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Economic evaluation of a vision-based patient monitoring and management
system in addition to standard care for adults admitted to psychiatric intensive
care units in England

Robert Malcolm? @, Judith Shore®, Angela Stainthorpe?®, Faith Ndebele® and Kay WrightID

York Health Economics Consortium, University of York, Heslington, UK; bCoventry and Warwickshire Partnership NHS Trust, Coventry, UK

ABSTRACT

Background and aims: Treating patients in psychiatric intensive care units (PICUs) is costly for the
English National Health Service (NHS), requiring significant staff time. Oxevision, a non-contact system,
providing vision-based patient monitoring and management (VBPMM) has been introduced in some
NHS mental health trusts which aims to help clinicians to deliver safer and more efficient care. The
objective of this early economic evaluation was to explore the impact of introducing VBPMM with
standard care, versus standard care alone on health and economic outcomes in PICUs across England.
Methods: The model uses a cost calculator approach to evaluate the potential benefits of introducing
VBPMM, capturing differences in observation hours and critical events such as assaults. Effectiveness
data were primarily based on a 24-month observational before and after study undertaken in an NHS
mental health trust using VBPMM. Outcomes reported in this study are incremental costs and reduc-
tion in clinical events presented as per occupied bed days, per patient, per average ward, and for the
English NHS overall. Scenario analysis was conducted to test the uncertainty of results using statistical
significance of key inputs.

Results and conclusions: The analysis indicates that introducing VBPMM may be cost saving com-
pared with standard care alone. The biggest driver of estimated cost savings was from the potential
reduction in one to one observation hours, which may have significant impact in PICUs. Limitations of
the analysis include the single center data underpinning the analysis and assumptions made about
transferability of clinical data to different sized wards. Scenario analysis was conducted, and the results
were robust to statistically significant changes in input parameters. This study suggests that introduc-
ing VBPMM on PICUs has the potential to reduce costs and improve efficiency of resource allocation,
but results should be confirmed with additional clinical study evidence.
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Introduction and efficiently than is possible with current standard of care
alone. The technology is intended to complement existing
best practice and not replace clinical judgment or personal
interaction with patients. It is a wall mounted system which
is contact free and is placed in every single occupancy room
on a ward. VBPMM enables the physiological measuring of

pulse rate and breathing rate and, with its ability to provide

Treating patients in mental health hospitals is costly for the
English National Health Service (NHS). The appropriate level
of care for patients requires substantial staff time and can
involve nursing patients on continuous one to one observa-
tion for temporary and extended periods of time'.
Additionally, incidents such as assaults or rapid tranquilliza-

tion events may occur within these settings resulting in fur-
ther costs to the mental health trust providing care and to
wider NHS services such as accident & emergency (A&E)>>.
Recently, some psychiatric intensive care units (PICUs)
within the NHS have used Oxevision, a system providing
vision-based patient monitoring and management (VBPMM),
which has the potential to help the NHS to reduce the cost
of mental health care®. VBPMM is designed to help health-
care professionals respond to patient needs more quickly

activity and location-based alerts, also enables the physical
monitoring of movement and position within the bedroom.
Nurses will regularly interact with the system through a
monitor in the nurses’ station and portable tablet devices.
VBPMM works continuously, and clinical staff are able to
access medical grade pulse rate and breathing rate measure-
ments without having to enter the patient’s room. The intro-
duction of VBPMM has the potential to help staff reduce the
rate of adverse events, such as assaults and rapid
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tranquillization events and reduce the number of avoidable
one to one observations and night-time observational hours,
in adults in PICUs or mental health hospitals with VBPMM?Z.
Furthermore, VBPMM also has the potential to improve
patient and staff experience.

Previous research was undertaken at a regional mental
health NHS trust in England in 2019 to investigate the
impact of adopting VBPMM on safety and quality of care®.
This research demonstrated potential benefits to the health
system including improved patient safety and the ability to
reduce healthcare resource use.

