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ABSTRACT

Inpatient falls are frequently reported incidents in hospitals
around the world. The recent COVID-19 pandemic has
further exacerbated the risk. With the rising importance of
human factors and ergonomics (HF&E), a fall prevention
programme was introduced by applying HF&E principles
to reduce inpatient falls from a systems engineering
perspective. The programme was conducted in an acute
public hospital with around 750 inpatient beds in Hong
Kong. A hospital falls review team (the team) was formed
in June 2020 to plan and implement the programme.

The ‘Define, Measure, Analyse, Improve and Control’
(DMAIC) method was adopted. Improvement actions
following each fall review were implemented. Fall rates

in the ‘pre-COVID-19’ period (January—December 2019),
‘COVID-19’ period (January—June 2020) and ‘programme’
period (July 2020-August 2021) were used for evaluation
of the programme effectiveness. A total of 120, 85 and
142 inpatient falls in the ‘pre-COVID-19’, ‘COVID-19’

and ‘programme’ periods were reviewed, respectively.
Thirteen areas with fall risks were identified by the team
where improvement actions applying HF&E principles
were implemented accordingly. The average fall rates
were 0.476, 0.773 and 0.547 per 1000 patient bed days
in these periods, respectively. The average fall rates

were found to be significantly increased from the pre-
COVID-19 to COVID-19 periods (mean difference=0.297
(95% C1 0.068 to 0.526), p=0.009), which demonstrated
that the COVID-19 pandemic might have affected the
hospitals fall rates, while a significant decrease was noted
between the COVID-19 and programme periods (mean
difference=—0.226 (95% Cl —0.449 to —0.003), p=0.047),
which proved that the programme in apply HF&E principles
to prevent falls was effective. Since HF&E principles are
universal, the programme can be generalised to other
healthcare institutes, which the participation of staff
trained in HF&E in the quality improvement team is vital to
its success.
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PROBLEM

Inpatient falls are frequently reported inci-
dents in hospitals around the world. Studies
showed that falls of hospitalised patients could
be as high as 3.44 falls per 1000 patient days
in the USA and 6.63 falls per 1000 occupied
bed days in the UK." * Regardless of injuries,
most patients who fall would have increased
length of hospital stay leading to increased
medical costs.” Patients and relatives may also
lodge complaints bringing up litigation issues
about hospital services and staff competence

and as a result affecting the reputation of the
hospital and their trust with staff.*

The average inpatient fall rate in the
hospital of this study was 0.630 per 1000
patient bed days from January 2019 to June
2020. Since the COVID-19 pandemic had
been affecting the healthcare services of
Hong Kong since January 2020, further anal-
ysis found the fall rate before the COVID-19
pandemic was 0.476 (the ‘pre-COVID-19’
period from January to December 2019) and
since the COVID-19 pandemic was 0.773 (the
‘COVID-19’ period from January to June
2020 before the introduction of the quality
improvement programme). This indicated
that the COVID-19 pandemic might have an
effect in increasing falls in the hospital.

The hospital management was concerned
about the increased fall rates, which might
increase patients’ length of stay and affect the
capacity to admit other patients in need. The
hospital’s reputation would also be affected
when patient complaints were brought to
media reports. In this regard, a falls review
team (the team) was formed in June 2020 to
introduce a quality improvement programme
aiming to reduce inpatient falls.

The objective of this programme was
to apply HF&E principles to reduce inpa-
tient falls by applying a systems engineering
approach. The existing gaps in falls preven-
tion by reviewing past inpatient falls were
reviewed and interventions for quality
improvement were proposed and carried out
by the team.

