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Abstract

Psychiatric crisis care is under great pressure, with the number of psychiatric pre-
sentations to emergency departments increasing and inpatient wards operating with
occupancy rates above recommended levels. Internationally, hospital-based short-
stay crisis units (named Psychiatric Decision Units; (PDU) in the UK) have been intro-
duced to address these challenges, but the current evidence for their effectiveness

is limited. We estimated the effects of PDUs in four geographic locations in England,
linked to three National Health Service (NHS) mental health trusts and six NHS
acute hospital trusts. Using national data sets to create synthetic controls from areas
without PDUs (following the generalised synthetic control method), we estimated
trust-wide changes to the primary outcomes of psychiatric inpatient admissions and
psychiatric presentations to emergency departments (ED), compared to the synthetic
controls, alongside secondary outcomes. We used meta-analysis to robustly com-
bine outcomes. We analysed NHS hospital activity data for adults aged between 18
and 75 years covering 24 months preceding and following the introduction of each
PDU (November 2012 to January 2021). We found no significant impacts of PDUs
on primary outcomes, except at Sheffield Teaching Hospitals NHS Foundation Trust
with 1.5 fewer psychiatric presentations to ED per 10,000 trust population per month
(relative difference: 24.9%, p=0.034) than the synthetic control. We found mixed
effects of the opening of PDUs on secondary outcomes. Meta-analyses indicated
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of individuals included in the dataset, individ-
uals could potentially be identified, especially
if the study data were combined with other
data. Requests for access can be submitted
using the online Data Access Request Service
at: https://digital.nhs.uk/services/data-access-
request-service-dars or via email: enquiries@
nhsdigital.nhs.uk.
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a significantly lower mean length of stay for psychiatric admissions (-6.4 days,
p<0.001) for patients in mental health trusts with a PDU compared to the synthetic
control and no significant effects on other outcomes. Heterogeneity of effect across
sites probably reflects variation in PDU configuration and implementation. Further
research should explore the intended aims of PDUs alongside how they operate in
practice.

Registration: The study is registered with the ISRCTN (ISRCTN77588384)

Introduction

Internationally, acute psychiatric healthcare is in crisis [1-5]. Visits to emergency
departments (EDs) for mental health issues are increasing while the number of
available psychiatric inpatient beds is decreasing, putting intense pressure on the

ED system and causing lengthy waits in ED for people in mental health crisis [6,7].
Approximately two thirds of all people with multiple attendances at ED in England have
previously been in receipt of mental health support, suggesting they are not receiving
enough support from mental health services to avert mental health crises and/or do
not have good alternatives sources of help in a crisis [8]. Compared to people pre-
senting to ED with a physical health complaint, those presenting to ED with psychiatric
concerns are over six times more likely to wait longer than 4 hours at the ED [9], and
report worse experiences in ED and low levels of patient satisfaction [9—11]

In mental health trusts, pressure on psychiatric wards for beds is intense, with
91% of wards operating above the recommended occupancy rate [12]. Admissions
following an acute crisis can be brief (often less than 5 days), despite unclear
benefits from short stays on psychiatric wards [13]. Inpatient stays are sometimes
detrimental to mental health [14], disproportionately harmful to people from some
minority ethnic groups [15] and costly [16]. Furthermore, a substantial proportion of
inpatient psychiatric referrals could potentially be avoided [17].

Against this background, some mental health trusts in England have opened
Psychiatric Decision Units (PDUs), designed to offer time-limited support (typically
between 24 and 72 hours) to people in psychiatric crisis, after which discharge to the
community, or admission to an inpatient ward occurs [18]. Discharge to the commu-
nity may consist of discharge to the care of family with referral and/or signposting
to other services, monitoring from a Crisis Resolution and Home Treatment Team
(including telephone calls and home visits), or support from the Community Mental
Health Team. The substantial gap between the level of support available on a ward
and that available in the community is a space which is now occupied by PDUs
in some areas. PDUs differ from triage or assessment wards in that admission is
voluntary, recliner style chairs are available for sleeping (rather than beds) and the
nurse-led spaces offer stabilisation, further assessment and signposting to commu-
nity services [18]. First time users accessing PDUs in England tend to be referred by
ED (42%), or the Crisis and Home Treatment Team (20%). Most (55%-82%) did not
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have a psychiatric diagnosis, and a high proportion (31%-42%) were previously unknown to mental health services [19].
The population accessing PDUs in the UK tend to be quite young (with an average age in the thirties), with an approxi-
mately even gender split. [20] Those discharged from a PDU to inpatient psychiatric care ranged between 13% and 32%
across sites in one study. [19,20]

Arecent interrupted time series study found an immediate reduction in voluntary psychiatric inpatient admissions following
the introduction of a PDU to the crisis care pathway [20]. An international systematic review including 67, 505 participants from
six studies across twelve countries indicated that the units deliver significant beneficial effects on several outcomes including
a reduction in the duration of emergency department stays (by 164.24 min; 95% Cl —261.24 to —67.23min; p<0.001) and a
reduction to the number of in-patient admissions (odds ratio 0.55, 95% Cl 0.43-0.68; p<0.001) [21]. The systematic review
only included studies with a comparison group, and many of the studies employed a pre-post design. These studies may be
confounded by temporal effects or regression to the mean [22]. Other studies used a comparison site design, but this design
may be confounded due to dissimilarity between sites and temporal differences in other crisis care services around each site.
There is a need for research employing methods more robust than other non-randomised designs, including causal analysis
methods [23,24]. The present study aimed to evaluate the impact of the addition of PDUs on key outcomes in the psychiat-
ric crisis pathway. We analysed NHS hospital activity data at trusts providing emergency services (acute hospital trusts) and
trusts providing secondary mental health services (mental health trusts), including PDUs and inpatient wards, at four geo-
graphical locations in England. We employed a synthetic control approach to create a counterfactual or ‘synthetic’ control.

