
   1Wyatt S, et al. Emerg Med J 2017;0:1–7. doi:10.1136/emermed-2016-206213

AbstrAct
background The most common route to a hospital 
bed in an emergency is via an Emergency Department 
(ED). Many recent initiatives and interventions have 
the objective of reducing the number of unnecessary 
emergency admissions. We aimed to assess whether 
ED admission thresholds had changed over time taking 
account of the casemix of patients arriving at ED.
Methods We conducted a retrospective cross-sectional 
analysis of more than 20 million attendances at 47 
consultant-led EDs in England between April 2010 and 
March 2015. We used mixed-effects logistic regression to 
estimate the odds of a patient being admitted to hospital 
and the impact of a range of potential explanatory 
variables. Models were developed and validated for four 
attendance subgroups: ambulance-conveyed children, 
walk-in children, ambulance-conveyed adults and walk-
in adults.
results 23.8% of attendances were for children 
aged under 18 years, 49.7% were female and 30.0% 
were conveyed by ambulance. The number of ED 
attendances increased by 1.8% per annum between 
April 2010–March 2011 (year 1) and April 2014–March 
2015 (year 5). The proportion of these attendances that 
were admitted to hospital changed negligiblybetween 
year 1 (27.0%) and year 5 (27.5%). However, after 
adjusting for patient and attendance characteristics, the 
odds of admission over the 5-year period had reduced 
by 15.2% (95% CI 13.4% to 17.0%) for ambulance-
conveyed children, 22.6% (95% CI 21.7% to 23.5%) for 
walk-in children, 20.9% (95% CI 20.4% to 21.5%) for 
ambulance conveyed adults and 22.9% (95% CI 22.4% 
to 23.5%) for walk-in adults.
conclusions The casemix-adjusted odds of admission 
via ED to NHS hospitals in England have decreased since 
April 2010. EDs are admitting a similar proportion of 
patients to hospital despite increases in the complexity 
and acuity of presenting patients. Without these 
threshold changes, the number of emergency admissions 
would have been 11.9% higher than was the case in 
year 5.

IntroductIon
Rising demand for emergency hospital admissions is 
a feature of many healthcare systems.1 There were 
5.6 million emergency admissions to NHS hospi-
tals in England during April 2014–March 2015, an 
increase of 27% over 10 years.2 These admissions 
account for almost 70% of hospital bed days. Some 
emergency admissions are preventable or could be 
avoided if alternatives were available, and as such 
represent an unwarranted cost for commissioners.3 4 

Many recent NHS policy initiatives and commis-
sioning interventions have been designed to avoid 
unnecessary emergency admissions.5–7 Clinical deci-
sion units in EDs, ambulatory care units and acute 
frailty units have expanded in recent years, with one 
aim being to reduce admissions. Since April 2010 
hospital trusts have been paid at a marginal rate 
(30%) for emergency admissions above historical 
levels.8 This policy was introduced to ‘incentivise 
lower rates of emergency admissions’ and ‘stimu-
late acute providers to work with other parties in 
the local health economy to reduce the demand for 
emergency care’.8 Others have suggested that some 
emergency admissions may be supply-induced or 
associated with ED performance targets.9 10

The most common route to a hospital bed in 
an emergency is via an ED.2 Admissions via ED 
represent an increasing proportion of all emer-
gency admissions.11 Approximately one-fifth of 
patients attending EDs in English NHS hospitals are 
admitted to a hospital bed.12 English NHS hospitals 
are expected to triage, treat and discharge or admit 
patients attending ED within 4 hours.13 The stan-
dard was originally set at 98% of patients but was 
lowered in 2010 to 95% to allow greater time for 
complex investigations.14 Performance against this 
standard has been deteriorating since 2010 and has 
fallen below 95% since 2013.15

Previous studies have identified a range of 
casemix variables (eg, age, presenting condition, 
arrival mode) and attendance characteristics (eg, 
time of year, day of week) that are associated with 
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Key messages

What is already known on this subject?
 ► The most common route to a hospital bed in an 
emergency is via an ED.

 ► Many recent initiatives and interventions 
have the objective of reducing the number of 
unnecessary emergency admissions.

 ► Several studies have identified patient and 
attendance characteristics that are associated 
with increased risk of admission.

