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Description

[0001] The present disclosure relates to a therapeutic
support apparatus. More specifically, the present disclo-
sure relates to a therapeutic support apparatus with sleep
state monitoring.

[0002] The subject matter disclosed herein relates
generally to adverse event mitigation devices, systems,
and methods and, more particularly, but not exclusively,
to devices, systems, and methods for the prevention and
treatment of sleep apnea. These devices, systems, and
methods may include an active intervention, a passive
intervention, or a continuous intervention. The embodi-
ments described herein may also be effective in reducing
snoring.

[0003] While various adverse event mitigation devices,
systems, and methods have been developed, there is
still room for improvement. Thus, a need persists for fur-
ther contributions in this area of technology.

[0004] The present disclosure includes one or more of
the following features alone or in any combination.
[0005] According to one aspect of the disclosure, a
therapeutic support apparatus includes a user support
surface extending along a longitudinal axis. The user
support surface may have a head section and a torso
section. Each of the head section and the torso section
may be operable to angle relative to the longitudinal axis.
An elevation unit may be operable to position at least one
of the head section and torso section at angles relative
to the longitudinal axis. A monitor may acquire data re-
lated to a user while sleeping on the user support surface.
An alarm may be operable to activate based on the data
acquired by the monitor. At least one of the elevation unit
and the alarm may be activated in response to the data
acquired by the monitor to control oxygen desaturation
of the user.

[0006] In some embodiments, the elevation unit may
include a first plate couple to a second plate at a hinge.
At least one inflatable bladder may be positioned be-
tween the first plate and the second plate. The at least
one inflatable bladder may be operable to inflate and de-
flate to move the second plate to an angle relative to the
first plate. The atleast one inflatable bladder may include
a head bladder and a torso bladder. The head bladder
may be operable to inflate and deflate to move a head
section of the second plate to a head angle relative to
the first plate. The torso bladder may be operable to in-
flate and deflate to move a torso section of the second
plate to a torso angle relative to the first plate. The head
bladder may be operable to inflate and deflate to a first
capacity. The torso bladder may be operable to inflate
and deflate to a second capacity. The first capacity may
be different than the second capacity. The head bladder
and the torso bladder may cooperate to form a compound
angle. The head angle and the torso angle may be dif-
ferent. The head angle may be greater than the torso
angle. The head section of the second plate and the torso
section of the second plate may cooperate to form a com-
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pound angle.

[0007] Alternatively or in addition to, the elevation unit
may change a head angle of the head section of the sec-
ond plate in response to the data acquired by the monitor.
The elevation unit may change the torso angle of the
torso section of the second plate in response to the data
acquired by the monitor. The elevation unit may move
the head section of the second plate in response to the
data acquired by the monitor to alter a sleep stage of the
user. The elevation unit may move the torso section of
the second plate in response to the data acquired by the
monitor to alter a sleep stage of the user. At least one
tether may couple the first plate and the second plate.
The elevation unit may include an expandable envelope.
The first plate, the second plate, and the at least one
inflatable bladder may be housed within the expandable
envelope.

[0008] Optionally, the elevation unit may include a first
plate couple to a second plate at a first hinge. A third
plate may be coupled to the second plate at a second
hinge. The first plate, the second plate, and the third plate
may be formed from a flexible material. At least one in-
flatable right bladder may be positioned between the first
plate and the second plate. At least one inflatable left
bladder may be positioned between the second plate and
the third plate. The at least one inflatable right bladder
may be operable to inflate and deflate to move the second
plate to an angle relative to the first plate. The at least
one inflatable left bladder may be operable to inflate and
deflate to move the third plate to an angle relative to the
second plate. The at least one inflatable right bladder
may have a right head bladder and a right torso bladder.
The right head bladder may be operable to inflate and
deflate to move a head section of the second plate to a
head angle relative to the first plate. The right torso blad-
der may be operable to inflate and deflate to move a torso
section of the second plate to a torso angle relative to
the first plate. The right head bladder may be operable
to inflate and deflate to a first capacity. The right torso
bladder may be operable to inflate and deflate to a second
capacity, wherein the first capacity is different than the
second capacity. The right head bladder and the right
torso bladder may cooperate to form a compound angle.
The at least one inflatable left bladder may have a left
head bladder and a left torso bladder. The left head blad-
der may be operable to inflate and deflate to move a head
section of the second plate to a head angle relative to
the first plate. The left torso bladder may be operable to
inflate and deflate to move a torso section of the second
plate to a torso angle relative to the first plate. The left
head bladder may be operable to inflate and deflate to a
first capacity. The left torso bladder may be operable to
inflate and deflate to a second capacity. The first capacity
may be different than the second capacity. The left head
bladder and the left torso bladder may cooperate to form
a compound angle.