Methods
Study design

To evaluate the impact of decision units on outcomes, we needed to understand what the outcomes would have been at
the trusts if they had not had a decision unit. Comparing actual outcomes at trusts with a PDU to a hypothetical scenario
of what the outcomes would be if the trust didn’t have a PDU is called a counterfactual analysis. This kind of analysis
establishes a clear causal link. Without a counterfactual, we wouldn’t know if a change in outcomes was caused by the
PDU or something else, such as national trends over time. They type of counterfactual analysis we conducted is a syn-
thetic control analysis. This type of approach is particularly useful for the evaluation of population level health interventions
when random assignment is impractical. In this population level approach, entire trusts are considered to have received
the ‘intervention’ [23,24]. The ‘treatment’ in this case is the introduction of the PDU to the crisis care pathway; hence this
paper refers to both mental health and acute hospital trusts with a PDU in the local crisis care pathway as ‘treated trusts’.

Setting

Following a national survey to locate and characterise PDUs in England [18], four PDUs at geographically distinct loca-
tions in England were selected for the study based on the availability of data for the study covering 24 months preceding
and following the opening of the PDUs (suburban London (SWLSG), metropolitan Birmingham (BAS), metropolitan Shef-
field (SHSC) and rural Lincolnshire (LP)). There are differences in the aims, staffing and referral routes between these
PDUs. All four PDUs aim to reduce psychiatric ED attendances. The PDUs in Birmingham (BAS) and Sheffield (SHSC)
also aim to reduce psychiatric ED waits longer than 4 hours. The Birmingham unit (BAS) has only aims related to ED.
The three remaining units (SWLSG, SHSC, LP) also aim to reduce psychiatric inpatient admissions. The unit in London
(SWLSG) also aims to improve the patient experience. The maximum length of stay on the unit varies from 24 to 72
hours across the units, and the staff; patient ratio ranges from 1:1-1:4 (Table 1). The PDUs launched between November
2014 and March 2019. The period of interest at each site is 24 months preceding and following the opening of the PDU.
We analysed data about the local mental health trust (which we refer to as ‘linked mental health trust’) and linked acute
hospital trusts. Two of the four mental health trusts in the study had two linked acute hospital trusts, and two had only one
(Table 1).
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Table 1. PDU aims, operating characteristics and linked mental health and acute hospital trusts.

Linked Mental Aims Location (Referral Maxi- Staff mix on day shift; | Linked Linked Acute Linked
Health Trust Sources), capacity | mum staff: patient ratio Mental Hospital Acute
(acronym); NHS Stay Health Trust(s) Trust(s)
Trust code, open- Trust (acronym), study
ing date study NHS Trust period
period code
South West Lon- To reduce psychiatric ED Psychiatric hospital 48 hours | 3 mental health nurses, | Nov St George’s Uni- | Excluded
don & St. George’s | attendances; to reduce (ED, CRHT, Street 3 HCAs, 0.5 psychiatrist, | 2014 — | versity Hospitals | — sparse
Mental Health psychiatric inpatient admis- | Triage), 5 (increased 1 administrator; 1:1 Oct 2018 | NHS Foundation | data$
Trust (SWLSG); sions; to improve patient to 7 during the (decreased to 5:7 during Trust (SGUH);
RQY, Nov 2016 experience COVID-19 pandemic) the COVID-19 pandemic) RJ7
Kingston Hospi- | Mar 2015
tal NHS Foun- - Oct
dation Trust 20188
(KH); RAX
Lincolnshire To reduce psychiatric ED Psychiatric hospital | 24 hours | 1 mental health nurse, 2 | Jan 2016 | United Lincoln- | Jan 2016
Partnership NHS attendances; to reduce (ED, CRHT, Street HCAs, 0.5 psychiatrist, — Dec shire Hospitals | — Dec
Foundation Trust | psychiatric inpatient Triage 0.5 service manager; 1:2 | 20188 NHS Foundation | 2019
(LP); RP7, Jan admissions. (16 months after Trust (ULH);
2018 PDU opened), RWD
AMHPs), 6
Birmingham and To reduce psychiatric ED Psychiatric hospital | Target 1 mental health nurse, 1 | Nov Sandwell and Jun 2013
Solihull Mental attendances; to reduce (ED, CRHT, Street 24 hours | HCA, 1 psychiatrist; 2012 - | West Birming- — Oct
Health Trust psychiatric ED waits longer | Triage), 8 (decreased | (initially Oct 2016 | ham NHS Foun- | 20168
(BAS); RXT, Nov | than 4 hours. to 5 during the 72 dation Trust
2014 COVID-19 pandemic) | hours) (SWB); RXK
University Nov
Hospitals 2012 -
Birmingham Oct 2016
NHS Foundation
Trust (UHB);
RRK
Sheffield Health To reduce psychiatric ED Psychiatric hospital 48 hours | 2 mental health nurses, | Excluded | Sheffield Teach- | Mar 2017
and Social Care attendances; to reduce psy- | on a general hospital 1 psychiatrist, 2 support | —no ing Hospitals -Jan
NHS Foundation chiatric ED waits longer than | site (ED, CRHT, workers, 1 service man- | data$ NHS Foundation | 20208
Trust (SHSC); 4 hours; to reduce psychiat- | Street Triage, ager, 1 administrator; 4:5 Trust (STH);
TAH, Mar 2019 ric inpatient admissions. CMHT), 5 RHQ

Study periods are typically 24-months pre- and post-PDU opening except where noted. $Trusts or selected months were excluded due to HES lack of
submission or recording and quality issues.

