays, and Saturday, the
best. Winter months (not surprising-
ly) were worse for AOT delays
(Table 2).

Outcomes of ambulance offload
time delayed versus
non-ambulance offload time
delayed patient presentations

Outcomes for AOT delayed versus
non-delayed patients are presented in
Table 3. Most outcomes differed sta-
tistically between delayed and non-
delayed patient presentations across
each site. Overall, patients offloaded
within 30 min had better outcomes, in-
cluding time to triage, ambulance time
at ED (turnaround time), time to see
a healthcare professional, being seen
within ATS time frame, ED LOS for

admitted and non-admitted patients,
processed in the ED within 4 h, and
admission requirement. No statistical-
ly significant differences for in-hospital
mortality were identified between
delayed and non-delayed presenta-
tions at any of the three sites.

Predictors of emergency
department length of stay >4 h
for presentations via ambulance

Logistic regression analysis was under-
taken to identify independent predic-
tors of an ED LOS of >4 h. The
proportion of patient presentations ar-
riving by ambulance that had an ED
LOS of >4 h within each potential pre-
dictor entered into the univariate re-
gression model is presented in Table 4.
Table 4 also displays the crude odds
ratio (OR), 95% confidence interval
(CI) and P value of each predictor. All
univariate predictors were entered into
the multivariate logistic regression
model that identified 13 independent
predictors of higher odds of an ED
LOS >4 h. These were: admission re-
quirement (OR 5.49), age (16–64
years, OR 2.39; 65+ years, OR 4.20),
triage category (category 2, OR 1.60;
category 3, OR 2.33; category 4, OR
1.91), AOT delay >30 min (OR 1.65),
season (winter, OR 1.31; autumn, OR
1.27), larger hospital (Hospital A, OR
1.45; Hospital B, OR 1.08), weekday
presentation (OR 1.06) and female
gender (OR 1.05).

Discussion
Our study was set within the context
of increasing demand for ambulance
services and increasing ED presenta-
tions, before the introduction of the
National Emergency Access Target
(NEAT), but during the time where
access block was increasing. This pre-
NEAT data are useful as it presents a
comprehensive picture regarding the
flow of patients who arrive by ambu-
lance through the ED. Historically,
because of the issues with disparate
databases, the complexities around
actual offload delays and subsequent
flow on effects have been incompletely
understood. Thus, the value in the
present study is to provide the best
understanding available, leading to an
increased ability to decipher and

TABLE 1. Data collected from each health information source

Data source Data obtained

Ambulance data Unit Record Number (URN)
Name
Age
Sex
Post code pickup
Suburb pickup
Triage code allocated by Communications Centre
Suburb location of base station
Date and time of dispatch
Date and time of arrival on scene
Date and time of on-scene departure
ED transported to
Date and time of arrival to ED
Date and time of ED triage
Date and time off-stretcher
Date and time case completed

ED data Unit Record Number (URN)
Name
Age
Sex
Mode of arrival
Australasian Triage Scale (ATS) category
Presenting complaint category
Date and time of arrival
Date and time of triage
Date and time seen by doctor
Date and time of ED discharge
Discharge disposition from ED
International Classification of Diseases (ICD) 10 Code

Hospital admission
data

Unit Record Number (URN)
Name
Date of birth
Sex
Post code
Date and time of hospital admission
Date and time of hospital discharge
Discharge destination
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present the evidence of what clini-
cians know and also to inform the
need for targeted quality improve-
ment. Working in a health system that
mandates and monitors key priority in-
dicators can be challenging, but offers
opportunities to identify areas/hospi-
tals where specific improvement
strategies can be implemented. As an
example, recent recommendations
from the Queensland Department of
Health indicate that 90% of patients
should have an AOT delay of less than
30 min.12 Our findings indicate that
specific service improvement oppor-
tunities should be offered/invested in
Hospital B (74% offloaded <30 min)
in order to meet the 90% target.