A health-economic model was developed to assess the
potential cost savings of using VBPMM alongside standard
care, compared with standard care alone, for adults who are
admitted to PICUs. Results are presented from an NHS and
Personal Social Services (PSS) perspective. Additional analysis
from the perspective of individual mental health trusts and
clinical commissioning groups (CCGs) is included in the sup-
plementary material. At the time of the analysis, CCGs were
still in place within the NHS. The impact of introducing
VBPMM is likely to be similar for integrated care systems
(ICSs), which are expected to replace CCGs”.

Methods
Data collection

Data underpinning this analysis, such as the baseline events
without VBPMM and the effect of its introduction, was from
an unpublished observational study on Oxevision conducted
in a PICU ward®. The VBPMM was implemented in a PICU in
January 2019, and the 12-month period (to December 2019)
was compared with the same time period in the previous
year. The number of beds, occupancy rates and number of
wards in the study are presented in Table 1. The study popu-
lation was defined as adults over 18, with an average age of
36 for those included in the study. All patients included in
the study suffered from various diagnosed mental health
conditions, with 35% suffering from schizophrenia, 24% suf-
fering from mood affective disorders and 15% from sub-
stance misuse. Other conditions suffered by patients in the
study included personality disorders, as well as neurosis and
stress related disorders.

As part of the study, patients, or carers where appropriate,
were informed about the system on admission to the wards
by the clinicians, through leaflets and one to one talks with
their doctor. Patients and carers were engaged through
interviews and surveys to receive their feedback. Clinicians
received in person training and education material, who
were then also engaged through interviews for feedback in
using the system.

The following key events were captured in the clinical
data to be used in the analysis

e Assaults;
e Rapid tranquillizations;

e Night-time observation time (number of hours that staff
take to check patients during the night, excluding one to
one observations);

e One to one observation time (number of hours that staff
are on continuous observations with a patient who is
assessed as high risk).

The number of events 12 months before and 12 months
after the introduction of VBPMM was recorded, with the dif-
ference between the two representing the efficacy of the
device in reducing these types of events, i.e. the benefits of
VBPMM. Importantly, rapid tranquillization events were
recorded separately to assaults, meaning there was no over-
lap or potential for double counting the effects of VBPMM
within the model.

Model structure

The model was developed in Microsoft Excel (Microsoft
Corporation, Redmond, WA) and structured as a cost calcula-
tor, comparing the VBPMM system plus standard care versus
standard care alone. Standard care alone is defined as usual
patient care and medical supervision (i.e. clinical observation)
without the VBPMM system. A cost-calculator approach was
considered appropriate as it is in line with the National
Institute of Health and Care Excellence (NICE) methods for
evaluating medical technologies®. Previous surveys and
observational data indicate that introduction of VBPMM may
improve patient safety and care when delivered alongside
standard of care, through qualitative synthesis of the results’.
The analysis was therefore focused on comparing the num-
ber of clinical events, observations (night time or one to
one) and associated costs following the introduction of the
VBPMM versus those occurring with standard care alone. The
population of the model was adults who were admitted to
PICUs in the English NHS. The outcomes collected from the
clinical study were specific to the mental health trust in
which the study was conducted®. Data from the study were
available on the number of clinical events occurring before
and after the introduction of the VBPMM over a 24 month
timeframe, 12 months before VBPMM and 12 months after.
These outcomes were scaled in the model to a common
metric, “per occupied bed days”, to convert them to a com-
mon time frame for modeling and to provide more general-
izable outcomes. Using “per occupied bed days” as a metric
has the advantage of allowing events to be scaled to a per
patient outcome by using an average length of stay, which
is a common reporting metric for economic evaluations in
healthcare. The model results can also be reported per ward
(providing the number of beds and occupancy rate is avail-
able), as well as for the NHS as a whole (by using data on
total occupied bed days per year).