AMHP — Approved Mental Health Professional — these professionals can make formal legal decisions regarding whether to detain a person under the

Mental Health Act.

CMHT — Community Mental Health Team — a secondary mental health care service composed of a multidisciplinary team operating in the community.

CRHT - Crisis Resolution & Home Treatment team — a team which provides intensive short-term support to service users in crisis at home including tele-
phone calls and visits.

ED — Emergency Department, also known as Accidence and Emergency (A&E) in the UK.

Street Triage — an emergency response service in which mental health professionals provide telephone support or accompany police and paramedics
attending disturbances.

HCA — Health Care Assistant.

https://doi.org/10.1371/journal.pmen.0000171.t001

Data sources

Patient-level hospital activity data were obtained from Hospital Episode Statistics (HES) admitted patient care (HES-
APC) and emergency care (HES-ED) datasets between November 2012 and January 2021 (latest available data at time
of study) [25]. This includes data for all study periods spanning 24 months before the first PDU opened in Birmingham in
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November 2014 and 22 months after the last PDU opened in Sheffield in March 2019 (the follow-up in Sheffield was 22
rather than 24 months to facilitate progress in the data analysis). Each HES record represents a finished consultant epi-
sode (FCE) defining a strict period of care for one patient at a single hospital under a single consultant. A continuous spell
in hospital can comprise a linked set of FCEs. A continuous spell in ED typically comprises a single FCE. Some mental
health trusts submit data to the Mental Health Services data set rather than HES-APC, meaning data from some trusts
were unavailable for this study.

Characteristics of acute hospital trusts across a number of dimensions including population deprivation, ED attendance
rate and full-time equivalent staff for the financial year 2018/19 were obtained from the NHS Trust Peer Finder Tool [26].
Additional characteristics of acute hospital trusts between 2011 and 2018, including trust catchment population size, were
obtained from Public Health England [27]. We aggregated continuous patient spells for service users aged between 18
and 75 years to create 48-month trust-level data series spanning 24 months pre- and post-PDU opening at each trust.

Outcome measures

Mental health trusts. The primary outcome for mental health trusts was the rate of (compulsory and voluntary)
admissions to a mental health trust adult inpatient ward per 10,000 trust catchment population (hereafter referred to as
MH admissions). The two mental health trust secondary outcomes were the proportion with a short inpatient stay (less
than 5 days) and the average length of inpatient admission (measured in days). Outcome measures, alongside additional
details about how the primary outcomes were identified in the HES datasets are detailed in Fig 1.

Outcome measures planned in the protocol (Goldsmith et al., 2020) involving distinguishing between voluntary and
compulsory admissions, and distinguishing between mental health presentations to ED with and without referral to liaison
psychiatry were abandoned as data were unavailable.

Acute hospital trusts. Our primary outcome for acute hospital trusts was the rate of mental health ED attendances
per 10,000 acute hospital trust catchment population (hereafter called MH ED attendances). Secondary outcomes were
the proportion with a wait of less than 4 and 12 hours; the proportion with an admission to the acute hospital trust inpatient
ward at the same provider; the proportion that arrived by ambulance or were referred by the police; and the average
length of wait (hours); see Fig 1.

Statistical analysis

Checking data quality. The data quality of outcomes was assessed by plotting the primary outcomes during the 24
months preceding and 24 months following the opening of the PDU at each trust — both treated trusts and trusts which
could potentially be included in the synthetic control. Where necessary due to data sparsity, we shortened the time period
for the comparison or excluded trusts from the analysis.

Creating the synthetic controls and comparing the ‘pre’ periods between treated trusts and synthetic controls

We refer to trusts with a PDU in the local crisis care pathway as ‘treated trusts’. The NHS Trust Peer Finder Tool is
designed to match and rank trusts for comparison, determining the similarity based on a range of characteristics. We
used data from 2018/19 and methods described in the tool documentation [26] to identify bespoke subsets of trusts which
could potentially comprise the synthetic control that were most similar to each treated trust across a range of dimensions,
including population deprivation, ED attendance rate and full-time equivalent staff. Importantly, trusts with a PDU in the
local crisis care pathway were identified in a mapping study [18] and excluded. The most similar 10 and 20 control trusts
to treated mental health and acute trusts respectively were used to create synthetic control groups for each treated trust.
Fewer controls were used for mental health trusts as there are fewer mental health trusts. Chi-square tests for no differ-
ence between the distribution of key characteristics in the treated trust and their controls in the ‘pre’ period were per-
formed allowing for a Bonferroni correction for multiple testing.
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Primary mental health trust outcome measure:
Rate of (compulsory and voluntary) admissions to a mental health trust adult inpatient ward
MH admissions are not explicitly defined in HES-APC and were proxied using the main specialty of the

consultant code, or treatment function of the episode code, indicative of either adult mental illness (710),

liaison psychiatry (722), psychiatric intensive care (723), perinatal psychiatry (724), mental health recovery
and rehabilitation service (725), or mental health dual diagnosis service (726). Where these codes were not
supplied, MH admissions were proxied using a primary or secondary diagnosis code indicative of a mental or

behavioural disorder (ICD10 F03.0-F69.0, R44.0-R46.9) (17). We included all spells comprising any episode

matching these criteria for service users aged between 18 and 75 years (16).

