Research

Open Access

BM)J Open

To cite: Ismail SA, Pope |,
Bloom B, et al. Risk factors
for admission at three urban
emergency departments in
England: a cross-sectional
analysis of attendances

over 1 month. BMJ Open
2017;7:¢011547. doi:10.1136/
bmjopen-2016-011547

» Prepublication history and
additional material for this
paper are available online. To
view these files please visit the
journal online (http://dx.doi.
org/10.1136/bmjopen-2016-
011547).

Received 17 February 2016
Revised 16 May 2016
Accepted 12 July 2016

CrossMark

"Barts Health NHS Trust, London,
UK

2Homerton University Hospital
NHS Foundation Trust, London,
UK

SEmergency Department, Royal
London Hospital, London, UK
“Queen Mary University of
London, London, UK

SCentre for Primary Care and
Public Health, Queen Mary
University of London, London,
UK

Correspondence to
Dr lan Pope; ianpope@gmail.
com

Risk factors for admission at three
urban emergency departments in
England: a cross-sectional analysis of
attendances over 1 month

Sharif A Ismail," lan Pope,? Benjamin Bloom,® Raquel Catalao,’ Emilie Green,’
Rebecca E Longbottom,’ Gwyneth Jansen,* David McCoy,® Tim Harris®

ABSTRACT

Objective To investigate factors associated with
unscheduled admission following presentation to
emergency departments (EDs) at three hospitals in
England.

Design and setting Cross-sectional analysis of
attendance data for patients from three urban EDs in
England: a large teaching hospital and major trauma
centre (site 1) and two district general hospitals (sites
2 and 3). Variables included patient age, gender,
ethnicity, deprivation score, arrival date and time, arrival
by ambulance or otherwise, a variety of ED workload
measures, inpatient bed occupancy rates and admission
outcome. Coding inconsistencies in routine ED data
used for this study meant that diagnosis could not be
included.

Outcome measure The primary outcome for the study
was unscheduled admission.

Participants All adults aged 16 and older attending the
three inner London EDs in December 2013. Data on 19
734 unique patient attendances were gathered.
Results Outcome data were available for 19 721
attendances (>99%), of whom 6263 (32%) were
admitted to hospital. Site 1 was set as the baseline
site for analysis of admission risk. Risk of admission
was significantly greater at sites 2 and 3 (adjusted
OR (AOR) relative to site 1 for site 2 was 1.89, 95%
Cl 1.74 t0 2.05, p<0.001) and for patients of black
or black British ethnicity (AOR 1.29, 1.16 to 1.44,
p<0.001). Deprivation was strongly associated with
admission. Analysis of departmental and hospital-
wide workload pressures gave conflicting results,
but proximity to the “4-hour target” (a rule that limits
patient stays in EDs to 4 hours in the National Health
Service in England) emerged as a strong driver for
admission in this analysis (AOR 3.61, 95% CI 3.30 to
3.95, p<0.001).

Conclusion This study found statistically significant
variations in odds of admission between hospital sites
when adjusting for various patient demographic and
presentation factors, suggesting important variations
in ED-level and clinician-level behaviour relating to
admission decisions. The 4-hour target is a strong driver
for emergency admission.

Strengths and limitations of this study

» Emergency admissions account for a substantial
and growing proportion of hospital bed days in
England, but while previous research has identified
age, ethnicity, comorbidity, socioeconomic status,
sex and referral source as factors influencing risk
of admission following emergency attendance,
organisational  factors including  emergency
department (ED) workload and staffing have not
been widely investigated.

» This study is among the firstto investigate emergency
admission patterns using routinely gathered ED
data, incorporating patient demographic factors, ED
workload factors and inpatient bed occupancy rates.

» The use of routine ED data in this analysis exposed
problems with coding and definitions in electronic
record systems, particularly relating to patient
diagnosis which was ultimately excluded from the
analysis. This may have an important bearing on
admission risk and is a limitation to this study.

» The analysis demonstrates marked variations in risk
of admission between EDs despite adjustment for
a range of patient demographic and organisational
factors. The proportion of patients who leave without
receiving treatment at each time point emerges
as a strong predictor of admission risk, as does
disposition decision making immediately before the
4-hour target for EDs in England.

