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ABSTRACT ARTICLE HISTORY
Background and aims: Patients on acute adult and older adult inpatient mental health wards are at Received 22 September 2022
an increased risk of accidental injuries and deliberate harm to self and others. A vision-based patient Revised 9 November 2022
monitoring and management (VBPMM) system was designed by Oxehealth Limited to support ward  Accepted 10 November 2022
staff to provide better and more efficient care and to reduce incidents. The VBPMM system uses an
infrared-sensitive camera, installed in a patient’s room, that works with cleared medical device soft- NHS: .

: . . L o . ; mental health; health

ware to deliver contact-free vital sign and activity insights to clinical teams. Data from two studies economics; economic
undertaken at an English National Health Service (NHS) mental health trust were used to inform an analysis; digital health;
early economic assessment of VBPMM implementation into acute adult and older adult mental remote patient
health wards. monitoring; elderly
Methods: A cost calculator was used to compare the introduction of the VBPMM system as an adjunct
to standard care versus standard care alone. Observational data were collected at two English NHS JEL CLASSIFICATION CODES
mental health trusts. Both compared data pre- and post-VBPMM implementation using a 12-month 151 HS H; A12; A1, A
baseline period. The model estimated cost per occupied bed day, cost per patient, annual cost per
average-sized ward, and total cost to NHS mental health trusts across England. Costs were modeled
from an NHS perspective over a 12-month time horizon. Scenario analysis was conducted to test the
uncertainty of results using statistical significance of key inputs.
Results and conclusions: This early analysis indicated that the VBPMM system is likely to be cost sav-
ing within both settings examined, with an estimated cost saving of £272 per acute adult mental
health patient and £4,591 per older adult mental health patient. This translates to £22.3 and £63.3 mil-
lion, respectively, across NHS mental health trusts in England every year. VBPMM, therefore, has the
potential to augment standard care, leading to positive clinical outcomes and monetary savings.

KEYWORDS

Introduction injuries and deliberate harm to self and others. Staff are
required to spend a large majority of their work time keep-
ing them safe and, in many cases, observations are required
every 15 minutes, including during the night. Frequent obser-

) ) . vations are very disruptive, particularly in these vulnerable
ces. During 2020/2021 alone, approximately 2.8 million peo- patient populations. It is important to ensure these hospitals

ple in England were in contact with NHS-funded secondary | e 2 strong culture of patient safety, achieved, for
mental health, learning disability, or autism services'. During example, through adequate staffing and a ward infrastruc-
the same year, NHS England spent £2.2 billion on specialized e that enables proactive patient care?.
commissioning for mental health services, in addition to the Approximately 50% of English NHS mental health trusts
£12.1 billion spent by local Clinical Commissioning Groups have implemented a vision-based patient monitoring and
(CCGs) on mental health, learning disability, and demen- management (VBPMM) system called Oxevision, developed
tia services'. by Oxehealth Limited, to support the delivery of proactive
Acute adult mental health and older adult mental health patient care®. The VBPMM system aims to help clinicians
hospitals for dementia face challenges associated with deliver safer, higher quality, and more efficient care, when
patient safety, such as falls, assaults, self-harm, and suicide. used alongside standard practices. It is contact-free and its
Providing care for patients in these hospitals is particularly hardware (an infrared-sensitive camera) is mounted to the
costly as they are at an increased high risk of accidental wall of ward bedrooms in a secure housing unit. The system

Delivering safe, high quality and efficient inpatient care is a
challenge for the National Health Service (NHS) in England,
particularly when considering stretched funding and resour-
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enables remote measurement of a patient’s vital signs (pulse = @ s _
rate and breathing rate) and notifies staff when a patient - % § © §§§g £
may need help or assistance via activity- and location-based £ 28 e 2 £5%a8g 8
alerts. For example, when a patient is spending a prolonged g ‘éfé & § % -Eﬁs E = 0 E
period of time by a doorway or in the bathroom, which may & gds 3¢ 8 S8%RISS
indicate self-harming behavior, or when a patient is getting g g‘f & § 3 EE 3 §§
out of bed, which may indicate a fall risk. Information from 3 T 9 g 52 s = §‘g§ 5%
the system is made available to clinicians through portable 3 §R§§% “—é_g § 2 32 e 2 g
tablets and a monitor in the nurses’ station. €% 58 € ;3 25885,

A series of staff surveys, focus groups, and interviews “ @3 § =5 532 Sf o i%
were undertaken on 22 inpatient mental health wards in £8E5 . 5B% FRE 2 SESLE
eight NHS mental health trusts to evaluate the outcomes of 2 §§§§ g S% £ 3 f g 5 f g8 S %
VBPMM implementation. Analysis of the data revealed E $E=gEgs2 L g; §_§ :‘;EE
improvements in patient and staff safety, care quality, the 2 § gz §9§332 Z2pZ2RS8H
management of patient risk, the identification of potential © «<rT== = Co= .
incidents, and in the enhancement of patients’ perceived -
sense of privacy and dignity due to observations by staff 25 |o =R "§
being less intrusive, particularly at night®. =k£ ® -] =

An analysis of working time in mental health hospital per- ;
sonnel demonstrated that psychiatric intensive care units 0@

