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ADVERSE EVENT MITIGATION SYSTEMS,
METHODS AND BEVICES

This disclosure claims priority to U8, Provisional Application Ser. No.
61/6530.022, filed on May 22, 2012 and titled ADVERSE EVENT MITIGATION
SYSTEMS, METHODS AND DEVICES; US. Provisional Application Ser. No.
61/729 808, filed on Noventber 26, 2012 and titled ADVERSE EVENT MITIGATION
SYSTEMS, METHODS AND DEVICES, and US. Provisional Application Ser. No.
617792911, filed on March 15, 2013 and utled DEVICES, SYSTEMS, AND METHODS
FOR THE PREVENTION AND TREATMENT OF SLEEP APNEA; the contenis of each

are incorporated herein by reference.

BACKGROUND OF THE DISCLOSURE

This disclosure relates generally to adverse event mitigation systemis, devices and
methods. More particularly, but not exclusively, one illustrative embodiment relates to a
system configured fo mitiate an itervention to help reduce the likelibood of an adverse
event occurring and/or stop an adverse event in progress. While various systems have been
developed, there 1s still room for wmprovement. Thus, a need persists for further

contributions m tls area of technology.
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SUMMARY OF THE DISCLOSURE

A method comprises determining a person’s level of risk for developing an adverse
condition; selecting a care protocol based on the level of nisk; displaving a propeosed
configuration of a person support structure comresponding to the care protocol for a
caregiver o approve; and upon approval by the caregiver, implementing the configuration.

A method comprises recerving a signal indicative of a phystological characteristic;
comparmg the signal to a threshold to defermine if an adverse event is tn progress; and
upon detecting that an adverse event 15 in progress, mniiating an mtervention to stop the
adverse event.

A person support surface comprises a mattress ticking and a mattress core. The
matiress core is enclosed by the mattress ticking and mchides at least one thud bladder
configared to selectively profrude from the person contacimg surface and support a
portion of at least one of the neck and the vpper back of an occupant supported on the
person support surface.

A method comprises determining a person’s level of risk for developing an adverse
condition; selecting a care protocol based on the level of risk; sensing a first physiological
characteristic of a person supported on a person support stiucture; sensmg a secomd
physiological characteristic of the person; comparmg the first physiological characteristic
to the second physiological characteristic; if the difference between the first phvsiological
characteristic and second physiological charactenistic is outside a predefined range,
confisurmg the person support structure as a function of the care protocol.

A method comprises determining a person’s level of risk for developing an adverse
condition; selecting a care protocol based on the level of nisk; sensing a first physiological

characteristic of a person supported on a person support stractire; sensmg a second
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physiological characteristic of the person; comparing the first physiological characteristic
to the second physiological charactenistic; if the difference between the first physiological
characieristic and second physiological characterisiic 18 oniside a predefined range,
alerting a caregiver that an adverse condifion 15 gowmg to vocur.

In one aspect, a support system defines a sleep surface configured to support a user
thereon. The support system mclndes a plurality of support pieces. Each support piece
defines a respective support plane having a lateral angle of rofation (or lateral rofational
angle} with respect to a base swiace of the support piece or an underlying surface. Ina
particular aspect, one or more of the respective support planes miayv alse have a
longitudinal rotational angle with respect to a base surface of the support piece or an
underlving surface. A first support piece of the plurality of support pieces defines a first
support plane having a lateral rotational angle different from the lateral rotational angles of
the other support planes.

Additional features alone or m combination with any other feature(s), mcludmng
those listed above and those listed i the clanms and those descenibed m detad below, can
comprise patentable subject matter. Others will become apparent to those skilled 1 the artt
upon consideration of the followmmg detailed description of ilustrative emboduments

exemplifying the best mode of canrving out the mvention as presently perceived.
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BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the illnstrative examples in the drawings. wherem like munerals
represent the same or sunilar elements thronghout:

FIG. 1 1s a partial diagrammatic view of an adverse event mifigation system
according to one embodiment of the carvent disclosure;

FIG. 2 15 a side perspective view of a person support apparatus and person support
surface of Fig. 1]

FIG. 3 15 a cross-sectional side view of the deck of the upper frame and the person
support surface of Fig. 2;

FIG. 4 1s a cross-sectional view of a portion of the person support surface of Fig. 2

(=]

‘

showing the lavers of the person support surface;

FIG. 5 15 a side view of the person support surface of Fig. 2 according to another
embodiment showing supports configured to support the cervical vertebrae and scapula;

FIG. 6 15 a block diagram of a proactive procedure according to one embodiment;

FIG. 7 1s a block diagram of a reactive procedure according to one embodiment;

FIG. 8 15 a block diagram of a predictive procedure according to one embodiment;
and

FIG. @ 15 a partial diagrammatic view of a garment configured to rotate a person.

FIGS. 10A-10C are partial diagrammatic views of a person support apparatus
configured fo rotate a person m accordance with one or more embodiments disclosed
herein.

FIG. 11 15 a perspective view of an exemplary support system supporting a user on
a sleep surface defined by the support system;

FIG. 12 15 a perspective side view of the support svsiem shown m FIG. 1i;
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FIG. 13 is a side elevational view of the support system shown i FIG. 11

FIG. 14 1s a front elevabional view of the support system shown m FIG. 11

FIG. 15 15 a schematic view of an exemplary support system;

FIG. 16 15 a partial fronf view of the support system shown o FIG. 15 dlusirating a
lateral rotation of planes;

FIG. 17 15 a partial side view of the support svstem shown m FIG. 15 dlustrating a
longtiudinal rotation of planes;

FIG. 18 shows an exemplary control systent operatively coupled to the support
system shown in FIG. 13;

FIG. 19 is a side view of an exemplary support system including a plurality of
independently rotatable support pieces;

FIG. 20A 15 a cross-sectional view of the support system shown 1 FIG. 19 taken
along sectional hine 20A in FIG. 19;

FIG. 20B is a cross-sectional view of the support system shown m FIG. 19 taken
along sectional line 20A 1 FIG. 19 and rofated 180° about a longitndinal axis of the
support system;

FIG. 21 15 side view of an exemplary support system including a phuwahity of
SHPPOTT pieces;

FIG. 22 15 a side view of the support system shown 1 FIG. 21 meluding a spacer
positioned between adjacent support preces;

FIG. 23 1s a side view of an exemplary support svstem mcluding a phwahity of
support pieces;

FIG. 24 15 a side view of the support system shown m FIG. 23 mcluding a spacer

replacing one of the support pieces;
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FIG. 25 is a perspective view of an exemplary support system showing a greafer
number of support wedges to allow more gradual changes m edge angle along a length of
a sieep surface;

FIG. 26 15 a top plan view of an exemplary support system supporfing a user on a
sleep surface defined by the support system;

FIG. 27 1s a side view of the support svstem shown in FIG. 26 illustrating a
confmuous support piece exhibiting a gradual densitty transition along a longitudmal length
of the sleep surface;

FIG. 28 13 a top plan view of an exemplary dynanyic support systent;

FIG. 29 is a front view of an exemplary dvnamic suppott system;

FIG. 30 15 a top view of the dynanuc support systers shown m FIG. 29;

FIG. 31 15 a side view of the dynamic support system shown m FIG. 29 illustraiing
a lateral rotation of planes;

FIGS. 32-35 illustrate various configurations of fluid bladders forming atf least a
portion of the dynanuc support svstem shown in FIG. 29;

FIG. 36 1s a schematic view of an exemplary dynanue support svsteni;

FIG. 37 ilstrates an exemplary method for monttoring sleep activities of a user
positioned on a dynanue support system, such as the support system shown m FIG: 36;

FIGS. 38-41 illusirate an exemplary heurisiic control of an apuea therapy surface
function;

FIG. 42 15 a perspective view of an exemplary contumous lateral rotation therapy
{CLRT) system:

FIG. 43 15 a front view of a confrol system configured o control the CLRT svstem

shown i FIG. 42
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5 FIG. 4413 a cross-sectional view of the support systemn shown in FIG. 42

FIG. 45 13 a cross-sectional view of a portion of the support system shown m FIG.

FIG. 46 15 a cross-sectional view of an exemplary support svstem with fixed-length
bands to restrict fluid bladder mflation;
10 FIG. 47 15 a front perspective view of a front pertion of an exemplary posture shart;
and

FIG. 48 1s a rear view of a back portion of the posture shart shown m FIG. 47,
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DETAILED DESCRIPTION OF THE DRAWINGS

While the present disclosure can take many different forms, for the purpose of
promoting an understanding of the principles of the disclosure, reference will now be
made to the embodiments illustrated in the drawmgs, and specific langnage will be used to
describe the same. No limitation of the scope of the disclosure 15 thereby mtended.
Varous alterations, further modifications of the described embodiments, and any further
applications of the principles of the disclosure, as described bheremn, are contemplated.

An adverse event mifigation system 10 according to one contemplated embodunent
1s shown in Figs. 1-8. The adverse event nutigation system 10 s configured to help reduce
the likelihood of an adverse event occurring and/or stop an adverse event in progress. In
some contemplated embodiments, the adverse event nutigation system 10 may help reduce
the bikelthood of obstructive sleep apnea cccmring andfor may help stop an obstractive
apnea event in progress. In other contemplated embodiments, the adverse event mitigation
systemn 10 may help reduce the likelihood of other adverse events occurrmg and/or stop
other adverse events m progress.

The adverse event mitigation system 10 mchudes a person support apparatus 12, a
person support surface 14 supported on the person support apparatus 12, and a control
system 16 as shown m Fig. 1. In some contemplated emboediments, the person support
apparatus 12 15 a bospital bed frame and the person support surface 14 1s supporied
thereon as shown m Fig. 2. In other contemplated embodiments, the person support
apparatus 12 can be a stretcher, an operating room fable, or other person supporting
structure. The person support apparatus 12 mchides a lower frame 17, supports 18 or hfi

mechanisms 18 coupled o the lower frame 17, and an upper frame 20 movably supported



10

I~

b
(s

[ ]

WO 2013/177338 PCT/US2013/042313

above the lower frame 17 by the supports I8 as shown m Fig. 1. The hift mechanisms 18
are configured to raise and lower the upper frame 20 with respect to the lower frame 17
and move the upper frame 20 bebween vartous onentalions, such as, Trendellenburg and
reverse Trendellenburg.

The upper frame 20 mcludes an upper frame base 24, a deck 26 coupled to the
upper frame base 24, and a phuality of actuators 27 coupled to the upper frame base 24
and the deck 26 as shown m Fig. 2. The pluraliiy of actuators 27 are configured to move at
least a portion of the deck 26 along at least one of a longitudinal axis, which extends along
the length of the upper frame 20, and a lateral axis, which extends across the width of the
upper frame 20, between various articulated configurations with respect to the upper frame
base 24. The deck 26 mcludes a calf section 28, a thigh section 30, a seat section 32, and a
head and torso section 34 as shown m Fig. 3. The calf sectton 28 and the thugh section 30
define a lower Limb support section LL1. The head and torso section 34 define an upper
body support section Ul The seat section 32 defines the seat section S1. The calf section
28, the thigh section 30, and the seat section 32 define a lower bedy suppert section LB1
Af least the calf section 28, the thigh section 30, and the head and forso section 34 are
movable with respect to one another andior the upper fiame base 24. In some
contermnplated embodunents, the calf section 28, the thigh section 30, the seat section 32,
and the head and torso section 34 cooperate to move the person support apparafus 12
between an substantially planar or lving down coufiguration and a chair configuration. In
somne contemplated embodiments, the calf section 28, the thigh section 34, the seat section
32, and the head and torso section 34 cooperate to move the person support apparatus 12
between a substantially planar or lying down configuration and an angled or rechined

configuration. In some contemplated embodiments, the head and torse section 34 1s moved
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such that it is at an angle of at least about 30° with respect fo a reference plane RPI
passimg through the upper frame 26,

The person support surface 14 1s configured to supportt a person thereon and move
with the deck 20 between the various configurations. In some confernplated embodiments,
the person support surface 14 is a hospiial bed nmsftress as shown m Fig. 2-4. In some
contemplated embodiments, the person support surface 14 15 a consumer matfress. In
some contemplated embodmments, the person support surface 14 mclodes a heat and
moisture regulating topper posittoned on the person support surface 14, In some
contemplated emboduments, the person support surface 14 can mclude a pressure mapping
topper posttioned on the person support swface 14, The person support surface 14
mcludes a calf portion 36, a thigh portion 38, a seat porfion 40, and a head and torso
portion 42 as shown tn Fig. 3, which i supported on corresponding sections of the deck
26, In one ilusirative embodiment, the deck sections help move andor mamtam the
various portions of the person support surface 14 at angles ¢, P and v with respect to the
reference plane RP1. In some confemplated emboduments, the person suppoit surface 14 is
a non-powered (static) surface. In some contemplated embodimenis, the person support
surface 14 is a powered {dvnanic} surface configured to recerve fluid from a fimd supply
FSt as shown mn Fig. &,

The person support surface 14 mcludes a mattress cover 44 and a matiress core 46
as shown m Figs. 3 and 4. In some contemplated embodiments, the person support surface
14 mcludes a temperatire and moisture regulating topper (not shown) coupled to the
matiress cover 44, The mattress cover 44 encloses the mattress core 46 and includes a fire
bamrier 48, a botiom ficking 50 or durable laver 30, and a top ticking 32. In some

contemplated embodiments, the fire barrier 48 s the mmermost layer of the cover 44, the

10
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top tickig 52 is the outermost laver, and the bottam ticking 30 is positioned between the
fire barrier 48 and the top ticking 52 and 1s not coupled o the top ticking 52, The bottom
ticking 50 and the fop ticking 52 are vapor and air unpermeable. In some contenplated
enmbodiuments, the top ticking 52 and the bottom ficking 30 are comaposed of polyurethane
coated nylon and the bottom ticking 30 is configured to facilitate movement of the top
ticking 32 with respect to the fire bamrier 48. In other contemplated embodiments, the top
ticking 32 and/or the bottom ficking 30 can be atr and/or moisture permeable.

The mattress core 46 can be composed of a single type of material or a
combmation of matenals andior devices. In the case of a powered swriace, the mattress
core 46 meludes at least one fluid bladder 34 therein that recerves fhud from a fhud supply
{not shown} to maintam the flaid pressure within the fhud bladder 54 at a predefermined
level. In some contemplaied embodiments, the powered surface can mnclude non-powered
components, such as. a foam frame that at least one fluid bladder 54 is posttioned between.
In some contemplated embodiments, a fhuid bladder 34 can be positioned proxmmate to the
thich section and mflated or the calf portion 36, thigh portion 38, and/or seat portion 40
{mchiding thewr corresponding deck sections} can be arficulated fo belp prevent the
occupant from shiding down the person support surface 14 as, for example, the inclination
of the head and torso section 34 mcreases with respect to the reference plane RP1. In
some contemplated embodiments, wedge shaped bladders are mirrored laterally about the
centerline of the person support surface 14 and are configured to be mflated consecutively
to laterally tult the occupant, thereby relieving pressure on various portions of the
occupant’s body to help reduce the cccurrences of pressure uleers.

In some conterplated embodiments, the matiress core 46 mcludes inflatable fluid

bladders 54a and 54b, which are configured to protrude from the patient facing surface of
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the person support sirface 14 by at least about 70 mm (adjusted for pillow height) and
about 20 mm fo about 30 nun to support the cervical vertebrae and scapula, respectively.
In some contemplated embodiments, the mflatable fliad bladders 54a and S4b ave replaced
foam bolsters or siatic aw bladders or a combination thereol In some contemplated
embodiments, the distance the fhud bladders 54a and 34b protrude from the patient facing
surface of the person suppott surface 14 can vary depending on any mumber of factors,
meludimg, but not hnuted to, a person’s body type and the angle at which the surface 1s at
with respect to the reference plane RP1. In some contemplated embodiments, the thud
bladders 34a and 54b can alse be configured to laterally tilt the head andfor torso of the
occupant. In some contemplated embodiments, wedge shaped fluid bladders (not shown)
are positioned in the head and torso portion 42 and are configured to increase the angle of
the occupant contacting surface of the head and tforso portion 42 with respect to the seat
portion 40 when nflated.

