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Abstract

In a long-term care facility, whose residents have been diagnosed with Alzheimer’s disease or dementia, falls are a particularly
prominent issue. Technology in health care has continued to evolve and play a larger role in how we care for our patients, even
in preventing falls. However, overreliance on these types of technologies may have detrimental effects. In our facility, it was felt
that staff reliance on position-change alarms was inappropriate due to the high rate of false alarms associated with these devices.
We took a tiered approach to removing position-change alarms from our facility, monitoring the fall incidence rate for a period
before, during, and after the elimination of these alarms. After discontinuing their use, we found a decrease in the rate of falls, and
a decrease in the percentage of our residents who fell. Staff has easily adapted and reports a calmer, more pleasant environment.
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Introduction

There is no question that falls in health care facilities are a
major issue that must be addressed due to the physical and eco-
nomical consequences of such an event, in particular because
the number of patients in long-term care who are at risk of fall-
ing is expected to continue to grow.'™ As such, technology has
continually evolved with the intention of preventing patient
falls, and a great deal of research has been conducted to deter-
mine who is at the greatest risk of falling, in order to focus on
who should receive such interventions.*> While some studies
indicate that persons with mild dementia are at less risk of
experiencing a fall,® several others suggest that patients with
dementia are at increased risk of falling.”* Other reports indi-
cate that while a typical acute care fall rate might be as high as
9.1 falls per 1000 patient days, long-term care facilities are
expected to have a fall rate which is at least twice that which
occurs in acute care.’

The evolution of fall prevention has seen a number of inter-
ventions which are intuitive in nature; the use of restraints and
bedside rails were used widely in the attempt to keep patients
safe. However, these techniques have been shown repeatedly
not to be nearly as effective as expected,®'*'! and have even
been quite dangerous. There have been numerous reports of
elderly patients becoming entrapped in side rails, some with
fatal consequences.'? Additionally, data continues to mount
which supports the removal of restraints; patients who are free
to move about have shown better functionality and a decreased
incidence of falling.'>'* In light of this information, it may not

be as surprising that one of the most common interventions
used in long-term care to prevent resident falls is not as effec-
tive as believed'” and could actually be a hazard—the bed-exit,
or position-change, alarm.

Bed-exit alarms are used to alert caregivers that a patient
who should not leave bed unassisted is doing so. These alarms
were designed with the intent of reducing falls and facilitating
faster responses to persons who have already fallen. They may
consist of pressure-sensor activated alarms, which are typically
sensor pads placed under the sheets or mattress or can be built
in to the bed; cords which can be clipped to a patient’s clothing;
and position-sensitive alarms, such as a cuff to be worn on the
patient’s leg. The rate of nuisance alarms and resistance to
tampering varies with both the type and brand of alarm.'®
Additionally, pressure-sensor alarms are often placed on the
chair of a sitting patient to monitor any attempts to stand and
walk unassisted. Any number of combinations of these alarms
may be used to address the specific behaviors of patients.'’
More recently, infrared beams, less intrusive devices, and
more sensitive and specific integrated bed-exit systems are
being developed.”'#2°
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Alarms that monitor patient movement while they are in bed
or seated are used almost ubiquitously in residential care homes
and are Joint Commission of Accreditation of Healthcare Orga-
nizations (JCAHO) endorsed.”' However, there is a lack of
evidence to suggest that these alarms are actually effective,
and trials evaluating their effectiveness have not shown a sig-
nificant improvement in the incidence of falls in patients who
were monitored using these alarms when compared to a con-
trol group. In fact, the authors specifically mentioned the rate
of false alarms, which was reported as a barrier to their
use.'®?? While false alarms may be considered a nuisance,
it has been postulated that they also impede clinical care, as
caregivers become desensitized to alarms®*-*® and eventually
may begin to respond only to the alarms and not to the needs
of the patient.?’