Characteristics and outcomes of
ambulance offload time delayed
patients

The ability to link patient-level records
across and within systems enabled an
understanding of access issues and the
patient journey that encompasses the
ambulance, ED and hospital admis-
sion episodes of care. Age was one of
the most important factors of AOT
delay. Those aged 65+ reflected a
higher proportion in the AOT delayed
group compared with the non-delayed
for each site.

A small proportion of patient pres-
entations via ambulance were seen
within the recommended ATS time
frame. This was notably better for the
AOT non-delayed group (non-delayed:
42%, AOT delayed: 24%, P < 0.001).
The inability to meet these time frames
is concerning, given that accessibility
(that includes waiting times for ED
care) is one of the health system per-
formance indicators of the National
Health Performance Framework.13

Waiting time (from arrival to treat-
ment) is one of three distinct phases
of a patient’s journey through the ED.14

The other two are time to triage (from
arrival) and ED LOS, both for non-
admitted and admitted patients.14 Re-
garding time to triage, our findings
indicate that time to triage for all am-
bulance patients (median 3 min) was
within those identified by Sibbritt
et al.14 and was longer for the delayed
AOT group. Regarding LOS, our find-
ings indicate that the EDs performed
well for patients who were not admit-

ted because the ED LOS was, on
average, 51 min shorter than the na-
tional average of 281 min.13 However,
for admitted patients, ED LOS was
far longer (by 212 min) than the
average of 244 min.13 This was evident
at each site and the AOT delayed
group had longer ED LOS compared
with the non-delayed group. This long
ED LOS for admitted patients is re-
flected in the associated levels of access
block (46.5%) where more than 8 h
had elapsed to access an inpatient bed.
This is suggestive of access issues ex-
ternal to the ED, such as limited in-
patient bed capacity. Other Australian
research reporting access block in the
early 2000s were much lower at
around 5–10%, depending on the state
of hospital occupancy; the higher the
occupancy, the higher the access
block.15

Predictors of long emergency
department length of stay (>4 h)
for patients arriving via
ambulance

Four hour targets for EDs to see, treat,
admit or discharge patients were intro-
duced in 2004 in the UK and in 2012
in Australia (NEAT).9 Although these
targets are set with good intentions (i.e.
to improve timeliness of care), litera-
ture from a variety of countries indi-
cates that achieving a 4 h target is not
always possible,16 is largely hospital
dependent,16 and requires organisa-
tional ownership17 and cautious fore-
thought before implementation.16 The
UK experience7 led to concerns how
these targets were achieved. There was
an apparent ‘last minute syndrome’
where spikes in activity during the last
20 min of the 4 h were evident and
were suggested to result in target-led
rather than needs-led care.18 Inter-
views with leadership staff from nine
hospitals in England also indicated that
a lack of organisational ownership
contributes to negative effects on staff,
incomplete process improvement and
risks to patients.17 A review of the lit-
erature indicated that ‘There is no clear
evidence that the target to ED com-
pletion of 98% of patients in 4 h in
itself has had any effect on the quality
of care in ED in the UK’ (p. 395).16 In
our study (undertaken before the es-
tablishment of the 4 h target), only

37% of patients arriving to the ED by
ambulance were admitted, transferred
or discharged within 4 h. With a 4 h
or 6 h mandate now in place across
several countries, recommendations12

and changes have been made to service
delivery in order to meet these targets.
With the aim to achieve a 90% NEAT,
learning from the experiences of
others17 is warranted and measuring
other quality indicators should also be
considered.19

Knowing what predictors are asso-
ciated with a long ED LOS can help
identify which patients are less likely
to meet the NEAT target. Hospital ad-
mission was the strongest predictor of
an ED LOS >4 h for patients arriv-
ing to the ED by ambulance, with odds
five times that of patients not admit-
ted. Older age and offload times ex-
ceeding 30 min were also strong
predictors of an ED LOS >4 h, with
all having an OR greater than 1.5. This
is consistent with other research from
the USA20 and France.21