[0009] It may be desired that the user support surface
is positioned on a frame. The elevation unit may be po-
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sitioned between the frame and the user support surface.
The elevation unit may include at least one strap to se-
cure the elevation unit to the frame. The alarm may be
an audible alarm. The alarm may be a visual alarm. The
data acquired may include at least one of head angle and
torso angle. The data acquired may include at least one
of respiratory rate, respiratory amplitude, oxygen satu-
ration, apnea hypopnea index, sleep state, and snoring.
[0010] A method of controlling oxygen desaturation of
a user on a therapeutic support apparatus having a head
sectionand atorso section is disclosed. The head section
and the torso may each be operable to angle relative to
a longitudinal axis. The method may include positioning
the head section of the therapeutic support apparatus at
a head angle with an elevation unit. The torso section of
the therapeutic support apparatus may be positioned at
a torso angle with the elevation unit. Data related to a
user while sleeping on the therapeutic support apparatus
may be acquired. The method may include activating at
least one of the elevation unit or an alarm in response to
the data acquired.

[0011] In some embodiments, positioning the head
section of the therapeutic support apparatus at a head
angle may include inflating a head bladder of the eleva-
tion unit. Positioning a torso section of the therapeutic
support apparatus at a torso angle may include inflating
atorso bladder of the elevation unit. Positioning the head
section of the therapeutic support apparatus at a head
angle may include inflating the head bladder of the ele-
vation unit to a first capacity. Positioning a torso section
of the therapeutic support apparatus at a torso angle may
include inflating the torso bladder of the elevation unit to
a second capacity. The first capacity may be different
than the second capacity. The head bladder and the torso
bladder may cooperate to form a compound angle. The
head section of the therapeutic support apparatus may
be positioned at a head angle that is different than the
torso angle of the torso section of the therapeutic support
apparatus. The head section of the therapeutic support
apparatus may be positioned at a head angle that is
greater than the torso angle of the torso section of the
therapeutic support apparatus. The torso section of the
therapeutic support apparatus may be positioned at a
torso angle that cooperates with the head angle of the
head section of the therapeutic support apparatus to form
a compound angle.

[0012] Alternatively or in addition to, the head angle of
the head section of the therapeutic support apparatus
may be altered with the elevation unit in response to the
data acquired by the monitor. The torso angle of the torso
section of the therapeutic support apparatus may be al-
tered with the elevation unit in response to the data ac-
quired by the monitor. The head section of the therapeutic
support apparatus may be moved with the elevation unit
in response to the data acquired by the monitor to alter
a sleep stage of the user. The torso section of the ther-
apeutic support apparatus with the elevation unit may be
moved in response to the data acquired by the monitor
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to alter a sleep stage of the user.

[0013] Optionally, the elevation unit may be positioned
between a frame and the user support surface. The ele-
vation unit may be secured to the frame with at least one
strap. The method may include activating an audible
alarm. The method may include activating a visual alarm.
Data may be acquired related to at least one of head
angle and torso angle. Data may be acquired related to
at least one of respiratory rate, respiratory amplitude, ox-
ygen saturation, apnea hypopnea index, sleep state, and
snoring.

[0014] According to another aspect, a therapeutic el-
evation unit may include a first plate coupled to a second
plate at a first hinge. A third plate may be coupled to the
second plate at a second hinge. At least one inflatable
right bladder may be positioned between the first plate
and the second plate. At least one inflatable left bladder
may be positioned between the second plate and the
third plate. The at least one inflatable right bladder may
be operable to inflate and deflate to move the second
plate to an angle relative to the first plate. The at least
one inflatable left bladder may be operable to inflate and
deflate to move the third plate to an angle relative to the
second plate. Optionally, the first plate, the second plate,
and the third plate may be formed from a flexible material.
[0015] In some embodiments, the at least one inflata-
ble right bladder may include a right head bladder and a
right torso bladder. The right head bladder may be oper-
able to inflate and deflate to move a head section of the
second plate to a head angle relative to the first plate.
The right torso bladder may be operable to inflate and
deflate to move a torso section of the second plate to a
torso angle relative to the first plate. The right head blad-
der may be operable to inflate and deflate to a first ca-
pacity. The right torso bladder may be operable to inflate
and deflate to a second capacity. The first capacity may
be different than the second capacity. The right head
bladderand therighttorso bladder may cooperate to form
a compound angle.