In some contemplated embodiments, the head and torso of the occupant can be
tiited at different angles. For example, the person support apparatus 12 andfor the person
supportt surface 14 can laterally rotate the occupant so that the torse is at an angle of about
10° with respect to the reference plane RP1 and the head i at an angle of about 186° with
respect to the reference plane RP1. Rotation of the occupant’s torso can help an ocoupant
matntain their head at an angle of about 1807 with respect fo the reference plane RPL. In
some confermplated embodiments, the person support surface 14 1s configured fo allow the
occupant’s body fo be mmmersed mto the surface to mmprove comfort with lateral
postiioning.  In some contemiplated embodiments, support blocks {not shown) can be
placed on the surface 14 adjacent fo the occupant fo help maintam the postiron of the

occupant. In some contemplated embodiments, the person support apparatus 12 andfor

12
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person support strface 14 can laterally rotate the ocoupant so that the torso 1s at an angle
of about 10° with respect to the reference plane RPI and fluid bladders 54a and 54b can
rofate the occupant’s head so that if 18 at an angle of at least about 180°. In some
conteraplated embodiments, the occupant can be wearing a garment G1 with flnid bladders
G2 configured to be milated to help laterally rotate the occupant so that the torso is at an
angle of at least 10% with respect to the reference plane RP1 as shown in Fig. 9. In some
conternplated embodiments, the garment Gl s configured to provide therapy, mcluding,
for example, percussion, vibration, and compression therapies. In some contemplated
embodiments, the garment G1 13 an airway clearance vest, such as the Vest® Awway
Clearance System sold by Hill-Rom. In other contemplated emboduments, the garment G1
can be other therapy garments, mcludmg sequential compression devices (SCD). In some
conternplated embodinents, fluid can be supplied fo the garment G1 via the flwmd supply
FS1 configured to supply thud to the fluid bladders 34a and 54b. In some contemplated
embodiments, fluid 1s supplied to the garment G1 andfor fluid bladders G2 by a dedicated
fhiud supply (not shown). The angle of the occupant’s head with respect to the reference
plane RP1 may vary depending on the occupant’s preferences, theiwr risk of the adverse
condition, or other factors.

In the case of a non-powered surface, the mattress core 46 13 composed of a
cellular engineered matertal, such as, single density foanmi In some countemplated
embodiments, the matfress corve 46 mchudes at least one bladder 54, such as, a static ar
bladder or a static awr bladder with foam contamned there within, a metal spring andior
other non-powered support elements or combinations thereof In some contemplated
embodunents, the mattress core 46 mcludes multiple zones with different suppont

characieristics configured fo enhance presswre redistribution as a funclion of the

13
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proportional differences of a person’s bady. Also, in some emboduments, the mattress core
46 mceludes vartous lavers andior sections of foam having different mmpression load
deflection {HL.D} characteristics, such as, m the NP100O Prevention Surface, AccuMax
Quanturn™ VPC Therapy Surface, and NP200 Wound Surfaces sold by Hill-Rom®.

The control svstem 16 15 configured to change at least one characteristic of the
person support apparatus 12 andfor person support surface 14 to help rednce the likelihood
of an adverse event occurring and/or stop an adverse event m progress. The conirol
system 16 mcludes a processor 100, an mpuwt 102, and memory 104, In some
contemplated embodiments, the mput 102 mcludes a sensor 106, such as, a position
SeRSOY, @ Pressure sensor, a femperature sensor, an acoustic sensor, andior a moisture
sensor, configured to provide an wmput signal fo the processor 100 mdicative of a
physiological characteristic of the occupant, such as, the occupant’s heart rate, respiration
rate, resprration amphitude, skin temperature, wetght, and position. In some contemplated
embodiments, the sensors 106 are incorporated mto the person support surface 14 or
topper positioned on the person support surface, for example, as disclosed m U.S. Patent
No. 7,515,059 to Price e «f. and U.S. Patent Publication No. 201 1/0068928 to Rilev er af.
In some contemplated embodiments, the sensors 106 mclude, for example, RFID tags,
accelerometers, proximity sensors, level sensors, or other physical trackimg sensors that
may be mtegrated into or coupled to, for example, ear plugs, ear phones, adhesive sensors,
earlobe clips, eve covers, hats, nose strips or other devices that are attached to the patient’s
head or worn by the patient so that the position/orientation of the patient’s head can be
tracked. Information captured by monitormg the lateral position of the user’s upper
respiratory tract has several benefits, mcluding one or more of the followmg: providmg

more accurate measurements of the upper respmatory angle for diagnosis of positional
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obstructive sleep apnea (in one example, sleep labs can use the indormation to more
accurately diagnose POSAY, providimg biofeedback to help the user to tram to mamtam a
posture that prevents POSA; tracking performance of the sysiem to deternune if the
system is achieving a sufficient upper respiratory angle to prevent apuea; momtoring
comphliance to determine if the system is bemg used; momtoring the upper respiratory
angle and recordmg the angle when a sleep apnea event ocours; and controlling a surface
capable of providing lateral rotation as a function of the mputs from the sensors 106,
tracking whether optimal lateral position has been achieved, and controlling the system to
achieve a desired head lateral position andior upper respiratory angle. In some
contemplated embodiments, the sensors 106 are tracked by reading devices {1.e., an RFID
reader) mn a siderail, person suppert surface, deck, headboard, or location on or m the
person support apparatas 10 or person support surface 14, or on or in a headwall m the
room or other location in the room. In some contemplated embodiments, the sensor 106
includes a camera posifioned at the foot of the bed or above the bed, as disclosed m UK.
Patent Publication No. 2012/0029879 to Smg o7 al., for example, fo track the ornentation of
the person’s head.

In some contemplated embodiments, the mput 102 inchudes a user interface 108
confisured to receive information from a caregiver or other user. In other contemplated
embodiments, the mput 102 15 an Electromic Medical Record (EMR) system 110 m
commuication with the processor 100 via a hospital petwork 112, In some contemplated
embodiments, the processor 100 can onfput mformation, antomatically or manually upon
caregiver mput, to the EMR for charting, which can include therapy mmtiation and

ternunation, adverse event occurrence nformation, therapy protocol used, caregiver ID,
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and any other mformation associated with the occupant, caregiver, person support
apparatus 12, person support surface 14, and adverse event,

The memory 104 stores one ot more mstruction sets configured to be executed by
the processor 100, The wnstruction sets define procedures 114 that, when executed by the
processor, cause the processor 106 to maplement one or more protocels that modify the
configuration of the person support apparatus 12 and/or the person support surface 14, In
one ihistrative embodiment, the mstruction set defines a proactive proceduwre 114 that
causes the processor 100 to configure the person support apparatus 12 andfor the person
support surface 14 m response to an mput specifving that the occupant 13 at risk for sleep
apnea. Procedwre 114 begins with step 116 in which the processor 100 receives an input
signal from the mput 102 mdicative of the level of risk for an aponea event occurring. In
some contemplated embodunents, the level of nisk 15 mput from a field m the occupant’s
EMR. In some contemplated emboduments, the level of nsk 13 mput by a caregiver
through the user interface 108, which may arise from a doctor’s order or be based on a
patient scoring system.  In some contemplated emboduments, the level of nisk is
deternuned based on a risk score that 1s calculated by the processor 100 based on a number

of factors, including, but not linuted to, those histed 1n the table below:

Predisposing physical |« BMI in the 95 percentile for age and gender (i.e.. 33

characteristics kgim?)

« 17 inch neck ccumference for men (16 mches for
womelt)

s craniofacial abnormalities that affect the awway

» anatomical nasal obstructions

« tonsils that nearly touch or do touch in the medline
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History of apparent » loud or frequent sponing
airway obstruction + observed pauses in breathing while asleep
during sleep ¢ awakening from sleep with a choking sensation
» [requent arousal from sleep
Sommolence s frequent somnolence or fatigne despite getting an

adequate amount of sleep
+ falling asleep eastly mn a nonstunulating place despite
adequate sleep

Sleep study results

Invasiveness of « superficial under local or peripheral nerve block without
surgery and anesthesia sedation

« superficial with moderate sedation or general anesthesia
pertpheral with spinal or epidural anesthestia and no mwore
than moderate sedation

pertpheral with general anesthesia

awrway surgery with moderate sedation

major surgery with general anesthesia

awrway surgery with general anesthesia

Requirement of none
postoperative opioids | «  Jow-dose oral opioids
» high-dose oral opioids or neuraxial or parenteral opioids

Estimation of
perioperative risk
Sex and age of + Estimated sleep disordered breathing 13 %% m women and
occupart 24% in men with the prevalence for obstructive sleep
apnea being 2% i women and 4% m men. The
percenfages likelv mcrease for older and more obese
people

In crrcumstances where an occupant 15 known to sunore frequently, has a high BMI, has had
major surgery, andfor requires postoperative opiotds, the occupant may have an elevated
risk.  In cucumstances where an occupant has a low BMI, 13 not known to snore, had
superficial surgery, and/or does not require postoperative opiowds, the occupant may have

a reduced risk. An example of a scoring svstem 18 shown m the table below, where a score
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of 4 can indicate an increased risk, and a score of greater than 4 can indicate a

stgnificantly increased nisk.

L. Severity of apnea + Based on sleep study -3 points
+ Based on predisposing physical characteristics,
history of apparent airway obstruction during
sleep, and sonmmiolence
¢ None 0 points
o Mild 1 point
<o Moderaie 2 points
o Severe 3 points
It Surgery and ¢ Invasiveness 0-3 points
Anesthesia ¢ Type
o Superficial under local or peripheral nerve { points
block without sedation
< Superficial with moderate sedation or general 1 point
anesthesia
o Peripheral with spinal or epidural anesthesia 1 point
and no more than moderate sedation
o Peripheral with general anesthesia
¢ Amrway surgery with moderate sedation 2 points
o Major surgery with general anesthesia 2 points
o Amrway surgerv with general anesthesia 3 points
3 points
HI. Postoperative + Reguurement 0-3 pomts
apiaids s Dlosage
o None 0 points
< Low-dose oral 1 point
< High dose oral, parenteral or neuraxial 3 points

Risk = Score from I + Score from the greater of Il and HI {0-6 ponts)

In step 118, the processor 100 determines which protocol should be mplemented

based on the level of risk. One type of the profocol 15 a defauli profocel set according to

the hospital’s standard operating procedwres/guidelines for patients with specific nisk

profiles. Another fype of profocol 15 a variable protocol that modifies the defanlt protocol
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based on the occoupant’s preferences {1.e., prefers to sleep on thewr left side), the caregiver’s
observations, andfor mfornwtion about the ocoupant™s medical condition (e, pressure
ulcer susceptibility, BMI, type of surgery, ete.) from the occupant’s EMR, sensors 106,
and/or other input 102, In some confernplated embodmients, the profocel can be modified
to exclude or lunit a therapy or movement. For example, the protocol can be prevented
from mcreasmg the head of bed angle {the angle between the reference plane RPI and the
head and iorso section 34 or head and torso portion 42) above a predetermined threshold
where the occupant 1s recovering from abdominal surgerv. In some contemplated
embodiments, the protocol can caution the caregiver against implementing the
configurations based on mformation obtamed from the occupant’™s EMR or other sowrces.
In step 120, once the protocol is selected, the configuration setftings are
commuiicated to the caregiver, for example, on a graphical user interface or other display
device, and the caregiver 15 prompted to accept/modify the settings. In some contemplated
embodiments, the configuration settings can be communicated to a hand held device. In
one example, the protocol may requrre the head of bed angle to be greater than about 33°
and the lateral tilt angle to be greater than 13° with respect to the reference plane RP1 for
an occupant with an elevated risk score. In another example, the protocol may require the
head of bed angle to be about 10 to about 157 and the lateral t1lt angle to be about 10° to
about 13 with respect fo the reference plane RPI {for an occupant with a reduced risk
score. In some contemplated emboduments, the upper frame 20 can also be moved to a
Trendellenburg or reverse Trendellenburg orientation In some contemplated
embodiments, the protocol can requue additional therapies to be active, such as,
confmuous lateral rotation where, for example, the laferal {ilt angle changes every 30-120

minutes dependmg on the occupant’s risk of developmg pressure ulcers. In some
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contemplated embodiments, the sleep stage of the occupant can be taken mto account so
that the cccupant is moved only when they are in a sleep state that would atlow them to be
moved withont waking up. In some contemiplated embodinents, the person support
apparatus 12 andfor the person support smrface 14 are refurned to the confignration they
were 1 prior to the implementation of the protocol before the occupant wakes up. In some
contemplated embodiments, a manual stop button can be mchuded so that the caregiver,
occupant, or other person can terminate the protocol in the event of an emergency. In
some contemplated embodiments, the protocol can anfomatically be ternunated when an
emergency condition occurs, such as, when the UPR handle (not shown) 1s pulled by a
caregiver or the ccenpant 18 coding. In some contemplated embodiments, the procedure
114 can be terminated remotely by a caregiver, such as, via the hospital network or over a
nurse call system.

In some contemplated embodiments, the position and/or the orientation of the
occupant with respect to patient facing surface of the person support surface 14 1s detected
and can mfluence how the person support surface 14 andfor the person support apparatus
12 are configured io move the occupant to the desmed posttion. For example, if the
occupant 1s positioned along the left edge of the patient facing surface of the person
support stwface 14, the protocoel will not rotate them to the left. In some contemplated
embodiments, the protocel 15 terminated because the eccupant 1s 1 the correct position. In
some contemplated embodiments, the protocol helps to mamntain the occupant m the
position. The position of the occupant on the person support surface 14 can be deternuned
a number of ways, mcliding sensing the force distribution on the upper frame 20 ntilizing
one or more load cells (not shown) coupled fo the upper frame 20, calculaimg the

occupant’s center of gravity using the one or more load cells, sensing pressures within the
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fluid bladders 34, using a camera {(not shown) or 3D sensor {not shown}, or using other
methods.

In step 122, 1f the caregiver accepts the configuration or changes the configuration
and accepts the new configuration. the processor 100 mmplements the configuration for a
predetermined time. In some contemplated embodiments, the processor 160 can
implement the configuration the moment the caregiver approves it and stop or change the
configuration when the caregiver deactivates it. In some contemplated embeodiments, the
processor 100 will wait to mplement the configuration until the occupant 15 m a
predeternuned sleep stage and will refurn to the muitial configuration when the occupant
begins to wake up. In some contemplated embodiments, procedure 114 does not require
the caregiver to confirm or accept the setimgs, and instead automatically mutiates the
configurafion.  For example, the configuration can be automaticallv mitiated a
predetermined tine after the occupant departed from the surgical room, wlhich can be
determined based on the occupant’s EMR. In some contemplated embodiments, the
configuration will not be implemented if the bed 1s unoccupied.

Procedure 114 can be used for a number of other adverse conditions. In some
contemplated embodiments, procedure 114 can be used to determine if a person 1s at risk
for or has gastroesophageal reflux disease and select a protocol that assists the occupant m
mamtaining a left lateral decubitus position or semu-rechning position while sleeping. In
some confemplated embodiments, procedure 114 can be used to deternmune if a person is at
risk for or has chromic respiratory msufficiency and select a protocol for the caregiver to
approve that assists the occupant i mamtaming a left lateral decubitus position wlule
sleeping. In some contemplated embodnnents, the procedure can be used to determine if a

person is at risk for of has allergies to, for example, feather or down filled pillows,
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cushions or covers, and can alert the caregiver so that they can remove the item. In other
contemplated embodiments, procedure 114 can be used to determine if the person 1s at risk
for or has one or more other conditions, such as, for example, asthma, pregnancy, sleep
paralysts or hallucinations, snormng, stroke bruxism, coughing, hypoxaenua i geratric
ipatients, stroke, or tuberculosis, that might be affected nepatively by sleeping in the
supme position and select a protocol and/or alert the caregiver so that the person support
apparatus 12 and/or the person support surface 14 can be configured to mamtamn the
occupant in a destrable position. In some contemplated emboduments, the procedure 114
can be used to change the sleeping position of ocenpants to help stimulate blood
oxygenation, which can undesirably decrease as the occupant remains stationary.

In another illusirative embodiment, the mstruction set causes the processor 100 to
carry ouf a responsive procedure 114 that configures the person support apparatus 12
and/or the person support surface 14 in response to detection of an adverse event, such as,
an apnea event. Procedure 124 begins with step 126 where the adverse event mitigation
system 15 armed manually by the caregiver or automatically based on mformation from the
occupant’s EMR, the caregiver, or calculated by the processor 100,

In step 127, the processor 100 recerves signals from the sensors 106 mdicative of
the physiological characteristics of the occupant, mchluding, but not hnuted to, the
occupant’s heart rate and the respiration characteristics, such as, amplitude and rate, and/or
the anount of movement of the occupant.

In step 128, the processor 100 compares the signals from the sensors 106 to
predeternuned thresholds to deternmne if an apnea event is in progress. For example, of
there 1s an mterval of at least about 10 seconds befween breaths then the person 18 hikely

having an apnea eveni. In another example, if the person ts fakiug less than about 25% of
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a normal breath for at least about 10 seconds. then the person is hikely having an apnea
event. In another example, if there 15 a drop 11 oxygen satwation of at least about 4%,
then the person is hikely having an apnea eveni. If the person s taking between about 26%
and abont 69% of a normal breath, the person s likely having a hypopuea event. In some
contemnplated embodiments, the processor 10 determines that an adverse event is
progress and alerts the caregiver that an adverse event 1s occwring and that it 1s hikely not
an apnea oveni based on the position of the occupant and/or the configuration of the
person support apparatus 12 and/or the person support surface 14, the occupant’s rnisk
score, andior the occupant’s physiological characteristics, medical information from the
occupait’s EMR, andior other mformation. In some contemplated embodiments, the
caregiver can be alerted by a visnal or andible alarm on the person support apparatus 12, a
visual or audible alarm located m the rcom where the person support apparatus 12 i
located, and/or a visual or audible alarm located proximate to the room, such as, in the hall
way.