All outcomes from the clinical study were scaled to “per
occupied bed day” by dividing the outcomes reported in the
study, such as number of assaults or tranquillization events,
by the total number of occupied bed days relevant to the
study population and period over which the study was
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Table 1. Clinical inputs used to scale populations.
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Parameter Clinical study specific input Average sized ward input NHS input Source/comment
Average length of stay per 48 48 48 Average length of stay for
patient (days) adult mental illness®.

Number of wards 1 1 N/A Clinical study specific input®.

Average beds per ward 1 12 12 Additional information

Average occupancy 91% 90% 90% provided by Oxehealth.
Average sized ward and
NHS input’

Total occupied bed days 3,648 3,945 302,427 Assumed 365.25 days in a

per year

year to calculate this figure.
5% of NHS England mental
health hospital beds are
assumed to be in PICUs.

Number of events
in the study
population

Events scaled to per
occupied bed day

l

v

Cost of Oxevision

.

Number of assaults
per occupied bed
day

l

Reduction in
assaults with
VBPMM

l

Cost of assaults

}

Time spent on
night-time
observations per
occupied bed day

Reduction In time
spent on night-time
observations with
VBPMM

l

Cost of night-time
observations

!

v

Time spenton1to 1
observations per
occupied bed day

Reduction in time
spenton1to1
observations with
VBPMM

i

Costof1to1
observations

!

Number of rapid
tranquilisation
events per occupied
bed day

Reduction in time
spent on rapid
tranquilisation events
with VBPMM

l

Cost of rapid
tranquilisation events

}

Figure 1. Model structure.

Total cost impact from introducing VBPMM per occupied bed day

4

Average length of
stay

X

Total cost impact from introducing

VBPMM per patient

conducted. A diagram of the model structure is shown in
Figure 1.

Efficacy of VBPMM was derived from the percentage
reduction in events reported from the clinical observational
data from the use of VBPMM in a PICU ward®*.

A 12-month time horizon was used for the analysis as this
was considered sufficiently long to capture the full impact of
the VBPMM on a single patient cohort, since patient stay in
the PICU is short term and all events captured in the model
are expected to be short term. A 12-month time horizon also
aligns with the annual license fee model for the device.

Length of stay was assumed not to be impacted by the
introduction of VBPMM due to the paucity of data.
Additionally, the potential for differences in the costs associ-
ated with internal and external investigations of serious inci-
dents were excluded from this analysis due to insufficient
data. However, there may be anecdotal evidence of this find-
ing, which is expected to be analyzed in future research.
Potential time savings associated with staff sickness (e.g. as a
result of an assault) and efficiency in multi-disciplinary team
meetings and handovers were also excluded from
this analysis.
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The analysis was conducted in line with the NICE refer-
ence case, modeling costs from a UK National Health Service
perspective’®. No discount rate was applied as the cost
model uses a 1-year time horizon. Quality of life was not
captured within the model. Other perspectives such as those
of CCGs and mental health trusts were conducted as scen-
ario analyses, with more detail on these provided in the sup-
plementary information.

Model inputs

Data used to populate the model were informed by several
sources. Predominantly, inputs relating to VBPMM and its
impact on clinical effectiveness were taken from an unpub-
lished observational study on Oxevision conducted in a PICU
ward®. Inputs were supplemented by targeted searching to
inform different parameters and publicly available sources
such as NHS reference costs and Personal Social Services
Research Unit (PSSRU) were used where possible for the
costing' '3,

Clinical data

The impact of VBPMM and the baseline number of events
occurring with standard care were elicited from an observa-
tional study on the impact of VBPMM on clinical effective-
ness®. Study data were collected over a 24-month period,
12 months prior to VBPMM and 12 months after VBPMM was
introduced. In order to model the events over a common
time frame and generalize the results of the model to differ-
ent population sizes beyond the clinical study, a common
metric was used (occupied bed days). This common metric
could then be used to transform the results of the model
into costs per patient, per average sized ward and the NHS
as a whole. Table 1 details the sources and calculations used
to convert occupied bed days to each of these metrics.

