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ABSTRACT
Background Long lengths of stay (also called waiting 
times) in emergency departments (EDs) are associated 
with higher patient mortality and worse outcomes.
Objective To add to the literature using high- frequency 
data from a large number of hospitals to analyse factors 
associated with long waiting times, including exploring 
non- linearities for ’tipping points’.
Methods Multivariate ordinary least squares 
regressions with fixed effects were used to analyse 
factors associated with the proportion of patients in EDs 
in England waiting more than 4 hours to be seen, treated 
and admitted or discharged. Daily situation reports 
(Sitrep), hospital episode statistics and electronic staffing 
records data over 90 days between December 2016 
and February 2017 were used for all 138 English NHS 
healthcare providers with a major ED.
Results Higher inpatient bed occupancy was correlated 
with longer ED waiting times, with a non- linear 
association. In a full hospital, with 100% bed occupancy, 
the proportion of patients who remained in the ED 
for more than 4 hours was 9 percentage points higher 
(95% CI 7.5% to 11.1%) than with an 85% occupancy 
level. For each percentage point change in the following 
factors, the proportion of ED stays over 4 hours also 
increased: more inpatients with hospital length of stay 
over 21 days (0.07%, 95% CI 0.008% to 0.13%); 
higher emergency admissions (0.08%, 95% CI 0.06% 
to 0.10%); and lower discharges relative to admissions 
on the same day (0.04%, 95% CI 0.02% to 0.06%), the 
following day (0.05%, 95% CI 0.03% to 0.06%) and at 
2 days (0.05%, 95% CI 0.04% to 0.07%).
Conclusions These results suggest that tackling patient 
flow and capacity in the wider hospital, particularly 
very high bed occupancy levels and patient discharge, 
is important to reduce ED waiting times and improve 
patient outcomes.

INTRODUCTION
Long stays in emergency departments (EDs) are 
associated with higher patient mortality and worse 
outcomes.1 2 However, with ageing populations 
and more complex conditions, patient demand for 
emergency care has been rising in many countries. 
This additional pressure on EDs makes it more 
difficult to keep throughput times short.

Several countries and regions, including England, 
Australia, Stockholm, Scotland and Northern Ireland, 
have implemented waiting time standards to measure 
and reduce the length of ED visits. In England, the 
National Health Service (NHS) constitutional stan-
dard is that 95% of patients attending EDs should 
be seen, treated and admitted or discharged within 
4 hours.

Key messages

What is already known on this topic
 ► Longer lengths of stay in emergency 
departments (EDs) are associated with higher 
patient mortality and worse outcomes.

 ► Some evidence suggests that higher bed 
occupancy and a higher proportion of patients 
attending the ED who are admitted are 
associated with patient waits in EDs, but 
research has been based on short time periods, 
small numbers of hospitals or aggregated data.

What this study adds
 ► Data from daily situation reports (Sitrep), 
Hospital Episode Statistics and Electronic 
Staffing Records over 90 days between 
December 2016 and February 2017, covering all 
major EDs in England, was used to assess the 
factors associated with patient lengths of stay 
in EDs.

 ► Our study found that higher proportions of 
patients waited over 4 hours in ED to be seen, 
treated and discharged or admitted when bed 
occupancy levels were higher, potentially due to 
access block.

 ► The association was non- linear; the relationship 
was observed when occupancy was higher than 
88% and then accelerated above 92%.

 ► In a full hospital, with 100% bed occupancy, 
the proportion of patients waiting over 4 hours 
in an ED was 9 percentage points higher than at 
an 85% occupancy level.

 ► Higher numbers of long- stay admitted patients 
were independently associated with longer ED 
waits, potentially due to reduced bed flexibility.

 ► These results demonstrate the important link 
between factors in the rest of the hospital and 
waiting times in the ED.
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After more than 5 years of deterioration, the proportion of 
emergency patients attending English EDs who spent less than 
4 hours in the ED reached a low of 77% in the winter of 2018.3 
There has been a strong focus on reducing the length of stay 
of patients in EDs (often called waiting times) and returning to 
compliance with the 95% constitutional standard. Identifying 
factors associated with longer patient stays is crucial to under-
standing where to target interventions.