[0016] Alternatively, or in addition to, the at least one
inflatable left bladder may include a left head bladder and
a left torso bladder. The left head bladder may be oper-
able to inflate and deflate to move a head section of the
second plate to a head angle relative to the first plate.
The left torso bladder may be operable to inflate and de-
flate to move atorso section of the second plate to a torso
angle relative to the first plate. The left head bladder may
be operable to inflate and deflate to a first capacity. The
left torso bladder may be operable to inflate and deflate
to a second capacity. The first capacity may be different
than the second capacity. The left head bladder and the
left torso bladder may cooperate to form a compound
angle.

[0017] The invention will now be further described by
way of example with reference to the accompanying
drawings, in which:

FIG. 1 is a perspective view of a bed frame and mat-
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tress (in phantom) according to an illustrative em-
bodiment of the present disclosure, showing an el-
evation unit embodied as a set of bladders (in phan-
tom) situated between the mattress and the bed
frame;

FIG. 2 is a perspective view of the elevation unit of
FIG. 1 raising a right side of the mattress to form a
compound head/torso angle;

FIG. 3is a perspective view of the elevation unit sim-
ilar to FIG. 2 raising a left side of the mattress to form
a compound head/torso angle;

FIG. 4 is a perspective view of the elevation unit
shown in FIG. 1 coupled to a source of air;

FIG. 5is an elevation head side view of the elevation
unit shown in FIG. 4 having the right side bladders
inflated;

FIG. 6 is an elevation right side view of the elevation
unit shown in FIG. 4 having the right head bladder
inflated to a greater capacity than the right torso blad-
der;

FIG. 7 is a perspective view of the elevation unit
shown in FIG. 4 having the right head bladder inflated
to a greater capacity than the right torso bladder; and
FIG. 8 is an elevation head side view of the elevation
unit shown in FIG. 4 having the left side bladders
inflated;

FIG. 9 is a flowchart illustrating a method for oper-
ating the elevation unit shown in FIG. 1.

[0018] The embodiments described herein relate to
devices, systems and methods to reduce the occurrence
and/or duration of or prevent sleep apnea events and/or
snoring. The embodiments demonstrate efficacy in pre-
venting mild to moderate obstructive sleep apnea, with
improved tolerability relative to current therapy (i.e.,
CPAP).

[0019] The described devices, systems and methods
are not limited to the specific embodiments described
herein. In addition, components of each device, system
and/or steps of each method may be practiced independ-
ent and separate from other components and method
steps, respectively, described herein. Each component
and method also can be used in combination with other
systems and methods.

[0020] A therapeutic support apparatus 10 provides
graduated lateral rotation of a sleep surface 11, along
with other positional therapies, e.g. elevated head-of-
bed, and techniques to interrupt sleep disordered breath-
ing. Users of analgesic machines that have risk of respi-
ratory depression are at a higher risk of "dead in bed"
syndrome. By combining one or more techniques for
managing sleep disordered breathing, the therapeutic
support apparatus 10 provides interventions to minimize
user discomfort (and maximize user adherence to the
therapy) while ensuring that the user will be effectively
treated in the management of their sleep disorder. The
therapeutic support apparatus 10 monitors the user for
sleep disordered breathing and activates therapy based
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on user’s sleep environment, immediate or historic effi-
cacy of therapies, and available interventions. In some
embodiments, one or more physical interventions may
be utilized to manage sleep disordered breathing.
[0021] Referringto Fig. 1, therapeutic support appara-
tus 10 includes a frame 12 and a user support surface
14 positioned on the frame 12. The therapeutic support
apparatus 10 may be a hospital bed or a standard bed,
e.g.abed at auser’'s home or at a care facility. The frame
12 includes a head section 16, a torso section 18 extend-
ing from the head section 16, and a foot section 20 ex-
tending from the torso section 18. In some embodiments,
the frame 12 may include at least one actuator (not
shown) to move the head section 16, torso section 18,
and foot section 20 relative to one another. For example,
the frame 12 may be moveable between a flat position,
a Trundelburg position, and/or a head-up position. The
user support surface 14 is illustrated as a mattress; how-
ever other user support surfaces may be positioned on
the frame 12. In an embodiment where the frame 12 is
moveable, the user support surface 14 moves with the
frame 12. The user support surface 14 includes a head
support surface 22 positioned under the head section 16,
a torso support surface 24 positioned under the torso
section 18, and a foot support surface 26 positioned un-
der the foot section 20, which collectively form the sleep
surface 11.

