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Background
The National Health Service in England has encouraged the
development of specialised services for patients with high-
intensity use of emergency departments: liaison psychiatry
services in emergency departments and community services.

Aims
To evaluate the effect of different types of high-intensity use
services on attendances at emergency departments, for those
with 5 (HU5) or 10 (HU10) or more attendances in the previous
12 months, and the subset of this group with probable mental
health problems, versus emergency departments without
locality high-intensity use services.

Method
A retrospective longitudinal study was conducted using
nationally sourced data from 13 hospitals in England, spanning
1 April 2016 to 1 January 2020. An interrupted time-series
analysis assessed the impact of three high-intensity use service
models on weekly emergency department attendances:
emergency department-based services with and without
designated staffing, and community based services. Patients
and clinicians contributed throughout the project.

Results
A total of 2 938 510 emergency department attendances were
analysed. Statistically significant associations were identified
between the implementation of community-based services and
reductions in weekly attendances by HU10 patients (rate ratio

0.83, 95% CI 0.71–0.97), and HU5 and HU10 patients with mental
health-related attendances (HU5 rate ratio 0.82, 95% CI
0.75–0.91; HU10 rate ratio 0.70, 95% CI 0.59–0.84). Emergency
department-based services with designated staff were associ-
ated with a reduction in mental health-related attendances
among HU10 patients (rate ratio 0.88, 95% CI 0.80–0.98).

Conclusions
Services targeting patients with high-intensity use of emergency
departments in England demonstrate promising potential in
reducing emergency department attendances among this
patient group. Community-based interventions show the most
substantial impact, whereas hospital-based services often run
by liaison psychiatry teams also contribute to reductions in those
with high-intensity use with mental health issues. These findings
support further development and expansion of tailored high-
intensity use services across the country.
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High use of emergency departments is a global issue across
healthcare systems, with a small proportion of patients respon-
sible for a disproportionately high number of attendances.1 High
use contributes to emergency department overcrowding,2 and the
situation has deteriorated significantly across the world in the
wake of the COVID-19 pandemic.3 In England, a national study
from 2016 to 2017 found that 9.5% of patients, defined as high-use
patients with three or more attendances, accounted for nearly half
of all emergency department visits.4 Unsurprisingly, a variety of
interventions to reduce emergency department attendance by
high-use patients have been evaluated, most involving a case-
management/care planning approach. Several systematic reviews
have examined the effectiveness of these interventions to decrease
emergency department visits by adult high-use patients.1,5–8 There
is some evidence for reductions in attendance from pre–post
observational designs, but weak evidence from the small number of
randomised controlled trials that have been conducted. Approxi-
mately, half of all patients who are identified as high-use stop
emergency department attendance without any intervention at all

within 12 months,9 for which most pre–post evaluations fail to
account.

In England, policy was introduced in 2019 to reduce attendance
at emergency departments by high-use patients, which promoted
two kinds of services: hospital-based liaison psychiatry services
targeted at patients with overt mental health problems who fre-
quently use emergency departments, and high-intensity use services
based in the community for patients with and without mental
health difficulties who frequently use emergency departments.
Emergency department high-intensity use hospital-based services
offer what have been called continuation of care services, which
may include care planning, multidisciplinary team meetings
(MDTs) to discuss individual high-use patients, case management
and some individual work with high-use patients.10 Such services
have relatively small numbers of designated staff, most likely one or
two mental health nurses, with additional limited sessional support
from an emergency department or liaison psychiatry consultant.
A limited amount of outreach follow-up is provided post emergency
department, either by telephone or face-to-face work. There are also
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hospital-based services without any dedicated staff time that usually
offer MDTs to discuss a small number of high-use patients with the
production of a plan of management, but there is usually no direct
involvement with the individual concerned. The MDTs are usually
led by an emergency department consultant, but can involve a wide
group of professionals from different backgrounds. Community
models are essentially non-medical approaches that focus on social
interventions, including housing support, managing social isolation,
loneliness and deprivation, as well as addressing poor physical and
mental health. Although they vary in size, they tend to be larger than
emergency department teams, with some having up to six to eight
key workers. Some community teams involve liaison psychiatry
services, whereas others do not. A key question is whether current
services as encouraged by the Department of Health and established
and practised in the National Health Service (NHS) are effective in
reducing emergency department attendance. We used robust
methodology to evaluate the impact of hospital-based and com-
munity high-intensity use service models on patients with high
emergency department attendance, and controlled for unrelated
trends by including emergency departments without either a
hospital-based service or a community service in their catchment
area. We hypothesised that high-intensity use services would reduce
emergency department attendances in high-use patients overall and
those with mental health issues.