BACKGROUND

About 20%-30% of falls are preventable.
Many researches have been analysing the risk
factors of inpatient falls.* > In general, they
can be divided into intrinsic and extrinsic
factors. Intrinsic factors are related to the
patient’s physical states and conditions
including fall history, age, mobility, mental
status, medication use and intention to seek
assistance, while extrinsic factors are related
to the external environment surrounding
the patient that include the use of bed rails,
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walking aids, footwear, the access to items and toilet loca-
tion.®” The overall risk of an inpatient fall is affected by all
these variables. Also, the recent COVID-19 pandemic has
exacerbated patient safety risks including falls. Though
there were no abundant validated research data on eval-
uating the consequence of COVID-19 to falls, there had
been reports of experiences in increased falls during the
COVID-19 period.*™

Traditionally, falls prevention strategies including fall
risk screening and assessment, patient education, provi-
sion of walking aids and bed rails are some common ones
to name.’ ' It is not uncommon to see that these falls
prevention interventions are implemented in a bundle
in healthcare institutions since single intervention is not
effective to prevent falls.* ' Also, the interventions’ effec-
tiveness is limited by the patients’ judgement and coop-
eration, the misalignment of their perception on the risk
of fall and their worsening illnesses, as well as the latent
systems factors including staffing, environment, equip-
ment and workflow design.'* !> All these factors behind
affect the effectiveness of falls prevention intervention
resulting in falls remaining to be a difficult problem to
treat.

Human factors and ergonomics (HF&E) has become
a more widely adopted discipline in healthcare.'® It has
been applied to improve patient safety in different areas
including medication safety, infection control, medical
equipment design and surgical safety.'” 2 HF&E is a scien-
tific and evidence-based profession that aims to enhance
human performance by understanding the capabilities
and limitations of humans and the interactions between
humans and surrounding systems. HF&E uses a systems
engineering approach to examine the design to the tools,
software, furniture, workplaces and environments and
improve human performance and prevent incidents. A
human factors specialist applies various HF&E princi-
ples, for example, systems thinking, action hierarchy and
product design principles, and skills and techniques, for
example, task analysis, workload analysis and anthro-
pometric measurements, to investigate use errors and
designs flaws and support improvements at the systems
level.'®* It is believed that HF&E can be applied to falls
prevention by using the previous principles and tech-
niques to identify different design flaws of the system and
implement improvement actions to prevent falls.

MEASUREMENT

The public healthcare services in Hong Kong is governed
by the Hong Kong Hospital Authority (HA). The hospital
involved in this quality improvement programme was one
of the HA acute hospitals, which had around 750 inpa-
tient beds and was located in the northwest region of
Hong Kong.

The performance of inpatient falls was measured by
the incident rates reported to the HA Advance Incident
Reporting System (AIRS) by wards. The AIRS is an elec-
tronic system that all staff in HA can report incidents

voluntarily. As a requirement of the nursing manage-
ment, ward staff have to report all falls to the AIRS, which
allows a more accurate database of falls for the team for
evaluation.

The fall rates (number of falls per 1000 patient bed
days) of the hospital from January 2019 to June 2020 were
used as the baseline data. Since the COVID-19 pandemic
had been affecting the healthcare services of Hong Kong
since January 2020, the baseline data were divided into
‘pre-COVID-19’ period (from January to December 2019)
and ‘COVID-19’ period (from January to June 2020) to
examine whether the COVID-19 pandemic had any effects
on the fall rates. The effectiveness of the programme was
evaluated by comparing the fall rates between the pre-
programme period (‘pre-COVID-19° and ‘COVID-19’
periods) and the ‘programme’ period (from July 2020 to
August 2021).

One-way analysis of variance with post hoc tests and y*
test or Fisher’s exact test were used to evaluate if there
were any changes in fall rates and demographics of falls in
the three periods, respectively. Statistical significance was
considered when the p value was less than 0.05. The data
were analysed using SPSS V.26.