What this study adds?
 ► The casemix-adjusted odds of admission via ED 
to NHS hospitals in England have decreased 
since April 2010.

 ► The number of attendances that have a low 
probability of admission has reduced since April 
2010.
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an increased risk of admission for a patient in ED.16–20 We use 
a routine English administrative data set to assess changes in 
the casemix-adjusted odds of admission via ED between April 
2010–March 2011 (year 1) and April 2014–March 2015 (year 
5) to provide insight into whether ED admission thresholds have 
changed and the impact of admission avoidance policies and 
interventions.

Methods
study design, setting and population
We conducted a retrospective cross-sectional analysis of 
20 224 711 attendances at 47 consultant-led EDs in England 
between April 2010 and March 2015. Given the importance of 
diagnosis as a casemix variable, the NHS organisations included 
in the study were those where at least 70% of ED attendances 
had a valid primary diagnosis code and at least 95% had a valid 
disposal code within each year of the study period. Follow-up 
attendances were excluded along with attendances for patients 
who were dead on arrival, who died in the department or who 
left the department having refused treatment or before being 
treated.

Variables and data sources
An anonymised extract of the Accident and Emergency Hospital 
Episode Statistics (HESAE) was obtained from the NHS Health 
and Social Care Information Centre for the 5-year period from 
April 2010 to March 2015.

The outcome variable was defined with reference to 
the disposal code in HESAE, taking a value of 1 when the 
patient was admitted to a hospital bed with the same health-
care provider and a value of 0 in all other circumstances (eg, 
discharge, referral or transfer to another service). Admissions 
may include short-stay admissions to assessment units outside 
of the ED.

Potential explanatory variables were identified with refer-
ence to previous studies and included patient characteristics 
(age, gender, ethnicity, deprivation, primary diagnosis, prior ED 
attendances and admissions), arrival year, time of year, part of 
week and time of day of arrival, arrival mode (by ambulance or 
other means) and the ED of attendance.16–20

A patient’s age, gender, ethnicity and primary diagnosis, and 
the date, time and ED of the attendance, are routinely recorded 
in HESAE.12 Patient ethnicities were assembled into six groups: 
white, Asian/Asian British, black/black British, mixed parentage, 
other ethnic groups and not known/not stated. Socioeconomic 
status was measured using the 2004 Index of Multiple Depri-
vation (IMD) rank assigned to the lower super output area in 
which the patient lived.21 IMD ranks were grouped into quin-
tiles. A patient’s prior A&E activity was assigned to three levels: 
none, attended ED at least once but not admitted via ED, and 
attended and admitted at least once. Prior A&E activity levels 
were assigned for two time periods: the 28 days before atten-
dance and between 29 and 365 days before attendance. The 
39 two-digit primary A&E diagnosis classification codes in 
HESAE were used to define the patient’s diagnosis. Arrival 
year (1=April 2010–March 2011; 2=April 2011–March 2012; 
3=April 2012–March 2013; 4=April 2013–March 2014; and 
5=April 2014–March 2015), time of year (November–February 
and March–October), part of week (weekday and weekend) and 
time of day (08:00–22:00 and 22:00–08:00) were derived from 
the arrival date and time fields in HESAE.

We excluded from the analysis 2.5% of attendances that did 
not have a valid age, gender, IMD quintile or disposal code.

statistical methods
We used mixed-effects logistic regression to estimate the associ-
ation between the odds of a patient being admitted to hospital 
and the impact of each of the potential explanatory variables. 
Initial univariate analysis indicated markedly different unad-
justed odds of admission for children and adults and between 
patients conveyed by ambulance and those who arrived by some 
other means (henceforth referred to as walk-ins). These differ-
ences remained substantial having adjusted for other covariates. 
Given that the records available to build models were plentiful, 
to minimise the reliance on interaction terms and to increase the 
model accuracy, we developed four separate models for ambu-
lance-conveyed children, walk-in children, ambulance-conveyed 
adults and walk-in adults.

All candidate predictor variables were included in the model 
on the basis of adequately strong univariate association with 
the outcome variable or because inclusion improved the fit of 
the multivariate model. The hospital trust (provider) of the ED 
was included as a random effect to reflect clustering of atten-
dances within hospital trusts. Final model fit was measured using 
the C-statistic (area under the receiver operating characteristic 
curve), calibration plots and the Hosmer-Lemeshow good-
ness-of-fit test.