In some confemplated embodiments, the caregiver can be notified remotely by a
communication  system {pot shownj. In some contemplated embodunents, the
communication system is a patientmuse call system that can mclude patient stations
capable of generating hospital calls and a remote master station which can prioritize and
store the calls. One example of such a svsiem is disclosed m U.S. Patert No. 5,561 412
issued on October 1, 1996 to Novak ef ¢/, which 1s mcorporated by reference herem in #ts
entirety. Another example of such a system 15 disclosed m U.S. Patent No. 4,967,195
issued on May &, 2006 to Shupley, which 15 mcorporated by reference herem mn s entirety.

In another contemplated embodiment, the comnmnication system 1s a system for

transnutiing voice and data m packets over a network with anyv suttable number of intra-
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room networks that can couple a number of data devices to an audio station, where the
audic station couples the respective infra-roon network to a packet based network. One
example of such a system 1s disclosed w U.S. Patent No. 7,313,535 1ssued en January i,
2008 to Schumian, which 18 mcorporated by reference herein i its entwely.  Ancther
example of such a system 1s disclosed i U.S. Patent Publication No. 2008/00931 36 1ssued
on Aprd 24, 2008 to Schuman, which 1s mcorporated by reference heretn in its entirety.

In vet another contemplated embodiment, the communication system 1s inclhudes a
patient/purse call system, a nurse calllocating badge, an electronic medical record (EMR}
database, and one or more computers programmed with work-flow process software. One
example of such a system 13 disclosed m ULS. Patent Publication No. 2008/06094207
published on Apr. 24, 2008 to Collins, Jr. ef &/, which s incorporated by reference herem
m 1ts entirefy. Another example of such a system 15 disclosed m U.S. Patent Publication
No. 2007/0210917 published on September 13, 2007 to Collins, Ir. e «l, which i
incorporated by reference herem in its entirety. Yet another example of such a systen: 1s
disclosed 1 U.S. Patent No. 7,319,386 published on January 15, 2008 fo Celling, Jt. o7 @l ,
which 1s mcorporated by reference heretn m it entirety. It should be appreciated that the
work-flow process software can be the NaviCUare® software available from Hill-Rom
Company, Inc. It should also be appreciated that the work-flow process software can be
the svstem disclosed m U.S. Patent No. 7,443,303 issued on QOctober 28, 2008 to Spear er
al., which 15 mcerporated by reference herein in its entwrety. I should further be
appreciated that the badge can be of the type available as pait of the ComLinx™ svstem
from Hill-Rom Company. Inc. It should also be appreciated that the badge can also be of

the type avatlable from Vocera Communications, Inc.
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In still another contemplated embodument, the communication system is
configured fo orgamze, store, mamtam and factlitate retrieval of bed status mformation,
along with the vartous non-bed calls placed m a hospital wing or ward, and remotely
wdentify and monitor the status and location of the person support apparatus, patients, and
caregivers. Omne example of such a system is disclosed m U.S. Patent No. 7,242 308
issued on Inly 10, 2007 to Ulnch er ol . which 1s mcorporated by reference herein m s
enfwety. If should be appreciated that the remote status and location momnitoring can be the
system disclosed in UL.S. Patent Ne. 7,242,306 1ssued on July 10, 2007 to Wildman ef o/,
which is mcorporated by reference herem in tts entivety. It should also be appreciated that
the remote status and location monitoring can be the system disclosed m UK. Patent
Publication No. 2007/02473 16 published on October 25, 2007 to Wildinan ef o/, which 18
wmeorporated by reference herein m ifs entirety.

In step 130, if the processor determines an apnea event is n progress, the processor
100 configures the person support surface 14 andfor the person support apparatus 12 to
miervene and help stop the apnea event. In oune illustrative embodiment, the processor 100
inflates a bladder 54 m the person support surface 14 fo rotate the occupant onto theinr side
such that they are at an angle of abont 10° with respect to the reference plane RP1. In
somne contemplated embodiments, the upper frame 20 can be rotated along the longitudmal
axis to laterally tilf the occupant. In another idlustrative embodiment, the processor 100
mereases the head of bed angle to about 15° by moving the head and forso section 34 of
the person support apparatus 12 and/or mflating a bladder 54 m the person support surface
14, In some contemplated embodiments, the processor 100 mcreases the head of bed
angle and laterally rotates at least a portion of the occupant’s body. In seme conferuplated

embodiments, the processor 100 puplements addifional therapies, such as, for example,
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contimuous lateral rotation therapy {CLRT), percussion vibration therapy, heat and
moisture management therapy, rotation therapy. ot other therapies depending on the
occupant’s risk for developmg additional adverse conditions, such as, pressure ulcers,

In some contemiplated embodunents, procedure 124 melades step 132 and step 134
it which the processor 100, after implementing the mtervention, recetves signals from the
sensors 106 mdicative of the occupant’s physiological charactenistics andior the amounnt of
movement of the occupant, and compares them with the predetermined thresholds to
deternune it the mtervention was successful and the apnea event has ceased. In one
itlastrative embodiment, the processor 100 wais a predeternined amount of time, such as,
5 seconds, after the mtervention has been unplemented before it receives signals from the
sensors 106, In some conteraplated embodiments, the processor 100 can receive signals
from the sensors 106 as the miervention s mplemented and stop mfervening or mamtam
the current level of mtervention when the apnea event has ceased. For example, the
processor 100 recerves signals from the sensors 106 as the head of bed angle andior the
lateral tilt angle are gradually mcreased and stops mcreasing the head of bed angle andfor
the lateral tilf angle once the apnea event has ceased. In some embodiments, the bead of
bed angle and/or the lateral ult angle are gradually mereased and an alarm 15 activated
when the angle reaches a predetermined threshold. If the processor 100 determunes that
the miervention was successiul, the processor 100 can cause the person support apparatus
12 and/or the person support surface 14 to mamtam the curent configuration or cause it to
refurn to 1ts mitial position.

If the processor 100 deternunes that the apnea event i3 still m progress, the
processor 100 can mcrease the level of mfervention. In onpe illusirative embodiment, the

head of bed angle and/or the lateral tilt angle can be mcreased an additional 5°. In other
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embodiments, the stimuli can mclnde vibration, sound, temperature, smells, lights
{flashing and/or constant}, or other stimulus o combinations thereof that may or may not
wake the person. In sone mstances, the goal of the intervention is to stop the apuea event
without waking the occupant up, which can nclude moving the person wlule the person s
i a particular sleep stage and/or causimg the person to move from a deeper sleep stage to a
lighter sleep stage. In some contemplated embodiments, movement of the cccupant can
cease if the processor 100 detects the person is waking up {based on mcreased heart rate,
respiration rate, and/or movement) or 15 moving to a lighter sleep stage. If the mcreased
levels of intervention confinue fo be unsuccessful then the processor 100 can mitiate an
alarm on or near the person support apparatus 12 to wake the occupant and/or notify a
caregiver via purse call or other means of conumunication that thev need to intervene. In
some contemplated embodiments, if the processor 100 receives mnformation that the
occupant 15 sedated, the processor 106 can move the occupant to a position, such as, for
example, a sitting position or chair position.

In another illnstrative embodiment, the mstiuction set causes the processor 100 to
carry out a proactive procedure 136 that configures the person support apparatus 12 andfor
the person support surface 14 when the processor 100 predicts the onset of an adverse
event. Procedure 136 begms with step 138 where the svstem for nutipating adverse
conditions 15 armed by the caregiver or the bed or EMR based on the occupant’s risk
profile.

In step 139, the processor 100 receives signals from the sensors 106 mdicative of
the physiological characteristics of the occupant andfor the amount of movement of the

accupant.
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In step 140, the processor 100 stores the signal values i the memory 104 and
determines an amount andior a magnitude of chanpe m the values for a predeternuned
timie pertod, The processor 100 then compares the amount and/or the magnitude of change
to a predeternuned threshold {o determne if an adverse event s likely to occur. In some
contermnplated embodiments, the processor 100 considers other factors, such as, the
occupant’s risk score, body position or orientation, person support apparatus 12 and/or
person support surface 14 configurations, medical conditions, and/or other mformation
from the caregiver, occupant’s EMR, sensors 106, andfor person support apparatus 12
and/or person support surface 14 when deternuning the likelihood of an adverse event
occwring. For example, if an occupant 13 at a high nisk for apnea, 1s m the supine position,
and the occupant’s respiration rafe s decreasmig, then an apnea event may occur. In
another example, if an occupant’s respmation amphtude decreases and the occupant’s
oxygen satwration decreases then an apnea event iay occnr. In another example, if an
occtpant’s snormg is very loud and the occupant is at a hagh risk for apnea, an apnea event
mayv occur. In another example, if an occupant i< at high risk and the occupant is receiving
90% normal breath, an apnea eveni may be unhkelyv.

In some contemplated embodiments, prediction of an apnea event can be
accomphished using a time-domain model of nonlinear time-lagged interactions between
heart rate, resptration, and oxygen saturation to help determine when an apnea event is
Lkely. In some contemplated embediments, prediction of an apnea event can be
accomplished using a Bavestan “belief network™ model. In some contemplated
embodiments, prediction of an apnea event can be accomplished using large memory
storage and refrieval {LAMSTAR) arfificial neural networks to analyze signals mdicative

of heart rate variability, nasal pressure, orvonasal femperafure, submental EMG, and
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electrooculography. In some contemplated embodinients, prediction of an apnea event can
be accomplished by analyzing tracheal breath sounds.

In sfep 142, the processor configures the person support swiace 14 andior the
person support apparatus 12 as previcusly described above with respect to procedure 114
and procedure 124 to intervene and help prevent the apnea event.

In another contemplated embodiment, refernmg to FIGS. 11-18, a support system
mecludes one or more support pieces or wmts that form a lateral support plane to prevent or
resirict the user from sleeping i a supie postiion, and, more spectfically, redace a tnne
duration that the user sleeps with histher upper respiratory tract oriented vertically or at an
undesirable lateral rotational angle with respect to a vertical plane substantially
perpendicular to a horizontal plape. In certamn embodiments, the lateral rotational angle of
the user’s head with respect to the vertical plane is at least 30 degrees and, more
spectiically, at least 45 degrees. In an alternative embodiment, the Iateral rotational angle
of the user’s head with respect 1o the vertical plane may be less than 30 degrees. In one
embodunent, the support pieces provide multiple support planes for supporting the user’s
body.

In one embodument as shown in FIGS. 11-18, a support system 1100 swtable for
supporting a user, such as a person, for example, includes phurality of support pieces,
namely a first or leg support piece 1102 forming a first support plane 1104, a second or
torso support piece 1106 fornung a second support plane 1108, and a thard or head sapport
piece 1110 formmng a thud support plane 1112 that collectively define a segmented, muiti-
plane, laterally angled sleep surface 1114 having progressively greater angles of rotation
along a longitudmal axis 1115 of support system 1100, from a first or boitom edge 1116 of

sleep surface 1114 to an opposing second or fop edge 1118 of sleep surface 1114, resulting
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m relatively ereater rotation of the upper respiratory tract of the user {as necessary for
efficacy m preventing obstructive apnea) and relatively lesser rotation m the lower body of
the user {resulting w greater comfort and percerved stability by aveiding rotation of a
majority of the user’s body mass). In alternative emboduments, sleep surface 1114 1s
formed usmg any suttable pumber of support pieces defining corresponding support
planes, for example, one support piece forming a smooth contour over a length of sleep
surface 1114 from first edge 1116 to opposing second edge 1118 or a plurality of sapport
pieces, such as two support pieces, three support pieces, or more than three support pieces
forming a smooth contowr over the length of sleep swrface 1114,

Unhke conventional positional therapies for the prevention of obstructive sleep
apniea, which attempt to manipulate the user’s sleep position andfor orientation using
rotation of one plane, in certain embodiments the svstem described herem uses nuultiple
support planes formed by one or more support pieces to laterally rotate the user. For
example, m one embodiment, two support pieces provide two separate support planes,
with a first support plape defined by the first support ptece configured to support the torso
and the legs of the user, and a second support plane defined by the second support piece
configured to support the neck and the head of the user.

In an alternative embodiment, three support pieces provide three separate support
planes, with a first support plane defined by the first support piece configured to support
the legs of the user, a second support plane defined by the second support piece configured
to support the torso of the user, and a third support plane defined by the third support piece
configured to support the head of the user.

In a further alternative embodiment, more than three support preces, for example,

numerous mdependent support preces having a length m a longitudinal direction of sleep
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surface 1114 of 2-18 mches or, more specifically, 4-12 mches, or, even more specifically,
& mehes, provide a corresponding number of separate suppott planes. Fach suppott prece
can be laterally rotated mdependently of other suppori pieces o collectively form sleep
suwrface 1114, In a particnlar embodiment, the mamerous suppott pieces can be combined
to form separate support pieces, for example, creating a first support piece having a length
of 18 inches in the longttudmal direction at the foot of the support system 1100, an
adjacent second support piece having a length of 12 inches m the longitudinal direction,
and a thurd support piece adjacent the second support prece having a lengih m the
longitmdinal direction of 6 inches. In these embodiments, the support pieces forming the
support planes can be rotated as necessary or desired to achieve an optimal configuration
that 1s cluucally effective (1.e., prevents apnea) and demonstraies acceptable tolerance (1.e.,
allows the user to sleep comfortably). In an allernative embodnnent, a continuously
stoped sleep surface 1s formed by a plurality of support pieces without step increases m
lateral rotational angle; thus i illustrated as a sleep surface with an mfinite number of
support pieces.

In the embodiments described heremn, the length in the longitudinal direction of
each support piece and defined support plane {and the resulting location of transttions
between support planes) 15 designed to achieve clinical efficacy and tolerabihity.
Therefore, a specific lengih can be defined i a number of configurations, melnding
without limitations: {a) generic plane dinensions {e.g., based on average body geometry,
a length of a torso section of the user defined so that when an average nser’s head s
supported by a head suppott piece, a transition between the torsoe support piece and the leg
support piece occurs below the user’s 83 vertebrae), (b} custonuzed plane dimensions

s

{e.g., a torso support plane has a suitable length m the longitudinal direction appropriate to
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the user’s leg length, torso lenpth, andior a distance from the user’s shoulder to histher
mseant); or {¢} dvnamic plane dimenstons {e.g., transitions selected on dvnanye surface
appropriate to user, selechion being either user-selected, care-giver defined, or
automatically calculated).

In certam embodiments, each support piece definmng the corresponding support
planes 13 independently rotatable about an axis extending parallel with a longitudmal axas
of the support system. The mdependent rotation of each support prece allows the
caregiver or the user the ability to focus on progressively tncreasmg an angle of rotation m
one of more support pieces having support planes positioned to support the torso of the
user, and the neck andior the head of the user. In certain embodments, an angle of
rotation {or laferal rofational angle) at which the one or more support planes defined by the
support pieces configured to support the neck andfor the head of the user 1s positioned s
greater than a rotational angle of the one or more support planes defined by the support
pieces configured to support the torse of the user, which 1s greater than a rotational angle
at which the one or more support planes defined by the support pieces configured to
support the legs of the user 1s posttioned.

In a particular embodiment, the support plane defined by the support prece
configured to support the legs and the torse of the user 1s posttioned at a rofational angle of
10° with respect to a base swrface of the support piece, while the support plane defined by
the support prece configured to support the head of the user is positioned at a rotational
angle of 20° with respect to a base swriace of the support piece. In an alternative
embodiment, a first support plane defined by the support piece configured to support the
legs of the user 1s positioned at a rotational angle of 10° with respect 1o a base surface of

the first support piece, a second support plane defined by a second support piece
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configured to support the forse of the user is positioned at a rotational angle of 15° with
respect to a base surface of the second support piece, and a third support plane defined by
the thud support piece configured fo support the head of the user is posifioned at a
rotational angle of 20° with respect o a base surface of the third support plece. In
alternative embodiments, the support planes can be positioned at any suitable rotational
angle mnchiding any suitable lateral rotational angle andfor any suitable longitudinal
rotational angle.

Referning further to FIGS. 14 and 15, m a particnlar embodiment, first support
piece 1102 defines support plane 1104 positioned at a lateral rotational angle « of 2(° to
307, or more specifically, 20° to 25°, or, even more specifically. 257 with respect to a base
surface 1122 of first support piece 1102, Second support piece 1106 defines support plane
1108 positioned at a lateral rotational angle §§ of 10° to 207, or more specifically, 107 to
15°, or, even more specifically, 153°, with respect to a base surface 1124 of second support
piece 1106, Thurd support piece 1119 defines support plane 1112 posttioned at a lateral
rotational angle v of 37 to 15°, or more specifically, 10°, with respect fo a base surface
1126 of third support prece 1106, Other lateral rotational angles and step mereases n
lateral rotational angles between each support prece may alse be used to achieve a
progressive lateral rotational angle.