Previous research highlighted the importance of bed occu-
pancy4–7 and the proportion of patients attending the ED 
who were admitted into the hospital (the 'admissions conver-
sion rate')7 8 on patient waits for emergency care in England. 
However, this research was limited by use of a short time period, 
or less often, aggregated data. For example, Cooke et al9 identi-
fied a relationship between bed occupancy and the proportion of 
patients waiting for more than 4 hours, but only covered a single 
2- week period in 2002. Keogh et al8 analysed factors similar to 
those used in our study over a 4- year period, but their model’s 
explanatory power was limited by using annual data. High- 
frequency data are particularly important in studying emergency 
care as these are highly complex and fast- moving systems—the 
median time patients are in an ED is around 150 min10—meaning 
that quarterly or annual data can miss large daily fluctuations in 
patient waiting times, pressures and capacity.

Other studies that have used more granular data have shown 
links between time in ED and bed occupancy. In their system-
atic review, Morley et al11 found that the inability to transfer a 
patient to an inpatient bed was cited as a major contributor to 
ED waits in all eight studies that considered this factor. In a study 
of one US hospital, Asaro et al similarly found that increased bed 
occupancy was associated with longer ED waits.12 Qualitative 
research with ED staff has also identified that lack of inpatient 
bed availability is perceived by ED staff as a major cause of waits 
in the ED.11

However, these studies have tended to be carried out using a 
small number of hospitals (typically one, up to a maximum five). 
This potentially limits the external validity of the findings and 
also limits the variation in the factors analysed. For example, 
Lucas et al13 found no correlation between hospital- wide occu-
pancy and ED waits, but the authors acknowledged that this 
could have been due to occupancy being low on the majority 
of the days they studied. This also highlights the importance of 
considering non- linear relationships when looking at bed occu-
pancy effects.

The objective of this study was to use data collected daily 
from a large number of hospitals to add evidence on the range of 

factors that are associated with patient lengths of stay in emer-
gency care—measured by the proportion of ED attendances 
that took more than 4 hours to be seen, treated and admitted 
or discharged—in England in winter 2016–2017. This analysis 
focused particularly on the effect of bed occupancy and types 
of inpatient. For bed occupancy, we studied whether there were 
non- linear effects on ED waits and potential 'tipping points' at 
very high occupancy levels.

METHODS
Data
Our data were drawn from daily situation reports (Sitrep), 
hospital episode statistics and electronic staffing records (ESR). 
These databases allowed us to identify operational factors, patient 
characteristics and substantive ED staff. The data covered all 138 
NHS Trusts with a major (type 1) ED in England, for each day 
between 1 December and 28 February in 2016–2017 inclusive. A 
type 1 ED is defined as having a consultant- led 24- hour service, 
with full resuscitation facilities and designated accommodation 
for the reception of accident and emergency patients. We focus 
solely on type 1 EDs due to the heightened acuity and time sensi-
tivity of patients present.

Figure 1 describes how the data were cleaned to exclude 
missing or unrealistic values.

Study variables and transformation
Our dependent variable was the proportion of patients attending 
an ED each day who waited more than 4 hours to be seen, treated 
and admitted or discharged. This was chosen to be aligned to the 
most common metric of ED waiting times monitored nation-
ally across all EDs in England. We categorised our explanatory 
variables into three groups: hospital factors, inpatient types and 
control variables. These variables were chosen based on a review 
of the existing literature on patient waiting times for emergency 
care5–7 14 and discussions with emergency care clinicians. Factors 
were included to cover the whole emergency care pathway, 
based on the hypothesis that the inability to admit patients from 
the ED into the hospital causes patient waits in the ED ('access 
block'), in addition to factors within the ED itself. All variables 
are daily and taken from hospital episode statistics, unless other-
wise stated.

Hospital factors
We measured bed occupancy (using Sitrep data) as a percentage 
of general and acute inpatient beds occupied, in discrete 1% 
intervals (indicator variables). This is defined as a census snap-
shot taken at 08.00, with a count of (i) the number of beds open 
and (ii) the number of those beds occupied. Observations above 
100% were therefore removed from the data.

We included an admissions to discharges ratio, calculated as 
the number of emergency admissions divided by the number of 
inpatients discharged from hospital on the same day. We used 
this variable to explore the mechanism of bed occupancy in 
more depth—this variable replaces bed occupancy in our second 
regression (model b). Our hypothesis was that the number of 
discharges relative to admissions may continue to affect the ease 
of admitting patients from ED in subsequent days. For example, 
it can be difficult to discharge patients at the weekend, which 
clinicians told us contributes to hospitals being more congested 
on Mondays.