INTRODUCTION

Emergency admissions—defined as unpre-
dicted admissions at short notice because of
clinical need—account for around 67% of
hospital bed days in England." Avoiding such
admissions, especially for conditions thought
appropriate for non-emergent ambulatory
pathways, is a priority for the National Health
Service (NHS). This is because of significantly
increased associated costs, negative impacts of
unscheduled admissions on elective care and
the risk to inpatients from nosocomial infec-
tions and venous thromboembolic disease.
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However, the upward trend in admission rates in England
in recent years has been marked, rising by 5.2% between
2013 and 2014 alone.””

The reasons for rising admission rates from emer-
gency departments (EDs) remain poorly understood.
Previous research aimed at identifying groups of patients
at increased risk for admission has demonstrated signif-
icant associations among age, sex, ethnicity, presence
of comorbid conditions, socioeconomic indices (depri-
vation may explain up to 45% of the variation in ED
admission rates between general practices in England)
and risk of emergency admission.” 7 These findings
have prompted the development of increasingly sophis-
ticated predictive tools to identify patients at high risk
for admission and readmission.”” However, focusing on
patients who frequently attend ED and on hospital read-
missions may overestimate the contribution of a relatively
small group to the rising burden of emergency admis-
sions overall—when most admissions actually come from
lower risk groups.Il The influence of changing models of
delivery in primary and urgent care—including out-of-
hours care, telemedicine and case management among
many others—has been investigated without evidence of
a clear effect on ED admission rates,"** although poor
continuity of primary care and clinician behaviour have
both emerged as possible factors in increased admission
rates from primary care."” '°

By contrast, factors that may affect a patient’s risk of
admission on presentation to the ED have received very
little attention. Clinician behaviour in the ED context
is addressed by a small number of studies from Canada
and the USA.'" '® Similarly, the operational and organisa-
tional features of an ED that may contribute to admission
risk have been poorly studied, although there is some
evidence that the 4-hour target—a policy introduced in
England in 2004 to limit patients’ time in EDs to 4 hours—
has led to a rise in shortstay admissions.'” There is also
evidence that levels of ED crowding increase rates of
admission.”” Evidence on the effect of other workload
factors on emergency admission is conflicting, although
higher inpatient bed occupancy may reduce the proba-
bility of admission.”’

To help build our understanding of the relative contri-
butions of patient, clinician and organisational factors to
emergency admission rates, we conducted an analysis of
the factors involved in clinician decisions to admit (both
long and short stays) or discharge ED attenders in three
inner-city EDs in London. This paper presents the results
of a cross-sectional analysis of a sample of all presenta-
tions across the three EDs over a period of one calendar
month (December), which was conducted to quantify the
effect of a selection of a patient and organisational factors
on the outcome of each presentation (ie, admission or
discharge). This is accompanied by a linked qualitative
study” exploring organisational factors affecting admis-
sion rates in more depth.

METHODS

Study sites

This was a cross-sectional observational study examining
routinely collected data on all ED attendances at three
inner-city EDs in London. Site 1 is a major, urban teaching
hospital (a major trauma centre, equivalent to a level one
trauma centre, with a hyperacute stroke unit), while sites 2
and 3 are urban, district general hospitals. Of these three
sites, sites 1 and 2 have formal ED clinical decision units
(CDUs) to accommodate short-stay admissions (typically
less than 24 hours), while site 3 has an ‘observational unit’
shared between the ED and various inpatient specialties
for short-stay admissions. For the purposes of this study,
admission to the observational unit at site 3 was regarded
as equivalent to admission to the CDUs at sites 1 and 2
(see below). All three sites have associated urgent care
centres staffed by a general practitioner and specialist
nurse, which see and filter a large volume of lower acuity
presentations. Key characteristics of each department are
outlined in table 1.