(PICUs) and older adult wards were the two most resource- ?g ] § ~of 3
intensive settings, particularly when nursing staff time was z § = o oy
considered®. An economic analysis of the VBPMM system as
an adjunct to standard care for adult patients within one o R w
PICU has recently been published and demonstrated the 3 gé— N R
potential for cost savings®. The current economic evaluation S 2
builds on this previous work and aims to assess the costs £
and outcomes associated with introducing VBPMM in a wider g 2 - ce B %
range of inpatient mental health services. Specifically, two :; S g ?’,-m E §§ ; g
settings were examined: an acute adult mental health £ 3 2 L ¢ 825 g 2
inpatient hospital and an older adult mental health inpatient E Z g_ g%g -,% é% gi % =
hospital for dementia. 8.2 e S8sEe 9q ig S B S
: |5uE 28EsstEicEds |5
Methods ShSE,88°258528,5S08 | &
N s et E AT
Data collection 8 525883888 082%232e |3
g FEERORALE 5L E R
Data underpinning the analysis were obtained from pub- 9 %gg s %g %g gg 2254 = <
lished and unpublished observational studies conducted at g i;’% g " < P = “é © ;’ S SE = * z
Coventry and Warwickshire Partnership NHS Trust (CWPT). s B =
For the purposes of this study, observational data were col- % = g
lected before and after VBPMM implementation. <|le3 ® Seof ‘n z

In the acute adult mental health hospital, the VBPMM sys- =& =79 & =
tem was implemented on one 22-bedroom female ward and ) ﬁ
one 20-bedroom male ward, and the VBPMM system was % g8 3
used over a 12-month study period and compared to a £ 8§§ ® ng\; § ;
12-month pre-VBPMM period. The results of this pilot study 3 zg- © S
have not yet been published. The study did not collect E =
patient numbers, given the focus was specifically on beds g €5, " N u
within a ward. However, assuming a length of stay equiva- 5 2 gg S YNg g z
lent to 48 days (see Table 1), this would be approximately s §
300 patients both before and after the introduction g - s
of VBPMM. 2 S 2 o

In the older adult mental health hospital for dementia, g g g 5 s e
the VBPMM system was implemented on one 12-bedroom 2 .ZE',':, gé % E
female ward and one 12-bedroom male ward. The system s §§E§ 2 2 £
was used in half of the bedrooms over a 22-month study y 2 < E ;ﬁ o g g E
period and compared to a 12-month pre-VBPMM period'®. =€ EEeEE T; g E
The study for the older adult population also did not collect eIE z 222z st <
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patient numbers. However, assuming a length of stay equiva-
lent to 82 days, this would be approximately 90 patients
before and 170 patients after the introduction of VBPMM.

The number of beds, occupancy rates, and number of
wards in the study population are presented in Table 1.

The clinical outcomes recorded before and after the intro-
duction of VBPMM in each of the studies were: number of
night-time observations, night-time observation time per
patient, number of one-to-one observation hours, number of
night-time falls (older adult population only), and number of
self-harm incidents (acute adult population only). No power
analysis was conducted in either study due to the early nature
of the analysis. All functions of the VBPMM previously detailed
were included when using the technology, such as infrared-
sensitive camera, vital signs monitoring, and alert systems.

Model structure

The analysis was conducted in line with the National
Institute of Health and Care Excellence (NICE) reference
case'>. The focus of the analysis was on costs and reduction
in clinical events, in line with the NICE approach to evaluat-
ing medical technologies'. In the base case, costs were
modeled from the perspective of the NHS in England and
Personal Social Services (PSS) over a 12-month time horizon
and no discount rate was applied. Discounting was not
applied because the analysis considers a time horizon of 1
year, meaning costs do not need to be converted to a net
present value, as per the NICE reference case'. This time
horizon was used for the analysis to adequately reflect both
the benefits of VBPMM and its costs, which is based on an
annual subscription model. Quality-of-life was not captured
within the economic model, which is reflected by the NICE
reference case for evaluating medical devices'®. Scenario
analyses conducted from alternative perspectives of CCGs
and mental health trusts are provided in the Supplementary
Material. At the time of analysis, CCGs were still in place
within the NHS; these groups were statutory bodies that led
the planning of healthcare services in local areas, which
would have separate healthcare budgets to the specific men-
tal health trust. The impact of introducing VBPMM is likely to
be similar for integrated care systems (ICSs), which replaced
CCGs in July 2022™.

The overall model structure has been described previ-
ously®. Briefly, the model was a cost calculator comparing
the VBPMM system plus standard care versus standard care
alone and built in Microsoft Excel (Microsoft Corporation).
Outcomes for the two populations are presented separately.

The outcomes of interest were scaled to “per occupied
bed day” to provide a common modeling time frame that
can be easily converted to per-patient outcome by using
average length of stay. The model results can also be pre-
sented per ward (based on available ward size and bed occu-
pancy data) or for NHS mental health trusts across England
as a whole. The model captured the costs of night-time
observations and one-to-one observations for both groups.
Other data captured were night-time bedroom falls in older
adult mental health inpatients only, and self-harm incidents

JOURNAL OF MEDICAL ECONOMICS @ 1209

for the acute adult mental health inpatients only (Figure 1).
The costs associated with length of hospital stay were not
included in the analysis due to paucity of data; that is, no
difference could be observed in the study data between
treatment arms. For both populations, serious incidents, such
as severe assaults or severe falls, were also excluded due to
insufficient numbers for statistical analysis.