Methods
Setting

Retrospective review of clinic records and patient charts for this
research was approved by the ProMedica Health System Institu-
tional Review Board. The setting of this uncontrolled before and
after study is a free-standing, 60-bed, not-for-profit residential
care facility tailored specifically to meet the needs of individuals
with Alzheimer’s disease or advanced dementia. Our facility is
part of a health system comprised of 11 hospitals, one of which
is located adjacent to our facility. We have a total of 55 staff
members, consisting of 8 licensed practical nurses, 7 registered
nurses, and 40 state-tested nursing assistants in order to maintain
a high staff to patient ratio. All residents receive a community
referral prior to admission and undergo onsite evaluation includ-
ing fall risk assessment, level of care, brief interview for mental
status (BIMS), and evaluation by a physical therapist or occupa-
tional therapist upon arrival.

Since the opening of the facility in 1994, bed-exit alarms have
been utilized for patients who are identified as being at high risk of
falling or have shown behaviors that would increase falls. Every
attempt is made to individualize care to meet the needs of each
resident; therefore, a combination of built-in bed alarms, bed
alarm pads, tabs which clip to the resident, and chair alarm pads
were used as necessary. Movement alarm devices were used in
approximately 75% of the residents during the day, the night, or
at all times. Furthermore, individual interventions are continu-
ally developed for each resident based on their specific needs to
prevent falls, such as scheduled restroom visits every 2 hours
during the night for residents experiencing nocturia. Moreover,
our facility has never utilized chemical means, bedside rails, or
restraints as prevention for falls.

Planning and Implementation

Little evidence to suggest that bed-exit alarms are actually
effective in preventing falls exists, and nursing administration
observed a loud and disruptive environment due to the alarms
sounding frequently. It was the opinion of administration that

the staff may have become too dependent on the alarms due
to their rounding habits; staff waited to respond to an alarm
rather than acting to prevent them. As such, nursing administra-
tion wished to eliminate the use of such alarms in the facility.
We monitored the number and types of falls occurring in the
presence of the movement alarm devices for 4 months prior
to and following the elimination of the position-change alarms.
It was anticipated that staff members may not be supportive of
removing the movement alarms initially. As such, administra-
tion elected to introduce the goal during a staff meeting and
allow the staff to process the information slowly.

The “Alarm-Free” goal was discussed in 3 separate staff
meetings over the course of 7 months before phasing out the
alarms. In these staff meetings, the director of nursing reviewed
literature with staff and also used role playing in order to intro-
duce new perspectives to staff members. Administration
planned to retrain staff in maintaining safety and involved staff
members by asking for feedback and constructive ideas on how
to keep the residents safe upon removal of the alarms. Conscious
efforts were made to maintain a positive and high-energy atti-
tude during staff education in this period.

The final phase of planning before removing the alarms was
to educate the families of all residents. This was absolutely crit-
ical in ensuring success of the intervention and was achieved
via one-on-one discussion, family council, and newsletters.

We began gradually removing the alarms from the beds and
chairs of residents in June 2010. This was accomplished by
incorporating the goal and progress into an established daily
meeting which has proven to be integral in keeping staff
updated about patient status and current state of operations.
During the implementation of the intervention, administration
and nurses reviewed the patients who had movement monitor-
ing devices and their assessed level of fall risk. This assessment
included medications, vital signs, chronic illnesses, history of
falls, behaviors, and acute illnesses and injuries. Patients with
the lowest risk of falling were the first to have their alarms
eliminated to allow staff to gradually adapt to the new level
of care required for our residents and prevent anticipated
effects of a steep learning curve to the process. The staff was
retrained to implement a more integrated fall prevention plan
upon elimination of the alarms; they were required to round
more frequently and to chart in places where they could main-
tain a view of their residents, even if this meant sitting outside
of a resident’s room if, for example, the resident was experi-
encing increased restroom requirements (due to gastrointest-
inal upset or urinary tract infection). The staff was also
retrained in their communication with their coworkers in
order to ensure that common areas were constantly supervised
and that any patients requiring one-on-one attention could
receive it without sacrificing another unit. Additionally, fam-
ilies of residents were asked to complete a detailed social his-
tory to better allow us to understand the resident as a whole
person to better cater to their specific needs.

