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Reducing Falls in Dementia Inpatients Using
Vision-Based Technology

Kay Wright, BSc, BPS, PhD and Swaran Singh, FRCPsych, DM

Objectives: Falls have a significant negative impact on the health and
well-being of people with dementia and increase service costs related to
staff time, paramedic visits, and accident and emergency (A&E) admissions.
We examined whether a remote digital vision-based monitoring and man-
agement system had an impact on the prevention of falls.

Methods: Our study was conducted within the Manor dementia inpatient
wards at the Coventry and Warwickshire Partnership Trust. Data were retrieved
from incident reports before and 22 months after installation of the system. We
examined number of night time falls, severity of fall, number of paramedic
visits and A&E admissions, and the number of enhanced observations dur-
ing both time periods.

Results: There was a significant 48% reduction in the number of night-
time falls (P < 0.01), a 49% reduction in visits from paramedics (P < 0.2),
and a 68% reduction in A&E admissions (P < 0.02). In addition, the data
indicated an 82% reduction in the number of moderate severity falls and
that enhanced one-to-one observation hours were reduced by 71%.
Conclusions: The study demonstrated that a contact-free, remote digital
vision-based monitoring and management system reduced falls, fall-related
injuries, emergency services time, clinician time, and disruptive night time
observations. This benefits the clinicians by allowing them to undertake
other clinical duties and promotes the health and safety of patients who
might normally experience injury-related stress and disruption to sleep.
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educing falls in the older people is a major health challenge.

The long-term consequences of falls can be life-changing with
permanent injuries and a loss of independence. Kennedy et al' ob-
served a fall rate of 2.51 falls per person per year with 62% of res-
idents experiencing a fall over a 1-year period across 40 Canadian
residential care facilities. Most people living in care homes are
frail with multiple needs and may have higher risks for falls. How-
ever, falls are not restricted to care homes alone. An observational
study in an inpatient acute and subacute setting of the Aneurin Bevan
University Health Board General Hospital, United Kingdom (267
beds across two sites) reported a fall incidence of 5.44 + 4.76
falls/1000 patient-bed days on a multibedded ward and 15.82 + 19.56
on a single-room ward (P < 0.01).> In elderly care wards in a
UK district general hospital in 2004, the reported rate was as high
as 18.0 falls per 1000 bed days.> Medical-surgical units in the
United States reported between 3.67 and 6.26 falls per 1000

From the Research & Innovation Department, Coventry and Warwickshire Part-

nership NHS Trust, United Kingdom.

Correspondence: Kay Wright, BSc, BPS, PhD, Research and Innovation
Department, Caludon Centre, Clifford Bridge Rd, Coventry CV6 6NY, UK
(e-mail: kay. wright@covwarkpt.nhs.uk).

The authors disclose no conflict of interest.

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
This is an open-access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0
(CCBY-NC-ND), where it is permissible to download and share the work
provided it is properly cited. The work cannot be changed in any way or
used commercially without permission from the journal.

| Patient Saf e Volume 18, Number 3, April 2022

patient days.* A fall incidence of 6.45 falls per 1000 bed days
was found in 24 Australian medical and surgical wards with most
falls in inpatient settings (75% of 70,000) occurring in the bed-
room and bathroom. Higher fall incidences of 10.9 and 17.1 falls
per 1000 bed days were found in 8 Australian rehabilitation/
geriatric units® and psychogeriatric wards,” respectively.

In relation to time spent after a fall, a Delphi study in the
Netherlands reported that nonsevere falls in care homes required
5 extra hours of time per patient by clinicians. A severe fall
resulting in a fracture requires 132 additional hours of staff time.®

A total of 240,000 falls are reported from hospitals and mental
health units in England and Wales annually, more than 700 per
day.’ Falls have a substantial social and economic cost: The Na-
tional Institute for Health and Care Excellence clinical guidelines
on “Falls in Older People” estimated that falls across all settings
cost the National Health Service more than £2.3 billion per year. ™
The direct cost of falls in hospitals (acute and mental health set-
tings) is approximately £611 million per year, which is equivalent
to approximately £3.9 million for an 800-bed acute hospital trust.'"