» Proportion with a short inpatient stay (less than 5 days)

Secondary Outcomes
» Average length of inpatient admission (days)

Primary acute hospital trust outcome measure:
Rate of mental health ED attendances per 10,000 trust catchment population
MH ED attendances are not explicitly defined in HES-ED and were proxied using a diagnosis code indicative of
a psychiatric condition (35) or a patient group indicative of deliberate self-harm (30) and categorised by
arrival mode (ambulance arrival = 1), source of referral (referral by police = 6) and attendance disposal
(admission to an acute trust inpatient ward at the same healthcare provider =1).

» Proportion with a wait of less than 4 hours
» Proportion with a wait less than 12 hours
» Proportion with an admission to an acute trust inpatient ward with the same
Secondary Outcomes provider
» Proportion that arrived by ambulance or were referred by the police
» Average length of wait (hours)

Note: outcome measures planned in the protocol (Goldsmith et al., 2020) involving distinguishing between
voluntary and compulsory admissions, and distinguishing between mental health presentations to ED with and
without referral to liaison psychiatry were abandoned as data were unavailable.

Fig 1. Outcome Measures.

https://doi.org/10.1371/journal.pmen.0000171.g001

Analytical covariates

For all outcomes, we adjusted for the size of the trust catchment population. For the primary outcomes i.e., MH ED atten-
dances or MH admissions, we also adjusted for the monthly proportions of the trust catchment population by sex and age.
These reflect the characteristics of the population-at-risk, (i.e. the population of the trust catchment area). For the second-
ary outcomes, the population-at-risk is a subset of the trust catchment population (i.e. only those with a stay on a ward
are at risk of a particular duration of inpatient stay). We risk adjusted for the size of the population-at-risk; the proportion
of the population-at-risk by sex, age and ethnicity groups and with 2 or more comorbidities according to all their inpatient
admissions recorded in HES-ED in the preceding 24 months. Estimates of acute hospital trust catchment population
sizes were sourced from Public Health England [27]. Estimates of mental health trust catchment population sizes were
unavailable. To estimate these, we first fitted a model to predict acute hospital trust catchment population size using trust
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characteristics in the NHS Trust Peer Finder Tool [26]. This model was then used to predict the catchment population size
of each mental health trust based on the same characteristics.

The generalised synthetic control method

We used the generalised synthetic control (GSC) method [28] to estimate the impact of the PDU opening on each out-
come in turn. Essentially, GSC uses mixed effects regression modelling applied to data from a single treated trust and
multiple control trusts to estimate a counterfactual, or synthetic control, for each outcome. GSC implicitly assigns weights
to each of the trusts in the control group to specify a model that provides the best fit to the outcomes observed in the
treated trust in the 2 years before the PDU opened. We refer to this as the synthetic control. The rationale is that the
predicted outcomes for the synthetic control during the 2 years after a PDU opened will reflect the outcomes that would
have occurred in that specific treated trust if the PDU had not opened. A comparison between treated trust and synthetic
control outcomes for the period following the opening of the PDU then provides an estimate of the net effect on outcomes
attributable to the PDU. Significance was assessed by a parametric bootstrap procedure [28]. Standard diagnostic checks
were performed to test the validity of method assumptions [29]. We used the ‘gsynth’ package in R [30] to implement the
GSC method [31]. Bouttell et al. (2018) provides further information on the use of synthetic control methods for evaluating
public health interventions [32]. Results were combined in random-effects meta-analyses to generate pooled estimates for
outcomes across trusts.

We conducted sensitivity analysis for the trends and approximate size of significant effect estimates by replicating
the analyses. For mental health trusts, we used the most similar 20 trusts (as opposed to 10 in the main analysis), and
for acute hospital trusts, the most similar 10 (vs most similar 20 in the main analysis). This study is registered with the
ISRCTN (ISRCTN77588384), and the statistical analysis protocol is published [33].

Ethical considerations

The research programme was registered with and received governance approval from research and development (R&D)
departments of participating NHS Trusts. Approval for the project was granted from the East Midlands Leicester South
Research Ethics Committee (19/EM/0226). This work uses data provided by patients as part of their care and support.
Individual patient-level data and data supplied under specific data sharing agreements cannot be made available by the
study team. The data were collated, maintained, and quality assured by NHS Digital, now part of NHS England. Requests
for access to these data should be directed to the Data Access Request Service, which is part of NHS England (https://
digital.nhs.uk/services/data-access-request-service-dars). The data were accessed on April 1st 2021 and there was no
ability to identify individual participants at any point.