In one embodiment as shown i FIG. 1S5, one or more confoured fransitional
pieces, such as a fivst transitional piece 1130 and a second transiional plece 1132, are
positionable between adjacent support pieces or at or near a franstiion line between the
adjacent support pieces fo provide a gradual continuous transition between support planes.
As shown m FIG. 15, m one embodiment, a first transitional prece 1130 1s positioned at a

transitional Hne where first support piece 1102 meets with adjacent second support piece
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1106 to provide humbar support for the user. Sumilarly. a second transitional piece 1132 is
postiioned af a fransitional line where second support ptece 1106 meets with adjacent third
suppott prece 1110 o provide lumbar support for the user. In particular emboduments, one
ot mwore additional transitional pieces can be positioned on the sapport planes to provide
additional support at the neck region andfor the knee region of the user. for example. In
other embodiments, increasmg the mumber of contowed transitional pieces allows for
more contouring and gradual changes i the angle of support along the length of the
suipport system 1100,

As shown m FIG. 17, each of fust support piece 1102, second support piece 1106,
and third support piece 1110 has a respective height m a direction perpendicular to
longitudmal axis 1115 of support svstemn 1100, In one embodiment, first support piece
1102 has a maximm height from base surface 1122 to support plane 1116 in a direction
perpendicular to longitudinal axis 115 of 14 to 18 mches, or more specifically, 16 to 17
inches; second support piece 1106 has a maximum height from base surface 1124 to
support plane 1108 m a direction perpendicular to longstudinal axis 1115 of 8 fo 12 mches,
or more specifically, 9 to 10 mches; and third support piece 1110 has a maxunwm height
from base surface 1126 to support plane 1112 in a direction perpendicular to longitudinal
axis 1115 of 4 to 8 mches, or more specifically, & to 7 mches. As a resulf, the support
pieces can be designed with desired heights and defining support planes positioned at
desired rotational angles such that support system1 100 prowvides a composiie longitudinal
plane angle {e.g., reverse Trendelenburg angle} fo facilitate the prevention andfor
treatiment of sleep apnea as well as to umprove tolerabidity.

As described in greater detail below, i certain embodiments, support svsiem 1100

mcludes a system confrol, such as a controller 1140 shown m FIG. 18, having a display
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configured to display information about support system 1100 inchuding, without
limitation, lateral plane angles of each support prece and/or compeosite plane angles of
each sapport piece. In one embodiument, controller 1140 includes one or more processors
configured o adjust the rotational angles of the support planes based on data mput by the
user or a caregiver and/or data signals received from one or more sensors postiioned at
locations on or near support system 1100,

Referrmg agamn fo FIG. 15, n one embodiment, support systern 1100 meludes a
bolster 1142 or other suifable boarder positioned along at least one lateral side of support
system 1100 to lanit or prevent lateral smpration of the user. More specifically, bolster
1142 extends along at least a portion of the lateral side generally parallel with longitudinal
axis 1115 to prevent or hont lateral movement of the user positioned on sleep surface 1114
to prevent the user from moving or shding off sleep surface 1114, Bolster 1142 s
bolstered at lower edge 1116 of sleep surface 1114 to define an envelopment zone. In one
embodiment, bolster 1142 extends from lower edge 1116 partially along a length of
support system 1100 to a torso region of the user, but, m this embodiment, termunates
below a head portion of the user. In a particular embodumnent, at least a portion of bolster
1142 mcludes a suitable material to provide a textured swface to facilitate retaumng the
user 1 the desired position on the support system 1100, Additionally or alternatively,
bolster 1142 mayv inclode a formable material, such as a smifable foam material, having
one or more different densities along a length of belsier 1142 to provide an mcreased
envelopment throughout sleep surface 1114, A belt andfor an adjustable strap {not shown
in FIG. 15) or a body may be operatively coupled to bolster 1142 to facilitate maintaining

the user properly positioned on sleep surface 1114,
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In one embodiment, each of support pieces 1102, 1106, 1110 are rotatable about
longitudinal axis 1115 to provide sleep surface 1114 having a night side slope or,
alternatively, a lefi side slope to allow the user to sleep on hus'her night side or left side,
respectively. In ome embedinent, one or more cyhindrical or fubular sections are
posttioned within at least a portion of first support ptece 1102, second support piece 1106,
and third support piece 1110 and coaxially aligned with longitadinal asas 1115 to allow
each support prece 1102, 1106, 1110 to rotate about longitudmal axis 1115 mdependently
of the other support pieces 1102, 1106, 1110,

As shown in FIG. 19, a first oyvhindrical section 1144 1s positioned within a bore
1146 defined within a portion of first support piece 1102 and second support piece 1106
along longitudinal axis 1115 to allow first support prece 1102 and second support piece
11006 to rotate about longimdinal axis 1115 and with respect to each other. Smmlarly, a
second cvhndrical section 1148 1s positioned within a bore 1150 defined within a portion
of second support piece 1106 and third support piece 1110 along longitudinal axis 1115 to
allow second support prece 1106 and third support piece 1110 fo rotate about longitudinal
axis 1115 and with respect fo each other. In an aliernative embodiment not shown, a
single cvlmdrical section extends through a bore defined through second support piece
1106 and mto at least a portion of first support piece 1102 and mto at least a portion of
third support piece 1110 to allow each of first support piece 1102, second support plece
1106, and third support piece 1110 1o rotate about longitudinal axis 1115 and with respect
to each other. In this embodument, each support prece 1102, 1106, 1110 15 rotatable
between a first orientation having a right side slope, as shown in FIG. 20A. and a second

orientation having a left side slope, as shown m FIG. 20B. Axial rofation allows each
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support piece 1104, 1106, 1110 to lie flat with a right side slope or a left side slope as
shown m FIGS. 20A and 20B.

I cerfaimn embodiments, support preces 1102, 1106, 1110 are formed of moye than
one matertal, for example, two or more materials, such as o foam materials, having
different densities, with the less dense material covermg the denser material. In this
embodiment, the less dense material is laid on the denser material at the respective base
surface and the respective support plane of the support piece fo allow sleep surface 1114 o
function properly, whether with a night side slope or a lefi side slope. With the denser
material sandwiched between the less dense material, the user will be positioned on the
less dense material m erther the first or the second orientation.

In this embodiment, support svstem 1100 allows the user to sleep on either his/her
right side or left side, based on the user’s sleeping preference. Thus sleeping preference
may not be static. For example, if the user has an mpwry, an ache, or a desire to change
hissher sleeping preference, the onentation of sleep surface 1114 can be changed at any
tune o accormmodate the user’s sleeping preference. The orrentation can be changed from
dav to day or durtng the night. Moreover, from a manufacturmg standpoint, a versatile
support system 1100 prevents having to manufacture and distribute a sleep swface 1114
having a right side slope and a separate sleep surface 1114 having a left side slope, which
would increase production and distribution costs. Finally, a potential purchaser would not
have to commii to a sleep side before purchasing the product, which might be a deterrent
to purchasing the product.

In one embodiment, support system 1180 includes one or more spacers 1152 that
allow a length of support system 1100 to be admsted and custonuzed to a height of the

user supported by support svstem 1100. For example, the length of sleep surface 1114 can

37



10

I~

b
(s

[ ]

WO 2013/177338 PCT/US2013/042313

be adjusted by adding one or more suitable spacers 1152 or replacing one or mwore suppoit
pieces 1102, 1106, 1110 with a swtable spacer 1152 of a different length, so that
transitional lines between lateral angles of suppori planes delined by adjacent support
pieces 1102, 1106, 1110 will desirably oconr at a neck region and a hip region of the user.
In one embodment, spacer 1152 has a same or sunilar lateral rotational angle and/or a
same or simtlar longitudinal rotational angle as the respective lateral rotational angle and
the respective longitudmnal rotational angle of an adjacent support ptece or the suppori
piece that spacer 1152 replaces. In an alternative embodument, spacer 1152 has a different
lateral rotational angle andfor a different longitudmal rotational angle as the respective
lateral rotational angle and the respective longitudinal rotational angle of an adjacent
support piece or the suppott piece that spacer 1152 replaces. As shown m FIGS. 21 and
22, spacer 1152 15 positioned befween first support piece 1102 and second support piece
1106 to adpmst the length of sleep swiace 1114, As shown i FIGS. 23 and 24, first
support prece 1102 is replaced with spacer 1152 to adjust the length of sleep surface 1114

Assuming the user positiions his’her neck at the appropriate location on sleep
surface 1114, and an overall length of sleep surface 1114 1s adjustable, m one embodiment
ondy second support piece 1106 of support system 1100 has an adpustable length. In
alternative emboduments having a support system 1100 with a fixed length, both first
support piece 1102 and second support piece 1106 have adjustable lengths. In tlus
embodunent, a length of first support prece 1102 ncreases as a length of second suppont
piece 1106 decreases and, conversely, the length of first support piece 1102 decreases as
the length of second support piece 1106 increases.

In one embediment, adjacent support pieces 1102, 1106, 1110 and spacers 1152

can be coupled together using a suitable coupling mechanmismn mchiding, without
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tunitation, one or more of the following: snaps, siraps, buttons, and hook-and-loop
fasteners. In certam embodiments, the length of sleep surface 1114 15 admstable by any
combination of mnseriing one or more spacers 1132, replacing ote or more suppart pieces
1102, 1106, 1100 with a longer or shovter spacer 1132, cutiing or {rimming one or more
support pieces 1102, 1106, 1110 to a destred length, and removing one or more support
pieces 1102, 1106, 1116, In alternative embodiments, the length of sleep surface 1114 15
not adjustable but one or more of a leg region, a forso region, and a head region of sleep
surface 1114 is adjustable by any combimation of mserting one or more spacers 1132,
replacing one or more support pieces 1102, 1166, 1100 with a longer or shorter spacer
1152, cutting or trinuning one or more support pieces 1102, 1106, 1110 to a desired
length, and removimg one or more support pieces 1102, 1106, 1110 without adjusting the
length of sleep surface 1114,

In a further alternative embodiment, each support prece 1102, 1106, 1110 melndes
one or more milatable fluid bladders configired to contain a fluid, such as aw. In tus
embodunent, a length of each support piece 1102, 1106, 1110 1s adpstable by adding fluid
or removing fhud from one or miore respective fluid bladders. By adding flmd fo one or
more of the respective fhuid bladders, the length of the respective support prece 1102,
1106, 1110 1s mereased and the length of the respective support plane 1104, 1108, 1112 13
also mcreased.  Conversely, removing flnd from one or more of the respective fhud
bladders, the length of the respective support piece 1102, 1106, 1110 1s decreased and the
length of the respective support plane 1104, 1108, 1112 15 also decreased. The amount of
flud within the respective thud bladders can be monttored and controlled electronically or
by the user or caregiver using a suitable device mcluding, without hotation, a suitable

prieuiatic pump or nozzle. In certam embodiments, a coupler, such as one or more snaps
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or straps, are ufilized to mamtain the desired amount of flid within the respective flund
bladders and provide additional support to the respeetive support plane{s}, for example,
when the fluid bladders are not mflated.

As described herem, sleep surface 1114 15 customizable to anthropometric
dimensions of the mdividual user to facilitate support system 1100 performance that
optimizes or matches the design mtent - the body position of the user will prevent or linut
undesirable sleep apnea episodes and provide improved comfort.

In certamn embodmments, suppori systern 1100 mcludes a plurality of support
pieces, such as two support pieces, three support pieces, or more than 3 support pieces,
and more specitically, at least 6 support pieces, and even more specifically, &-20 support
pieces. For example, referring to FIG. 25, o one embodmment each of a leg region 1160
corresponding to first support piece 1102, a torso region 1162 correspondmng fo second
support piece 1106, and a head region 1164 corresponding to third support prece 1110 of
support system 1100 mcludes a plurality of independent support wedges formng a finer
gradation m the longifudinal slope of sleep surtace 1114 fo mcrease user compliance and
the effeciiveness of suppost system 1100 m preventing or linuting sleep apnea episodes
and providing more comfort for the user supported on sleep swface 1114, The support
wedges may be formed of one or more suitable materials including, without hmitation, a
formable material, a senu-rigid matertal, a foam material or one or more fhud bladders.

In the embodiment shown mn FIG. 25, first support piece 1102 mnchides two
mdependent support wedges defining respective support planes posttioned at different
lateral rotational angles, second support piece 1106 mcludes three mdependent support
wedges defiming respective support planes positioned at different lateral rotational angles,

and third support piece 1110 includes four mdependent support wedges defining
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respective support planes positioned at different lateral rotational angles. In alternative
embodiments, each support piece 1162, 1106, 1110 mcludes any suitable nuniber of
mdependent support wedges. Generally, an increasing number of independent support
wedges within a selected support piece allows for more detailed and specific contourmg of
sleep surface 1114 and more gradual changes i rotational angles of adjacent support
wedges and support pieces along the length of sleep surface 1114

For example, a support svstem meluding a series of support wedges may twist or
urge the user’s body to rotate and il the user’s head m a more gradual trend than a
support system meluding only three larger support pieces with respective support planes of
different lateral rotational angles. The additional support wedges allow for more
comfortable trapsitions between and within the lower body, the torso, and the upper body
of the patient. The mcreased number of support wedges allow for more specific
posttionmg of the patient’s body, and a more effective therapyv.

Referrng to FIGS. 26 and 27, m ong embodunent, each support prece 1102, 1106,
1110 defines a support plane postitoned ai the same or suular lateral rofational angle;
however, each support prece 1102, 1106, 1110 1s made of a matenial having a different
density than the material used to make the other support pieces. The base material of each
support piece 1102, 1106, 1110 may be the same or different than the base materal of the
other support pieces, but with a different density. In a particular embodument, support
system 1100 utihizes varied foam density fo achieve a vanation i the lateral rotation of the
user’s body across different body segments. In one particular embodunent, support piece
1102 15 composed of the least dense matertal. support piece 1106 15 composed of the

medium density material, and sapport piece 1110 15 composed of the most dense material.
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In this embodiment, sleep surface 1114 is formed of support pieces out to form
support planes at the same lateral rotational angle but with different densities. To achieve
a greater relative rotation at the head portion of the user, thud support piece 1110 15 denser
than second support prece 1106, while first suppott prece 15 less dense than second support
piece 1106 and third support piece 1110 to achieve a lesser or himited relative rotation at
the leg region of the user. In a particular embodiment, rather than baving a plurality of
discrete support pieces, sleep surface 1114 1s one confinuous support piece exhibiting a
gradual density transition along a longitudinal length of sleep surface 1114 such that the
leg portion of sleep surface 1114 15 less dense than the opposite head portion of the sleep
surface 1114, This feature may result 1 a support system that appears less mtinidating to
the user and more aesthetically pleasimg. Moreover, sleep surface 1114 1s rotatable about
longriudinal axis 1113, shown m FIG. 26, so that sleep surface 1114 1s ortented m one of a
lateral right side slope or a lateral left side slope shown in FIG. 27,

Referrmg to FIGS. 28-35, i an alternative embodiment. sleep surface 1114 1s
formed of a closed air system 1160 that induces the user’s body to rotate laterally when
sleeping to facilitate preventing or lmuting the incidence of sleep apnea. In certam
embodiments, closed air system 1160 does not require electrical power or control, and
atlows the user to quietly move sleep orienfations between the lateral left side slope and
the lateral right side slope during sleep.

In one embodiment, closed air system 1160 mchudes one or more panrs of fluid
bladders communicatively coupled to each other. For example, as shown m FIGS. 28 and
30, a furst paw of fluid bladders 1162 1s posifioned witlun the leg region 1164 of closed air
systemn 1160, a second pair of fluid bladders 1166 1s positioned within a torse region 1168

of closed air svstem 1160, and a third pawr of fhud bladders 1170 15 positioned within a
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head region 1172 of closed air system 1160, In a particular embodiment, a sleep sensor is
posttioned i a pillow or on the bladder 1166, In a particular embodiment, the flud
bladders are phunbed together using a switably sized fube or hose, shown schematically by
reference number 1174 m FIGS. 28 and 30, or any suilable couphing mechamsm providing
conmmunication between the nterior cavities of the fluid bladders to allow fhud to move at
a destred rate between the coupled bladders. Flud, such as amr, can be added manually or
usig a suitable pump to each pair of flmd bladders, for example, through one or mere
nozzles to adpust the frmness and lateral rotational angle of the respective par of fhud
bladders. In this embodiment, the user can adjust the side npon which hefshe sleeps {even
durning sleep) and an amount of fhud contamed within the fluid bladders to adpust the
firmmess of sleep surface 1114 andfor the lateral rotational angle of each support plane
forming sleep surface 1114, In this embodiment, each pair of fluid bladders 1s separated
atong longitudinal axis 1115 of support system 1100, In a particular embodiment, flud
can be added to the bladders 1166 based on the sleep state of the person.

In a particular embodiment, closed air system 1160 inchides one or more bolsters
1176, as shown m FIGS. 29-31, positioned along at least a portion of the opposmg lateral
sides of support system 1100 to prevent or linit lateral nugration of the nser during sleep.
In one embodumnent, bolsters 1176 are the same or sunilar to bolster 1142 descrnibed above
with reference to FIG. 153, Referning further to FIG. 29, each air bladder rests on and 1s
supported by a sutfable bottom layer, such as a foam material laver 1178 and/or a maitress,
and can also be covered by another suitable top laver, such as a foam matertal layer 1180.
Matertals other than foan: materials known to those having ordmary skill m the art can be
utilize 1o form the bottom layer andfor the tfop laver. In a certam embodunent, material

layer 1180 at least partially encloses or envelops one or more of the fluid bladders to retain
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the fluid bladders properly positioned within support system 1100, One or more of the
fhid biadders i one or more of the pairs of fluid bladders are mflatable fo rotate the user
onte his‘her right side or left side based at least m part on hus/her sleep sfate.

