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STUDY PROTOCOL Open Access

What is the impact of psychiatric decision
units on mental health crisis care
pathways? Protocol for an interrupted time
series analysis with a synthetic control
study
L. P. Goldsmith1*, J. G. Smith1, G. Clarke2, K. Anderson1, J. Lomani1, K. Turner1 and S. Gillard1

Abstract

Background: The UK mental health system is stretched to breaking point. Individuals presenting with mental
health problems wait longer at the ED than those presenting with physical concerns and finding a bed when
needed is difficult – 91% of psychiatric wards are operating at above the recommended occupancy rate. To address
the pressure, a new type of facility – psychiatric decision units (also known as mental health decision units) – have
been introduced in some areas. These are short-stay facilities, available upon referral, targeted to help individuals
who may be able to avoid an inpatient admission or lengthy ED visit. To advance knowledge about the
effectiveness of this service for this purpose, we will examine the effect of the service on the mental health crisis
care pathway over a 4-year time period; the 2 years proceeding and following the introduction of the service. We
use aggregate service level data of key indicators of the performance of this pathway.

Methods: Data from four mental health Trusts in England will be analysed using an interrupted time series (ITS)
design with the primary outcomes of the rate of (i) ED psychiatric presentations and (ii) voluntary admissions to
mental health wards. This will be supplemented with a synthetic control study with the same primary outcomes, in
which a comparable control group is generated for each outcome using a donor pool of suitable National Health
Service Trusts in England. The methods are well suited to an evaluation of an intervention at a service delivery level
targeting population-level health outcome and the randomisation or ‘trialability’ of the intervention is limited. The
synthetic control study controls for national trends over time, increasing our confidence in the results. The study
has been designed and will be carried out with the involvement of service users and carers.

Discussion: This will be the first formal evaluation of psychiatric decision units in England. The analysis will provide
estimates of the effect of the decision units on a number of important service use indicators, providing much-
needed information for those designing service pathways.
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Background
Mental health crisis care is under extreme pressure inter-
nationally [1–5]. In the UK, bed occupancy is high, staff are
under pressure and resources are constrained – the UK
Emergency Department (ED; also known as Accident and
Emergency) system has been described as near breaking
point [6]. In the UK, two-thirds of people attending the ED
multiple times for any reason have had previous contact with
specialist mental health services or have previously been ad-
mitted to an acute hospital for a mental health condition [7],
with frequent attenders at greater risk of psychiatric inpatient
admissions [8]. People presenting with a mental health issue
are over 6 times more likely than people presenting with a
physical concern to wait more than 4 hours at the ED [9].
Bed occupancy in inpatient psychiatric facilities is well above
recommended levels with 91% of wards operating above the
recommended occupancy rate [10]. Mental disorders are es-
timated to account for around 5% of ED attendances in the
UK and almost 30% of acute inpatient bed occupancy and
acute readmissions [7, 9, 10]. Although the emergence of li-
aison psychiatry services has enabled organisations to pro-
vide responsive mental health advice and assessment within
emergency care settings, there remain wide variations in ser-
vice provision [11] and ongoing challenges to sustainability
[12]. The introduction of crisis resolution and home treat-
ment teams and triage wards has offered little benefit in re-
ducing contact with acute services, inpatient admissions or
costs across the wider in-patient system compared with
standard models of care [13–15], with ongoing staff concerns
over the accuracy of triage decisions for mental health pre-
sentations [16, 17], while inpatient care remains unpopular,
expensive and sometimes detrimental for individuals and
their families [7, 18–20].
Against this context, Psychiatric Decision Units (PDUs;

also called Mental Health Decision Units, and sometimes
called Assessment Suites) have been introduced into the cri-
sis care pathway in some National Health Service trusts in
England [18, 21] (Crowe C, Walsh D: Lotus assessment suite
PDU (psychiatric decision unit) - nine-month performance
report: Springfield University Hospital: South West London
and St George's Mental Health Trust, unpublished). PDUs
are designed to reduce admissions to acute inpatient care, es-
pecially avoidable short admissions and expensive out of area
or private admissions, reduce subsequent crisis presentations

at the ED, and are an integrated part of the crisis care path-
way [18] (Creswell J, Beavan M: Accreditation for inpatient
mental health services (AIMS) standards for assessment/tri-
age wards. London: Royal College of Psychiatrists, unpub-
lished). These are short-stay facilities, based within
psychiatric hospitals, for referred voluntary patients in acute
mental health crisis who receive time-limited help (typically
up to 24–72 h), after which discharge to the community or
an inpatient admission occurs. The targeted referrals of
people who experience excessive stays in emergency depart-
ments, frequent use of other services, such as the police and
ambulance services, and who have complex and frequent
crisis-related needs, distinguishes PDUs from triage or as-
sessment wards, which accept all patients requiring assess-
ment or treatment from the crisis care pathway and have a
short length of stay (Creswell J, Beavan M: Accreditation for
inpatient mental health services (AIMS) standards for assess-
ment/triage wards. London: Royal College of Psychiatrists,
unpublished). Additionally, PDUs typically only accept vol-
untary patients – whereas Triage Wards will admit people
under assessment or treatment sections of the Mental
Health Act, and the focus on PDUs is about assessment
and planning on community-based provision in the
medium term rather than inpatient care. The units are
often nurse-led with consulting input from psychiatry and
other mental health professionals. The 24 h facilities offer
enhanced mental health assessment and short-term sup-
port which is targeted for people for whom inpatient ad-
mission is being considered (differing in function from the
triage wards found in some mental health trusts which
admit all people requiring inpatient care for purposes of
assessment for ongoing care) (Creswell J, Beavan M: Ac-
creditation for inpatient mental health services (AIMS)
standards for assessment/triage wards. London: Royal Col-
lege of Psychiatrists, unpublished).
International counterparts to the PDU are often