Reducing the occurrence of falls, therefore, has considerable
financial benefits in addition to reducing the harm to patients
caused by falls.

Technology for Fall Prevention

A range of technologies have been developed to reduce the
number of falls. One example is a mobile software-based applica-
tion worn by the patient.'> Technologies, such as this, require pa-
tients to wear or carry battery-powered monitoring devices that
can be uncomfortable and inconvenient, with batteries requiring fre-
quent recharging and the possibility of devices being lost on the
ward. Considering the high incidences of falls in patients with de-
mentia, the high costs, the distress to patients and their carers, and
the drawbacks identified with other technologies, the Coventry
and Warwickshire Partnership Trust sought an alternative support
system. We identified a digital vision-based patient monitoring
and management system that was developed by Oxehealth and
was entirely noncontact.'® This system was selected because it
was the only noncontact monitoring and management system of
its type available. Barrera at al'* installed this system on an acute
mental health inpatient ward to carry out regular observations and
monitor patients. Their preliminary data on 755 nights of observa-
tion reported no adverse events and suggested a positive and safe
impact on patient and staff experiences at night.

This novel technology had not previously been used in an inpa-
tient dementia setting.

Vision-Based Patient Monitoring and
Management System

The system uses computer vision algorithms to provide physi-
ological and physical monitoring of pulse rate, breathing rate,
movement, and position within the bedroom.

It has infrared illumination and a digital video camera, called
the sensor, held within a discreet wall-mounted casing in a corner
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FIGURE 1. The system hardware installed above the bed in a patient
room.

of the room. Figure 1 shows the sensor in the top left-hand corner
of a patient bedroom.

Patient privacy is maintained as, unlike a CCTV camera, there
is no video feed continuously displayed. When an alert is set off
from a room, for example, if the patient is getting out of bed unat-
tended, the user follows a workflow allowing them the option of
viewing the room for a limited time duration. Members of staff

can then either help the patient back into bed or help them to the
bathroom, etc, avoiding a potential fall. The user may turn the sys-
tem off during activities of daily living, such as bathing and
cleaning, avoiding unintended use.

The system software divides the bedroom into regions (i.e.,
bed, room area, and doorways to the bathroom and corridor) and
measures movement within each region so that episodes of in-
creased fall risk can be notified to staff (e.g., if a patient is getting
out of bed unattended at night). If a patient does fall, the system
can be used retrospectively to assess the incident. For example,
if the patient did not hit their head, they would not require an un-
necessary intrusive assessment for head injury. As assessments for
head injuries after a fall would normally occur, the retrospective
visual recording saves staff time allowing staff to undertake other
tasks. It is also less disturbing for the patient. The system offers
other functionality, such as a report of the night time activities of
patients, which could inform clinical care, such as a change in
sleep medication. The system was installed in 12 bedrooms (6 per
ward) of the 24 bedrooms across 2 wards.

METHODS

Study Design and Setting

This cohort study was approved by the Wales REC 5 Research
Ethics Committee (reference 17/WA/0193). The study was con-
ducted within the Manor dementia inpatient wards at Coventry
and Warwickshire Partnership Trust. Participants included pa-
tients with dementia, some with comorbid conditions, from 1 male
ward and 1 female ward. For patients who were not able to provide
informed consent, the decision on their participation was made by
an appropriate advocate. The age range of the patients was 57 to
92 years. As part of the standard ward processes, all patients were
assessed on admission for risk of falls. Both before and after the
introduction of the system, a large majority of patients on these
wards were assessed as being at high risk of falling.

