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Figure 7
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Figure 8

805

Low Pass Filter with
Cutoff below
Minimum
Physiological BR

810

> Orientation

815

800

Signal from
Accelerometers

820
Band Pass Filter
With Physiological . Heart Rate
Ranges for HR (or a "
Subset) as Cutoffs
825 :
................. HR can be used
to define
upper cutoff for
BR filter
830 v 835
Band Pass Filter .
With Physiological Breathing
Ranges for BR (or a Rate
Subset) as Cutoffs
840 845
Activity and

Amplitude threshold

Mohility Level




US 2016/0278692 A1

Sep. 29,2016 Sheet9 of 19

Patent Application Publication

3006

uonoalg N_ummn_ﬁ

” 101097,

leuBis |ealosje0lg

L1 2Inbi4

O uonoal(] Lpea
—
LpeaT Ul

J0J2aA Jo Jusuodwo)

cpea Ul
10)08A J0 Wsuodwo)

d006

GlLol

A
(+)

< o

0col
® O
Gcol

0} @nBi4

000}




Patent Application Publication  Sep. 29,2016 Sheet 10 0of19  US 2016/0278692 A1

Figure 12
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SYSTEMS, DEVICES AND METHODS FOR
PREVENTING, DETECTING, AND TREATING
PRESSURE-INDUCED ISCHEMIA,
PRESSURE ULCERS, AND OTHER
CONDITIONS

RELATED APPLICATIONS

[0001] Thepresent application is a divisional of, and claims
the benefit under 35 USC Section 119 of U.S. patent applica-
tion Ser. No. 13/070,189, filed Mar. 23, 2011, and through it
further claims the benefit of the following applications: U.S.
provisional Patent Application Ser. No. 61/438,732, filed Feb.
2, 2011, entitled System for Optimizing Patient Turning;
provisional Patent Application Ser. No. 61/326,664, filed Apr.
22,2010, entitled Methods and Devices that Enable the Sens-
ing of Body Surface Markers for the Prevention and Treat-
ment of Pressure Ulcers and Other Wounds; provisional
Patent Application Ser. No. 61/411,647, filed Nov. 9, 2010,
entitled Method and Device for Surface Pressure Monitoring;
provisional Patent Application Ser. No. 61/393,364, filed Oct.
15, 2010, entitled Patient Position, Orientation, and Surface
Pressure Monitoring Device; and provisional Patent Applica-
tion Ser. No. 61/373,260, filed Aug. 12, 2010, entitled Sens-
ing System that Automatically Identifies and Tracks Body
Surface Markers to Allow for the Delivery of Targeted
Therapy. The foregoing applications are all incorporated
herein by reference for all purposes.

FIELD OF THE INVENTION

[0002] Aspects of the present invention relate generally to
systems, devices and methods for the detection of compro-
mised tissue perfusion and other issues affecting the health of
a patient, and more particularly relates to systems, devices
and methods for such detection, communicating of relevant
information to a host, and providing either appropriate guid-
ance to a caregiver to facilitate proper management of the
patient or device instructions for providing automated care.

BACKGROUND OF THE INVENTION

[0003] Themanagement of pressure ulcers poses a substan-
tial burden to the healthcare system. Each year, the United
States spends billions of dollars treating pressure ulcers and
associated complications. Pressure ulcers are very common
and they represent a significant source of morbidity and mor-
tality for patients. The prevalence of pressure ulcers in the US
alone is estimated to be between 1.5 and 3.0 million people,
with two thirds of cases involving patients 70 or older.
[0004] Pressure ulcers, which are also known as pressure
sores, bed sores, or decubitus ulcers, represent localized areas
of tissue damage. Pressure ulcers often occur when the soft
tissue between a bony prominence and an external surface is
compressed for an extended period of time. Pressure ulcers
can also occur from friction, such as by rubbing against a bed,
cast, brace, or the like. Pressure ulcers commonly occur in
immobilized patients who are confined to a bed, chair or
wheelchair. Localized tissue ulceration results when pressure
on the skin exceeds capillary filling pressure (approximately
32 mm Hg), which thereby impedes the micro-circulation in
the skin and the underlying subcutaneous tissue. With com-
promised blood flow, the delivery of oxygen and nutrients to
target tissues is impaired. If blood flow is not restored
promptly, the skin and subcutaneous tissue will die and a
pressure ulcer will develop.
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[0005] Pressure ulcers will initially appear as areas of red or
pink skin discoloration, but these areas can quickly develop
into open wounds if left untreated. Open wounds can lead to
severe health complications by exposing patients to life-
threatening infections. The primary goal in the treatment and
prevention of pressure ulcers is to relieve pressure on and
around affected tissues. Pressure relief can be accomplished
by frequently changing the position of immobilized patients
and by using support surfaces that minimize surface pressure.
Although pressure management is the most critical aspect of
any successful treatment program, it is also important to
ensure that patients receive adequate nutrition, engage in
daily exercise, and follow a good skin care and personal
hygiene protocol.

[0006] A Braden score is commonly used by caregivers to
assess a patient’s risk for developing a pressure ulcer. The
Braden scale is composed of six criteria, which when taken
together, can be used to estimate a patient’s likelihood of
ulceration and can also be used to determine the level of
pressure ulcer prevention procedures required for a specific
patient. The six components of the Braden scale are: sensory
perception, moisture, activity, mobility, nutrition, and fric-
tion/shear forces. Each component is rated on a scale of 1 to
4, with the exception of friction/shear which is rated on a scale
of 1 to 3. The maximum score is 23, and higher scores reflect
alower risk of developing pressure ulcers. In general, patients
with a Braden score of less than 18 are considered to be at
high-risk for developing a pressure ulcer.

[0007] Various devices and methods for treating and pre-
venting pressure ulcers have been developed. The corner-
stone of pressure ulcer prevention is to turn patients on a
regular basis, such as every one or two hours. Patients con-
fined to a wheelchair, chair, or other surface should be moved
in such a manner. Intermittent relief of surface pressure has
proven to be highly effective in preventing the development
of pressure ulcers. However, various factors limit compliance
with turning/repositioning protocols.

[0008] Alarm systems have been developed to help
improve compliance with patient turning/repositioning pro-
tocols. Generally, these alarms are triggered when the system
detects an inadequate amount of patient movement over a
predefined time interval. Movement can be detected using
various modalities, which include vibration sensors, pressure
sensors, and video cameras. Although these systems can
detect patient movement, they cannot reliably determine if
the perceived movement resulted in adequate depressuriza-
tion from specific regions of the body.

[0009] Also, current alarm systems cannot compute the
cumulative pressure-time index (or pressure dose) at specific
regions of the body. Although some alarm systems have been
designed to measure the surface pressure distribution over a
support surface, they are unable to directly correlate the mea-
sured pressure with discrete regions of a patient’s body. For
example, although a pressure sensitive mat placed under a
patient can measure the overall surface pressure, it cannot
automatically and directly measure the surface pressure at
discrete regions of the body, nor can it directly track the
cumulative pressure dose at specific regions of the body over
time. Furthermore, pressure sensitive mats cannot easily and
robustly distinguish between pressure resulting from patient
contact with the support surface vs. pressure resulting from
non-patient contact with support surface (i.e. books, food
trays, etc.).
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[0010] In addition to turning regimens, pressure ulcer pre-
vention and management also commonly involves the use of
pressure reducing support surfaces, which are well known in
the art. Such support surfaces attempt to minimize the overall
surface pressure and some support surfaces, such as alternat-
ing-pressure mattresses, are designed to modulate the surface
pressure as a function of time. Although it is desirable to
minimize the overall surface pressure, it is important to rec-
ognize that different regions of the body have different sur-
face pressure thresholds.

[0011] For example, areas underlying bony prominences,
such as the hips and sacrum, have relatively low surface
pressure thresholds, which is why pressure ulcers commonly
occur at these locations. Support surfaces are currently not
able to detect or differentiate among specific regions of a
patient’s body. Without this detection ability, support surfaces
are not able to selectively modulate surface pressure at spe-
cific regions of a patient’s body. Also, current support sut-
faces cannot automatically identify areas of compromised
tissue perfusion, so they are unable to automatically redistrib-
ute pressure away from ischemic areas.

[0012] There is a long-felt, definite and even urgent need
for a system, method, and device that helps to prevent, detect,
and/or treat pressure-induced ischemia and pressure ulcers by
optimizing surface pressure at areas of compromised tissue
perfusion. Various aspects of the present invention accom-
plish these objectives and substantially depart from the con-
ventional concepts and designs of the prior art.

SUMMARY OF THE INVENTION

[0013] The present invention overcomes the limitations of
the prior art by providing systems, methods and devices for
patient management, including the detection, treatment and
prevention of wounds such as pressure ulcers, among other
things, and conditions likely to cause such wounds. Further-
more, the present invention provides communication from
orne or niore sensors monitoring a patient to a host system to
alert caregivers to key conditions and to enable an improved,
more reliable method for patient care. Alternatively, the host
system can initiate an automated care event. Some aspects of
the present invention relate to sensing systems that locate
sites of compromised tissue perfusion or tissue injury and
substantially optimize surface pressure at those locations.

[0014] Other aspects of the present invention relate to sens-
ing systems that provide information regarding the position,
orientation, and/or movements of a patient, and allow for
surface pressure optimization based on this information. Here
the position refers to the shape that the body takes indepen-
dent of orientation, for example, knees bent, back straight,
arms above head. The orientation refers to direction that the
body is facing and the angle, for example, supine, prone,
rotated left, rotated right, tilted Trendelenburg, tilted reverse
Trendelenburg, etc. Movement refers to changes in either
position, location, or orientation, achieved by bending, trans-
lating, or turning, respectively. Such sensors can be placed
directly on the body, or on or in the support surface, or on or
in clothing worn by the patient, or can be sensors capable of
monitoring patients from more remote locations. In a pres-
ently preferred arrangement, a sensor comprising a multi-
axial accelerometer provides data representative of patient
position, orientation, and movement, which is then processed
by a host system, which can be remote from the sensor, as
described hereinafter
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[0015] Other aspects of the invention provide techniques
for selectively modulating surface pressure at and around
sites of compromised tissue perfusion, or sites of tissue injury,
or sites considered to be at risk for developing tissue injury or
sites where pressure is not desirable, thus substantially elimi-
nating at least some of the conditions likely to lead to the
formation of pressure ulcers, as well as aiding in the treatment
of pressure ulcers and other wounds.

[0016] Still other aspects of the present invention comprise
the use of body surface markers together with systems and
techniques for optimizing surface pressure at locations cor-
responding to such body surface markers. For example, body
surface markers can be placed over areas of damaged tissue or
areas thought to be at high-risk for developing pressure sores
(i.e. hips, heels, sacrum, etc). The support system can then
attempt to focus pressure-relieving maneuvers at and around
these locations. Body surface markers can include, but are not
limited to, the following: stickers, wound dressings, socks,
undergarments, and sensible ink or other media, films, or
adhesives. Depending upon the implementation, body sur-
face markers can be comprised of anything that has at least
one sensible property that is in some way distinguishable
from the patient by a host system. As used herein, “sensible”
means “capable of being sensed.” In at least some embodi-
ments of the present invention, pressure distribution over time
and location is then selectively optimized with respect to the
body surface markers in an effort to optimize tissue perfusion.
[0017] Still further aspects of the present invention are con-
figured to minimize or eliminate physical contact with injured
tissue, areas of compromised tissue perfusion, areas identi-
fied to be at-risk for compromised tissue perfusion, or areas
corresponding to body surface markers. An objective of an
embodiment of the present invention is to control the surface
pressure at sites of tissue injury, sites identified as having
compromised tissue perfusion, or sites corresponding to body
surface markers. These aspects of the invention allow for
increased blood circulation and increased airflow to critical
areas, thus promoting the healing of existing pressure ulcers
and preventing the formation of other pressure ulcers.

THE FIGURES

[0018] FIG. 1 illustrates in block diagram form an embodi-
ment of a system in accordance with one aspect of the inven-
tion in which one or more sensors provide to a host data
representative of a patient’s position, orientation, and move-
ment, and the host uses that information, together with other
patient information, to identify risks with respect to either
avoidance or treatment of pressure ulcers on the patient,
among other things.

[0019] FIG. 2A illustrates in block diagram form an
embodiment of the hardware of a system in accordance with
one aspect of the invention.

[0020] FIG. 2B illustrates in flow diagram form an embodi-
ment of the process flow for comparing new sensor data from
apatient with historical patient information for the purpose of
preventing or treating pressure ulcers on the patient, and
capable of running on the system of FIG. 2A.

[0021] FIG. 3 illustrates an accelerometer-based sensor in
accordance with one aspect of the invention.

[0022] FIG. 4 illustrates the processing of signals from a
sensor as shown in FIG. 3 to determine at least orientation.
[0023] FIGS.5A-5B illustrates the orientation of X-y-z axes
relative to a patient using a sensor as shown in FIG. 3.
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[0024] FIG. 6 illustrates a sample response of the x-y-z
accelerometers due to a ninety degree turn, or roll, by a
patient, such as turning from a supine position to lateral
decubitus position.

[0025] FIG. 7 illustrates in flow diagram form the filtering
steps used to isolate orientation, heart rate, breathing rate and
movement data from the raw accelerometer signals, including
feedback paths for improving filtering.

[0026] FIG. 8 illustrates in flow diagram form an embodi-
ment of a filter in accordance with this aspect of the invention.
[0027] FIG.9 illustrates a variety of indices applied to the
sensor of FIG. 3 for ensuring proper location and orientation
on the patient.

[0028] FIG. 10 illustrates two arrangements of electrodes
for the sensor of FIG. 3, the first comprising seven electrodes
including common, and the second comprising three elec-
trodes including common.

[0029] FIG.11 illustrates an electrode orientation by which
only two electrodes are required when spaced at a known
angle.

[0030] FIG. 12 illustrates the use of sensors placed both on
the patient and the support surface that can be used to deter-
mine orientation relative to the support surface.

[0031] FIG. 13 illustrates a visual representation of an ori-
entation based pressure map in three patient orientations:
supine, right rotation, and left rotation.

[0032] FIG. 14 illustrates the directions and certain
orthogonal components of the gravitational force, normal
force, and shear force experienced by a patient on an inclined
support surface.

[0033] FIGS.15A-15B illustrate the operation ofaresistive
sensor in accordance with the present invention.

[0034] FIGS. 16A-16B illustrate the operation of a sensor
layer such as might be used with resistive, capacitive, induc-
tive or magnetic sensors in accordance with the invention.
[0035] FIGS.17A-17Billustrate an infrared sensor or other
light sensor in accordance with an aspect of the invention.
[0036] FIG. 18 illustrates the location of certain areas that
are at increased risk of developing pressure ulcers and the
placement ofa sheet with markers and indicators for physical
landmarks.

[0037] FIG. 19 illustrates how a system and algorithms can
use a model of the human body and how the body moves in
addition to a pressure map to determine an estimate of the
orientation and positioning of a patient.

[0038] FIG. 20 illustrates markers that can take the form of
adhesive patches, top, or that are built into bandages, bottom.
[0039] FIG. 21 illustrates articles of clothing onto which
markers can be attached or into which markers can be imbed-
ded.

[0040] FIG. 22 illustrates the operation of a magnetic sen-
sor, sensing and causing a reaction to a marker.

[0041] FIG. 23 illustrates the operation of a support react-
ing to one or more markers, top and bottom respectively.
[0042] FIG. 24 illustrates patterns of pressure wave motion
in reference to a marker.

[0043] FIG. 25 illustrates patterns of pressure wave motion
as in FIG. 24 but applied to a smaller pressure modulating
surface.

[0044] FIG.26 illustrates a matrix of horizontal pressurized
rows in two non-collinear orientations that can be pressurized
or depressurized to target pressure optimization to a particu-
lar location or coordinate within the matrix.
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[0045] FIG. 27 illustrates a gradient of pressure change, in
contrast to a more sudden pressure change, that is created in
the support surface in response to a sensed marker, as repre-
sented by the star.

DETAILED DESCRIPTION OF THE INVENTION

[0046] Referring firstto FIG. 1, an embodiment of a system
in accordance with an aspect of the invention is illustrated in
flow diagram form. A patient 100 requiring monitoring, and
in at least some instances having an existing wound or being
at risk for developing a pressure ulcer, is associated with one
or more sensors 110. The sensors collect data about the ori-
entation, position, and movement of the patient and/or
wounds and/or areas of compromised tissue perfusion and/or
areas of risk. The sensors communicate with a host system
120, typically a computer running at least one program for
processing the incoming sensor information to determine the
position or orientation or movements of a patient, wounds or
areas of compromised tissue perfusion or areas of risk on the
patient. The program also uses historical and other data to
analyze the sensor data and identify risks. In at least some
embodiments, the data, including both the sensor data and the
analytical data, is stored for future use.

[0047] Depending upon the embodiment, the output of the
host system can provide direction to an automated care sys-
tem, as shown at 130, or can display messages for the atten-
tion of a caregiver as shown at 140. In the latter instance, the
caregiver uses the suggestions from the system together with
training and judgment and makes a determination regarding
management of a patient’s care, as shown at 150.

[0048] Referring next to FIG. 2A, an embodiment of the
hardware components of the system of FIG. 1 can be better
appreciated. More specifically, the sensors 110, a variety of
which are described in greater detail hereinafter, collect
patient orientation and physiologic data. In some instances,
this can include heart rate, respiratory rate, and other data in
addition to patient orientation, position, and movement. The
host system 120 typically comprises a processing unit 125
together with at least one data storage device. The processing
unit executes one or more software programs to analyze the
sensor information and determine the state of the patient, to
determine care recommendations based on the current state of
the patient and relevant stored data, and, in some instances
directs the operation of an automated care system 130. The
data store 135 typically comprises a hard disk, RAM,
EEPROM, solid state disk, or other memory device, and
stores current and historical sensor data, health status of the
patient, wound locations if any, at risk locations if any, as well
as recommendations and settings for patient care. In some
systems, the data store can be integrated with or linked to one
or more of the hospital’s databases, such that data in the data
store 135 is updated whenever the hospital records are
updated. The host system 120 communicates by either wired
or wireless links with the display 140 and/or one or more
automated care systems 130.

[0049] Referring next to FIG. 2B, the operation of the soft-
ware component of the system of FIG. 1 and FIG. 2A can be
better appreciated. Data 200 from the sensor is initially fil-
tered and analyzed, as shown at step 205, to determine if the
sensor is both used and functioning properly. That determi-
nation is made at step 210; if the sensor is not functioning
properly, a notice about the deficiency is sent at step 215.
However, if the sensor is functioning properly, the process
continues at step 220, where the raw sensor data is filtered and
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analyzed to determine the orientation of the patient. Then, at
step 225, an orientation-based pressure map is generated,
followed at step 230 by a pressure-time determination to
assess how long areas of tissue have been subjected to a given
pressure. A time input can be derived from the host 120, or a
separate time base can be used to make the pressure-time
measurement. Then, at step 235, the pressure-time measure-
ment is compared to a preset limit, and, together with histori-
cal data, how long the area has been depressurized, when the
most recent depressurization of the area occurred, health con-
ditions of patient, location of wounds, areas of risk, and other
factors, together with historical positioning data as shown at
step 240, a determination is made regarding suggested repo-
sitioning.