Method

Study design

The study was conducted in England, using a controlled interrupted
time-series (ITS) design to estimate the effect of introducing high-
intensity use services on weekly emergency department attendances
made by high-use patients across 13 emergency departments. As
there are currently no formal guidelines for reporting ITS analyses,
we followed recommendations from recent systematic or scoping
reviews concerning ITS methodology.11–13 The Strengthening the
Reporting of Observational Studies in Epidemiology checklist was
used to guarantee transparency and to report relevant informa-
tion.14 Artificial intelligence tools were not used in the research or
writing process. The data were presented at the European Asso-
ciation for Psychosomatic Research 2026.15

Data sources

Data for this study were sourced from the Hospital Episode Sta-
tistics (HES) database, a comprehensive repository of routinely
collected data from all hospitals in England. This study analysed
emergency department attendances from the HES Accident &
Emergency (A&E) data-set16 and the Emergency Care Dataset
(ECDS)17 for the period 1 April 2016 to 1 January 2020. Data from
1 April 2016 to 31 March 2017 were used to define high-use
patients, but were not part of the time-series analysis. Data for
January 2020 onward were excluded to avoid the potential con-
founding impact of the start of the COVID-19 pandemic on
emergency department attendances.

As diagnosis codes in the A&E and ECDS data-sets are poorly
recorded for mental health problems, and subject to omissions and
misclassifications,18 linked primary care prescribing data from the
English Prescribing Dataset were also utilised to aid the identifi-
cation of patients in receipt of mental health prescriptions.19 The
English Prescribing Dataset contains detailed information on
prescriptions issued in England, with data available from 2014
which are updated monthly. NHS data linkage connects distinct
data-sets at the individual patient level, using an individual’s NHS
number as a master index, and subsequently anonymises the unified

records for research and planning.20 As the NHS number is a
mandatory, nationally standardised identifier, the direct linkage of
modern health records is often highly accurate and comprehensive.20

Data collected included basic demographics, attendances at
emergency departments, primary diagnosis recorded at attendance
at emergency department and prescribing data regarding recent use
of psychotropic medication. All data were pseudo-anonymised at
source before transfer for analysis. Patients have the option to opt
out of having their data used for purposes beyond direct care, and
approximately 5.6% of the population have exercised this right.

Procedures

As part of a broader national survey on liaison psychiatry services,
all 171 hospitals in England with an emergency department were
invited to provide basic information about high-intensity use
services in their locality. The survey was completed by a key
informant at each site, familiar with local high-intensity use
services, even if they were not directly involved themselves. The
results of this mapping project will be reported elsewhere, together
with characterisations of the different types of services.

For the purposes of this analysis, high-intensity use services
were categorised into four main types, based on a recent review:10

(a) Type 1: Hospital-based services providing continuity of care
with dedicated staff (usually provided by liaison psychiatry)

(b) Type 2: Hospital-based services providing continuity of care
without dedicated staff

(c) Type 3: Community-based services located outside the
emergency department

(d) Type 4: Hospitals without any high-intensity use services
during the study period identified through the national
survey.

Of the 171 hospitals completing the survey, 71 (42%) offered type 1
services; 76 (44%) offered type 2 services; 10 (6%) offered type 3
services, either separate or involving outreach from the hospital;
and 14 hospitals (8%) had no current high-intensity use service.
From the 157 hospitals with services, we conducted 20 in-depth
interviews with representative services of different service types to
elicit more details about each service, and then identified 9 exem-
plar services with established start dates (month and year) for the
high-intensity use services. If staff could not recall start dates, we
used Freedom of Information Requests to obtain these dates.

The nine exemplar services included three type 1 services, three
type 2 services and three type 3 services. In addition to this, four
emergency departments were randomly selected to act as controls
(Table 1). All three of the type 1 services commenced during the
study period. Two of the type 2 services were in operation
throughout the study period and one started during the study
period, and one of the type 3 services started during the study
period, with two being in operation throughout the study period
(Table 1). Six hospital sites were in the North of England, three
were in the Midlands and four were in the South of England.
Two were inner-city large teaching hospitals, two were coastal,
three were rural and the rest were urban.