After successfully removing a patient’s monitoring device,
the next patient with the lowest risk of falling was transitioned
to reside free of alarms; patients with the highest fall risk were
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Table I. Summary of Resident Census, Number of Falls, and Types of Falls During Observation Period for All Residents?
Feb March April May June July Aug Sept Oct Nov Dec

Census 48 48 48 48 58 58 58 60 60 60 60
Number of admissions 3 2 2 4 9 3 | 2 2 | I
Type of fall

Slid from chair 2 | | |

Out of bed 6 | 2 3 3 2 5 I 3

Stood unassisted 2 2 2 3 2 4 | I 3
Lift
Total 8 3 5 6 6 4 10 | 2 3 3
Residents involved 6 3 4 5 5 4 7 | 3 3 3
Other falls?

Self-reported | 2 I

During ambulation 3 2 | 6 | 3 2 | 2 | 6

Lowered to floor | | 4 3 3 2 I

Almost fall | | I | 2
Total 4 3 | 8 2 7 5 6 4 4 9

? Not included in analysis.

the last to have their alarms removed. A new patient was not
necessarily chosen each day, and discussion about how well
staff and residents were transitioning dictated the rate at which
more patients’ alarms were removed. This process continued
until the end of August 2010 such that the facility functioned
without bed- and chair-exit alarms as of September 1, 2010.

For 4 months prior to implementation of the ““alarm-free ini-
tiative,” administration collected information about the num-
ber of falls occurring each month, the number of residents
involved in the reported incidents, the number of patients resid-
ing in the facility, the admission rate (turnover of residents),
and the number of patients requiring antipsychotic medication.
The type of fall which occurred was also recorded and was
categorized as follows: fall during ambulation, self-reported,
lowered to floor, almost fell, slid from chair, fell out of bed,
stood unassisted, or fell during a lift. For the purposes of anal-
ysis, the falls which could not have been affected by the bed-
exit and chair alarms were removed, including falls during
ambulation, almost fell, self-reported, and lowered to floor.
Importantly, the incidents which were recorded in the cate-
gories “almost fell” and “lowered to floor” are not classified
as falls by JCAHO,?' however, the data describing all inci-
dents within our facility are reported herein (see Table 1).
Administration collected the same information during the
3-month intervention period and during the 4-month postin-
tervention period. Importantly, none of the direct care staff
members were aware that the administration was collecting
and monitoring fall data or that it would be analyzed to deter-
mine the effectiveness of the intervention.

Statistical Analysis

The R Project for Statistical Computing (version 2.12.2) was
used in data analysis. Analysis of variance (ANOVA) tests with
post hoc comparisons were run in an attempt to identify mean
differences in the number of falls per 1000 patient days by
intervention stage and the percentage of residents falling by

intervention stage, and the percentage of residents using
antipsychotic drugs by intervention stage. Tests were declared
statistically significant for a 2-sided P value of <.05.