DESIGN

The hospital falls review team was formed in June 2020
to plan and introduce the falls prevention programme.
The team composed of geriatrician, nurses, physiother-
apists, occupational therapist, human factors specialist
(a hospital patient safety officer chartered in HF&E)
and administrators. The team was led by the geriatrician,
while other members provided advice on falls prevention
from their professional aspects and supported the imple-
mentation of interventions. The human factors specialist
supported the team to focus its observations, discussion
and actions on the systems perspective instead of solely
the staff or patient factors. The administrators supported
the coordination of fall visits and regular team meet-
ings, documented the observations and discussion made
between the team and frontline staff during the visits and
performed data analysis.

The common quality improvement model Plan, Do,
Study, Act (PDSA) cycle was not used in this programme
because this programme adopted a continuous improve-
ment process that improvement actions were taken
immediately after reviewing each fall. While prob-
lems identified in different falls were complex, and the
improvement actions were implemented swiftly across all
wards in the hospital, the use of the PDSA model would
become complicated to the team at both the operational
and planning levels.”” It was not practical to evaluate the
effectiveness of a single improvement action as several
actions were often implemented at the same time which
their effectiveness was reflected in the overall fall rates.
As such, the team had adopted the Six Sigma improve-
ment model of ‘Define, Measure, Analyse, Improve and
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Control’ (DMAIC) to ensure a structured methodology
was in place in the programme.

A retrospective analysis of 120 and 85 falls occurred
in the hospital in the ‘pre-COVID-19’ and ‘COVID-19
periods, respectively, was conducted by the team. Case
detail of falls reported to the AIRS was analysed. Also,
to facilitate the team in understanding the ward envi-
ronment, additional visits were conducted separately
to examine the environmental, equipment and task
design. The observations were categorised according to
the Framework on Interventions for Inpatient Falls (the
framework) illustrated by Hignett, an expert in human
factors.” This framework provided clear and structured
descriptions of elements on fall assessment and preven-
tion that matched with the existing fall preventive
measures carrying out in the hospital. The analysis results
were categorised into five areas based on the domains of
the framework, namely ‘assessment’, ‘communication’,
‘monitoring’, ‘patient’” and ‘environment’.

STRATEGY

The falls prevention programme was commenced in
July 2020. At the initial stage, all observations with areas
for improvement identified in the retrospective analysis
were discussed by the team for possible interventions and
standardisation across all clinical departments.

For falls occurred after the programme commence-
ment, when an inpatient fall in the hospital was reported
to the AIRS, a senior nursing officer (to provide clinical
and nursing advice), the human factors specialist (to
provide HF&E advice) and an administrator (to record
the observations) from the team conducted a short visit
for about 10-15min to the ward on the incident day or
the next working day. The elements on each category
of the framework was used by the visiting members as
quick prompts of areas to inspect. The visiting members
reviewed and discussed with ward staff about the fall
preventive measures applied on the patient. The visit
reviewed the patient records related to falls prevention
and postfall management (eg, whether the fall screening
on admission was appropriate, the communication
among staff was adequate, the advice by physiotherapist
or occupational therapist was followed), the incident loca-
tion of the patient fallen, and the design and usability of
any falls prevention equipment (eg, if the fall alarm mat
was properly used). The team also interviewed the fallen
patient (if the patient had not been discharged and was
in stable physical and mental conditions) to learn about
the fall detail like the movement or activity during the
fall. The gaps between the observations and the hospital
falls prevention and management policy were identified.
Immediate feedback for any quick fix would be provided
by the visiting members to the ward managers for consid-
eration in their departmental meetings.

The team also conducted special visits to inpatient
wards (both in service and under renovation) to assess

the equipment, environmental and workflow design on
falls prevention when requested by clinical departments.

All observations of each fall in the fall visits would be
summarised into a ‘fall summary’ for discussion in the
team’s monthly meetings through a multidisciplinary
approach. The team discussed all falls and ‘fall summaries’
to decide whether each fall was preventable. A prevent-
able fall indicated that there were opportunities for
systems improvement and vice versa for non-preventable
ones. The departmental representatives in the team
would also share their work progress and concerns in the
meetings. The observations from the special visits were
also followed.