known as a Psychiatric Emergency Service (PES) or Cri-
sis Stabilisation Unit (CSU), and have become increas-
ingly critical to the delivery of mental health crisis care
[22–24]. This is particularly true for the US where a
third of hospitals are estimated to provide these emer-
gency units [25, 26], but they are also present in France
[27] and Singapore [28]. Although formal evaluations of
recently developed (single site) PDUs in the US and
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Australia have suggested these type of units might re-
duce length of stay in emergency departments and in-
patient psychiatric admissions among patients with
mental health presentations accessing emergency care
[29, 30], evidence regarding the characteristics of effect-
ive and acceptable PDUs in England is restricted to in-
formal local evaluations [21, 31] (Crowe C, Walsh D:
Lotus assessment suite PDU (psychiatric decision unit) -
nine-month performance report: Springfield University
Hospital: South West London and St George's Mental
Health Trust, unpublished). While these reports suggest
the service model has potential to reduce demand on
the ED, key data have not been reported (e.g. length of
stay in the ED).
It is possible PDUs introduce further fragmentation to

the system, and, if not effective, may waste critical re-
sources. As such, a formal evaluation of these services is
urgently required to describe the model of care and gen-
erate much needed knowledge about the impacts, qual-
ity, and cost benefits of a new assessment-based service
for people experiencing mental health crises and acces-
sing emergency services. The study aims to evaluate the
effectiveness of decision units by examining the effect on
key indicators of performance of the mental health crisis
pathway.
The proposed work, (Evaluating Mental Health Deci-

sion Units in acute care pathways (DECISION): A quasi-
experimental and health economic evaluation), will be
the first formal evaluation of PDU services in England
and the only project to date that includes comparison of
different PDUs.

Study setting
This research takes place in four geographical locations
in England, each of which have an PDU. To maximize
generalisability, sites have been chosen where there is
variation in the configuration of the PDUs across the
four sites to allow comparison and ascertain the optimal
PDU configuration (see Table 1).

Referrals to PDU can be made from a range of services
including ED liaison psychiatry teams, Crisis Resolution
& Home Treatment teams and street triage teams. Re-
ferrals are triaged at a decision point prior to admission
to the PDU. Overnight accommodation is single sex and
units tend to be small, with a staff: service user ratio of
at least 1:2 to allow substantial time for detailed assess-
ment, brief intervention and onward referral/ signpost-
ing. Therapeutic work is typically cognitive or
psychosocial, for example, improving resilience and solu-
tion focused approaches. Pathways from the decision
unit can be either subsequent admission, discharge or
forward signposting to appropriate recovery and pre-
ventative services.

Aims
The aim of the study is to identify the impact of psychi-
atric decision units on mental health crisis care path-
ways. We will do this by administering an interrupted
time series, supplemented by a synthetic control study,
using routinely collected mental health trust and emer-
gency department data. We will produce estimates of
the extent to which changes in key service parameters
(e.g., informal psychiatric admissions and mental health
presentations at the ED) in the pre- and post-
interruption period are explained by the introduction of
PDUs at each of the sites in the study, and combine the
results across sites to give a generalizable effect size
estimate.

Methods
Study design
We will use an interrupted time series design, supple-
mented by a synthetic control study [32]. Adults (over
18) in psychiatric crisis in England of both sexes are eli-
gible. The data collection periods started in November
2012 and will end on March 31st 2020. This project has
been given favourable opinion from the East Midlands
Leicester South Research Ethics Committee (19/EM/

Table 1 Structural variation in Psychiatric Decision Units

Trust with PDU Maximum Length of Stay Capacity Referral route

Inner city 1 48 h 5 ED (liaison),
Crisis Resolution and Home Treatment Teams,
Street Triage

Inner city 2 24 h 10 ED (liaison),
Out of Hours Team,
Approved mental health professionals team,
Mental health inpatient wards,
136 Place of Safety,
Community teams, including crisis resolution and home treatment teams

Inner city 3 72 h 8 ED (liaison),
Street Triage

Rural Site 24 h 6 ED (liaison),
Crisis Resolution and Home Treatment Teams
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0226) and entry to the study is currently open. The re-
search is funded by the National Institute of Health Re-
search (NIHR) Health Services and Delivery Research
(17/49/70). The current protocol described is version
4.0, dated 16th December 2019, and relevant parties will
be informed of any important protocol modifications.
The research uses aggregate service use data, and so
Trusts, rather than individuals join the study. A data
monitoring and ethics committee is not needed as there
is no experimental intervention. The Independent Steer-
ing Committee (which includes an academic chair, a
statistician, and two public and patient members) pro-
vides oversight and advice.
An interrupted time series (ITS) design, using rou-

tinely collected healthcare data, will explore change in
acute and psychiatric hospital activity after the introduc-
tion of PDUs in our 4 sites, hereafter referred to as the
treated trusts. Quasi-experimental methods, such as an
ITS design, are appropriate when the randomisation
and/or the ‘trialability’ of the intervention is limited.
They are particularly well suited to evaluations of organ-
isational interventions or changes to health care at a de-
livery level that target population-level health outcomes
and when a time series is available, as in this instance
[33, 34]. In ITS studies, data are collected at multiple
time points before and after the introduction of a change
or intervention; enabling detection of whether or not the
change has a significantly greater effect on outcomes of
interest than any underlying secular trend [35]. ITS find-
ings primarily concern whether the level and/or slope of
the outcome measurement is altered once change has
been implemented. Advantages of the method include
controlling for baseline variation, periodicity, cyclical
trend and/or autocorrelation in the time series design,
prior to examination of change effects. The number of
observations is important; examining a long series of
outcome measurements more readily allows analyses to
track both immediate and delayed effects [36].
A synthetic control study in which comparative con-

trol trusts (in which no change in service delivery/
model of care occurs) are included in an interrupted
time series analysis, improves the specificity of the evalu-
ation and better controls for secular trends over the
baseline, change or intervention, and follow-up periods
[34]. Advanced synthetic control methods [37] will be
used for controlled analysis to estimate a robust coun-
terfactual against which to compare the impact of the
introduction of each of the four participating PDUs on
outcome variables. A mapping study will be used to
identify suitable control trusts for the synthetic control
study (sites without a PDU). A timeline of changes to
the crisis care pathway will be elicited through interview
with key informants and will be used to interpret the
analyses.