Table 2 presents the data relating to clinical events cap-
tured in the model, including the baseline number of events,
and the impact associated with the introduction of VBPMM.
The resulting assumption here is that the marginal efficacy
of VBPMM will remain the same regardless of the ward size.
Supplementary material contains a wider description of how
staff hours were calculated for each activity. In summary, this
was elicited by interviews with clinicians at various grades,
from nurses to consultant psychiatrists to  clin-
ical management.

There is more detail on how the inputs relate to other
perspectives provided within Supplementary Appendix 1.
Furthermore, where appropriate for the economic evaluation,
the analysis looks to consider the nature of the cost savings,
whether they are cash releasing or an opportunity cost sav-
ing. Cash releasing cost savings relate to if the cost would
see an in-year monetary return without changing safe staff-
ing levels. Opportunity costs are the costs associated with
resources being released within safe staffing levels, which
can be used for other clinical activities. This is particularly
relevant for one to one observation time, given this repre-
sents a significant resource constraint for PICUs.

Cost data

All costs used in the analysis were in UK pounds sterling
(2018/19 cost year). The values used in the analysis are
shown in Table 3.

Further details on the methodology for the costings are
provided in Supplementary Appendix 2, which outlines the
method for how resource use was estimated for assaults and
rapid tranquillization events. Staff costs were taken from the
PSSRU''. Costs for a Healthcare Assistant (HCA) were inflated
from the 2017 version using the NHS cost inflation pay and
prices inflation indices because PSSRU no longer provides a
breakdown of band 3 costs'2.

Upfront costs of implementing VBPMM were annuitized
over the lifespan of the intervention (10 years). Therefore,
only one year of this annuitized cost is considered within the
1-year time horizon of the model. It is expected that the
results of the analysis could be extrapolated over future
years, with similar cost savings seen each year following
implementation of VBPMM. The cost of implementing
VBPMM is expected to differ depending on ward size and
number of beds, as well as staff numbers.

Assumptions around the severity of injury associated with
an assault or complications related to rapid tranquillization
were made when costing these events in the model due to
a paucity of data. We assumed these were equal to minor
fracture codes for assaults, or angina codes for complications
from NHS reference costs'. This is because major injuries
and complications are assumed to be less frequent; hence,
this is considered a conservative assumption. However, this
may underestimate the costs of these types of events within
the model.

Economic analysis

The following primary outcomes were generated from the
model, both for standard care and VBPMM, as well as the
incremental differences between the two treatment arms:
cost per occupied bed day, cost per patient, cost per average
ward per year and cost to the NHS per year. Cost break-
downs on a per patient basis are provided, which highlights
where costs are incurred as well as key areas where adopting
VBPMM may generate cost savings. The proportion of the
cost savings which are cash releasing or opportunity cost
saving per event are provided.

Two scenarios were considered in order to account for
uncertainty surrounding the data used for input parameter
values. These were looking at the confidence intervals of the
results, as well as thresholds for break-even points for one to
one observation. The results of the scenario analyses are
reported using the same primary outcomes of the model as
in the base case.

The confidence intervals underpinning the event data are
wide for some events, as shown in Table 4. This indicates
there is a higher level of uncertainty around the estimated
efficacy values of the impact of VBPMM on clinical practice
used in the model. The model results and conclusion will be
more uncertain as a result. Therefore, a scenario was con-
ducted that included the estimated values only for those
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Table 2. Clinical inputs used in the model.
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Parameter Reported value (95% confidence interval) Source/comment
Night-time observation hours
Number of night-time observations per occupied 28.8 Unpublished NHS observational study®. Additional

bed day

Night-time observation time per patient (seconds)

Reduction in observation time from VBPMM

One to one observation hours

Number of one to one observation hours per
occupied bed day

Reduction in one to one observation hours
from VBPMM

Proportion of one to one observation hours that is
cash releasing

Assaults

Average number of assaults per occupied bed day

Reduction in assaults from VBPMM

Staff hours per incident

Proportion visiting A&E

Rapid tranquillization events

Average number of rapid tranquillization events
per occupied bed day

Reduction in rapid tranquillization events
from VBPMM

Staff hours per incident

Complication risk from using tranquillizers

information provided by Oxehealth.
23
41% (25-53%)