[0050] Then, at step 245, a determination is made as to
whether the data suggests that the patient should be reposi-
tioned soon. If no, the process ends at step 250, with, in some
embodiments, the display of orientation, position, and move-
ment data and a suggested repositioning schedule. If yes, and
an automated care function exists, the decision at step 245
results in a directive to provide automated care at step 255.
Alternatively, or in the event that automated care is not suc-
cessful, a message is sent to a caregiver at step 260 advising of
the need for repositioning, as well as a suggested new posi-
tion. The caregiver either accepts the suggestion, indicated at
265, or provides alternate care at step 270 based on judgment
and training.

[0051] An aspect of the present invention is the sensor
itself. Acceptable sensors for the system of the present inven-
tion can vary widely, and include sensors both in continuity
with the patient’s body or remote to the patient’s body. Pos-
sible sensors include accelerometers, RFID sensing, resistive,
capacitive, inductive and magnetic sensors, reflective sen-
sors, infrared sensors, video monitoring, pressure and stress
Sensors, transcutaneous oxXygen pressure sensors, transcuta-
neous CO, sensors, hydration sensors, pH sensors, ultrasound
sensors, remote optical spectroscopy sensors, and laser Dop-
pler flow sensors, among others.

[0052] Asshown in FIG. 3, one presently preferred form of
a sensor comprises a multi-axial accelerometer 305 with
associated processor 310 and related electronics, as shown in
FIG. 3, and generally indicated by 300. One acceptable accel-
erometer is the type LIS344ALH three axis accelerometer
available from ST Microelectronics, although sensing on
three axes is not required in all embodiments. In addition to
the accelerometer, the sensor 300 can also comprise a capaci-
tive sensor 315, a temperature sensor 320, a moisture sensor
325, and an electrical signal sensor 330. The microprocessor
310 can comprise a built-in A/D converter and stored sensor
identifier, and communicates with a base station/host 335
which can include a transceiver for wireless communications,
located near enough to reliably receive wired or wireless
signals, through an RF transceiver 340 and antenna 345.
Alternatively, the transceiver/base station 335 communicates
with a remote host. In either case, the host ultimately links to
viewing terminals 350 that can be, for example, integrated
into the patient sensor or support system, in the patient room,
at the nursing station, or at other locations. It will be appre-
ciated that, while not shown, a battery or other power source
is provided in the sensor 300. It will be appreciated by those
skilled in the art that the functions of the host can reside in
several different locations in a system in accordance with the
present invention. For example, the host functionality can
largely reside in the sensor itself, or that functionality can
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coexist within the base station, or it can be external to both, or
the functions can be split across multiple devices.

[0053] Inan embodiment of the sensor, the device is stored
such that battery life is preserved until the unit is put into use.
Alternatively, the sensor is designed with a rechargeable bat-
tery or other energy storage device such as a capacitor. A
rechargeable sensor can be recharged by connecting with a
cable to some other energy source such as a power converter
or can be recharged wirelessly through the use of an inductive
charger. A non-rechargeable system may have lower cost and
be more suitable for one-time disposable use in a hospital or
other short-term care environments while a rechargeable sen-
sor may have greater initial cost but may be more economical
in a long term-care facility, such as a nursing home. The
sensor can be activated by, for example. removing the adhe-
sive backing on the unit, or by a conventional switch, or by
exposure to ambient light in the patient’s room, or activated
upon exposure to a patient. Alternatively, the sensor can be
activated by passive RFID, which can be built into the umit
itself or embedded in the adhesive backing of the unit. The
sensor can also be active by RF or inductive loops. Precau-
tions are also typically taken to protect the sensor’s acceler-
ometers. Precautions can be taken, for instance, to prevent
damaging accelerative forces from acting on the accelerom-
eter. In an embodiment, the casing of the sensor unit can be
compressible so as to decrease the accelerative force of a fall
or impact. Alternatively, or additionally, the accelerometer
can show when an acceleration large enough to cause damage
or a need for recalibration is experienced and the sensor unit
can then signal that it is damaged or in need of calibration. In
other embodiments, the sensor can also include an additional
accelerometer capable of sensing accelerations greater than
the acceptable range for a primary accelerometer, to be used
to measure accelerations that can damage or cause a require-
ment for recalibration in a more sensitive accelerometer. In an
accelerometer with more than 2 axes, all 3 axes can be used to
determine orientation, providing more than one calculation of
orientation that can be compared and used as an indicator that
an accelerometer is damage or in need of recalibration

[0054] The sensor, together with other system components
as shown in, for example, FIG. 1, can provide real-time moni-
toring of a patient’s orientation and surface pressure distribu-
tion over time, whereby patients requiring intervention can
easily be identified. One embodiment utilizes small, thin,
inexpensive, wireless and disposable sensors that safely
monitor the 3-dimensional orientation of a patient over time.
In one embodiment of the present invention, the sensors have
an adhesive backing, such that they can be affixed to the
patient’s body. In an embodiment, one or more sensors can be
placed on the body at known anatomic locations, although the
anatomical location of the sensor(s) is not required to be
known in some alternative embodiments of this aspect of the
invention, as explained in greater detail hereinafter. The sen-
sors can be placed on the body in a location that does not
increase the risk for tissue damage. In one instantiation of this
embodiment, a small sensor is affixed to the sternum or the
anterior superior iliac spine (ASIS) of the patient. The sensors
can also be embedded in articles worn by the patient, such as
shirts or underwear bracelets, belts, or collars, as long as the
sensor does not move significantly relative to the patient.

[0055] The sensors used in the present embodiment can
contain one or more accelerometers, gyroscopes, magnetom-
eters, or other devices, which are capable of measuring one or
more conditions of the patient. The accelerometer can reli-
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ably and accurately measure patient tilt, patient orientation,
patient movement, and vibration, and shock, as would occur
with a fall. The accelerometer can be coupled to a wireless
transmitting device, such that there are no wires extending
from the patients to whom the sensors are attached. Wireless
communication can be achieved via radio frequency trans-
mission. Monitoring the wireless communication from the
body sensors enables real-time tracking of the condition of
the patient, including patient orientation and orientation-
based pressure distribution over time. Alternatively, wireless
communication can be implemented using an infrared or
other optical link.

[0056] The present embodiment can be used to accurately
monitor the static angle and acceleration of patients relative to
the support surface. By continuously measuring the patient’s
orientation relative to the support surface the invention can
determine to what extent the patient needs to be repositioned
and/or the extent to which a next-scheduled turn can be
skipped or delayed. Warnings can be given in response to a
predefined condition, such as prolonged patient position at a
specific angle relative to the support surface. The sensor data
can be transferred to a central location that manages a net-
work of monitored patients to ensure that all patients are
being repositioned adequately. The network can be used to
provide warnings to caregivers and to coordinate patient repo-
sitioning schedules amongst caregivers.

[0057] Thesensors and monitoring system described in this
embodiment are able to track the cumulative amount of time
that a patient has been in a specific orientation relative to a
support surface. The system can also estimate the surface
pressure exerted on different regions of the body based on the
direction of the gravitational force vector (as determined by
the accelerometer), the orientation of the support surface, and
the estimated magnitude of that force vector (as defined by
physical attributes of the patient, such as height, weight, BMI,
mass distribution, etc.). A computer can analyze the patient
orientation/surface pressure data over time for each patient,
and recommend optimal repositioning maneuvers based on
this data. Furthermore, the cumulative surface pressure dis-
tribution for each patient can be seamlessly tracked and
recorded as the patient moves to and from different support
surfaces (i.e. bed, chair, wheelchair, couch, etc.). Information
regarding each patient’s pressure ulcer history, Braden score,
and other conditions of the patient can be entered into the
monitoring system. The computer can recommend an optimal
repositioning schedule based on patient-specific data.

[0058] In one embodiment, the sensing system is properly
secured to the patient in order to accurately determine the
patient’s orientation and surface pressure distribution. In an
embodiment, the system of the present invention comprises
means for automatically determining if the sensor system is
properly attached to the patient. A system that can detect and
notify the caregiver when the sensor is not attached, not
attached properly, not oriented on the patient properly, not
located on the patient properly, or is otherwise not working
properly is desirable. Such a condition, if not detected, can
result in the patient being in an orientation sufficiently long to
develop a pressure ulcer or experience some other adverse
medical condition. Depending upon the embodiment, the
present invention can use any of several methods to verify
proper location, orientation, and operation of the sensor. One
set of embodiments comprises means and method for detect-
ing biometric parameters that indicate if the orientation sen-
sor 1s properly secured to the patient. In this approach, the
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orientation sensor is considered properly attached to the
patient only when detected biometric parameters fall within
predefined values based on known physiological behavior. If
the detected biometric parameters fall outside of predefined
limits, then the patient orientation sensor is considered to be
improperly secured to the patient, or not attached to the
patient, and caregivers can be alerted. The detected biometric
parameters can include, but are not limited to, skin capaci-
tance, respiratory rate, heart rate, and temperature. In the
event of any error condition, where the measured parameters
are out of range, the system notifies the caregiver that the
system or more specifically, the sensor or base station is not
working properly

[0059] Another method to determine if the sensor is func-
tioning properly is to range-check the raw data collected by
the sensor. In the case of a sensor that is measuring accelera-
tion in three axes, the magnitude of the acceleration or the
components of acceleration that exceed a predefined maxi-
mum or minimum reasonable acceleration would indicate
that the accelerometer or interface electronics are not working
properly. In the case of other types of sensors, raw resistance,
raw capacitance, raw inductance, etc. can be range checked
against reasonable minimum and/or maximum values. The
sensor can also monitor circuit voltage levels and current
levels, battery voltage and battery current draw, battery
charge state and report anomalous values to the base station.
The sensor can have and compare multiple time bases, for
example, more than one clock, oscillator, and/or timer. If the
time bases give different values for elapsed time then the
sensor can report anomalous values to the base station. Alter-
natively, a sensor with a single time base can compare elapsed
time against a time base located in the base station.

[0060] An additional method for detecting if a sensor is not
working properly is to compare the computed orientation, or
location at a point in time or a range of orientations or loca-
tions over time against what might reasonably be expected.
Forexample, if the computed orientation is an orientation that
is impossible for the patient to assume then the sensor is likely
not working properly. A paralyzed patient that is computed to
suddenly change from a supine to a prone position may indi-
cate a problem with the sensor. A sensor that rotates more than
a prescribed maximum angular deviation, for example, 180
degrees in any plane, may indicate a failed sensor. A range of
angular deviations and orientations can be identified such
that, if the sensor is found to be outside of range, an error is
indicated. Similarly, a sensor that assumes more than a pre-
scribed maximum angular acceleration may indicate a failed
sensor. A range of orientations that is unexpected or a com-
puted orientation that is unexpected could also indicate that a
sensor has been attached to the wrong body location. For
example, a body extremity, such as the foot can assume ori-
entations and undergo a range of orientations that is different
than those for the pelvis or thorax.

[0061] A properly working RF communication link
between the sensor and the base station, and between the base
station and the nursing station, can be verified at a regular
interval by communicating an expected message between
these separate system components at prescribed intervals.
Failure to receive the proper message at the proper time
indicates the failure of the communication link.

[0062] Bio-metric data collected by the sensor can be used
to verify its proper attachment, location, and/or function. For
example, even if the primary purpose of the sensor is to collect
orientation data, the sensor can also measure pulse rate, res-
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piratory rate, skin capacitance, optical properties, or other
physical properties of the patient to verify that the sensor has
been properly attached, oriented, positioned, and/or is func-
tioning properly.

[0063] The sensing system described in the present inven-
tion can be used to measure a patient’s respiratory rate. As the
chestrises and falls during respiration, a sensor 300 placed on
or near the patient’s thorax will undergo a cyclic pattern of
acceleration/deceleration. The computer system of the
present invention, including appropriate software as
described herein, can interpret this cyclic pattern of accelera-
tion/deceleration as a respiratory rate when it fits into physi-
ologic parameters associated with human breathing, includ-
ing but not limited to the rate, amplitude, and waveform of the
accelerations/decelerations. In an embodiment, the system
can be designed such that it uses the respiratory rate to ensure
that the sensor is properly affixed to the patient’s body. If the
system does not detect a respiratory rate, it can be interpreted
that the patient is apneic or the sensor may have fallen off the
patient or the sensor may not be properly attached to the
patient. If the system detects an abnormal respiratory pattern
(which can include abnormal breathing rate and/or abnormal
magnitude of chest rise/fall during respiration), it can be
interpreted that the patient is in respiratory distress. The sys-
tem can identify abnormal breathing patterns, such as hyper-
ventilation, periodic respirations, sighing, air trapping, etc. If
an abnormal respiratory pattern is detected, caregivers can
immediately be alerted via an alarm mechanism.

[0064] Inasimilar fashion, the sensing system described in
the present invention can be used to measure a patient’s heart
rate. As the heart beats in the chest cavity, a sensitive accel-
erometer placed on or near a patient’s thorax will undergo a
cyclic patternof accelerations/decelerations. A cyclic rise and
fall of the chest wall that is within physiologic limits (includ-
ing, for example, amplitude, frequency, and waveform con-
sistent with a physiologic heart rate) can be measured by an
accelerometer 305 and can be interpreted by the system of
FIG. 1, forexample, to be the patient’s heart rate. The system
can be designed such that it uses the heart rate to ensure that
the sensor is properly affixed to the patient’s body. If the
system does not detect a heart rate, it can be interpreted that
the patient is in cardiac arrest or the sensor may have fallen off
the patient or the sensor may not be properly attached to the
patient. If the system detects an abnormal heart pattern or
arrhythmia (which can include abnormal heart rate and/or
abnormal magnitude of chest rise/fall during a heartbeat), it
can be interpreted that the patient is in cardiac distress. The
system can identify abnormal heart patterns or arrhythmias,
such as tachycardia, bradycardia, fibrillation, etc. If an abnor-
mal heart pattern or arrhythmia is detected, caregivers can
immediately be alerted via an alarm mechanism. The sensor
may also contain an embedded electrical activity sensor that
is capable of detecting the electrical activity of the heart. The
sensor can also be correlated with an EKG in order to increase
the sensitivity/specificity of the monitoring system.

[0065] The patient orientation and surface pressure moni-
toring system described herein can be designed to automati-
cally feedback directly into the pressure control system of
patient support surfaces. Many support surfaces are capable
of regulating surface pressure at discrete locations. By pro-
viding the pressure control system with information regard-
ing the patient’s position, orientation, location, movements,
and surface pressure distribution over time, the surface pres-
sure of the support surface can be optimized. The surface
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pressure can also be regulated such that the patient is auto-
matically rolled or repositioned to relieve pressure on any
high-risk areas.

[0066] Depending upon the implementation, the sensing
system described in the present invention can be designed for
home care, nursing care, or ambulatory care monitoring,
without requiring direct caregiver support. The sensor can be
worn by a patient (either affixed to their skin or embedded in
an article of clothing) and the orientation/surface pressure
distribution of the patient can be monitored either constantly
or periodically. If the system detects the potential for pres-
sure-induced injury, an audible and/or visual alarm can go off.
The alarm can notify the patient of the need to change posi-
tion/orientation, and upon doing so, the alarm can automati-
cally turn off. The alarm can be programmed to turn off only
if the patient repositions themselves sufficiently. In one
embodiment, the alarm system described herein can be pro-
grammed to have increasing levels of audio or visual stimu-
lation. For example, when the system detects that reposition-
ing is indicated, a low-intensity sound can be produced by the
system. If the patient does not reposition themselves, the
intensity of the sound can increase until the patient has suffi-
ciently repositioned themselves. If the patient is unable to
reposition him or herself, then caregivers can be alerted. The
sensing system described herein can be used as a telemedi-
cine patient monitoring solution.

[0067] The patient orientation and surface pressure moni-
toring system described herein can be used to help prevent
SIDS (Sudden Infant Death Syndrome). An infant position/
orientation sensor is able to detect if an infant is lying facing
up or face down on a support surface. Recommendations are
in place forinfants to sleep face up, so as to prevent accidental
asphyxiation. The sensor unit can be used to inform caregiv-
ers when an infant, or any other person, is lying prone. The
sensor can inform or alert caregivers when the infant is in a
predefined orientation relative to a support surface and can
also remotely send data to caregivers, such as via phone,
pager, or computer system. The patient monitoring system of
the present invention is capable of also measuring heart rate,
respiratory rate and breathing patterns by analyzing move-
ment of the chest wall. Information regarding respiratory rate
and/or breathing pattern can be displayed and/or correlated
with infant or patient position/orientation to increase the
specificity of detecting potentially harmful orientations. The
patient orientation sensor can be affixed directly to the
patient’s skin, or embedded in an article of clothing, such as
a diaper or pajamas. An embedded temperature sensor can
also be used to determine the skin surface temperature of the
user. The sensing system can also monitor the physical loca-
tion of the user, and indicate if the user has fallen, is walking,
is rolling, is crawling, etc.

[0068] Thesensor 300 not only detects accelerations due to
changes in a patient’s position/orientation, but also accelera-
tions due to heartbeats, breathing, other movements, etc. To
improve the detection of patient a patient’s position/orienta-
tion, it is desirable to separate sensor signals caused by
changes in a patient’s position/orientation from acceleration
signals caused by other forces including breathing, heart-
beats, etc. To determine a patient’s position/orientation, only
the acceleration due to gravity is needed. At the same time, it
can be useful in some embodiments to be able to monitor
heart rate, breathing, and other vital signs with the sensor 300,
as discussed in greater detail hereinafter. To determine patient
position/orientation, it is desirable to filter out signals due to
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other sources, and this can be accomplished by the use of a
low pass filter since patient turns are typically slow compared
to other movements detected by the sensor 300. An example
of a cutoff frequency for the filter can be 0.1 Hz (since the
lower end of normal respiratory rates is approximately 0.2
Hz), though other frequencies can be used. Other methods for
isolating the gravitational accelerative forces include taking
the average, median, mode, or some combination of these of
the accelerative signal over several readings. These methods
allow for approximately removing the higher frequency and
more random, less constant, or more cyclical accelerative
forces. Components of the signal that give acceleration above
1 g can also be removed as noise, since the gravitational
acceleration does not likely exceed 1 g for a user at rest. An
additional method for isolating low frequency accelerations is
to include an inertial mass on the accelerometer swing arm to
reduce its inherent responsiveness to high frequency move-
ment. Such an arrangement is shown in FIG. 4, where the raw
signal 400 from the accelerometer is passed through one or
more filters 405 for isolating the accelerative force due to
gravity. Once the proper signals are isolated, the patient’s
position/orientation can be determined successfully, as at
410.

[0069] The method for using the sensor 300 to determine
orientation can be better appreciated from FIGS. 5A-5B. The
sensor is attached to the user such that the orientation of the
user is measured by the accelerative forces experienced by the
accelerometer. The separate axes of the multi-axis acceler-
ometer are often oriented orthogonally relative to each other,
and shown in FIG. 5B. Shown in FIG. 5A is a 3-axis accel-
erometer with one axis (x in this case) aligned along the
cephalic-caudal axis of the user, another (y) aligned along the
left-right axis, and another (z) aligned along the anterior-
posterior axis. The side-to-side rotation of the user is picked
up by the zand y-oriented accelerometers. The Trendelenburg
and reverse Trendelenburg tilts of the user (head to toe tilt) are
picked up by the x and z oriented accelerometers. As such, it
may be redundant to have more than 2 orthogonal axes sensed
by accelerometers. However, the redundancy can be used for
several purposes including: confirming the orientation calcu-
lation, and using different accelerometers for different angles
of orientation to allow for the accelerometers to operate in
their most accurate angle zones.