Model inputs

Model inputs were informed by two observational studies on
the clinical effectiveness of the VBPMM system undertaken at
CWPT, one published' and one unpublished, and by litera-
ture searches to inform specific parameters. Costing was
based on standard UK sources from the NHS Reference Costs
and Personal Social Services Research Unit (PSSRU)'>'®,

Clinical inputs

The number of clinical outcomes occurring with standard
care, as well as the impact of the VBPMM system on the inci-
dence of these events, were derived from the two CWPT
observational studies described above'®'"'”. Outcomes from
the studies were scaled to per occupied bed day, enabling
model results to be presented per patient, per average sized
ward, and for NHS mental health trusts across England as a
whole, using the scaling inputs shown in Table 1.

Inputs related to clinical events captured in the model
and to the reduction in their incidence after introduction of
the VBPMM system are presented in Table 2. The effective-
ness of the VBPMM system was assumed not to vary with
ward size. Staff time needed to manage self-harm events in
the acute adult population and night-time bedroom falls in
the older adult population was sourced from a series of
interviews with mental health hospital staff, details of which
are provided in the Supplementary Material.

Several assumptions were made in relation to clinical data
included in the model. First, the cost of all self-harm inci-
dents and falls resulting in accidents and emergency (A&E)
visits were, for simplification, assumed to be equivalent to
minor fractures, potentially underestimating the associated
costs. Second, the clinical data informing the model were
generated at a single NHS Trust, and it was assumed that
the outcomes are directly transferable to other similar set-
tings. Finally, some events were considered “not applicable”
to each population. This is because the VBPMM system is
configured to support managing the main risk factors on the
wards, which differs by population; therefore, not all events
were captured for each population. For example, bedroom
falls were considered a major risk for older adult mental
health inpatients but not for adults in acute mental health
wards. Therefore, alerts related to getting out of bed were
not switched on for adults in acute mental health wards

Cost inputs

Cost inputs for an average ward (16 beds) are presented in
Table 3. NHS Reference Costs 2018/19 were used for proce-
dures' and the 2020 PSSRU data were used for staff costs'®,

OXHE020518_0004
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A. Adults in acute mental health wards

Number of events
per year in the study
population
Events scaled to per.
‘occupied bed day
Number of self-harm “’::' Shersou Time spenton 1to 1
Cost of VBPMM incidents per o&u‘r?auom < observations per
occupled bed day occupled bed ::y occupled bed day
Reduction In time Reduction in time
e ol spent on night-time spenton 1 to 1
VEPMM observations with observations with
VBPMM VBPMM
Cost of self-harm Cost of night-time Costofito1
incidents observations observations
Total cost impact from g VBPMM per pied bed day
Average length of
stay
Total cost impact from Introducing
'VBPMM per patient
B. Older people in mental health hospitals
Number of events
per year in the study
population
Events scaled to per
occupled bed day
Number of bedroom et on Time spenton 1to 1
Cost of VBPMM falls at night per ‘:’ ot observations per
occupled bed day “"":'um bod e occupied bed day
Reduction in time Reduction in time
L il spent on night-time spenton 1to 1
iy observations with observations with
ight with VBPMM VBPMM VBPMM

! } !

Cost of night-time
observations

Costof1to1
observations.

Cost of bedroom
falls at night

} | |

Total cost impact from introducing VBPMM per occupied bed day

Average length of
stay

l

Total cost Impact from Introducing
per patient

Figure 1. Model structure.

1 year of the annuitized cost was considered within the
model, in line with the time horizon used for the analysis.

except for the costs for a Healthcare Assistant, which
were inflated from PSSRU 2017'° using the NHS cost
inflation pay and prices inflation indices, as the relevant data
are not available in more recent iterations of the PSSRU

hiieatt Outcomes generated by the model
publication.

The upfront costs of implementing the VBPMM were
annuitized over the 10-year lifespan of the intervention and

The model estimated cost per occupied bed day, cost per
patient, cost per average-sized (16-bed) ward per year, and

OXHE020518_0005



Table 2. Clinical inputs.
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Parameter Adults on acute wards Older adults

Reported value Source/comment Reported value Source/comment
(95% Cl) (95% Cl)
Night-time observation hours
Number of night-time observations per occupied 11.52 Unpublished VBPMM study® 18 VBPMM study'®'""7
bed day

Night-time observation time per patient (seconds) 23 23

Reduction in observation time from VBPMM 41% 41%
(25% to 53%) (25% to 53%)

One-to-one observation hours

Number of one-to-one observation hours per 1.25 Unpublished VBPMM study® 144 VBPMM study'®'""7

occupied bed day per year

Unpublished VBPMM study®

71% (50%,
one-sided test)
22%

Not applicable to this population

Unpublished VBPMM study®

Primary data collection from
mental health hospital
staff interviews.