Sample size: ITS
The weekly series for 24 months pre- and post-
implementation of PDUs (208 weekly or 48 monthly
time points) is more than the 40 data points (20 pre-
and 20 post-change) typically considered as adequate for
valid ITS model analysis [38], and provides sufficient
power to detect medium effects where they exist. For ex-
ample, to detect a time x slope interaction with medium
effect size on an outcome, a sample of 208 time points
has > 99% power (assuming one parameter tested and no
more than five factors entered in model; calculated using
G-Power, ‘linear multiple regression: fixed model, r2 in-
crease’ module).

Sample size: synthetic control study
The monthly series for 24 months pre- and 24months
post-implementation of PDUs (including a one-month
‘bedding in month’), yields 49 time points. This provides
us more than the 40 data points (20 pre- and 20 post-
change) typically considered as adequate for valid ITS
model analysis [38], and provides sufficient power to de-
tect medium effects where they exist.

Data collection
Interrupted time series
Outcome data will be collated as time series for 24
months pre- and 24 months post-implementation of the
PDU. All data will be aggregated to a single observation
at multiple time points at equal intervals. In our case,
depending on the variable under study, the time series ag-
gregation unit will be weeks or months. For out of area
admissions, for example, a weekly total may be too low to
appropriately use a weekly time series as differences may
reflect random variation rather than a real effect (i.e. a
high noise-signal ratio). The aggregation unit used will be
the one that provides proportionately better model fits.
Aggregated service use data over the relevant 4 years will
be sourced locally from mental health trusts and the ED
(acute hospital trusts) of participating PDU sites, as de-
tailed above, through contact with Information Manage-
ment & Technology (IM&T) departments at each trust.
Where a substantial proportion of PDU patients (≥ 25%)
are referred from a second acute trust, we will use data
from that trust also. All data is handled in accordance with
the UK Data Protection Act 2018 (incorporating the EU20
General Data Protection Regulation). Information Man-
agement Services personnel within the NHS Trusts will
collate the trustwide service use data required for study
analyses. Electronic transfer of this data between NHS
Trusts and the lead university (St George’s, University of
London [SGUL]) will be by encrypted email transfer. This
data does not include personally identifiable information
and will not be shared by SGUL with any third party or
linked with other data that might render the information
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more identifiable. All data held on NHS or university
computers will be securely held on password protected
servers and not on individual PCs. The datasets generated
during and/or analysed during the current study will be
stored in a non-publicly available repository.

Primary and secondary outcome measures
The primary and secondary outcome measures are
shown in Table 2. We have a number of secondary out-
comes as PDUs are understood by trusts to have wide-
ranging effects on the crisis care pathway, and this ap-
proach allows each of these claims to be investigated. In
Table 2, we also specify the denominator used to obtain
the rate. A number of different methods have been used
to calculate hospital catchment populations (HCPs) in
England [39]. Here we will use the proportionate flow
methods used by Public Health England (PHE) [40, 41].

An additional analysis for all mental health trust out-
comes will be conducted considering only people with
discharge from psychiatric inpatient services in the pre-
ceding 24months. In a similar manner, additional ana-
lyses of the ED psychiatric presentations will be
administered considering only people with a previous
ED visit in the last 24 months. This is to ensure that we
can estimate the effect of introducing PDU on services
with respect to those populations most likely to be re-
peat users of mental health inpatient care and the ED,
respectively.

Service mapping
We will map the PDUs in England to identify suitable
trusts to be used as controls in the synthetic control
analysis. We want to ensure that control trusts do not
also have PDUs as this will dilute our ability to detect
impacts in the treated trusts. Freedom of information
(FOI) requests will be sent to all mental health trusts in
England to identify the prevalence of PDUs in England.
We will use trust websites to generate a contact list and
send them the FOI request in the form of an electronic
survey.
We will identify the scope of PDUs, the provision of

care offered and variation in unit configuration to iden-
tify variations in service provision and aid dissemination
of the results of the study. In addition, we will obtain in-
formation from each trust about alternative assessment
and crisis care provision, including assessment wards;
community-based assessment services and crisis services
more generally, such as crisis houses and street triage
teams. This will enable us to contextualise our findings
when establishing the current cost and clinical benefits
of PDUs in England as well as modelling the cost and
impact of widespread roll out of PDU provision.

Synthetic control study
For the synthetic control study, aggregated service use
data over the relevant 49 months for both the treated
trusts and the selected control trusts will be sourced
from Hospital Episodes Statistics (HES) and the Mental
Health Services Data Set (MHSDS). The relevant time
period is 49 months, as the month following the intro-
duction of the PDU is excluded from the analysis to
allow a bedding in time for set-up. HES and MHSDS are
databases recording all admissions, outpatient appoint-
ments and ED attendances at NHS hospitals in England
and mental health NHS trust service use respectively
(NHS Digital, [42]).

