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E X E C U T I V E  S U M M A R Y

T H E  P R O B L E M :  P A T I E N T  F A L L S
The National Database of Nursing Quality Indicators® defines a patient
fall as a sudden, unintended, uncontrolled, downward displacement of a
patient's body, with or without injury to the patient, that results in the
patient coming to rest on the floor, or against some other surface, on
another person, or an object. A fall is assisted if hospital staff are there to
help lower the patient, and unassisted otherwise. Assisted falls are
significantly less likely to result in injury than unassisted falls. [2, 31]
Adults age 65 and older are 2.55 times more likely to have a fall resulting
in injury. [3] As the baby boom generation reaches age 65, the number of
older adults is projected to almost double by 2060. [4]

Approximately 2 to 3% of hospitalized patients fall each year [5,6] resulting
in nearly one million falls in U.S. hospitals; approximately one-fourth of
these falls result in injury. [7,5] Falls are the most common adverse
incident reported in hospitals. [8] Falls resulting in serious injury or death
are the third most common preventable hospital-acquired condition (HAC),
as designated by the Centers for Medicare and Medicaid Services (CMS).
[1,9] CMS does not reimburse costs associated with HACs. Although this
policy has not resulted in a significant decrease in the rate of falls with
injury, [10,11] hospitals must still bear the significant burden of these
costs themselves.

Patient falls are a common, costly, and serious problem in hospitals and
healthcare facilities. Hospitals spend billions of dollars annually
implementing programs to prevent and manage the organizational,
regulatory, patient, and legal consequences of these falls. [1] Existing fall
risk reduction strategies have been minimally effective at reducing overall
rates of falls and falls with injury.

There are many products that can help reduce fall risk. However, falls still
happen, and hospitals are looking for more or better tools to help them
protect their patients. At Ocuvera, we believe that technology can help
improve people's lives. In this white paper, we look at what traits an ideal
fall risk technology should have and what traits might be missing from
current approaches. We then look at Ocuvera's new approach: automated
video monitoring. We describe how Ocuvera's automated video
monitoring solution was made to embody each of the desired traits to give
nurses the tools they need to provide safer care. We use outcomes from
installations at nearly 20 hospitals to support our claims. 
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C U R R E N T  A P P R O A C H E S
Despite the significance of the problem of falls in
hospitals, each fall risk reduction technique has its
limitations. The best approach to preventing falls
is a combination of many tools and techniques to
create a "safety net" of interventions. To create
that net, it is important to understand what each
existing approach can and can't do. 

At Ocuvera, we believe technology can help
sustainably address the problem of patient falls by
giving nurses tools that let them focus their
efforts on the patients and problems that most
need them. However, existing technological
solutions all have their own limitations. 

There are various social strategies often
implemented by healthcare personnel, including
increased rounding, better family and patient
education about fall risk, comprehensive post-fall
huddles, and policies to respond promptly to every
alarm. These strategies can be effective, especially
when combined, but they are still limited in their
ability to prevent falls. Hospital staff cannot be
everywhere at once: nurses have limited attention
and a heavy workload, budgetary pressures can
often lead to higher nurse-to-patient ratios, and
nurses can make mistakes. Even techniques that
initially reduce fall rates are hard to sustain when
nurses and managers direct their attention to
other problems. 
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Detection tools

These technologies, including wearable and camera-based systems, are
designed to detect when a fall has occurred. Such systems can reduce
the time to care after a fall or fall with injury, improving patient
outcomes, but they do not prevent falls or unobserved exits from the
bed or chair.