The impact of adding interaction terms was tested as a sensi-
tivity analysis. All two-way interaction terms between the fixed 
effects (other than arrival year) were tested individually and in 
combination, for their impact on the coefficients for the arrival 
year variable. In addition, the coefficients of interaction terms 
between arrival year and each of the other fixed effects were 
assessed.

To further explore changes in admission thresholds over time, 
we applied the casemix-adjusted odds of admission from year 1 
to attendances in years 2–5.

Data processing was conducted in Microsoft SQL Server 2012 
and analysis in R V.3.2.3 statistical software package.

results
description of ed attendances
The analysis included 20.2 million ED attendances at 47 hospi-
tals trusts (online supplementary file 1) between 1 April 2010 
and 31 March 2015 (figure 1).

There were 4.81 million attendances (28%) for patients 
aged 0–17 years, and of these 605 000 were conveyed to 
ED by ambulance and 4.21 million by walk-in. There were 
15.4 million (72%) aged 18+ years, and of these 5.47 million 
were conveyed to ED by ambulance and 9.94 million by 
walk-in.

The number of attendances increased by an average of 1.8% 
per year from 3.89 million in year 1 to 4.18 million in year 5 
(table 1). The most common primary diagnoses were dislocation/
fracture/joint injury/amputation, gastrointestinal conditions, 
sprain/ligament injury, laceration, respiratory conditions and 
contusion/abrasion, each with more than 1 million attendances 
during the study period (online supplementary file 2, table B1). 
Thirty-two per cent of attendances occurred during the winter 
(November–February), 29% on the weekend (similar to the 
rate of activity during the week) and 19% overnight (22:00–
08:00). Six per cent of patients attending ED had attended in 
the previous 28 days but had not been admitted; a further 4% 
had attended ED and been admitted (online supplementary file 
2, table B2).

Recording of patients’ ethnicity improved substantially, 
increasing from 30.5% in year 1 to 90.1% in year 5.
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Figure 1 Selection of study population.  .

original article

Model description and model fit
In each of the four models, age group, gender, deprivation, 
ethnicity, diagnosis, arrival year, time of year, part of week and 
time of day of attendance, activity in the previous month, and 
year of attendance were included in the model as fixed effects. 
The hospital trust (provider) of the ED was included as a random 
effect.

A full description of the four models, including ORs for the 
fixed effects and SD for the random effect, can be found in 
online supplementary file 3, tables C1–5.

The C-statistic was 0.73 for the child ambulance model, 0.81 
for the child walk-in model, 0.76 for the adult ambulance model 
and 0.84 for the adult walk-in model. Calibration plots are 
provided in figure 2.

odds of admission by arrival year
The unadjusted and adjusted odds of admission by arrival year 
are shown in table 2. For children conveyed by ambulance, the 
unadjusted odds of admission were 9.7% higher in year 5 than 
in year 1 (OR 1.097, 95% CI 1.079 to 1.116). However, having 
adjusted for the other covariates in the model, the odds of admis-
sion are shown to be 15.2% lower in year 5 than in year 1 (OR 
0.848, 95% CI 0.830 to 0.866). The adjusted odds of admission 
were also considerably lower in year 5 than in year 1 for child 
walk-in attendances (OR 0.774, 95% CI 0.765 to 0.783), adult 
ambulance-conveyed attendances (OR 0.791, 95% CI 0.785 
to 0.796) and adult walk-in attendances (OR 0.771, 95% CI 
0.765 to 0.776). In each of the four models, the adjusted odds 
of admission decreased monotonically with arrival year. Effects 

sizes are shown in online supplementary file 4 as average relative 
risks and average absolute risk reductions using the approach 
described by Grant.22

changes in risk profile of attendances
Of all cases, 27.5% were admitted in year 5. The models suggest 
that 30.8% of cases in year 5 would have been admitted if they 
had experienced the casemix-adjusted odds of admission that 
applied in year 1.