In one embodiment, one or more pairs of fluid bladders 1162, 1166, 1170 mclude
two wedge-shaped fluid bladders that are removably coupled to maternial laver 1178 andfor
material laver 1180 using a suitable coupler, such as a hook and loop fastener system. For
example, third pair of fluid bladders 1170 are positioned with respect o the user’s upper
body or head region and are removably coupled to material laver 1180 using a hook and
loop fastener system suich that sleep surface 1114 15 adjustable based at least in part on the
stze and weight of the user. These flmgd bladders are inflatable based on the user’s sleep
state fo urge the upper body of the user fo rotate. Additionally, first pair of flud bladders
1162 andfor second pawr of fhud bladders 1166 are also milatable to urge the user’s legs
and/or the user’s torse, respectively, to rotate.

Referrmg further to FIGS. 32-35, each fluid bladder of each pair of fluid bladders
1162, 1166, 1170 1s milatable fo form a support piece having a destred or selected shape.
Select flud bladders may remain substantially deflated, as shown m FIG. 32, or both fhud
bladders or only one fliud bladder of one or more pans of fluid bladders may be mflated to
form a desired sleep swrface 1114, as shown m FIGS. 33 and 34 respectively. In an
alternative embodiment, as shown m FIG. 35 a sigle flmd bladder 1182 may be utilized
m one or more of leg region 1164, torso region 1168, and head region 1172 of closed air
systemn 1160 positioned along longitudinal axis 1113 of support system 1106 that, when
inflated. urges the user to roll towards either the lateral right side or the lateral left side
afer the user s i a predetermined sleep state. In thus embodiment, fluid bladder 1182 can

be deflated occasionally to allow the user to reposition himselfherself. A pillow can be
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positioned on third pawr of fhud bladders, for example. such that the pillow s inchined
when one or more of the fhud bladders are mflated.

The flmd bladders are mflatable with ar or another smufable fluid (which can be
dramed as deswed from withun the cavities of the thud bladders mto a reservowr). A fhud
supply 1188, shown m FIG. 30, 15 posttioned at or near support system 1100, such as on
the floor, beneath the bed, or coupled to the bed. The fhud supply 15 1 independent fluid
commuication with each pair of fluid bladders 1162, 1166, 1170 to supply a desired
amount of fhud to each fluid bladder based on a signal from a control, for example.

In one embodiment as shown m FIG. 30, support svstem 1100 mclades a suitable
computer-nnpleniented control system 1190 operatively coupled to closed aw svstem
1160, such as m operafional control conununication with closed aw system 1160, The
computer-nuplemented control systern mclades a computer 1192 having one or mere
processors 1194 and one or more sleep sensors 1196, such as one or more presswpe
sensors, coupled in signal communication with processors 1194, Sleep sensors 1196 are
configured to montfor the user’s sleep patterns and transmit signals mdicative of the
sensed sleep patterns to processors 1194 for mampulation and evaluation of the dafa.
Based at least i part on the one or more signals received from one or more sleep sensors
1196, confrol system 1190 is confisured to mnflate or deflate select fluid bladders to
reposition the user durmg sleep to prevent or limit the occurrence of a sleep apnea episode,
for example.

Additionally, in certain embodiments, closed air system 1160 is configured to rest
on a conventional mattress or may be configured or remnforced to rest directly on a support
structure, such as a bed frame or a floor. With the thud substantially removed from each

of the fluid bladders, closed awr svstemn 1180 can be folded or rolled inte a compact
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configuration to facilitate storing and transporting closed awr system 1150, In certamn
embodiments, closed aw systein 1s less expensive than a conventional matiress and more
compact to facilitate portability of support system 1100, Additionally, closed auw system
1160 as configured prevents or limuts disturbance to the user’s pariner sleeping next to the
user.

In certamn embodiments as described heremn, support system 1100 15 a dvaanuc
support system, rather than a static support system, that is conlignred to control the
configuration of sleep surface 1114 based at least m part on data entered mio control
system 1190 usmg computer 1192, or another control operatively coupled to computer
1192, and/or sensed by one or more sleep sensors 1196, for examyple, to improve the
performance of sleep sarface 1114 m terms of cliical efficacy and user tolerability.

As described heretn and shown schematically, for example, in FIGS. 36 and 37,
dynamic support system: 1100 includes, in addition to other components, a phualty of
sleep sensors 1196 configured to sense and monitor various activities mcluding without
Limitation, the user’s body position, a location of the user with respect fo sleep surface
1114, an orientation, for example, a left side ornentation or a rights side sleep orientation,
of the user, the user’s vital signs mcluding lus‘her sleep state, and additional relevant user
activity diwing sleep. Each sleep sensor 1190 1s m signal commmumication with one or
more processors 1194 contamed within computer 1192 and configured to gather relevant
data and generate and transmut fo processors 1194 signals indicative of the data gathered.
Sleep sensors 1196 are also configired to receive operation confrol signals from
processors 1194

Within computer 1192, data received from sleep sensors 1196 i1s analyzed and

operational conirol signals are fransmitted to sleep sensors 1196 as well as to other
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components of support system 1100, such as to flud supply 1188 to activate fhwid supply
11RE to provide an to one o more fhad bladders andfor remove air from one or more thud
bladders to adjust sleep surface 1114 based on signals generated by sleep sensors 1196 and
analyred within computer 1192, In one embodiment, computer 1192 mecludes sustable
memoty 1198 to store data sensed andior generated by control svstenm 1190,

An exemplary method 1200 utilizing control system 1190 for monttoring the sleep
activifies of a user positioned on support systern 1100 15 dlustrated m FIG. 37. As
described above, control system 1190 mcludes one or more processors 1194 configured to
perform the steps as described heremn.

Control system 1190 1s activated 1202 esther manually or antomatically to monitor
the user’s sleep activities and patterns as user begins to sleep. In one embodiment, control
systemn 1190 detects when the user begins to fall asleep 1204 and activates support svstem
1100 {or a dynamic sleep surface} on a delay 1206 to rotate the user at a switable time after
sleep 13 detected, such as after the user has been asleep for 30 mmutes. In an alternative
embodunent, control system 1190 1s programmmed fo activate support system 1100 at a
preset time, for example, at a 30 nunute delay, without relving on mounitoring the user’s
sleep activity. In a particnlar embodunent, control system 1190 delays mter-sleep rotation
of the user unti the user 1s m a deep sleep. Further, when control system 1196 detects that
the user 1s waking, confrol system 1190 will activate support system 1100 to move sleep
surface 1114 to an mutial configuration such that the user can exit from support system
1100. In a further embodiment, control system 1190 prevents activation of support svstem
1100 if control system 1190 detects the nser 15 sleeping in a lateral decubitus position.

Prior fo sleep, the user 1s able to wput 1208 to control system 1190 sleep dafa 1210

mclding  without limttation, preferred sleeping sides and positions, the user's
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measurements mcluding, for example, the user's height, weight, and mseam and torso
measurements, preferred lateral rotational angles andfor longitudinal rotational angles of
onge of more support planes defining sleep surface 1114, Based al least m part on the
user’s input data, conirol system 1190 15 configured fo activale support system 1100 {o
adjust a dwrection and/or a level of rotation of one or more support planes defining sleep
surface 1114, For example. if the user prefers a left side slope to sleep swiace 1144,
confrol system 1114 activates fluid bladders within support system 1100 fo form the
desired lateral left side slope, or if the user’s partner 1s sleeping on the left side of the user,
a left angle may be created. In one embodmment, mmmmal adjustments are made fo sleep
surface 1114 to maintam the user’s AHI under 5 and/or prevent snoring because apneas
events and spormg may or may not be eguivalent, depending on the user. Additionally,
control system 1190 15 configured to collected and record data obtained as the user sleeps
to diagnose any undesirable or abnormal sleep activities or conditions, mcluding the user’s
apnea-hypopnea index {AHI), for example.

During sleep, control svstem 1190 assesses the user’s comfort level 1214 and, ina
particular embodiment, compares the current evaluation with previons evaluations. The
user’s body s then mapped 1216 to map body region locations 1218, and user activifies
and movements 1220 during sleep. The collected data 15 then analyzed 1222 o determine:
the location of joints melnding, for example, the user’s neck, hips, and knees; preferred
surface orientation (night side vs. left side orentation); and body ortentation (e.g., mapping
pressures af various locations on sleep surface 1114 as a result of the user’'s body
ortentation, for example, a lateral sleep position mdicated by a narrow pressure mapping
profile). In one embodiment, location of one or more support planes are calculated and

located based on transition pomts. Under the pressure mapping, specific pressure points
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are idemtified to increase or decrease pressure. For example, select fhud bladders are
inflated or deflated based on body location and destred lateral rotational angles.

Controel system 1190 then assesses 1224 the user’s body orientation mcluding, for
example a defernnnation of head angle 1226 and chest angle 1228, During sleep, conirol
systemns also actively monitors 1230 the user’s vital signs, which includes measuring and
montforing the user’s respiratory rate and amplitude, AHI, sleep state, snoring, and oxyeen
saturation {SpO;), for example. If an adverse event 15 defected, control system 1190
activates 1234 one or more compouents of suppott systern 1100 {o respond appropriately.
For example. fhud supply 1188 may be activated to mflate or deflate one or more fhud
bladders. Control system 1190 may activate flud supply 1188 based on one or more of
the followmg events: detection of snoring, detection of an AHI episode (apnea andior
hypopnea), and detection that the user i1s i a suptie position {e.g., supme torso, upper
respiratory tract {(URT) within 45° of vertical). Control system 1190 may also activate
support system 1100 to vibrate to wake the user should control system 1190 detect an
adverse event, such as an apnea episode.

Referning to FIGS. 38-41, i one embodmment a sleep apnea therapy system is a
design based on how an average user responds to the therapy tested on a sufficiently large
population. The sleep apnea therapy system will effectively and tolerably treat any user’s
sleep apnea. As a result, the therapy can be modified fo decrease a level of therapy
{specifically, an amount of rotation) and still achieve clinical efficacy while optimizing
user comfort and mcreasing usage comphiance. By learnmg how the ngser reacts to
variations mn therapy, the sleep apnea therapy svstem is adjustable to optinize the resulis
of therapy. As shown m FIGS. 38-41, the sleep apnea therapy svstem 18 design to mchude,

i the embodiment illustrated, an active conirol of surface (e.g., rotation planes, rotation
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angles, rotation time/duration, flmd bladder presswre); capabilities to sense amd assess
tolerability {e.g.. sleep statestage, vitals, movement, user assessment), amd sense and
assess clinwcal efficacy (e.g., AHIL respirafory rafe, head ovientation) With these
assessments, tolerability and user comphance is maxuuzed for a climcally effective
treatment of obstructive sleep apnea.

As shown m FIG. 38, the sleep apnea therapy system mcorporates sensing of key
elements and evaluates connections between those elements wilil the balance between the
elements 1s optimized, as shown m FIGS. 3% and 40. As a result, the system 15 capable of
mamtaining balance between efficacy and tolerabulity m spite of changes over time {(e.g.,
the user has a cold or develops a higher body mass mdex (BMI} illustrated in FIG. 41.

In one embodnnent, apunea therapy can be mtegrated as an option m a contintous
lateral rotafion therapy (CLRT) systent. An exemplary CLRT system is configured fo
deliver lateral rotation as a therapy for the prevention of pressure ulcers, as well as for nse
in the prevention of ventilator-associated pnewmonia and muscular wasting associated
with prolonged mmmobility. The exemplary CLRT system 1s suitable for use as a therapy
for the preveniion of sleep apnea with the addiion of the followmg components or
elements. In one embodiment, the CLRT system mclades a restrained lateral rotation to
create or develop progressively greater rotation by limting rotation in a forso region
and/or a head region of the user. Addiionally, an angmenied lateral rotation mcreases
rotation 1 the torso region and/or the head region of the user.

Referrmg to FIGS. 42-46, an exemplary CLRT system 1300 mcludes a control
system 1302 configured with a rotation function {angmented or restramed rotation).
Referring to FIG. 42, control system 1302 1s operatively coupled to a support system 1304,

Conirol system 1302 mcludes an apnea setimg configured to select a number of support
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planes, dimensions of each support plane, and a desired lateral rotational angle andfor a
desired longitudinal rotational angle at which onie or more support planes are positioned to
define the sleep swrlace. Further, conirol svstem 302 wncludes a rotation function that
allows constramed rotation at a forso region andfor a head region of the sleep surface (e.g.,
by pressure modification or by physical constramnt}, as well as supplemented rotation via a
cushion.

As show m FIG. 43, comirol sysiem 1302 mcludes an apnea meode, wherein
blowers are confrolled to intfiate and mamtamn rotation of the support planes. Withun the
apnea mode. control system 1302 allows the user or a caregiver to select and/or define one
or more therapy modes {e.g. an amount andior a location of rofation). In one
embodiment, conirol svstem 1302 i configired or programimed io suggest rofation
protocol based on sensed or mput data mcluding, without limitation, one or more of the
followmg: AHI score, BMI, sensed respiratory rate, and sensed SpOQ; lustory. Control
system 1302 15 also configured or programmed to select a left side slope or a right side
slope based on user preference or an aliernating lateral rotation, select a reverse trend or
composite longitudinal angle, and manually cancel a protocol andfor return the sleep
surface immediately to a flat, mitial position. Alternating lateral rotation can be specified
to alternate after an elapsed time period, to rotate at a certamn speed to avoid waking the
user, and to gradually increase lateral rotational angles from a low nitial lateral rotational
angle at a first rotatton toward the maxismm desired lateral rotational angle afier a
spectiied number of rotations.

In one embodiment, support system 1304 includes a base support 1300 wmcluding a
plarality of mflatable fluid bladders aligned generally parallel to a longiudmal axis of

support system 1304 fornung a single support plane 1308 having a lateral rofation angle 8
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of 3% to 15°, or more specifically, 107 with respect to a base plane 1319 of base support
1306, One or more supplemental support wedges 1312 are posttioned on support plane
1308 within one or more of the leg region, the torse region, and the head region of support
systerz 1304, In this embodiment, supplemental support wedge 1312 15 a wedge-shaped
mflatable fluid bladder. As shown m FIG. 44, supplemental support wedge 1312 15
postitoned at the head region of support system 1304 and forms a supplemental support
plane 1314 having a lateral rotation angle A of 53° to 15°, or more specifically, 10°, with
respect fo a base plane 1316 of supplemental support wedge 1312, Ag a result, in the
embodiment shown m FIG. 44 a supplemental support plane 1314 15 positioned at a total
lateral rotational angle ¢ of 20° with respeet to base plane 1310 of base support 1306 {(the
sum of angle § and angle X). In alternative embodiments, the total lateral rotational angle
mayv be any susiable angle, less than 20° or greater than 20°. Further, one or more
supplemental support wedges 1312 can be positioned within one or more of the leg region,
the torso region, and the head region of support system 1304,

Referring fo FIGS. 45 and 46, 1 one embodiment suppott system 1304 mcludes
laterally positioned side constramts 1320 to lini nflation of mdividual fluid bladders
forming base support 1306, Support system 1304 may inclnde, with or without laterally
posttioned side constramyts 1320, a phuality of fixed length bands 1322 positioned with
respect to mdividual fluid bladders, such as between adjacent fluid bladders, to lmt
umiflation of the mdsvidual fluid bladders.

In one embodiment, a posture garment or shirt 1540 s worn by a user suffering
from sleep apnea to apply an appropriate force, such as a tugging force, on the shounlders,
arms, and/or head of the user to urge or cause the desired or necessary head turn to open

up the user’s upper respiratory tract to prevent or unit the occurrence of sleep apnea or
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the event of a sleep apnea episode. Applyving forces to cause the user to o his‘her entire
body to the lateral decubitus posifion 13 an alternative approach fo achieving this desired
head angle; this mav mvelve the use of whole-body garments or a pant ganment i
combmation with a shit ganment.

As shown m FIGS. 47 and 48, posture shirt 1300 includes one or more areas 1302
located on a front portion of posture shirt 1500, as shown m FIG. 47, andfor a back portion
of posture shirt 1500, as shown in FIG. 48, including a material paunel and/or material
weaves having a different elasticify than other areas of posture shirt 1500, Because of the
different material elasticity witlun areas 1502, areas 1502 tend to pull or wrge select parts
of the user’s torso, extrenuties, head, andfor neck in a desired direction to open the upper
respiratory amway. In a particular embodiment, sections or panels of posture shit 1500
within areas 1302 are made of a different elastic material that work cooperatively to
properly posttion the user’s body. Posture shirt 1500 may have long sleeves, short sleeves,
or mav not inchide sleeves, and/or have a hood. Any smtable material known to those
having ordinary skill m the art mav be used within areas 1502 and mclhude, without
linutation, elastic materials based on composttion {one or mere of aylon, polyester,
polvester fleece, andfor cotton} or weave {one or more of plain, basket, and twill weaves)
that impart preferential deformability and recovery inducmng a change m the user’s
postare.