Patient bed rails and restraints

Use of upper bed rails can reduce risk the risk of falls and unassisted
bed exits, but the use of both upper and lower bed rails is commonly
considered a restraint. This usage, along with use of other types of
restraints, increases rates of injury without decreasing fall rates. [12]
Additionally, using patient restraints can cause patients to lose dignity
and autonomy. [13]

Sitters
Also known as one-to-one supervision, in-room sitters - individuals who
sit with the patient 24 hours a day - are frequently used for real-time
monitoring. However, employing sitters is costly, and there is a lack of
evidence that their use alone mitigates risk. [14,15] Sitters are often
not licensed healthcare workers and cannot touch patients, limiting
their ability to intervene to prevent falls. Some evidence suggests that
use of sitters is associated with decreased use of other standard
interventions, leading to complications when sitters are absent. [16]

C U R R E N T  A P P R O A C H E S
Injury prevention tools

These tools include floor mats, low-low beds, and slip-resistant socks.
They prevent some falls and reduce the risk of injury with other falls.
Reducing injury is important, but there are still many injuries and falls
that these tools are unable to prevent.
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Video monitoring

Since 2012, closed circuit or centralized video monitoring has been
increasingly used as a lower cost alternative to sitters. [17] These
systems employ personnel, either licensed or unlicensed, to
continuously observe patients on video monitors from a central
location. When they see patients at higher risk of falling, the
monitoring technician talks with the patient via intercom or alerts
nearby staff. Recent studies have reported that video monitoring is
associated with decreases in fall rates of 20 to 29%, as well as
decreases in sitter-related costs. [17, 18, 19] However, video
monitoring still has many limitations, including: attention fatigue in
monitoring technicians and other forms of human error, [18] inherent
delays introduced by monitoring technicians being unable to intervene
in the behavior they witness, [20] poor communication between
monitoring technicians and nurses, [20, 18] system cost and ongoing
maintenance concerns, [17, 18] privacy concerns, [21] and ongoing
training costs. [22]

Pressure-sensor alarms

These alarm systems, including pressure pads or "bed alarms," are
used to detect bed and chair exits by sensing when pressure has left
the surface. These alarms typically don't go off until after the patient is
out of the bed or chair, although some newer systems try to predict
potential bed or chair exits. Multiple studies, including two large
randomized-controlled trials, have found that pressure pads do not
significantly decrease fall rates. [23, 24, 25] A substantial drawback of
these alarms is their excessively high false positive rate, which
contributes to alarm fatigue. [24, 26, 27] Additionally, alarms tend to
sound in the patient room, which can agitate patients and increase
their fall risk. [28, 29]

C U R R E N T  A P P R O A C H E S
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As Ocuvera approached the problem of patient falls,
we carefully considered what makes a good fall
prevention solution. We came up with this list of
traits of an ideal fall risk reduction technology.

T H E  I D E A L  T E C H N O L O G Y

The most essential trait of an ideal fall risk reduction
technology is that it reduces injury from falls. There
is an important distinction between preventing falls
and preventing injury from falls: some falls are
unavoidable (intentional, unanticipated,
physiological, or accidental falls), and some falls are
much less likely to result in injury (developmental
and assisted falls). The ideal technology might not
prevent all falls, but it should reduce the frequency of
unassisted but anticipated physiological falls. This
can be accomplished by either preventing falls
altogether or translating unassisted physiological
falls to assisted falls, which have a significantly lower
injury rate. [31] There are effective strategies for
further reducing risk of injury from assisted falls,
including proper training on assisting in a fall, use of
a gait belt, and use of multiple nurses when
necessary - the ideal technology will supplement
these strategies.

1, Prevent injury from falls. 

Most falls are unassisted and unobserved and due to
anticipated physiological factors. [30] To reduce the
frequency of these falls, one effective strategy is to
prevent unassisted and unobserved bed and chair
exits, thereby reducing the probability of injury. The
frequency of these exits can be reduced by allowing
nurse personnel time to respond, either by
intervening and meeting patient needs before the
exit occurs, or by assisting and observing the exit. 

2. Decrease unassisted and unobserved bed
exits.
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There is no substitute for a nurse's experience and expertise in patient
care. Knowing ahead of time when a patient intends to exit the bed or
chair means the nurse can respond to the patient's needs proactively and
either assist with the exit or prevent it. The ideal technology would
provide enough lead time before the exit occurs to allow the nurse to
respond effectively, improving their ability to provide the best possible
patient care.