Data Collection

Trust incident forms containing falls data were pseudonymized
by the Trust research team and sent to the study team. The aim was
to (1) calculate the number of falls, (2) assess the nature of the fall,
(3) assess the severity of the fall, (4) obtain the number of visits by
emergency services, and (5) obtain the number of patient visits to
accident and emergency (A&E), equivalent to U.S. emergency de-
partments. Data were extracted to provide baseline measures (T1,
March 2017 to February 2018) before installation of the system
and follow-up measures from the 22 months after installation of
the system (T2, March 2018 to December 2019). Falls were
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FIGURE 3. Number of falls per 1000 bed days for the baseline period (T1) before the system was in use and for the subsequent 22 months with

the system in use (T2).

analyzed if they were documented on the wards during the night-
time period from 19:30 PM. to 07:30 A.M. when patients are more
likely to be in their bedroom. Bedroom falls during the daytime
period of 07:30 A.M. to 19:30 PM. were not evaluated as part of
this study as hospital practice is to encourage patients to spend
their time outside their bedrooms during these hours.

Data are presented as the number of falls per 1000 bed days, a
measure to track falls as recommended by the Agency for Health-
care Research and Quality."> The number of bed days in each
month is the sum of the number of days each patient spent on
the wards. Dividing the number of falls each month by the occu-
pancy of the wards in bed days causes the results to be normalized
for occupancy. In this study, occupancy remained stable at approx-
imately 90% throughout the study period as shown in Figure 2.
There were approximately 11 patients and 5 members of staff (2
nurses and 3 healthcare assistants), on each ward each night.

In addition, falls were categorized into no harm, low harm, and
moderate harm. Low-harm falls require additional observations
and may require minor treatment. Moderate-harm falls require ad-
ditional observations and treatment interventions, such as admis-
sion to hospital with a fracture, but do not result in irreversible
injury. There were no incidences of serious harm, which could in-
clude a serious head injury, heart attack, or even death, during the
study period. The severity of falls was measured for the 12 months
before the system went live (T1) and for the 22 months after the
system went live (T2).

Staff surveys (n = 12) were carried out across both the wards to
assess the effectiveness and ease of use of the system in providing
nursing support.

The costs of enhanced (i.e., one-to-one) observations were an-
alyzed before and after the system was installed. We wished to an-
alyze as much data as possible to increase the power of the study
but excluded a Trust policy change, which could confound the re-
sults. By this logic, we, therefore, selected 8 months before the
system was installed and 8 months afterward.

Statistical Methods

One-sided P values were calculated using a basic bootstrap ap-
proach (bootstrapping on individual patients) to test the hypothe-
ses that the technology had reduced (1) number of nighttime falls,
(2) visits from paramedics, and (3) A&E admissions. The analysis
was performed using the R software application with methods in
accordance with the book “Bootstrap Methods and Their
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Application”* for both the treatment of hierarchical data and
the generation of nonparametric basic bootstrap confidence
limits.

RESULTS

There was a significant 48% reduction in the rate of nighttime
falls during T2 compared with T1 (P <0.01) as shown in Figure 3.
No falls were reported during December 2019. There was a 68%
reduction in A&E visits (P < 0.02) and a 49% reduction in
visits from paramedics (P < 0.2) as shown in Figure 2. No A&E
visits or onsite emergency services visits were reported during
December 2019.

The severity (no harm, low harm, or moderate harm) of the falls
that occurred during the 12 months before the system went live
(T1) and during the 22 months after the system went live (T2)
are shown in Figure 4. The values in Figure 4 have been annual-
ized to facilitate direct comparison.
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FIGURE 4. Severity of falls during T1 and T2.
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FIGURE 5. Change in monthly cost of enhanced observations during the 8 months before and after the introduction of the system.

Data on the costs of enhanced (i.e., one-to-one) observations
indicate that these observational hours reduced by 71% after the
system became operational, as shown in Figure 5 (a P value could
not be calculated for this reduction because patient identifiers
were not available for the enhanced observations data).

