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ABSTRACT

Objective To determine the efficacy of a targeted

multifactorial falls prevention programme in elderly care

wards with relatively short lengths of stay.

Design Cluster randomised trial.

Setting 24 elderly care wards in 12 hospitals in Sydney,

Australia.

Participants 3999 patients, mean age 79 years, with a

median hospital stay of seven days.

Interventions A nurse and physiotherapist each worked

for 25 hours a week for three months in all intervention

wards. They provided a targeted multifactorial

intervention that included a risk assessment of falls, staff

and patient education, drug review, modification of

bedside and ward environments, an exercise programme,

and alarms for selected patients.

Main outcome measure Falls during hospital stay.

Results Intervention and control wards were similar at

baseline for previous rates of falls and individual patient

characteristics. Overall, 381 falls occurred during the

study. No difference was found in fall rates during follow-

up between intervention and control wards: respectively,

9.26 falls per 1000 bed days and 9.20 falls per 1000 bed

days (P=0.96). The incidence rate ratio adjusted for

individual lengths of stay and previous fall rates in the

ward was 0.96 (95% confidence interval 0.72 to 1.28).

Conclusion A targeted multifactorial falls prevention

programme was not effective among older people in

hospital wards with relatively short lengths of stay.

Trial registration Australian New Zealand Clinical Trials

Registry ACTRNO 12605000467639.

INTRODUCTION

Falls are a serious problem among older people, with
30% of people aged 65 years or more falling at least
once a year. Good evidence shows that many falls
among older people living in the community can be
prevented.1 Effective interventions include multifac-
torial falls prevention programmes and individual
interventions such as exercise programmes, modifica-
tions to the home, cataract surgery, and reduced use of
psychotropic drugs.

Falls alsooccuroftenamongolderpeople inhospital.
Published fall rates among older in-patients vary from
three to 20 per 1000 bed days, with between 3% and
20%ofpatients fallingat least onceduring theirhospital
stay.2-6 Falls inhospitaloften result in injuries, increased
lengths of stay, and greater costs to the health service.6-9

Evidence on the best way to prevent falls in hospital
is, however, limited. No single intervention, such as
bed alarms or bracelets to identify patients at high risk
of falls, has been proved effective in randomised
trials.10 In a recently published systematic review of
multifaceted programmes for falls prevention in
hospital,10 only two of 13 studies were properly
randomised trials of such interventions.11 12 Both trials
found a reduction in falls but in one this was only
amongpatientswithhospital stays of 45daysormore,11

and the other trial had methodological problems, with
only eight wards involved and an unconventional
statistical analysis.12 Methodologically sound rando-
mised trials of interventions to prevent falls for patients
in more typical elderly care wards with lengths of stay
of just one or two weeks are needed.
We carried out a large cluster randomised trial of a

multifactorial intervention programme for falls pre-
vention targetedat acute and rehabilitationelderly care
wards in hospitals in Sydney, Australia. As some
aspects of the intervention, such as education of staff
and modifications to the environment, were designed
to effect change across whole wards we used a cluster
design.

METHODS

Between October 2003 and October 2006 we carried
out a cluster randomised controlled trial of 24 hospital
wards in Sydney, Australia. Each ward was studied for
three months. Pairs of wards participated in the study
consecutively over 36 months.

Ward and participant selection

We first gathered information on type of ward (acute
elderly care or rehabilitation), fall rates, lengths of stay,
and patients’ ages from most of the acute and
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rehabilitation elderly care wards in Sydney so that we
could match pairs of similar wards before randomisa-
tion.We initially attempted to identify pairs ofwards in
the same hospital that were similar on the four
matching characteristics. This was possible for nine
pairs of wards in eight hospitals, with one hospital
having two pairs of similar wards. The remaining three
pairs of wards were spread across four hospitals. The
study involved 24 elderly care wards in 12 hospitals:
four wards in one hospital, three wards in one hospital,
two wards each in seven hospitals (in one of these
hospitals the twowards couldnotbematchedwith each
other), and one ward each in three hospitals.
We included all patients in study wards during each

threemonth studyperiod.Researchassistants collected
baseline information on health, drugs, and physical
function from the medical records of all patients in
intervention and control wards, for descriptive pur-
poses only. These research assistants had no direct

contact with patients. They could not be kept blind to
whether patientswere in intervention or controlwards.