All proposed interventions at the ward level were
discussed with the ward managers, and implementation
would be conducted if deemed to be feasible. Interven-
tions that were hospital wide, required support from
the hospital management, or required a long-term plan-
ning, were discussed in the Hospital Liaison Committee,
chaired by the hospital chief executive, as well as
other senior staff meetings. Follow-up ward visits were
conducted by the team and reported in subsequent team
meetings to monitor the implementation progresses of
each intervention.

RESULTS

A total of 120, 85 and 142 inpatient falls in the ‘pre-
COVID-19’, ‘COVID-19’ and ‘programme’ periods were
reviewed, respectively. Thirteen areas of observations were
identified by the Team. Each observation with its associ-
ated fall risk, the actions taken and the HF&E knowledge
areas applied on each intervention were summarised in
online supplemental table 1. When reviewing the falls,
the team adopted a systems approach such that most
actions taken were believed to be generalisable to other
departments or wards in the hospital. For example, in
‘Assessment’, the team reviewed the patients’ hospital
fall screening forms and found in some falls that nurses
had difficulty in knowing whether patients had recent fall
histories, which might be caused by the lack of communi-
cation with patients or carers and the lack of clear docu-
mentation in the previous clinical notes. In this regard,
this observation was shared in hospital committees’ meet-
ings for further deliberation. The department represent-
atives subsequently could remind their ward nurses to
enhance the checking of patient’s previous fall history in
their daily routine. All actions were agreed by the team
before implementation.

The monthly and average fall rates in the ‘pre-
COVID-19’, ‘COVID-19’ and ‘programme’ periods were
shown in figure 1. The average fall rates were 0.476,
0.773 and 0.547 per 1000 patient bed days in the three
periods, respectively. The average fall rates were found
to be significantly increased from the ‘pre-COVID-19’ to
‘COVID-19’ periods (mean difference=0.297 (95% CI
0.068 to 0.526), p=0.009), while a significant decrease
was noted between the ‘COVID-19° and ‘programme’
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Figure 1 Trend of fall rates in the hospital.

periods (mean difference=-0.226 (95% CI -0.449 to
-0.003), p=0.047). Table 1 summarised the demographics
of falls in the three periods. The authors believed that

the insignificant differences in the profiles might indi-
cate that the changes in fall rates were likely caused by
the COVID-19 pandemic effect and the falls prevention

Table 1 Demographics of falls in ‘pre-COVID-19’, ‘COVID-19’ and ‘programme’ periods
‘Pre-COVID-19’ period ‘COVID-19’ period ‘Programme’ period
January-December July 2020-August
2019 January-June 2020 2021
n (%) n (%) n (%) P value*
Sex Male 70 (58) 52 (61) 84 (59) 0.918
Female 50 (42) 33 (39) 58 (41)
Age group 0-30 5(4) 22 6 (4) 0.956
31-50 9(8) 5 (6) 9 (6)
51-70 41 (34) 31 (36) 44 (31)
>70 65 (54) 47 (55) 83 (58)
Time of fall 00:01-06:00 30 (25) 23 (27) 29 (20) 0.506
06:01-12:00 28 (23) 24 (28) 35 (25)
12:01-18:00 27 (23) 23 (27) 37 (26)
18:01-00:00 35 (29) 15 (18) 41 (29)
Specialty of Medical 65 (54) 49 (58) 93 (65) 0.345
underlying Surgical 42 (35) 25 (29) 34 (24)
clinical problem
Emergency 13 (11) 11 (13) 15 (11)
medicine
Fall risk Low risk 54 (45) 46 (55) 59 (42) 0.126
High risk 66 (55) 37 (45) 83 (58)
Location of fall  Patient bedside 88 (74) 69 (81) 115 (81) 0.815
Patient cubicle 33 1(1) 3()
Ward toilet 15 (13) 6 (7) 9 (6)
Ward common 11 (9) 7 (8) 13 (9)
Area
Others 33 2 () 2(1)

*Significant difference is considered when the p value is less than 0.05.
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programme effectiveness. More researches to study the
relationship between the intrinsic factors of patients and
the COVID-19 pandemic effect on falls would be required
in the future.