Key informant interviews
Semi-structured interviews (n = 5 per site) will be held
with strategic managers in each site, including PDU
manager, Acute Care Pathway lead, mental health lead

Table 2 Outcome measures

Primary outcome measures: Synthetic Control (ITS) Study

Rate of admissions to mental
health trust adult inpatient wards
per 1000 trust catchment
population

Rate of ED psychiatric
presentations per 1000 trust
catchment population)

Primary outcome measures: ITS Study

Rate of informal admissions to
mental health trust adult inpatient
wards per 1000 trust catchment
population

Rate of ED psychiatric
presentations per 1000 trust
catchment population)

Secondary outcome measures (both studies)

Mental health trust Acute trust

Rate of inpatient admissions per
1000 trust catchment population

Proportion of 4-h psychiatric ED
breaches (denominator psychiatric
ED presentations)

Proportion of 0–5 day inpatient
admissions (denominator total
inpatient admissions)

Average length of psychiatric ED
wait

Average length of inpatient stay
(bed days)

Proportion of psychiatric ED 12 h
trolley waits (denominator
psychiatric ED presentations)

Proportion of compulsory
admissions (denominator total
admissions)

Proportion of psychiatric ED
admissions admitted to an acute
bed (denominator psychiatric ED
presentations)

Proportion of psychiatric liaison
episodes at the ED (denominator
psychiatric ED presentations)

Proportion of psychiatric ED
arrivals by ambulance or police
(denominator psychiatric ED
presentations)

ITS only outcomes:

Daily mean occupied bed days
(denominator size of trust
catchment population)

Proportion of out of area
admissions (from the site MH trust
to other MH trust or private
provider) (denominator total
inpatient admissions)
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commissioner (or their equivalent locally) and the ED
manager and ED clinical director at the main general
hospital at each site. Interviews will seek to identify any
changes to the crisis care pathway within the duration of
the time series, including the introduction or withdrawal
of services or new initiatives, including provision of ser-
vices outside of the NHS mental health trust (e.g. by
third sector agencies), changes in policy or protocol re-
lating to the assessment and managing of psychiatric
presentation to ED and seasonal impacts.
To account for potential confounding of any identified

service reconfiguration or changes to models of care, sensi-
tivity analysis comparing the months following the intro-
duction of PDUs to the same period prior to the service
change will be administered. These data will be used in
interpreting time series curves for each of our outcomes
(for example, where reconfiguration of community services
was followed by a temporary spike in inpatient admissions,
or where the introduction of a street triage service coin-
cided with a sustained reduction in ED presentation).

Analytical strategy
Interrupted time series
We will use segmented regression analysis of interrupted
time series data [34, 43] for the ITS. This approach min-
imizes threats to internal validity while maximizing ex-
ternal validity by taking into account any serial
correlation, background variation and underlying trends
independent of the intervention over time. Segmented
regression analysis is the most common method used in
ITS of healthcare interventions [44] and has previously
been successfully used to predict emergency department
(ED) presentations and hospital admission [45, 46], in-
cluding psychiatric admissions and mental health-related
ED visits [47].
Initially, for each outcome, to check for serial auto-

correlation due to repeated measures, we will examine the
plot of residuals from regression analyses and use the
Durbin-Watson test [48]. Where no significant autocorrel-
ation is detected, we will use a simple time series regression
model. If significant autocorrelation exists, we will investi-
gate several autocorrelation structures and adjust for effects
as required. For example, where correlations due to sea-
sonal associations are observed, monthly or seasonal
dummy variables will be introduced in the model. Where
weekly/monthly observations are not independent of one
another, we will include a correlation structure based on
the most appropriate autoregressive and moving average
terms (assessed using plots of autocorrelation and partial
correlation). Akaike’s and Schwarz’s Bayesian information
criteria will be used to select most appropriate models.
For outcomes relying on count data (e.g., rate of in-

patient admissions per 1000 trust catchment popula-
tion), a generalized linear model for a Poisson

distribution (or negative binomial model where count
data is overdispersed) using a segmented approach will
be fitted [34]. For each outcome, we will calculate re-
gression coefficients corresponding to both change in
level (outcome) and trend (slope) after the introduction
of PDUs. In this model, the estimated parameters of
interest are as follows: 1. the underlying trend prior to
PDU introduction (b1); 2. the level change immediately
following PDU introduction (b2); 3. the slope change
from pre- to post-PDU introduction (using the inter-
action between time and change; b3); 4. the trend (slope
change) following PDU introduction (b1_b3). External
validity will be explored by examination of primary out-
comes in subgroups, including, for example, gender.
Graphical analysis will help to identify any stepwise
change in outcome measures as a result of the introduc-
tion of PDUs and detect changes in activity patterns be-
fore and after the introduction of PDUs. We will
conduct separate segmented regression analyses at each
PDU site to provides individual estimates (and allow for
evaluation of PDU implementation at a local level). Sub-
sequently, to estimate overall effects, individual estimates
of intervention effect will be pooled across sites (using
inverse variance weights in a meta-analytical model to
account for heterogeneity [49];).

Synthetic control study
We will use the Generalised Synthetic Control (GSC)
method [50] to compare the outcomes of patients at-
tending a treated trust after the introduction of a PDU,
to that of patients attending selected control trusts. The
GSC method is in the spirit of a traditional synthetic
control method in that it effectively re-weights the con-
trols units to create a so-called ‘synthetic control’ that
has similar values of the outcomes and covariates in the
pre-intervention period. The idea is that this similarity is
assumed to extend into the post-intervention period,
providing an estimate of the outcomes that would have
been expected at the trust if the PDU had not been in-
troduced. These are referred to as the counterfactual
outcomes.
The approach is as follows. For each treated trust, we

first select a subset of the available control trusts that
are as ‘similar’ as possible to the treated trust in the
period prior to the introduction of the PDU. Similarity
will be assessed in terms of variables such as atten-
dances, deprivation, patient profile and location profile,
e.g. by using the NHS TRUST Peer-Finder Tool [51].
The GSC method then uses the data from the selected
control group, as well as the pre-intervention data from
the treated trust, to estimate a synthetic control, and
hence the counterfactual outcomes for the treated unit.
The difference between these counterfactual outcomes
and the observed outcomes in the treated unit in the

Goldsmith et al. BMC Psychiatry          (2020) 20:185 Page 6 of 9



period following the introduction of the PDU is assumed
to provide estimates of the causal impact of the PDU on
the outcomes in the treated unit. The precision of esti-
mates will be assessed using parametric bootstrap proce-
dures as described in [50] to generate P-values and
confidence intervals.
Estimates will be risk-adjusted for variables that reflect

changes over time in the characteristics of the denomin-
ator population, i.e. those who are able to have the out-
come. For example, when looking at the rate of ED
psychiatric presentations per 1000 trust catchment, the
characteristics of the trust catchment population are
relevant; when looking at the proportion of 4-h psychi-
atric ED breaches, the characteristics of psychiatric ED
presentations are relevant. Estimates of overall effect will
be made using the same methods as described for the
ITS analysis.