See Supplementary

Reduction in one-to-one observation hours 20%
from VBPMM (-13% to 36%)
Proportion of one-to-one observation hours that is 40%
cash releasing®
Self-harm incidents
Average number of self-harm incidents per 0.0094
occupied bed day per year
Reduction in self-harm incidents from VBPMM 44%
(13% to 100%)
Staff hours per incident 9.3
Proportion visiting A&E 8%

Night-time falls

Average number of night-time bedroom falls per
occupied bed day per year

Reduction in night-time bedroom falls from VBPMM

Staff hours per night-time bedroom fall
Proportion visiting a GP because of a night-time
bedroom fall

Proportion of night-time bedroom falls leading
to litigation

Average A&E visits from night-time bedroom falls
per occupied bed day per year

Reduction in A&E visits from night-time bedroom
falls with VBPMM

Proportion of patients requiring a hospital stay who
visited A&E

Proportion of patients requiring surgery who
visited A&E

Average emergency service visits from night-time
bedroom falls per occupied bed day per year

Reduction in emergency service visits from night-
time bedroom falls with VBPMM

Not applicable to this population

Material.
James et al.'?

0.014 VBPMM study'®'"7
48% VBPMM study'®'"7
(16% to 88%)
7. Primary data collection from

60% mental health hospital

staff interviews.
See Supplementary

Material.

0.2% NHS Improvement.'®

0.0019 VBPMM study'®'""’

68% (45%
one-sided test)

6% NHS Improvement.'®
3%
0.005 VBPMM study'®'"7

49% (17%
one-sided test)

Abbreviations. A&E, accidents and emergency; GP, general practitioner; NHS, National Health Service; VBPMM, vision-based patient monitoring and management.
?Cash-releasing savings refers to savings that bring an in-year monetary return without changing safe staffing levels (e.g. through reduction in agency staff while
maintaining safe staffing levels). This is in contrast to opportunity cost savings, where resources are released for other clinical tasks, but with no resulting mon-
etary savings. This distinction is particularly relevant for one-to-one observation time which is very resource-intensive and may require additional staff beyond

the core personnel of the ward.

total cost to NHS mental health trusts across England. Costs
were calculated for each model arm (standard care and
VBPMM plus standard care) as well as incrementally.

Scenario analyses

A threshold analysis was performed to evaluate the potential
breakeven point from introducing VBPMM when only one-to-
one observations were considered. These events may require
additional staff (for example from a staffing agency) beyond

the core ward personnel, so part of the cost of one-to-one
observations is expected to be cash releasing, while the
remainder represents only an opportunity cost as the core
staff time becomes available for other tasks. Cash releasing
and overall savings were considered separately in this scen-
ario analysis. If VBPMM potentially reduces one-to-one obser-
vations, then it can reduce both cash releasing costs and
opportunity costs.

An additional scenario analysis was performed only for
the acute adult mental health inpatient population, for which

OXHE020518_0006



1212 R. MALCOLM ET AL.

Table 3. Costs inputs.

Parameter Value Source/comment
Night-time observation hours
Weighted staff cost for observation time per hour £30 PSSRU'®1®
Hospital-based nurses. Assumed 70% band 3 nurse (HCA), 30% band 5 Nurse.
One-to-one observation hours
Weighted staff cost for observation time per hour £30 PSSRU'®1®
Hospital-based nurses. Assumed 70% band 3 nurse (HCA), 30% band 5 Nurse.
Self-harm incidents (adults on acute mental health ward only)
Weighted staff cost per hour £37 PSSRU'6™
Hospital-based staff. Psychiatric consultant, Band 7 Nurse, Band 5 Nurse,
Band 3 Nurse (HCA).
See Supplementary Material for more details.
Cost of A&E (non-surgery) £2,134 NHS Reference costs 2018/29"
Weighted average of fractures codes (HE71B- HE11H) without interventions.
Tariff cost of A&E (non-surgery) £1,604 NHS improvement, National tariff payment system?°
Weighted average of fractures codes (HE71B- HE11H) fractures without
interventions.
Bedroom falls at night (older adult population only)
Weighted staff cost per hour £58 PSSRU'®1°
Hospital-based staff. Psychiatric consultant, Band 7 Nurse, Band 5 Nurse,
Band 3 Nurse (HCA).
See supplementary material for more details.
Increased length of stay cost from the resulting fall £3,215 Average length of additional stay estimated to be 8.4 days in the VBPMM
study in older adults''.
This was multiplied by the cost per day of stay in a mental health hospital
from NHS improvement'® and inflated to current prices using PSSRU'®.
Cost of GP review £118 PSSRU'®
Low or moderate harm falls were assumed to require on average 3 GP
appointments at a cost of £39.23 each.
Litigation cost £14,117 NHS Improvement18
Inflated to current prices using PSSRU'®.
Staff cost per hour for A&E visits £26 PSSRU'®1?
Hospital-based nurses. Band 3 nurse (HCA).
A&E cost (non-surgery treatment) £2,134 NHS Reference Costs 2018/19'
Weighted average of fractures codes (HE71B- HE11H) without interventions.
Tariff cost of A&E (non-surgery treatment) £1,604 NHS Improvement, National tariff payment system2°
Weighted average of fractures codes (HE71B- HE11H) fractures without
interventions.
Hospital stay without surgery cost £317 NHS Improvement'®
Assumed only 1 night stay needed when surgery is not required.
Cost per day of stay taken from acute patient. Inflated to current prices
using PSSRU'®.
Hospital stay with surgery cost £2,535 NHS Improvement'®
Assumed 8-night stay when surgery is required. Cost per day of stay taken
from acute patient.
Inflated to current prices using PSSRU'.
Surgery cost £4,527 NHS Improvement'®
Inflated to current prices using PSSRU'®.
Cost of emergency service callout £265 NHS reference costs'®
Includes codes ASC1 and ASS02.
VBPMM
Cost of VBPMM: adults on acute mental health wards £26,542 Annual license fees and annuitized installation and cabling costs provided by
(average sized ward) the manufacturer (Oxehealth).
Cost of VBPMM: older adult mental health inpatients £26,555 Staff training costs were calculated by combining staff costs from PSSRU'®'

(average sized ward)

with estimated training requirements provided by the VBPMM
manufacturer.