Results
Data quality checks

We first checked the data quality. HES data was available for 41/50 (82%) of mental health trusts in England (using
2018/19 data as an example) and 142/158 (90%) of acute hospital trusts in England (2018/19 data) [26]. No data was
found in HES for SHSC, one of the treated mental health trusts, so this mental health trust was excluded. Four mental
health trusts and 9 acute hospital trusts were excluded from the pool of trusts from which the synthetic control was drawn
as they had a local PDU during the study period [18]. The dataset for the remaining 37 mental health trusts (3 treated
and 34 in the ’pool’ of controls) extracted from HES-APC to proxy admissions to a mental health inpatient ward included
725,361 records for service users aged between 18 and 75 years from December 2012 to January 2021. The dataset

for the remaining 133 acute hospital trusts (6 treated and 127 in the ‘pool’ of controls) extracted from HES-ED dataset to
proxy MH attendances at ED contained 1,775,237 records for service users aged between 18 and 75 years from Decem-
ber 2012 to January 2021.
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We plotted the primary outcomes during the 24 months preceding and 24 months following the opening of the PDU at each
treated trust and trust which could potentially be included in the synthetic control to assess data quality of outcomes. SGUH,
one of the treated acute hospital trusts, was excluded from analysis due to data sparsity of acute hospital trust outcomes. Study
periods for LP, KH and STH were shortened due to data sparsity in certain months. Additionally, 3/34 in the pool of control mental
health trusts and 12/127 in the pool of control acute hospital trusts were excluded due to data quality. Following exclusions, there
were 3 treated mental health trusts, 5 treated acute hospital trusts and 34 and 115 trusts in the pools of control mental health and
acute hospital trusts respectively. The trusts comprising the synthetic control for each treated trust are detailed in S1 Table.

Comparison of mental health trusts to their synthetic controls

In the pre-implementation period, service users admitted to a psychiatric inpatient ward at treated and synthetic control
trusts had broadly similar characteristics, including age, sex and length of stay. The population staying on psychiatric
wards in the cities served by SWLSG and BAS were more ethnically diverse than their synthetic control trusts — for exam-
ple service users at SWLSG were more ethnically diverse with 66.1% white ethnicity vs. 77.9% in the controls. There were
significant differences in the diagnostic profiles (ICD-10 primary diagnostic code) for service users at SWSLSG compared
to the synthetic control. There were significant differences in the method of admission for all three treated trusts when
compared to their synthetic controls, including the proportion admitted from Mental Health Crisis Resolution Teams (a
team which provides intensive short-term support to service users in crisis at home including telephone calls and visits),
which do not exist at all mental health trusts. At BAS, the source of admission to a psychiatric ward differed significantly
from the synthetic control trusts, with a smaller proportion of service users admitted from their usual place of residence
compared to the synthetic control trusts. At LP, the number of service users with 2 or more Elixhauser comorbidities [34]
differed significantly from the synthetic control trusts (S2 Table).

Comparison of acute hospital trusts to their synthetic controls

In the pre-intervention period, there were no significant differences in age, sex or arrival mode between the five treated
trusts and the populations comprising their synthetic controls. There were significant differences in the ethnic makeup
of the population at one treated trust (SWB) compared to the trust synthetic control. Three treated trusts (KH, SWB and
STH) differed significantly to their synthetic controls in diagnostic codes used at ED. Four treated trusts differed signifi-
cantly to their synthetic controls in patient group (KH, SWB, UHB and STH), and in referral source (KH, ULH, UHB and
STH). All treated trusts differed significantly to their synthetic controls in the discharge method (S3 Table).

Checking the assumptions required for the GSC method

A minority of outcomes for particular trusts failed diagnostic tests indicating that assumptions required for the GSC method
were not satisfied. Consequently, we do not report estimates for these outcomes. This applied to the rate and length of
stay of MH admissions in LP, the rate of MH ED attendances in KH, the proportion of MH ED attendances less than 4
hours in UHB, and less than 12 hours in all trusts except UHB and STH. Additionally, we do not report estimates for the
proportion of ED attendances that were admitted in KH and ULH due to diagnostic evidence of extrapolation.

Estimated impacts of PDU opening

The meta-analytic results across sites are reported first, followed by results for individual sites.

Mental health trust outcomes

There was no significant pooled effect on the primary mental health trust outcome of MH admissions per 10,000 trust
catchment patients per month. For the secondary outcomes, there was a significant reduction in the length of MH
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admissions of -6.4 days, p<0.001. This meta-analytic result was comprised of a strong, significant reduction in the dura-
tion of MH admissions at BAS and a small, non-significant increase at SWLSG. For the secondary outcome, the propor-
tion of short-stay (<5 day) MH admissions, there was overall no significant effect (-0.5%, p=0.688). At individual sites,
there was a significant reduction at SWLSG (-6.5, p<0.001), a significant increase at BAS (4.6, p=0.044), and a small,
non-significant increase in this outcome at LP (S1 Fig and Table 2)

Acute hospital trusts

There was no significant pooled effect on the primary outcome of ED MH attendances (per 10,000 trust catchment
patients per month). There were no significant pooled effects for any of the secondary outcomes. For individual acute hos-
pital trusts, there was a significant effect at one trust for the following secondary outcomes; at BAS there was a significant
reduction in ED MH attendances (per 10,000 trust catchment patients per month) (-1.5%, p=0.034). At UL, there was a
reduction in the proportion of ED MH attendances arrived by police or ambulance (-9.1%, p=0.003). At KH, the length

of wait in ED for MH attendances reduced (-24.6 minutes, p=0.034). Also at KH, there was a significant increase in the
proportion of ED MH attendances with a wait of less than 4 hours (4.0%, p=0.012). (Table 3 and S2 Fig).