Outcome measures

The main outcome was the change in weekly emergency depart-
ment attendances made by high-use patients following the
implementation of high-intensity use services. We also explored
the total number of weekly attendances by high-use patients with
probable mental health comorbidities as a complicating factor.
This did not mean that the primary reason for attendance had to
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Table 1 Baseline attendances for sites for all patients, those with 5 (HU5) or 10 (HU10) or more attendances in 12 months, and HU5 and HU10 patients with likely mental health problems

Hospital
Type of high-intensity
use service

Service
introduction

Date of
introduction
during study
period

Total
attendances

(all)

Weekly
attendances

(all) Total HU5

Total mental
health-related

HU5
Weekly HU5
attendances

Weekly HU5 men-
tal health-related
attendances (all)

Total
HU10

Total
mental
health-

related HU10

Weekly
HU10

attendances

Weekly mental
health-related

HU10
attendances

n Mean s.d. n % n % Mean s.d. Mean s.d. n % n % Mean s.d. Mean s.d.

D No service No – 374 228 2546 126 40 292 10.8 29 052 7.8 274 11 198 17 12 090 3.2 10 021 2.7 82 11 68 10
J No service No – 459 808 3128 269 59 752 13.0 37 827 8.2 406 40 257 31 17 932 3.9 13 126 2.9 122 16 89 14
G No service No – 151 516 1038 79 15 431 10.2 11 424 7.5 106 15 78 15 4047 2.7 3503 2.3 28 7 24 6
K No service No – 323 027 2197 265 34 067 10.5 24 562 7.6 232 32 167 24 10 260 3.2 8380 2.6 70 13 57 10
H Type 3 community In existence – 499 575 3398 139 63 830 12.8 41 898 8.4 434 28 285 25 22 116 4.4 15 415 3.1 150 16 105 13
E Type 3 community Yes January 2019 184 493 1255 51 24 741 13.4 14 379 7.8 168 14 98 11 7272 3.9 4983 2.7 50 7 34 6
I Type 3 community In existence – 186 910 1271 62 20 119 10.8 14 175 7.6 137 13 96 11 6146 3.3 4923 2.6 42 9 34 7
M Type 2 hospital-based

no staff
Yes March 2019 226 265 1539 87 35 939 15.9 20 590 9.1 244 18 140 14 13 630 6.0 8787 3.9 93 12 60 9

C Type 2 hospital-based
no-staff

Yes July 2017 112 007 762 50 10 410 9.3 7608 6.8 71 9 52 8 2811 2.5 2326 2.1 19 5 16 5

A Type 2 hospital-based
no staff

In existence – 134 233 913 61 12 047 9.0 8731 6.5 82 11 59.4 10 3403 2.5 2838 2.1 23 6 19 6

L Type 1 hospital-based
with staff time

Yes October 2018 286 448 1949 139 34 691 12.1 23 780 8.3 236 28 162 26 9873 3.4 7378 2.6 67 11 50 10

B Type 1 hospital-based
with staff time

Yes July 2018 204 714 1393 132 25 390 12.4 18 354 9.0 173 30 125 25 7309 3.6 5772 2.8 50 12 39 11

F Type 1 hospital-based
with staff time

Yes July 2017 202 222 1376 68 28 492 14.1 19 813 9.8 194 34 135 27 8015 4.0 6417 3.2 55 12 44 11
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be a mental health problem, but that the person attending, for
whatever reason, was likely to also have comorbid mental health
problems. An attendance was counted as having a complicating
factor of mental health if any of the following conditions were met:
(a) primary diagnosis of a mental health condition was recorded at
the emergency department attendance, (b) a referral was made on
mental health grounds or (c) the patient had been prescribed a
psychotropic drug in a primary care setting within 90 days before
the attendance (data from the English Prescribing Dataset).

Psychotropic drugs were grouped into the following categories,
using the British National Formulary (BNF):21 hypnotics and anx-
iolytics (BNF 4.1), anti-psychotics (BNF 4.2) and antidepressants
(BNF 4.3). Prescriptions in the data-set are captured using dictionary
of medicines and devices (dm+d) codes (a subset of SNOMED-CT),
and were converted to BNF sub-subchapters with the NHS Business
Authority mapping file (August 2024 version).

Basic demographic data, including the age and gender of
patients, and the time elapsed since the beginning of the study
period, were extracted from the hospital record as covariates.