This input is higher in the older adult population due to more staff requiring
the training.

Abbreviations. A&E, accidents and emergency; GP, general practitioner; HCA, healthcare assistant; NHS, National Health Service; PSSRU, Personal Social Services

Research Unit; VBPMM, vision-based patient monitoring and management.

the confidence interval or reduction in one-to-one observa-
tions with VBPMM in the unpublished study was wide and
crossed zero®, suggesting a high level of uncertainty sur-
rounding the relevant effectiveness estimate. In this scenario
analysis, one-to-one observation hours were not considered
in the model, while night-time observations and self-harm
incidents were retained. In the older adult mental health

inpatient population, all clinical events of interest to the
model were significantly reduced with the use of
VBPMM'®'17 'so an analogous scenario analysis was not
performed in this population. The confidence intervals for
the scenario analysis in the acute adult mental health
inpatient population are presented in Table 4, which are cal-
culated from the relevant clinical study.

OXHE020518_0007
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Table 4. Confidence intervals for the population of adults on acute mental health wards.

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 20% -13% 36%
Reduction in self-harm incidents from VBPMM 44% 13% 100%
Table 5. Base case results.
Adults on acute wards Older adults
Standard VBPMM + Incremental Standard VBPMM + Incremental
care standard care care standard care
Cost of observations (£ per patient) 107 63 —44 286 169 -117
Cost of one-to-one observations (£ per patient) 1,813 1,444 -369 3,571 1,040 -2,531
Cost of bedroom falls at night (£ per patient) N/A N/A N/A 4,238 2,190 -2,048
Cost of A&E visits from night time falls (£ per patient) N/A N/A N/A 378 121 -257
Cost of change in emergency services (£ per patient) N/A N/A N/A 108 55 -53
Cost of self-harm incidents (£ per patient) 231 129 -101 N/A N/A N/A
Cost of VBPMM (£ per patient) 0 242 242 0 414 414
Total cost per patient (£) 2,151 1,879 =272 8,581 3,990 -4,591
Total cost per occupied bed day (£) 45 39 -6 105 49 -56
Total cost per average sized ward per year (£) 235,676 £205,849 -29,827 550,402 255,901 -294,501
Total cost to the NHS per year (£) 176,167,573 153,872,139 -22,295,434 118,363,899 55,031,472 -63,332,427
Figures are rounded to the nearest integer, resulting in potential discrepancies in the incremental estimates.
Abbreviations: NHS, National Health Service; ROI, return on investment; VBPMM, vision-based patient monitoring and management.
Table 6. Clinical events per patient per year.
Standard care VBPMM + standard care Incremental
Adults on acute wards
Total staff hours per patient 68.16 52.68 -15.48
Assaults or self-harms per year 0.53 0.34 -0.20
A&E visits per patient 0.04 0.02 -0.02
Older adults
Staff hours per patient 135.29 44.05 -91.24
Night time bedroom falls per patient 1.14 0.59 -0.55
A&E visits per patient 0.16 0.05 -0.11
Emergency services calls per patient 0.41 0.21 -0.20

Results
Base case results

Acute adult mental health inpatient population

The introduction of VBPMM in an average-sized acute adult
mental health inpatient ward was estimated to result in
annual cost savings of £29,827 per ward per year, translating
to a saving of £272 per patient. When scaled to NHS mental
health trusts across England as a whole, the cost savings in
this population were estimated to reach over £22 million per
year (Table 5). The cost breakdown highlights that the key
driver of cost savings is the reduction in one-to-one observa-
tions, which are estimated to reduce by around 15 hours per
patient per year with the introduction of VBPMM (Table 6).

Older adult mental health inpatient population

The introduction of VBPMM in an average-sized older adult
mental health inpatient ward was estimated to lead to cost
savings of £294,501 per ward per year, or £4,591 per patient.
The savings scaled across NHS mental health trusts in
England were estimated at over £63 million per year
(Table 5). The cost breakdown highlights that the key driver
of cost savings is the reduction in one-to-one observations,
as well as a 48% reduction (1.14 falls per patient with stand-
ard care and 0.59 per patient with VBPMM) in bedroom falls

at night per patient which can be
(Table 6).

costly to manage

Scenario analysis results

Threshold analysis was conducted to assess the effect of
introducing VBPMM on the costs of one-to-one observations.
In the acute adult mental health inpatient population, a 33%
reduction in one-to-one observations was needed to break
even in-year when only the cash releasing savings were con-
sidered. This is higher than the 20% reduction in one-to-one
observations incorporated in the model base case. When all
potential cost savings were considered (including opportun-
ity costs), a 7% reduction in one-to-one observations was
estimated to be sufficient to break even. In the older adult
mental health inpatient population, a 52% reduction in one-
to-one observations was estimated to be sufficient to break
even when considering cash releasing savings alone, and a
2% reduction when considering all cost savings. Both of
these figures were substantially lower than the base case
reduction in one-to-one observations in this popula-
tion (71%).

