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Developing a Comprehensive Electronic Health
Record to Enhance Nursing Care Coordination, Use
of Technology, and Research
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Abstract

As in acute care, use of health information technology in long-term care
holds promise for increased efficiency, better accuracy, reduced costs,
and improved outcomes. A comprehensive electronic health record (EHR),
which encompasses all health care measures that clinicians want to use—
both standard health care assessments and those acquired through emerging technology—is the key to improved, efficient clinical decision making.
New technologies using sensors to passively monitor older adults at home
are being developed and are commercially available. However, integrating the clinical information systems with passive monitoring data so that
clinical decision making is enhanced and patient records are complete is
challenging. Researchers at the University of Missouri (MU) are developing a
comprehensive EHR to: (a) enhance nursing care coordination at TigerPlace,
independent senior housing that helps residents age in place; (b) integrate
clinical data and data from new technology; and (c) advance technology
and clinical research.
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senior housing that helps residents
age in place; (b) integrate clinical data
and data from new technology; and
(c) advance technology and clinical
research.

Background

Episodes of acute illness or exacerbation of chronic illness often
herald functional decline. Delay
in recognition of these events and
notification of care providers leads
to delayed treatment, delayed recovery, and higher risk of morbidity and mortality (Ridley, 2005).

based long-term care (Marek et
al., 2005). On the basis of these
findings, TigerPlace, an independent senior housing complex,
was created to help older adults
age in place (Rantz et al., 2005).
TigerPlace was built by Americare
Systems, Inc., a long-term care
corporation, in partnership with
the MU Sinclair School of Nursing. Built to nursing home standards but operated as independent
living and specially designed to
promote independence, TigerPlace
is the only licensed aging in place
facility in the country. Residents
live in independent apartments
with services such as two meals per
day, housekeeping, a variety of social activities, and transportation;
residents remain in their home
environment, receiving increasing
care services as needed through the
end of life.
Sinclair Home Care, a home
care agency, provides the care
at TigerPlace, including a comprehensive health assessment at
admission and every 6 months,
private home care visits, access to a
wellness center, health promotion
activities, and social work assistance to help with life transitions.
An RN is on call 24 hours per
day, 7 days per week. The Sinclair
Home Care RN care coordinator
coordinates all of the residents’
medical care with their physicians,
other health care providers, and
family members to ensure their
health care needs are addressed.
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y 2030, there will be approximately 72.1 million older adults
in the United States, almost double
the number in 2007 (U.S. Administration on Aging, 2008). This
increase, coupled with the projected shortage of nurses, primary
care physicians, and other geriatric
health care workers, demands that
health care settings find new ways
to meet increasing demands. Use of
health information technology holds
promise for increased efficiency,
better accuracy, reduced costs, and
improved outcomes. However, with

The key to continued function and independence
is to identify problems...earlier and offer timely
interventions designed to improve functional decline.
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increased use of technology, the
amount of clinical data may become
overwhelming.
A comprehensive electronic health
record (EHR), which encompasses
all health care measures that clinicians want to use—both standard
health care assessments and those
acquired through emerging technology—is the key to improved, efficient clinical decision making. New
technologies using sensors to passively monitor older adults at home
are being developed and refined
(Glascock & Kutzik, 2000; Rantz et
al., 2005; Skubic, Alexander, Popescu, Rantz, & Keller, 2009) and are
increasingly commercially available
(Olson, 2008). The challenge remains
to integrate the clinical information
systems with passive monitoring
data, especially in long-term care
and home health settings, so clinical decision making is enhanced and
patient records are complete. This
article describes work by researchers
at the University of Missouri (MU)
who are developing a comprehensive
EHR to: (a) enhance nurse care coordination at TigerPlace, independent
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The key to continued function and
independence is to identify problems (e.g., acute illness, exacerbation of chronic illness) earlier and
offer timely interventions designed
to improve functional decline.
This kind of monitoring could be
accomplished with diligent and
consistent human observation;
however, for the majority of older
adults in the United States, this is
neither feasible nor cost effective
and could be viewed as undesirably intrusive (Demiris et al.,
2004).
Technology, in the form of
sensor networks, offers an alternative approach that may be more
feasible, more cost effective, and
less intrusive. Researchers at MU
evaluated an aging in place model
of care to help community residents maintain their independence
and found that community-based
care with RN care coordination
improved participant outcomes
(i.e., activities of daily living, cognition, depression, incontinence)
when compared with individuals
of similar acuity in institutional-