[0022] An elevation unit 28 is positioned between the
user support surface 14 and the frame 12. In the illustra-
tive embodiment, the elevation unit 28 is positioned under
the head support surface 22 and the torso support sur-
face 24. In some emboidments, the elevation unit 28 may
also be positioned under the foot support surface 26. The
elevation unit 28 is secured to the frame 12 at least one
strap 30. The elevation unit 28 includes a plurality of in-
flatable bladders 32. In the illustrative embodiment, the
elevation unit 28 includes a left head bladder 34, a right
head bladder 36, a left torso bladder 38, and a right torso
bladder 40. In some embodiments, the elevation unit 28
may also include foot bladders (not shown). The bladders
32 are fluidly coupled to an air system 42 that includes
a pump to inflate and deflate the bladders 32. Each blad-
der 34, 36, 38, and 40 is coupled to the air system 42 via
a respective hose 44, 46, 48, and 50.

[0023] The bladders 32 are operable to inflate and de-
flate to a desired capacity to angle the user support sur-
face 14. The left head bladder 34 and the right head blad-
der 36 are operable to inflate and deflate to move the
head support surface 22 to a desired head angle. Insome
embodiments, only one of the left head bladder 34 and
the right head bladder 36 is inflated to create the head
angle of the head support surface 22. The left torso blad-
der 38 and the right torso bladder 40 are operable to
inflate and deflate to move the torso support surface 24
to a desired torso angle. In some embodiments, only one
of the left torso bladder 38 and the right torso bladder 40
is inflated to create the torso angle of the torso support
surface 24. The head angle and the torso angle may com-
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bine to create a compound angle of the user support sur-
face 14. In the embodiment shown in Fig. 2, the right
head bladder 36 is inflated to a greater capacity than the
left head bladder 34, and the right torso bladder 40 is
inflated to a greater capacity than the left torso bladder
38 to angle a right side 52 of the user support surface 14
higher than a left side 54 of the user support surface 14.
In the embodiment shown in Fig. 3, the left head bladder
34 is inflated to a greater capacity than the right head
bladder 36, and the left torso bladder 38 is inflated to a
greater capacity than the right torso bladder 40 to angle
the left side 54 of the user support surface 14 higher than
the right side 52 of the user support surface 14. In other
embodiments, only the left head bladder 34 and the right
head bladder 36 are inflated to create a head angle, while
the left torso bladder 38 and the right torso bladder 40
are left entirely deflated so that the torso support surface
24 is flat.

[0024] Therapeutic supportapparatus 10 alsoincludes
a control system 60 and a handheld control pendant 62.
Control system 60 is removably attached to a footboard
of the frame 12 and handheld control pendant 62 is re-
movably attached to a siderail of the frame 12. The hand-
held control pendant 62 is illustrated as being coupled to
the control system 60 by a wire; however, the handheld
control pendant 62 may remotely communication with
the control system 60 using infrared, wireless, Bluetooth,
or the like. Thus, elevation unit 28, control system 60,
and handheld control pendant 62 are all coupled to each
other and transferrable to different beds. The control sys-
tem 60 includes a suitable computer-implemented con-
trol system that is operatively coupled to air system 42,
such as in operational control communication with air
system 42. Air system 42 includes electronics, valves,
and one or more compressors necessary to introduce
and remove air from the bladders 32 of elevation unit 28.
Control system 60 has a user interface 64 to allow a user
or caregiver to control elevation unit 28 with air system
42.1n some embodiments the control system 60 or hand-
held control pendant 62 includes a timer that communi-
cates with the air system 42. During atime period in which
a user typically takes to fall asleep, the elevation unit 28
is controlled to be in the flat or collapsed positions and
thereafter, the components of air system 42 operate to
slowly inflate at least one of bladders 32 to preset ther-
apeutic head and/or torso angles over a predetermined
span of time. The angle of elevation unit 28 is individually
selectable with handheld control pendant 62.

[0025] The control system 60 includes one or more
processors 70 and one or more sleep monitors 72, such
as one or more sensors, coupled in signal communication
with processors 70. Sleep monitors 72 are configured to
monitor the user’s sleep patterns and transmit signals
indicative of the sensed sleep patterns to processors 70
for manipulation and evaluation of the data. Based at
least in part on the one or more signals received from
one or more sleep monitors 72, control system 60 is con-
figured to expand or contract the elevation unit 28 to repo-
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sition the user during sleep to prevent or limit the occur-
rence of a sleep apnea episode, for example.