Randomisation

Randomisation of each matched pair of wards was
usually done during the week before the study started
for that pair of wards. Randomisation involved sealed,
opaque envelopes and was supervised by a study
investigator (usuallyRGC) unaware of ward character-
istics.

Interventions

The intervention package was delivered by a part time
nurse and a part time physiotherapist, each of whom
worked 25 hours a week, mainly between 8 am and 4
pm. We chose this level of staff dedicated to falls
prevention because the investigators judged that it
represented the maximum feasible increase in staff in
the normal (non-research) hospital setting. The same
nurse and physiotherapist provided the interventions
for the three years of the project. Interventions were
selected from recommendations in published
sources,13-15 provided they could be implemented
with the resources available for this study (extra staff
time and alarms). The study nurse, who had 10 years’
experience in the care of elderly people, sawpatients in
intervention wards and carried out a falls risk assess-
ment using amodified version of the tool developedby
the Centre for Education and Research on Ageing in
Sydney, Australia.13 Patients were usually assessed
within 24 hours of admission, but patients admitted at
weekends were not assessed until the Monday. On the
basis of her assessment, the study nurse educated the
patients and their families; arranged appropriate
walking aids (in conjunction with the study physio-
therapist), eyewear, modifications to the bedside
environment, and increased supervision; and liaised
with other staff about possible changes to drugs,
management of confusion, and foot problems. She
also ran education sessions for groups of staff and for
individual members of staff.
The study physiotherapist, who had 12 years’

experience in the care of elderly people, saw patients
referred by the study nurse and ward staff. She
supervisedpatients doing exercises, either individually
or in groups.These exercisesweredesigned to enhance
balance and abilities with functional tasks and were in
addition to any interventions provided by ward
physiotherapy staff. The study physiotherapist also
worked with patients to practise safe mobility within
the ward environment. In conjunction with the nurse
she educated staff and patients and their families about
safe mobility in the ward, particularly the use of
walking aids and the need for supervision.
Custom designed alarms were used for ambulant

patients who staff considered to be unsafe to walk
unsupported but who were likely to attempt to do so,
primarily as a result of delirium or cognitive impair-
ment. The alarm consisted of a neoprene rubber sock
with a pressure switch under the heel and a small loud
speaker in a pocket of the sock at ankle level. Patients

Patients in 24 elderly care wards in 12 hospitals (n=3999)

Randomised

Allocation

Excluded (n=0)

Allocated to control
  (n=12 wards,
  n=1952 patients)

Allocated to intervention
  (n=12 wards,
   n=2047 patients)
Received allocated
  intervention (n=1907)

Follow-up Lost to follow-up (n=0)Lost to follow-up (n=0)

Analysis Analysed (n=1952)Analysed (n=2047)

Flow of wards and participants through trial

Table 1 | Baselinecharacteristicsofpatientsininterventionandcontrolwards.Valuesarenumbers

(percentages) of patients unless stated otherwise

Characteristics Intervention wards (n=2047) Control wards (n=1952)

Mean (SD) age (years) 79.6 (12.3) 78.4 (13.2)

Women 1258 (61) 1118 (57)

Resident in aged care facility 451 (22) 420 (22)

Mobility:

Bed rest 268 (14) 305 (17)

Needs help to stand 190 (10) 118 (7)

Needs help to walk 1012 (54) 969 (54)

Walks unaided 414 (22) 402 (22)

No of drugs:

0-4 354 (17) 363 (19)

5-9 1115 (54) 1092 (56)

≥10 578 (28) 496 (25)

Medical history:

Arthritis 696 (34) 569 (29)

Dementia or confusion 764 (37) 666 (34)

Heart disease 1133 (55) 1052 (54)

Hip fracture 236 (12) 214 (11)

Stroke 379 (19) 366 (19)
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wore one alarm device, which emitted a high pitched
wavering tone (5 KHz with a 14 Hz modulation) when
weight was put on the pressure switch by patients
standing after getting out of bed or rising from a chair.
This alerted staff that the patient was standing and
required support. The alarms were used by a small
number of patients in each ward, with a maximum of
two patients at any one time.

Control wards

Control wards had no trial interventions. Senior
nursing staff in control wards were aware of the study
because research assistants were collecting study data.