7.39 Unpublished NHS observational study®. Additional
information provided by Oxehealth.
7% (-41%)

78%
0.0125 Unpublished NHS observational study®. Additional
26% (-18%) information provided by Oxehealth.
7.3 See Supplementary Appendix 2 for more details.
2% Unpublished NHS observational study”. Additional
information provided by Oxehealth.
0.0253 Unpublished NHS observational study®. Additional

information provided by Oxehealth.
40% (10%)

10.1 See Supplementary Appendix 2 for more details.
3% Proxy taken based on proportion of people that
suffer cardiovascular complications'.

The analysis on the data was conducted at two separate timepoints, meaning most confidence intervals were estimated using one-tailed t-tests, rather than a
two-tailed test. Table 4 provides a more detailed explanation of why this is the case.

Table 3. Costs associated with PICU events and VBPMM.

Parameter Value Source/comment
Night-time observation hours
Weighted staff cost for observation time per hour £30 Hospital based nurses. Assumed 70% band 3 nurse

One to one observation hours

(HCA), 30% band 5 nurse. HCA inflated from
2017 as unavailable in more recent PSSRU'"'?

Weighted staff cost for observation time per hour £30 Hospital based nurses. Assumed 70% band 3 nurse

Assaults

Weighted staff cost per hour
Cost of A&E (non-surgery)
Rapid tranquillization event

Weighted staff cost per hour

Cost of tranquillizers

Cost of tranquillizer complication

VBPMM
Cost of VBPMM (average sized ward)

(HCA), 30% band 5 nurse. HCA inflated from
2017 as unavailable in more recent PSSRU'"'?

£45 Hospital based staff. Psychiatric consultant, band 7
nurse, band 5 nurse. Band 3 nurse (HCA)'""'2,
See Supplementary Appendix 2 for more details.

£2,134 Weighted average of fractures codes (HE71B-
HE11H) without interventions."”

£43 Hospital based staff. Psychiatric consultant, band 7
nurse, band 5 nurse. Band 3 nurse (HCA)'"'2.
See Supplementary Appendix 2 for more details.

£S5 Haloperidol (5ml) intramuscular injection (Alliance
Healthcare Distribution) 1 unit'®. Promethazine
hydrochloride, intramuscular injection
(Phenergan) 2 units'”'8,

£716 Weighted average of angina codes
(EB13A-EB13D)".

£26,190 Annual license fees, installation cost and cabling
costs were provided by Oxehealth. Staff training
costs were calculated by combining staff costs
from PSSRU with estimated staff numbers
requiring training per ward provided by
Oxehealth®™®.

events where a statistically significant reduction was reported associated confidence intervals which were used to deter-

(night-time observation time and

rapid tranquillization mine which variables to include in the scenario analysis.

events), such that the results in the data are not likely to Only the values for reduction in night-time observation
occur by chance alone (p<.05). Events that were not signifi- time and reduction in rapid tranquillization events were
cantly reduced in the study were excluded in this scenario. included in this scenario based on the confidence intervals
Table 4 shows the reduction in events with VBPMM and the presented in Table 4.
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Table 4. Confidence intervals.

Parameter Base case Lower bound Upper bound
Reduction in night-time observation time from VBPMM 41% 25% 53%
Reduction in one to one observation hours from VBPMM 7% -41% -
Reduction in assaults from VBPMM 26% -18% -
Reduction in rapid tranquillization events from VBPMM 40% 10% -

The analysis on the data was conducted at two separate timepoints. Initially, the analysis used a linear approach to significance
testing given there was no previously reported standard. Analysis on night-time observation was conducted at a later date and
used a log approach to align with standards recommended by Cochrane’s updated guidance on significance testing [19].