3. Predict bed exits before they happen and alert nursing
personnel.

Sensitivity, also known as the true positive rate, is the percentage of time
that an alert goes off when it should. In other words, alerts have high
sensitivity when, if a patient's behavior increases their risk of injury from
a fall, the technology detects that behavior and alerts nurses. Having high
sensitivity is important both to prevent falls and to bolster nurse
confidence that the technology is reliable.

4. Be reliable.

Precision, also known as the positive predictive value, is the percentage
of time that the system alerts to behaviors that warrant a response from
nurses. In other words, high precision means that most alerts are useful
and not false alarms. Having high precision is important to prevent alarm
fatigue and ensure nurses find value in the alerts they receive.

5. Have few false alarms.

T H E  I D E A L  T E C H N O L O G Y

Constant alarms can be taxing and make nurses less likely to respond to
them, especially when many are false alarms that do not provide any
useful information. Improving precision is one way to reduce alarm
fatigue, but it is not the only: the ideal technology should also reduce the
stress of any false positives that do occur. This could be achieved by
allowing nurses to more easily distinguish between false alarms,
instances where a patient needs assistance, and emergencies.

6. Reduce alarm fatigue. 
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Technologies like centralized video monitoring systems and, to a lesser
extent, sitters, require a person's constant attention. These individuals
can become distracted or fatigued after just two or three hours. The ideal
technology will automatically monitor patient behavior without the need
for maintained vigilance from a human.

7. Avoid attention fatigue.

Nurses and their patients are constantly subjected to beeps, buzzes, and
lights generated by the alarms from various systems in the hospital
setting, many of which are inside a patient's room. These constant
disturbances can disrupt sleep, irritate patients, agitate patients with
cognitive impairment, and annoy and interrupt nurses, competing for
their attention. The ideal technology should alert nurses directly, outside
the patient room, with an innocuous notification that gets attention
easily, is easy to assess, and does not disturb patients. 

8. Avoid irritating or agitating patients and nurses.

Technologies that are cumbersome, complicated, or difficult to use have a
barrier to adoption that can discourage proper or consistent use. Some
systems, including some weight-based pressure pads, require calibration
for each patient before use that must be conducted with the patient out
of the bed. The ideal technology will require minimal input from nursing
staff to be operational, and will be simple and intuitive to use. 

9. Be easy to deploy and use. 

T H E  I D E A L  T E C H N O L O G Y

Most alarms provide very little information, making it impossible for a
nurse to judge whether a given alarm is false, the patient needs
assistance, or there is an emergency. Nurses may not even be able to
discern where the alarm is coming from. Remote monitoring systems
introduce an additional delay when a monitoring technician needs to
notify nearby nurses, further complicating a nurse's ability to respond
promptly. The ideal technology should quickly and easily identify the
source of alerts and immediately provide nearby nurses with enough
information to judge the appropriate response to the patient's behavior
without delay.

10. Provide information for a quick response. 
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Maintaining and enabling a patient's movement and autonomy is vital to
their physical and psychological recovery, and to maintaining their
dignity. Patients prevented from ambulating independently may lose the
ability to do so. [13] The ideal technology should not restrict patient
autonomy, and should instead allow nurses to monitor and assist with
patient movement so it can happen safely.

11. Enable patient movement and autonomy.

Patient privacy is always an important concern, especially when video
systems are used. The ideal technology should take extensive steps to
protect patient privacy, including allowing patients, visitors, or staff to
temporarily disable any monitoring during sensitive situations. It will also
obfuscate patient images to make it difficult to identify patients solely
from any images captured, and will protect these images with encryption
and passwords. 

12. Protect patient privacy.

Technology is a tool, the effectiveness of which depends on how it is
implemented by its users. To be most effective, new technologies should
be able to integrate into existing nurse workflows with minimal effort.
The ideal technology should augment, not replace, other fall risk
reduction strategies, especially social strategies. Integrating into
workflows well and being easy to use will make it more likely that use of
the technology continues past the "honeymoon" period. 