DISCUSSION

This study assessed the impact of using a digital vision-based
patient monitoring and management system to support staff caring
for patients in a dementia inpatient facility and improve patient
safety. It demonstrated that the system’s functionality has a posi-
tive effect by alerting staff to patients who are getting out of bed,
thus enabling them to respond immediately. Bedroom falls were
reduced by 48% when the digital vision-based monitoring and
management system was installed.

The total number of moderate-severity falls in bedrooms at
night decreased significantly by 82% across the whole facility
during the study period. These data match the perceptions of staff
using the system on the wards. One ward manager stated, “The se-
verity of falls and associated injuries have reduced massively at
night. I think it’s because we can intervene earlier. For example,
we can attend to patients within seconds if they are disoriented
or confused so they do not slip and fall.”

An analysis of recent literature suggests that 41% of all emer-
gency admissions to A&E from care homes and residential homes
are avoidable and could be managed locally, thereby reducing
strain on the overall healthcare system.!” In our study in a related
setting, there was a 68% reduction in visits to A&E and a 49% re-
duction in visits by paramedics to the dementia inpatient facility.
An estimated 420 clinical hours per year for the 24-bedroom inpa-
tient facility have been saved as a result of the reduction in falls,
reduction in visits to A&E, and visits by paramedics. Importantly,
these reductions also imply that patients have experienced a better
quality of life as a result.

At the Manor Hospital, clinical protocol requires staff to ascer-
tain whether a patient has struck their head in a fall. If this is un-
known, staff must assume that the patients have struck their head
and appropriate assessments and neurological observations must
take place. The system enabled staff to “replay” a fall by viewing
video footage of the incident enabling an assessment of the incident
including whether the patients struck their head and how the fall
occurred.

The reduction in enhanced observations shown in Figure 5 may
suggest that the hospital staff are better supported in managing
patient fall risk at night, reducing the requirement for enhanced
observations to be carried out and improving patient care. This
reduction in enhanced observations provides a valuable operational
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benefit; it is the equivalent to saving 7810 clinical hours per year for
the 24 bedroom inpatient facility.

Hospital staff embraced the technology and felt that it improved
patient care. One nurse said, “/ like the alerts when a patient is on
the edge or at risk of falling. Staff are able to attend and prevent a
fall from happening.” Another said, “For staff it’s an experience,
which will help to manage our time on the ward and help to prior-
itize our work.”

A total of 8230 clinical hours were saved based on the 2 main
drivers of clinical time saving: observation hours, equivalent to
7810 clinical hours saved per year, and reduced bedroom falls at
night, equivalent to 420 clinical hours saved per year.

Limitations

The study only took place in 2 wards at a single hospital and
analyzed only falls in bedrooms at night time. Data on enhanced
observation hours were only recorded from July 2017 to October
2018 because of operational changes implemented at the hospital
in the first quarter of 2017, which resulted in modification of usage
of enhanced observations in one ward, and unavailability of data af-
ter October 2018. The calculation of the number of clinical hours
saved per year after the system was installed is limited to the reduc-
tion of enhanced observation hours and the reduction in fall
incident-related activities, excluding the clinical time saving that
may have been realized from being able to view unwitnessed falls.

CONCLUSIONS

These results indicate that the digital vision-based patient mon-
itoring and management system enables inpatient care and safety
to be optimized through early warning alerts, in this case fall risk
alerts, and postincident assessments. Specifically, the system can
reduce falls and associated injuries and save significant clinical
time in dementia wards, improving patient well-being. These en-
hancements in inpatient care have led to positive clinical and op-
erational outcomes in a dementia inpatient facility setting. They
can be applicable to other inpatient healthcare settings, including
working age psychiatric inpatient care, elderly care, postoperative
care, and assisted living care. Further research is underway to ana-
lyze the effects of noncontact patient monitoring and management
in other clinical settings and how it can best support and enhance
clinical workflows.