Sensitivity analysis to other changes on the crisis care
pathway
To account for potential confounding of any identified
service reconfiguration or changes to models of care, an
ITS sensitivity analysis comparing the months following
the introduction of PDUs to the same period prior to
the identified service change will be administered. These
data will be used in interpreting time series curves for
each of our outcomes (for example, where reconfigur-
ation of community services was followed by a tempor-
ary spike in inpatient admissions, or where the
introduction of a street triage service coincided with a
sustained reduction in presentations at the ED).

Coproduction and patient and public involvement
Four researchers on the team have lived experience of
mental health issues, including the project manager and
actively draw on and use this experience in their ap-
proach to and way of working in research. We have over
12 years’ experience of this approach as a research group
and have an established culture which supports this way
of working [52, 53]. In addition, service users outside of
the research team have considerable input into the de-
sign, implementation and analysis of the research, in-
cluding St George’s Peer Expertise in Education &
Research (PEER) service user reference group and a
Lived Experience Advisory Panel.

Dissemination
We will disseminate the research widely using peer
reviewed scientific journals, conference presentations
and websites, including working with people with lived
experience of mental health issues to ensure the results
are available to a wide audience. No professional writers
will be used.

Discussion
Whilst the ITS method is suitable for assessing the im-
pact of large organizational changes, it is important to
plan how to address potential limitations. The biggest
challenge to the study is from both national and local
changes to the crisis care pathway (and service use) in-
dependent of the introduction of the PDUs during the
study period. We will be constructing a detailed timeline
of the crisis care pathway for each site, gathering data
about any changes and the dates of these changes.
Where the effect of the changes can be numerically esti-
mated, the impact of these effects will be investigated
using a sensitivity analysis.
The supplementary synthetic control study will control

for national changes and trends over the 4 year period
studied by contrasting outcomes in the treated trust with
outcomes from trusts elsewhere in England with similar
characteristics to the treated trust, but which do not
have a PDU. This is achieved by creating a synthetic
control that is assumed to provide an estimate of the
hospital use that would have been expected at the
treated trust in the absence of the introduction of the
PDU. However, it is possible that the synthetic control is
inappropriate, and not reflective of the treated trust be-
fore the PDU was introduced, nor of how it might have
behaved afterwards. If this is the case, then our findings
might be due to systematic differences between the
treated trust and the synthetic control, rather than
changes in how care was delivered. In the absence of a
randomized controlled trial, it is not possible to elimin-
ate this risk but the study is designed to reduce it as
much as possible by using a control group with trusts
that have similar characteristics to the treated trust,
using risk adjustment to take account of any differences
in the patients using hospital services over time and run-
ning additional sensitivity analyses to confirm that find-
ings are robust to changes in the number of trusts in the
control group and number of pre-intervention time pe-
riods used to determine the synthetic control.
Instrumentation [35], in which the measurement

method changes during the intervention and evaluation
period could also be an issue in the synthetic control
study, in which we link between different datasets which
cover different time periods. However, any changes in
instrumentation will also be present for the synthetic
control, so the change in instrumentation will balance
between the two groups. The ITS design can be suscep-
tible to fluctuating trends and cycles – we will statisti-
cally control for autocorrelation if indicated.
This study is well designed to identify changes to im-

portant service level measures of the functioning of the
mental health crisis care pathway due to the PDU, allow-
ing the trust-wide effects of PDUs to be estimated. The
limitations of the ITS design are appropriately addressed
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by the inclusion of the synthetic control study, sensitivity
analysis, and statistical methods selected. The selection
of sites which have variation in PDU configuration will
allow inferences to be made about the optimum design
of decision units. It is possible that PDUs increase frag-
mentation in the crisis care pathway and do not have a
beneficial effect on some or all service level measures.
This study is well designed to identify such possibilities
and will provide valuable information for Commissioners
and trusts to address the pressure on the mental health
crisis care system and will make an important contribu-
tion to the evaluation of PDUs and similar units in ad-
dressing challenges to mental health crisis care
internationally.

Abbreviations
ED: Emergency Department; also known as Accident and Emergency;
FOI: Freedom of Information; GSC: Generalised Synthetic Control;
ITS: Interrupted Time Series; PDU: Psychiatric Decision Unit; PEER: Peer
Expertise in Education & Research

Acknowledgements
We would like to thank the St George’s Peer Expertise in Education &
Research (PEER) group for their contribution to the design of this project.

Authors’ contributions
JS, GC and SG all contributed substantially to the conception of the work.
LG, JS, GC and SG contributed substantially to the design of the work. LG
authored the first draft of the paper. In particular, JS, GC and SG contributed
substantially to the paper - JS to the interrupted time series sections and GC
to the synthetic control elements. KA, JL and JT contributed to the
background, service mapping and coproduction and patient and public
involvement sections. LG edited and curated drafts of the paper. All authors
have approved the submitted version and have agreed both to be
personally accountable for the author’s own contributions and to ensure
that questions related to the accuracy or integrity of any part of the work,
even ones in which the author was not personally involved, are
appropriately investigated, resolved, and the resolution documented in the
literature.

Funding
This study/project is funded by the National Institute of Health Research
(NIHR) Health Services and Delivery Research and was peer reviewed by the
funding body (17/49/70); https://fundingawards.nihr.ac.uk/award/17/49/70.
The views expressed are those of the author(s) and not necessarily those of
the NIHR or the Department of Health and Social Care. The study sponsor
and funders do not contribute to the study design; collection, management,
analysis, interpretation of data; writing of the report; or the decision to
submit the report for publication.