We also included total admissions, defined as all elective and 
non- elective admissions on the day, to measure overall demand 
for hospital beds. We included a measure of senior doctors 

Figure 1 Observations included and excluded from the analysis. ESR, 
electronic staffing records
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(monthly, ESR), defined as the proportion of the ED workforce 
whole- time equivalents, as recorded in the ESR for the month, 
who were medical staff in registrar grades and higher.

Inpatient types
We investigated two characteristics of the patients occupying 
beds in the wider hospital. To look at the effect of long- stay 
patients, we included the proportion of all inpatients with length 
of stay of 7 days or more who have stayed 21 or more days in 
hospital. This variable was constructed as a ratio to account for 
potential differences in average length of stay across healthcare 
providers and over time, driven by case mix and demographic 
differences. Our hypothesis was that long- stay patients may 
reduce the flexibility of the bed base, making it more difficult to 
admit patients from the ED.

Second, we looked at the proportion of beds occupied by 
patients with influenza, identified as those whose primary or 
secondary diagnosis code is J09–J12. Patients with influenza 
are often isolated from other patients, which can take out an 
entire bed bay and disrupt hospitals, including the emergency 
care pathway.

Control variables
Our controls include the size of the ED (monthly, ESR) measured 
through the total staff working in the ED (whole- time equiv-
alents), the day of the week, week of the year and bank holi-
days. We also controlled for attenders’ characteristics, including 
gender and age mix of attenders and the proportion of atten-
dances (i) that were self- referrals; (ii) that were from emergency 
services; (iii) with psychiatric conditions; (iv) for respiratory 
conditions and (v) with no investigation.

Control variables were chosen to account for wider factors 
that could affect ED waiting times, but which hospitals are 
less able to influence in the short term. These are in line with 
previous research.7

Large, persistent differences in ED waiting times were found 
between NHS Trusts. Some had very variable ED waiting times, 
whereas others remained steady—something noted in previous 
research.7 The factors that lie behind these differences among 
healthcare providers may include items that we cannot directly 
observe, such as culture, leadership or characteristics of the local 
population. We used statistical methods (a fixed effects regres-
sion) to control for these differences.

Statistical methods
We used multivariate ordinary least squares regressions with 
fixed effects.

Given the complex nature of the factors that influence ED 
waiting times, this allowed us to isolate the effects of each vari-
able in turn, and to control fully for time- invariant differences 
between healthcare providers:

 yit = αi + β1Xit + β2zit + uit  (1)

where ya is the proportion of patients who spent more than 
4 hours in an ED, Xa variables of interest, za control variables, ua 
is the error term and ai is the NHS Trust fixed effect. Each day is 
indicated by t and each NHS Trust by i.

We analysed two adaptations to the model. In model (a) we 
included indicator variables indicating the bed occupancy level 
in percentage points and the daily admissions ratio. In model 
(b) we omitted bed occupancy variables and the daily admis-
sions ratio and instead included the admissions to discharges 
ratio (on the day and the two preceding days) and a measure 
of total admissions. We corrected for heteroscedasticity using 

clustered standard errors. As our dependent variable was 
strictly bound between 0 and 1, we checked the results against 
a fractional logit model with binomial family distribution. The 
statistical package STATA 13 was used for all analyses. A p 
value <0·05 was considered statistically significant. We used 
the STROBE (Strengthening the Reporting of Observational 
Studies in Epidemiology) case–control checklist when writing 
our report.15

Patient and public involvement
We did not involve patients or the public in our work.

RESULTS
In winter 2016–2017, the proportion of ED patients nationally 
who waited over 4 hours varied between 13% and 31%, and 
across providers varied between 0% and 66%. Table 1 displays 
the results for the regressions. Looking at the R2, the models 
account for up to 26% of the variation in the proportion of ED 
waits of over 4 hours. Our sample was a strongly balanced panel 
containing 12 420 observations, before removing spurious and 
missing data. Similar results were found using the fractional logit 
model (online supplemental appendix 1) .

Hospital factors
Higher bed occupancy levels had a non- linear association with 
ED waiting times. A higher percentage of beds occupied above 
88% was associated with a greater proportion of ED patients 
waiting for longer than 4 hours to be seen, treated and admitted 
or discharged (figure 2), compared with 85%. Occupancy levels 
between 88% and 92% were associated with 2–4 percentage 
points more patients spending over 4 hours in EDs. Above 92% 
the magnitude increased for each additional one percentage point 
of bed occupancy. The largest effect was at 100% bed occupancy, 
which was associated with a 9 percentage point increase in the 
proportion of patients waiting over 4 hours.