[0070] Consider an example, where the user is tilted 30
degrees to the right side. The component of gravitational
acceleration along the x-axis accelerometer does not change.
However, it does change on the y-axis and z-axis. With the
patient lying flat, the z-axis accelerometer experiences the
maximum acceleration due to gravity in the downward/pos-
terior direction, as it is parallel to the direction of gravity. The
y-axis accelerometer experiences minimal gravitational
acceleration as it is perpendicular to gravity. As the user tilts
to the right, the component of gravity experienced by the
z-axis accelerometer decreases and the component of gravity
experienced by the y-axis accelerometer increases. When the
user reaches 30 degrees of tilt to the right side, the z-axis
accelerometer experiences approximately cosine(30)g of
gravitational acceleration. At this orientation, the y-axis
accelerometer experiences sine(30)g=0.5 g of gravitational
acceleration. For other orientations involving tilting about the
x-axis/cephalic-caudal axis, the acceleration experienced by
the z and y accelerometers will follow a similar relationship
where 30 is replaced by the angle of tilt. Similarly, if the user
is tilted in the Trendelenburg or reverse-Trendelenburg posi-
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tions, the z-axis accelerometer experiences approx cosine
(angle)g of gravitational acceleration and the x-axis acceler-
ometer experiences sine(30angle)g of gravitational
acceleration. By knowing the gravitational acceleration expe-
rienced by the accelerometers, one can then find the angle of
the tilt. In the case of a simple tilt where there is only tilting
about one axis, this can be accomplished by taking the arc-
sine or arc-cosine of the ratio of the measured acceleration
due to gravity to magnitude of gravitational acceleration.
[0071] FIG. 6 shows sample data from a 3-axis accelerom-
eter showing a 90 degree turn of a user. The z-axis acceler-
ometer initially shows a 1 g acceleration when the sensor is
flat and then shows approximately 0 g when the sensor is at 90
degrees. Note that in FIG. 6 the acceleration is not in units
relative to g but as output from the accelerometer. The oppo-
site is true for the y-axis accelerometer. In the case of tilting
about more than one axis, the component of the gravitational
acceleration experienced by the accelerometers is reduced
compared to anon-tilted state. For instance, ifthe user is in the
reverse-Trendelenburg position (head tilted up relative to
feet) by 5 degrees, then when the user is now tilted side-to-
side (i.e. about the x axis), the z-axis accelerometer experi-
ences cos(5 degrees)*g instead of the full g. As the user is
tilted about the x-axis, the z-axis acceleration measurement
continues to be decreased at a ratio of cos(5 deg). Similarly,
for the y-axis during side-to-side rotation (about the x-axis),
the y-axis gravitational acceleration measured is decreased at
a ratio of cos(5 deg). A similar calculation is used for any
angle of inclination of the z-axis, replacing the 5 degrees by
the angle of inclination. Similarly for a rotation about the
x-axis, the gravitational acceleration measured by the z and
y-axis are decreased at a ratio of cos(angle of rotation).
[0072] In general usage, if there is tilting about more than
one axis, the user is tilted in the Trendelenburg or reverse-
Trendelenburg position and being rotated about the x-axis. In
this case, the x-axis acceleration can be used to determine the
angle of tilt about the y-axis using techniques as described
above. This angle of tilt is then used in the calculation of the
rotation about the x-axis, by dividing the ratio of the experi-
enced acceleration by the magnitude of gravitational accel-
eration by cos(angle of tilt about y-axis) before proceeding
with the calculations to determine the angle of tilt, again as
described previously, e.g.:

arcsin {[(measured gravitational acceleration in y-axis

accelerometer)/g]/[cos(angle of tilt about y-axis)]
}=“angle of tilt about x-axis”

[0073] Theangleoftilt about the y-axis can be measured by
other means as well. The tilting about the y-axis is often
related to the tilting of the support surface. This tilting of the
support surface can be determined by placing or attaching a
separate orientation sensor in a fixed position relative to the
support surface and determining the orientation ofthe support
surface, or part of the support surface. This can also be
achieved by having information regarding the orientation of
the support surface entered into the system. This data collec-
tion can either be done manually or by directly communicat-
ing with the support surface (if the support surface has orien-
tation sensors and has the ability to output the data in a usable
format).

[0074] Insomeembodiments it is desirable to calibrate the
accelerometers to achieve a desired accuracy. Calibration
determines constants that enable acceleration to be described
in real, physical units. During “calibration”, the device’s raw
output can be calibrated by determining the appropriate con-
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stants that can be used to determine physical units such as
m/s/s, fi/s/s, g’s, etc. The calibration process can involve
determining the readings from the accelerometers throughout
a representative sample of its orientations. Calibration con-
stants can be determined and used to get more accurate accel-
eration data. One method of determining the calibration con-
stants is to orient the sensor such that it experiences 1 g and -1
g ofacceleration along each of the axes in which acceleration
is measured. The sensor can then be calibrated such that the
output from the accelerometer when it experiences 1 gor -1
gof acceleration is associated with a 1 g or -1 g acceleration,
respectively, This process can be done prior to distributing the
sensor to end users, or it can be performed by the end user
using instructions or calibration tools that can be provided.
The calibration constants can provide, for example, multipli-
ers and offsets such that a calibration equation may be accel-
eration=(accelerometer reading)*M+0, where M is the mul-
tiplier and O is the offset. Depending on the degree of
linearity of the accelerometer readings throughout its range,
the calibration equation can take on forms other than that of a
linear equation.

[0075] Calibration of the accelerometers throughout their
desired range of orientations can allow for more accurate
orientation measurement. Each type of accelerometer, or each
individual accelerometer, can be tested and calibrated
depending on the level of accuracy desired. A plot of the
angles calculated based on the accelerometer data vs. the
actual angle being measured can be used to create aregression
that can then be used to improve the accuracy of the calcula-
tion. Once the regression is made, the calculation of orienta-
tion can be made using data from the regression. The physi-
ologic heart rate has a range, speaking generously, of
approximately 30 to 350 bpm. So when isolating the accel-
erative signal from the heart beat, one can choose to look at
signals within this range or a similar frequency range. A band
pass filter can be used to attenuate signals with frequencies
above and below this range. Since the accelerative forces due
to the heart beat can be large relative to the other accelerative
forces experienced in a resting user, there may not be a need
to significantly filter the data in order to detect the heart rate
with reasonable accuracy. The heart rate can be detected by
looking for periodic signals that have a higher than normal
amplitude or a low-pass filter can be used to attenuate signals
above a certain frequency. For example, frequencies higher
than approximately 6 Hz (i.e. 350 bpm) can be attenuated. It
is also possible to increase or reduce the amount of filtering,
by changing the attenuation or changing (shifting, narrowing,
broadening, etc.) the band pass frequencies. For instance, for
a resting patient, the range of frequencies that are most com-
mon may be 35-120 bpm. A band pass filter covering this
range may be useful for most cases. It is possible to capture
other frequencies by having a separate, wider, or shifted filter
that is added on with a different gain or analyzed separately to
accommodate for less common heart rates. The attenuation
can also be turned down to similarly increase the range of
frequencies. A tight band pass filter (eg. covering a narrower
range of frequencies or having greater attenuation, etc) can
provide cleaner signals; for example, a Butterworth filter can
be used, although many other types of filters can also be used.

[0076] The quality of the filtering becomes more important
when the signal is smaller or when there is more noise. Some
examples of when this can occur include: the sensor is not
placed close to the heart (eg. in the pelvic area), when the user
has more material intervening between the sensor and the
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heart or artery (eg. skin, fat, non-organic materials like cloth-
ing, etc.), or when the pulse is weaker (eg. impaired heart
contraction or low blood pressure/pulse pressure). In such
cases the filtering becomes more important and the methods
described above for improving the filter may be required to
isolate the heart rate. The optimal placement of the sensor is
in close proximity to the heart (or major arteries) in order
improve detection of the pulse and heart rate. Placing the
sensor on the chest, especially near the sternum, is optimal for
detecting the heart rate. Placing the sensor at locations close
to the aorta or other large arteries are good sensor placements
for detecting the heart rate at locations more distant from the
heart.

[0077] Whenthe sensoris placed with the 3 axes oriented as
shown in FIG. 5A, the heart rate (and breathing rate), is
sensed mainly by the z-axis accelerometer. When positioning
a sensor that is intended to detect heart rate or breathing rate,
the quality of the signal is improved if at least one accelerator
is positioned in approximately the anterior-posterior axis (or
z-axis as shown above).

[0078] In certain cases it can be useful to keep track of
when:
[0079] the heart rate (HR) is above a certain threshold
[0080] the HR is below a certain threshold
[0081] when the HR changes quickly
[0082] when the HR is irregular
[0083] when the magnitude of acceleration is above or

below a certain threshold
[0084] when the magnitude of acceleration changes
quickly or is at a rate above a certain threshold
[0085] when the heart rate detected by the accelerative

sensors is different from the heart rate detected by elec-

trical signal sensors.
This can be important for cases of ventricular fibrillation,
where electrical signals from the heart are present but the
mechanical heart beat is not present or is irregular. In such a
case, the accelerometer data can be compared with EKG data,
where the signal detectors for EKG data are either external or
internal to sensor 300.
[0086] Detecting the mechanical activity and/or electrical
activity of the heart, as described above, can provide an indi-
cation of abnormal physiologic conditions, such as tachycar-
dia, bradycardia, arrhythmias, heart attacks, pulseless electri-
cal activity (PEA), heart failure, etc.
[0087] Sensing a patient’s breathing rate is also desirable in
some embodiments of the invention. The physiologic breath-
ing rate has a range, speaking generously, of approximately 3
to 100 bpm. When isolating the accelerative signals resulting
from breathing, it is desirable for at least some embodiments
to choose to look at signals within this or within a similar
frequency range. As with heart rate, a band pass filter can be
used to attenuate signals with frequencies above and below
this range. Often the accelerative forces that result from
breathing, especially with breathing at rest, are small relative
to the heart rate. As such, filtering can be desirable. Methods
to improve the filtering beyond a basic band pass filter can be
implemented if appropriate to the embodiment. This
includes, for example, narrowing the band to between 5-30
breaths per minute. A band pass filter covering this range may
be useful for most situations. Another issue is that the range
for physiologic breathing and heart rate can overlap. One can
take advantage of the fact that the heart rate is usually higher
than the breathing rate. The narrowed band pass filter can
achieve the desired differentiation. The filtering can also be
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adaptive, such that the heart rate is detected first and then the
filter adjusts so as to have an upper cutoff that is below the
heart rate. As with heart rate, a tighter band pass filter can
vield cleaner signals; again a Butterworth filter can be used,
among a variety of acceptable band pass filters.

[0088] In certain cases it may be useful to keep track of a
patient’s breathing rate, such as when:

[0089] the breathing rate (BR) is above a certain thresh-
old

[0090] the BR is below a certain threshold

[0091] when it changes quickly

[0092] when it is associated with the administration of
medications

[0093] when it is irregular

[0094] when the magnitude of acceleration is above or

below a certain threshold
[0095] when the magnitude of acceleration changes
quickly or at a rate above a certain threshold
[0096] when the heart rate is below the breathing rate
[0097] certain patterns of breathing, eg. Cheyne-Stokes
respirations
[0098] Detecting the respiratory rate and breathing pattern,
as described above, can provide an indication of abnormal
physiologic conditions, such as tachypnea, hypoventilation,
Cheyne-Stokes (strokes, brain injury, encephalopathy, heart
failure), etc.
[0099] Patients may move on their own, and it can be useful
to determine their activity level or lack thereof. It is important
to isolate this signal from other physiologic signals. In gen-
eral, there are components of acceleration that are due to the
normal voluntary movements of a user. These movements can
have a magnitude that is greater than the acceleration due to
breathing, heartbeats, and pulses. One method of isolating a
user’s movement-based acceleration is to isolate the accel-
erations that have magnitudes beyond those expected to be
due to breathing and heart beat/pulses. This threshold of
magnitude can be pre-programmed based on physiologically
normal accelerations due to heartbeats, pulses, and breathing.
The threshold can also be directly measured from the accel-
erations measured on the user, either at the same time or
during another time when the patient is determined to be still.
Another method of isolating movement-based accelerative
signals is to subtract the filtered signals of the heart rate and
breathing from the initial signal.
[0100] The user may be subjected to environmental noise,
such as due to machinery. Many patients that are at risk for
pressure ulcers are put on “alternating-pressure” mattresses.
These mattresses have a series of individual air columns that
independently modulate their pressure, thereby creating
depressurization waves that travel under the patient. Although
these waves can travel very slowly, they can cause subtle
movements of the patient that will need to be accounted for.
Algorithms for filtering out this noise, as well as any other
environmental noise, will be straightforward for those skilled
in the art, given the teachings herein. Environmental noise can
also be due to electrical interference, etc. Undesirable envi-
ronmental noise sources may include nearby electrical or
mechanical equipment, building HVAC or other infrastruc-
ture systems, and/or other human activity.
[0101] The movement-based accelerative sensing can be
used to monitor the activity level of the patient in order to
encourage activity or to discourage activity. It can also be
used to automatically determine mobility for the purposes of
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charting, for example for determining some of the compo-
nents of the Braden scale (i.e. mobility, activity, shear forces,
etc.).

[0102] Other signal analysis can be performed on the sig-
nals from the accelerometers. The overall waveform of accel-
eration due to heart beat/pulse is known, as well as the wave-
form for the accelerations involved in breathing. Signal
analysis can be used to analyze the waveform of accelerative
signals to gain more information from the signal, such as its
source or association with different physiologic conditions.
For example, the waveform for a breath is different from the
waveform for aheart beat or pulse. Thus, the waveform and/or
the frequency can be used to help isolate/identify the HR and
BR. The waveform of a patient turn can also be identified. In
addition, within the accelerative waveform of the heart beat/
pulse, there can be different physiologic conditions that affect
the waveform. For instance, a different waveform eXists
between normal heart beats and ventricular fibrillation.
Changes in waveform or abnormal waveforms can be
detected in this way. This applies similarly for breathing. The
algorithms can also learn from the normal state of the user to
help better identify the range of normal HR and BR as well as
the normal waveforms fora particular user. This will be useful
when any of these change greatly. This algorithm can also
learn from greater data sets from one user or multiple users to
improve its accuracy and precision.

[0103] FIG. 7 illustrates the foregoing process, and shows
the filters used to isolate orientation, heart rate, breathing rate,
and movement data from the initial accelerometer signals, as
well as paths to enable the filters to learn. More specifically, in
an embodiment, signals 700 from the accelerometers are
received by a set of four parallel filters 705-720, including a
filter 705 for isolating gravitational accelerative forces, a filter
710 for isolating heartbeat/pulse accelerative forces, a filter
715 for isolating breathing accelerative forces, and a filter 720
for isolating accelerative forces due to movement. In addition
to movement and orientation, the acceleration measurements
can be used to detect other characteristic accelerative events,
such as falls. At block 725, the heart rate output is used to
provide an upper cutoff for the breathing rate filter, and feeds
from block 725 to filter 715, Likewise, heart rate and breath-
ing rate can be subtracted to isolate movement, as shown by
block 730 feeding to filter 720.

[0104] Referring next to FIG. 8, one of the filters of FIG. 7
can be understood in greater detail. The accelerometer signal
800 is provided to low pass filter 805, with a cutoff below the
minimum physiological breathing rate, to isolate orientation
as shown at 810. To isolate heart rate, the signal 800 is fed to
aband pass filter 815 with a physiological range of heart rates,
or a subset, as the cutoff, yielding an output of heart rate as
shown at 820. In addition, heart rate data is fed via block 825
to a band pass filter 830, which also receives the signal 800
and isolates breathing rate as shown at 835, including using
heart rate as the upper cut-off for breathing rate. Amplitude
threshold block 840 also receives the signal 800, and isolates
activity and mobility level as shown at block 845.

[0105] There are instances when a patient’s vital signs can
be affected by positional changes. The position/orientation
sensors described herein can be correlated with a patient’s
vital signs in real-time. Data from the position/orientation
sensors can be correlated with vital sign measurements that
are obtained via standard modalities (EKG, blood pressure
cuff, manually counting palpable pulsations of the arterial
pulse, manually counting respirations, etc.). Data from the
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position/orientation sensors can also be correlated with vital
signs using a single sensor that can determine both the
patient’s position/orientation and vital signs. In one imple-
mentation, an accelerometer placed on the patient can deter-
mine the position/orientation of a patient, as well as the heart
rate and respiratory rate. When the sensing system detects
dramatic changes in heart rate that are associated with
changes in position/orientation, caregivers can be notified
that the patient may have orthostatic hypotension. Patients
with orthostatic hypotension will commonly experience a
decrease in blood pressure upon standing that is associated
with a rapid acceleration in heart rate (usually an increase of
over 20 bpm). In fact, the diagnosis of many conditions (i.e.
orthostatic hypotension, autonomic dysfunction, postural
orthostatic tachycardia syndrome, etc.) can be aided by using
a tilt-table test, where patients are put on a platform that tilts
and vital signs are monitored.

[0106] There are other instances when a patient’s vital
signs are affected by position. For example, when patients
with CHF lie flat they can develop respiratory distress that
manifests as an increased respiratory rate. Similarly, patients
with morbid obesity or obstructive sleep apnea can develop
respiratory distress when they lie flat (the extra weight due to
fat around the chest and neck can increase the work of breath-
ing) and these patient’s breathing patterns can change based
on the postural changes. In one implementation, an acceler-
ometer placed on the patient can measure both the patient’s
position/orientation and respiratory rate. When the sensing
system detects changes in respiratory rate that are associated
with changes in position/orientation, caregivers can be noti-
fied and further workup initiated.

[0107] Conditions that can be affected by position can be
entered into the monitoring system. For example, if a particu-
lar patient has CHF resulting in severe orthopnea, this condi-
tion is entered into the system and then the turning recom-
mendations allow for the patient’s head/chest to remain
elevated by 30 degrees throughout the day (patient’s with
CHF can’t handle the extra fluid load that occurs when lying
supine, hence they get short of breath when lying flat). As a
consequence, since the patient’s head/chest is elevated
throughout the day (thereby increasing the pressure-dose on
the sacrum), the system can then recommend increasing turn-
ing frequencies, etc. to help prevent sacral ulceration. Any
condition of the patient (i.e. paralysis, amputations, injuries,
diabetes, anorexia, obesity, etc.) can be defined in the system.
[0108] Tthas previously been described herein how sensing
the patient’s breathing pattern and heart rate can be used to
determine if the sensor is properly affixed to the patient.
[0109] Similarly, electrodes or capacitive sensors which are
capable of measuring the body’s electrical activity, imped-
ance, or resistance can be used to determine if the sensor is
properly affixed to a patient. A thermometer can also be used
to determine if the sensor is properly secured to the patient.
When the skin surface temperature reading shows tempera-
tures sufficiently close to the expected skin temperatures, it
can be assumed that the sensor is affixed to the patient. Simi-
larly, if a sudden change in the skin surface temperature is
detected, it can be inferred that the sensor has lost continuity
with the patient.

[0110] Another technique that can be used to determine if
the sensor unit is properly attached to the patient is a tab that
is attached to a conductor within the sensing unit’s circuitry.
After the unit is affixed to the patient, if the unit is subse-
quently removed, the tab detaches and changes the circuit in

Sep. 29, 2016

a measurable way, such as by changing the resistance. This
allows the sensing unit to know that it has been removed from
the patient and the sensing unit can send this information to
the host or other reader. In some arrangements, the tab can
also be aflixed with greater strength to the patient due to
differences in affixing compound or a heat-activated bonding
substance.