Availability of data and materials
Not Applicable.

Ethics approval and consent to participate
The research uses trust-wide aggregate data and as such, individual consent
to participate is not required. This project has been given favourable opinion
from the East Midlands Leicester South Research Ethics Committee (19/EM/
0226) on 12th August 2019, and will run in accordance with Good Clinical
Practice guidelines.
The guidelines published in Jandoc et al. [54] for reporting interrupted time
series analysis will be followed.

Consent for publication
Not Applicable.

Competing interests
The authors declare no completing interests. There are also no competing
interests for the project team including site Principal Investigators.

Author details
1Population Health Research Institute, St George’s, University of London,
Cramner Road, Tooting, London SW17 0RE, UK. 2The Health Foundation, 8
Salisbury Square, London, UK.

Received: 24 March 2020 Accepted: 2 April 2020

References
1. Anderson EL, Nordstrom K, Wilson MP, Peltzer-Jones JM, Zun L, Ng A, Allen

MH. American Association for Emergency Psychiatry Task Force on medical
clearance of adults part I: introduction, review and evidence-based
guidelines. West J Emerg Med. 2017;18(2):235–42. https://doi.org/10.5811/
westjem.2016.10.32258.

2. Schmidt M. Frequent visitors at the psychiatric emergency room - a
literature review. Psychiat Quart. 2018;89(1):11–32. https://doi.org/10.1007/
s11126-017-9509-8.

3. Shiraishi M, Ishii T, Kigawa Y, Tayama M, Inoue K, Narita K, et al. Psychiatric
Consultations at an Emergency Department in a Metropolitan University
Hospital in Northern Japan. Psychiat Invest. 2018;15(7):739–42. https://doi.
org/10.30773/pi.2018.04.04.

4. Larkin GL, Beautrais AL, Spirito A, Kirrane BM, Lippmann MJ, Milzman DP.
Mental health and emergency medicine: a research agenda. Acad Emerg
Med. 2009;16(11):1110–9. https://doi.org/10.1111/j.1553-2712.2009.00545.x.

5. Wilson MP, Shenvi C, Rives L, Nordstrom K, Schneider S, Gerardi M.
Opportunities for research in mental health emergencies: executive
summary and methodology. West J Emerg Med. 2019;20(2):380–5. https://
doi.org/10.5811/westjem.2019.1.39260.

6. Blunt I, Edwards N, Merry L. What’s behind the A&E crisis. London: Nuffield
Trust; 2015.

7. Care Quality Commission. Right here, right now: people’s experiences of
help, care and support during a mental health crisis. London: Care Quality
Commission; 2015.

8. Okorie EF, McDonald C, Dineen B. Patients repeatedly attending accident
and emergency departments seeking psychiatric care. BJPsych Bull. 2011;
35(2):60–2. https://doi.org/10.1192/pb.bp.108.024455.

9. Care Quality Commission. Key findings for the national accident and
emergency patient survey 2014. London: Care Quality Commission; 2014.

10. Crisp N, Smith G, Nicholson K. Old Problems, New Solutions–Improving
Acute Psychiatric Care for Adults in England. London: The Commission on
Acute Adult Psychiatric Care; 2016. https://www.basw.co.uk/system/files/
resources/basw_92050-3_0.pdf.

11. Naidu S, Bolton J, Smith J. London’s liaison psychiatry services: survey of
service provision. BJPsych Bull. 2015;39(2):65–9.

12. Udo I, Odeyale F, Gash A, Fossey M. The rise of liaison psychiatry: challenges
and implications for sustainability. Brit J Hosp Med. 2016;77:523–8.

13. Glover G, Arts G, Babu KS. Crisis resolution/home treatment teams and
psychiatric admission rates in England. Br J Psychiatry. 2006;189:441–5.

14. Jacobs R, Barrenho E. Impact of crisis resolution and home treatment teams
on psychiatric admissions in England. Br J Psychiatry. 2011;199:71–6.

15. Williams P, Csipke E, Rose D, Koeser L, McCrone P, et al. Efficacy of a triage
system to reduce length of hospital stay. Br J Psychiatry. 2014;204(6):480–5.
https://doi.org/10.1192/bjp.bp.113.141051.

16. Gerdtz MF, Weiland TJ, Jelinek GA, Mackinlay C, Hill N. Perspectives of
emergency department staff on the triage of mental health-related
presentations: implications for education, policy and practice. Emerg Med
Australas. 2012;24:492–500.

17. Innes K, Morphet J, O'Brien AP, Munro I. Caring for the mental illness patient
in emergency departments – an exploration of the issues from a healthcare
provider perspective. J Clin Nurs. 2014;23(13–14):2003–11. https://doi.org/10.
1111/jocn.12437.

18. Medway HASC. Mental Health Decisions Unit Briefing Paper. Briefing paper
to: All Members of the Health and Adult Social Care Overview and Scrutiny
Committee 2015.

19. Faddy SC, McLaughlin KJ, Cox PT, Muthuswamy SS. The mental health acute
assessment team: a collaborative approach to treating mental health

Goldsmith et al. BMC Psychiatry          (2020) 20:185 Page 8 of 9

https://fundingawards.nihr.ac.uk/award/17/49/70
https://doi.org/10.5811/westjem.2016.10.32258
https://doi.org/10.5811/westjem.2016.10.32258
https://doi.org/10.1007/s11126-017-9509-8
https://doi.org/10.1007/s11126-017-9509-8
https://doi.org/10.30773/pi.2018.04.04
https://doi.org/10.30773/pi.2018.04.04
https://doi.org/10.1111/j.1553-2712.2009.00545.x
https://doi.org/10.5811/westjem.2019.1.39260
https://doi.org/10.5811/westjem.2019.1.39260
https://doi.org/10.1192/pb.bp.108.024455
https://www.basw.co.uk/system/files/resources/basw_92050-3_0.pdf
https://www.basw.co.uk/system/files/resources/basw_92050-3_0.pdf
https://doi.org/10.1192/bjp.bp.113.141051
https://doi.org/10.1111/jocn.12437
https://doi.org/10.1111/jocn.12437


patients in the community. Australas Psychiatry. 2017;25(3):262–5. https://
doi.org/10.1177/1039856216689655.