Sensitivity analysis

In the sensitivity analyses some of the effects lost significance, but the direction and approximate magnitude of effects
were robust to changes in the selection of trusts in the synthetic controls.

Discussion
Main Findings

Examining the results at an individual site level reveals some significant effects alongside heterogeneity in the magnitude
and direction of effects. In the section below we consider how heterogeneity of PDU configuration and setting within the
crisis care pathway might account for our findings at each trust.

Table 2. Risk-adjusted outcomes for mental health trusts.

MH admissions (per 10,000 trust catchment
patients per month)

MH admissions; length of stay (days) Proportion of MH admissions length of

stay <5 days (%)

Average valuea Absolute p-value Average valuea Absolute p-value Average valuea Absolute p-value
differ- difference difference
ence (RD %)B (RD %)B
(RD %)B
SWLSG (London) (November 2016 — October 2018)
13.8 -04(-25) 0310 57.3 126 (4.7) 10.331 1.0 -6.5(-36.9) | <0.001
LP (Lincolnshire) (January 2018 — December 2018)
324 - - 1376 E - 16.4 0.8 (5.4) 10.578
BAS (Birmingham) (November 2014 — October 2016)
17.3 -0.5 0.749 73.7 -15.5 (-17.3) <0.001 12.6 4.6 (58.3) 0.044
(-2.68)
Meta-Analysis (24 months$ post-PDU opening)
- 0.4 10.310 - -6.4 1<0.001 |- 0.5 0.688
“Average value of the outcome in the treated trust § LP only contributed to the first 12 months in meta-analyses.
FThe absolute difference (AD) and relative difference (RD) between the average outcome in the treated trust and the synthetic control.
https://doi.org/10.1371/journal.pmen.0000171.t002
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Table 3. Risk-adjusted outcomes for acute hospital trusts.

ED MH attendances Proportion of ED MH attendances ED MH attendance
(per 10,000 acute hos- length of wait
pital trust catchment (minutes)
patients per month) | wait<4 hours Wait<12 hours Admitted to an acute | Arrived by ambulance
bed at same provider | or police
Aver- | Abso- | p-value | Aver- | Abso- | p-value | Aver- | Abso- | p-value | Aver- | Abso- |p-value | Aver- | Abso- |p-value | Aver- | Abso- |p-value
age |lute age | lute age lute age |lute age |lute age lute
value® | differ- value® | differ- value® | differ- value® | differ- value® | differ- value® | differ-
ence ence ence ence ence ence
(RD (RD (RD (RD (RD (RD
%)? %)P %)? %)? %)? %)P
Kingston Hospital NHS Foundation Trust (KH) (November 2016 — October 2018)
8.6 - - 99.6 4.0 0.012 | 999 |- - 1.5 |- - 46.7 |-3.3 0.957 262 |-246 |0.034
(4.2) (-6.6) (-48.5)
United Lincolnshire Hospitals NHS Foundation Trust (UL) (January 2018 — December 2019)
7.0 0.5 0.510 |90.1 |-24 |0.114 |100.0 |- - 71 - - 35.8 | -9.1 0.003 |121.8 |23.6 0.328
(7.2) (-2.6) (-20.4) (24.0)
Sandwell and West Birmingham NHS Foundation Trust (SWB) (November 2014 — October 2016)
9.9 2.0 0.146 |99.2 0.2 0.307 100.0 | — - 131 |11 0.877 589 |04 0.869 821 |47 0.360
(25.3) (0.2) (-8.0) (0.7) —(5.4)
University Hospitals Birmingham NHS Foundation Trust (UHB) (November 2012 — October 2016)
3.1 -0.1 0.904 995 |- - 100.0 | 0.3 0.715 129 |6.7 0.159 |57.3 |1.8 0.994 |715 |-29 0.970
(-2.3) (0.3) (106.2) (3.3) (-3.9)
Sheffield Teaching Hospitals NHS Foundation Trust (STH) (March 2019 — January 2020)
4.7 -1.5 0.034 882 |-1.8 0437 (999 | -0.1 0.843 |79 -3.6 0.451 [48.8 |53 0.062 |141.7 1 35.0 0.550
(-24.9) (-2.0) (-0.1) (-31.3) (12.3) (32.9)
Meta-Analysis (24 months§ post-PDU opening)
- .02 |o7ra |- o2 o7 |- |o1 |os580 |- 00 0989 |- | -10 |0723 |- |11 |0.902

°Average value of the outcome in the treated trust. § Sheffield Teaching only contributed to the first 10 months in meta-analyses.
PThe absolute difference (AD) and relative difference (RD) between the average outcome in the treated trust and the synthetic control.

https://doi.org/10.1371/journal.pmen.0000171.t003

Exploring heterogeneous outcomes

At BAS, we found that the addition of the PDU to the crisis care pathway had no effect on psychiatric inpatient admissions
or presentations to ED for mental health problems. The BAS PDU had previously been evaluated by Trethewey et al. [35].
Trethewey found an association between the introduction of the PDU and a reduction in psychiatric inpatient admissions
via Liaison Psychiatry (who provide the ED psychiatric service) in Birmingham. Specifically, Trethewey found that the
number of patients admitted to a ward via liaison psychiatry reduced from 298 to 219 in the post-period, but did not test for
significance. Neither is it clear how many of the patients directed from Liaison Psychiatry to the PDU were discharged to
an inpatient ward from the PDU. Trethewey did not identify the impact of the PDU on overall psychiatric inpatient admis-
sions, addressing different outcomes to the current study.