Results

A total of 48 patients resided at the facility during the preinter-
vention phase of this study, which increased to 58 residents dur-
ing the intervention period and increased again to 60 patients
during the postintervention phase of the observed time. Only
31 of these patients were residents during the entirety of all of
the periods observed during this research. In order to control for
changes which could be due to the introduction of a new resident
to an unfamiliar setting, we analyzed the data of these 31 resi-
dents separately. However, we do report the data for our entire
population, as well as observations made using this data. Of our
total population, 93% of the residents were female, the mean age
was 84.4 years and the average length of stay was 2.2 years. Of
the subset population, in which most of our analysis was
focused, 87% of the residents were female, the mean age was
85.9 years, and 35.5% were prescribed antipsychotic medica-
tions (including risperidone, quetiapine, and olanzapine). All
residents were diagnosed as having either Alzheimer’s disease
or dementia; 90.3% had been diagnosed with one or more
comorbid mental health condition, including Organic Brain Syn-
drome (OBS), psychosis, depression, anxiety, paranoid state,
insomnia, mood disorder, and obsessive-compulsive disorder.
We collected information for 3720 patient days during the
preintervention period, during which the incidence rate of falls
was 5.41 falls per 1000 patient days. Some residents were
involved in more than 1 fall, such that the mean percentage
of residents involved in an incident was 12.09% =+ 1.61% dur-
ing the preintervention phase. Data collected during the inter-
vention phase consisted of 2852 patient days, during which
time 3.50 falls per 1000 patient days were observed. During the
intervention period of the study, the mean percentage of resi-
dents who fell was 8.60% + 1.86% (Figure 1 and Table 2).
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Percentage of Residents Falling over Time
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Figure I. Mean percentage of residents who fell as a function of time in both the entire population and the subpopulation. Results indicate the
percentage of patients who fell during the observation period decreased over time, as the alarms were removed from the facility.

Table 2. Summary of Number and Types of Falls of 31 Residents Included in Subset Analysis®

Feb March April May June July Aug Sept Oct Nov Dec

Type of fall

Slid from chair 2 | I |

Out of bed 4 | 2 3 2 3 | 3

Stood unassisted 2 2 2 I 2 | | 3
Lift total 6 3 5 6 3 2 5 | | 3 3
Residents involved 4 3 4 4 3 2 3 | | 3 3
Other falls®

Self-reported |

During ambulation 3 | 4 I 2 | 3 |

Lowered to floor | I | 2 | |

Almost fall
Total 3 | | 4 2 0 3 4 3 | 2

? Included those who resided within the facility during entirety of the observation period.

® Not included in the analysis.

Finally, our postintervention phase monitored the incidence
rate of falls over the course of 3782 patient days; the incidence
rate of falls following the intervention fell to 2.12 falls per 1000
patient days and the percentage of residents involved in a fall
was reduced to 6.45% + 3.72% (Figure 1).

Analysis of variance test results indicated no significant dif-
ference in the mean number of falls per 1000 patient days
between the intervention stage and the pre- or postintervention
stage. However, the mean number of falls prior to the removal
of alarms (during the pre-intervention period) was significantly
higher than the mean number of falls following the intervention
(P = .03). Similarly, we observed no significant difference in
the mean percentage of residents falling when comparing the
intervention period to either the preintervention or postinter-
vention periods. However, the mean percentage of residents
who fell was significantly lower in the postintervention period

when compared to the preintervention stage (P = .04). These
results suggest that the removal of bed-exit and chair alarms
was directly related to a decrease in the number of falls expe-
rienced by residents and the percentage of residents involved in
those incidences.

We also report herein the number of falls that occurred in
the facility within all of our residents, including those who
joined during the period of observation. When considering the
entire population, we still observed a decrease in the number of
falls which occurred per 1000 patient days as a function of
intervention stage (Table 3). Moreover, we also observed a
decrease in the percentage of residents involved in those inci-
dents as a function of time (Figure 2). We also analyzed data
collected concerning the percentage of patients given antipsy-
chotic medication during each intervention stage. Anecdotally,
when considering the entire population of the facility during
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Table 3. Analysis of Variance With Tukey Post Hoc Tests to Compare the Number of Falls per 1000 Patient Days Between Intervention
Periods for the Entire Resident Population (n = 60) and Subpopulation (n = 31)*

Entire Group df2,8 F 4.695 P .04 Sample df2,8 F 4959 P .04
Mean Difference (I-)) P Mean Difference (I-)) P
Pre vs during 0.13 .99 Pre vs during 1.91 27
During vs post 2.24 .09 During vs post 1.39 A7
Pre vs post 2.64 .05 Pre vs post 3.30 .03

? Results indicate that significant differences (P < 0.05) between the pre- and postintervention phases exist for the entire and subpopulation.