Patients

Emergency department attendances made by adults (aged
≥18 years) at 1 of the 13 hospitals over the study period were
extracted from the HES data-set, resulting in 2 938 510 attendances.
These attendances were initially grouped by patient and sorted by
arrival date. For each attendance, we then applied the criterion
whether the individual was currently a high-use patient, defined as
either 5 or more attendances (coded as HU5)22 or 10 or more
attendances (HU10) in the past 365 days. The higher threshold was
based on clinical information from the survey we conducted on the
171 hospitals in England and was the most common threshold used
by high-intensity use clinical services in England. When an atten-
dance no longer met these criteria, the high-use status was dis-
continued. High-use patients were identified using rolling thresholds
of ≥5 and ≥10 emergency department attendances within the
previous 365 days. These cohorts overlap, as individuals with ≥10
attendances are necessarily included in the ≥5 attendance cohort;
therefore, the HU10 group constitutes a subset of the HU5 group.

Statistical analysis

For each hospital, weekly aggregates were calculated for total
attendances, attendances by HU5 and HU10 patients, and patient
demographics (age and gender) over the study period from 1 April
2016 to 1 January 2020. The relationship between high-intensity use
services and weekly emergency department attendances was
assessed with an ITS analysis. Inference from this approach is
strengthened by the temporal association between the intervention
(service type) and subsequent change in attendance levels. We
modelled the weekly number of emergency department attendances
made by current high-use patients across 13 hospitals by using a
linear mixed-effects model. The dependent variable was the
number of weekly attendances, log-transformed so that hospitals of
varying sizes could be compared on a similar scale.

To assess the impact of the implementation of high-intensity
use services on emergency department attendances made by high-
use patients, we included an indicator variable that activated after
the service start date as reported from the national survey. This
indicator included a ‘burn-in’ time that captured the period fol-
lowing a service introduction (allowing for a transition period while
the new service was brought online to train staff, etc.). This indi-
cator variable took the value of 1 before the introduction of the
service, changed to 0 on the date the service was first implemented
and subsequently increased by an increment of 1/52 per week
thereafter until the variable returned to 1, where it remained –

allowing for a 52-week transition to the new service. As a sensitivity
analysis, we used a shorter 26 week burn-in period. We modelled
the interaction between the burn-in variable and service type to
allow the effect of high-intensity use service changes to vary by
service type. Services that did not change during the study period
(i.e. had no service or already had a high-intensity use service in
place which remained in place for the duration of the study period)
were recorded as 1 throughout.

Other covariates modelled as fixed effects included an intercept
for hospital site identifier, attendances recorded in the previous
1–4 weeks to account for autocorrelation,23 the month to account
for seasonal trends and slopes for weeks since the start of the study
period (to account for national trends), the proportion of attenders
in the age bands 18–34 and ≥65 years (measured weekly), and the
proportion of male attenders attending in each week.

Random effects accounted for clustering at hospital level and
service type within hospitals, with random slopes for time (weeks
since the start of our data) by hospital, and random intercepts for
service type nested within hospital.

Model outputs were reported with fixed effects, back-
transformed from the logarithmic scale to express percentage
changes in weekly attendances. Hospital-specific coefficients rep-
resent baseline levels of weekly attendance, whereas the other
coefficients (rate ratios) can be interpreted similarly to risk ratios,
where values below one indicate a beneficial effect. For example, an
estimated interaction term between the burn-in period and service
type of 0.85 indicates a reduction of attendances by 15% over the
burn-in period. This analysis was conducted using R (version 4.4.1;
R Foundation for Statistical Computing, Vienna, Austria; https://
www.r-project.org/foundation/) and the lme4 package. The find-
ings of this study were shared and discussed with targeted stake-
holders from NHS services, NHS England and a high-use patient
and public involvement group.

Ethics statement

The authors assert that all procedures contributing to this work
comply with the ethical standards of the relevant national and
institutional committees on human experimentation and with the
Helsinki Declaration of 1975, as revised in 2013. All procedures
involving human subjects/patients were approved by the School
of Medicine Research Ethics Committee, University of Leeds
(approval number MREC 21-061).

Consent statement

Formal consent was not required for this study, as all data-sets
were limited to pseudonymised records, with no direct identifiers
included.

Results

A total of 2 938 510 emergency department attendances were
analysed across 13 hospitals (4 controls) from the study period
1 April 2017 to 1 January 2020. Descriptive statistics of the
attendances and services employed across each site are shown in
Table 1. Total emergency department attendances over the entire
study period ranged from 151 516 to 499 575. The mean weekly
high-use attendances per hospital ranged from 71 (s.d. 9) to 434
(s.d. 38) for the HU5 group and 19 (s.d. 5) to 140 (s.d. 16) for the
HU10 group. The proportion of all attendances meeting HU5
criteria ranged from 9 to 16%, and attendances for HU10 ranged
from 3 to 9%. The proportion of high-use attendances that met our
mental health-related criteria ranged from 57 to 74% for the HU5
group and 64 to 83% for the HU10 group.