In one embodiment, a compression posture shut 1300 1s worn like a typical shart
and naturally twists the torso, neck andior head of the user. Unhke conventional posture
shirts, there is no need to msert bladders or tens ball-hike mserts to urge the user to tun

or rotate from a supine sleep position. Mereover, compression posture shirt 1500 for sleep
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apnea does not require any user training because posture shirt 1560 pulls and tgs on the
user without the need of mtervention from the user.

I cerfamn emboduments, electrical circuifry, such as one or more processors and/or
ope or more cwcust boards, 18 operatively coupled to, such as m electrical or elecironic
conmmmmication with, confrol svstem 1190 to monttor operation of one or mwore
compoenents of support system 1100 or contrel systemn 1302 to monitor operation of one or
niore components of support svstem 1304, collect, process, andf/or store miormation, such
as operation data and mofor usage data, and transmut mformation, such as operation data
and motor usage data, to one or more of the following computer-implemented machmes or
devices incladmg, without hmitation, a control anddor display device within or operatively
coupled to support system 1100 or support svstem 1304, and/or a control and/or display
device on a computer or network of compufers at one or more nurse stations or
adnumstrative stations, for example.

In one embodiment, electrical cireuitry, such as one or more processors anddor one
or more circuit boards, 15 contamed within control system 1190 or countrol svstem 1302
and connected in conununication with support svstem 1100 or support system 1304,
respectively. In a particnlar embodiment, one or more sensors or other suitable detection
components are operatively coupled to support system 1100 or support system 1304
andfor control systemn 1190 or control system 1302 to detect operationn. The one or more
sensors are configured fo generate and fransmit electronic signals representafive of the
detected operation to the circwt board, which 1s configured to collect, process, andfor store
such information, and generate and transnut mformation to one or more computer-
unplemented machines or devices m conununication with the circuit board, as described

above.
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In certain embodiments, the one or more computer-implemented machines or
devices 1 conumuucation with the cwount board melnde a controller m signal
communication, either wired or weless signal conmmnication, with the circwt board
contamed within support systemn 1100 or support system 1304, The controller mcludes a
suitable display to display mformation received from the circuit board and/or mformation
generated by the controlier based on the information recetved from the cirenit board. Ina
particular embodument, the controller 13 configured to generaie command signals and
transnut the command signals fo the circutf board contamed within support system 1100 or
support system 1304 to control operation of support system 1100 or support system 1304
and/or adjust parameters and/or linuts, for example, programmed into the cireunit board.

The above embodiments may be described tn ferms of functional block
components and various processing steps. Such functional blocks may be realized by any
number of hardware andior software components configured to performn the specified
functions. For exanmple, embodiments nay employ various mtegrated circuit components,
e.g.. memory elements, processing elements, logic elements, look-up fables, and the like,
which may camry out a varety of functions under the control of one or more processors,
microprocessors or other control devices. Similarly, where the elements of the above
embodiments are implemented using software progranuming or software elements the
embodiments may be mnplemented with any progranmmung or scripting language such as
C, C++, Java, assembler, or the hike, with the various algorithms being implemented with
any combiation of data structures, objects, processes, routines or other progranuning
elements. Furthermore, the embodiments could emplov any nmmber of conventional
techmques for electronics configuration, signal processing and/or control, data processing

and the like. The word mechanisin may be used broadly and is not hinuted to mechanical
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or physical embodiments, but can include software routines in conjunction with
processors, efc.

The particular mmplementations shown and described heremn are illustrative
examples of the mvention and are not mtended to otherwise lumit the scope of the
imvention in any way. For the sake of brevity, conventional electronics, control systems,
software development and other functional aspects of the systems {and components of the
mdividual operating components of the svstems) may not be described n defail
Furthermore, the connecting lines, or connectors shown m the various figures presented
are mtended to represent exemplary functional relationships andfor physical or logical
couplings between the various elements. It should be noted that many alternative or
additional functional relationships, physical connections er logical conneciions may be
present m a practical device. Moreover, no item or component 1s essential to the practice
of the mvention unless the element 1s specifically described as “essential” or “critical.”
Numerous modifications and adaptations will be readily apparent to those skilled m thus
art without departing from the spirif and scope of the emmbodnnents.

The order of execution or performance of the operations m embodiments tllusirated
and described heremn is not essential, unless otherwise specified. That 15, the operations
may be performed i any order, unless otherwise specified, and embodunents as described
may mnclude addifional or fewer operations than those disclosed heremn. For example, 1t 1s
conternplated that executing or performing a particular operation before
contemnporaneously with, or after another operation is within the scope of aspects of the
nvention.

Embodiments may be mnplemented with computer-executable mstructions. The

computer-executable msiructions may be organized mio one or more computer-execuiable
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components of medules. Aspects of the disclosure may be implemented with any number
and organization of such components or modules. For example, aspects of the disclosure
are nof linuted to the specific computer-executable mstmetions or the specific componentis
or modales illustraled m the figures and/or described heremn.  Other embodimenis may
mclude different computer-executable mstmctions or components having more or less
functionality than tHustrated and described herem.

Many other embodiments of the present disclosure are also envisioned. For
example, a method comprises defermining a persen’s level of risk for developing an
adverse condition; selecting a care protocol based on the level of nisk; displavmng a
proposed configuration of a person support structure corresponding to the care protocol for
a caregiver to approve, and upon approval by the caregiver, implementing the
configuration. In apother contemplated embodiment, the configaration causes the person
support structure fo raise a first section of the person support structire such that the first
section forms an angle of preater than 0° with respect to the reference plane. In another
conternplated embodiment, the configuration causes the person support structure fo
laterally #ilt an occupant supported on the person support structure fo a side such that the
occupant is are at an angle of greater than 07 with respect to the reference plane. In
another contemplated embodiment, the configuration causes the person support structure
to move to at least one of a Trendelenburg and reverse Trendelenburg postfion. In another
conternplated embedument, the configuration causes a therapy to be mihiated. In another
contemnplated embodiment, the therapy includes heat and moisture regulating therapv. In
another contemiplated embodiment, the therapy includes continuous lateral rotation
therapv. In another contemplated embodiment, the therapy includes at least one of

percussion therapy and vibration therapy. In another contemplated embodiment, the
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proposed configuration 15 modified as a function of a second input mdicative of the
ortentation of a person supported on the person support structure. In another contemplated
embodiment, the proposed configuration 1 modified as a function of a second mput
mdwcative of the posttion of a person supported on the person support structure. In another
contermnplated embodunent, the method further comprises the steps of: receiving an mput
indicative of the sleep state of the person supported on the person support structure; and if
the person 1s waking up, restoring the person support struchure to a previous configuration.
In another contemplated embodmment, the person support structure s configured upon an
occupant reaching a predeternuned sleep stage. In another contemplated embodiment, the
method further comprises the steps of: recetving a configuration overnide conunand, and
restoring the person support structure to a previous configuration. In one contemplated
embodunent, the configuration override command 13 comununicated from a remofe
location. In another contemplated embodiment, the configuration overnide commuand s
communicated when a CPR function 15 activated. In another contemplated embodument,
the configuration override command 15 commmnicated from a GUI coupled to the person
suppott stracture. In another contemplated embodiment, the method further comprises the
step of notifymg a caregiver if the presence of a material would aggravate an adverse
condition. In another contemplated embodiment, the method further comprises the steps
of: recetving an mmput mdicative of a material proximate fo the person supporied on the
person support stmcture defermining if the material icreases the person’s nisk for
developing an adverse condition.

In another example, a method comprises recerving a signal mdicative of a
physiological characteristic; comparing the signal to a threshold to determune 1if an adverse

event 15 1 progress; and upon detecting that an adverse event 15 in progress, mitiating an
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mtervention to stop the adverse event. In one contemmplated embodiment, the second
mfervention mecludes mereasing the magnitude of the first mtervention. In another
contemplated embodiment, the second mitervention meludes alering a caregiver.

In another example, a person support surface comprises a matiress ticking and a
mattress core. The matiress core 15 enclosed by the mattress tickimg and includes at least
one fluid bladder configured to selectively protrude from the person contacting surface
and support a portion of at least one of the neck and the upper back of an occupant
supported on the person support surface. In one comtemplated embodiment, the at least
one fluid bladder 1s configured to support the cervical vertebrae of an occupant. In
another contemplated embodiment, the at least one flnid bladder 15 configured to protrude
a distance of at least about 70mm from the occupant facmg surface. In another
conternplated embodiment, the at least one fluid bladder is configured to support the
scapula of an occupant. In another contemplated embodiment, the at least one flmd
bladder 15 confignred fo protrude a distance of at least about 20mm from the occupant
facmg surface. In another contemplated embodiment, the at least one fluid bladder 1s
configured to protmde a distance of about 20nun to sbout 30mm from the occupant facing
surface. In another contemplated embodiment, the at lfeast one fhud bladder 1s configured
to protrude a distance of less than about 30mm from the occupant facing swrface. In
another contemplated embodiment, the at least one flaxd bladder 1s configured fo laterally
tiit an occupant’s head when inflated. In another comtemplated embodunent, the at least
one fiuid bladder 13 milated upon detecting the onset of an adverse condition.

In another example, a method comprises deternuning a person’s level of nisk for
developing an adverse condition; selecting a care protocol based on the level of nisk;

sensing a first physiological charactenistic of a person supported on a person support
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structure; sensing a second physiological characteristic of the person; comparing the first
physiological characteristic to the second physiological characteristic: if the difference
between the fust phyvsiological characteristic and second physiological characterisiic 1s
outside a predefined range, configuring the person support structure as a function of the
care protocol.

In another example, a method comprises deternuning a person’s level of nisk for
developing an adverse condition; selecting a care protocol based on the level of nisks
sensing a first physiological charactenistic of a person supported on a person support
structure; sensmg a second physiological characteristic of the person comparmg the fust
physiclogical characteristic to the second physiclogical characternistic; if the difference
between the first phvsiological characienistic and second phvsiwlogical characterisiic is
outside a predefined range, alerting a caregiver that an adverse condifion 18 going o oceur.

Any theory, mechanmsm of operation, proof, or finding stated herein 18 meant to
further enhance nnderstanding of principles of the present disclosure and 1s not intended to
make the present disclosure i any way dependent upon such theory, mechanism of
operation, tlustrative embodument, proof, or finding. It shonld be understood that while
the use of the word preferable, preferably or preferred n the description above mdicates
that the feanwe so described can be more deswrable, it nonetheless cannot be necessary and
embodiments lacking the same can be contemplated as within the scope of the disclosure,
that scope bemg defined by the claims thaf follow.

In reading the claims it is mntended that when words such as “a,” “an,” “at least
one,” “at least a portion” are used there is no mtention to hnut the claim to only one item

unless specifically stated to the confrary m the clamy When the language “at least a
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portion” and/or “a portion” 1s used the item can mclude a portion andior the entire item
unless spectfically stated to the contrary.

It should be undersicod that ounly selected embodiments have been shown and
described and that all possible aliernatives, modifications, aspecis, combinations,
pringiples, variations, and equivalents that come within the spuit of the discloswre as
defined herein or by any of the following claims are deswed to be protected. Whle
embodunents of the disclosure bave been illustrated and deseribed m detail m the
drawings and foregoing description, the same are fo be considered as tllusirative and ot
intended fo be exhaustive or to lmnit the disclosure to the precise forms disclosed.
Additional alternatives, modifications and variations can be apparent to those skilled m the
art. Also, while multiple mventive aspects and principles can have been presented, they
need pot be ufilized m combination, and various combmations of inventive aspects and

pringciples are possible in light of the various embodiments provided above.
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What 1s clamed i3

i A method, comprising:

receiving an mnput indicative of a person’s level of risk for developing an adverse
condition;

selecting a care protocol based on the mput;

communicating a proposed configuration of a person support  structure
corresponding to the care protocol for a caregiver to approve; and

upon approval by the caregiver, configuring the person support stmwhue m

accordance with the care protocol.

2. The method of claim 1, wherein the confizuration causes the person support
structure fo raise a first section of the person support structure such that the first section
forms an angle of greater than 0° with respect to the reference plane.

3. The method of claim 1, wherein the configiration causes the person support
structure to laterally tilt an occupant supported on the person support struchure fo a side
such that the occupant 1s are at an angle of greater than 0% with respect to the reference

plane.

4. The metbod of claym 1, wherein the configuration causes the person support

structure to move o at least one of a Trendelenburg and reverse Trendelenburg position.

5. The method of claim 1, wherein the configuration causes a therapy fo be initiated.
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8. The method of elaim 3, wheremn the therapy mcludes heat and moisture regulating
therapy.
7. The miethod of claum 3, wherewn the therapy wicludes contumous lateral rotation
therapy.
8. The method of clamm 5, wherem the therapy mcludes at least one of percussion

therapy and vibration therapy.

Q. The method of claim 1, wherein the proposed configuration s modified as a
function of a second input mdicative of the ontentation of a person supported on the person

support structure,

10, The method of claim 1, wherein the propesed configuration is modified as a
function of a second wput wdicative of the position of a person supported on the persoen

suppott structure.

11, The method of clamm 1 further comprising the steps off

recerving an nput indicative of the sleep sfate of the person supporied on the
person support structure; and

if the person is waking up, restoring the person support structure to a previous

configuration.
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12, The method of claim 1, wherem the person support structure 13 configured upon an

occupaitt reaching a predetermined sleep stage.

13, The method of claym 1 further comprising the steps off
recetving a configuration override command; and
restoring the person support structure to a previous configuration.
4. The method of clamm 13, wherem the configuration override command is

communicated from a remote location.

15, The method of clamm 13, wherem the configuration override command is

commnupucated when a CPR function is activated.

i6. The method of clamm 13, wherem the confisuraton overrde command is

s

commumncated from a GUI coupled to the person support structure.

17.  The method of claim 1 firther comprising the step of notifying a caregiver if the

presence of a material would aggravate an adverse condition.

18.  The method of claim 1 further comprising the steps of:

receiving an mput indicative of a material proximate to the person supported on the
person support stracture

determining if the material increases the person’s risk for developmg an adverse

condition.
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19, A method, comprising:

recerving an mput signal mwdicative of a physiological charactensiic;

determining if an adverse event 1s in progress based on the mput signal;

upon determining that an adverse event 15 m progress, mitiating a first mtervention
to stop the adverse event;

receiving a second nput signal mdicaive of the physiological characteristic at a
time after the first infervention 1s mnihated;

deternuning if the adverse event 15 still mn progress;

upon determining that the adverse event s still 1n progress, imfiating a second

intervention.

20. The method of clam 19, wherein the second mtervention mcludes mcreasing the

magnttude of the first mervention.

21, The method of claim 19, wheremn the second mtervention mcludes aletting a
caregiver.
22, A occupant support surface, comprising:

a maftress ticking;

a matftress core enclosed by the matiress ticking and melnding an oconpant facing
surface and at least one fluid bladder configured to selectively protrude from the occupant
facmg surface to support a portion of at least one of the neck and the upper back of an

occupant supported on the occupant support surface.
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23, The occupant suppott surface of claim 22, wherein the at least one fluid bladder s

configured to support the cervical vertebrae of an occupant,

24, The occupant support swrface of claim 22, wheremn the at least one flud bladder s

configured to protrude a distance of at least about 70mm fron the occupant facing surface.

25, The occupant support surface of claim 22, wherein the at least one fluid bladder 15

configured to support the scapula of an cccnpant.

26, The occupant support surface of claim 22, wherein the at least one fluid bladder 15

configured to protrude a distance of at least about 20num from the occupant facimg surface.

27.  The occupant support surface of claim 22, wherem the at least one fluid bladder s
- 34 i - PR S Tt 3 AR TETS i ! 2 . - . - . - s 3
configured {o protrude a distance of about 20mm to about 30mm from the occupant facing

surface.

28, The occupant support surface of claim 22, wherein the at least one fluid bladder ix
contfigured to protrude a distance of less than aboui 30 mm from the occupant facing

surface.

29, The occupant support surface of clamm 22, whevein the at least one fhud bladder s

configured to laterally tilt an ccenpant’s head when mflated.
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3. The occupant support swrface of claim 22, wherein the at least one fluid bladder is

inflated upon detecting the onset of an adverse condstion.

31, A method, comprising:

recetving an mput mdicative of a person’s level of nisk for developing an adverse
condition;

selecting a care protocol based on the level of risk;

receiving an mputl signal mdicative of a first physiological charactenstic of a
person supported on a person support structure at a first time;

recetving an mput signal mdicative of a second physiological characteristic of the
person at a second time;

comparing the first physiological charactersstic to the second physiological
characteristic;

if the difference between the first physiological characteristic and second
physiclogical characteristic 1s outside a predelermined range, configuring the person

support structure as a function of the care profocol.

32, A method, comprising:

receiving an nput signal mdicative of a person’s level of nsk for developing an
adverse condition;

selecting a care protocol based on the level of risk;

recetving an mpwt signal mdicative of a first physiological charactenistic of a

person supported on a person support structure at a fust time;
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receiving an nput signal indicative of & second physiological characteristic of the
person at a secomd tie;

compartng the fust phvsiological characteristic tfo the second physiological
characteristic;

if the difference between the first physiological characterisie and second
physiological characteristic is outside a predeternuned range, alerting a caregiver that an

adverse condition 18 going {0 OCCUT.