6.00

5.00

Falls per 1000 patient days by intervention stage

4,00

Falls per 1000 patient days

Pre-Intervention

During Intervention Post-Intenention

|mEntire Facility 3.87

3.74 1.23

! Sample 5.41

3.50 2.12

Intervention stage

[mEntire Facility m Sample

Figure 2. Graphic representation of falls per 1000 patient days as a function of intervention stage. Depicted are the number of falls occurring in
both the overall population and the longitudinal population (only those who resided in the facility during the entire observation period). Results

show a trend for decreased number of falls as alarms were removed.

this time period, results of the mean percentage of residents
using antipsychotic drugs by intervention stage indicated
that the preintervention mean percentage (30.21%) was sta-
tistically different (P < .001) from the postintervention per-
centage mean (22.92%), but there were no differences
between either the pre- or postintervention mean percentages
of patients given antipsychotic medication when compared to
the during intervention percentage mean (27.01%). However,
when considering only those patients who were residents dur-
ing the entire observation period, no significant differences
were found in the use of antipsychotic medications. This sug-
gests that our observation of the trend of antipsychotic use in
the entire facility may have been an artifact of the admission
of a greater number of patients who did not require this type
of medication.

Discussion

The frequency of alarms in our facility was the driving force for
our investigation because not only did we feel that staff may
have become too dependent on the alarms for fall prevention,

but the occurrence of these alarms was extremely disruptive
to our residents, as well. In the climate of the “culture change”
movement, it has become increasingly evident that attempting
to create an environment which simulates a patient’s own home
as closely as possible is quite promising. Research supports the
removal of restraints and bedside rails, which would obviously
never be used in the home. Likewise, an alarm which may
sound during the night when the wearer simply changes sleep-
ing position would not be acceptable for use in the home.
Such disturbances in the middle of the night are likely to be
perceived as a fire alarm or other similar emergency by a sud-
denly awakened, disoriented person. The result might be a
reflexive response to flee, which could actually cause a fall that
would not have occurred, as well as unnecessary stress. To our
knowledge, no previous study has demonstrated the possible
detrimental effects of position-change alarms in a long-term
care facility.

The evidence presented here supports our hypothesis that
bed-exit alarms do not contribute significantly to fall preven-
tion, and they may even play an antagonistic role in this endea-
vor in a long-term care facility, particularly one whose
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residents have Alzheimer’s disease or dementia. Our data show
that as we continued to remove the alarms from our patients,
the incidence of falls in the facility decreased, which suggests
that the frequency of the alarms sounding may have been
related to the number of falls which occurred. It is important
to consider the number of residents admitted to the facility dur-
ing this time. It is understood that particularly in patients with
Alzheimer’s or dementia, the first 24 hours after being admitted
to a facility such as ours is the time in which the patient is at
highest risk of falling. It is also important to consider that as our
number of residents increased, even the actual number of falls
decreased appreciably without statistical analysis. Prior to, and
during the intervention period, we experienced an average of 6
falls per month, while the average number of falls after all
alarms were removed was reduced to 3 falls per month. Though
review of the raw data of our entire population seems to obviate
our conclusions, it is important to consider only the population
that resided in the facility during the entire observation period.
It is possible that over time, more patients were admitted who
had less risk of falling than those who were already residing
within the facility, which would introduce bias to our study.
Importantly, when we considered only those 31 residents who
were present during all 3 stages of the intervention, we still
observed a statistically significant reduction in the number
of falls and the percentage of residents experiencing those
falls. Of note, the number of falls recorded per 1000 patient
days at all stages of the intervention (even preintervention)
are remarkably lower than expected for a long-term care
facility of this type.