[0111] The sensor unit can be oriented to work automati-
cally when placed anywhere on the patient. In this care, orient
means to determine the direction of the accelerometer with
respect to gravity or with respect to the patient. During “ori-
entation”, the accelerometer’s direction can be determined
with respect to gravity by measuring the acceleration in the
three axes as the device is rotated in each of the three axis of
rotation. Some placements can be at the sternal notch or the
xiphoid process of the sternum or the anterior superior iliac
spine (ASIS). The sensor unit can also be placed anywhere on
the patient and oriented to the patient. In an embodiment
using this approach, the patient lies supine with the sensor
unit in place. A button on the reader unit, the sensor itself, a
remote, or a computer interface can be pushed or a command
sent once the patient is supine, and the reader unit will then
associate the reading from the sensor unit with the supine
position. Thus, the sensor unit can be at placed at any angle
relative to the patient and the system will be able to oriented
accordingly. The signal to the system that the patient is supine
can come in any number of forms including voice activation,
etc.

[0112] Different sensors can be pre-calibrated for use on
patients with different body types. For example, a sensor that
has a unique identifier can be placed on patients that have a
specific BML In such a manner, the system will detect the
unique identifier from the sensor, and automatically calibrate
the monitoring system for a patient with a specific BMI.
[0113] Similarly, the sensors placed on the support surface
can be pre-calibrated for use on support surfaces with differ-
ent properties. For example, a sensor that has a unique iden-
tifier can be placed on support surfaces that have a specific
surface pressure profile (i.e. dry pressure, air pressure, air
fluidized, etc). In such a manner, the system will detect the
unique identifier from the sensor, and automatically calibrate
the monitoring system for a support surface with a specific
surface pressure profile.

[0114] Inatleast some embodiments, the sensing system is
designed such that it does not require any additional manipu-
lation by a care provider. As previously described, the sensor
can automatically be activated when its adhesive backing is
removed. The removal of the adhesive backing allows for the
activation of a sensor circuit and hence discharge of the unit’s
on-board battery. To conserve power, the sensor can locally
store acceleration data and transmit this information to the
receiving station(s) at predefined intervals. A disposable sen-
sor unit can be designed such that it is able to transmit accel-
eration data for an extended period of time, such as days or
weeks.

[0115] The sensor unit can be designed such that it does not
draw power (or at least very little power) when it is in its
packaging. In some embodiments, it is activated immediately
before being placed on the patient. Alternatively, a signal
received from the transceiver can serve to activate the sensor
unit. One type of activation signal can be an RF signal that is
sent to the unit. If the sensor unit is not a passive RF unit, the
unit can temporarily act as a passive tag before activation and
be powered by the received signal. As another alternative, a
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passive tag or an RF receiver/transceiver that has the ability to
passively receive signals can be initially included as part of
the sensor, and can be used to allow for a signal to be received
by the by the sensor without using stored energy in the sensor.
This signal can be used to activate the sensor. The passive tag
can then be removed promptly following activation, as a
method for reducing the size of the sensing unit and allowing
the passive receiver/transceiver antenna to be larger.

[0116] For units that sense physiologic variables such res-
piratory rate, heart rate, and/or temperature, in an embodi-
ment the reader can allow for a period of time (seconds,
minutes, or hours) after activation before it expects physi-
ologic values to be measured. This can allow time to attach the
sensor to the patient before the system expects to receive
physiologic data.

[0117] Another variation has the sensor activated by a
switch on the unit.

[0118] Proper placement of the sensor 300 on the patient is
important in at least some embodiments. In at least some
embodiments, the sensor is placed on the patient such that
there is no potential for movement of the sensor with respect
to the patient. In an embodiment, the sensor is adhered
directly to the skin using an adhesive patch, which can be
similar to that used for standard EKG leads, although in other
instances the sensor can be removed from the adhesive back-
ing to permit replacement of the sensor while protecting the
patient’s skin.

[0119] The sensor is ideally placed on the anterior thorax,
pelvis, upper thigh or shoulder. In ideal usage there is little
relative movement between the sensor and the user’s pelvis,
which enables an approximate determination of the orienta-
tionofthe user’s pelvis. In an embodiment, the sensor must be
placed at a location on the body where the orientation of the
sensor approximates the orientation of the patient’s pelvis
and/or thorax.

[0120] By knowing the orientation of the patient’s pelvis
and/or thorax, the surface pressure distribution across other
body structures can be estimated. For example, if it is deter-
mined that a patient is in a completely supine orientation, it is
then known that surface pressure is being exerted on the
patient’s sacrum, and ischium. However, based on the
patient’s orientation and the known anatomic relationships
that exist between different body structures, it can be inferred
that structures such as the posterior occiput, elbows and heels
are also experiencing pressure. If the patient then turns to a
left lateral decubitus position, it can be determined that sur-
face pressure has been transferred to the patient’s left hip, as
well as other body structures, such as the left shoulder, left
elbow, left occiput, and left lateral malleous.

[0121] When the patient’s pelvis is determined to be in a
leftlateral decubitus position, it is very unlikely (if notimpos-
sible) for surface pressure to be exerted on the patient’s right
hip, right occiput, right elbow, right shoulder, or right lateral
malleolous. There are anatomic relationships that exist
between different body parts that prevent pressure from being
exerted at these locations. In such a fashion, the overall sur-
face pressure distribution map of a patient can be estimated
based on the known orientation of one or more body struc-
tures, such as the pelvis or thorax.

[0122] Inatleast some embodiments, it is preferred that the
sensor not be placed on the limbs or head, because the orien-
tation of the limbs does not always approximate the orienta-
tion of the pelvis/thorax. The location of placement may be
different if the primary concern is for preventing and manag-
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ing pressure ulcers at locations other than the pelvic region.
For example, if the patient has a pressure ulcer on their right
heel, a sensor can be placed on or near the right foot, ankle, or
lower leg to better approximate and monitor the orientation
and surface pressure distribution of the affected region. In an
embodiment, the sensor should not be placed in a location
where it will be susceptible to being rolled on.

[0123] TInorderto accurately determine auser’s orientation,
it is important in at least some embodiments to know the
orientation of the sensor with respect to the patient. To facili-
tate properly orientating the sensor with respect to the patient
without requiring significant training, an index mark can be
provided on the sensor 300. Such index marks can provide
information including but not limited to which direction the
sensor should be oriented (eg, top of sensor towards the
patient’s head) or where on the patient the sensor should be
placed. Examples of index marks are shown on the different
sensors 900A-900F illustrated in FIG. 9, including two,
900C-D, with cross-hairs on a representation of a human for
indicating the location where the sensor should be placed and
where the orientation of the human image on the sensor is to
be aligned with the user (i.e., head pointing in same direction
in image and user). The three other examples in FIG. 9 are for
indicating simply the desired orientation of the sensor includ-
ing an arrow, an arrow labeled “head”, and a human image
representation. In an embodiment, the orientation of the sen-
sor with respect to the patient must be determined to accu-
rately determine the relative surface pressure distribution of
the patient. The indicia need not reference the head, as long as
there are sufficient and simple instructions or indicia to place
the sensor relative to anidentifiable landmark on the body and
a in a relative orientation to that landmark, whether the land-
mark be the sternum, belly button, anterior superior iliac
spine (ASIS) spine, leg or other. The indicia can include but
are not limited to markings on the sensor, the shape of the
sensor itself, different materials or colors used on different
parts of the sensor, or asymmetry of the sensor. The shape of
the sensor or adhesive backing can also be more suitable to
fitting in or conforming to specific areas of the body in spe-
cific orientations. The sensor can be incorporated into articles
that may be worn by the patient such that when the article is
worn the sensor is in an appropriate location and orientation.

[0124] In an embodiment, it is possible to automatically
determine the orientation of the sensor 300 by, for example,
sensing bioelectrical signals in the body. It is well understood
that electrical impulses propagate away from the heart in a
well-defined pattern, and the body has a known and well-
defined polarity that can be detected. Referring next to FIG.
10, by providing the sensor 1000 with multiple bioelectrical
sensors 1005 positioned circumferentially around the outer
surface of the sensor, the plurality of bioelectrical sensors can
be used to detect the average direction of electrical propaga-
tion, and either the sensor itself or the remote host can process
the data to identify the orientation of the sensor 1000 with
respect to the heart. In such an arrangement, the sensor 1000
can be placed on the patient at virtually any location on the
thorax/pelvis (and in any orientation) and the sensor can
automatically determine its orientation with respect to the
patient.

[0125] Referring still to FIG. 10, the sensor picks up the
electrical signal between the electrodes shown as open circles
in reference to the common electrode 1010 shown as a solid
circle and depending on the vector of the body’s electrical
signal at the location of the sensor can determine its orienta-
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tion with respect to the patient. The magnitude of the signal
(which can be an average or integrated magnitude) from the
different electrodes gives an indication of the direction of the
vector. For instance, if the signal from one of the electrodes
shows a greater magnitude than the rest, then the vector can be
determined to be closest to the direction of the line intersect-
ing that electrode and the common electrode. The vector can
also be determined to be in the direction between the two
electrodes with the greatest magnitude of detected signals. As
the signal detected in the electrodes can be positive or nega-
tive, the plurality of electrodes need only span approximately
180 degrees, for example, roughly a semicircle, to determine
the vector direction within a 360 degree range, thereby reduc-
ing the number of electrodes needed per device and the num-
ber of sensing inputs and/or A/D converter inputs.

[0126] An alternate method for reducing the number of
electrodes is to use two electrode sensing vectors spaced at a
known angle (90 degrees is one exemplary implementation)
as shown in FIG. 11. Based on the magnitude of the detected
bioelectrical signals in each, the vector direction can be deter-
mined. This is illustrated in FIG. 10 where sensor 1015 com-
prises with electrodes 1020 and common electrode 1025.

[0127] Alternatively, using the sensor’s built-in accelerom-
eter, normal physiologic movements of the body due to res-
piratory and cardiac activity can be detected. The heart and
lungs produce movements of the thorax, and these move-
ments have a characteristic trajectory. By analyzing the tra-
jectory of motion of the thorax due to cardiac and respiratory
activity, it is possible to know the orientation of the sensing
unit with respect to the patient.

[0128] As a still different alternative for self- or auto-cali-
bration, the system can identify any accelerations that fall
outside of the range of what is known and expected from
normal movements of the human body. If the accelerometer is
not placed correctly on the patient, when the patient is rotated
it will appear that they are moving in a manner that is not
compatible with normal body movements. If this is the case,
caregivers can be alerted to confirm that the sensoris properly
placed on the patient. Alternatively, the system can automati-
cally re-calibrate itself to some extent by knowing the range
of possible patient movements and correlating this informa-
tion with data from the sensor. Caregivers can also provide
input to the system regarding which direction they turned the
patient and a learning-algorithm can then be used to calibrate
the orientation sensor.

[0129] Since the system will coordinate patient turning,
and may be used to document compliance with turning pro-
tocols, itis important in at least some embodiments to be able
to confirm that the sensor is properly affixed to the patient.
The sensor can detect specific physiologic parameters when it
is properly placed. Sudden loss of signal of physiologic
parameters indicates that the sensor is no longer properly
placed on the patient, or the patient is having an acute event.
For example, in one embodiment, the sensor can detect the
capacitance of the skin. If the detected capacitance suddenly
changes, it can be determined that the sensor has lost conti-
nuity with patient. Ifit is determined that the sensor has been
removed from the patient, the sensor can be locked out and
rendered nonfunctional, thereby avoiding any risk of acciden-
tal or fraudulent manipulation of the sensor.

[0130] In addition, each sensor can be assigned a unique
identifier, and, in an embodiment, can be linked to a particular
patient, for example either by a scan or other electronic data
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entry. Aside from avoiding erroneous readings, this permits a
single monitoring system, such as shown in FIG. 1, to monitor
a plurality of sensors.

[0131] In many cases it is important that the sensor data is
associated with a certain patient. This may be the case in care
settings in which there is more than one patient. It may also be
the case in single patient settings in which the data from the
patient needs to be stored and identified or associated with the
patient. The needs of different care settings vary in terms of
how they want the data from the system to be married to the
patient/user. In one potential usage scenario, the care facility
wants the patient data to be married to a sufficiently unique
patient identifier, such as a medical record number (MRN).
Other identifiers can include name, date of birth, room num-
ber/bed number, etc.

[0132] Where the care facility would like to associate the
data with an MRN, there are several ways that the association
can be made. In one method, a user may enter the MRN into
the system of the present invention. The system can then send
data along with the MRN or can be polled for the MRN
associated with the data as needed.

[0133] Thesystem can also assign a unique identifier to the
data from a given sensor or group of sensors. This unique
identifier can be different from the unique identifier of the
patient used by the care facility. The unique identifier can also
be a sufficiently unique identifier associated with the sensor
itself that is used by the system to distinguish which sensor
the received data is coming from. The care facility can then
associate the unique identifier from the system with their
identifier of the patient separately, in a separate computer
system for instance.

[0134] Onemethod for easily associating the MRN with the
sensor can be that the user/caregiver scans the MRN from a
scanable identifying unit on the patient (eg, bracelet with
barcode, or RFID) or from some other source: eg chart,
sticker, bed, etc. The sensor can also be scanned or polled for
its identifier and the patient identifier and sensor identifiers
can be married automatically at the bed side with the patient
to reduce the likelihood of error. In an embodiment, the scan-
ning system forms part of the present invention, and can be
comprised of, but not limited to, an RF reader, a barcode
reader, or a visual text recognition system. The sensor itself
may include a scanner for the patient identifier and can then
transmit that information to the host system.

[0135] During the marriage process, the system will need to
know which sensor or sensors are being married to the patient
identifier. The communication range of the sensors may mean
that sensors other than the desired sensor(s) are within range.
One method to associate the correct sensor is to have a short
range RF reader to read the specific sensor being used. The
user/caregiver may use a handheld short range reader to scan
in the correct sensors. The short range reader may also be on
a base station reader within the room. The user/caregiver can
hold the desired sensor(s) in close proximity to this short
range reader when performing the marriage of the sensor and
patient identifiers. The short range reader may also be the
same reader as the reader for receiving sensor data, but placed
in a short range read mode, which may be achieved by reduc-
ing the power of the reader’s transmission or increasing the
threshold of received signal power for the received commu-
nications. The user/caregiver may activate the short range
reading mode of the reader with a button or by other means.
The marriage may also occur when the sensor is activated.
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[0136] In one example of use, the caregiver first scans the
patient’s bracelet with a handheld scanner which includes the
barcode scanner. The unique identifier of the patient is read
into the system. The system then prompts for a sensor to be
scanned. The caregiver scans one or more sensors with the
handheld scanner which also includes a short range RF
reader. The system then marries the identifiers for the patient
and sensor.

[0137] The same methods above can be used for identifiers
other than the MRN such as the name, date of birth, room,
bed, etc.

[0138] In the case of the room or bed, the base station may
be able to determine from signal strength or its read range
what bed or room the sensor is in. For example, a base station
may have sufficient read range only to receive data from
sensors within aroom or from a specific bed. Directionality of
the base station reader may also be used to determine the
location of a sensor. This directionality can be achieved with
an antenna with greater directionality. One or more antennas
can be used in a setting where there will be one or more
patients per base station. A single antenna can vary its direc-
tion between communications. The user/caregiver can
change the direction the antenna is pointing or the direction of
its maximal gain on the base unit, where an indicator can
show the antenna’s direction. The system can then associate
the bed or room number with data from a sensor or group of
sensors. This marriage of sensor(s) to a specific room or bed
may be sufficient for a given care facility to determine which
patient is being monitor by which sensor(s).

[0139] The monitoring system of the present invention can
track, record, and display relative surface pressure distribu-
tion data for a patient and alert caregivers when it’s indicated
to reposition a patient. Since the orientation sensor is placed
in a known orientation relative to the patient (using visual
indices and auto-orientation mechanisms), the system has the
ability to know when pressure is being exerted on specific
areas of their body. The system can also determine the cumu-
lative amount of time that pressure has been exerted on spe-
cific areas of the body, and thereby calculate the pressure dose
for specific areas of the body. The system can monitor the
pressure dose at specific areas of a patient’s body, and use this
information to determine a patient’s requirement for reposi-
tioning. The system can use this information to help ensure
that patients are turned as often as necessary, but not more
often than necessary. In addition, the system can suggest the
optimal direction to reposition a patient by analyzing the
pressure dose at specific areas of the patient’s body and sug-
gesting repositioning maneuvers that allow for the patient to
be preferentially positioned onto regions ofthe body that have
a low pressure dose.

[0140] Still further, the system that can automatically
detect when a patient initiates a turn by themselves or if a turn
is initiated by a care-giver. In an embodiment of this aspect, an
RFID tag on the caregiver’s badge configured to be recog-
nized by the orientation sensor on the patient or by the base
station residing near the patient. When the two (ID badge and
patient sensor) come in close proximity with each other, and
the system subsequently detects a patient turn, it can be noted
that the turn was performed when a caregiver was present.
Other methods for doing this include having a button on the
sensor or user interface that is pressed to indicate a care-giver
turn was performed; still others will be apparent to those
skilled in the art, given the teachings herein. This information
can be helpful, as it may be a factor that helps indicate when
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a patient is sufficiently mobile, and thus no longer requires
continued monitoring and caregiver assistance. However, ifa
patient is determined to not be moving sufficiently on their
own, it may indicate that this patient requires continued moni-
toring and caregiver assistance.

[0141] In another aspect of the present invention, the sys-
tem not only keeps track of how long a user has been exerting
pressure on specific areas of their body, but also keeps track of
how much time specific areas of the body have had to depres-
surize. This is important because sufficient blood flow to a
tissue (where it is free of pressure above a threshold that
restricts blood flow), is required for a sufficiently long period
of time in order to resupply said tissue with oxygen and vital
nutrients. This is referred to as the re-perfusion interval. The
desired re-perfusion interval can be set by the user, by car-
egivers, or can be taken from a protocol. The re-perfusion
interval may also vary depending on the patient. For example,
apatient’s co-morbidities, Braden score, nutrition status, past
history of pressure sores, or feedback from perfusion sensors
canbe used to determine an appropriate re-perfusion interval.

[0142] Knowing the patient’s orientation relative to the
support surface can be important for pressure ulcer manage-
ment. When information regarding both the orientation of the
support surface relative to gravity and the orientation of the
patient relative to gravity is provided, the system can deter-
mine the relative normal force of the support surface (pres-
sure) as well as the tangential force of the support surface
(shear force).

[0143] Orientation/inclination sensors 1200 can be placed
on the support surface to directly measure the orientation of
the support surface as shown in FIG. 12. These can be placed,
for instance, on the mattress, the bed frame, etc. These sensors
can be the same or different from the sensors 1205 that are
placed on the patient. These sensors can communicate with
the same or different wired or wireless transceivers. By using
different sensors for the support surface and the patient, or by
using sensors with different unique identifiers, the system can
easily distinguish between information sent from the support
surface sensors and information sent from patient sensors.
One or more support surface sensors can be placed on or they
can be contained within the support surface. With one sensor,
tilting of the support surface as a unit (eg. right, left, Trende-
lenburg, etc) can be measured. With more than one sensor, the
orientations of different parts of the support surface can be
determined, such as with tilting of the head of the bed.

[0144] Support surfaces can have embedded sensors that
are used for determining its orientation and positioning. Data
from these sensors can be used to provide our system with
information regarding the orientation of the support surface.
In such an embodiment, the host communicates with the
components of the support surface, for example, embedded
the processor(s) r or sensor(s), to gather this data.