DESCRIPTION of the
Integrated System

When TigerPlace opened in
2004, a commercially available
EHR was adopted, but not all
standardized assessments were
able to be entered. Databases
were needed to enhance the EHR,
which link the EHR data with
databases containing standardized
assessment information and data
from the sensor system under development at TigerPlace (Skubic et
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al., 2009). To address these issues,
the research team developed a new
EHR that provides standardized
assessment forms and information
from the sensor technology.
To enhance the care provided
by Sinclair Home Care, an MU
interdisciplinary research team has
installed passive sensor networks
in the apartments of volunteer residents at TigerPlace and is linking
the data retrieved from the sensors with the resident’s health data
stored in the EHR (Skubic et al.,
2009). The project was approved
by the MU Institutional Review
Board, and residents provide
informed consent on admission
to TigerPlace to have their health
record used for research. Residents
who also participate in the sensor research provide consent to
have their sensor data used in the
research in addition to their health
record so that sensor data can inform the health record and health
data can inform sensor displays.
The integrated system under
development at MU is shown in
Figure 1. The system includes:
l A physiological sensor network including motion sensors,
a stove sensor, and a bed sensor
developed by collaborators at the
University of Virginia (Alwan et
al., 2003).
l A video sensor network,
which focuses on preserving the
resident’s privacy by extracting
anonymous silhouettes or other
graphical representations of the
residents used to capture falls and
gait information.
l A behavior reasoning component that combines the sensor
and video data, analyzes routine
patterns, and generates alerts of
potential problems.
l An activity database for storing sensor data, as well as customized alert conditions.
l The EHR database including
all of the standardized assessments
completed on the residents of
TigerPlace.

Figure 1. The integrated system of sensor and electronic health record databases.

Figure 2. Screen shots of web-based interface showing histograms of bed restlessness
and pulse aggregated to a daily level.
l Secure web-based interfaces
with customizable access to display the data for the researchers,
clinicians, family members, and
residents.
The system architecture includes a strong link between the
activity database, which contains
the sensor data, and the EHR database. This connection allows the
sensor data to be annotated with
significant health events, and alerts
generated from the sensor data can
be logged in the EHR.
The physiological sensor network, including the bed sensor,
motion sensors, and stove sensor,
has been installed in the apart-
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ments of 26 residents at TigerPlace. The bed sensor is a padded
pneumatic strip that lies on top of
the mattress and under the linens; it detects presence in bed and
measures restlessness, as well as
qualitative breathing and pulse as
the person sleeps (Mack, Alwan,
Turner, Suratt, & Felder, 2006).
Motion sensors are installed in
every room in the apartment to
detect presence and infer activities.
For example, sensors installed in
kitchen cabinets and the refrigerator, together with the stove sensor,
infer cooking activity.
A password-protected webbased interface was developed
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Figure 3. Motion density maps of two individuals exhibiting different behavioral
patterns. The image on the left (Figure 3a) depicts a resident with a regular pattern of
activity. The image on the right (Figure 3b) shows data from a resident with an irregular
pattern of activity.