LESSONS AND LIMITATIONS

The falls prevention programme demonstrated that
HF&E principles could be applied to falls prevention.
The actions taken in a bundled approach focused on
the systems that the work system was strengthened and
became more robust. The application of HF&E principles
helps focusing the organisational factors and supporting
human performance in the sociotechnical systems that
good design is key instrument to success.”

From the HF&E perspective, the safety hierarchy
model was an important principle to apply. The safety
hierarchy model helped to identify stronger corrective
actions, for example, architectural changes, equipment
usability enhancement and standardisation, that modify
the design of the work system, have a higher tendency
to prevent incident recurrence and are more sustainable.
However, weak actions like warnings, checking and train-
ings that tend to modify human behaviour are less effec-
tive.** Although strong actions usually require higher cost
and time to complete, the costs invested might be able to
turn into savings over time.***® Therefore, aiming for the
stronger actions was the key targets for improvement in
the falls prevention programme. The team experienced
that some interventions, for example, ward renovation
and product design modification, required multidisci-
plinary support like the facilities management on hospital
facility enhancement and may take time in terms of
years to complete as they require longer consultation
and planning processes to ensure the final design meets
staff’s expectation and can be practically implemented.
Balancing the time required to examine the outcome
of these ‘long-term’ work, the ‘programme’ period was
therefore selected to be 1year long as an initial review of
outcomes. Follow-up evaluations of the programme effec-
tiveness should be considered.

Fostering a patient safety culture is another important
HF&E principle to practice. The introduction of patient
safety programmes is an effective means to achieve this, in
particular strong leadership is the most crucial factor for
the falls prevention programme to be successful.”® The
formation of the team with multidisciplinary members of
supervisory roles demonstrated leadership and commit-
ment of the hospital to reduce inpatient falls. It was
believed that the fall visits could enhance frontline staff’s
awareness on falls prevention and management that
professional advice was given by the visiting members.
A follow-up survey to study the perception of frontline
staff on the fall visits at the ward level is beneficial. The
fall visits also allowed the visiting members to understand
what had happened and made prompt and precise advice
while frontline staff could directly express their concerns
and difficulties to the team. This brought an opportunity

for the team to examine the variations between work-as-
imagined (what was expected to happen) and work-as-
done (what actually happened) so that the interventions
were down to earth and easier to be accepted by frontline
staff.?” An example was the improved communication
with patients in isolation rooms. Patients’ needs should
be addressed promptly, and staff should approach them
before they have fall-prone activities (work-as-imagined).
In the fall visits, it was found that ward staff could not
promptly talk to these patients because there was no
active intercom system linked to the isolation rooms.
The staff had to spend time to put on personal protective
equipment before entering the isolation rooms (work-as-
done), which patients might have left their bed before
the staff entered the isolation rooms.'? Therefore, the
team liaised with the hospital facilities management unit
to replace the intercom system to enhance the commu-
nication process. This improvement demonstrated the
importance of understanding human behaviour and
examining the work-as-imagined and work-as-done in
preventing falls.

With the advancement in technology, fall prediction
systems and prevention devices become popular in falls
prevention. Motion detectors, floor or bed alarm mats
and prediction models are the latest innovations to
date.®** These technologies help enhance work perfor-
mance by supporting patient monitoring and predicting
patients’ behaviour so that staff can promptly attend to
patients when they are at risk of fall.” Nevertheless, they
have to be carefully evaluated in terms of usability, effi-
ciency and user satisfaction.*! For example, in the falls
prevention programme, patients eligible for using bed
alarm mats had to be cautiously selected because if they
were applied on patients requiring walking assistance who
could go to toilet by himself or herself, the frequent false
alarms would induce disturbance to staff. The staff might
feel fatigue and eventually ignore the alarms when they
find most patients did not require any assistance. The
decision making in selecting the best eligible patients
might also increase their cognitive workload that, in turn,
reduce their willingness to use the mats.” Further HF&E
researches on how the design of user interface, display
and workflow affects the workload and user experience
should be conducted.