To confirm the robustness of these findings we tested two 
alternative transformations of the bed occupancy variable: (1) 
a continuous variable and (2) three indicator variables for bed 
occupancy below 88%, 88%–92% and above 92%. Both alterna-
tives confirmed the direction and magnitude of the association. 
Last, to have a baseline estimate of how strong the effect of bed 
occupancy would be without the other covariates we ran model 
(a) with the intervals of bed occupancy as the only explanatory 
variable, showing a strong and similar relationship to that of 
model (a). All these results can be found in online supplemental 
appendix 1.

Higher numbers of emergency admissions were associated 
with more waits over 4 hours. A one percentage point rise in the 
ratio of emergency admissions on the day to the average emer-
gency admissions for that ED across the whole winter period was 
associated with 0·08 percentage points more patients spending 
over 4 hours in EDs (table 1).

In model (b), we found that a lower ratio of non- elective 
admissions relative to inpatient discharges was associated with 
more ED patients waiting more than 4 hours both on the same 
day, as well as in the following 2 days. The effect on each day 
was about equal: a one percentage point increase in the ratio 
of non- elective admissions to inpatient discharges (indicating 
fewer discharges relative to admissions) was associated with a 
0·04–0·05 percentage points increase in the number of patients 
spending more than 4 hours in ED (see table 1).
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Inpatient types
In our analysis of inpatient types, we found among patients with 
length of stay of 7 days or more in hospital, that a higher propor-
tion who had stayed 21 or more days was associated with more 
patients waiting over 4 hours in the ED. A one percentage point 
increase in the proportion of long- stay patients was associated 
with 0·1 percentage points more patients spending over 4 hours 
in the ED. We did not find a statistically significant association 
between the proportion of patients with influenza and length of 
stay in the ED.

DISCUSSION
Summary of findings
By exploiting high- frequency daily data across winter, our anal-
ysis identified several factors associated with longer patient 
waiting times for emergency care.

Higher bed occupancy was associated with longer ED waits. 
A potential mechanism for this effect is access block, where 
'patients in the ED requiring inpatient care are unable to gain 
access to appropriate hospital beds within a reasonable time 
frame'.16 Our findings suggest that this problem may become 
increasingly more pronounced above 92% and as occupancy 
levels approach 100%. This aligns with previous research,6 7 11–14 

and more general findings that patients who are admitted to a 
bed in hospital wait longer in the ED than those who are not 
admitted.17

Our paper adds important understanding of this relationship 
by demonstrating that it is non- linear and identifying where 
tipping points lie, something highlighted as an area for future 
work in existing literature.8 These findings support efforts to 
reduce bed occupancy to improve patient waiting times in the 
ED, particularly very high levels of occupancy. With average bed 
occupancy hovering around 92% in England, this suggests that 
small changes in bed occupancy could imply significant changes 
in ED waiting times.

In addition to bed occupancy, our analysis found that an 
increase in the ratio of non- elective admissions relative to 
discharges increases ED waits on the day and also in the following 
2 days. Moreover, inclusion of the admissions to discharges 
variable removed any explanatory power from our day of the 
week controls, which suggests that differences in the daily ratio 
between discharges and admissions may explain within- week ED 
waiting time variation. These findings emphasise the importance 
of maintaining discharge levels—for example, over weekends—
to reduce ED waits in subsequent days.

Table 1 Results of the fixed effects multivariate regression

Effect on the proportion of patients waiting over 
4 hours (in percentage points change) Model (a) 95% CIs Model (b) 95% CIs

Hospital factors Bed occupancy:     

  85% 0 (0.000 to 0.000)   

  86% 0.012 (−0.001 to 0.025)   

  87% 0.009 (−0.002 to 0.020)   

  88% 0.027*** (0.015 to 0.038)   

  89% 0.023*** (0.012 to 0.035)   

  90% 0.035*** (0.022 to 0.047)   

  91% 0.035*** (0.023 to 0.047)   

  92% 0.039*** (0.026 to 0.052)   

  93% 0.043*** (0.029 to 0.056)   

  94% 0.049*** (0.036 to 0.063)   

  95% 0.052*** (0.038 to 0.066)   