Data collection
The study population consisted of all ED attendees aged 16
and older presenting in December 2013, including both
ambulatory and ambulance service presentations. The
selected time period for data collection was convenience
based. We collected basic demographic information
(patient age, gender, ethnicity), arrival date and time, day
of the week, whether the patient had arrived by ambu-
lance or by another means, referral source, the final ED
diagnosis, length of stay, whether the patient remained
in the ED for longer than 4hours and the admission
outcome. Data on acuity of patient presentation (in the
form of triage scores by individual presentation) could
not be obtained for this study. Supplementary data for
patients admitted to the CDU included discharge date
and time and diagnosis on discharge. Data across the
three sites were extracted independently by data collec-
tors overseen and trained by the second author.
Extensive data transformation was performed prior to
analysis. Patient age data were converted into four banded
groups: 16-34, 35—-64 and 65-84 and 85 and older. This
approach was dictated partly by the need for parsimony
in the number of categories within each predictor vari-
able and differences in the distribution of patients by
age group across the three study sites (the proportion of
presenting patients in the 85 and older category at site 2
was more than three times greater than each of'sites 1 and
3). Primarily, however, it was driven by clinical evidence
on the prevalence of multimorbidity and frailty among
the ‘oldest old’ (85 and older), when compared with
younger patients,” ** and rising emergency admission
risk among older age groups.” Ethnicity codes across
the three sites were recoded into six categories (Asian or
Asian British, black or black British, mixed background,
white, unknown and other). Deprivation scores were
derived for each individual based on postcode data and
use of the Index of Multiple Deprivation 2010 and then
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- assigned a quintile score based on rankings across the
5 53 three sites (table 2).”° Outcome data relating to admis-
g .g > sion to the observational unit at site 3 were adjusted by
— g S recoding those patients identified as ‘admitted as inpa-
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c . y .. . s ..
ﬁ 3 " tient’ (admission outcome) and ‘A&E’ (admitting team)
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[ cecr .. . . . .
S oS as CDU admissions, to bring them into line with the other
oo Y .
= &5 ® 3 § two sites.
—
: | GER|gcs
g Generation of proxy variables for ED workload, hospital
A -
s X workload and staffing levels
= g Various proxy measures of for ED workload have been
@ S proxy
© ? © developed and some validated, but consensus on the most
© . . 97
= 2 Z o0 robust measures of crowding does not yet exist.”” >’ Thus,
> . .
o 2 2 T é a range of derived measures were included to test the
% 5L E£90 strength of association with admission or discharge, using
o ® 2 2 g g arrival time data to derive measures at each hour during
= . .
2 = © E 8 the day throughout the month, as outlined in table 2.
L =L 59+ For each patient, the value for each of these variables
= 5| 5 N P
+ . . . .
2 g 2 =) 8' 8 corresponding to the patient arrival time was selected
§ o|ld & &2 as the proxy for ED workload during their time in the
§o) department. Inpatient bed occupancy rate by day of
b= . . .
w = arrival at each site was also incorporated (hourly data
= = n c P y
g (3% 2 were not available). Finally, staffing information for each
E -g S 'g site (table 1) was used to derive a variable for the presence
% 5 23 or absence of a consultant on duty (consultant present
2 -g g_g or absence). Additional workforce variables capturing,
o 58SEE|« oo for instance, junior doctor and nurse staffing rates, were
5 Z2005|+~ ~ A . .
) not included because the complexity of rotas could not
g = rZ:' readily be codified in variable form for a cross-sectional
g T 9 analysis.
© o =
S - ¢ <
= o )
= s & E Outcomes
ge! 'g g8 The single outcome of interest in this analysis was emer-
g 2281359 gency admission (both inpatient and CDU), which was
= coded as a binary variable.
=
(2}
(2}
= o Analysis
= V=
o ® S - .
= 5 O Data were summarised in IBM SPSS Statistics V.22.0 using
§ -g S o simple cross-tabulations and ORs calculated from these
2 3 E § = tables including adjustment for confounders to identify
© o~ . D . .
= © potential associations of interest. In order to exclude
§ T o the possibility of significant multicollinearity between
o< workload variables given the metho whic ese
o ; kload bles g th thod by which th
- . . . .
£ 3 were derived, diagnostic tests were performed in SPSS;
P £ no significant collinearity was demonstrated between
:‘C-'_ a2 them. Data were then analysed with binary logistic regres-
ox| BE sion used to estimate adjusted ORs (AORs) for the single
25 5 2 outcome variable identified above, in two models as
2] o
= o follows:
g6 Ecv . . : .
*g 2 202 » Model I: risk of admission adjusted for potential
E a %% g patient demographic and arrival mode confounders
g o2 g g - (gender, age, ethnicity, deprivation quintile, arrival by
= ~ O . . . . .
2S5 25§ ..3 NS § ambulance or otherwise, site and shift during which
2 the patient arrived). We used white British as the
E, E N reference ethnic group for regression analyses.
25 21220 » Model 2: risk of admission adjusting for the staffing
e i B8 and workload measures outlined above (with,
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Table 2 Definitions for derived variables for ED and hospital workload and staffing factors used in this analysis