REFERENCES

1. Kennedy CC, Ioannidis G, Thabane L, et al. Successful knowledge
translation intervention in long-term care: final results from the vitamin D
and osteoporosis study (ViDOS) pilot cluster randomized controlled trial.
Trials. 2015;16:214.

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.

OXHE020512_0004



| Patient Saf e Volume 18, Number 3, April 2022

Reducing Falls in Dementia Inpatients

. Singh I, Okeke J, Edwards C. Outcome of in-patient falls in hospitals with

100% single rooms and multi-bedded wards. Age Ageing. 2015;44:1032-1035.

. Healey F, Monro A, Cockram A, et al. Using targeted risk factor reduction

to prevent falls in older in-patients: a randomised controlled trial.
Age Ageing. 2004;33:390-395.

. Williams T, Szekendi M, Thomas S. An analysis of patient falls and fall

prevention programs across academic medical centers. J Nurs Care Qual.
2014;29:19-29.

. Rapp K, Becker C, Cameron ID, et al. Epidemiology of falls in residential

aged care: analysis of more than 70,000 falls from residents of Bavarian
nursing homes. J Am Med Dir Assoc. 2012;13:187.el-¢l.6.

. Hill AM, McPhail SM, Waldron N, et al. Fall rates in hospital rehabilitation

units after individualised patient and staff education programmes: a
pragmatic, stepped-wedge, cluster-randomised controlled trial. Lancet.
2015;385:2592-2599.

. Nyberg L, Gustafson Y, Janson A, et al. Incidence of falls in three different

types of geriatric care a Swedish prospective study. Scand J Soc Med. 1997,25:8-13.

. Sterke CS, Panneman MJ, Erasmus V, et al. Increased care demand and

medical costs after falls in nursing homes: a Delphi study. J Clin Nurs.
2018;27:2896-2903.

. Oxford University Research Archive. Royal College of Physicians National

Audit of Inpatient Falls: audit report 2017. Available at: https://ora.ox.ac.
uk/objects/uuid:5Scc51202-8f3c-44ec-9f98-29d21e76875f. Accessed
July 29, 2020.

. NICE. Falls in older people: assessing risk and prevention. Available at:

https://www.nice.org.uk/guidance/cg161. Accessed July 29, 2020.

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.

15.

. NHS Improvement. The incidence and costs of inpatient falls in hospitals.

Available at: https://improvement.nhs.uk/resources/incidence-and-costs-
inpatient-falls-hospitals/. Accessed July 29, 2020.

. Shi'Y., Shi Y., Wang X.. Fall detection on mobile phones using features

from a five-phase model. In Proceedings - IEEE 9th International
Conference on Ubiquitous Intelligence and Computing and IEEE 9th
International Conference on Autonomic and Trusted Computing,
UIC-ATC 2012 951-956 (2012). Fukuoka, Japan: IEEE (The Institute of
Electrical and Electronics Engineers); 2012.

. Lloyd JH, Gibson OJ, Wrench T, et al. Vision-based patient monitoring

and management in mental health setting. J Clin Eng Press. 2021;
46:36-43.

. Barrera A, Gee C, Wood A, et al. Introducing artificial intelligence in acute

psychiatric inpatient care: qualitative study of its use to conduct nursing
observations. Evid Based Ment Health. 2020;23:34-38.

Agency for Health Research and Quality. How do you measure fall rates
and fall prevention practices? | . Available at: https://www.ahrq.gov/
professionals/systems/hospital/fallpxtoolkit/fallpxtk5.html. Accessed
May 22, 2020.

. Davison AC, Hinkley DV. Bootstrap Methods and Their Application.

Bootstrap Methods and Their Application. Cambridge, UK: Cambridge
University Press; 1997.

. The Health Foundation. Emergency admissions to hospital from care

homes: how often and what for?. Available at: https://www.health.
org.uk/publications/reports/emergency-admissions-to-hospital-from-
care-homes. Accessed May 22, 2020.

www journalpatientsafety.com | 181

OXHE020512_0005