The proportion of low admission risk (p≤0.2) attendances fell 
from 52.0% in year 1 to 46.3% in year 5 (see figure 2). Corre-
spondingly there were increases in the proportion of high admis-
sion risk (p>0.6) attendances over the same period, from 15.9% 
to 19.7% (figure 3).

sensitivity analyses: inclusion of interaction terms
The inclusion of many of the two-way interaction terms between 
the fixed effects improved the model fit, but did not materially 
affect the relationship between the outcome variable and arrival 
year. In most cases the coefficients of the interaction terms 
between arrival year and other fixed effects were small (ORs less 
than 0.5 or greater than 2), with larger coefficients found only 
with some low volume diagnoses variables.

dIscussIon
Key findings
Having adjusted for other factors that have previously been 
shown to be associated with the odds of admission, the four 
models for child ambulance, child walk-in, adult ambulance and 
adult walk-in ED attendances independently suggest that the odds 
of admission have decreased over time.16–20 Patients attending in 
year 5 are substantially less likely to be admitted than patients 
attending in year 1 with similar characteristics and at similar 
times of the year, week and day. Ambulance-conveyed children 
are 15.2% less likely to be admitted in year 5 than in year 1. The 
reduction is more marked for other groups: a 22.6% reduction 
for child walk-in attendances, 20.9% for ambulance-conveyed 
adults attending and 22.9% for adult walk-in attendances.

While there are a number of potential explanations for this 
finding, we note that these changes coincide with the develop-
ment of ambulatory emergency care, the wider use of fast track 
clinics, increases in the number of emergency medicine consul-
tants and the development of the acute medicine specialty.23 
Over the same period there have been increases in the rate of 
investigations and treatments delivered in ED and in the average 
time between patients being seen and being discharged from 
ED.24 25 This was part of the rationale for changing the 4-hour 
standard from 98% of patients to 95% in 2010.14

We estimate that there would have been 137 000 (11.9%) 
additional emergency admissions in the selected hospitals in 
year 5, if the casemix-adjusted odds of admission from year 1 
had applied. Estimating the cost to commissioners (or forgone 
income for providers) of these avoided admissions is not trivial 
since the average cost of the avoided admissions is likely to be 
lower than the average cost of all admissions. However, applying 
the lower decile tariff for emergency admissions provides a 
conservative savings estimate of £65 million in year 5.

Reductions in average length of stay in hospital and the 
increase in the number of patients discharged on the same day as 
admission that have been reported elsewhere should be seen as 
more remarkable given the increased average acuity of patients 
admitted via ED.2
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table 1 Patient characteristics of attendances

number of attendances April 2010–March 2011
April 2011–
March 2012

April 2012–
Mar 2013

April 2013–
March 2014

April 2014–
March 2015

Total attendances 3 890 957 3 994 016 4 077 353 4 078 857 4 183 528

Subgroup Child via ambulance 122 594 117 443 119 278 125 503 119 907

Child walk-in 841 525 847 953 836 137 831 359 851 091

Adult via ambulance 1 027 281 1 057 863 1 102 920 1 125 592 159 010

Adult walk-in 1 899 557 1 970 757 2 019 018 1 996 403 2 053 520

Age (years) 0 102 857 102 231 110 715 104 462 107 525

1–4 278 615 284 443 293 566 296 468 299 783

5–12 321 507 324 100 312 127 318 298 329 357

13–17 261 140 254 622 239 007 237 634 234 333

18–34 935 292 953 570 965 533 964 577 976 519

35–54 836 176 853 970 865 978 859 363 869 102

55–74 618 819 646 466 678 733 683 209 712 571

75+ 536 551 574 614 611 694 614 846 654 338

Gender Male 1 989 629 2 033 730 2 036 712 2 038 930 2 079 707

Female 1 901 328 1 960 286 2 040 641 2 039 927 2 103 821

Deprivation Quintile 1 (most deprived) 1 103 751 1 092 746 1 112 747 1 121 666 1 154 306

(IMD04) Quintile 2 769 280 790 969 809 231 808 259 828 239

Quintile 3 711 936 745 523 762 722 764 983 784 924

Quintile 4 687 724 716 119 730 576 727 656 743 337

Quintile 5 618 266 648 659 662 077 656 293 672 722

Ethnicity White 1 109 765 2 175 454 3 072 385 3 193 024 3 418 286

Asian/Asian British 12 188 29 272 47 526 49 146 54 708

Black/Black British 30 287 97 499 153 756 169 082 188 384

Mixed parentage 10 953 23 403 35 062 38 656 44 118

Other ethnic group 21 708 39 044 61 212 62 209 63 549

Not known/Not stated 2 706 056 1 629 344 707 412 566 740 414 483

IMD, Index of Multiple Deprivation.