Variable Variable type  Definition

IMD score Categorical Quintile 1 (least deprived)—IMD score <24.94
Quintile 2—IMD score 24.94-34.75
Quintile 3—IMD score 34.76-41.05
Quintile 4—IMD score 41.06-48.33
Quintile 5 (most deprived)—IMD score>48.33

ED bed occupancy rate Continuous Ratio of patients in the department in any given hour during the day, to the
number of adults beds in the ED (see table 1)

Arrival intensity Continuous Raw number of patients arriving in the department during each hour of the
day

Ambulance arrival intensity Continuous Ratio of patients arriving in the department by ambulance in any given hour,
to the total number of patients arriving in that hour

‘Left without being treated’ Continuous Number of patients who left without treatment in any given hour as a
proportion of all those leaving within the same hour

Late discharge Binary Positive score (1) applied to each patient who left the department between
230 and 240min of initial attendance time. This measure was derived to
investigate the impact of the 4-hour quality indicator on admission

Inpatient bed occupancy rate  Continuous Proportion of general and acute medical beds occupied within each hospital,
each day of the month. Figures are reported at 9:00 every day

Consultant on duty Binary Positive score (1) applied to each record for which a consultant was on duty

at the time of arrival in the ED

ED, emergency department; IMD, Index of Multiple Deprivation.

again, white British used as the reference group
for the ethnicity categorical variable), in addition
to the patient variables listed in model 1. In view of
uncertainty over the value of including different
workload variables, a stepwise approach was taken
to inclusion or exclusion of workload variables from
the model, using a backward elimination approach in
which only those variables with a p value less than 0.05

were retained.

RESULTS
Descriptive statistics

Most of these presentations (66%) occurred during
day shifts, defined as covering a time of arrival between
8:00 and 20:00. There was some variation in attendance
rates across the week with higher attendance on Monday,
Tuesday and Sunday at all three sites. A greater propor-
tion (44%) of patients arrived at site 2 by ambulance,
compared with sites 1 and 2 (30% and 36%, respectively).
Age bands for the patients presenting showed a skew
toward younger age groups compared with national data,
which is consistent with the urban and mobile popula-
tions of the areas served by the three sites, although the
age profile at site 2 is notably older at site 2, with 9% in
the ‘oldest old’ age group compared with 2% and 3% at

The dataset comprised 19734 unique patient atten-
dances, for which some basic descriptive statistics are
summarised in tables 3 and 4 below. Of these unique
attendances, 844 (4%) were coded as either ‘unplanned’
or ‘planned’ follow-up attendances, and on average, 8%
of patients at each site attended on more than one occa-

sites 1 and 3, respectively. This observation may partially
account for a higher proportion of arrivals by ambulance
at site 2 when compared with the other sites.

Ethnicity data were available for 19721 (over 99%) of
the attendances and demonstrated predominantly white

sion in a calendar month.

or white British populations (46% of all attendances)

Table 3 Descriptive statistics for ED workload factors, by site

Site 1 Site 2 Site 3 ALL

Median IQR Median IQR Median IQR Median IQR
ED bed occupancy rate 134% 63% 97% 41% 143% 74% 124% 68%
Arrival intensity 16 10 9 5 9 6 11 8
Ambulance arrival intensity 27% 19% 43% 26% 33% 28% 33% 24%
‘Left without being treated’ intensity 0% 0% 0% 0% 0% 8% 0% 0%
Inpatient bed occupancy rate 95% 2% 92% 5% 96% 4% 95% 5%

ED, emergency department.
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but with significant Asian or Asian British populations
across all three sites (27% of all attendances). One (site
3) showed black or black British patients forming a much
larger proportion (17%) compared with the other two
(9% and 11%,respectively, for sites 1 and 2).