In the second scenario analysis performed for the acute
adult mental health inpatient population, one-to-one obser-
vations were no longer considered in the model, as the
reduction in these events after VBPMM introduction did not
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Table 7. Scenario analysis for adults on acute wards excluding one-to-one observations.

Standard care VBPMM + standard care Difference
Total cost per occupied bed day (£) 45 47 2
Total cost per patient (£) 2,151 2,248 97
Total cost per average sized ward per year (£) 235,676 246,309 10,633
Total cost to the NHS per year (£) 176,167,573 184,115,799 7,948,226

Figures are rounded to the nearest integer, resulting in potential discrepancies in the incremental estimates.
Abbreviations. NHS, National Health Service; ROI, return on investment; VBPMM, vision-based patient monitoring and management.

A. Tornado diagram for adults in acute mental health wards

Reduction in 1 to 1 observation hours from VBPMM (-13%;36%)

Reduction in self harm incidents per year from VBPMM (-13%;100%)

1 to 1 weighted staff cost for observation time per hour (£24.25£36.38)

Number of 1to 1 observation hours per occupied bed day (1.;1.5)

Average LOS (days) per patient (38,58)

Bed days per year (4208,6312)

Average beds per ward (13;19)

Average occupancy (72%;100%)

Average self harm incidents per bed day (0.007,0.011)

Reduction in observation time from VBPMM (0.25;0.53)

-£700 -£600 -£500
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B. Tornado diagram for older adults in mental health hospitals

Reduction in 1 to 1 observation hours from VBPMM (-6%;87%)
Reduction in bedroom falls (10%;70%)

Average LOS (days) per patient (66;98)

1 to 1 weighted staff cost for observation time per hour (£24.25,£36.38)
Number of 1to 1 observation hours per occupied bed day (1.15;1.72)
Average bedroom falls per bed day (0.0111;0.0166)

Increased length of stay cost (£2571.94,£3857.92)

Reduction ASE visits from falls (1%;87%)

Bed days per year (4208,6312)

Average occupancy (72%;108%)

-£6,000

Figure 2. Tornado plots.

reach statistical significance in the source study. This analysis
resulted in VBPMM no longer providing cost savings
(Table 7). This scenario was not conducted for the older
adult mental health inpatient population, given all events
were statistically significant.

Deterministic sensitivity analysis was conducted to further
explore the key drivers of the model results with respect to
VBPMM. The results of this analysis are presented in Figure 2.

As shown in the tornado diagram, the key drivers of the
results are the effectiveness of VBPMM in reducing one-to-
one observations and other events in the respective
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populations, such as bedroom falls in the older adult mental
health inpatient population, average length of stay per
patient, as well as the baseline number of one-to-one obser-
vation hours.

Discussion

The introduction of VBPMM to supplement standard care
was shown to save costs when evaluated in acute adult
wards and in older adult wards in mental health hospitals.
Cost savings were estimated in both populations and were
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substantially higher in the latter: £272 per acute adult
patient vs £4,591 per older adult patient, which translates to
approximately £63.3 million and £22.3 million, respectively,
across NHS mental health trusts in England.

In terms of cost breakdown, the largest driver of cost sav-
ings was a reduction in one-to-one observation time in both
populations, and a reduction in night-time falls in the older
adult population. The potential reduction in one-to-one
observation time warrants particular attention as a propor-
tion of these hours often requires additional agency and
bank staff, whose employment is costly and its reduction
represents a cash releasing opportunity for the NHS. Indeed,
threshold analysis demonstrated that a 33% reduction in
one-to-one observations for acute adult mental health
inpatient wards and a 52% reduction for the older adult
mental health inpatient wards were sufficient to generate
cash releasing savings for an average sized ward. It is import-
ant to note that the proportion of one-to-one observation
hours that are potentially cash releasing was based on data
from a single NHS Trust, and in those settings where reliance
on external staff is higher, the cash releasing break-even
point for VBPMM introduction is likely to be lower.

The COVID-19 pandemic caused a surge of interest in
remote patient monitoring in general. For example, a recent
systematic review described three studies and six ongoing
clinical trials that predominantly utilized commercially avail-
able wearable devices to monitor physical activity, sleep,
heart rate, and ambient light exposure in patients with
depression?'. Unlike commercially available wearable devices,
the VBPMM system is contact-free and cannot be readily
removed by the patient; in addition, it provides alerts to
potentially high-risk activities, such as getting out of bed,
and also enables remote measurement of vital signs that
staff can use as part of clinical practice to improve safety
and care planning. In the initial assessments of VBPMM
implementation versus standard of care, staff using the sys-
tem perceived an improvement in care quality and in patient
risk management when routine care was augmented with
VBPMM?*8 1117 " while patients reported feeling safer, experi-
encing better quality of sleep, and having a greater sense of
privacy and dignity with less physical presence of staff in
their room??, Potential ethical concerns about privacy are
important when considering the practical aspects of imple-
menting this intervention. There is no video feed continu-
ously displayed with the VBPMM system and video feed can
only be viewed when taking vital sign measurement or
when responding to an alert for up to 15s. When responding
to an alert, only anonymized blurred video is available.
Patients are informed about the use of the system and can
request for it to be turned off'°.