Figure 2 Per cent of ED attendances by modelled risk of admission 
and year.

original article

In addition we found that the number of attendances with a 
low risk admission (p<0.2) fell by 1.1% per annum, whereas 
the number of all other attendances grew by 4.7% per annum. 
This finding fits with reported increases in general practitioner 
consultation rates, walk-in centre/minor injuries units atten-
dances, ambulance ‘hear and treat’ and ‘see and treat’ cases.12 26 27

If low admission risk attendances had increased at the same rate 
as all other attendances, then we estimate that there would have 
been an additional 564 000 low admission risk attendances in year 
5. If we conservatively assume that these attendances would have 

been charged at the lowest available tariff, then the avoided cost to 
the commissioner can be estimated at £32 million in year 5.

relation to existing literature
The effects of casemix variables on the risk of admissions that 
we found in this study reflect those found in previous published 
studies, notably an increased risk of admission with ambu-
lance conveyance, old age, attendance during the daytime and 
during the week, and with recent prior admissions.16–18 28 There 
is considerable interest in the number of deaths in hospitals in 
England during the weekend, and one paper has suggested that 
the ‘weekend-effect’ might be explained by a lower probability 
of admission at the weekend.28 This paper also finds that the 
casemix-adjusted odds of admission are lower on the weekend 
(see online supplementary file 3, table C3).

limitations
The models are built on a subset of ED attendances. While some 
exclusions are justified from a design perspective (eg, excluding 
follow-up attendances), others are based on the availability of 
coded covariates. Limiting the study population to those hospi-
tals where at least 70% of attendances have a valid diagnosis 
code and 95% have a valid disposal code in each year of the 
study introduces the potential for selection bias and raises ques-
tions about the extent to which the model can be generalised to 
all EDs. We note however that no significant interactions were 
found between the design variable representing ‘diagnosis not 
classified’ and arrival year. Exclusions for other data quality 
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table 2 Odds of admission by year

unadjusted Adjusted

Model Year or (95% cI) or (95% cI)

Child ambulance April 2010–March 2011 (ref) 1.000 – 1.000 –

April 2011–March 2012 1.054 (1.037 to 1.072) 0.937 (0.919 to 0.955)

April 2012–March 2013 1.129 (1.111 to 1.148) 0.919 (0.901 to 0.938)

April 2013–March 2014 1.085 (1.068 to 1.104) 0.868 (0.850 to 0.886)

April 2014–March 2015 1.097 (1.079 to 1.116) 0.848 (0.830 to 0.866)

Child walk-in April 2010–March 2011 (ref) 1.000 – 1.000 –

April 2011–March 2012 0.890 (0.882 to 0.899) 0.862 (0.853 to 0.871)

April 2012–March 2013 0.976 (0.967 to 0.985) 0.849 (0.839 to 0.858)

April 2013–March 2014 0.932 (0.923 to 0.940) 0.821 (0.812 to 0.831)

April 2014–March 2015 0.918 (0.909 to 0.926) 0.774 (0.765 to 0.783)

Adult ambulance April 2010–March 2011 (ref) 1.000 – 1.000 –

April 2011–March 2012 1.008 (1.002 to 1.013) 0.919 (0.913 to 0.925)

April 2012–March 2013 1.007 (1.002 to 1.013) 0.838 (0.832 to 0.844)

April 2013–March 2014 0.968 (0.963 to 0.974) 0.806 (0.800 to 0.811)

April 2014–March 2015 1.008 (1.002 to 1.013) 0.791 (0.785 to 0.796)

Adult walk-in April 2010–March 2011 (ref) 1.000 – 1.000 –

April 2011–March 2012 0.993 (0.988 to 0.999) 0.918 (0.912 to 0.923)

April 2012–March 2013 1.024 (1.019 to 1.030) 0.837 (0.832 to 0.843)

April 2013–March 2014 0.989 (0.984 to 0.995) 0.791 (0.786 to 0.797)

April 2014–March 2015 1.012 (1.007 to 1.018) 0.771 (0.765 to 0.776)

original article

reasons (eg, missing data on gender, lower super output areas) 
represent only 2.5% of attendances.