13. Integrate with nurse workflow. 

T H E  I D E A L  T E C H N O L O G Y

Adoption, usage, and helpfulness of any new technology can be improved
if the technology has uses beyond reducing patient fall risk. The ideal
technology should provide additional value. For instance, nurses might
find value in using the technology to keep an eye on patients at lower risk
for falls, or in reviewing video associated with adverse events as a
learning tool.

14. Provide value in addition to fall risk reduction.
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Technologies with high false positive rates, such as pressure pads, add
burden to nursing staff by directing their time and attention to situations
that do not require it. Strategies like centralized video monitoring and
one-to-one supervision require additional staff, which can be a significant
expense for hospitals. The ideal technology will automatically monitor
patients, help nurses use their time efficiently, reduce sitter-related
expenses, and will not require additional staff to operate.

15. Reduce staffing workload and costs.

All fall risk reduction technologies have an associated cost. The ideal
technology would be priced so that the savings from reduced
expenditures on post-fall diagnostic testing, fall injury treatment and
litigation, and additional staffing are significantly greater than the cost of
the technology itself.

16. Provide a reduction in costs that offsets the cost of the
technology.

T H E  I D E A L  T E C H N O L O G Y
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A  P R O P O S E D  S Y S T E M :
A U T O M A T E D  V I D E O
M O N I T O R I N G

At Ocuvera, we make an Automated Video
Monitoring (AVM) system, a video-based
monitoring system where computers monitor
patient behavior instead of people. [33] Built
around a three-dimensional (3D) camera and
customized artificial intelligence algorithms,
Ocuvera's AVM is designed as an early warning
system that can reduce patient fall risk by
detecting impending unattended bed exits.
Because unattended bed exits are a common
precursor to patient falls, predicting a potential
exit and preemptively sending an alert creates
the opportunity for nursing staff to intervene
before a fall can occur. 

There are four key components of the Ocuvera
AVM system: the sensor, the dock, the
monitoring station, and Ocuvera mobile devices.
The sensor consists of a 3D camera that monitors
patient behaviors, an internal computer that
runs the algorithms, and a touchscreen interface
that can be used by both patients and staff to
interact with the system. The entire sensor clicks
into place in the wall-mounted dock and can
easily be removed and transported between
patient rooms. Live video of the patient room is
streamed from the sensor to a centrally located
monitoring station, as well as to Ocuvera-
controlled mobile devices (similar to smart
phones) that are carried by nursing staff.  
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The algorithms underlying the Ocuvera AVM system were
developed using almost 200,000 hours of patient video obtained
from over 20 hospitals. The system is predictive: it provides a real-
time, automated alert before the patient exits the bed. Once the
algorithms detect an impending bed exit, a video-based alert is
sent to nursing staff via the central monitoring station or the
Ocuvera App on the mobile devices. Nurses can then view the alert,
asses the patient activity that triggered it, and decide how best to
respond to the situation. The alerts are sent with enough lead time
that, if necessary, nurses are able to intervene before their patient
can fall, reducing their risk of injury. All key clinical decision making
is left to the nurses - the Ocuvera system is a tool designed to
enable nurses to provide the best possible patient care.

A  P R O P O S E D  S Y S T E M :
A U T O M A T E D  V I D E O
M O N I T O R I N G
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Unassisted Falls at Ocuvera Deployments
rate per 1,000 patient days, by type of hospital

The Ocuvera system embodies each of the traits of
an ideal fall risk reduction system.

At every hospital that has reported results from using
the system, Ocuvera monitoring corresponded with
decreased rates of unassisted falls, the type of falls
most likely to result in injury. These results are driven
by dramatically low fall rates among patients
monitored by Ocuvera. The graph below summarizes
the results from each of Ocuvera's major installations
and clearly shows the difference in unassisted fall
rates before and after the system was in use,
especially when restricted to patients monitored with
Ocuvera. A full discussion of results from these
deployments is included in a companion white paper,
"Ocuvera in the Field." 