Figure 1(a)–(d) show time series plots of weekly high-use
patient emergency department attendances and the date of service
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Fig. 1 Time-series data showing weekly emergency department attendances from (a) a type 1 service (hospital-based high-intensity use service with designated staff), (b) a type 2 service (hospital-based high-
intensity use service without designated staff), (c) a type 3 service (with a community-based high-intensity use service) and (d) an emergency department with no high-intensity use service. Weekly attendance is
stratified by those with 5 or more (HU5) or 10 or more (HU10) attendances in the past 12 months, and those with mental health-related attendances. The red line indicates the date at which the service was
introduced. This suggests a reduction in attendance following implementation of the community-based service (c), whereas effects in the hospital-based services appear more heterogeneous, with the most
apparent reductions observed among mental health-related HU10 attendances in services with designated staff (a).
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Table 2 Interrupted time-series (linear regression) coefficients after fitting the models, showing the individual hospital site intercepts, time-based predictors, case-mix adjustment and estimated effect of the various service
types with a 52-week burn-in perioda

Predictors

Weekly attendance, HU5 Weekly attendance, HU10 Weekly mental health-related attendance, HU5 Weekly mental health-related attendance, HU10

Estimates 95% CI p-value Estimates 95% CI p-value Estimates 95% CI p-value Estimates 95% CI p-value

Hospital A 70.36 (63.02–78.56) <0.001 15.68 (11.74–20.93) <0.001 42.91 (34.34–53.63) <0.001 14.50 (11.25–18.68) <0.001
Hospital B 128.53 (116.46–141.84) <0.001 24.50 (18.27–32.87) <0.001 68.69 (55.25–85.39) <0.001 34.77 (28.09–43.06) <0.001
Hospital C 60.29 (54.34–66.90) <0.001 21.52 (16.79–27.57) <0.001 44.18 (36.18–53.96) <0.001 10.42 (8.21–13.24) <0.001
Hospital D 190.57 (171.14–212.20) <0.001 76.23 (57.52–101.03) <0.001 139.04 (111.05–174.07) <0.001 43.94 (34.21–56.43) <0.001
Hospital E 129.69 (117.36–143.30) <0.001 48.01 (35.57–64.79) <0.001 73.37 (59.09–91.09) <0.001 28.53 (23.01–35.37) <0.001
Hospital F 144.31 (130.11–160.06) <0.001 31.46 (24.39–40.58) <0.001 74.93 (61.05–91.96) <0.001 39.88 (31.87–49.91) <0.001
Hospital G 83.61 (75.65–92.40) <0.001 17.17 (13.12–22.48) <0.001 48.10 (38.73–59.72) <0.001 20.43 (16.06–26.00) <0.001
Hospital H 283.30 (245.14–327.39) <0.001 140.57 (100.05–197.49) <0.001 218.36 (170.15–280.21) <0.001 83.63 (61.33–114.04) <0.001
Hospital I 108.63 (96.01–122.90) <0.001 67.93 (49.57–93.10) <0.001 95.63 (75.47–121.18) <0.001 32.69 (24.68–43.30) <0.001
Hospital J 254.11 (225.30–286.61) <0.001 77.34 (58.28–102.64) <0.001 150.86 (120.21–189.32) <0.001 57.04 (43.80–74.29) <0.001
Hospital K 164.25 (147.99–182.30) <0.001 47.25 (35.99–62.05) <0.001 106.82 (85.69–133.18) <0.001 40.93 (31.93–52.45) <0.001
Hospital L 172.67 (155.34–191.94) <0.001 47.63 (35.26–64.33) <0.001 93.77 (75.29–116.80) <0.001 40.01 (32.27–49.61) <0.001
Hospital M 176.84 (159.67–195.85) <0.001 70.89 (52.78–95.20) <0.001 95.13 (76.75–117.91) <0.001 39.67 (32.04–49.13) <0.001
Week number 1.00 (1.00–1.00) <0.001 1.00 (1.00–1.00) 0.021 1.00 (1.00–1.00) <0.001 1.00 (1.00–1.00) 0.014
Autocorrelation
lag week 1 1.00 (1.00–1.00) <0.001 1.00 (1.00–1.00) <0.001 1.00 (1.00–1.00) <0.001 1.00 (1.00–1.00) <0.001
lag week 2 1.00 (1.00–1.00) 0.028 1.00 (1.00–1.00) 0.078 1.00 (1.00–1.00) <0.001 1.00 (1.00–1.00) 0.038
lag week 3 1.00 (1.00–1.00) 0.205 1.00 (1.00–1.00) 0.689 1.00 (1.00–1.00) 0.804 1.00 (1.00–1.00) 0.409
lag week 4 1.00 (1.00–1.00) 0.040 1.00 (1.00–1.00) 0.143 1.00 (1.00–1.00) 0.438 1.00 (1.00–1.00) 0.603