Finally, there is approximately a 17% nursing vacancy rate
in mental health inpatient hospitals?®> and some wards strug-
gle to meet their minimum safe staffing levels with substan-
tive staff. Due to this intervention, wards may be able to
better manage staffing strain while maintaining safety and
care for patients.

A previous early analysis has already suggested that cost
savings can be achieved by implementing the VBPMM
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system in PICUs alongside routine care®. The results from our
current analysis suggest the same in two other patient popu-
lations. The technology therefore has the potential to aug-
ment standard care, bringing in both positive clinical
outcomes and monetary savings, including cash releasing
savings from reduction in agency or bank staff hours and the
opportunity for cost savings as core staff can use their time
in other ways.

This model aimed to assess the potential cost savings
over a 1-year period of implementing the VBPMM system as
an adjunct to routine care. However, some of the long-term
benefits of the technology were not captured due to insuffi-
cient data being available. Consequently, the model esti-
mates are likely to be conservative. An example of the
events not captured by the model include the downstream
health risks of fractures in the older adult mental health
inpatient population, such as rehabilitation, repeat fractures,
and venous thromboembolism. For the acute adult mental
health inpatient population, self-harm incidents were
assumed to result in minor injuries only and, therefore, the
model did not capture more serious and long-term health
issues. Further, the costs of litigation due to self-harm inci-
dents or falls were not captured, but these cases are likely to
be rare. Data from Surrey and Borders Partnership NHS
Foundation Trust?* indicate that, if serious incidents are rep-
resented by a proxy of suicides, only approximately 0.7% of
self-harm incidents would be classed as serious and poten-
tially lead to a litigation. Finally, the model takes an
approach of a simple cost calculator. A full cost-utility ana-
lysis could formally capture patient-reported outcomes, pro-
viding a more comprehensive picture of the benefits
associated with VBPMM introduction.

Other limitations of the model relate to its underlying
assumptions. The data collected in a single NHS trust were
assumed to be generalizable across other similar settings
without taking into consideration the differences in staffing
or patient mix, which could affect the baseline event rate
and, therefore, the cost savings produced by the VBPMM sys-
tem. The use of average length of stay to obtain patient-level
data in the model is associated with a similar limitation as
the length of stay will differ between trusts, resulting in vari-
ability of actual per-patient benefits.

Effectiveness inputs for the current analysis were derived
from early pilot studies with limited sample size. Since the
reduction in one-to-one observations was not statistically sig-
nificant in the pilot study conducted in the acute adult men-
tal health setting, a sensitivity analysis excluding this
outcome was performed, in which VBPMM no longer pro-
vided cost savings. This result indicates the need for contin-
ued collection of real-world data that could reduce the
uncertainty associated with the outcomes of implementing
the technology and help to identify those wards and hospi-
tals which are most likely to benefit from it.

Conclusions

The results of the current early analysis suggest that aug-
menting standard care with VBPMM produces cost savings
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for NHS England when treating older adults in mental health
hospitals, and adults on acute mental health wards. Larger-
scale real-world studies of VBPMM will aim to more robustly
evaluate the potential benefits of this intervention.

Transparency

Declaration of funding

York Health Economics Consortium (YHEC) was funded by Oxehealth to
develop the economic model and manuscript.

Declaration of financial/other relationships

RM, JS, and AS are employed by YHEC.

Author contributions

FN and KW were the chief and principal investigators, respectively, in
the clinical study of Oxevision. RM and JS were involved in the concep-
tualization and design of the economic model. The analyses were under-
taken by RM and JS. RM drafted the manuscript with critical revision
from JS, AS, FN, and KW. All authors approved the final version.

Acknowledgements

Medical writing and editorial assistance with the preparation of this
manuscript was provided by Karolina Badora.

Michelle Green was previously involved in the conceptualization of
the economic model to evaluate the cost savings of the vision-based
patient monitoring and management system in PICUs

Daniel Bayley helped to provide insight into the technology, the clin-
ical evidence, and how the technology is used in clinical practice. He
also provided feedback on the draft manuscript.

Data availability statement

To request the original data regarding Oxevision please contact Daniel.
bayley@oxehealth.com

Reviewer disclosures

Peer reviewers on this manuscript have no relevant financial or other
relationships to disclose.

ORCID

Robert Malcolm ([#) http://orcid.org/0000-0001-5148-3928
Judith Shore () http://orcid.org/0000-0002-5785-5937
Angela Stainthorpe ([5) http://orcid.org/0000-0002-2531-9371

References

[11 Baker C. House of Commons Library. Mental Health Statistics
(England) 13 December. 2021; cited 18 June 2022]. Available
from https://researchbriefings files.parliament.uk/documents/
SN06988/SN06988.pdf.

[2]1  Alshowkan A, Gamal A. Nurses' perceptions of patient safety in
psychiatric wards. IOSR-JNHS. 2019;8(1):1-8.

Lloyd-Jukes H, Gibson OJ, Wrench T, et al. Vision-based patient
monitoring and management in mental health settings. J Clin
Eng. 2021;46(1):36-43.