  96% 0.060*** (0.046 to 0.074)   

  97% 0.062*** (0.047 to 0.077)   

  98% 0.071*** (0.056 to 0.086)   

  99% 0.084*** (0.068 to 0.100)   

  100% 0.093*** (0.075 to 0.111)   

Admissions:discharges ratio   0.037*** (0.017 to 0.057)

L1.admissions:discharges ratio   0.047*** (0.034 to 0.059)

L2.admissions:discharges ratio   0.054*** (0.042 to 0.067)

Daily admissions ratio 0.081*** (0.063 to 0.100)   

Total admissions   0.000 (−0.000 to 0.000)

  Senior doctors −0.047 (−0.270 to 0.177) −0.038 (−0.272 to 0.197)

Inpatient types Long- stay patients 0.069* (0.008 to 0.130) 0.128*** (0.064 to 0.192)

Influenza 0.384 (−0.263 to 1.031) 0.485 (−0.125 to 1.095)

Control variables   Yes   Yes   

  Observations 11 790   11 544   

  R2 0.263   0.230   

We analysed two adaptations of the model: model (a), which included indicator variables indicating the bed occupancy level in percentage points and the daily admissions ratio; 
and model (b), which omitted bed occupancy variables and instead included continuous variables measuring the patient flows that determined occupancy: total daily admissions 
and admissions to discharges ratio. Other control variables are the same in both models. 95% confidence intervals in brackets. Clustered standard errors. The results for the 
bed occupancy intervals below and equal to 85% are grouped in the 85% category—only 6% of observations of bed occupancy were below that level and the results of the 
regression on those intervals were not significant. Full tables can be found in the supplementary online material.
*p < 0.05, **p < 0.01, ***p < 0.001.
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Our analysis found that a higher proportion of long- stay 
patients (>21 days) was associated with longer patient ED 
waiting times. Long- stay patients may be more difficult to 
discharge quickly when there is additional pressure from the ED, 
as they often require social or community care or have multiple 
comorbidities,18 and this may affect bed flexibility.

Reducing the number of long- stay patients will become more 
challenging as health systems worldwide face ageing popu-
lations with more complex health needs. In England, long- 
stay patients may have a particularly large effect because they 
account for a disproportionately large amount of bed capacity—
they comprised just 4% of patients but around 40% of total bed 
days.14 To tackle this, a new ambition was introduced—namely, 
to reduce the number of long- stay patients in NHS hospitals by 
25% in advance of winter 2018–2019.19

Strengths and limitations
This study used daily data with wide coverage across all major 
EDs in England, to analyse the factors associated with longer 
patient waiting times for emergency care. Previous studies, 
which used annual data, shorter time periods or a smaller sample 
of EDs, captured less variation in bed occupancy and patient 
waiting times and so were unable to analyse the relationships at 
such a granular level.5 6 8 9 14 The statistical methods and robust-
ness checks used should reduce potential bias and account for 
cross- healthcare provider heterogeneity.

We have been unable to include some factors in our research. 
For the workforce, we were limited to monthly data of substan-
tive staff only, so did not fully capture daily staffing mix, agency 
use and shift- level patterns. Our healthcare provider- level anal-
ysis also did not account for the, sometimes large, differences 
between sites for healthcare providers with more than one type 
1 ED.

The NHS in England has a specific 4- hour waiting time stan-
dard and relatively high levels of bed occupancy,20 which may 

limit the generalisability of the results. However, the general 
structure of emergency care provision is similar in many 
countries.21

Further work could also include other types of beds, such as 
critical care, mental health and community beds. There may 
also be benefits from obtaining even higher frequency bed data 
than daily. Fifty- eight per cent of NHS patients have a length 
of stay of 1 day or less,17 so use of beds changes substantially 
throughout each day. Splitting waiting times by admitted and 
non- admitted patients could add insight into the mechanisms 
by which bed occupancy is associated with ED waiting times, 
including whether the subset of patients who require an inpa-
tient bed may be experiencing exit block.

Implications
Longer patient waits in EDs are associated with higher patient 
mortality and worse outcomes. By identifying and quantifying 
the relationships with long ED waits, our study suggests areas 
on which hospitals and systems can focus to improve ED waiting 
times. Our findings point to the importance of tackling capacity 
and flow in the wider hospital—including very high occupancy 
levels—and local health and social care systems to decrease the 
time patients spend in EDs.
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