Attendance characteristics
Proportion under age 34 years 1.07 (0.95–1.21) 0.271 0.97 (0.87–1.09) 0.598 1.00 (0.89–1.13) 0.949 0.94 (0.84–1.05) 0.261
Proportion over age 65 years 0.89 (0.79–1.00) 0.051 1.00 (0.88–1.14) 0.975 0.93 (0.83–1.04) 0.215 0.99 (0.86–1.13) 0.845
Proportion male 1.06 (0.96–1.17) 0.226 0.94 (0.85–1.04) 0.246 1.09 (0.99–1.20) 0.094 0.95 (0.86–1.05) 0.292

Month (reference: January)
February 1.02 (1.00–1.04) 0.112 0.98 (0.94–1.03) 0.394 1.03 (1.01–1.06) 0.015 1.00 (0.95–1.05) 0.972
March 1.03 (1.00–1.05) 0.032 1.05 (1.01–1.10) 0.015 1.05 (1.03–1.08) <0.001 1.07 (1.02–1.12) 0.010
April 1.06 (1.04–1.08) <0.001 1.06 (1.02–1.11) 0.002 1.07 (1.05–1.10) <0.001 1.06 (1.02–1.11) 0.005
May 1.07 (1.04–1.09) <0.001 1.06 (1.02–1.11) 0.002 1.08 (1.06–1.11) <0.001 1.06 (1.02–1.11) 0.008
June 1.06 (1.03–1.08) <0.001 1.07 (1.03–1.11) 0.001 1.06 (1.03–1.09) <0.001 1.06 (1.02–1.11) 0.006
July 1.06 (1.04–1.09) <0.001 1.08 (1.04–1.12) <0.001 1.07 (1.05–1.10) <0.001 1.06 (1.02–1.11) 0.005
August 1.07 (1.04–1.09) <0.001 1.08 (1.04–1.12) <0.001 1.06 (1.04–1.09) <0.001 1.07 (1.03–1.12) 0.002
September 1.06 (1.04–1.08) <0.001 1.06 (1.02–1.10) 0.002 1.06 (1.03–1.09) <0.001 1.06 (1.01–1.10) 0.010
October 1.05 (1.02–1.07) <0.001 1.04 (1.00–1.08) 0.034 1.03 (1.01–1.06) 0.011 1.02 (0.98–1.07) 0.361
November 1.05 (1.03–1.07) <0.001 1.04 (1.00–1.08) 0.058 1.03 (1.01–1.06) 0.007 1.04 (0.99–1.08) 0.115
December 1.03 (1.01–1.05) 0.003 1.04 (1.00–1.08) 0.059 1.02 (1.00–1.05) 0.083 1.02 (0.98–1.06) 0.372

No service×burn-in period 1.01 (0.99–1.04) 0.371 1.01 (0.93–1.09) 0.807 1.00 (0.95–1.06) 0.971 0.98 (0.89–1.08) 0.752
No staff×burn-in period 0.94 (0.89–1.00) 0.052 0.97 (0.86–1.10) 0.645 0.99 (0.91–1.07) 0.743 1.09 (0.95–1.25) 0.217
Staff×burn-in period 1.02 (0.97–1.07) 0.524 0.99 (0.90–1.08) 0.764 0.96 (0.91–1.02) 0.222 0.88 (0.80–0.98) 0.018
Community×burn-in period 0.97 (0.90–1.05) 0.519 0.83 (0.71–0.97) 0.019 0.82 (0.75–0.91) <0.001 0.70 (0.59–0.84) <0.001
Random effects
σ2 0.01 0.03 0.01 0.04
τ00 Hospital: service 0 0 0 0
τ00 Hospital 0.01 0.03 0.01 0.06
τ00 Service 0 0 0 0
τ11 Hospital: week number 0 0 0 0
Marginal R2 0.972 0.785 0.873 0.847

