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Description

[0001] Patients lying on support devices, such as hos-
pital bed mattresses, for extended periods of time are
susceptible to the development of pressure ulcers (also
known as decubitus ulcers or bedsores). Pressure ulcers
are lesions often found adjacent bony or cartilaginous
areas. Pressure ulcers may be caused by tissue forces,
such as, for example, pressure, i.e., compression of tis-
sues, shear force, and friction. Pressure ulcer formation
may be exacerbated by the presence of excess body
heat and/or moisture.

[0002] Embodiments of the disclosure are directed to
a method for monitoring an environment for a patient on
a patient support device can include: receiving a temper-
ature reading from a wireless sensor coupled to a body
of the patient; comparing the temperature reading to air
flowing through an airflow system associated with the
patient support device; and modifying the air flowing
through the airflow system.

[0003] The invention will now be further described by
way of example with reference to the accompanying
drawings, in which:

Figure 1 shows an example environment including
a patient support device and a microclimate man-
agement system.

Figure 2 shows additional details of the environment
of Figure 1.

Figure 3 shows an example process diagram illus-
trating possible operation within the environment of
Figure 1.

Figure 4 shows another example process diagram
illustrating possible operation within the environment
of Figure 1.

Figure 5 shows example physical components of the
microclimate management system of Figure 1.

[0004] The present disclosure is directed to systems
and methods for manipulating the environment for a pa-
tient in an ambulatory environment, such as a hospital
or clinic setting. In some examples, the temperature of
the patient is measured using wireless sensors at one or
more points on the patient. A microclimate management
system receives those temperature readings and can
modify the environment surrounding the patient, such as
temperature, relative humidity, etc.

[0005] Figures 1-2 show an example environment 100,
such as a hospital or clinical setting. In this context, a
patient support device 104, such as a mattress, provides
support for a patient 210. One example of such a patient
support device 104 is the TotalCare® P500 Intensive
Care Bed manufactured by Hill-Rom of Batesville, Indi-
ana. Other configurations are possible.

[0006] The patient support device 104 includes a mi-
croclimate management system 106 associated with the
patient support device 104. The microclimate manage-
ment system 106 is configured to monitor and modify the
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environment surrounding the patient 210, as described
further herein. For example, the microclimate manage-
ment system 106 can be configured to modify the tem-
perature and/or relative humidity surrounding the patient
210 to achieve desired clinical benefits.

[0007] To accomplish this functionality, the microcli-
mate management system 106 controls an airflow sys-
tem 108 associated with the patient support device 104.
In this example, the microclimate management system
106 can modify an amount of air flowing through the air-
flow system 108 and/or a temperature and humidity of
the air flowing therethrough. This, in turn, can modify a
temperature of the patient 210 that is supported by the
patient support device 104.

[0008] Inone example, the microclimate management
system 106 is configured in a manner described in U.S.
Patent Published Application No. 2011/0024076 A1 to
Lachenbruch et al. The Application discloses detailed ex-
amples of microclimate management systems.

[0009] The patient support device 104 is also associ-
ated with a reader 110 positioned within or adjacent to
the patient support device 104. In this example, the read-
er 110is configured to read information from one or more
sensors associated with the patient 210.

[0010] For example, in one embodiment, one or more
wireless patches or wireless sensors 220 are placed at
desired locations on the body of the patient 210. For ex-
ample, each wireless sensor 220 can includes an adhe-
sive portion that removable couples the wireless sensor
220 to the skin of the patient 210. The wireless sensor
220 canalso include various components, such as a ther-
mistor, a processor, memory, and/or a source of power
like a battery. In other examples, the wireless sensor 220
can be without its own source of power (i.e., passive).
[0011] Although asingle wireless sensor 220 is shown,
multiple sensors can be used and positioned at different
areas of the body of the patient 210. For example, mul-
tiple temperature sensors can be positioned at different
parts of the body of the patient 210 to provide a more
localized temperature. If, for instance, the hands and feet
of the patient 210 are cold, then the heating could be
increased (and vice versaifthe hands and feetare warm).
Likewise, other sensors, such as a galvanic skin re-
sponse sensor that measures the electrical conductance
of the skin, could be used to sense sweating by the patient
210, which would be an indication that the environment
is too warm.

[0012] Further, multiple readers can be provided along
the patient support device 104, if desired.

[0013] Inthis example, the wireless sensor 220 is con-
figured to measure a temperature of the patient 210 at
the positioned location. The temperature can be stored,
and the reader 110 is configured to interrogate the wire-
less sensor 220 at desired intervals to read the measured
temperature and communicate that temperature to the
microclimate management system 106.

[0014] For example, the reader 110 can use different
communication schemes, such as nearfield communica-
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tion (NFC) to interrogate the wireless sensor 220. The
reader 110 can be positioned within or adjacent to the
patient support device 104 such that the reader 110 is in
close enough proximity to read the wireless sensor 220.
[0015] In example embodiments, the wireless sensor
220 is configured in the manner described in U.S. Patent
Application Serial No. 15/053,661 to Quinn. Other con-
figurations are possible.