[0145] Support surfaces have several common orientations
and configurations. These include flat, head up, Trendelen-
burg position, reverse Trendelenburg position, rotated right,
rotated left, combinations of these, etc. The orientation data
for these common and possible support surface positions can
be programmed into the system so that the orientation data
does not have to be measured directly. A user can select which
orientation the support system is in (including specific angles
in some embodiments) and the system can use that data to
determine the orientation of the patient relative to the support
surface.
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[0146] If information regarding the orientation of the sup-
port surface is not provided to the system, it can be interpreted
that the support system is in a default orientation, such as
horizontal to gravity.

[0147] Knowing the orientation of the patient relative to the
support surface, and the orientation of the support surface
relative to gravity, allows the system to generate an estimate
of where on apatient’s body surface pressure is being exerted,
and an orientation-based surface pressure distribution map
can be generated. This data may also be used to estimate the
magnitude of the pressure per unit weight of the patient.
Information regarding the weight and mass distribution of a
patient can be used to estimate the absolute pressures being
experienced at different regions of patient’s body.

[0148] At different angles of patient rotation relative to the
support surface and to gravity, the patient experiences pres-
sure on different portions of their body. This is the basis for
the turning protocols, which allows for periodic depressur-
ization of areas of the body in sequence. The system can
determine, from the orientation of the patient relative to the
support surface and to gravity, which areas of the body are
experiencing pressure, and thereby creates an orientation-
based pressure distribution model of the patient. A represen-
tation of the orientation-based pressure map is shown in FIG.
13. The system can also keep track of how long the patient is
in any given position and thus how long certain areas of the
body are experiencing significant pressure. As the patient is
repositioned, the system can monitor the angle of patient
rotation, and determine if there was a sufficient change in a
patient’s orientation, so as to provide a threshold level of
depressurization at specific areas of the patient’s body. For
example, if the patient is insufliciently rotated, certain areas
of the body may not experience depressurization. The system
can monitor and track the pressure at different body regions
using the orientation-based pressure distribution model. The
system can determine when certain body regions require
depressurization, and thus indicate that a change in patient
orientation is required. In such a fashion, the system can
optimize a patient turning schedule and ensure that patients
are turned as often as necessary, but not more often than
necessary. The system can also ensure that patients are turned
with sufficient frequency and with sufficient de-pressuriza-
tion intervals so as to provide sufficient time for tissue perfu-
sion.

[0149] The orientation-based surface pressure distribution
model determines the surface pressure distribution as a func-
tion of the patient’s orientation relative to a support surface.
When the patient is supine, surface pressure is distributed
over the back of the patient. When the patient rotates onto
their side, surface pressure is distributed along the corre-
sponding side as a function of the angle of patient rotation.
[0150] An orientation-based relative surface pressure dis-
tribution model can be generalized without taking into
account actual or absolute pressure estimates. However, the
present invention can also incorporate a patient’s weight,
mass distribution, BMI, and other characteristics in order to
estimate an orientation-based absolute surface pressure dis-
tribution model. Certain patients and/or caregivers may
choose to calibrate orientation-based pressure distributions
by going through a calibration procedure that can involve
rotating at different angles and viewing pressure distribution
using a pressure measurement device, such as a pressure mat.
[0151] Knowing the orientation of the patient relative to the
support surface and the orientation of the support surface
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relative to gravity allows the system to estimate the shear
forces acting on the patient, in addition to the normal force
pressure. Shear force acts on the patient when the support
surface is angled and there are forces acting tangential to the
patient’s skin. These shear forces contribute to tissue damage
and minimizing shear force is important for pressure ulcer
management and skin health.

[0152] One method for estimating the shear force on a
patient comprises determining the orientation of the patient
relative to gravity and determining the orientation of the
support surface relative to gravity. A processing device and
corresponding algorithms then determine the orientation of
the patient relative to the support surface. When the patient is
static, the gravitational force acting on the patient is coun-
tered by the component of the normal force of the support
surface that is in the opposite direction of the gravitational
force vector and countered also by the component of the shear
force that is in the opposite direction of the gravitational force
vector. The directions of gravitational, normal, and shear
forces are illustrated in FIG. 14, as well as their components
parallel and orthogonal to the direction of the gravitational
force, where the below relationships can be seen:

Gravitational force-Vertical component of normal
force=Vertical component of shear force

Shear force=Vertical component of shear force/sin
(Angle of Inclination of support surface)

[0153] Thus, the angle of the support surface gives a mea-
sure by which we can determine the relative magnitude of
shear forces acting on the patient. Knowing patient specific
data, such as the weight of the patient, can allow an estimation
of the absolute magnitude of the shear force.

[0154] The estimate of the shear force can be combined
with the orientation-based pressure map and the support sur-
face orientation data to provide an estimate of where the shear
force is acting. The tissue areas that are receiving pressure are
also areas that may be subjected to more shear force. The
magnitudes of pressure and shear force for any given area of
tissue can be correlated. This information can be used to
create an orientation based shear force map. The system can
use this data to adjust its repositioning recommendation in
order to minimize shear force damage. For instance, the
amount of time a given area receives shear force or a magni-
tude of shear force experienced can be measures that the
system attempts to minimize or limit.

[0155] The single sensor or sensors positioned only on the
patient can be used to determine the orientation of the patient
relative to the support surface and to gravity. For example, any
sustained inclination in the x-z plane as defined in FIG. 5A
can be interpreted as an inclination of the bed. Through an
analysis of the orientation with respect to gravity, over time,
of a single sensor placed on a patient, support structure ori-
entation can be determined for structures having more flex-
ible configurability.

[0156] The present invention also permits automation of
various parameters typically used to calculate a patient’s
Braden score. At present, some of these parameters are taken
subjectively. However, the present invention permits some of
these parameters to be determined much more objectively,
and with automated data entry into the patient chart, the
monitoring system, the support surface, or any associated
data storage unit. The parameters that are assessed subjec-
tively by the prior art, but which can be objectively assessed
using the monitoring system described herein, include the
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patient’s mobility level, activity level, moisture level, and any
friction and shear forces experienced by the patient. The
mobility and activity level can be measured by the sensor unit
as described above. With the addition of a moisture sensor, the
unit can also provide an objective assessment of the skin
moisture level. The acceleration of the patient relative to the
support surface, as described above, can also be analyzed to
determine the magnitude of any friction and shear forces
experienced by the patient. The ability of the patient to move
without sliding can be determined by the accelerations expe-
rienced by the accelerometer. Integrated accelerations to
determine cumulative distances moved, and the addition of
gyroscopes and/or magnetometers can help determine fric-
tion/shear forces experienced by a patient. While the two
remaining variables that comprise the Braden score, (i.e.
nutrition status and sensory perception) can not be measured
by the monitoring system described herein, these variables
are much less likely to change frequently and they can more
or less be considered constant. Thus, once information
regarding the patient’s nutrition status and sensory perception
are provided to the system, the system can thereinafter auto-
matically and objectively determine a patient’s Braden score
in real-time.

[0157] With the improved monitoring of patient reposition-
ing and surface pressure distribution data, it is possible to
better assess the effectiveness of a turning protocol. Whereas
many current protocols suggest turning every two hours, this
may not be the best protocol for all patients. For example,
certain patients with existing wounds, poor nutrition, poor
wound healing, etc, may require more frequent turning. Cer-
tain patients, with better health and fewer wounds may
require less turning, allowing for better rest and reduced
caretaker involvement. Improved monitoring can be invalu-
able for facilities who want to assess the effectiveness of the
turning protocol. The present invention can also include fea-
tures which allow for active data collection to automatically
suggest variations in the turning protocol. In an embodiment,
the system can use data about the patient, such as the Braden
score or components that affect the Braden score of a given
patient. Other useful data includes the presence of wounds,
pressure ulcers, history of pressure ulcers, etc. Data about
pressure ulcer development and progress, such as healing or
worsening, can also be entered. Depending upon the embodi-
ment, the present invention can adjust the suggested turning
regimen based on how well a patient is doing on the current
regimen or how well the patient has done in the past on a
turning regimen. The invention can also allow for minor
adjustments in the turning regimen and use data about the
progress to determine which regimens are better. Changes in
regimen can include, but are not limited to, frequency of
turns, time spent in a given position, time that certain areas of
tissue spend in depressurized states, orientation angle,
amount of pressure and time spend on wounded or previously
wounded areas, etc. In some embodiments, additional sensors
and data can be used to assess the progress, including perfu-
sion sensors, area and depth measure of the wound, stage of
wound, etc. Data can be collected from more than one patient,
for example patients within a facility or ward or in fact all
patient to help assess the performance of and determine
potential improvements for care protocols.

[0158] A pre-existing pressure ulcer or other wound, may
be more easily damaged by pressure and shear forces. Part of
the treatment for that ulcer or wound may be to reduce the
maximum pressure expetienced by the damaged tissue and
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surrounding tissue and/or to reduce the amount of time that
pressure is exerted on the tissue. Similarly, the treatment may
include limiting the amount of shear force experienced by the
tissue.

[0159] In another aspect of the present invention, the loca-
tions of existing pressure ulcers, wounds, and other pressure-
sensitive areas of the body can be identified and entered into
the monitoring system. The threshold amount of time that
pressure can be exerted on the pressure-sensitive region can
be adjusted, as well as the depressurization interval desired.
In some instances, it is desirable to have no pressure on an
area of damaged tissue, since the pressure appropriate for
wounds such as pressure ulcers, incisions, skin flaps, etc., is
much less than that for healthy tissue. In such a scenario, if it
is determined that pressure is being exerted on an area of
damaged tissue, the system can set off an alarm to inform the
patient and/or caregiver(s) to adjust the position so as to
depressurize the wound area. In addition to wounds, the sys-
tem can also be configured to permit entry of any other areas
that require surface pressure monitoring. These areas can
include shoulders, hips, feet, etc. The user/caregiver can enter
the location in many ways, some examples including: a pull-
down menu of wound sites, a text entry, a graphical interface
with a graphical representation of the patient in 2D or 3D, etc.
These are described in more detail below. In addition, differ-
ent sensors can be pre-programmed for use at specific body
regions. The pre-programmed sensors can contain informa-
tion about the location at which they are meant to be placed
and/or contain specific pressure thresholds, depressurization
interval thresholds, or other care data.

[0160] The user or caregiver can manually enter the loca-
tions of the wounds. One method of entry is to show a 2D
(from one or more views, eg posterior, anterior, L lateral, R
lateral) or 3D model of the patient (or a generalized patient,
perhaps chosen from a list to closely match the patient) and
have the user select the locations where the pressure ulcers or
other wounds are present on the model. This model can be
represented on a computer display with a mouse or touch-
screen interaction to allow for location selection. Selections
on a 2D model can be mapped to a 3D model of the patient.
[0161] Another method includes choosing from common
or possible locations for pressure ulcers, such as: ischial
tuberosity, trochanteric, sacral, malleolar, heel, patellar,
pretibial, nose, chin, forehead, occiput, chest, back, and
elbow locations. If the location of the wound falls outside of
the list and no entry approximate sufficiently the location,
then the user may enter locations relative to the entries, eg 2
cm @ 3 o’clock direction from patellar location.

[0162] Theuser may choose from one or more entry meth-
ods depending on what is more appropriate and efficient. The
user can also enter details about the pressure ulcer including
stage, size, shape, depth, age, skin care details, etc. Depend-
ing upon the embodiment, the system can also self-populate
data on wound and ulcer locations based on the chart, which
can be later adjusted by the user. In other embodiments,
sensible markers can be placed on the patient to designate the
location of the wounds or ulcers.

[0163] Using the location of the wounds and ulcers, the
treatment can be personalized. In an automated treatment/
prevention bed, for instance, pressure can be reduced at the
location of the wounds and different pressure varying modes
can be used. For recommendations of repositioning regimens,
the recommendations can reduce the amount of time the
patient may spend on locations of wounds or ulcers. If posit-
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ing on an existing wound or ulcer in unavoidable, embodi-
ments of the present invention can take into account the
relative severity or risk of deterioration of the different ulcers,
which can, for example, be entered by the user, to determine
which ulcers/wounds it preferentially avoids.

[0164] Several features can exist in the present embodiment
that make the sensor less expensive to manufacture and thus
more amenable to being disposable. One such feature is that
only the electronics and circuitry needed to fulfill the duties of
the sensor can be included in the design. In one simplified
embodiment, the main components can include only an accel-
erometer, A/D converter, microprocessor, RF transceiver, and
antenna, with many of the desired features, including basic
physiological signal monitoring, covered by the these com-
ponents. In some embodiments, a 3-axis accelerometer can be
replaced by a 2-axis accelerometer. The microprocessor need
not be powerful in all embodiments, where much of the com-
putation is configured to take place on the host system. Also,
one or more components can be included on a single chip, for
example a chip with a microprocessor, A/D converter, and RF
transceiver, or a chip with all of these plus the accelerometer.
Such an embodiment can significantly reduce the cost and/or
size of the sensor. Again depending upon the embodiment, the
battery, or other energy storage unit like a capacitor, can be
disposable rather than rechargeable. This can reduce the size
and cost of the energy storage unit. The sensor battery can
also be designed to operate until it is greatly discharged,
which allows for a greater amount of usable energy for the
same energy capacity storage but is less amenable to a
rechargeable unit. As well, with a non-rechargeable unit, the
electronics and circuitry needed for recharging, including
leads or an inductive loop or antenna, can be left out of the
sensot.

[0165] The system can be used to monitor patients that are
receiving vibration or percussion therapy. Often, patients
with lung disease will require regular vibration/percussion
therapy to help clear mucus and secretions from their airways.
The sensors described herein can detect vibration of the chest
wall. The monitoring system can be used to quantify the
magnitude of vibration/percussion therapy, the session length
oftime, and the frequency of sessions. The monitoring system
can be used to help coordinate vibration/percussion therapy
for patients. If a patient is not receiving adequate vibration/
percussion therapy, caregivers can be alerted via an alarm
mechanism. The monitoring system of the present invention
can also provide feedback to devices used for automated
means of vibration/percussion therapy. The force of vibra-
tion/percussion therapy produced by an automated source
(such as a bed) can be regulated based on data from the sensor
placed on the patient in accordance with the present inven-
tion.

[0166] The sensing system described in the present inven-
tion can be used to monitor patients that have been prescribed
an incentive spirometer. Many hospitalized patients are
encouraged to use an incentive spirometer to help prevent
atelectasis and improve lung function. As previously dis-
cussed, the sensors described herein can detect acceleration
of the chest wall. The monitoring system can be used to
quantify the magnitude of incentive spirometry therapy, the
session length of time, and the frequency of sessions. Statis-
tics regarding a patient’s incentive spirometer usage can be
provided to both the patient and caregivers. If a patient is not
receiving adequate incentive spirometry therapy, caregivers
can be alerted via an alarm mechanism. The sensing system
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described herein can be used to assess compliance with, and
adequacy of, prescribed incentive spirometry regimens.
[0167] In an embodiment, the monitoring system com-
prises a sensor affixed to a patient whereby the sensor data is
wirelessly transmitted to one or more signal receiving sta-
tions. The receiving stations can be placed at fixed and known
locations, such that the approximate location of monitored
patients can be determined by triangulation, received-signal-
strength-indication (RSSI), time-delay of transceived EM
signal, or other means known in the art of real-time location
tracking.

[0168] Inanembodiment,the present invention can be used
to identify patients that have fallen while attempting to exita
bed or chair. The sensor in such embodiments can detect
sudden accelerations and/or decelerations of monitored
patient. If the monitoring system of the present invention
detects a possible patient fall, caregivers can immediately be
alerted via an alarm mechanism.

[0169] The sensing system can be used to detect when, and
how often, patients get out of bed. It is common practice to
encourage hospitalized patients to get out of bed frequently.
Getting patients out of bed and walking around can help
prevent hospital-related complications, such as pressure
ulcers and deep venous thrombosis (blood clots). The sensors
described herein can determine how long a patient is out of
bed, how far they travel, and how fast a patient walks. If a
patient is not getting out of bed or walking sufficiently, car-
egivers can be alerted via an alarm mechanism. The sensing
system can objectively assess a user’s level and adequacy of
ambulation.

[0170] Additional sensing elements for detecting other
physiologic characteristics can be attached to or incorporated
within the sensor 300 in addition to the one or more acceler-
ometers and RF units previously described. One such sensor
is a pedometer. This can be used to track the number of steps
a patient takes or the amount of movement he/she engages in.
The data from the pedometer can be sent in conjunction with
the data from the accelerometer. As previously mentioned,
electrical leads can be incorporated to monitor the heart or
other muscle activity. Likewise, capacitive sensors or piezo-
electric sensors can be incorporated to detect heart sounds,
breathing sounds, or other vibrations. Similarly, a pulse
oximeter can be incorporated to provide oxygenation data,
and a temperature sensor can provide temperature monitor-
ing.

[0171] Since the sensor 300 is, in at least some embodi-
ments, powered by a battery or similar device, it is desirable
in some embodiments to conserve power. Aspects of the
present invention include power management, including
burst data transmission, either at regular intervals or in
response to a predefined trigger. Portions of the sensor can be
powered down when not needed, including the transceiver,
microprocessor, sensors, etc. In an embodiment, the sensors
can be used for a period, then powered down, and still suc-
cessfully monitor heart rate and breathing. Capacitive and
temperature sensors in some embodiments may need only
one reading between power downs.

[0172] Low power states can be indicated in a variety of
ways, including flashing, varying intensity on a display, dif-
ferent response when interrogated, and transmission of bat-
tery information or “I’m alive” information.

[0173] As discussed previously, in some embodiments it
can be desirable to be able to remove the sensor from the
backing affixed to the patient. In such circumstances, it is
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desirable both to ensure that the orientation relative to the
patient is maintained, and also to ensure that the new sensor is
secure, an asymmetric relationship between the backing and
the sensor can be used, together with any suitable locking
mechanism. In other embodiments, the relationship between
the sensor and backing may not be fixed, but automatically
sensed indicators such as electrodes, reflective patches, etc.,
can be used to inform the system of the new relative position.
[0174] While the foregoing discussion has described an
accelerometer-based sensor in detail, other sensors are also
accepted, as discussed previously. Thus, referring next to
FIGS. 15A-15B and 16A-16B, resistive sensors in accor-
dance with the present invention can be better appreciated.
[0175] In an embodiment of one aspect of the present
invention, a support surface that contains a plurality of air
columns is embedded with an array of sensors that can detect
the presence of surface markers, although a single sensor
works in at least some embodiments. Surface markers can be
placed on areas of the body that are most susceptible to
developing pressure sores, such as the hips, heels, and
sacrum. Surface markers can also be placed on areas of the
body that are resistant to developing pressure ulcers. Surface
markers can also be incorporated into garments, such as socks
or underwear. Other wearable items such as bracelets or belts
can incorporate surface markers. Surface markers can also be
incorporated into wound dressings, which are then placed
over injured tissue. Specific areas of the user’s body can also
be demarcated using a sensible ink pen. The support surface
can be programmed to optimize surface pressure beneath
surface markers. The support surface can also be programmed
to perform pressure modulating maneuvers at areas corre-
sponding to surface markers. The pressure modulating
maneuvers can be used to encourage blood flow to areas
corresponding to surface markers, and can be varied over both
space and time. Therapeutic measures can also be targeted to
areas corresponding to body surface markers. Therapeutic
measures can include light therapy (including infrared, near-
infrared, or low-level laser light), ultrasonic therapy, electro-
magnetic therapy, or other therapies. Targeting energy (heat)
to areas corresponding to body surface markers may cause
local blood vessel dilatation, and thus promote blood flow to
those specific areas. Therapeutic measures can be derived
from within the support surface, or they can be external to the
support surface.