a. The model is fit on log-transformed attendance figures, but the coefficients are back-transformed to the usual scale. The table shows the results of four models fit on those with 5 or more (HU5) or 10 or more (HU10) attendances in the past 12 months, and those with likely
mental health problems with 5 or 10 or more attendances in the past 12 months.
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introduction from exemplars of each different types of service. Each
figure includes weekly high-use attendances (HU5 and HU10) of all
attendances and those meeting our mental health-related criteria:
Fig. 1(a) displays an emergency department service with designated
staff (type 1), Fig. 1(b) displays an emergency department service
with no designated staff (type 2), Fig. 1(c) displays a hospital Trust
employing a community-based high-intensity use service (type 3)
and Fig. 1(d) displays a hospital with no high-intensity use service
(type 4).

Table 2 shows the results of the ITS analyses. The first 13 rows
show the estimated baseline weekly attendances for HU5 patients,
HU10 patients and both HU5 and HU10 patients with mental
health-related attendances. In particular, we note that the model
captures the various site-specific behaviour very well across all four
scenarios – closely following local trends without focusing on ran-
dom variation between months. Our model showed very little evi-
dence of autocorrelation, and the fixed time trend (measured in
weeks) was found to have little effect on the weekly emergency
department attendances. The table also shows results for individual
months with the reference month January. With respect to seasonal
trends, high use seems lowest in the winter months.

The introduction of community-based high-intensity use ser-
vices (type 3) was associated with a reduction in high use within the
burn-in period, with reductions in weekly HU10 (incidence rate
ratio 0.83, 95% CI 0.71–0.97), probable mental health-related HU5
(incidence rate ratio 0.82, 95% CI 0.75–0.91) and probable mental
health-related HU10 attendances (incidence rate ratio 0.70, 95% CI
0.59–0.84). Hospital-based services with dedicated staff time (type
1) were associated with reduced probable mental health-related
HU10 attendances (incidence rate ratio 0.88, 95% CI 0.80–0.98).

Variance in the effect of time (weeks) across hospitals was
negligible across all frequent attender metrics (τ ≈ 0.00). Similarly,
baseline attendances by high-intensity use service type exhibited
minimal variability (τ ≈ 0.00). In contrast, variation in baseline
mental health-related HU5 and HU10 attendances by hospital was
slightly more pronounced (τ= 0.03 and τ= 0.06), with some
variability also observed within specific service-hospital combi-
nations (τ= 0.01). Residual variance (σ2) was low across all
outcome measures, indicating good model fit (HU5= 0.01,
mental health-related HU5= 0.03, HU10= 0.01, mental health-
related HU10= 0.04).

Discussion

In this study, we examined the potential impact of different types of
high-intensity use services on emergency department attendance
for high-use patients. We examined three different types of service
that are currently operating in England, and chose three exemplar
sites from each service type and four hospital sites without a service
as controls. Controlling for natural attrition, our findings suggest
there were significant reductions in the weekly rates of emergency
department attendances by high-use patients for two types of
service. Community services (type 3) had the greatest impact, with
significant reductions in attendances by high-use patients with and
without probable mental health issues of the order of 17–30%.
Hospital-based services with designated staff (type 1), which are
mostly liaison psychiatry services, were associated with a significant
reduction of the order of 12% for very-high-use patients with
probable mental health issues. The average number of weekly
attendances by high-use patients (HU5) in the present study across
the 13 hospitals was 212 per week. A reduction of the order of
25% clinically equates to an average 53 attendances per week or
2756 attendances per annum per hospital.

Emergency department-based services with dedicated staff only
had a significant impact on mental health associated attendances

for very-high-use patients (HU10), but many of these services are
part of liaison psychiatry teams or have liaison psychiatry input,
and were encouraged to develop by NHS England to target high-use
patients with mental health issues. So, they result in reduced
attendance at emergency departments for those patients who they
were set up to help. Community-based services see a wider group of
high-use patients. All three community services in this study had at
least double or treble the number of staff of the emergency
department-based services, so one explanation for the larger impact
of these teams may be explained by the greater capacity of the
community services to offer help and intervention, but there may be
other factors related to the specificity or location of the services
themselves that are relevant.