1. Prevents injury from falls.

E V A L U A T I N G  T H E
O C U V E R A  S Y S T E M
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Decreases in fall rates with use of the Ocuvera system are driven by
decreases in unassisted and unobserved bed exits as a precursor to falls.
Our grant-funded academic study sites saw remarkable decreases in
unattended bed exits: when using the Ocuvera system as intended,
unattended bed exits dropped by 89%, from a rate of 0.84 per day to 0.09
per day. [34] At a field testing site, unassisted and unobserved bed exits
decreased from 1.01 bed exits per patient day to 0.50 bed exits per
patient day, a reduction of 51%.

2. Decreases unassisted and unobserved bed exits.

The Ocuvera system predicts when patients will exit the bed. When the
system's algorithms indicate that a patient is at an increased risk of
falling, for instance by trying to exit the bed alone when they shouldn't,
the system immediately and automatically notifies nurses. These alerts
are customizable: nurses can set them to one of three sensitivity levels
depending on what kind of movement should trigger an alert for that
specific patient. Hospitals can also choose who sees these notifications,
and in what order. The fact that our results show a decrease in
unattended bed exits and falls suggests that the system alerted with
sufficient lead time to allow nurses to intervene and assist their patients. 

3. Predicts bed exits before they happen and alerts nursing
personnel.

Results from each of our deployments reveal that the Ocuvera system has
high sensitivity, consistently detecting 97.4%-99.5% of unassisted and
unobserved exits. The computer vision algorithms used by the system are
always being improved, with updates automatically pushed to systems in
the field.

4. Is very reliable.

E V A U L A T I N G  T H E
O C U V E R A  S Y S T E M

In 2017, nurses independently evaluating alerts sent by the Ocuvera
system during an academic study found value in 59.4% of all alerts. More
recent estimates are near 68%. These numbers are significantly higher
than those typically associated with pressure pads, which have
documented precision as low as 0.5%. [27]

5. Has few false alarms.
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E V A U L A T I N G  T H E
O C U V E R A  S Y S T E M

Unlike typical alarms, which usually require nurses to interrupt their
workflow to respond, Ocuvera alerts provide nurses with useful, visual
information. This means that nurses are able to quickly and easily judge
whether an alert is a false alarm, a situation requiring attention, or an
emergency, then decide an appropriate response. Nurses do not need to
stop their work and run to the patient room each time an alert sounds in
order to understand what triggered it, which saves stress and valuable
time. Because they do not interrupt nurse workflow, the impact of any
false alarms is lessened.

6. Reduces alarm fatigue.

The Ocuvera system is entirely automated - it does not require
monitoring technicians or sitters who can become fatigued and have their
attention drift. The system always monitors patients without any input
from people as long as it is turned on, even in the dark. 

7. Avoids attention fatigue.

Ocuvera alerts are sent directly to nurses via mobile devices or the
monitoring station and do not sound in the patient's room, leaving
patients undisturbed. For example, one hospital uses the Ocuvera system
to monitor patients with traumatic brain injury. These patients often do
not sleep well with noises, hallway lights, or a sitter in the room - Ocuvera
allows nurses to monitor these patients without agitating them. Nurses
have reported that the sound of Ocuvera alerts is distinctive without
being irritating.

8. Avoids irritating or agitating patients and nurses. 

Ocuvera systems are portable, light, and easy to move between rooms,
with a simple click-in mount to attach the system to the wall. The system
automatically turns on, and does not need to be calibrated or configured
for any particular room or patient. Starting the system to monitor a
patient is as simple as two presses with the touchscreen interface. 

9. Is easy to deploy and use.
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The Ocuvera system operates in real time and immediately sends alerts
directly to the nurses caring for a patient. This cuts out monitoring
technicians from the middle of the communication chain, making
responses faster and and eliminating a source of human error and
additional cost. Nurses are shown a live video feed of the patient on their
mobile device, which provides them with much more information than
typical alarms. 