20. Singh I, Ramakrishna S, Williamson K. The rapid assessment Interface and
discharge service and its implications for patients with dementia. Clin Interv
Aging. 2013;8:1101–8. https://doi.org/10.2147/CIA.S36398.

21. Trethway S, Deepak S, Saad S, Hughes E, Tadros G. Evaluation of the
psychiatric decisions unit (PDU): effect on emergency department
presentations and psychiatric inpatient admissions. Postgrad Med J. 2019;
95(1119):6–11. https://doi.org/10.1136/postgradmedj-2018-135788.

22. Woo BK, Sultzer DL. A key step for quality care in psychiatric emergency
settings. Gen Hosp Psychiatry. 2009;31(6):503–4. https://doi.org/10.1016/j.
genhosppsych.2009.06.006.

23. Zeller SL, Calma NM, Stone A. Effect of a regional dedicated psychiatric
emergency service on boarding and hospitalization of psychiatric patients
in area emergency departments. West J Emerg Med. 2014;15(1):1–6. https://
doi.org/10.5811/westjem.2013.6.17848.

24. Allen MH. Definitive treatment in the psychiatric emergency service.
Psychiatry Q. 1996;67(3):247–62.

25. Wiler JL, Ross MA, Ginde AA. National study of emergency department
observation services. Acad Emerg Med. 2011;18(9):959–65. https://doi.org/10.
1111/j.1553-2712.2011.01151.

26. Ross MA, Aurora T, Graff L, Suri P, O’Malley R, Ojo A, Bohan S, Clark C. State
of the art: emergency department observation units. Crit Pathw Cardiol.
2012;11(3):128–38.

27. Norotte C, Omnes C, Crozier C, Verlyck C, Romanos M. Facteurs prédictifs
d’hospitalisation à partir des lits de crise des urgences d’un hôpital général.
L'Encéphale. 2017;43(5):444–50.

28. San Thinn DS, Kuswanto CN, Sum MY, Chai SB, Doris Sok HK, et al. The 23-
hour observation unit admissions within the emergency service at a
national tertiary psychiatric hospital: clarifying clinical profiles, outcomes,
and predictors of subsequent hospitalization. Prim Care Companion CNS
Disord. 2015;17(4). https://doi.org/10.4088/PCC.15m01789.

29. Braitberg G, Gerdtz M, Harding S, Pincus S, Thompson M, Knott J.
Behavioural assessment unit improves outcomes for patients with complex
psychosocial needs. Emerg Med Australas. 2018;30(3):353–8. https://doi.org/
10.1111/1742-6723.12905.

30. Parwani V, Tinloy B, Ulrich A, D'Onofrio G, Goldenberg M, Rothenberg C,
et al. Opening of psychiatric observation unit eases boarding crisis. Acad
Emerg Med. 2018;25(4):456–60. https://doi.org/10.1111/acem.13369.

31. Perkins C. Lotus assessment suite (psychiatric decision unit) report:
Springfield University Hospital: South West London and St George's Mental
Health Trust; 2017.

32. Goldsmith LP, Anderson K, Smith JA, Thompson J, Turner K, Gillard G.
Interrupted Time Series and Synthetic Control Study to Evaluate Mental
Health Decision Units in Acute Care Pathways: Design and Protocol. Poster.
2019. https://doi.org/10.26226/morressier.5d1a037857558b317a1407d0.

33. Greenhalgh T, Robert G, Macfarlane F, Bate P, Kyriakidou O. Diffusion of
innovations in service organizations: systematic review and
recommendations. Milbank Q. 2004;82:581–629.

34. Wagner AK, Soumerai SB, Zhang F, Ross-Degnan D. Segmented regression
analysis of interrupted time series studies in medication use research. J Clin
Pharm Ther. 2002;27(4):299–309.

35. Ramsay CR, Matowe L, Grilli R, Grimshaw JM, Thomas RE. Interrupted time
series designs in health technology assessment: lessons from two
systematic reviews of behavior change strategies. Int J Technol Assess
Health Care. 2003;19(4):613–23.

36. Cook TD, Campbell DT, Shadish W. Experimental and quasi-experimental
designs for generalized causal inference. Boston: Houghton Mifflin; 2002.

37. Linden AL. Combining synthetic controls and interrupted time series
analysis to improve causal inference in program evaluation. J Eval Clin Pract.
2018;24(2):447–53. https://doi.org/10.1111/jep.12882.

38. Pawson R, Tilley N. An introduction to scientific realist evaluation. In:
Chelimsky E, Shadish WR, editors. Evaluation for the 21st century: a
handbook. London: Sage; 1997. https://doi.org/10.4135/9781483348896.n29.

39. McPherson D. Avoidable harm, unwarranted variation and diffusion in the
treatment of acute myocardial infarction; 2015.

40. Perry J. Hospital trust catchment populations: a denominator to support
commissioning decisions through understanding the population likely to
draw on a hospital's services. ePoster Libr PHE. 2017:186476. https://phe.
multilearning.com/phe/2017/eposters/186476/james.perry.hospital.trust.
catchment.populations.a.denominator.to.support.html.

41. Brown P, Ho D, Shaw ME, et al. Estimating catchment populations in the
south west: why and how. Telford: UK Public Health Association Annual
Conference; 2006.