Diagnoses were available for all unique attendances, but
of these, a substantial proportion (over 20%) described
either patient disposition (eg, ‘admission to inpatient
care’, ‘venous thromboembolism risk assessment’) or
were not diagnoses but rather body sites or symptoms (eg,
‘abdomen’, ‘knee’ or ‘chest pain’). This varied consider-
ably between sites. For example, the code ‘admission to
inpatient care’ accounted for 32% of final ED diagnoses
in site 3, compared with 0.02% at site 2. For this reason,
ED diagnosis was not included in the regression analyses.

Descriptive statistics for the ED workload measures
(continuous variables) generated are given in table 4.

Outcome data were available for every recorded
attendance in the study period. Of the 19734 unique
attendances, 6263 (around 32%) resulted in admission,
but with large differences in outcome across the three
sites, with around 43% of all presentations resulting in
inpatient admission at site 2, as opposed to 23% at site 1%
and 33% at site 3.

Binary logistic regression results are presented in
table 5. Analysis of patient factors revealed that those of
black or black British ethnicity were significantly more
likely to be admitted as inpatients when adjusting for
all other factors (including hospital site); black or black
British patients had an AOR for admission of 1.29 (95%
CI 1.16 to 1.44, p<0.001) in model 1. Odds of admission
for other ethnic groups were not found to be significantly
greater than the baseline group (white) in this analysis.
Age was strongly associated with admission outcome, with
rising AORs for admission with increasing age, especially
among the ‘oldest old’. Female patients were marginally
more likely to be admitted as inpatients in both models
(AOR 1.16, 95%CI 1.08 to 1.24, p<0.001 in model 1).
Increasing deprivation was strongly associated with higher
risk of admission in this analysis. Analysis of patient
presentation factors demonstrated greatly increased odds
of admission if a patient arrived by ambulance (AOR 2.89,
95% CI 2.69 to 3.10, p<0.001 in model 1). Neither arrival
day (weekday vs weekend) nor shift exerted a significant
effect in model 1 or 2. Patients presenting with an ambu-
latory care sensitive condition (ACSC) were at greater risk
for inpatient admission when compared with all other
presentations and adjusting for other factors (AOR 1.27,
1.14 to 1.41, p<0.001, in model 1).

Results relating to organisational factors in model
two demonstrated statistically significant differences in
AORs for admission by site, with odds of admission being
greater at sites 2 and 3 than site 1 (and particularly so
for site 2, AOR 1.89, 95% CI 1.74 to 2.05, p<0.001, in
model 1). This observation held even when controlling
for departmental load factors in model 2 (AOR for site 2
was greatest in both models: AOR 1.75 in model 2, 95%
CI 1.60 to 1.92, p<0.001). However, analysis of various

workload-related factors gave conflicting results with
respect to admission risk. In this analysis, both left without
being treated (LWBT) intensity (AOR 1.83, 95% CI 1.10
to 3.04, p<0.05) and particularly disposition decision in
the 10min leading up to the 4-hour target (3.61, 3.30 to
3.95, p<0.001) were markers of risk of emergency admis-
sion. By contrast, high ED bed occupancy rate marginally
reduced the risk of admission (AOR 0.80, 95% CI 0.74
to 0.87, p=0.001). Arrival intensity (both in total and by
ambulance alone) and inpatient bed occupancy rate had
no discernible effect on admission risk and were removed
from model 2 to improve fit. In this analysis, presence of
a consultant conferred an increase in risk of admission
when controlling for other factors (AOR 1.24, 1.08 to
1.41, p<0.05).