[0176] In another embodiment of the present invention, a
support surface that contains a plurality of air columns is
embedded with one or more sensors, such that the perfusion
status of the user can be determined at discrete locations on
their body. The tissue perfusion map generated by the sensor
array can then be used to identify areas of compromised tissue
perfusion. The support surface can use the tissue perfusion
map to optimize pressure distribution and reduce or eliminate
surface pressure at areas identified as having compromised
tissue perfusion. Depending upon the implementation, the
pressure within one or more air columns can automatically
decrease at areas correlating to compromised tissue perfu-
sion, thereby decreasing surface interface pressure at these
locations.

[0177] In another embodiment of the present invention, if
tissue perfusion cannot be optimized automatically by the
support surface, caregivers can be alerted. Caregivers can
then manually optimize the surface pressure distribution of
the patient to prevent tissue damage. With such a method,
caregivers can monitor the perfusion status of a patient. The
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system can be programmed to automatically alert caregivers
of any areas that register potentially impaired or compro-
mised tissue perfusion.

[0178] The support surface can utilize one or more sensors
to determine the physical presence of the user and/or locate
specific areas of a user’s body (which could be demarcated by
wound dressings or other surface markers). Depending upon
the embodiment, sensors can also be used to determine the
perfusion status, orientation, and other biometric data of the
user. The sensors can be embedded within the support system,
or can be external to the support system. Depending upon the
particular implementation, types of sensors that can be used
in these aspects of the present invention include, but are not
limited to, resistive, capacitive, inductive and magnetic sen-
sors. Reflective, RFID, infrared, pressure, and stress sensors
can also be used in some implementations. Likewise, trans-
cutaneous CO, sensors, hydration sensors, pH sensors, ultra-
sound sensors and remote optical spectroscopy sensors can
also be used in certain implementations. Each of these is
discussed briefly, below.

[0179] Resistive sensors can be used to sense the presence
of auser, or discrete areas on a user’s body, as shown in FIGS.
15A-15B. In this aspect of the invention, the resistance
between two electrodes is continuously monitored. The entire
user, or discrete areas on a user’s body, can be covered in a
material that has a known resistance. When this material
comes into contact with the resistive sensors that are embed-
ded into the support system, a measurable change in resis-
tance occurs. This measurable change in resistance can be
used to identify the presence of the user. A computer can be
used to synthesize data from multiple resistive sensors in
order to generate a physical location map of the user. This
map can be used to show the location of the entire user (or
discrete parts of the user) in relationship to the support sys-
tem.

[0180] The resistance of the material that is used to cover
the user must be sufficiently different from the intrinsic resis-
tances sensed by the sensors of the support system when the
user, or material worn by the user, is not present. The intrinsic
resistance of the support system can be due air, bedding,
plastic, etc. The resistance of the material that is used to cover
the user can be of lower or higher resistance than the intrinsic
resistances sensed.

[0181] In one implementation of this method, a sensing
system can be designed with one or more resistive sensors
placed across its surface. The user wears clothing embedded
with low or high resistance fibers, or a body surface marker
with low or high resistance properties is placed over a specific
area of the user’s body. When the low or high resistance
material comes into contact with the resistive sensors of the
sensing system, the resulting increase or decrease in resis-
tance is measurable, and can be used to identify the presence
of the user or discrete areas of the user’s body.

[0182] Multiple different materials with differing resis-
tances can be placed on the user in some embodiments. With
such a method, the materials of differing resistances can be
used to demarcate specific areas of the user’s body. For
example, if a user had several different wounds, each wound
is covered in a wound dressing that had a different resistance.
When the wound dressings come into contact with the sensing
system, the resulting changes in resistance can be used to
determine the location of each wound in relation to the sup-
port system of the present invention. Being able to differen-
tiate between different wound sites or different regions of the
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body also allows embodiments of the present invention to
adapt differently to the different sites. For example, there may
be different maximum pressures allowed at each site or dif-
ferent methods of varying the pressure at each site. Another
usage is to have the materials of different resistances placed
on different parts of the user’s body, which allows embodi-
ments of the present sensing system to locate and differentiate
between different body parts. This can be used, for instance,
to improve the mapping of the user with respect to the support
system. Note that the ability to differentiate between different
regions of interest, and allowing for different actions to be
taken once the regions are differentiated, can be applied for
other sensing modalities as well that allow for markers that
can be differentiable. Here different resistances are used, but
different capacitances, RF1Ds, and other differentiable mark-
ers can be used.

[0183] Itshould be noted that the user does not necessarily
need to be covered in a resistive material in all embodiments
of the invention. If the intrinsic resistance sensed by the
system in the absence of the user was sufficiently different
from the resistance sensed when the user’s skin or clothing
was in contact with the sensing system, then no special cov-
ering on the user is necessary. In such a method, the skin or
clothing interacts with the resistive touch sensors of the sens-
ing system, and causes measurable changes in resistance. A
user location map can then be generated to identify all loca-
tions where skin or clothing was in contact with the sensing
system.

[0184] The system can be designed to accommodate for
bed sheets, clothing, or other materials potentially interven-
ing between the resistive sensor and the object to be sensed.
[0185] InFIG.15A, one embodiment ofa resistive sensor is
shown. The resistive sensor 1500 is embedded into the sup-
port surface 1505 and the resistance between two leads 1510
is measured. The resistance between the leads changes when
the patient 1515, or a marker material with a different resis-
tance, is placed between the leads. The change in resistance is
detected by the resistive sensor, and this information is sent to
a computer for integration with other sensor data.

[0186] In another embodiment, shown in FIGS. 16A-B,
resistive sensing can be implemented in the form of a pad
1600 which incorporates a resistive touch technology similar
to that found in some touch sensitive displays. In such an
embodiment, nothing needs be placed against, worn by, or
applied to the patient. In an embodiment, such a pad covers
the support surface 1605 or can be placed within or beneath
the support surface (assuming that pressure due to the pres-
ence of a patient is effectively transmitted through the support
surface) and comprises two resistive layers 1610 and 1615
vertically separated, such as by an array of small dots or
columns. Pressure from the patient 1620 laying on the pad
results in the touching of the two layers, from which the
location of the applied pressure can be determined. In an
alternative arrangement, a plurality of resistive pads can be
used, where each pad permits the pressure applied by the
patient to be better quantified and resolved. Body parts caus-
ing the regions of contact can be identified through software
adapted to recognize pressure distributions, which allows the
orientation of the patient to be determined, as well as the
magnitude of the pressure applied by the various body parts.
[0187] An alternative method that can be used to sense the
presence of a user, or a discrete area on a user’s body, is to use
capacitive touch sensors. Here, an electrode can sense the
body’s capacitance. In such a method, one or more capacitive
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touch sensors can be used to determine the location of the user
in relation to the support system. In an embodiment, the user
can also wear a material with a known capacitance, which can
then be detected by the capacitive touch sensors. Specific
areas on the user’s body (e.g. wound areas) can also be demar-
cated using materials with different capacitances. By strate-
gically placing materials with differing capacitances over a
user’s body, a physical location map of the user can be gen-
erated. When multiple different materials are used (with each
having a different capacitance) the capacitive touch sensors
can be used in combination to differentiate between discrete
areas on the user’s body. When used in such a manner, spe-
cific areas on a user’s body can be “tagged” and surface
pressure can be independently regulated at each tagged loca-
tion. This is important for the management of a user with
multiple wounds, where each wound may have a different
maximum pressure threshold.

[0188] Capacitive sensors can be used in a manner similar
to resistive sensors, as described above. As with resistive
sensors, capacitive sensors need not be placed against, worn
by, or applied to the patient to be effective. The capacitive
sensors can be incorporated into a pad, as described previ-
ously. Likewise, multiple body regions can be identified and
their localized contact pressure can be quantified by measur-
ing the capacitance resulting from the patient’s proximity to
the sensor. Depending upon the implementation, one or a
plurality of sensors may be desired.

[0189] Inductive sensors can also be used to detect the
presence of a user, or discrete areas on a user’s body. These
sensors use an induction loop to generate a magnetic field.
The inductance of the loop can be changed by the presence or
absence of nearby metallic materials, which can be placed on
the user. For example, the user can wear clothing that is
embedded with a metallic material, or an adhesive surface
marker can be embedded with a metallic material, or a wound
dressing can be embedded with a metallic material. Materials
that have different inductive properties can be placed on the
user’s body at strategic locations. Such a method allows the
inductive sensors to differentiate between different locations
on the user’s body, thereby generating a physical location
map of the user.

[0190] Inductive sensors can be used in a manner similar to
resistive and capacitive sensors, as described above.

[0191] Magnetic sensors also allow for non-contact sens-
ing, and can utilize a magnetoresistive effect, a Hall effect,
magnetic attraction, or any other means known in the art for
measuring magnetic field magnitude and/or direction. One or
more magnetic sensors can be used by the sensing system to
detect the presence of magnetic materials in proximity to the
support system. Specific areas of the user’s body, or the user’s
entire body, can be demarcated by wound dressings, surface
markers, or clothing that has been embedded with magnetic
materials. Specific areas of the user’s body, or the user’s
entire body, can also be demarcated using a magnetic ink pen
or any other marking capable of being magnetically sensed.
The sensing system can then detect the magnetic field
strength and/or magnetic field direction created by the mag-
netic materials to detect the physical presence of a user and/or
locate specific areas on a user’s body and/or detect any move-
ment of the user relative to the support system. The magnetic
sensors can measure the magnetic field strength and/or the
magnetic field direction produced from any magnetic mate-
rials placed in proximity to the sensing system. There may be
some advantages to measuring magnetic field direction ver-
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sus magnetic field strength, which include: insensitivity to the
temperature coefficient of the magnet, less sensitivity to
shock and vibration, ability to withstand larger variations in
the gap between the sensor and the magnet, and the ability to
detect angular or linear movement of magnetic objects. The
support system can be programmed such that pressure reliev-
ing or pressure eliminating maneuvers are performed at or
around areas demarcated by magnetic materials placed on the
user’s body. The support system can also be programmed
such that pressurization/depressurization sequences are pre-
formed at or around areas demarcated by magnetic materials
placed on the user’s body. Such a method can be used to
encourage blood flow to specific areas of a user’s body.
[0192] It will be appreciated, from the discussion of resis-
tive, capacitive and inductive sensors, that magnetic sensors
can also be placed in a mat covering the support surface, and
whichhas, for example, two layers where the applied pressure
from the patient moves the layers together in a way that can be
measured resistively, capacitively, inductively, or magneti-
cally, without requiring special clothing or wound dressings
or other markers.

[0193] A variation of the location markers is that the mark-
ers can contain a reflective or retroreflective material and a
light sensor can detect light reflected from the marker. The
sensor can be located next to a light source, for example an
LED. When the marker is positioned in such a way that the
light from the light source reflects back from the markeritcan
be sensed by the light sensor.

[0194] Another variation of the location sensor is using
RFID and radio frequency triangulation. The position can be
sensed using RFID by having sensors with a small and/or
directed volume in which the sensors are able to detect the
IDs. Having one or more RFID sensors in known positions
will allow the sensing system to gain information about the
RFID tags once they are in the range ofthe sensors. The RFID
tags can be embedded in body surface markers. An array of
sensors on the sensor system that detects the RFID tags
imbedded in body surface markers and wound dressings is
one possible implementation. Alternatively, radio frequency
communication between tags and readers can be used to
triangulate the location of the tags.

[0195] Infrared (IR) sensors can be used to detect the radi-
ant heat of a user in some embodiments. In one implementa-
tion of this approach, a sensing system has one or more
infrared sensors placed across its surface. Alternatively, the
IR sensors can be placed below the surface of the support
system, where all material between the user and the sensor
allows infrared radiation to pass through it sufficiently to
obtain an accurate reading. Alternatively, the IR sensors can
be placed external to the support surface, where there is
sufficient line-of-site with the user. Such a method allows for
the remote detection of a user’s radiant heat. Thus, infrared
sensors can be used to measure the skin surface temperature
over a large area without directly contacting the skin. By
identifying all locations within the support system that are
transmitting IR radiation, the physical location of the user
relative to the support system can be determined.

[0196] The use of infrared sensors is an established and
reliable method for indirectly measuring skin perfusion.
Infrared sensing of the user’s body can provide useful infor-
mation regarding the temperature of the user at discrete loca-
tions on their body. Temperature mapping, also known as
thermography, can be used to identify locations on the user’s
body that have abnormal thermal characteristics. When tissue
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becomes ischemic, there is a measurable drop in skin surface
temperature. Thus, skin temperature is a marker for perfu-
sion, and abnormal changes in skin temperature may indicate
perfusion abnormalities within tissues. Both the absolute
temperature of the skin, and temperature changes over time
(AT) can be used as markers for perfusion abnormalities. To
determine the AT at discrete areas on the user’s body, the
thermal map of the user must be correlated to a physical
location map of the user. Correlation of the physical location
map of the user with other biometric data can be performed in
the manner previously described. Since skin temperature
variations are known to correlate with perfusion abnormali-
ties, interface pressure can automatically be relieved at areas
registering abnormal temperatures. Such a method can be
used to optimize the user’s perfusion status. Infrared sensors
can comprise a two-dimensional array of discrete sensors
suich as semiconductor photodiodes, bolometric detectors, or
other temperature sensors known in the art. Alternatively, a
thermal imaging camera having a CCD or other two dimen-
sional imaging sensor can also be used.

[0197] Pressure sensors can be used to detect both the
physical presence of the user, and indicate areas of potentially
compromised tissue perfusion. As surface interface pressure
increases, the probability of compromising tissue perfusion
also increases. Sustained surface pressures above 32 mmHg
have been shown to correlate with impaired blood flow, and
thus greatly increasing the risk of tissue necrosis.

[0198] Pressure sensors can be used in conjunction with
other sensors to optimize pressure distribution over the entire
support system.

[0199] The critical interface pressure threshold may vary
between different locations on the user’s body. For example,
areas corresponding to wounded tissue may not tolerate any
surface pressure. Tissues overlying bony prominences may
have relatively low surface pressure thresholds. Tissues over-
lying thick layers of fat or muscle may tolerate relatively high
surface pressures. To assign different surface pressure thresh-
olds to specific locations on the user’s body, the sensing
system needs to be able to correlate user position and surface
pressure data. Further description on how to correlate the
physical location map of the user with other biometric data is
contained herein.

[0200] Inan embodiment, the pressure distribution map of
a user can also be analyzed to determine the position/orien-
tation of said user relative to the support surface. In such a
fashion, the pressure at distinct regions of the patient’s body
can be determined.

[0201] A stress sensor can be used in some embodiments to
measure the stress applied to the support surface due to the
pressure created by the user’s body. Some examples of stress
sensors are strain gauges or piezoresistors or resistive fabrics/
threads that change resistance upon stretching. Stress sensors
can be placed on the surface of the sensing system, or within
the walls of the sensing system. The stress sensors can also be
placed in a sheet or mat that overlies the support surface. The
stress sensors will stretch or compress as a function of the
externally applied pressure due to the user’s body weight. The
stress sensors can also be placed directly on the user’s body to
measure skin stretch or compression. In addition to estimat-
ing pressure, the stress sensors can be used to gather data
about shear stress. The data from the stress sensors can be
used both to determine the physical location of the patient and
to help identify areas of potentially compromised perfusion
due to increased pressure or shear forces.
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[0202] Transcutaneous oxygen pressure (TcPO,) sensors
can be used in some embodiments both to detect the physical
presence of the user and to indicate areas of potentially com-
promised tissue perfusion. The TcPO, is a noninvasive
method for assessing the perfusion status of a user. The
TcPO, is related to the degree of ischemia, with decreasing
oxygen pressures indicating areas of compromised tissue per-
fusion. The TcPO, is considered to be a sensitive and reliable
determinant of a user’s perfusion status.

[0203] TcPO, sensors can be placed on the patient or on the
support surface. The transcutaneous oXygen pressure can also
be measured remotely, as described later in this document.
[0204] Similarly, transcutaneous carbon dioxide pressure
(TePCO,) sensors can be used in an embodiment both to
detect the physical presence of the user and to indicate areas
of potentially compromised tissue perfusion. TcPCO, moni-
tors offer a non-invasive method of continuously measuring
carbon dioxide tension. The TcPCQO, is related to the degree
of ischemia, with increasing carbon dioxide pressures indi-
cating areas of compromised tissue perfusion

[0205] TcPCO, sensors can be placed on the patient or on
the support surface.

[0206] In an embodiment, hydration sensors can be used
both to detect the physical presence of the user and to indicate
areas of potentially compromised tissue perfusion. The
assessment of tissue hydration can be used to detect dehy-
drated or edematous tissue. The hydration status can also be
measured remotely, as described. later in this document.
[0207] The pH at discrete locations on the user’s body can
be detected remotely using a near-infrared light sensor in
some embodiments. This technique can be used to accurately
detect small changes in the pH of subcutaneous tissues. This
technology works by detecting the difference in absorbance
between protonated and unprotonated molecules. As tissue
becomes ischemic, the acid content increases, and the ratio of
protonated to unprotonated molecules increases. Thus, an
increase in protonated molecules correlates with impaired
perfusion, and the support system can automatically offload
pressure at areas identified as having impaired perfusion.
[0208] Ultrasound can be used in some embodiments as a
sensing modality to gather physiologic data from the user.
This data can be used alone, or in combination with other
sensing modalities, to assess the perfusion status of a patient
at discrete locations on their body. Doppler ultrasound can
also be used to assess blood flow. If areas of abnormal perfu-
sion are detected, the support system can automatically opti-
mize surface interface pressure at those locations, and car-
egivers can be alerted. Pressure optimizing maneuvers
performed by the support system can be used to promote
blood flow to critical areas.

[0209] In some embodiments, tissue oxygen tension, car-
bon dioxide tension, pH and hydration status can be analyzed
remotely using near-infrared optical spectroscopy. The skin is
a relatively weak absorber of near-infrared light, so near-
infrared spectroscopy can be used to analyze the epidermis
and dermis. Near-infrared spectroscopy can be used to exam-
ine spatial and temporal changes in tissue hemodynamics and
can provide pre-clinical detection of perfusion abnormalities.
When perfusion abnormalities are detected, the support sys-
tem of the present invention can automatically redistribute
pressure away from areas of compromised tissue perfusion.
[0210] Hemoglobin has distinct absorption bands in the
near-infrared spectrum, depending on whether the heme
group is oxygenated or deoxygenated. When tissue is
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exposed to near-infrared light, the chromophores within the
tissue (such as oxygenated and deoxygenated hemoglobin)
will absorb light at distinct wavelengths. Thus, the light that is
ultimately reflected off of the tissue will contain wavelengths
of light that were not absorbed by the chromophores. Oxy-
genated hemoglobin absorbs near-infrared light strongly in
the 900-950 nm range, while deoxygenated hemoglobin
absorbs near-infrared light strongly in the 650-750 nm range.
[0211] Water is the major component in tissue, and it
absorbs near-infrared light most strongly at wavelengths
above 900 nm. The absorption characteristics of water are
distinct from hemoglobin, so water can be analyzed indepen-
dently of hemoglobin. Therefore, in some embodiments,
near-infrared spectroscopy can provide information regard-
ing tissue hemodynamics, in addition to information regard-
ing tissue hydration and water content. Such a method also
allows for the detection of subclinical edema or swelling.
[0212] With the use of near-infrared spectroscopy, as
shown in FIGS. 17A and 17B, a perfusion map of the patient
can be created. One or more near-infrared light sources 1700
are used to analyze multiple physiologic processes such as
TcO2, pH, and temperature. One or more infrared sensitive
cameras 1705 can be used, placed sufficiently proximate to
but separate from the light sources so as to receive reflected
light from the patient without receiving bleed-over from the
light sources. The support system then optimizes surface
pressure based on the tissue perfusion map. The support sys-
tem can use the data from the perfusion map to automatically
optimize surface pressure distribution and alert nursing staff
or caregivers of any potential abnormalities. Surface interface
pressure can essentially be eliminated at areas that are iden-
tified as having compromised tissue perfusion or signs of
tissue injury. In addition to helping patients with decubitus
ulcers, the present invention can be useful in the treatment of
patients with burns, chronic wounds, skin grafts, flaps, and
other injuries.