time every day; routinely eating
breakfast, lunch, and dinner in the
Tiger Place dining room (noted
by the three black vertical strips),
and going to bed at approximately
the same time. Figure 3b is from
a cognitively impaired resident
who would frequently leave her
apartment at irregular intervals
and wander around the apartment
when she was at home. As seen
in Figure 3b, the resident did not
have a regular routine. In addition to the visualization, a computational method for comparing
density maps has been developed
so alerts can be generated if a
resident’s pattern changes (Wang,
Skubic, & Zhu, 2009).
Retrospective review of the
sensor data leading up to and
after significant health events,
such as falls, emergency department visits, and hospitalizations,
reveals that the sensors are detecting changes in health status that
traditional health care assessment
missed (Rantz, Skubic, & Miller,
2009; Rantz et al., 2009). To use
these data prospectively in clinical
practice requires quick and easy
methods to access the data and
review them in conjunction with
the health record.
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to graphically display the sensor
data for clinicians and researchers from a variety of disciplines.
All stakeholders within TigerPlace participated in the design
to ensure it was user friendly,
clinically relevant, and easy to
interpret (Alexander et al., 2008).
To use the interface, users select a
participant and a time frame. The
user may then select options to
see data from smaller time frames
or from individual sensors. Sensor
data are grouped by category: motion, restlessness, breathing, pulse,
and stovetop sensor. Data may be
aggregated into increments ranging from 15 minutes to daily and
displayed in a variety of graphical
formats, including histograms,
pie charts, and line graphs. Figure 2 contains examples from the
web-based interface including bed
restlessness and pulse displayed in
histogram format.
Other methods for displaying
the data such as motion density
maps, which show computed
motion densities over 1 month,
have been developed (Figure 3).
Densities are calculated as the total
number of motion sensor events
during 1 hour divided by the time
at home during that hour (Wang &
Skubic, 2008). The passive infrared
motion sensors generate an event
every 7 seconds if there is continuous motion. Thus, the motion

16

density events relate to a resident’s
level of activity (i.e., a low density indicates a sedentary lifestyle,
whereas a higher density indicates
a more active lifestyle within the
apartment).
Colors are used to signify the
level of activity (density of sensor

Efficiently displaying
the data in ways that are
meaningful and quickly
accessible is critical for
user-friendly electronic
health records.

events); the more vibrant the colors, the higher the density. Black is
used to note time out of the apartment. White indicates no sensor
firings. The X axis represents time
of day, and the Y axis indicates the
day of the month. Regular patterns
typically emerge by examining the
motion densities over time. For
example, Figure 3 shows the density maps for two residents for 1
month. The resident in Figure 3a
exhibits a regular pattern of getting up at approximately the same

Discussion

As technology that can help assess clinically relevant parameters
such as physical or mental function, vital signs, and gait, progresses, the need for comprehensive
EHRs that incorporate more than
text-based data grows. Clinicians
typically want as much assessment
data as they can get to inform their
decisions, but with technology,
the amount of data can quickly
become overwhelming (Alexander
& Staggers, 2009). Efficiently displaying the data in ways that are
meaningful and quickly accessible
is critical for user-friendly EHRs.
Forcing clinicians to access multiple databases to retrieve the data
can be too time consuming for al-

JOGNonline.com

Results of the assessments need to
be easily viewed and interpreted
by clinicians so risk-reducing interventions can be provided in the
course of care delivery.
Using technology for health
care assessment is growing; having
a comprehensive EHR will be a
necessity for all health care providers. With some forethought and
planning, agencies and software
companies can be prepared for the
inevitable: the need to incorporate
new technologically generated data
for clinical use with the EHR.
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ready overworked staff. Expecting
busy clinicians to view multiple
screens to integrate and interpret
multiple data sources is unrealistic
and can be prone to error.
At MU, it was necessary to
develop a new EHR database to
integrate sensor data, standardized
health assessments from a variety
of fields, and medical records. No
one system met all of the needs
of the interdisciplinary research
and health care teams. The teams
were involved from the beginning
to ensure the system is easy to use
and the sensor data is displayed in
a way that is clinically relevant and
easy to interpret (Alexander et al.,
2008).

Conclusion and
Implications
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There are several implications
for long-term care facilities or
home care agencies that are considering purchasing an EHR. First,
it is important to understand how
data are stored in the EHR for integration into another system and
how data from other technologies,
such as motion sensors, could be
incorporated into the EHR. Linking these databases so they can
inform each other is essential for
clinical practice. Technology tools
that require clinicians to log into a
separate system that is outside the
clinicians’ usual workflow generate
dissatisfaction and are unlikely to
be used (Huvane, 2008). Clinicians
need to easily view and use the
technology data to inform clinical
decisions and to do so efficiently
within the EHR. In addition, the
system must be able to incorporate
any standardized assessments that
clinical staff decide to use. Standardized assessments are essential
for valid risk assessments for skin,
falls, and other clinical problems.
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