Trethewey also found the introduction of the PDU to be associated with a 39% decrease in the ED psychiatric
attendances from the Street Triage team in Birmingham [35]. Street Triage is a mobile mental health service that
works with the police, particularly on weekend evenings, to help people displaying mental health problems which
are of concern to the police to be met with an appropriate trauma and psychiatrically informed response. We did not
examine the effect of the PDU on ED presentations via Street Triage, so it is unclear whether our study would have
also found this effect. The introduction of a PDU provides Street Triage with an alternative place to take patients
in crisis and without any acute health issues (e.g. without self injury). For these patients, the PDU is likely a more
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appropriate, calm, and conducive place for their psychiatric crisis to stabilise, away from the busy and noisy ED
environment. Features of the configuration of the PDU in Birmingham support this use - the average length of stay at
the Birmingham PDU is 4 hours [18], meaning the patient throughput is high so the PDU will often be able to accept
additional patients from Street Triage. It is important to note that only a small proportion of patients seen at the PDU in
Birmingham have been seen by Street Triage (less than 2%) [19]), so the effect identified by Tretheway may not have
the power to have a significant effect on overall ED presentations in Birmingham. Our finding of no impact of the PDU
on acute hospital trust ED psychiatric presentations or mental health inpatient admissions across the entire trusts may
reflect a lack of change in overall admissions, which does not exclude the possibility of a reduction in admissions from
liaison psychiatry.

At BAS, our finding of a significantly shorter MH length of stay with a greater proportion of service users staying for
fewer than 5 days compared with the synthetic control runs counter to the expected effect of PDUs, which aim to reduce
the proportion of voluntary or short MH admissions. This would have the likely effect of increasing the average length of
stays. A large proportion of psychiatric admissions at BAS during the 24 months after the PDU opened may have been
admissions that did not come via ED or the PDU (e.g. emergency transfers from another provider or planned admissions),
which may have dominated the trust-wide trends in the length of admissions. Additionally, shorter length of stay could be
attributable to the effect of other activities or initiatives targeting reductions in length of stay that occurred in the trust at the
same time (but were not being introduced in the trusts which make up the control area). Additionally, this could reflect to
the specific configuration and focus of this PDU compared with the other PDUs studied. The PDU at BAS has aims solely
focussed on psychiatric presentations to ED (to reduce both psychiatric ED attendances and psychiatric ED waits longer
than 4 hours). The BAS PDU had higher throughput, shorter PDU stays [20], and a lower staff-to-patient ratios. This con-
figuration may not as readily prevent admissions to acute hospital psychiatric wards that are shorter in length for individu-
als with less severe presentations.

The proportion of MH admissions with a stay of less than 5 days was significantly lower in SWSLG than the synthetic
control suggesting that the PDU may have reduced the need for MH admissions for service users who could be better
served by a stay at the PDU. However, we did not observe any significant impact on the overall average length of stay,
or the number of MH admissions at SWSLG. This finding is aligned with a recent interrupted time series study which also
explored the impact of the addition of a PDU to the crisis care pathway at SWLSG, which found that this trust experienced
lower voluntary inpatient admissions in the short term, as well as in the longer-term, with an increase in the share of com-
pulsory service users staying on the ward [20].

We cannot distinguish between the effects of the PDU, which opened in November 2016, and the effects of the other
new initiatives in the crisis care pathway at SWSLG and KH. In April 2017 several recovery cafés (informal places where
individuals in psychiatric crisis can present with or without carers to access support) opened. In May 2017 a flexible out-
of-hours crisis service was also introduced. This offered 7-day street triage as well as home-based assessments and
treatments. These initiatives could have contributed to the impacts on the proportion of short stay MH admissions and ED
waiting times observed at SWSLG.

We only found significant evidence of a reduction in the rate of MH ED attendances in STH. However, service users in
KH waited 24.6 minutes less than the control area leading to significantly fewer 4-hour breaches. Lower rates of MH ED
attendances in STH may be a result of the ability of community MH teams to refer directly to the PDU bypassing ED; this
referral mechanism was not in place in the other trusts which would not see a reduction in MH ED attendances as most
PDU referrals would be made from within ED. At ULH significantly fewer service users arrived at the hospital by ambu-
lance or police compared with the control area. This finding could be attributable to a nurse working in the police control
room during the study period to help communicate with people who are experiencing mental health problems and inter-
acting with the police (addressing the crisis and connecting them to community mental health services), rather than to the
impact of the PDU.
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Exploring meta-analysis results

Meta-analytic pooling of effect estimates across trusts revealed no significant effects on primary outcomes for either men-
tal health or acute hospital trusts. There was a significant pooled effect on the secondary outcome of length of stay for MH
admissions at mental health trusts (-6.4 days, p<0.001). There were no significant differences in the pooled effects of any
of the other secondary outcomes. Pooled analyses address an important NHS policy level question, which is, given the
variation in the configuration of PDUs, does the introduction of a PDU typically have an impact on the mental health crisis
care pathway? However, interpretation of findings is complicated by potential changes in local conditions outside the hos-
pital settings of each site which may have also impacted observed trends. For example, reduced availability and/or quality
of community mental health services have been linked with higher rates of compulsory psychiatric admissions in England
[36], and changes in the presence or absence of community support provided outside the NHS may be linked to the rates
of local people entering into mental health crisis.