[0213] Laser Doppler Flowmetry can also be used for mea-
suring perfusion in cutaneous microcirculation in some
embodiments. The technique works by illuminating the tissue
of interest with light from a low-power laser. The beam of
laser light is scattered within the tissue of interest and some of
the light is scattered back to a sensor. Most of the light is
scattered by static (non-moving) tissue, but a certain percent-
age of the light is scattered by moving red blood cells. The
light scattered by moving red blood cells is distinct from the
light scattered by static tissue (i.e. it has a unique oscillation
frequency), so the oscillation frequency of the backscattered
light correlates with the relative number and speed of moving
red blood cells. Thus, this technique can be used to measure
the relative amount of moving red blood cells and measure
their average velocity. This technique is completely non-
invasive and can be used to interrogate subcutaneous tissue to
a depth of several millimeters. If areas of abnormal perfusion
are detected, the support system can automatically eliminate
surface interface pressure at those locations, and caregivers
can be alerted. Pressure relieving maneuvers performed by
the support system can be used to promote blood flow.
[0214] In some embodiments, it is desirable to combine
perfusion data from multiple sensing modalities to increase
the specificity of the detection system and thereby improve
the ability to detect ischemia. The false positive rate can be
decreased if the perfusion map is generated from the synthe-
sis of data from multiple sources. For example, if the trans-
cutaneous oxygen tension is determined to be low at position
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X, but the pH is normal, the temperature is normal, and the
Laser Doppler Flow is normal at position X, then this can be
considered a false positive transcutaneous oxygen tension
measurement at position X and the support system will take
no action. However, if multiple sensing modalities indicate
that perfusion is compromised at position X, then the support
system can immediately perform pressure relieving maneu-
vers at position X and can alert caregivers. The minimum
number and/or type of sensing modalities that are required to
initiate pressure-relieving maneuvers can be predefined by
the user or caregivers. A weighted mean can be constructed
using data from the different sensing modalities, where the
weight of each sensing modality is determined by its impor-
tance, reliability, and effectiveness in detecting tissue
ischemia.

[0215] In some embodiments, it is desirable to correlate
perfusion data with position data to better address areas of
compromised perfusion on the patient. Perfusion sensors can
be used to determine if certain areas of the body are at risk of
ischemic damage or are in the early/late stages of ischemic
damage. The support system can be designed to dynamically
modulate surface interface pressures, so as to promote
adequate blood flow to target tissues. When the support sys-
tem addresses areas of compromised perfusion, it is helpful to
correlate the ischemic area with an actual physical location on
the user. The methods by which this can be done will vary
depending on whether the perfusion sensors are embedded in
the support system or adhered to the patient’s body.

[0216] Inanembodiment, the support system can have one
or more sensors across its surface. These sensors can be used
to identify potentially ischemic areas. In order to determine
what part of the body correlates with a potentially ischemic
area, the system needs a reference frame to known parts of the
body. Here, reference markers can be placed on the body in
known reference locations such as the elbows, knees, ankles,
wrists, spine, hip, etc. These reference markers can be sensed
by the system using a number of potential modalities (e.g.
capacitive, inductive, resistive, magnetic, RFID, etc). These
reference markers can be used to demarcate known body
landmarks. Each reference marker can also have unique sen-
sible qualities (e.g. differing capacitance, resistance, induc-
tiveness, etc.) such that the support system can distinguish
between the different reference markers and thus identify the
different body landmarks. In such a method, the system can
know, for example, if it’s sensing a reference marker for the
elbow vs. the wrist. If the markers are not unique or differing,
the support system can use the relative locations of the refer-
ence markers, in conjunction with information about the
known shape of the user and possible orientations of the
user’s body to estimate the location and orientation of the user
in relation to the support system. Alternatively, the support
system can take the data from the sensors embedded within it
to determine which sensors in the array are sensing the pres-
ence of the user and use that data, along with the data about
the user’s shape/size/possible motions, to make an estimate of
the user’s orientation and location in relation to the support
surface. For example, a pressure map which is generated from
a support surface that contains pressure sensors, can be used
to estimate the user’s location and orientation. The same
principles described here for pressure sensors can be applied
for most or all sensing modalities.

[0217] Referring next to FIG. 19, in an embodiment the
user’s position, location, and orientation relative to the sup-
port surface is estimated. A model of the body with range of
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motion and weight is created. This can be generic or it can
include data specific to the user. The body model, in combi-
nation with the sensor data is used to generate the location
map.

[0218] In some embodiments, sensors such as perfusion
sensors are placed directly on the patient’s body. These sen-
sors can determine, for instance, if any areas on the user’s
body are ischemic. Perfusion sensors can employ anumber of
different sensing modalities (e.g. transcutaneous oxygen
pressure, skin temperature, etc.). This biometric information,
along with positional information obtained via known refer-
ence markers, can be relayed to the sensing system. In addi-
tion to information regarding the user’s perfusion status, the
reference markers placed on the user can also have unique
identifiers (e.g. differing capacitance, resistance, RFID, etc).
The perfusion sensors can thus be juxtaposed with known
reference markers, so as to link perfusion and position data.
Perfusion sensors and reference/location markers can be
placed in close proximity to each other, or with a known
relationship to each other, so as to create a close link between
perfusion and position data. Knowledge of the specific loca-
tion of each perfusion sensor in relationship to the support
system can be used to generate a tissue perfusion map of the
user. The sensing system can be responsible for sensing both
the perfusion sensors and the location markers, thus allowing
the sensors and markers to be smaller and less complex.
[0219] The transmission of sensor data from the user to the
support system is important in some embodiments of the
present invention. Perfusion sensors can detect a multitude of
different physiologic factors that are markers of ischemia. If
these sensors are located on the user, these sensors must be
able to relay that information to the support system. One
method of accomplishing this is to have wires linking the
sensors on the user’s body to the support system. The sensors
can also be designed to wirelessly transmit information.
Another method of accomplishing this is to have the perfu-
sion sensors induce sensible changes in an indicator. The
indicator is located on the user, and the indicator can be
incorporated into the sensor itself. The changes within the
indicator can then be sensed by the support system. For
example, the perfusion sensors may induce a change in the
capacitance or resistance of an indicator. This change in
capacitance or resistance can be sensed by the system. There-
fore, the system will be able to indirectly receive information
relating to the perfusion status of the user.

[0220] Sensors can be placed over the entire body surface,
orthey can be strategically placed at areas that are at high-risk
for becoming ischemic, such as the hip bones, tailbone, heels,
ankles, and elbows. Strategically placing sensors only at
high-risk areas may reduce the time required to prepare a user
for perfusion sensing. Sensors can also be strategically placed
at locations with a known physical relationship to a high-risk
area, but not directly on the high-risk area. Using fewer sen-
sors may also reduce the total sensor bandwidth, while not
greatly reducing efficacy.

[0221] To aid in the placement of the sensors, an adhesive
sheet with an array of embedded sensors can be placed on the
user. The sheet has printed thereon clear landmarks, so as to
aid in the proper placement of the sensor array. For example,
in an embodiment the sheet has printed landmarks that are
designed to correlate with anatomic landmarks, such as the
L4 vertebral prominence, the ASIS, the trochanters, etc.
These sheets can come in different sizes to accommodate
different shapes and sizes of users. These sheets can also be
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designed to stretch to accommodate different sizes and
shapes of users. These sheets can also be translucent, trans-
parent, breathable, reusable, and/or removable after sensors
are properly placed, leaving the sensors in place. This method
of using a “sheet” of sensors can greatly increase the speed,
ease, and reliability with which the sensors are placed. Sheets
can be made with the features described above to conform to
any body part and can also be designed to accommodate a
wide range of potential sensor arrays. The sensors can also be
embedded in form-fitting socks, undergarments, gloves,
patches, and sleeves.

[0222] In FIG. 18, a sheet 1800 with sensors 1805 having
anatomical landmarks is shown. Such a method allows for the
quick and easy placement of sensors at the hip and tail bones.
It should be noted that the sensors used in the present inven-
tion can be found in many locations and orientations. Possible
sensor locations include, but are not limited to, embedded in
the support surface, embedded in a sheet that overlays the
support surface, or positioned beneath or around the support
surface.

[0223] In many embodiments of the invention, it is desir-
able to optimize pressure at areas corresponding to body
surface markers. The present invention utilizes a novel
method for eliminating interface pressure at areas corre-
sponding to wound dressings or other body surface markers.
One method of accomplishing this is to embed wound dress-
ings or body surface markers with a material that can be
sensed by the system. The sensing system can then track the
location of all wound dressings and body surface markers,
and optimize surface pressure accordingly. Thus, interface
pressure can be reduced or eliminated beneath wounds and
other high-risk areas. There are many ways to make sensible
wound dressings and body surface markers, a few of which
are described herein.

[0224] In an aspect of the invention, wound dressings
capable of being sensed by a remote host through either a
wired or wireless connection are used. Such sensible wound
dressings can also comprise body surface markers 2000 and
2005, such as depicted in FIG. 20. These wound dressings and
surface markers can be composed of an adhesive material,
such that they can be applied to a patient’s skin. The sensing
system can then automatically identify the presence of a
wound dressing or surface marker, and then perform pressure
optimizing maneuvers at those specific locations. As the
patient moves in relation to the support system, the sensing
system can continually track any wound dressings or surface
markers that are in proximity to the surface of the sensing
system.

[0225] In some embodiments of the invention, it is desir-
able to incorporate surface markers into clothing worn by the
patient. The surface markers used in the present invention can
be incorporated into form-fitting clothing, such as socks,
undergarments, gloves, patches, bracelets, or sleeves.

[0226] In FIG. 21 a sock 2100 is shown which has been
embedded with one or more sensible materials. The sensible
materials can be embedded at specific locations of the sock,
such as the heel, lateral malleolus and/or medial malleolus.
The user can wear the sock, and when the sock is placed in
proximity to the surface of the sensing system, pressure opti-
mizing maneuvers can be performed at that specific location.
As the patient moves in relation to the support system, the
sensing system can continually track any socks that are in
proximity to the surface of the support system. Note: socks or
sleeves can be made to conform to any body surface, such as
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the arm or leg. Also, specialized sleeves can be designed to fit
over specific “at risk” areas, such as a tissue graft or flap.
[0227] Also in FIG. 21, an undergarment 2105 is shown
which has been embedded with one or more sensible materi-
als. The sensible materials can be embedded at specific loca-
tions, such as the hips, and sacrum. The user can wear the
undergarment, and when the undergarment it is placed in
proximity to the top surface of the support system, pressure
optimizing maneuvers can be performed at that specific loca-
tion. As the patient moves in relation to the support system,
the sensing system can continually track the undergarment, as
long as it remains in proximity to the surface of the support
system. The undergarment should remain in a fixed position
relative to the patient, such that any movement of the under-
garment directly reflects movement of the patient.

[0228] In an aspect of the invention, magnets 2200 can be
implemented to create sensible body surface markers, as
shown in FIG. 22. One method of creating sensible wound
dressings and body surface markers 2205 is to embed these
items with a flexible, soft, and magnetically receptive mate-
rial. The magnetically receptive wound dressing then inter-
acts with small magnets, or electromagnets, that are con-
tained within each of the support surface’s air columns 2210.
When the magnetically receptive wound dressing is put in
proximity to the support surface, the magnets contained
within the support surface are attracted towards the wound
dressing. Each air column comprises a force sensor that can
measure the magnitude of the magnetic attraction. The sup-
port surface then responds by decreasing the air pressure in
those air columns that register a high force. As the registered
force increases, the air pressure within the corresponding
columns decreases by a proportional amount. Thus, interface
pressure is relieved or eliminated under areas that have mag-
netically receptive dressings. In another embodiment, the
support surface contains an array of magnetic sensors posi-
tioned at some distance beneath the top layer of the support
surface. This magnetic sensor array can be used to determine
the coordinates of magnetic body surface markers placed
within proximity to the sensor array. The location data can be
communicated with the support surface, which then opti-
mizes surface pressure or delivers targeted therapy based on
this information.

[0229] FIG. 22 depicts a method for eliminating surface
pressure beneath wounds using such magnets. A dressing that
contains a magnetically receptive material is used to cover
any wound or tissue. The sensing system contains small mag-
nets that are attracted to this magnetically receptive wound
dressing when the two are placed in proximity. The resulting
magnetic force will be sensed by the system, and air pressure
within the corresponding air columns will be decreased.
[0230] Another method that utilizes magnets is to have
magnetic sensors embedded in the support surface. The sur-
face markers can be made of a magnetic material which can
be easily recognized by one or more magnetic sensors embed-
ded in the sensing system. Magnetic sensors are relatively
cheap, highly sensitive, and allow for non-contact sensing.
Non-contact sensing is advantageous because the user will
not have to “feel” the sensors, which could be uncomfortable.
A specific area of a subject’s body can be demarcated using a
wound dressing, body surface marker, or even clothing (i.e.
sock, underwear, glove, etc.) that has been embedded with a
magnetic material. Or, a specific area of a subject’s body can
be marked out using a magnetic ink pen. The sensing system
can then detect the magnetic field strength and/or magnetic
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field direction created by the magnetic materials to: 1) detect
the physical presence of our test subject, 2) locate specific
areas on our test subject’s body, 3) detect any movement of
our test subject relative to the support system, 4) optimize
interface pressure beneath the magnetic surface marker. The
magnetic sensors can be used to measure the magnetic field
strength and/or the magnetic field direction produced from
any magnetic surface markers placed in proximity to the
support system. There may be some advantages to measuring
magnetic field direction versus magnetic field strength, which
include: insensitivity to the temperature coeflicient of the
magnet, less sensitivity to shock and vibration, ability to
withstand large variations in the distance between the sensor
and the magnet, and the ability to detect angular or linear
movement of magnetic objects.

[0231] The sensing system of the present invention can also
utilize a fabric that can conduct electricity. Body surface
markers can then be placed on the patient, such that when they
come into contact with the sensing system there is a measur-
able change in resistance. Using this method, the sensing
system can track body surface markers on the patient and
regulate surface pressure accordingly.

[0232] Similarly, conductive thread can be interspersed
with normal fabric to add conductivity to a fabric or material.
This can allow normal fabric, paper, or plastic materials to
become conductive (or have lower resistance) while main-
taining, for the most part, their other properties.

[0233] To prevent undesirable interference with other treat-
ment or patient maragement regimens, fuses that limit the
amount of current that can pass through the conductors in the
sensing device can be placed in the sensor sheet. They can be
placed, for example in series with conductors in contact with
the bed or patient. If for instance, defibrillators are to be used
on the patient, the fuses can be used to reduce the flow of
current along the conductors.

[0234] These fuses can be separate from the conductors, but
can also take the form of segments of the conductors. In either
implementation, only a predetermined maximum current is
permitted to flow through them before they break the circuit.
In at least some embodiments, high value resistors can be
used to limit current to levels which present no danger to
either the patient or other equipment in the vicinity.

[0235] An alarm function can be incorporated into the sens-
ing system. If the sensing system determines that a particular
region of the body (as defined by body surface markers) has
been experiencing sub-optimal perfusion for an extended
period of time, then caregivers can be alerted via an audible or
visual alarm. The alarm can be transmitted wirelessly to a
nursing station.

[0236] The sensing system of the present invention can
utilize one, some or all of the sensors described in this docu-
ment to identify areas of compromised tissue perfusion. The
support system can then optimize surface pressure in order to
restore blood flow to under-perfused areas.

[0237] Any of the above concepts, sensors, and devices can
be applied for use on a chair, wheel chair, operating table, or
any other support surface.

[0238] In an embodiment, pressure sensors are embedded
into the surface of the operating room table. The pressure
sensors are used to generate a pressure map of the operative
patient. If any area registers a high pressure for an extended
amount of time, an alarm will sound. Then, the patient the
patient’s position can be adjusted so that the pressure is
relieved.
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[0239] A system can be designed where a sheet of pressure
sensors is securely placed over the surface of the operating
table prior to the operation. Alternatively, a sheet composed
of a pressure sensitive fabric can also be used. The sheet may
be disposable.

[0240] When the sensing system detects areas of compro-
mised tissue perfusion or tissue injury, interface pressure can
be eliminated at those specific locations. Stated differently,
pressure at specific locations on the patient’s body can be
offloaded in some embodiments of the present invention. The
support system can be designed to relieve pressure around
specific locations in a gradual fashion. Such gradual pressure
offloading prevents sudden and dramatic changes in interface
pressure. Dramatic pressure changes can lead to, amongst
other things, poor circulation or a feeling of “dropping out” of
the support system. The magnitude of the pressure gradient
can be adjusted and the minimum interface pressure can be
set. The rate of pressure offloading can also be adjusted. The
rate of pressure offloading per unit distance from a given
location can be defined by the user or caregivers. The rate of
pressure offloading over time can be defined by the user or
caregivers. These adjustments can be made to maximize com-
fort or to optimize the depressurization at and around target
areas.

[0241] InFIG. 23, certain areas requiring pressure relief are
marked (indicated by the ovals). In the case of a single marker
2300, interface pressure is gradually reduced and the pressure
is lowest directly beneath the marker. When multiple markers
2305-2310 surround an area that requires pressure relief, the
pressure is gradually decreased and the pressure is lowest
within the region cordoned off by the markers at a computed
optimal location.

[0242] The support system can be designed in some
embodiments such that it allows for sequential increases or
decreases in interface pressure at specific locations. Such
sequential pressurization and depressurization can be used to
promote blood flow to selected tissues. In one implementa-
tion of this method, a support surface that contains a plurality
of air columns is embedded with an array of sensors, such that
the perfusion status of the user can be determined at discrete
locations. The individual air columns can regulate their air
pressure in order to optimize blood flow to target tissues. The
dynamic air pressure changes can be designed to follow cet-
tain patterns that are known to facilitate blood flow, such as
having pulses or waves of pressure move radially towards or
away from target tissues. Other modes of pressure change are
also possible.

[0243] InFIG. 24, different patterns of pressure change are
shown. The dotted lines show local maxima of pressure that
shift as indicated by the thick arrows. Shown here are expand-
ing rings of pressure 2400, rotating radial lines of pressure
2405, and lines of pressure moving in one direction 2410.
Also shown is the pressure at high risk areas being lowered or
eliminated using any given pattern of pressure change.
[0244] In addition to varying the maximum pressure of an
alternating pressure support system, other features can be
modulated. These include, for any location along the support
system, the minimum pressure, the frequency of pressure
changes (including a frequency of 0 Hz, ie. no pressure
change), the duration of high pressure (or duty cycle), the
amplitude change, the maximum and minimum amplitude,
and the rate at which pressure changes occur. Location sens-
ing of body surface markers can allow for these variations in
pressure optimization to be targeted to specific areas on the
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body. One example of this is for the head to be demarcated,
such that surface pressure at this location remains relatively
or absolutely constant, so as to allow for a stable head support.
[0245] In some embodiments, the support surfaces and
devices described in this document can employ learning algo-
rithms that determine which pressure optimization tech-
niques work best for each individual patient. The algorithms
can take into account perfusion data from sensors that is
acquired before, during, and after different pressure optimi-
zation maneuvers are performed. The effectiveness of the
different pressure optimization maneuvers is recorded and
assessed to determine which maneuvers, or of combination of
maneuvers work best for an individual patient. Though this
canbe effective for any user, those users who spend more time
on the support surface will benefit most from having a pres-
sure optimization protocol that is more robust and customized
based on their specific physiologic parameters. Though per-
fusion is one measure that can be optimized by the learning
algorithm, other measures can also be optimized using the
learning algorithm.