Admission to hospital and subse-
quent time to make this decision could
be considered a possible modifiable
component, and given it had the largest
OR (five times that of those with ED
LOS <4 h), it warrants further explo-
ration. Two main factors might influ-
ence this predictor. First, the process
of hospital admission might have re-
sulted in a longer ED LOS for admit-
ted patients. That is, the time taken to
refer, review, admit and transfer pa-
tients in need of admission might take
more time than the discharge of pa-
tients from ED. Efforts to shorten one
or more of these time periods would
require concerted efforts to involve in-
patient teams and could reduce ED
LOS. Second, the use of hospital avoid-
ance models and pathways for pa-
tients who would normally be admitted
might have an effect on ED LOS. Ex-
amples of where these have been
shown to be effective in preventing/
reducing admission requirement
include: antibiotic use in a ‘hospital at
home’ or outpatient approach,22 hos-
pital in the nursing home,23 palliative
care24 and early pregnancy assess-
ment clinics.25 Imperative to these
models appear to be a careful patient
selection and dedicated person/team
approach. The integration of ambu-
lance service providers within these
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teams, as appropriate, warrants
consideration.

The other modifiable predictor of an
ED LOS >4 h was AOT delay. It
should be noted that this AOT delay
likely reflects a broader systems issue
that warrants review. In the interim,
targeted improvements in the ED
arrival process for ambulance pa-
tients might be useful. The use of
‘offload nurses’ within EDs has been
reported in Canada since 2008.26

Funded by the ambulance service, the
offload nurse role can operate up to
24/7, 365 days per year,26 and receive
up to five ambulance patients at a time
to enable paramedics to respond back
to the surrounding community. The ef-
fectiveness of these ‘offload nurse’ roles
will require formal evaluation.

The non-modifiable predictors of
long ED LOS for patients presenting
via ambulance can be used to inform
clinicians of ‘high risk groups’ for
which a targeted intervention might be
useful, particularly patients over 65
years (80% in our study had an ED
LOS of >4 h). Specific recommenda-
tions for the management of older
persons in the ED are available from
a number of organisations (such as the
Australian and New Zealand Society
of Geriatric Medicine, ANZSGM,27

and the American Geriatrics Society).28

Although recommendations on the care
of elderly patients in the ED have been
developed, the uptake and applica-
tion of these within EDs are current-
ly unclear.

Limitations

Various terms (e.g. ‘ambulance offload
delay’, ‘drop off delay’, ‘ambulance
ramping’ and ‘handover delay’), defi-
nitions and time frames (>15 min,2 <30
min, 30–60 min and >60 min29) are
used in the literature to describe
waiting times to offload ambulance pa-
tients into the ED. Consistency is re-
quired, given the potential implication
on patient safety outcomes30 and to
enable local, national and interna-
tional comparisons. The definition and
time frame (>30 min) used in our study
was based on clinical relevance and has
been used in other recent Australian
reports and research.12,29

This was a retrospective analysis of
prospectively collected data. As such,

there might have been inaccuracies
within the data provided; however, this
issue is not unique to our study.29 Four-
teen per cent of ambulance arrivals
were unable to be analysed, and so in-
terpretation of our results should con-
sider this. Because of the nature of
missing data (e.g. age, date and time),
comparison for analysable factors for
missing data cases versus cases with
available data was unable to be per-
formed. Because of the large volume
of data analysed, statistical signifi-
cance might not necessarily relate to
clinical significance. However, sample
size was not the only factor determin-
ing significance, as not all outcomes
were significant.

Conclusion
The aim of the present study was to
describe and compare outcomes for pa-
tients who arrive to the ED via am-
bulance and experienced delays. The
present study confirms that transport
by ambulance to hospital does not
guarantee timely access to medical care
while there is AOT delay and blocked
access to hospital inpatient beds. Along
with older age, triage category (ATS
2, 3, 4) and offload times exceeding
30 min are easily identifiable predic-
tors of an ED LOS of >4 h. The whole
patient journey needs to be included
in future planning and in the design
of health services. Strategic innova-
tion needs careful analysis to ensure
that the intervention does not shift the
problem onto another part of the
system.
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