DISCUSSION
This analysis found statistically significant differences
in odds of admission between sites which could not be
explained by a range of patient demographic, patient
presentation and workload-related factors. Explanations
for the magnitude of the difference in admission risk
between sites are not immediately apparent. Although a
greater proportion of patients attending at site 2 arrived
by ambulance and were in the oldest age group (65 and
older), odds of admission remain significantly different
between sites even when controlling for these variables.
However, our accompanying qualitative analysis of organ-
isational factors suggests that cultural factors may be
important; respondents identified additional manage-
ment pressures at site 2 and a less supportive environment
for junior staff as important factors in explaining admis-
sion risk”. Deconstructing the ‘cultural’ factors that
may contribute to admission risk is an important area
for future research. Analysis of demographic factors in
this study corroborates results from analyses elsewhere,
notably the clear relationship between rising deprivation
level and admission risk fits with findings from a range
of other studies*® 7’9, and the increased risk of admission
observed for patients of black or black British ethnicity,
a strong association possibly reflecting the particular
burden of chronic disease morbidity in these patients.
These findings suggest that other ED-related and
clinician level behaviours may play an important role
in admission rates. In particular, the strength of the
observed relationship between late discharge (ie, patients
who leave the ED in the 10min preceding the 4-hour
target) and risk of admission suggests that the 4-hour
waiting time target for EDs in England influences deci-
sions to admit. Clinicians may be admitting patients
they had expected to discharge, as they were unable to
complete their diagnostic and/or therapeutic workup in
the 4-hour time frame. Conflicting findings from analysis
using a variety of ED workload measures, some of which
(eg, LWBT intensity and ED bed occupancy rate) are
regarded as well-validated measures, suggest that caution
should be exercised in using quantitative proxies for
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Table 5 Continued

Model 2

Model 1

95% CI for AOR

95% CI for AOR

Lower Upper p Value AOR Lower Upper p Value

AOR

1.00*
3.61

Admitted before 3:50

10 min prior to - Aqmitted after 3:50

Admission in
4hours

3.95 <0.001

3.30

<0.001
0.020

0.74 0.87
3.04

1.10

0.80

ED bed occupancy rate

LWBT intensity

Additional

1.83

workload

measures

*Reference category.

ACSC, ambulatory care sensitive condition; AOR, adjusted OR; ED, emergency department; IMD, Index of Multiple Deprivation; LAS, London Ambulance Service; LWBT, left without being

treated.

workload. Nevertheless, results suggest that knowledge
of high bed occupancy in the ED may dissuade clinical
teams from admitting patients, although no relationship
with inpatient bed occupancy was demonstrated.

Strengths and limitations of the analysis

This cross-sectional analysis of attendance data from three
EDs in England is among the first to use routine ED data
to develop a multidimensional view of patient-related,
presentational and department workload factors that may
influence admission decision making. However, the use of
routine ED data exposed significant problems with coding
and definitions that have been discussed elsewhere,” and
the absence of patient diagnosis and comorbidity data is a
major limitation to this analysis. Both factors may have an
important bearing on admission risk. However, the selec-
tion of three hospital sites serving similar parts of London
where we would not expect to see systematic differences in
the quality of primary care, and analysis of data on a large
number of attendances (approaching 20000) of varying
acuities suggests that patient case-mix is unlikely to fully
account for the significant variation in admission risk
observed between sites. On the other hand, this may limit
the generalisability of findings, since the selected sites
are within relatively close geographical proximity to one
another. Second, the use of presentation data covering
a single winter month in which there is often significant
volatility in emergency attendances is a limitation which
might be addressed through inclusion of data covering
longer time periods in future studies.” Third, a subset of
patients were identified as having presented on multiple
occasions across the single month of this study. For the
purposes of this analysis, all attendances were treated as
unique events, and no supplementary analysis of repeat
attenders with (potentially) linked attendance patterns
was attempted. Finally, ED workload variables were gener-
ated for each patient at a single, fixed time-point and are
therefore an approximation. This was particularly the
case for inpatient bed occupancy rates, for which only
daily bed occupancy rates for each site could be obtained.
However, it also applies to measures such as consultant
staffing, for which single estimates were generated based
on the patient’s time of arrival. This may have led to the
analysis of some attendances as ‘consultant staffed’, when
in fact a consultant was not on duty when the decision to
admit or discharge was made. The cross-sectional design
of the study meant that it was not possible in this anal-
ysis to model ED workload factors as dynamic variables.
Building a more complete picture of variations in risk
over time is an important area for further research.

CONCLUSIONS

In this analysis, risk of inpatient admission was found to
be significantly higher at two of the sites when compared
with the first, adjusting for a variety of demographic,
patient presentation and departmental factors. Risk of
admission was also greater for those of black or black
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British ethnicity. Evidence on the role of ED workload
factors was conflicting, but the 4-hour target emerges as a
strong driver for admission behaviour.
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