42. NHS Digital Website. https://digital.nhs.uk/. Accessed 4 Mar 2020.
43. Taljaard M, McKenzie JE, Ramsay CR, Grimshaw JM. The use of segmented

regression in analysing interrupted time series studies: an example in pre-
hospital ambulance care. Implement Sci. 2014;9(77). https://doi.org/10.1186/
1748-5908-9-77.

44. Hudson J, Fielding S, Ramsay CR. Methodology and reporting characteristics
of studies using interrupted time series design in healthcare. BMC Med Res
Methodol. 2019;19(1):137.

45. Gale M, Muscatello DJ, Dinh M, Byrnes J, Shakeshaft A, Hayen A, MacIntyre
CR, Haber P, Cretikos M, Morton P. Alcopops, taxation and harm: a
segmented time series analysis of emergency department presentations.
BMC Public Health. 2015;15(1):468. https://doi.org/10.1186/s12889-015-1769-
3.

46. Martínez Nicolás I, Lê Cook B, Flores M, Del Olmo RM, Hernández Rodríguez
C, Llamas Sillero P, Baca-Garcia E. The impact of a comprehensive electronic
patient portal on the health service use: an interrupted time-series analysis.
Eur J Pub Health. 2019;29(3):413–8. https://doi.org/10.1093/eurpub/cky257.

47. Lam M, Li L, Anderson KK, Shariff SZ, Forchuk C. Evaluation of the
transitional discharge model on use of psychiatric health services: an
interrupted time series analysis. J Psychiatr Ment Health Nurs. 2019. https://
doi.org/10.1111/jpm.12562.

48. Bhargava A, Franzini L, Narendranathan W. Serial correlation and the fixed
effects model. Rev Econ Stud. 1982;49(4):533–49.

49. Gebski V, Ellingson K, Edwards J, Jernigan J, Kleinbaum D. Modelling
interrupted time series to evaluate prevention and control of infection in
healthcare. Epidemiol Infect. 2012;140(12):2131–41. https://doi.org/10.1017/
S0950268812000179.

50. Xu Y. Generalized synthetic control method: causal inference with
interactive fixed effects models. Polit Anal. 2017;25:57–76.

51. NHS Digital NHS Trust Peer-Finder Tool https://digital.nhs.uk/data-and-
information/data-tools-and-services/data-services/innovative-uses-of-data/
multi-dataset-analysis/nhs-trust-peer-finder-tool. Accessed 5 Mar 2020.

52. National Institute for Health Research. Goodsss practice guidance for the
recruitment and involvement of service user and carer researchers. London:
National Institute for Health Research; 2014.

53. Goldsmith LP, Morshead R, McWilliam C, Forbes G, Ussher M, et al. Co-
producing randomized controlled trials: how do we work together? Front
Sociol. 2019. https://doi.org/10.3389/fsoc.2019.00021.

54. Jandoc R, Burden AM, Mamdani M, Lévesque LE, Cadarette SM. Interrupted
time series analysis in drug utilization research is increasing: systematic
review and recommendations. J Clin Epidemiol. 2015;68(8):950–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Goldsmith et al. BMC Psychiatry          (2020) 20:185 Page 9 of 9

https://doi.org/10.1177/1039856216689655
https://doi.org/10.1177/1039856216689655
https://doi.org/10.2147/CIA.S36398
https://doi.org/10.1136/postgradmedj-2018-135788
https://doi.org/10.1016/j.genhosppsych.2009.06.006
https://doi.org/10.1016/j.genhosppsych.2009.06.006
https://doi.org/10.5811/westjem.2013.6.17848
https://doi.org/10.5811/westjem.2013.6.17848
https://doi.org/10.1111/j.1553-2712.2011.01151
https://doi.org/10.1111/j.1553-2712.2011.01151
https://doi.org/10.4088/PCC.15m01789
https://doi.org/10.1111/1742-6723.12905
https://doi.org/10.1111/1742-6723.12905
https://doi.org/10.1111/acem.13369
https://doi.org/10.26226/morressier.5d1a037857558b317a1407d0
https://doi.org/10.1111/jep.12882
https://doi.org/10.4135/9781483348896.n29
https://phe.multilearning.com/phe/2017/eposters/186476/james.perry.hospital.trust.catchment.populations.a.denominator.to.support.html
https://phe.multilearning.com/phe/2017/eposters/186476/james.perry.hospital.trust.catchment.populations.a.denominator.to.support.html
https://phe.multilearning.com/phe/2017/eposters/186476/james.perry.hospital.trust.catchment.populations.a.denominator.to.support.html
https://digital.nhs.uk/
https://doi.org/10.1186/1748-5908-9-77
https://doi.org/10.1186/1748-5908-9-77
https://doi.org/10.1186/s12889-015-1769-3
https://doi.org/10.1186/s12889-015-1769-3
https://doi.org/10.1093/eurpub/cky257
https://doi.org/10.1111/jpm.12562
https://doi.org/10.1111/jpm.12562
https://doi.org/10.1017/S0950268812000179
https://doi.org/10.1017/S0950268812000179
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/innovative-uses-of-data/multi-dataset-analysis/nhs-trust-peer-finder-tool
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/innovative-uses-of-data/multi-dataset-analysis/nhs-trust-peer-finder-tool
https://digital.nhs.uk/data-and-information/data-tools-and-services/data-services/innovative-uses-of-data/multi-dataset-analysis/nhs-trust-peer-finder-tool
https://doi.org/10.3389/fsoc.2019.00021

	Abstract
	Background
	Methods
	Discussion
	Trial registration
	Primary sponsor

	Background
	Study setting
	Aims

	Methods
	Study design
	Sample size: ITS
	Sample size: synthetic control study
	Data collection
	Interrupted time series

	Primary and secondary outcome measures
	Service mapping
	Synthetic control study
	Key informant interviews


	Analytical strategy
	Interrupted time series
	Synthetic control study
	Sensitivity analysis to other changes on the crisis care pathway
	Coproduction and patient and public involvement


	Dissemination
	Discussion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