Threshold analysis was conducted to assess the potential
breakeven point from introducing VBPMM in addition to
standard care from both a cash releasing perspective and an
overall perspective (cash releasing and opportunity costs).
The only cash releasing event is one to one observation
hours, given typically many of the staff are taken from agen-
cies or bank staffing, rather than the core PICU staffing
establishment®. As a result, this has potential policy implica-
tions for PICUs in terms of resource use.

Finally, univariate deterministic sensitivity analysis was
conducted in order to explore uncertainty around key
parameters inputs and identify key drivers of the analysis.
Ranges used for the deterministic sensitivity analysis were
based around confidence intervals where available or 20%
either side of the base case value where unavailable.

Results
Base case results

Compared with standard care alone, use of VBPMM is esti-
mated to lead to cost savings of £72,286 per ward per year,
or £880 per patient per year. The cost saving to the NHS per
year is estimated to be around £5.5 million. These results are
detailed in Table 5.

The breakdown of costs highlights that the key driver of
cost savings is 36 h of staff time saved per patient per year,
primarily driven by one to one observation hours which is a
labor-intensive activity. A proportion of one to one observa-
tion hours is also expected to be cash releasing, given add-
itional staff (i.e. beyond the safe staffing establishment) will
not be required for the ward.

Other events are also expected to be reduced by the
introduction of VBPMM, with 0.64 fewer (35.3%) rapid tran-
quilization events or assaults per patient per year, which can
be potentially time-intensive and negatively impact both
staff and patients, relative to the severity of the incident.

Further breakdowns of the data are presented in the
Supplementary Appendices 3 and 4. These include alterna-
tive perspectives for the analysis (mental health trust, CCG),
with cost breakdown results presented for an average sized
ward for both.

Scenario analysis results

The first scenario conducted considered only those outcomes
where a statistically significant benefit was shown in the
study. Reduction in time spent on night-time observational
hours and rapid tranquillization events as a result of imple-
menting VBPMM were statistically significant, such that the

results in the study are not likely to have occurred by chance
alone (p<.05). Removing events that were not statistically
significant from the analysis still results in a marginal cost
saving with the introduction of VBPMM. These results are
detailed in Table 6.

The second scenario analysis was conducted to investi-
gate the potential effect that including VBPMM can have just
relating to one to one observation hours. From the analysis,
a 4% reduction in one to one observation hours is expected
to be needed to break even in-year if considering only the
cash releasing aspect of one to one observation hours (with
all other inputs as per the base case scenario), compared to
7% as estimated in the base case. If considering all potential
cost savings, including opportunity costs, it is estimated that
cost savings from a reduction in other events would be suffi-
cient to break even without any reduction in one to one
observation hours.

Sensitivity analysis results
The results of the deterministic sensitivity analysis are pre-
sented in Figure 2.

The key independent drivers of the results are the efficacy
of VBPMM in reducing one to one observation hours, the
number of baseline one to one observation hours and the
cost of one to one observation time per hour. Only the
reduction of one to one observation hours with the VBPMM
changes the direction of the results of the analysis to cost
incurring. This is likely due to the wide confidence interval
around this parameter, demonstrating the value of collecting
further data around the impact on observation hours follow-
ing introduction of the VBPMM.

Discussion

This analysis demonstrates that VBPMM alongside standard
care is potentially a cost saving intervention versus standard
care alone when implemented for adults who are admitted
to PICUs based on the results of a single center observational
before and after study. The results of this analysis indicate
that adopting VBPMM can lead to cost savings of £880 per
patient, £72,286 per average sized ward per year or a total
cost saving to the NHS of £5,541,924.