Traditionally, fall risk screening by using tools like
Morse Fall Scale is the first step in fall prevention.* *
How to ensure an accuracy and effective fall screening
is a difficult challenge. The knowledge and compliance
of nurses and their clinical judgement would affect
the accuracy and increase the probability of underesti-
mating or overestimating fall risks.”* *® The problem with
an underestimated fall risk would lead to inadequate
support including subsequent assessment for differen-
tial diagnosis and individualised care plan they need.”
Also, when patients are identified to be at high fall risk,
staff tend to focus their attention and resources in moni-
toring these patients. On the other side of the coin, low
fall risk patients become the blind spot area on falls
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prevention.” *” Before commencing the falls prevention
programme, only patients who fell and had severe inju-
ries like fractures were visited by nursing staff. These led
to an incomplete understanding of each fall and reduced
learning opportunities for systems improvement. The falls
prevention programme strengthened the analysis from
selected cases to all falls so that fall preventive measures
could be more generic and applicable to all patients in
the hospital.

This study also evaluated if the COVID-19 pandemic had
affected the effectiveness of fall preventive measures in
the hospital. Although there were only 6-month data, the
team believed that the increase in fall rates in the ‘COVID-
19’ period might be caused by factors such as poorer
morbidity of patients, more stringent infection control
requirements (eg, more time is required for donning
personal protective equipment), increased dependency
from patients, lack of line of sight due to assignment
of patients in isolation rooms, reduced frequency in
ward rounds, limited patient contact time, restrictions
on visiting, increased staff absence and elevated work
stress.” "' %% The comparison of fall rates between the
‘COVID-19’ and ‘programme’ periods aimed to balance
out the effects of these factors as falls in both periods were
within the COVID-19 pandemic timeframe. From the
results, the significant reduction of fall rates between the
‘COVID-19’ and ‘programme’ periods proved that the
falls prevention programme was successful in preventing
inpatient falls. Nevertheless, confounding factors that
might have affected the fall rates over the time have to be
taken into account, including changes in clinical practice
and staff’s resilience during the COVID-19 pandemic.**™**

This programme had some limitations. First, it was
conducted in a single acute hospital. Whether the
improvement actions are effective to prevent falls in other
hospitals has to be further evaluated. However, since
HF&E principles are universal and evidence based,' *’
the framework concepts are believed to be generalisable
to other healthcare institutes. The team acknowledged
that staff who was trained in HF&E are vital to properly
evaluate the gaps and identify systems improvement
actions throughout the programme. Second, only the
fall rates were used as an outcome measure for evalu-
ating the programme effectiveness. Understanding the
perception of ward staff on the fall visits and workload of
the team would be beneficial to evaluate the programme
effectiveness in another angle. Third, the programme
was introduced during the COVID-19 pandemic. The
team believed that the fall rates might have been affected
by the pandemic effect that further quantitative anal-
ysis is required to assess the actual effectiveness of the
programme when the pandemic has gone down.

CONCLUSION

HF&E is a scientific and evidence-based discipline. It is
proven to be useful in enhancing patient safety including
falls. This report demonstrated how HF&E principles can

be applied to assess and improve the design of the systems
to prevent inpatient falls in a falls prevention programme.
The results showed significant reduction of falls after the
programme was commenced. Since HF&E principles
are universal, it is believed that the programme applying
HF&E principles can be generalised to other healthcare
institutes, which the involvement of staff who have been
trained in HF&E to conduct assessment, provide profes-
sional advice and implement interventions at the systems
level is vital to the success.
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