Oxehealth. Staff experience with Oxevision; [cited 2022 June 19].
Available from: https://assets-global.website-files.com/5f56786917
1¢90518f161723/62569a353b4937643a0ac093_SER_UK_D_8.1.pdf.
Wolff J, McCrone P, Berger M, et al. A work time study analysing
differences in resource use between psychiatric inpatients. Soc
Psychiatry Psychiatr Epidemiol. 2015;50(8):1309-1315.

Malcolm R, Shore J, Stainthorpe A, et al. Economic evaluation of
a vision-based patient monitoring and management system for
working-age people in psychiatric intensive care units in England.
J Med Econ. 2022;25(1):1101-1109.

Hospital Episodes Statistics. Hospital Admitted Patient Care
Activity 2019-20. 2020; [cited 2021 February 08]. Available from:
https://digital.nhs.uk/data-and-information/publications/statistical/
hospital-admitted-patient-care-activity/2019-20.

Coventry and Warwickshire Partnership NHS Trust How technol-
ogy can change services; [cited 2022 June 19]. Available from
https://assets-global.website-files.com/5f567869171c90518f161723/
5f7eObad1a06a32e1da2a3ab_gnpicu--webinar-presentation-flyer—
17-july-2020.pdf.

The Strategy Unit NHS. Exploring Mental Health Inpatient
Capacity across Sustainability and Transformation Partnerships in
England. 2019. Available from: https://www.strategyunitwm.nhs.
uk/sites/default/files/2019-11/Exploring%20Mental%20Health%20
Inpatient%20Capacity%20accross%20Sustainability%20and%20
Transformation%20Partnerships%20in%20England%20-%20191
030_1.pdf.

Wright K, Singh S. Reducing falls in dementia inpatients using
vision-based technology. J Patient Saf. 2022;18(3):177-181.
Coventry and Warwickshire Partnership NHS Trust Safer dementia
care in Mental Health hospitals; [cited 2022 June 19]. Available
from  https://assets-global.website-files.com/5f567869171c90518
f161723/5f7dd0a836242101825e6c2b_safer_dementia_care.pdf.
James K, Stewart D, Wright S, et al. Self harm in adult inpatient
psychiatric care: a national study of incident reports in the UK.
Int J Nurs Stud. 2012;49(10):1212-1219.

National Institute for Health and Care Excellence. Process and
methods [PMG36]. NICE health technology evaluations: the man-
ual. 2022; [cited 2022 August 1]. Available from https://www.nice.
org.uk/process/pmg36/chapter/introduction-to-health-technology-
evaluation.

Charles A, Wenzel L, Kershaw M, et al. A year of integrated care
systems. Reviewing the journey so far, 2018. Available from
https://www.kingsfund.org.uk/sites/default/files/2018-09/Year-of-
integrated-care-systems-reviewing-journey-so-far-full-report.pdf.
NHS England. National Schedule of NHS costs 2018/19. Available
from:  https://www.england.nhs.uk/publication/2018-19-national-
cost-collection-data-publication/.

Curtis L, Burns A. Unit Costs of Health & Social Care 2020.
Personal Social Services Research Unit, University of Kent,
Canterbury. 2020. Available from https://www.pssru.ac.uk/project-
pages/unit-costs/unit-costs-2020/.

Coventry and Warwickshire Partnership NHS Trust. Reducing falls
in mental health hospitals 2020; [cited 19 June 2022]. Available
from https://assets-global.website-files.com/5f567869171c90518f
161723/5f7dd15445648b998ebf3715_CWPT_48-falls-reduction.pdf.
NHS Improvement. The incidence and costs of inpatient falls in
hospitals 2017; [cited 2021 February 08]. Available from: https://
improvement.nhs.uk/documents/1471/Falls_report_July2017.v2.
pdf.

Curtis L, Burns A. Unit Costs of Health & Social Care 2017.
Personal Social Services Research Unit, University of Kent,
Canterbury; 2017.

NHS Improvement. 2019/20 National Tariff Payment System.
2020. Available from: https://improvement.nhs.uk/resources/
national-tariff/.

OXHE020518_0011



[21]

[22]

[23]

Sakamaki T, Furusawa Y, Hayashi A, et al. Remote patient mon-
itoring for neuropsychiatric disorders: a scoping review of cur-
rent trends and future perspectives from recent publications
and upcoming clinical trials. Telemedicine and e-Health. 2022.

Oxehealth. Patient experience with Oxevision; [cited 2022 June 20].
Available  from:  https://assets-global.website-files.com/5f567869
171c90518f161723/624af4d6379d9a1d 18fdbf85_PER_UK_D_8.1.pdf.
NHS Vacancy Statistics. Experimental Statistics. May 2022.
Available from: https://digital.nhs.uk/data-and-information/

JOURNAL OF MEDICAL ECONOMICS @ 1217

publications/statistical/nhs-vacancies-survey/april-2015--march-
2022-experimental-statistics#.

Surrey and Borders Partnership NHS Foundation Trust. Freedom
of information act: Absconding, Self-Harm and Suicide over the
Last 5 Financial Years. 2018; [cited 2021 February 08]. Available
from https://www.sabp.nhs.uk/application/files/6215/2906/
6016/5475_Absconding_Self-Harm_and_Suicide_over_the_Last_5_
Financial_Years.pdf.

OXHE020518_0012