10. Provides information for a quick response.

The Ocuvera system is marker-less: it requires no physical interaction
with patients and does not restrict movement. It allows nurses to monitor
patient behavior remotely, enabling an increase in patient autonomy
during recovery, which is vital for a quick return to full mobility. In fact,
some hospitals during Ocuvera's academic studies chose to use the
system to monitor patients who were considered low risk for falling - this
usage let nurses keep an eye on their patients from outside the room, to
ensure they were safe while they worked on improving their mobility
independently.

11. Enables patient movement and autonomy. 

Ocuvera takes patient privacy very seriously. Images of patients
automatically obscure all personally identifiable features. "Privacy Mode"
easily allows the system to be temporarily disabled during sensitive
moments. Ocuvera uses industry-standard encryption both at rest and in
transit, a proprietary video format, and secured accounts throughout the
system to protect against theft or malicious system use. 

12. Protects patient privacy. 

E V A U L A T I N G  T H E
O C U V E R A  S Y S T E M
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Ocuvera is a tool that helps nurses do their job the best they can. It is
designed to work best when implemented alongside other standard best
practice fall risk reduction strategies. We work closely with
Industrial/Organizational researchers at the University of Nebraska
Omaha - together, our teams are developing an adaptive training
curriculum to integrate the Ocuvera system into existing nurse
workflows. Our goals are to ensure the system is easy to use, develop
straightforward educational materials on system implementation, and 
 augment existing risk reduction strategies on a per-site basis.

13. Integrates with nurse workflow. 

Nurses using the Ocuvera system have found it useful even outside of its
ability to alert to unattended bed exits. One of the most common pieces
of feedback Ocuvera has received from nurses is that the system acts as a
"second set of eyes" and allows them to be in "two places at once." Some
nurses report monitoring patients from their phone to "see when a
patient gets restless." Ocuvera has also been able to provide hospitals
with playback of falls and other significant events, helping them improve
the quality of their care. Many managers immediately incorporate these
playbacks into their staff meetings and training sessions. These
additional uses contribute to nurses' high satisfaction with Ocuvera. 

14. Provides value in addition to fall risk reduction.

"Ocuvera gives us visibility into
what is actually going on in the
room."

- Stacy, Clinical Informatics

E V A U L A T I N G  T H E
O C U V E R A  S Y S T E M
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Fewer falls and fewer injuries mean happier nurses, better patient
outcomes and ratings, and fewer costs. The video-based nature of the
Ocuvera system lets nurses see patients from anywhere on the floor,
saving time and preventing workflow interruptions when they simply
need to check on their patient. The system has often been used as a way
of transitioning patients off of one-to-one supervision. The automated
nature of the monitoring allows hospitals to make this transition earlier
and with more confidence, meaning a reduction in costs associated with
using sitters. Portable sensors allow hospitals to target those patients
most in need, ensuring use of Ocuvera is cost-effective.

15. Reduces staffing workload and costs.

Ocuvera has a thorough Return On Investment (ROI) cost-benefit
calculator for potential customers that lets hospitals put in their own
assumptions to see how Ocuvera can help. For example, for one of
Ocuvera's longest-served customers, their demonstrated fall reductions
and cost savings generated an ROI of 193%. In other words, the Ocuvera
system paid for itself three times over. Ocuvera continues to improve its
algorithms and periodically updates its system, so cost effectiveness is
expected to increase with time.

16. Provides a reduction in costs that offsets the cost of the
technology.

E V A U L A T I N G  T H E
O C U V E R A  S Y S T E M
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Ocuvera, LLC was founded in 2013 on the idea
that technology can save lives. It is a small
business headquartered in Lincoln, Nebraska.
Ocuvera was started by its president and CEO,
Steve Kiene. This is the fifth start-up company for
which Kiene has played a founding and
managerial role, all of which were and continue
to be successful. Our employees have more than
100 years of combined software design
experience, including a computer vision team
with two mathematics PhDs and more than 20
years combined experience in computer vision
and machine learning. The commercial version of
the Ocuvera automated video monitoring system
was released in 2020 and is in use at a quickly
growing number of hospitals nationally. 

A B O U T  O C U V E R A
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