Follow-up

The primary outcome was falls in study wards during
the three month study period. A fall was defined as
unintentionally coming to rest on the ground or other
lower level not as a result of a major internal (for
example, stroke) or external event. Informationon falls
was collected by research assistants in threeways: from
incident reports filed in patients’medical records, from
notes in medical records themselves, and by asking a
senior nurse each day about any falls on theward in the
past 24 hours. Research assistants were not blind to
whether a ward was an intervention or control ward.

Sample size and statistical analyses

We estimated the sample size assuming 5% of patients
in control wards would fall, an average cluster size

(patients per ward) of 120, and an intracluster correla-
tion coefficient of 0.005. To have 80% power of
detecting a reduction to 2.5% of patients falling at the
two sided 5% significance level required 12 inter-
vention and 12 control wards with a total of 2880
patients.
Wedid analyses at both cluster (ward) and individual

(adjusted for clustering) levels. Because pairwise
matching of wards for fall rates in the three months
before the study period was unsuccessful we did not
takematching into account in the analyses. This failure
of matching occurred because the data on falls we used
for matching were provided by hospitals from their
routinely collected data systems and was usually many
months old by the time the study started in a particular
pair of wards.Whenwe checkedmatching at the end of
the study we were able to obtain data on the three
month period exactly before the study period. These
are the data on previous falls that are reported in this
paper and used in relevant analyses.
Weused unpaired t tests in analyses at cluster level to

compare fall rates during the threemonth study period
in intervention and control wards, and multiple linear
regression to adjust this comparison for fall rates in the
three months before the study period. For analyses of
fall rates at individual level we used negative binomial
regression to allow for clustering of falls by the same
patient, with generalised estimating equations to allow
for clustering by ward, using an exchangeable correla-
tion structure.Modelswere fit first without adjustment,
and then with adjustment for individual length of stay
and the rate of falls in the ward in the three months
before the intervention. Length of stay was calculated
as only the number of days a patient was in the ward
during the study period. Exploratory subgroup ana-
lyses were done using a test for interaction between
subgroup and intervention group. All analyses were
carried out using SAS 9.1 software.

RESULTS

The study involved 3999 patients in 24 hospital wards:
12 acute and 12 rehabilitation elderly care wards
(figure). The average total number of patients per ward
during the three month study period was 167 overall,
233 (range 113-332) for acute wards and 100 (range 56-
170) for rehabilitation wards.
In total, 381 falls occurred during the study period.

Twelve (seven on intervention wards and five on
control wards) were not recorded in patients’ medical
records and were only identified through daily verbal
reports from ward staff. The overall rate of falls during
the studywas 9.2 per 1000 bed days, with no difference
between acute wards (9.4 falls per 1000 bed days) and
rehabilitation wards (9.0 falls per 1000 bed days). Just
over 7% of patients fell at least once: 6.1% in acute
wardsand10.7% in rehabilitationwards.Falls occurred
most often in patients’ rooms (76% of falls), with
another 11%occurring inbathrooms.Twenty eight per
cent of falls occurred during the night shift (10 pm to 7
am). The most common activities at the time of a fall

Table 2 | Characteristicsofinterventionandcontrolwards.Valuesaremeans(standarddeviations)

Characteristic
Intervention wards

(n=12) Control wards (n=12)

Mean (range) No of patients:

Acute elderly care wards 228 (113-330) 238 (121-332)

Rehabilitation wards 114 (60-170) 87 (56-119)

Lengths of stay:

Acute elderly care wards 8.5 (1.7) 8.2 (2.7)

Rehabilitation wards 16.5 (3.6) 16.8 (3.8)

Fall rates per 1000 bed days in previous 3 months:

Acute elderly care wards 7.1 (3.1) 6.7 (2.6)

Rehabilitation wards 9.4 (5.4) 8.6 (2.9)

Total number of patients was 2794 in acute elderly care wards and 1205 in rehabilitation wards.