[0016] Thereader 110is programmed to communicate
the temperature reading(s) to the microclimate manage-
ment system 106. The microclimate management sys-
tem 106, in turn, uses the temperature information to
maintain the patient 210 within a desired environment.
For example, if the temperature reading is high, the mi-
croclimate management system 106 can modify the tem-
perature, humidity, and/or speed of the air flowing in the
airflow system 108 in order to reduce a temperature of
the patient 210.

[0017] In another example, the microclimate manage-
ment system 106 can be programmed to manage tem-
perature readings from multiple locations on the body of
the patient 210 and modify airflow to areas associated
various portions of the body to maintain desired temper-
atures at specific locations on the body. Further, the mi-
croclimate management system 106 can monitor a trend
of the temperature(s) over time and use feedback mech-
anisms to accomplish a desired temperature, as de-
scribed further below.

[0018] The microclimate managementsystem 106 can
also communicate the temperature information to a re-
mote system, such as a server computer 122, through a
network 120. For example, the server computer 122 can
be a central server, such as caregiver station, that allows
a caregiver to monitor the temperature reading(s) for the
patient 210. Further, various alerting can be provided to
the caregiver, such as if the temperature falls outside a
given range. In another example, the server computer
122 can be an electronic medical record (EMR) reposi-
tory, and the temperature reading(s) can be captured
within the EMR for the patient 210. Other configurations
are possible.

[0019] Referring now to Figure 3, an example process
diagram 300 illustrating the operation within the environ-
ment 100 is shown.

[0020] At process 302, the patient’s temperature (T1)
is measured by the one or more wireless sensor 220.
This is accomplished, as described above, by the wire-
less sensors taking one or more temperature measure-
ments on the patient’s body.

[0021] Atprocess 306, the temperature (T2) and/orrel-
ative humidity of the air and the speed of the airflow (o)
being provided by the microclimate management system
is determined.

[0022] At process 304, the microclimate management
system analyzes this information over time (t): f(T1, T2,
o, t).

[0023] At process 308, the microclimate management
system can heat or cool the air flowing through the airflow
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system to increase or decrease the temperature of the
patient. This can be done based upon an average of the
temperatures provided by the wireless sensors (if more
than one is used) and/or different zones within the airflow
system can be used to increase or decrease the temper-
ature at specific areas adjacent to the patient’s body.
[0024] Likewise, at process 310, the microclimate
management system can modify the speed of the airflow
through the airflow system to accomplish desired heating
or cooling.

[0025] The temperatures T1, T2 and airflow speed ¢
can be monitored over time, and the microclimate man-
agement system can modify heating or cooling (or airflow
speed) as desired based upon these measurements.
This modification can be automated. In other examples,
the modifications can be suggested to the caregiver, such
as on a graphical user interface. The caregiver can then
manually adjust the microclimate management system
based upon the suggestions.

[0026] Referring now to Figure 4, another example
process diagram 400 illustrating the operation within the
environment 100 is shown.

[0027] The process diagram 400 is similar to the proc-
ess diagram 300 described above, except that the pa-
tient's Braden score is determined at process 412. The
Braden score is derived form a Braden Scale for Predict-
ing Pressure Ulcer Risk, which is a tool that is used to
measure the patient’s risk of developing a pressure ulcer.
Factors such as moisture of the skin, activity, mobility,
nutrition, and friction/shear can be factored into deriving
the score.

[0028] In one example, the Braden score is manually
determined and provided to the microclimate manage-
ment system. In another example, one or more automat-
ed processes (e.g., sensors used to collect factors like
moisture, activity, etc.) are used to derive the Braden
score.

[0029] At operation 404, the microclimate manage-
ment system analyzes the Braden score (B) as part of
the information used to determine modifications to the
airflow temperature and speed: f(T1, T2, ¢, t, B). The
Braden score can be used as a check for the environment
100. For example, too much warming can be associated
with pressure ulcer events - using the Braden score as
one input into the system can help to assure that exces-
sive heating is not provided by the microclimate manage-
ment system.

[0030] In the examples provided herein, the various
components of the environment 100 can be implemented
as one or more computing devices. For example, the
microclimate management system 106 can be a comput-
ing device. Other components, such as the reader, server
computer, and wireless sensors, can also be implement-
ed as one or more computing devices.

[0031] Asillustrated in Figure 5, the microclimate man-
agement system 106 includes at least one central
processing unit ("CPU") 502, a system memory 508, and
a system bus 522 that couples the system memory 508
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to the CPU 502. The system memory 508 includes a ran-
dom access memory ("RAM") 510 and a read-only mem-
ory ("ROM") 512. A basic input/output system contains
the basic routines that help to transfer information be-
tween elements within the microclimate management
system 106, such as during startup, is stored in the ROM
512. The microclimate management system 106 further
includes a mass storage device 514. The mass storage
device 514 is able to store software instructions and data.
A central processing unit, system memory and mass stor-
age device similar to that in Figure 5 are also included in
server computer 102.