Comparison with previous studies

A recent international systematic review of psychiatric decision units reported a significant reduction in ward admissions
after the opening of a short-stay crisis unit based on four studies. The combined odds ratio was 0.55 (95% CI 0.43 to 0.69)
[21]. However, we find no significant impacts of the opening of the PDUs on MH admissions at any of the mental health
trusts. The same systematic review found a reduction in the waiting time in ED of —164.24 minutes (95%CI -261.24 to
—67.23 minutes), based on two studies reporting results which could be meta-analysed. The present study did not find a
significant reduction in waiting times at ED in the pooled results, although ED waiting times were significantly reduced at
one trust. This may be connected to the limited capacity of PDUs relative to the size of the ED (the unit capacities range
from 5 to 8 service users at any one time; Table 1). It may be that the PDUs in the systematic review were accepting a
higher proportion of local service users in mental health crisis, and so had a greater impact on both ward admissions and
waiting times in ED. It may be that the EDs in the present study were under so much pressure with staff struggling to meet
the demand that they were less effective at rapidly referring suitable patients to the PDU than the EDs linked to the PDUs
in the international literature review.

Strengths and limitations

The synthetic control method offers advantages over other alternative evaluation methods. Firstly, the control is selected
using data-driven methods which may reduce researcher bias compared with manual selection. Further it does not rely on
an assumption of parallel trends and can control for time varying effects including national changes in policy and trends
over each of the 4-year study periods. The generalised synthetic control approach used here has been found to be the
most reliable in comparison to alternative approaches [37].

However, comparison of service user characteristics between treated trusts and their synthetic control groups revealed
some significant differences highlighting both the difficulty of finding control trusts that are genuinely similar to the treated
trusts and of aggregating findings across multiple treated trusts. In general, the synthetic controls for the acute hospital
trusts were more similar, this may be accounted for as there are more acute hospital trusts than mental health trusts -
offering a greater pool from which the synthetic control can be made.

Predicted outcomes were estimated using control trusts with similar characteristics to the treated trusts across selected
variables. We noted some differences between treated and control trusts in the pre-intervention period which may reflect
differences in the underlying disease burden, socio-economic and other patient characteristics of the catchment popula-
tion; or differences in the trust or local healthcare infrastructure, workforce or ways in which healthcare utilisation is coded.
These variables are not expected to vary over time and so were not controlled for further in the analysis. Estimates were
risk-adjusted for other selected trust and patient-level variables (including ethnicity) to control for a wide variety of unob-
served confounders.
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Coding in routinely collected data can be less than satisfactory [38] and any changes in coding practices over our long
study period can complicate interpretation of trends over time within and across trusts. One site did not contribute data
to HES, and some months were excluded from the study periods due to data quality issues in 4 sites; this decreased
the power of corresponding analyses and their impact in meta-analyses. The exclusion of certain sites and shortened
study periods reduces the risk of potential bias in the study. The limitation of data sparsity is often inherent in ‘real world’
datasets, and studies which do not address them properly (as we have done) risk generating misleading results as their
analysis is not robust.

We used a proxy in HES-APC data to capture MH admissions; although, this approach has been verified elsewhere
[39] for accuracy by comparison with data on NHS available and occupied beds, estimates may understate the true num-
ber of MH admissions in more recent periods [40]. Importantly, this source of data does not distinguish between voluntary
and compulsory admissions. As PDUs only accept voluntary patients, any impacts on Trust admissions would primarily
be on the number of voluntary admissions. Assessing the impact on all admissions perhaps reduces the power of the
analysis.

The impact of changes to other NHS-provided crisis support (such as street triage, crisis cafes and crisis houses), or
changes to broader NGO initiatives providing additional alternative sources of help during crises, were not considered
here. This could lead to residual unobserved confounding which may lead to bias in our estimates. We were also unable
to account for other interventions or local initiatives targeting similar outcomes in control trusts which may dilute the effects
observed. Results from meta-analysis for PDUs with different study periods may be confounded by time-varying expo-
sure and background contexts. Additionally, we examined multiple outcomes at multiple sites, each administered without
correction for multiple testing. Three results were highly significant (p-value<0.001) but there nevertheless is a risk of Type
| errors.

Future research could usefully explore the detail of the choices and decisions people in crisis make about where and
from whom they seek support using qualitative or mixed methods studies.

Conclusions

Heterogenous effects across sites likely reflects the fact that PDUs have been designed and implemented differently in
different locations, as part of disparate and changing crisis mental health pathways. Greater clarity of purpose of PDUs
might inform future delivery, and further research should focus separately on units that are either aimed at reducing ED
attendances or psychiatric admissions to minimise heterogeneity. We found no evidence of any detrimental effect of PDUs
on the psychiatric crisis care pathway. PDUs may be preferred by patients and complement other effective inputs into the
crisis care pathway such as street triage, crisis cafes, and crisis houses, increasing patient choice, rather than as a sole
solution to decreasing inpatient admissions and ED attendances.
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