33, A gystem, comprising:

a person suppott structure confisured to support a person thereon;

a sensor configured to sense the orieniation of a person’s head with respect to a
reference plane;

a control system configured to control a function of the person support structure in
response to the mnput from the sensor fo mamiain the person’s head within a range of

orientations.

34, The system of clamm 33, wherein the sensor inchides an RFID sensor and the

person support structure mchides an RFID reader.

35.  The system of claun 33, wherein the sensor 1s coupled to a person’s head.
36.  The system of claim 33, wheremn the sensor 1s at least one of coupled to a person’s

eves, ears, nose, and upper respiratory fract, and worn by a person.
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37.  The system of claim 33, wherein the control system causes the support structure to
laterally rotate a person so that the sensor indicates that the ornentation of a person’s head

1s af least £30 degrees with respect to vertical.

38 The system of claim 33, wheremn the control system activates an alarm if a person’s

head 1s below a predeternmined ortentation threshoeld.

39, A support system: defining a sleep surface configured to suppoit a user thereon,
said support svstem comprising & plarality of support pieces, each support piece of the
pharality of support pieces defining a respective support plane having a lateral rotational
angle with respect to a base surface of the support piece, wheretn a first support piece of
the plurality of support pieces defines a first support plane having a lateral rotational angle

different from the lateral rotational angles of the other support planes.

40. A method, comprising:

receiving an Input signal mdicative of a phvsiological characteristic of a person
supported on a person support structure;

determuming if an apnea event 1S in progress based on the input signal;

if an apnea event IS 1 progress, generating an miervention.

41, The method of claim 40, wherein the intervention is specified by a facility care

protocol.
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42, The method of claun 40, wherein the mtervention is specified by a person’s care
plai.

43, The methed of clamn 40, wheremn the mfervention mchides alerting a caregiver.

44.  The method of claim 40, wherein the mtervention inchides activating a therapy.

45 The method of clann 44, wherem the therapy mcludes contumous lateral rotation
therapy

46, The method of claun 44, wherein the therapy mcludes at least ane of percussion

and vibration therapy.

47, The method of clamm 40, wheremn the mtervention mchides re-confignring the

perso suppott structure.

48, The method of clamm 47, wheretn the person support structure includes an upper
frame movably supported above a lower frame by a it mechanism, the upper fiame being
cottfigured to move between a geperally hortzontal position and a reverse Trendelenburg

position i response to defection of an apnea event.

49, The method of claim 47, wherein the person support structure mcludes an upper

frame movably supported above a lower frame by a it mechamsm, the upper frame being
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configired to move between a generally horizontal position and a chair position i

response to detection of an aphea event.

30.  The method of clanm 47, wherein the person support structure wcludes an upper
frame movably supported above a lower frame by a Iift mechamsm, the upper frame being
configured to move between a generally horizontal position and a laterally rotated position
m response to detection of an apnea event, wherein the upper frame is rofated about an
axis extending along the length of the upper frame when the upper frame 15 laterally

rotated.

S1. The method of claim 47, wherein the person support structure mchides an upper
frame movably supported above a lower frame by a 1ift mechamsm, the upper frame being
confisured to move between a first position and a second position in response to detection
of an apnea event, wherein a section of the upper frame is generally horizontal i the fust

position and inchined m the second posiion.

52, The method of clamm 47, wherein the person support structure includes a mattress

mcluding at least one fluid bladder, the at least one fluid bladder being mflated to rotate a

person’s body in response to detection of an apnea event.

53 The method of claim 40, wherein the intervention includes a stimulus that causes a

person to wake up.
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The method of claim 31, wherein the stimulus includes at least one of a light, a

54,
sotnrd, a smell, and a physical stimulus.

The method of claim 40, wherem the mnfervention mcludes a stinmulus that causes a

35,
person to move from a deeper sleep stage to a lighter sleep stage without waking up.

16
The methed of clamm 40, further comprising the sieps of:
receiving a second physiological characterisiic of a person supported on a person

36.
support structure;
comparing the second physiological characteristic to a predetermined threshold to

=

deternune if ap apniea event 18 1l progress;
if the physiological characteristic exceeds the predefermined threshold, mcreasmg

15
the magnitude of the mtervention.
37 The methed of clamm 40, further comprisimg the sieps of:
20 receiving a second physiclogical characterisiic of a person suppotted ou a person

support structure;
determumng if an apnea event is i progress based on the second physiological

characteristic;
if an apnea event 1s in progress, generatig an alert.

b
(s

The method of claun 40, wherein the physiological characteristic mcludes a

58,

person’s respiration rate.
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59.  The method of claim 40, wherein the physiological characteristic includes a

persont’s respiration amplitude.

60.  The method of clamm 40, wherewn the physiological charactenstic wclades a

person’s blood oxygenation level.

61. The method of claim 40, wherem the predetermined threshold is at least about a

4% decrease in oxygen saturation.

62, The method of claim 40, wherein the predeternuned thieshold is less than about

69% of a person’s normal breath.

53. A therapy system, comprising:

a garment mcluding a fluid bladder; and

at least one rotation bladder coupled fo the garment and contigured ifo be
selectively mflated to rofate a portion of a person wearmg the garment between a first

orientation and a second orientation.

64.  The therapy system of clamm 59, wheren the gaiment wmcludes a segquential

compression device.

65, The therapy system of claim 59, wherein the garment includes a chest wall

oscillation device.
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66.  The therapy system of claim 39, further comprising a fhud supply configwred to

supply fluid to both the thud bladder and the rotation bladder.

67.  The therapy svstemn of clamn 39, wheremn the rotation bladder 1s configured fo
cause the portion of the person to rotate a magnitude of at least 307 with respect to a

reference upon detection of an adverse condition.

68, A person support sysiem, COmprising;

a person support structure configured to support a person thereon;

an mput device configured fo determine the sleep state of a person supported on
the person suppoif structure; and

a control system configured to control a function of the person support structure as

a function of the sleep state of a person.

69.  The person support system of claim 68, wheremn the person support stmciure
melades an upper frame movably supporied above a lower frame by a hift mechanism, the
control system causing at least a portion of the upper frame o move with respect to the

lower frame as a function of the sleep state.

70.  The person support svstem of claim 69, wherein a section of the upper frame 15

moved between a substantially horizontal position and an mclined posttion.

71.  The person suppott system of claum 69, wherem the upper frame 1s moved between

a substantially horizontal position and a reverse Trendelenburg position.
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72, The person support system of claim 69, wherein the upper frame 13 rotated laterally

about an axis exiending along the leagth of the upper hame.

73.  The person support system of claim 72, wherem the upper frame i3 rotated £30°

with respect to honizontal.

74.  The person support system of clamm 69, wherein the upper frame 18 moved between

a substantially planar position and a chair position.

75, The person support system of clamm 692, wherein the upper frame 18 moved between

a substantially planar position and a rechined position.

76.  The person support system of claim 68, wherein the person support stmcture
mcludes a matiress michidimg a fluid bladder, wherem the fluid bladder 1s filled with a
fhud as a function of the sleep state to cause a person supported on the mattress fo rofate

laterally about an axis extending along the length of the matress.

77.  The person support systent of claim 68, wherem the control system activates a

therapv based on the sleep state.

78.  The person support system of claim 68, wheremn the therapy mchudes continnous

lateral rotation therapy.
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79, The person support system of claim 68, wherein the therapy inclndes at least one of

percussion and vibration therapy.

80.  The person support system of claim 68, wherem the therapy mcludes temperature

and moisture regulation therapy.

81. A method, comprising the steps of:

receiving an input indicative of at least one of a person’s medical history and an
adverse event sk score;

determining if a sleep apnea event 1s hikely based on the input; and

if a sleep apnea event 1s likelv, generating an infervention.

82, The method of claum 81, wherein the intervention mcludes alerting a caregiver that

the person has a history of sleep apnea.

83.  The methed of clamm 81, wheremn an apnea event is determuned to be hikely when

the person’s medical history indicates that the person has a history of sleep apnea.

84,  The method of claim 81, wherem the mtervention includes activating a therapyv.
83, The method of claim &1, wherein the intervention includes cauing a person

supportt strocture supporting the person to perforn a function.
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86.  The method of clatm &1, wherein the input Is received from an electronic medical

record system.

87. A method, comprising the steps of:
recetving an mput indicative of a characteristic of a person;
deternuning a risk of a sleep apnea event occwrring based on the mput; and
generating an mtervention as a fnciion of the nisk that a sleep apnea event will
OCCUt.
88.  The method of ¢laim 87, wherem the intervention mcludes alerting a caregiver.
89.  The method of clamm &7, wherem the mtervention includes deternuning a care

protocol as a function of a facility mpwt and conmmmuicating the care protocol to a

caregiver for approval.

90, The method of claim 87, wherem the mtervention includes activating a therapy.
91 The meethod of claim &7, wherem the mtervention includes causing a person

support structure to perform a function.

92, The method of claim 87, wherein the characteristic includes a respiration rate.
93,  The method of clamn 87, wheretn the characteristic mcludes a respuration
amplitude.
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94, The method of claim 8§87, wherein the characteristic meludes a person’s BMIL

95, The method of claim 87, wherein the characteristic tcludes an mtensity of the

per&on’ § sROTC.

96. The method of claim 87, wherein the characteristic melndes a civenmterence of the

person’s neck.

§7.  The method of claim 87, wherein the characteristic includes pauses in breathing

while sleeping.

98.  The method of claim 87, wherem the charactenistic includes whether the person 18

under anesthesia.

9a. The method of clanm 87, wherem the characteristic includes whether the person has

undergone a surgical procedure.

100,  The method of clamn 87, wherem the characteristic inchudes the tvpe of medication

the person 1s taking.

i01. The method of clamm 87, wherein the charactenstic mehudes information from a

sleep study.
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102, A method, comprising the steps of:
recetving an input mdicative of a person’s body position;
recerving an mmput mdicative of the person’s medical condifion;
determining aun effect that the person’s position has on the medical condition;

generatimg an mtervention as a function of the effect.

103.  The method of claim 102, wherein the person’s posifion 1s sensed using a 3D

SCIISOY.

104. The method of claim 102, wherein the person’s position 1s sensed using an image

capture device.

105, The method of elaim 102, wheremn the person’s medical condition is recerved from

an electronic medical record system.

106,  The method of clamm 102, wheremn the person’s medical condition 1s mput by a

caregiver.

107.  The method of clamm 102, wherein the mtervention is generated when the person

suffers from posttional sleep apnea and 1s laving 1 a supine position.

108. The method of clanm 102, wherein the mtervention 1s generated when the person

suffers from gastroesophageal reflux disease and 1s laying n a supine position.
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109. The method of claim 102, wherein the mtervention meludes cansmng the person to

change ther body position.

110, The method of clamm 102, wherews the person 15 supported on a dynamic persoun
support snrface and the mtervention causes the dynanuc person support surface to rotate

the person’s body.

111, The method of clamm 102, wherem the dvnamic person support surface mcludes at

least one fluid bladder that is selectively nflatable.

112, The method of clanm 102, wherein the mterveniion mcludes alerimg a caregiver.

113, The method of claim 102, wheremn the person 1s supported on a bed frame
inchiding an npper frame movably supported above a lower frame by a Iift mechanism, the
miervention causing the upper frame fo rotate about an axis extending along the length of

the upper frame to rotate the person’s body laterally.

114, The method of claim 102, wherem the person s supported on a bed frame

mclnding an upper frame movably supported above a lower frame by a lift mechanism, the

miervention causing a portion of the upper frame to move between a substantially

horizontal position and an mchned position.

115, A sysiem, comprising’
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an input device configured to receive mformation mdicative of the slegp state of a
persor; and

a control svstem counfigured to determine the sleep siate of the person based on the
mformation received by the mput and control a device as a function of the sleep state of a

PCISOLL.

116.  The system of claim 113, wherem the device includes a mattress nclading a fhud
bladder, wherein the fluid bladder is filled with a fhud as a fanciion of the sleep sfate o
cause a person supported on the nattress to rotate laterally about an axis extending along

the length of the mattress.

117, The system of claxm 115, wherem the device is configured to rotate a person about

an axis extending along the length of the person’s body.

118, The system of claim 115, wherein the device 1s configured o provide continuous

lateral rotation therapy.

119, The system of clam 113, wherein the device 15 configured to provide least one of

percussion and vibration therapy.

120 The system of claum 115, wherein the device is configured to provide temperanue

and moisture regulation therapy.

121, A person support surface coufigured to suppott a person thereon, comprising:
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a sloped surface; and
a bolster posttioned at the base of the sloped surface, the bolster being configured

to namtain the person on the sloped suirface.

122, The person support surface of clamm 121, wherem the sloped surface includes a
first section and a second section, wherein the slope of the first section and the slope of the

second section are different.

123, The systen of claim 122, wherem the slope of the first section is between about
207 and about 30° with respect to a reference plane and the slope of the second section 3

between about 10° and about 20° with respect fo a reference plane.

124,  The system of clamm 123, further comprising a third section, the slope of the third

section bemg between about 57 and about 15° with respect to a reference plane.

125, The svstem of claim 122, wherem the slope of the fust section greater than about

20° with respect to a reference plane.

126.  The system of claimm 122, wherem the slope of the second section greater than

about 10° with respect to a reference plane and less than about the slope of the first

section.
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The system of clanm 122, further comprising a third section, the slope of the third
section betng behveen greater than about 5° with respect to a reference plane and less than

about the slope of the second section.

128, The system of claim 121, wherem the sloped surface 1s wedge-shaped.

120 A method of defecting an adverse condition, comprising:

recetving an input mdicative of a phvsiological characteristic of a person and a posture of
a person;

determining if an adverse event that 1s not a positional apnea event 1s i1 progress based on
the mpui;

if an adverse event 1s in progress, alerting a caregiver.

130, A method comprisig:

recerving an uypnl mdicative of a person’s level of 1isk for developing an adverse
condition;

deternyining a proposed intervention based on the mput;

cominunicating the proposed mtervention to a caregiver for approval; and

upon approval by the caregiver, inthialing an mtervention.

131. The method of claim 130, wherein the intervention causes a person support

structure to ratse a first section of the person support stucture such that the first section

forms an angle of greater than 07 with respect io the reference plane.
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132, The method of claim 130, wherein the mtervention causes a person support
structure to laterally tilt an occupant supported on the person support structure to a side
such that the occupant 1s are at an angle of greater than 09 with respect fo the reference
plane.

133, The method of clamm 130, wheremn the mfervention causes a person support

struchire to move to at least one of a Trepdelenbwrg and reverse Trendelenburg posttion.

134, The method of claim 130, wherein the intervention causes a therapy te be mitiated.

135, The method of clann 134, wheremn the therapvy mclades heat and moisture

regulating therapy.

136. The method of clann 134, wherein the therapy mncludes continuous lateral rotation

therapy.

137, The method of claim 134, wheremn the therapy includes at least one of percussion

therapy and vibvation therapy.
138, The method of claim 130, wheretn the proposed mfervention is modified as a

function of a second input indicative of the orentation of a person supported on a person

support stcture.
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139, The method of claim 130, wherewn the proposed ntervention is mwodified as a
fimction of a second mpwt mdicative of the posttion of a person supported on a person

support structure.

140. The method of claim 130, wherein the mtervention canses a person support

structure to be configured upon an occupant reaching a predeternuned sleep stage.

141, The method of clanm 130, further comprising the step of notifying a caregiver if the

presence of a material would ageravate an adverse condition.

142 The wethod of clam 130, further comprismig the step of communicating
mformation corresponding to the mmformation received and the mfervenfron to an

electronic medical record database.

143, The method of clann 130, further comprising the step montormg the tervention

to ensuare compliance with the proposed mtervention.

144, The method of claun 130, wherein the intervention includes causing a garment to

rofate a portion of the person’s body.

145 A support system configured fo support and laterally rotate af least a portion of a

user with respect to a longiudmal axus of the support system, satd support system

CODYPBING.
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at least one support piece configured to form a laterally angled sleep surface
having 2 length defined between a first edge and an opposing second edge spaced from the

first edge along the longitudinal axis.

146.  The support system of clamm 145, wherein the at least one support piece forms a

contour over the length of the laterally angled sleep surface.

147 The support system of claim 145, wherem the at least one support piece forms a

continuonsly sloped sleep surface.

148,  The support svstem of claun 145, wherein the at least one support piece Is rotatable

about the longitudinal axis.

149, The support svsten of clamm 145, wherews the at least one support piece comprises
a plurality of support pieces configured to collectively define the laterally angled sleep
surface, a tust support piece of the plarality of support pieces forming a first support plane
atong the longitudinal axis having a first angle of rofation with respect to a base swface of
the support system and a second supporit piece of the plurality of support pieces forming a
second suppott plane along the longifudinal axis having a second angle of rotalion with

respect to the base surface different than the first angle of rotation.

154,  The support system of clamm 149, wherein the plurality of suppott pieces have

progressively greater angles of rotation along the longitudinal axis to facilitate a relatively
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sreater rotation of an upper respiratory tract of the user and a relatively lesser rotation m a

lower body of the user.