A significant proportion of these benefits relate to a
potential reduction in one to one observation hours, of
which a proportion is also expected to be in-year cash
releasing for the NHS. Reducing one to one observation
hours is expected to save £806 per patient per year, with
£629 of this expected to be in-year cash releasing savings.
This is higher than the cost of implementing VBPMM per
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Table 5. Summary results.
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Standard care VBPMM + standard care Difference
Cost of night-time observational hours £268 £158 -£109
Cost of one to one observation hours £10,749 £9,943 -£806
Cost of assaults £227 £167 -£60
Cost of rapid tranquillization event £562 £338 -£223
Cost of VBPMM £0 £319 £319
Total cost per patient £11,806 £10,926 -£880
Total cost per occupied bed day £246 £228 -£18
Total cost per average sized ward per year £970,193 £897,907 -£72,286
Total cost to the NHS per year £74,381,491 £68,839,567 -£5,541,924
Figures are rounded to the nearest integer.
Table 6. Scenario with only significant events.
Standard care VBPMM + standard care Difference
Total cost per occupied bed day £246 £246 £0
Total cost per patient £11,806 £11,792 -£14
Total cost per average sized ward per year £970,193 £969,053 -£1,140
Total cost to the NHS per year £74,381,491 £74,294,073 -£87,418
Figures are rounded to the nearest integer.
o Low value OHigh value
Reducion i o 1 observation hours fom VBPMM (41%8%) L
Average LOS (days) per patient (38;58) D]]H :
Number of 1to 1 observation hours per occupied bed day (5.91;8.87) ‘:[[m :
1 to 1 weighted staff cost for observation time per hour (£24.26;£36.38) I:[[l]] :
Reduction in rapid tranquillisation events from VBPMM (10%;48%) [[HH :
Bed days per year (3156;4734) [[[l :
Average occupancy (72%;100%) I]II :
Reduction in assaults from VBPMM (-18%;31%) [[l :
Average beds per ward (10;14) [I] :
Average number of rapid tranquillisation events (0.02;0.03) [[I :
-£2,000 -£1,000 £0 £1,000 £2,000 £3,000 £4,000 £5,000

Figure 2. Tornado plot.

patient, highlighting that introducing this system may poten-
tially free up resources within safe staffing establishments,
whilst also saving the NHS money for additional staffing
requirements (i.e. agency/bank spend). Furthermore, the
introduction of VBPMM is estimated to reduce around 3,000
staff hours across an average ward per year by reducing
night-time observation hours, one to one observation hours,
assaults and rapid tranquillization events. Given the pressures
already facing the NHS, this may have policy implications for
managing resource use on PICUs, as resources can poten-
tially be more efficiently used on more therapeutically bene-
ficial activities from introducing VBPMM. As shown in the
scenario analysis, even if the reduction in one to one obser-
vation hours from implementing VBPMM was lower than the
base case, a 4% or greater reduction would still generate a
cash releasing cost saving for an average sized ward.
Running the model with only those events where the use
of VBPMM results in a statistically significant difference had a
large impact on the model results. This highlights the uncer-
tainty in the efficacy data. Deterministic sensitivity analysis
also highlighted that uncertainty around reduction in

Cost per patient per year

observation hours has the potential to change the direction
of the results of the analysis when varied alone. Therefore,
additional data, particularly around reduction in one to one
observation hours, should be incorporated into the economic
model when available to improve the robustness of the find-
ings. Further studies are being conducted to evaluate the
impact of VBPMM on clinical practice and can provide
greater certainty on the expected effects. The results of the
analysis are specific to adults admitted to PICU and therefore
cannot be generalized to other populations. However, other
subgroups of people are currently being explored where
VBPMM may also be effective.