We are not aware of any fiscal incentives that might induce 
providers to systematically misclassify patients’ diagnoses in ED 
in favour of those diagnoses with the greatest risk of admission. 
Note that unlike inpatient admissions, a patient’s diagnosis in 
ED does not alter the charge for the attendance or influence 
high profile quality metrics such as the hospital standardised 
mortality ratio. Substantial changes in the frequency of diag-
noses were largely confined to growth in low volumes diagnoses 
and between years 1 and 2, whereas we find that the casemix-ad-
justed odds of admission reduced in all years. Diagnoses of septi-
caemia grew in each year in line with interventions to improve 
the identification of this condition in ED.

Previous literature has indicated that other factors not 
included in our models may influence the odds of admission, 
notably the relative business of the ED, bed occupancy and the 
distance travelled to ED.11 19 20 29 While the precise estimate of 
the casemix-adjusted odds of admission by arrival year would 
no doubt change with the inclusion of these variables, it seems 
unlikely that this would have a material impact on the headline 
findings.

Although information about the investigations and treatments 
delivered in ED was available in the HESAE data sets, these were 
not included in the model because these variables represent the 
ED response to presenting patients rather than the intrinsic char-
acteristics of patients as they present. Indeed, increases in the 
number of investigations and treatments in ED may be one of 
the means by which admission thresholds have been increased.

Age is used as a casemix adjustment variable. If age did not 
confer a constant risk (of admission) over time, then this might 
explain some or all of the observed reductions in casemix-ad-
justed odds of admission. This is indeed feasible if we consider 
that life expectancy is known to be increasing, and for older 
adults age can be thought of as a proxy for the latent variable, 
proximity to death. However, tests for interactions between the 
age and arrival year variables did not support this hypothesis.

We considered whether the observed results may be explained 
in part by the considerable improvements in recording of a 
patient’s ethnicity. However the arrival year coefficients were 
not materially altered by limiting the models to cases with a 
valid ethnicity or by introducing an interaction term between 
ethnicity and arrival year.

The outcome variable for the model is admission directly from 
ED. In some cases, patients may be referred elsewhere for imme-
diate attention (eg, to a fracture clinic) and as a result of this 
contact be admitted to hospital on the same day. An increase 
in the frequency of these indirect routes to admissions may 
explain some or all of the observed reduction in the odds of 
(direct) admission. We note however that the number of patients 
attending ED who are referred to A&E clinic, fracture clinic or 
other outpatient clinics has not changed substantially over the 
study period (11.0% in year 1 to 10.4% in year 5).

Implications for policy and research
This analysis suggests activity has changed in line with the long-
standing UK health policy to ensure that patients access ED 
and are admitted to hospital only when clinically necessary. It 
should be noted, however, that this study did not attempt to 
assess the consequence of these changes on patient experience 
or outcomes.

Against a backdrop of increasing average acuity of ED atten-
dances without increases in hospital beds (see online supplemen-
tary file 1, table A2), policy makers need to regularly review the 
trade-off between two goals: the narrow process-based target of 
managing 95% of ED cases within 4 hours and the wider goal of 
eliminating avoidable or unnecessary hospital admissions.

Additional work would be required to determine whether this 
approach could be used to compare the casemix-adjusted odds 
of admission between individual providers.

Further research to explore whether the reduction in odds of 
admission over time holds when one considers admissions that 
follow indirectly from an ED attendance (eg, from ED to urgent 
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Figure 3 Calibration plots.

original article

outpatient clinic to admission) would provide another pathway 
for consideration. This might equally be explored by evaluating 
the effectiveness of these urgent outpatient clinics in preventing 
admissions.

conclusIon
Whereas trends in admissions imply that admission avoidance 
strategies are not working, casemix-adjusted odds of admission 
reveal a different story. Providers, commissioners and policy 
makers may benefit from calculating and tracking the casemix 
of patients presenting at ED and the casemix-adjusted odds of 
admission as a means of evaluating the impact of interventions 
to reduce hospital admissions.
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