151, The support system of clann 149, wherem the second angle of rotation i1s grealer
than the first angle of rotation to facilitate greater rotation of an upper respiratory tract of
the user supported on the second support plane than a lower body of the user at least

partially supported on the first support plane.

152, The support system of claim 149, wherem each support piece of the plurality of
support pieces 15 independently rotatable about an axis extending paraliel with the

longitudinal axis of the support system.

1533, The support system of clam 149, wherein the first support plane 15 postizoned at a
first lateral angle of rotation of 20° to 30° with respect to a base surface of the first support
piece, the second support plane 1s positioned at a second lateral angle of rotation of 10° o
207 with respect to a base surface of the second support piece, and a thurd support prece
defines a third support surface posttioned at a third lateral angle of rotation of 5° to 15°

with respect to a base surface of the third support piece.

154, The support system of claim 149, further comprising a transifiional piece postioned

between adjacent support pieces of the pharality of support pieces to factlitate providing a

gradual contimuous transition between support planes of the adjacent support pieces.
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155, The support systemn of claim 149, further comprising a transitional plece positioned
at a transitional hne where the first support piece meets with the second support piece o

provide support for the user.

156. The support svstem of claim 145, huther comprising a system control having a

display configured to display miformation about the suppott system.

1537, The support system of claim 156, wheremn the system contrel comprises a
processor confipured to adjust angles of rotation of the support planes based at least mn part
on data mputted at the system confrel and/or data signals recetved from one or more

sensors of the support system.

158, The support system: of claim 145, further comprising 8 bolster posttioned along a

lateral side of the support system to limit lateral migration of the user.

1539, The support system of clamm 158, wheremn at least a portion of the bolster inclhudes

a textured surface to facilitate retainimg the user positioned on the sleep surface.

160, The support system of claim 138, wherem the bolster is formed of a formable

material fo provide envelopment throughout the sleep surface.

161, The support system of clatm 158, further comprising a strap operatively coupled to

the bolster fo facilifate mamtaming the user positioned on the sleep surface.

88



1

I~

b
(s

0

[ ]

WO 2013/177338 PCT/US2013/042313

162.  The support system of claim 149, wherein each suppoit piece of the plurality of
support pieces 18 rotatable about the longitudinal axis between a first orientation having a

right side slope and a secound orientation having a left side slope.

163, The support system of claim 162, further comprising a section positioned within
the first support piece and coaxially aligned with the longitndinal axis to facilitate rotation
of the furst support prece about the longitudinal axis mdependently of the second suppert

piece.

164, The support system of claim 145, further comprising at least one spacer configured

to adyust the length of the support surface.

165,  The support system of claim 145, wherein the support surface has a fixed length,
said support system further comprising a spacer to adiust a length of the at least one

support plece.

166. The support system of claim 165, wherein adjacent support pieces of the at least

one support piece and the spacer are coupled together using a coupling mechamsn.

167. The support system of claum 145, wherem the at least one suppert piece comprises

an inflatable flnd bladder configured to contain a flmd.

168. The support system of claum 167, wherem an amount of fhnd within the fhud

bladder 1s controlled electronically.
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169, The support system of claimy 168, huther comprising a coupler configured to at
least one of to mamtain an amount of fluid within the thud bladder and provide support to

the respective support plane.

170, The support system of clamm 145, wherem a first support piece of the at least one
supporf prece cornprises a plurality of independent support wedges fornung a gradation m

a longitudmal slope of the sleep suiface.

171.  The support system of clamm 170, wheremn each of the plurality of independent
support wedges comprises one of a formable material, a semi-nigid matenial, a foam

material, and a fluid bladder.

172, 'The support systeni of claim 171, wherem a first support wedge of the phwality of
mdependent support wedges defines a fust support plane posittoned at a first lateral angle
of rotation and a second support wedge of the plurality of independent support wedges
defines a second support plane at a second lateral angle of rotation different that the first

lateral angle of rotation.

173, The support system of claum 145, wherem the at least one suppert piece comprises

a contiuons support prece having a gradual density transition along the length of the sleep

surface.
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174, The support svsten: of claim 145, wherem the at least one support piece comprises
a plurality of support preces configured fo collectively define the laterally angled sleep
surface, a first support piece of the plurality of support preces having a first density and a
second support piece of the plurahity of support pieces having a second denstly different

than the first density.

175, The suppart sysiem of claim 174, wherein each support piece of the plurality of
suppoit pieces defines a support plane positioned af a substantially sinular, mutial lateral

rotational angle,

176, A support system configured to mduce a user’s bodv io rofate laterally when
sleeping to faciliiate linuting the mecidence of sleep apnea, said support system comprising
a closed aw system having at least one support piece configured fo form a laterally angled
sleep surface having a length defined between a first edge and an opposing second edge
spaced from the first edge along a longiudmal axis of the support system, the at least one
support piece compyising a pauw of laterally-spaced fluid bladders coupled m

communication with each other.

177.  The support system of claim 176, further comprising a coupling mechanism
providing fhud communication between a first mterior cavily of a first fluid bladder and a
second interior cavity of a second fluid bladder of the pair of laterally-spaced fhud
bladders to allow fluid to move between the first nterior cavity and the second mterior

cavity.
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178. The support system of claim 176, wherein the closed air svstem comprises a
pharality of support pieces, a first support piece of the pharality of support pieces forming a
first support plane and weluding a fust paw of laterallv-spaced fluid bladders and a second
support piece of the plurality of suppori pieces fornung a second support plane and

mcluding a second patr of laterallv-spaced fluid bladders.

179, The support svsiemn of claim 178, wherein af least one of a frst lateral angle of
rotation of the first support plane and a second lateral angle of rotation of the second

support plane 1s adjustable.

180, The support sysiem of claim 179, wherem an amount of fluid contamned within
each of the first thnd bladder and the second fluid bladder 1s adjustable to adjust the first

lateral angle of rotation.

181, The support system of clamm 178, wherem the first support piece 15 separated from

the second support piece along the longimdinal axis of the suppait svstem.

182.  The support system of claim 176, further comprising a bolster positioned along at

least a portion of a first lateral side of the support system o hmtt laferal nugration of the

user during sleep.

183, The support system of claim 176, fiwther comprising a first matertal laver

configured to support the at least one support piece.
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184, The support system of claim 183, a second material laver positioned on an opposite
stde of the at least one support prece and at least partially enveloping the paw of laterally-
spaced fluid bladders {o retain the panr of laterally-spaced fluid bladders positioned within

the support systent

185, The support system of claim 184, wherein the pair of laterally-spaced fluid
bladders are remwovably coupled fo at least one of the first material layer and the second

material layer such that the sleep surface 1s adjustable.

i18¢. The support svstem of claim 176, wherein the pair of laterally-spaced fhud

bladders are miflatable to urge at least a portion of the user’s body to rofate.

I87. The support system of clamm 176, further comprising a flind supply m independent
flud comumucation with the patr of laterally-spaced fluid bladders to supply fhud to each

of the first fluid bladder and the second fluid bladder.

188. The support system of claim 176, wheremn the closed air system 1s configiwable ina

compact configuration to facilitate storing and transporting the closed air system.

189, The support svstem of clamm 176, further comprising a computer-umplemented
control system operatively coupled to the closed air system, the computer-mmplemented
control system comprising:

& CQIII}HWBI having OfC Of MOTe ProCessors, and
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one or more sleep sensors coupled m signal communication with the one or more
processors, each of the one or more sleep sensors configured to monitor the user’s sleep
patterns and fransnut one or wore signals mdicative of the sensed sleep patterns to the one

OF T PYrOCOSSOTS.

190, The support svstent of claim 189, based at feast m part on the one or more signals
recetved from at least one of the one or more sleep sensors, the confrol system is
contfigured to flate or deflate select fluid bladders fo reposition the user during sleep o

fimit the occwrence of a sleep apnea episode.

191, A dvnamic support system comprising:

a person support apparatus comprising a closed aw sysiem having at least one
support prece configured to form a laterally angled sleep swface having a length defined
between a first edge and an opposing second edge spaced from the first edge along a
longtiudinal axis of the support system, the at least one supporf prece comprising a pam of
laterally-spaced flnd bladders communicatively coupled to each other;

a computer having one or more processors i operational control communication
with the person support apparatus; and

a phlurality of sleep sensors configured to sense user activity during sleep, each
sleep sensor of the plarality of sleep sensors w1 signal communication with the one or more
processors and configured to gather data and generate and fransmit fo the one or more
processors signals mdicative of the data gathered, each sleep sensor also configred to

receive operation confrol signals from the one or more processors.
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192, The dynamic support system of claymm 191, wherein the computer is configured to
analyze the data recerved from each sleep sensor and transnut operational control signals

to the support systeni.

193,  The dyvnamic support system of claim 192, further comprising a flud supply
coupled m communication with the computer. the computer configured to transmit
operational control signals fo the flud supply fo activate the flud supply to adjust the
sleep surface based on signals generated by the sleep sensors and analyzed within the

computer.

194, The dynamic support system of claun 193, wherein the computer 15 configured to
activate the flud supply to provide air to or remove air from one or more fluid bladders of

the paw of laterally-spaced fluid bladders to adpust the sleep surface.

195, The dynamic support system of claum 191, wherein the compuier mcludes memory

to store data.

196,  The dynanuc support system of claim 191, wherem user activity mclades one or
more of the followmg: the user’s body position, a location of the user with respect to the
sleep surface, a sleep orientation of the user, the user’s vital signs, and the user’s sleep

state.

95



[ ]

I~

b
(s

WO 2013/177338 PCT/US2013/042313

197. A method for momtoring sleep activities of a user posiiioned on a support system
melnding a control system having one or more processors configured to perform such
steps, said method comprising:

activating the control svstem to momtor the user’s slegp activities and patferns as
the user begins to sleep: and

activating the support systemn fo rotate the nser at a time during sleep.

198.  The method of claim 197, further comprising:

detecting, by the control system, when the user begins fo fall asleep; and

activating the support system to rotate the user at a time after sleep i detected.

19

4]

The method of claim 198, wherewn activating the support systen: {o rotate the user
at & tume durnng sleep comprises progranuning the control system to activate the support

system at a time delay.

200, The method of claim 197, wherein achivating the support svstem to rotate the user

at a timne during sleep comprises programming the control system to activate the support

systemn at a preset time without relving on monitoring the user’s sleep activity.

201,  The method of claim 197, further comprising delaving infer-sleep rofation of the

user unty the control system detects that the user 1s m a deep sleep.
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202.  The method of clatm 197, wherem, when the control system detects that the user is
waking, activating the support system by the control system to move the sleep surface to

an uutial configuration such that the user can exit from the support sysiem.

203.  The method of claim 197, huther comprising preventmg by the control svstem
activation of the support svstem if the control svstem detects the user is sleepmg in a

lateral decubtius position.

204, The method of claim 197, further comprising, prior to sleep, mputting to the
control system sleep data mcluding one or more of the following: preferred sleeping sides
and/or positions, the user’s measurements inclading the user’s height, weight, mseam,
and/or torso measurements, and preferred lateral angles of rotation andfor preferred

longitudinal angles of rotation of one or more support planes defining the sleep surface.

205, The method of claim 204, further comprising activating, using the confrol system,
the support system based at least i part on the user’s mput data to adjust at least one of a

direction and a level of rotation of one or more support planes defining the sleep surface.

206, The method of claim 197, further comprising collecting and recording by the
control sysiem data obtamed as the user sleeps o diagnose any undesirable or abnormal

sleep activities or conditions.

207.  The methed of claim 197, further comprising:

assessing using the control system the user’s comiort level durmg sleep; and
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comparing a cwrent evaluation with previous evaluations.

208.  The metbod of claim 197, further comprising mapping the user’s body fo map

body region locations and user achivities and movements during sleep.

209.  The method of claim 208, further comprising analyzing the data to detenmine one

or more of the following: a location of jomts: a preferred surface orentation; and body

orientation.

210, The method of claim 208, further comprising calculating a location of one or more

supportt planes based on fransiiion points,

211, The method of claim 210, further comprising assessing nsing the control system

the user’s body orientation.

212, The method of clamm 197, finther comprising actively montioring the user’s vifal

signs during sleep using the control system.

213, The method of clatim 197, further comprising, if an adverse event 1s detecied,

activating the suppott system to respond appropriately.

214, A continuous lateral rotation therapy (CLRT) system: comprising:

a support system; and
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a control systeny operatively coupled to the support system, the control system

having one or more processors configured to select an apnea setting for selecting one or

more of the following: a mamber of support planes, dimeansions of each support plane, and
a desired lateral rotational angle and/or a desired longitudinal rotational angle at which ene

or more support planes are positioned to define the sleep surface.

215 The CLRT system of clam 214, wherem the control system mcludes a rotation
function to allow constramned rofation at at least one of a torso region and a head region of

the sleep surface.

216.  The CLRT svstem of claimm 214, wherein the control system mclndes an apnea
nmode, wheremn blowers are confrolled fo mutiate and mamtamn rotation of the support

planes.

217, The CLRT system of clamm 216, wherem, within the apnea mwnde, the control

systent i1s configured fo select and define one or more therapy modes.

218 The CLRT system of claim 216, wherem the confrol system 13 configured to

suggest rotation profocol based at least m pait on al least one of sensed daia and mput

data.

219, The CLRT system of claim 216, wheremn the control systent is configured to select

ope or more of the following: a left side slope or a nght side slope based on user
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preference or an alternating lateral rotation, a reverse trend or composite longitudinal

angle. a protocol cancel, and a return of the sleep swiace to an mitial position.

220, The CLRT systemn of claum 214, wheremn the support system comprises a base
support having a phliralify of nflatable flmid bladders aligned generally parallel to a
longitmdinal axis of the support system forming a smgle support plane having a lateral

rotation angle of 5° to 157 with respect to a base plane of the base sapport.

221, The CLRT systenm of clamm 220, further comprising one or more supplemental
support wedges positioned on the support plane within one or more of a leg region, a torse

region, and a head region of the support system.

222, The CLRT gsystem of claim 221, wherein the supplemental support wedge

comprises an inflatable fhnd bladder.

223, The CLRT system of clamm 221, wherem the supplemental support wedge 1s
postiioned at the head region of support system and forms a supplemental support plane
having a first lateral rotation angle with respect to a base plane of the supplemental
support wedge such that a supplemental support plane is positioned at a total laferal

rotational angle with respect to the base plane of the base suppott.

224, The CLRT system of claim 220, finther comprising a laterally positioned side

constratnt to hiit mflation of individual fluid bladders formmg the base support.
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225, The CLRT system of claum 220, further comprising a phuality of fixed length
bands posttioned with respect to mdividoal fhud bladders to hmnt mflation of the

idividual fluid bladders.

226, A posture garment configured to be worn by a user to apply an appropriate force
ont the nser to nrge the user’s head to rotate and open the user’s upper respiratory tract to
Limit the occmrence of sleep apnea, the posture garment comprising one or more select
areas located on at least one of a front portion of the posture garment and a back portion of
the postwre garment mchiding a material bhaving a different elasticity than other areas of
the posture garment to facilifate positioning the user m a desired dwection to open the

upper respiratory aiway.

227, The posture garment of clamm 226, wheremn the one or more select areas include a
plarality of sections each made of a material having a different elasticity that work

cooperatively to position the user’s body m the desired position.

228. A method, comprising the steps of’
recetving an mput indicative of an adverse event risk score;
deternuning if a sleep apnea event is likely based on the mput; and

if a sleep apnea event is likely, generating an mtervention.

229, The method of claim 228, wherein the mtervention includes alerting a caregiver

that the persen is at risk for sleep apnea.
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230, The method of clanm 228, wherein the mtervention mehudes activating a therapy.

231, The methed of clamn 228, wherem the mtervention mcludes causing a person

support structure supporting the person to perform a faoction.

232, The method of clamm 231, wherem the person support struchiwe rotates a person

about an axis extending along the length of the person support structure.

233, The method of clatm 228, wherein the input is recerved from an electromce medical

record system.

234, The method of claim 228, wherein the intervention is canceled if the person s m a

predetermined posture.

RS ]
7S]
L= 4]

A method, comprising the steps of:

recerving a plurality of mputs indicative of a characteristic of a person;

deternuning if an adverse event 15 hikely based on a trend nwdhicated by the pharality
of mputs; and

if a sleep apnea event is likely, generating an udervention,

236, The method of claim 235, wherein the characteristic includes af least one of a

respiration rate, a vespiration amplitude, a heart rate, a sleep state. and a posture of a

PEISoilL
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The method of clanm 235, wherem the mtervention meludes activating a therapy.

238, The method of claum 237, wherein the therapy meludes rotational therapy.

239, The method of clamn 233, wherein the mtervention is mitiated based on the

person’s sleep state.

240, The method of clamm

]
(o
LA

. wherem the mtervention causes a person support

structure to perform a function.

241,  The method of claim 235, wheremn the mtervention causes a person support

structure to change tis configuration.

~

242, The method of claim 241, wheremn the person support structure s configiwed to

elevate the uppter body of the person.

243, The method of clamm 241, wherem the person support struchwe s configured fo

laterally rotate the head of the person.
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