Table 3 | Falls, injurious falls,andfracturesduringfollow-upinpatientsin interventionandcontrol

wards. Values are numbers (percentages)

Variable Intervention wards (n=2047) Control wards (n=1952)

No of falls:

0 1890 (92.3) 1809 (92.7)

1 127 (6.2) 117 (6.0)

2 23 (1.1) 18 (0.9)

≥3 7 (0.4) 8 (0.4)

No of injurious falls*:

0 1974 (96.4) 1894 (97.0)

1 65 (3.2) 53 (2.7)

≥2 8 (0.4) 5 (0.3)

No of fractures 2 (0.1) 3 (0.1)

*Grazes, cuts, bruises, head injuries, fractures, dislocations, and sprains.
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were walking (36%) or standing from a sitting position
(24%).
Patients in intervention and control wards had

similar baseline characteristics (table 1). Matching of
pairs of wards for previous fall rates was not successful,
however, with only six pairs of wards having previous
fall rates within three falls per 1000 bed days of each
other. Nevertheless, overall the average fall rates in the
previous three months in intervention and control
wards were similar: 8.25 per 1000 bed days and 7.62
per 1000 bed days, respectively (table 2). The number
of patients and mean length of stay were similar for
intervention and control wards during the study
(table 2).
The study nurse carried out a full assessment and

developed an intervention plan for 1907 (93%) of the
2047 patients in intervention wards. One hundred and
forty patients were not seen because they were
admitted and discharged outside the 25 hours worked
by the study nurse. The study physiotherapist did a full
assessment and tailored interventions for 884 patients
(43% of those in intervention wards). Alarms were
recommended for 49 patients and 40 complied with
their use.
Intervention and control wards did not differ in the

frequency of falls, injurious falls, or fractures during
follow-up (table 3). The mean fall rate in intervention
wards was 9.26 per 1000 bed days compared with 9.20
per 1000 bed days in control wards (t22=0.05, P=0.96).
After adjusting for fall rates in the wards in the three
months before the study, the mean fall rates were 9.19
per 1000 bed days in intervention wards and 9.27 per
1000 bed days in control wards (P=0.95). Table 4
shows the results of statistical analyses at individual
level using negative binomial regression. The inci-
dence rate ratios, which give the ratio of the fall rate in
intervention wards to that in control wards, were all
close to 1.0, with confidence intervals excluding any
major effect of the intervention in all wards combined,
in acute wards only, and in rehabilitation wards only.

Exploratory analyses were carried out restricted to
falls that occurred between 8 am and 4 pm, when study
staff were most likely to be on the ward; falls that
occurred in the second and third months of the
intervention period, by which time usual ward staff
might have become more involved in falls prevention
activities; and falls occurring among patients staying in
hospital more than 10 days. The intervention was not
effective in any of these groups of patients (data not
shown).
The intervention had no effect on rates of injurious

falls (table 3). The unadjusted incidence rate ratio for
injurious fallswas1.12 (95%confidence interval 0.71 to
1.77); adjusting for length of stay and previous fall rates
gave the same result. Two fractures occurred in
intervention wards and three in control wards.

DISCUSSION

Atargetedmultifactorial intervention for preventionof
falls had no effect on fall rates in elderly care wards in
Sydney hospitals. The lack of effectwas evident in both
acute and rehabilitationwards andoccurreddespite the
planned nursing and physiotherapy interventions
being successfully implemented and the alarm for
selected patients being used appropriately.

Comparison with other studies

A recent systematic review of 13 studies using multi-
faceted interventions in hospitals reported a pooled
18% relative reduction in falls that was just statistically
significant.10 Five of the 13 studies were randomised
trials and the remaining eight were before and after
studies, using historical data on falls for comparison.
We consider that only two of the 13 studies were
properly randomised trials of truly multifactorial
interventions for preventing falls in hospital. The
intervention in one study was a bracelet for identifying
falls,16 the falls in one study mainly occurred after
discharge from hospital,17 and one study was not a
randomised trial.18 This left two relevant randomised
trials, both of which seemed to show a reduction in risk
of falls.11 12

One of these two studies was an individually
randomised trial carried out in a rehabilitation hospital
inMelbourne,Australia.11The intervention comprised
a risk assessment of falls, alert cards for risk of falls, an
exercise programme (which included Tai Chi), an
education programme led by an occupational thera-
pist, and hip protectors. The average length of stay was
30 days and the intervention was effective only among
people with hospital stays over 45 days.
The other study was a cluster randomised trial

involvingeight elderly carewards inoneUKhospital.12

The randomisation was unsuccessful in producing
similar preintervention mean fall rates in intervention
(14.4 per 1000 bed days) and control wards (18.0 per
1000 bed days). Patients who fell while in hospital were
screened for falls risk factors and appropriate inter-
ventions were then implemented. These interventions
included eyesight checks, drug reviews, management
of postural hypotension, referral to physiotherapy,