The community services all operated slightly different models,
with variations in the amount of mental health input from pro-
fessional staff, but all offered one-to-one support, help with housing
and benefits, attendance at medical appointments and encour-
agement to join established community groups if appropriate. We
found no evidence of any advantage of one type of community
service over another. Much of the care provided by both hospital-
based and community teams involves care planning and case
management,10,24,25 with the community teams offering a greater
emphasis on social interventions like housing and help with debt.

Case management is the most widely practised intervention for
high-use patients in high-income countries, and involves a com-
prehensive, interdisciplinary approach to assess, plan, personalise
and guide an individual with the help of a case manager or worker,
who brokers access to relevant services or activities.6

Of the small number of trials that have been conducted for
interventions to reduce emergency department attendance in high-
use patients, only three have shown a significant reduction in
emergency department attendances.26–28 One of these was a North
American study26 that evaluated case management, and two were
Swedish studies that both evaluated telephone case manage-
ment.27,28 Most of the evidence to support interventions for high-
use patients comes from controlled observational designs.1,5–8,29

Three single-site studies in the USA – one randomised
controlled trial26 one using ITS30 and one using difference-in-
differences estimation31 – have evaluated community services
similar to those included in the present study and found reductions
in emergency department attendance over 12 months. Allowing for
diverse statistical methods, study populations and health services,
these studies show similar findings to those of the present study, but
on a smaller scale. Although randomised controlled trials are
considered the gold standard, evaluations of services ‘in the real
world’ and recruitment of representative clinical populations in
hard-to-reach populations is very challenging. The largest trial to
show a reduction in emergency department use employed different
trial designs in two different centres in Sweden: a Zelen design for
one site and a conventional design for the other site.28 Even with the
Zelen design, only 50% of eligible participants could be recruited to
the study, and with the conventional design it was 30%. Ideally,
both randomised controlled trial and ITS types of evaluation can
add value to this relatively underresearched area.

This study has several strengths. We specified a clear, mea-
surable outcome and used large, high-quality data sources. Out-
comes were assessed using a controlled ITS design, allowing us to
determine the differences in changes in emergency department
attendances of high-use patients at hospitals with and without
access to high-intensity use services. This increases certainty that
the differences we found were attributable to service delivery. Bias
owing to confounding was minimised by measuring outcomes over
a long pre-intervention study period in weekly increments, to
appropriately characterise pre-intervention trends in sites with an
intervention and those without. We studied exemplar sites, derived
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from a national survey, to ensure sites chosen were representative of
current NHS services, and studied three different types of service.

There are several limitations. It was difficult to establish the
start month of many services, which is essential for ITS analyses,
and this limited the number of sites we could study. Our period of
study was restricted to the pre-pandemic COVID-19 period,
because of the disruption to emergency department attendances
during 2020. Although the services we evaluated in this study did
not have an upper age limit, they tended to focus on young-to
middle-aged high-use patients who present with mental health and
social problems. ITS designs have certain advantages in being able
to evaluate services in real-world settings inclusive of all patients,
but there are inherent biases because of the heterogeneity of case-
mix and services. For example, all three of our community services
differed in their thresholds for accepting high-use patients, staff
mix, caseload and approach to case management. Mental health
conditions are poorly recorded within secondary care data, and are
prone to misclassifications or omissions,18 so we used a combi-
nation of data points to identify patients with likely comorbid
mental health problems. One of our key indicators was prescription
of psychotropics, which we recognise has inherent biases, as
medication may be incorrectly prescribed for mental conditions or
prescribed for non-mental health conditions. However, prescribed
psychotropic medication is significantly associated with symptoms of
psychological distress,32 and in longitudinal analyses, associated with
long-term increased psychosocial distress.33 Psychotropic medication
has been widely used as a proxy for mental health morbidity in
studies using large data sets, such as studies on suicide.34,35 We have
used the term ‘probable mental health issues’ to acknowledge the
uncertainty around our method of identifying mental health cases.
Without this approach, we would have underestimated the number
of high-use patients with mental health issues.

High use of the emergency department is a ubiquitous problem
around the world,36,37 so our findings are relevant to other healthcare
systems and countries who are designing care for this disadvantaged
group of people. Further research is required to estimate the impact
of high-intensity use services on health service costs and wider
societal costs, and to determine which subgroups of high-use patients
may benefit most from different types of high-intensity use services.

In conclusion, this observational study provides supportive
evidence for the continuation of emergency department-based and
community high-intensity use services for patients who frequently
use the emergency department.
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