Of particular interest were the results of observing the per-
centage of residents requiring antipsychotic medication as a
function of the intervention. These results illustrate the possible
bias that could be introduced by increasing the subject popula-
tion in an uncontrolled fashion. Comparison of the percentage
of all residents requiring antipsychotics suggests that the use of
these medications decreased during the intervention. However,
it became clear that these results did not translate to the subpo-
pulation used for analysis; only 1 patient in this population dis-
continued antipsychotic medications during this research study.
It is the opinion of the authors that the patients no longer being
disrupted may positively affect their mental well-being. Enjoy-
ing a full night’s rest may change the affect of some residents,
while it is also possible that due to the nature of these patients’
states of mind, the alarms may cause increased confusion and a
great deal of anxiety. Further studies to investigate the effect of
these alarms on patients’ medication needs and mental well-
being are warranted.

Other positive results were observed by administration and
staff after elimination of the bed-exit alarms, as well. The entire
facility became a much quieter and calmer place for residents
to live and for staff to work. The staff members began to
become much more attuned to the needs of their patients once
they ceased to rely on alarms. As there was no longer the need
to respond to an alarm, when a patient did attempt to exit a bed
or chair unassisted, the staff asked what the resident needed
rather than telling them to sit back down. Anecdotally, the

facility’s staff members have commented that the residents
sleep better at night without the alarms, seem less agitated, and
have exhibited fewer behaviors. Moreover, the staff members
are no longer desensitized to the alarms, and now have become
very proud of their facility and teammates for successfully
removing them. Some staff members commented that they are
no longer able to tolerate alarms in other facilities, and postin-
tervention, they truly realize how disruptive the alarms were.

There are a number of limitations inherent in this research,
particularly the fact that this study was a retrospective, uncon-
trolled before and after study. However, because this study was
uncontrolled, the staff was unaware that the effects of eliminat-
ing the alarms were being monitored for research purposes,
which may have resulted in less bias. One potential limitation
of the study that could not be controlled was the fact that our
study population changed over time as new residents were
admitted to the facility. While we compensated for this by ana-
lyzing data pertaining only to the population that resided in the
facility during the entire observation period, we could not
account for other possible effects of admitting new patients
during the study. It has been observed in our facility that a resi-
dent is at the greatest risk of falling within their first 24 hours of
moving to the facility. Additionally, an increase in the number
of residents changes the staff-to-patient ratio. Both of these
factors could increase the burden on staff and indirectly affect
the care they are able to provide the other residents, thus pos-
sibly affecting fall rates. The turnover rate in our facility also
introduced a limitation to our study; longer observation
periods would result in fewer residents being eligible for our
subset of patients who were present throughout the entire
study. Observing trends over longer periods of time is desir-
able but might include too few residents to gather meaningful
conclusions.

So many factors affect fall rates that it is impossible to con-
trol for all of them, which is a major limitation of any study like
ours. For example, our staff has noted that cold and flu season
has been a time of increased falls in the facility, which could
explain why the rate of falls peaked in November and Decem-
ber. Importantly, while we cannot control for all of the effects,
it is still of value to appreciate the fact that these results, while
perhaps not generalizable to all units within a health care facil-
ity, illustrate the real-world effects of bed-exit alarms in a long-
term care facility which caters to patients with dementia or
Alzheimer’s disease.

We do acknowledge and understand that bed-exit alarms
alone are not meant to prevent falls and are to be used as only
a component of an integrated plan to prevent falls in a health
care facility. It has been our experience, however, that these
alarms are disruptive and have not been effective as a compo-
nent of our fall prevention endeavors. We did use alarms that
sounded throughout the facility and appreciate that an alarm
system which sends a signal directly to the nurses’ station or
to a beeper worn by a nurse or other caregiver might be more
effective. However, with our observation, we assert that these
alarms may give a false sense of security and that patient care
can be adjusted in a manner to better serve everyone involved.
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