While the model aims to capture the operational and
monetary value of the benefits associated with introducing
VBPMM, there may be further benefits which are not cap-
tured within the analysis. For instance, there is qualitative
evidence that implementing the system may have benefits
to both staff and patient experience, which may lead to
improvements in patient care and quality of life?. This is par-
ticularly important in relation to patient safety, given the
reduction in incidents such as assaults and rapid
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tranquillization events is likely to make both patients and
their families feel safer. Other benefits included better sleep
and reported improvements in wellbeing®. There is also
potential that this could have positive repercussions for staff
retention and/or staff sickness, due to the improvements
that including VBPMM for assisting staff may have on their
experience. Further to this, due to the potential savings in
staff time, there could be potential for PICUs to change their
staffing mix to best meet individualized patient needs,
potentially increasing the capacity of highly trained practi-
tioners available within the NHS. These benefits are unlikely
to be quantifiable for an economic evaluation and are gener-
ally captured using qualitative data such as surveys.
Nonetheless they are important to consider when assessing
the potential benefits of introducing VBPMM.

A potential reduction in serious incidents could be a fur-
ther benefit of VBPMM which has not been captured in the
analysis due to both a paucity of data from the initial study
on how VBPMM would affect these events, as well as the
inherent challenge in costing these heterogeneous events.
Serious incidents stem from particularly severe assaults or
rapid tranquillization events. These serious incidents could
require a lengthy internal review, as well as the potential for
legal costs which could be over £30k per event based on
other types of NHS litigation?'. These types of events would
be particularly expensive; however, they are likely to be rare
occurrences. For instance, previous literature has indicated
only 0.2% of assaults lead to prosecution being pursued?’.

Limitations

A number of assumptions were made when comparing the
inclusion of VBPMM to standard care alone. First, it was
assumed that the data collected from the observational
study on the specific trust are transferable and can be scaled
to different populations and settings. This is an important
assumption as, in order to evaluate the effects of the inter-
vention from the clinical study and generalize the results, a
common metric had to be used (per occupied bed day). This
means that for the purposes of the model, the marginal
effect of adopting VBPMM remains constant as it is scaled to
alternative populations. For instance, it does not consider
makeup and staffing of wards, or other factors such as
patient case mix which could alter the effectiveness of the
intervention and will likely have an impact on the baseline
rate of events. Therefore, if the events at baseline are higher
than in another ward, this may understate the benefits of
using VBPMM, given there may be a greater capacity to
benefit from the service. Similarly, if another ward had a
lower baseline of events, the model may overstate the
potential benefits of using VBPMM.

Second, in order to report the results on a per patient
basis, it is assumed that an average length of stay from
Hospital Episode Statistics can be used in order to elicit a
per patient cost based on mental health trusts as a whole®.
However, it is likely that this length of stay will differ across
various trusts as well as patient groups. Furthermore, this
value is not specific to adults in PICUs meaning the per

patient cost may not be entirely reflective of the average
cost per patient. If the average length of stay of patients is
longer in another ward, the model is likely to understate the
benefits per patient, which means potential for a greater
benefit from introducing VBPMM on a per patient basis,
even if the cost per occupied bed day is unchanged.

Finally, for the purposes of this model, only costs are con-
sidered, not the health benefits associated with using
VBPMM. This modeling approach is only appropriate if the
VBPMM is equivalent to or better than standard of care in
terms of patient outcomes. Further research could look to
assess the impact of introducing the VBPMM on patient out-
comes and produce a full cost-utility analysis of introducing
VBPMM in PICUs, capturing the health impacts alongside the
costs associated with the various events. It is likely that there
would be a positive impact on patient quality of life as a
result of introducing VBPMM due to the reduction in adverse
events outlined in this study alone. Further research may be
warranted to understand the magnitude of the impacts on
quality of life of a reduction in adverse events as well as to
identify other areas where patient quality of life is affected
by the introduction of VBPMM.

Conclusions

Early economic analysis suggests that implementing VBPMM
with standard care is likely to represent a cost saving inter-
vention compared with standard care alone from a UK per-
spective, for adult patients admitted to PICUs. This is likely to
impact a wide range of NHS stakeholders, such as individual
NHS trusts providing the services and CCGs, by reducing
costly events and resource use. However, this is based on a
single center observational before and after study. Further
data are currently being collected on the impact of introduc-
ing VBPMM with standard care versus standard care alone,
which will aid in reaffirming the results and conclusions out-
lined within this paper.
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