[0246] Certain locations on the body are especially suscep-
tible to developing ulcers, such as the hip bones, tailbone,
heels, ankles, and elbows. Areas at high-risk for developing
ulcers can be demarcated using body surface markers that are
applied using an adhesive sheet, as shown in FIG. 18. The
lower image shows a more detailed view of the adhesive sheet
that is used to apply multiple body surface markers both
quickly and also in the correct orientation with respect to the
patient and each other.

[0247] Intheselocations, the pressure is often concentrated
over bony prominences. The use of cushioning and support-
ive materials at these sites can distributes pressure over a
larger area, thus relieving pressure over bony prominences.
The use of such devices can help prevent ulceration and aid in
the healing of wounds and ulcers.

[0248] One common problem with such devices is that
pressure is relieved at high-risk locations whileby transfer-
ring pressure to other sites, thereby increasing the risk of
ulceration at these other sites. Two improvements are
described herein: 1) utilizing a gradient of depressurization
and 2) having the support cushion perform dynamic pressure
optimization maneuvers.

[0249] A currently available cushion and supportive device
that fits on the heel is often used to help relieve pressure on the
heel. Whereas the pressure can be easily distributed in the
case of a heel or elbow (given their low mass), the improve-
ments mentioned above can allow cushions and supportive
materials to be used at heavily loaded areas, such as the hip
and tailbone.

[0250] FIG. 27 shows the pressure adjustments in one
embodiment for a support surface 2700. The pressure is
reduced at the high-risk area 2705, and there is no dramatic
pressure differential between the edges of adjacent columns
2710 of the cushion. The resulting pressure drop is gradual.
This method of gradual pressure redistribution can be used to
optimize perfusion at high-risk areas while also improving
patient comfort.

[0251] The pressure gradient can be adjusted and custom-
ized for each specific user, body part, or wound site. Discrete
areas of individually controlled pressure exist in the cushion.
The pressure at discrete areas within the cushion can be
independently regulated by adding/subtracting a substance
from these areas. This substance can be a soft solid material
such as foam; a fluid such as water; or a gas such as air.
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[0252] 1In addition to a pressure gradient, the cushion/sup-
port device can also create shifting/or dynamically changing
pressures. In one instance, this can be accomplished by hav-
ing the pressure within the individual chambers of the cushion
controlled by a pump or other air pressurization device. The
pressures can then be automatically adjusted and modulated
over time. The pressure changes can follow selected patterns
to facilitate blood flow, such as having pulses of pressure that
move radially away or towards the side of risk or damage.
Similarly, the pulses or waves of pressure can fan out from the
area of risk and/or move around it. Other modes of pressure
change are also possible.

[0253] InFIG. 25, different patterns of pressure change ina
cushion are shown. The dotted lines show local maxima of
pressure that shift as indicated by the thick arrows. Here
shown are expanding rings of pressure 2500 and rotating
radial lines of pressure 2505. Also shown is the pressure atthe
areas of risk being lowered or eliminated with any given
pattern of pressure change.

[0254] These same techniques can be applied to the heel
and elbow and other areas of the body as well.

[0255] The support cushion described above can be
designed to accommodate any or all of the sensing mecha-
nisms described in this document. By incorporating perfusion
sensors into the support cushion, the hemodynamics of the
target tissue can be monitored and pressure can be optimized
to facilitate blood flow. Any of the concepts, sensors, and
devices mentioned in this document can be used in conjunc-
tion with the support cushion.

[0256] Using the concepts and sensors described in this
document, sleeves, patches, or dressings can be designed that
monitor the perfusion status of a user at any location on their
body (not just tissue that is in contact with the support sys-
tem). If abnormal perfusion is detected, an alarm can be used
to alert caregivers. Such devices can be particularly useful in
monitoring the perfusion of a tissue graft or flap.

[0257] An arrangement of air columns in different orienta-
tions is one variation of a support surface that allows for fine
two-dimensional control of surface pressure with fewer air
columns required.

[0258] Shown in FIG. 26 is a support surface with two
layers of horizontal air columns 2600-2605 that are arranged
perpendicular to each other.

[0259] Ifonlyacolumnonthe toplayer deflates, the rows in
the bottom layer will expand as their pressure is higher than
the top layer such that the area covered by the deflated top
layer column is supported by the bottom layer rows. The top
layer columns and bottom layer rows are arranged perpen-
dicular to each other. Ifonly a bottom layer row is deflated, the
top layer column expands such that the area covered by the
bottom layer row is supported by the top layer column. If atop
layer column and a bottom layer row are both deflated, then
the only area not fully supported by both top and bottom
layers corresponds to the area where the deflated column and
row intersect. Thus, modulating the pressure in both rows and
columns allows surface pressure to be controlled at specific
locations.

[0260] The devices and methods of the present inventions
have a variety of other applications. For example, the support
system can be designed to minimize shear forces or regulate
temperature or adjust humidity. There are also applications
outside of the treatment of wounds. For example, the sensing
system can be utilized by patients with diseases such as Cystic
Fibrosis, where they require localized chest percussion
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therapy (CPT) at regular intervals. More specifically, embodi-
ments of the present invention for creating variable pressure
patterns can be used to create an automated percussion pro-
tocol that optimizes the expulsion of mucus in patients with
Cystic Fibrosis. The same principle can be used in other
applications where percussion therapy can be of benefit.
Other potential applications of the present invention are
described briefly herein.

[0261] The ability to detect shear forces directly and to
eliminate them improves the treatment and prevention of
wounds and pressure ulcers. One method to detect shear
forces is to place shear sensors, such as strain gauges or
piezeoresistive sensors, at the interface of the skin and the
support surface. In one implementation, the shear sensors can
be imbedded at or just beneath the surface of the support
surface. The shear sensors can also be placed in a sheet that is
placed on top of the support surface. The shear sensors can
also be attached directly to the skin. These shear sensors can
be used to sense a force that causes a stretch or compression
in directions that are tangential to the surface of the skin.
[0262] Another approach is to use conductive fabric or
threads that change resistance based on their stretch. Measur-
ing changes in resistance can be used to quantify stretch in the
surface which can be correlated to shear forces. Shear forces
can be estimated by knowing the orientation of the patient
and/or the position of the support surface on which the patient
is lying or sitting.

[0263] Once a shear force is detected, a number of actions
can be taken, depending upon the embodiment. One or more
shear sensors can form a map of the shear forces at different
locations along the support surface or on the skin of the user.
The areas experiencing highest shear forces can be high-
lighted to alert the user or caregiver to reposition the user to
reduce shear forces. A map of shear forces along the support
surface or on the skin of the user can be generated to monitor
shear forces.

[0264] In addition to detecting shear forces, embodiments
of the support surface can be used to automatically eliminate
excess shear forces. Once a shear force above a certain thresh-
old is detected, the support surface determines the location
where the force is generated. A method similar to that dis-
cussed above for correlating perfusion sensor data with
patient position can be used for sensor data localization,
where shear sensors are used instead of perfusion sensors.
The support surface can then adjust the interface pressure at
and around the location of the shear force, so as to relieve the
shear force.

[0265] One method of automatically eliminating shear
forces involves increasing pressure at areas surrounding the
area of increased shear force, and then reducing the pressure
at the area of increased shear force, until sufficient pressure is
relieved such that the skin/tissue and support surface may
move/slide relative to each other.

[0266] In order to prevent excessive frictional forces, the
reduction in pressure can be fast and allow for complete
elimination of pressure. Such a method allows for relative
motion of the skin and support surface without contact. The
pressure changes that aim to reduce shear forces can be tem-
porary, so as to allow the support system to quickly reacquire
the optimal resting pressure conditions.

[0267] The pressure changes created by an embodiment of
the invention that aim to reduce shear forces can employ
moving pressure waves, rings of pressure reduction, or alter-
nating areas of increased/decreased pressure. The optimal
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method of shear force reduction can depend on the size,
shape, and fragility of each specific skin area.

[0268] The support system can incorporate a feature in
which a sufficiently high shear force must be present for a
certain amount of time before any action is taken. Such a
method can help eliminate actions triggered by transient and
self-limited increases in shear forces.

[0269] Theuser, perhaps due to sensory deficits, may not be
able to feel shear forces and therefore may not be able to
adjust their position accordingly. In the present invention,
shear forces can be monitored and automatically eliminated.
The user and/or caregiver can be alerted if shear forces cannot
be automatically eliminated by the support surface.

[0270] When the shear force sensors are not placed directly
on the skin, but are instead placed, for instance, in the support
surface, some of the shear forces detected may not be trans-
ferred to the skin. Instead these detected shear forces may be
due to pressure and the natural stretch of the material in which
the sensor is imbedded. Since the shear force experienced by
the skin is the measurement of interest, it is useful to deter-
mine which forces measured are most likely transferred to the
skin. One method to do this is to correlate a shear force
sensing map with a pressure sensing map. Where the pressure
is sufficient and likely to be responsible for a given sensed
shear force, this shear force reading can be ignored or sub-
tracted. The remaining shear forces can be assumed to be
more likely to be transferred to the skin. This method can be
customized to varying degrees by allowing adjustable levels
of ignoring, subtracting, or weighting of data from shear
forces sensors.

[0271] Moisture and temperature regulation can also be
important in the prevention and treatment of wounds. For
moisture it is important to keep areas of uninjured skin dry in
order to avoid maceration. For wounds, it may be important to
keep these areas moist and to not let them dry out. The
humidity of the air surrounding the skin and the presence of
fluids can be detected by the sensing system. Humidity sen-
sors and fluid sensors can be placed on the skin or in the
support surface. Wound areas can be demarcated, and areas
that have suboptimal moisture levels, whether too wet or too
dry, can be detected. For areas with excess moisture, the
support surface can act to reduce moisture. For instance, the
permeability of the support surface can be changed. The
support surface can have water channels that open and allow
for fluid to drain, be wicked away, or be suctioned out. The
support surface can also allow for gas to be blown in and exit,
so as to allow for moisture to evaporate. The support surface
can reduce the pressure at a certain area to allow for gas to
flow between the skin and the support surface. In areas with
insufficient moisture, the moisture reduction methods can be
stopped or moist gas can be delivered to the area of reduced
moisture.

[0272] Temperature regulation is important for wound pre-
vention and treatment. Temperature regulation is a problem
particularly for users with impaired body temperature regu-
lation. Individuals with a spinal cord injury (SCI) may have
difficulty maintaining a constant body temperature, with loss
of reflex sweating or regulation of blood flow. For tempera-
ture sensing, several methods exist, including thermisters,
radiant heat detection, and IR sensors. Once an area of sub-
optimal temperature is detected, the support surface can act to
correct the temperature. Several methods can be used for
temperature control including, but not limited to: pumping
heated or cooled liquids or gas near the surface of the support
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surface; pumping gas between the skin and support surface
to encourage heat loss by evaporation; using thermoelectric
heating and cooling elements; using electric heating ele-
ments; and alerting the user or caregivers of the suboptimal
temperature, so that action can promptly be taken.

[0273] The support surface can optimize the surface tem-
perature at discrete locations on the user’s body. It is known
that heat delivered to specific regions of the body, such as the
back, can have a relaxing and therapeutic effect. Since the
sensing system of the present invention can identify specific
locations on a user’s body, heat can be delivered to a user at
specific locations. Similarly, cooling can be delivered to any
part of the body. The sensing system can determine the
location of these specific body locations, either by generat-
ing a physical location map of the user or by employing
markers on the user’s body. If body surface markers are
used, multiple unique body surface markers can be applied
to specific areas of the body, such that the temperature at
each body surface marker can be different. Heating and
cooling cycles and protocols can also be employed.

[0274] In some embodiments, knowing the position of the
user and being able to change, sufficiently, the pressure
across the support system at specific locations allows for
automatic rolling of users. For example, if users are lying on
their back, pressure can be increased on one side of their
body while pressure is simultaneously being decreased on
the other side, effectively causing or encouraging a roll. This
can be extremely beneficial for patients who are prone to
developing pressure ulcers, and should be rolled frequently.
This can also be useful, for instance, for users with sleep
apnea or snoring problems who may experience fewer sleep
disturbances while sleeping on their side. In such a situation,
the support surface can detect when a user is in an unfavor-
able position and can roll them accordingly. The system can
detect when a sufficient roll has been achieved, at which
point the surface pressure may revert back to its normal
state.

[0275] For patients with CHF, the support system can
adjust to tilt the patient (head up and feet down) to decrease
strain on the heart. This can be used in conjunction with a
pulse oximeter, or other sensors, to detect small changes in
blood oxygenation.

[0276] With the use of body surface makers, the system
can identify body surface regions corresponding to the lung
fields and deliver percussion or vibration therapy directly to
those locations. Percussion and vibration therapy can also be
delivered in a specific pattern with respect to the lung fields
in order to maximize expectoration of respiratory mucus and
debris. Pulmonary therapy delivered in this manner may aid
in keeping the lungs clear.

[0277] The inventions and devices described in this docu-
ment can also be designed for use by the general consumer
population. One implementation for the general consumer is
a device that generates a physical location map of a user’s
body and then optimizes surface pressure for the purposes of
enhancing ergonomics. This allows the support system to
automatically and dynamically customize ergonomics for
each specific user and in response to the user’s current
position and specific problem. Such technology benefits
those who have back problems who require, for instance,
specific lumber support. The sensing system is able to
identify the lumbar region of the user, and optimize surface
pressure to support the lumbar region. Furthermore, the
support system in such an embodiment is able to adjust
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pressure across its surface to allow the user to rest in a
neutral, ergonomic, and healthy position.

[0278] In another aspect of the invention, an embodiment
of the sensor 300 configured to detects sleep cycles can be
used with the system of FIG. 1 to enable the sensing system
to be able to function as an alarm clock. It is beneficial to be
awoken at a specific stage in the sleep cycle (i.e. immedi-
ately after REM sleep). The sensing system can determine
what stage of the sleep cycle a user is in by either directly
measuring the EEG or by indirectly monitoring other bio-
metric data (such as movement, because people are para-
lyzed during REM) in the manner taught hereinabove. The
user is then awakened at the optimal time via any sensory
stimuli (visual, auditory, olfactory, touch) appropriate to that
patient. The support system can also regulate surface pres-
sure to encourage the patient to exit the support system at the
desired time. The patient can designate a time range in which
they would like to be awoken. The system can then identify
the best time within this range to wake the patient.

[0279] In another aspect of the invention, the operating
table can have a pressure sensing mat across its surface. The
mat can be embedded into the operating table, or can be
securely wrapped across the surface of the support system
(like a bed sheet). A pressure map of the patient can then be
generated. If areas of high pressure are noted for greater than
one hour, or other predefined amount of time, then the
caregiver is alerted. Since patients are typically paralyzed
when on the operating table, they should not be moving, and
there is no need to correlate position and pressure maps. An
LCD display associated with the pressure sensors can be
used to indicate where the area of high pressure is located in
relation to the operating table.

[0280] Pressure sensing pads can be used to monitor
pressure between body parts or between body parts and
other objects. For example, between the knees, between
elbows/wrists and the side of the body. When the patient is
lying on the side or when the arms are bound close these
areas can experience high pressures as well. The pressure
mats can be shaped and formed to help stay in place and also
help to pad these areas. Caregivers can be alerted if sus-
tained periods high pressure are measured.

[0281] Because the sensing system can determine the
exact position of the patient relative to the support system,
the support system can be used to aid in rapid airway
management by automatically positioning the patient in an
orientation that facilitates intubation. For example, the neck
can be forced to protrude, so as to increase glottic exposure.
The head of the bed can be elevated, so as to decrease the
work of breathing (obese patients can sometimes have
difficulty breathing while lying flat). Elevating the head of
the bed can also be useful for patients with sleep apnea or
congestive heart failure, where a vital signs monitor can be
used to determine the appropriate incline level (as the
respiratory rate increases or oxygen saturation decreases, the
level of incline increases).

[0282] In another aspect of the invention, the maximum
size of an acceptable “indentation” in the support surface
can be predefined, so as to prevent the user from falling into
a hole created in the support system. Having a maximum
limit can be important when treating patients with large
wounds. Smaller areas of reduced pressure can migrate
under the wound area, so as to minimize pressure over a
large space for periods of time.
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[0283] Tt will also be appreciated that, while the foregoing
primarily discusses support surfaces for hospitals and nurs-
ing homes, the technology of the present invention has
broader potential applications. For example, the technology
can be utilized in the home or car. For example, a wallet in
the back pocket can be a nuisance when driving. A wallet can
be embedded with or contain a sensible material. Then,
whenever the user’s wallet is placed in proximity to the seat
of the car or wheelchair or other support surface, a small
indentation is automatically created at the location corre-
sponding to the wallet. This allows the patient to sit com-
fortably in the seat of their car, without having to remove
their wallet from their back pocket. This method need not be
confined to wallets, and instead is appropriate for any
objects close to the body that create discomfort or increase
the risk of pressure ulcer formation.

[0284] This document focuses on the use of “air columns”
as the basis of the support system. It should be noted that air
columns are not required in all embodiments. Any support
system that can regulate its surface pressure at discrete
locations c¢an be used. Other methods include, but are not
limited to: hydraulic systems, columns of bubbling sand and
mechanical pistons.

[0285] Having fully described a preferred embodiment of
the invention, and numerous aspects thereof, as well as
various alternatives, those skilled in the art will recognize,
given the teachings herein, that numerous alternatives and
equivalents exist which do not depart from the invention. It
is therefore intended that the invention not be limited by the
foregoing description, but only by the appended claims.

Sep. 29, 2016

We claim:

1. A system for monitoring the physiologic condition of a
patient for automatically providing risk assessment of the
patient for use in pressure ulcer management comprising

at least one sensor configured to be affixed to a patient for

automatically measuring at least one patient parameter
selected from a group comprising activity level, mobil-
ity level, friction, shear force, moisture, incontinence,
humidity level, hydration, nutrition status, sensory per-
ception, tissue perfusion, and

processor responsive to the at least one patient parameter

for providing as an output data representative of risk
assessment of the patient for use in pressure ulcer
management.

2. The system of claim 1 wherein the data representative
of risk assessment comprises part of the data used to assess
Braden score for the patient.

3. The system of claim 1 further comprising

data storage having stored therein patient-specific data,

the stored patient-specific data being configured to be
retrieved for use in combination with the data repre-
sentative of risk assessment to assess Braden score for
the patient.

4. The system of claim 2 wherein at least one of nutrition
status and sensory perception are entered manually.

5. The system of claim 3 wherein the patient-specific data
includes patient identification.

6. The system of claim 5 wherein the patient-specific data
comprises at least one of a group comprising height, weight,
BMI, mass distribution, pressure ulcer history, co-morbidi-
ties.

7. The system of claim 6 wherein at least one of the group
of patient-specific data is entered manually.
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