Table 4 | Incidence rate ratios for falls in all wards, in acute elderly carewards only, and in

rehabilitationwards only

Variable

Intracluster
correlation
coefficient

Incidence rate ratio* (95%
CI) P value

All wards:

Unadjusted 0.014 1.02 (0.70 to 1.49) 0.92

Adjusted for length of
stay and previous falls

0.003 0.96 (0.72 to 1.28) 0.78

Acute elderly care wards:

Unadjusted 0.007 1.06 (0.63 to 1.76) 0.83

Adjusted for length of
stay and previous falls

0.001 0.96 (0.68 to 1.37) 0.83

Rehabilitation wards:

Unadjusted 0.002 0.92 (0.64 to 1.32) 0.64

Adjusted for length of
stay and previous falls

0.006 0.95 (0.65 to 1.40) 0.81

All models are based on negative binomial regression using generalised estimating equations to adjust for clustering.

*Ratio of fall rate in intervention wards to rate in control wards.
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lowering bed height, moving beds nearer the nurses’
station, and checks of the bedside environment. The
mean length of stay was 20 days. The investigators
analysed their data in an unconventional manner by
calculating changes in fall rates before and during the
studyperiod and comparing the change in intervention
and controlwards. A 21% reduction in falls occurred in
intervention wards compared with a 12% increase in
falls in control wards; the difference between these
changes was statistically significant (P=0.006). In
contrast, the rate of injurious falls increased 14% in
intervention wards and declined by 15% in control
wards; however, this difference was not statistically
significant (P=0.26).
Why did these two previous studies find an effect

whereas ours did not? One clue is the relatively long
average lengths of stay in the two previous studies (
30 days and 20 days). In our study themedian length of
stay was seven days, similar to that in most modern
acute care hospitals. It is likely that some falls
prevention interventions (for example, exercise) need
more than a few days to take effect. Another explana-
tion for lack of effect in our study is that our
intervention team might have spent too little time in
each ward to effect any change in ward culture. The
team spent only threemonths in a ward beforemoving
on. One of the largest effect sizes in the recent
systematic review was found in a study with an
intervention period of two years.10 17

Our intervention team spent a total of 50 person
hours a week in intervention wards, mainly between 8
am and 4 pm. We chose this staffing arrangement
because we wanted to evaluate an intervention that, if
proved effective, could be implemented within the
resource limitations of most hospitals. Although a
larger input for intervention, in terms of staff time and
number of staff, might have been effective in prevent-
ing falls, it is unlikely that hospitals could afford it.

Strengths and limitations

Strengths of our study include its large sample size,
which resulted in fairly narrow confidence intervals
ruling out the possibility that we might have missed a
large interventioneffect. It is possible,however, thatwe
might havemissed a small effect. The randomisation of
24 wards seems to have been successful in eliminating
major systematic differences between patients in

intervention and control wards. Although pairwise
matching of wards by previous fall rates was not
successful, theoverall previous fall rates in intervention
and control wards were similar. Adjusting for previous
fall rates using statistical techniques had no effect on
study findings.
A weakness of our study is that data were not

collected blind to intervention status. It is possible that
in intervention wards raised awareness of falls resulted
in more diligent reporting than in control wards.
Another limitation is that some falls prevention
activities were already occurring in control (and
intervention) wards before the start of our study.
These activitieswouldhave continuedduring the study
period, making it more difficult to show any effect of
our interventions.

Implications

Our study suggests that current approaches to falls
prevention in acute elderly care wards and short stay
rehabilitation wards are ineffective. This may not be
surprising given that the established risk factors for falls
in hospital are all difficult to modify: agitated confu-
sion, gait instability, use of sedative or hypnotic drugs,
and urinary incontinence.19 Prevention of falls in
hospitalmay require innovative approaches, including
improvedmethods for assessing cognitive impairment,
use of low beds and hip protectors to prevent injury,
redesignof hospitalwards so that patients at high risk of
falling are readily observable at all times by busy
nursing staff, 24 hour supervision of patients at highest
risk of falling, and a whole system approach to ward
based falls prevention led byward staff themselves that
results in changes to work practice.20
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