[0032] The mass storage device 514 is connected to
the CPU 502 through a mass storage controller (not
shown) connected to the system bus 522. The mass stor-
age device 514 and its associated computer-readable
data storage media provide non-volatile, non-transitory
storage for the microclimate management system 106.
Although the description of computer-readable data stor-
age media contained herein refers to a mass storage
device, such as a hard disk or solid state disk, it should
be appreciated by those skilled in the art that computer-
readable data storage media can be any available non-
transitory, physical device or article of manufacture from
which the central display station can read data and/or
instructions.

[0033] Computer-readable data storage mediainclude
volatile and non-volatile, removable and non-removable
media implemented in any method or technology for stor-
age of information such as computer-readable software
instructions, data structures, program modules or other
data. Example types of computer-readable data storage
media include, but are not limited to, RAM, ROM,
EPROM, EEPROM, flash memory or other solid state
memory technology, CD-ROMs, digital versatile discs
("DVDs"), other optical storage media, magnetic cas-
settes, magnetic tape, magnetic disk storage or other
magnetic storage devices, or any other medium which
can be used to store the desired information and which
can be accessed by the microclimate management sys-
tem 106.

[0034] According to various embodiments, the micro-
climate management system 106 may operate in a net-
worked environment using logical connections to remote
network devices through the network 120, such as awire-
less network, the Internet, or another type of network.
The microclimate management system 106 may connect
to the network 120 through a network interface unit 504
connected to the system bus 522. It should be appreci-
ated that the network interface unit 504 may also be uti-
lized to connect to other types of networks and remote
computing systems. The microclimate management sys-
tem 106 also includes an input/output controller 506 for
receiving and processing input from a number of other
devices, including a touch user interface display screen,
or another type of input device. Similarly, the input/output
controller 506 may provide output to a touch user inter-
face display screen or other type of output device.
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[0035] As mentioned briefly above, the mass storage
device 514 and the RAM 510 of the microclimate man-
agement system 106 can store software instructions and
data. The software instructions include an operating sys-
tem 518 suitable for controlling the operation of the mi-
croclimate management system 106. The mass storage
device 514 and/or the RAM 510 also store software in-
structions, that when executed by the CPU 502, cause
the microclimate management system 106 to provide the
functionality of the microclimate management system
106 discussed in this document. For example, the mass
storage device 514 and/or the RAM 510 can store soft-
ware instructions that, when executed by the CPU 502,
cause the microclimate management system 106 to ad-
just a temperature and/or speed of airflow being provided
to the patient.

[0036] Although various embodiments are described
herein, those of ordinary skill in the art will understand
that many modifications may be made thereto.

Claims

1. A method for monitoring an environment for a patient
on a patient support device, the method comprising:

receiving a temperature reading from at least
one wireless sensor on a body of the patient;
comparing the temperature reading to air flow-
ing through an airflow system associated with
the patient support device; and

modifying the air flowing through the airflow sys-
tem.

2. The method of claim 1, further comprising:

providing the wireless sensor; and
allowing the wireless sensor to take one or more
temperature readings at the body of the patient.

3. The method of either claim 1 or claim 2 further com-
prising positioning multiple wireless sensors on a
body of the patient.

4. Themethod of claim 3, further comprising positioning
the multiple wireless sensors at different areas of the
body of the patient.

5. The method of claim 4, further comprising receiving
from the multiple wireless sensors the one or more
temperature readings at the different areas of the
body.

6. The method of claim 4, further comprising receiving
from the multiple wireless sensors the temperature

readings at different areas of the body.

7. The method of either claim 5 or claim 6, further com-
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prising modifying the air flowing through the airflow
system based upon the temperature readings at the
different areas of the body.

The method of any preceding claim, further compris-
ing positioning a galvanic skin response sensor to
detect sweating on the body of the patient.

The method of claim 8, further comprising increasing
an air temperature or an air speed of the air flowing
through the airflow system when the sweating is de-
tected.

The method of any preceding claim, further compris-
ing adjusting an air speed of the air flowing through
the airflow system.

The method of any preceding claim, further compris-
ing using a Braden score when comparing the tem-
perature to the air flowing through the airflow system.

The method of any preceding claim wherein the at
leastone sensoris coupled to the body of the patient.

A system for monitoring an environment for a patient
on a patient support device, the system comprising:

multiple wireless sensors configured to be
placed on a body of the patient;

a controller programmed to receive temperature
readings from the multiple wireless sensors; and
an airflow system associated with the patient
support device, wherein the controller is pro-
grammed to modify air flowing through the air-
flow system based upon a comparison of the
temperature readings to the air flowing through
the airflow system.

The system of claim 13, wherein the multiple wireless
sensors are positioned at different areas of the body.

The system of claim 14, wherein the controller is pro-
grammed to modify the air flowing through the airflow
system based upon the temperature readings at the
different areas of the body.
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