[0026] In certain embodiments as described herein,
therapeutic support apparatus 10 is a dynamic support
system, rather than a static support system, that is con-
figured to control the configuration of sleep surface 11
based at least in part on data entered into control system
60 and/or sensed by one or more sleep monitors 72, for
example, to improve the performance of sleep surface
11 in terms of clinical efficacy and user tolerability.
[0027] The therapeutic supportapparatus 10 includes,
in addition to other components, a plurality of sleep mon-
itors 72 configured to sense and monitor various activities
including without limitation, the user’s body position, a
location of the user with respect to sleep surface 11, an
orientation, for example, a left side orientation or a rights
side sleep orientation, of the user, the user’s vital signs
including his/her sleep state, and additional relevant user
activity during sleep. Each sleep monitor 72 is in signal
communication with processors 70 configured to gather
relevant data and generate and transmit to processors
70 signals indicative of the data gathered. Sleep monitors
72 are also configured to receive operation control sig-
nals from processors 70.

[0028] In some embodiments, the sleep monitor 72
may be a pulse monitor, e.g. an electronic heart monitor,
to monitor the user’s heart rate. The sleep monitor 72
may be at least one of an electrocardiogram, a photop-
lethysmogram, or an accelerometer to monitor respira-
tory rate and/or respiratory amplitude. Alternatively, orin
addition to, the electrocardiogram and or an electroen-
cephalograph may monitor the user’s sleep state. The
sleep monitor 72 may include a scale or positional sensor
to determine the user’s head angle and/or torso angle.
Additionally, cameras and/or bed scales may monitor the
user’'s position while sleeping. In some embodiments,
the sleep monitor 72 may also include a microphone to
monitor the user’s snoring.

[0029] Data received from sleep monitors 72 is ana-
lyzed and operational control signals are transmitted to
elevation unit 28 as well as to other components of ther-
apeutic support apparatus 10, such as to air system 42
to activate air system 42 to provide air to elevation unit
28 and/or remove air from elevation unit 28 to adjustsleep
surface 11 based on signals generated by sleep monitors
72 and analyzed by processors 70. In one embodiment,
control system 60 includes suitable memory to store data
sensed and/or generated by sleep monitors 72.

[0030] The therapeutic support apparatus 10 may also
include at least one alarm 74 to provide alerts based on
data from the sleep monitors 72. The alarm 74 may in-
clude an audible alarm positioned near the therapeutic
support apparatus 10 to alert the user of the therapeutic
support apparatus 10. Alternatively, or in addition to, an
audible alarm 74 may be provided remotely from the ther-
apeutic supportapparatus 10to alerta caregiver. Insome
embodiments, the alarm 74 may include a visual alarm,
for example a visual indicator at a nurse’s station, an alert
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on a television at the user's home, etc. The alarm 74
functionsto alerteither the user of the therapeutic support
apparatus 10 and/or the user’s caregiver when a sleep
disorder is detected by at least one of the sleep monitors
72.

[0031] Referring to Fig. 4-8, the elevation unit 28 in-
cludes first plate 79 coupled to a second plate 80 at a
hinge 81 and a third plate 82 coupled to the second plate
80 at a hinge 83. Although described as plates, the plate
79, 80, 82 may be formed from a flexible semi-rigid ma-
terial, e.g. plastic. The left head bladder 34 and left torso
bladder 38 are positioned between the first plate 79 and
the second plate 80. The second plate 80 moves relative
to the first plate 79 when at least one of the left head
bladder 34 and left torso bladder 38 is inflated. At least
one expandable tether 84 may couple the first plate 79
to the second plate 80 to maintain a position of the first
plate 79 relative to the second plate 80. The right head
bladder 36 and right torso bladder 40 are positioned be-
tween the second plate 80 and the third plate 82. The
third plate 82 moves relative to the second plate 80 when
at least one of the right head bladder 36 and right torso
bladder 40 is inflated. At least one expandable tether 85
(shown in Fig. 8) may couple the second plate 80 to the
third plate 82 to maintain a position of the third plate 82
relative to the second plate 80.

[0032] The bladders 32 are distributed between a left
side 90 and a right side 92 of the elevation unit. The left
head bladder 34 is positioned adjacent the head end 86
and the left side 90. The right head bladder 36 is posi-
tioned adjacent the head end 86 and the right side 92.
The left torso bladder 38 is positioned adjacent the torso
end 88 and the left side 90. The right torso bladder 40 is
positioned adjacent the torso end 88 and the right side
92. An envelope 94 encases the bladders 32 and the
plates 79, 80, 82. The envelope 94 is formed from a flex-
ible material and forms a bellows that expands and con-
tracts as the plates 79, 80, 82 move relative to one an-
other.

[0033] Sleep monitors 72 in the form of displacement
monitors 96 are positioned within the elevation unit 28.
In the illustrative embodiment, the monitors 96 are cou-
pled to the third plate 82 to monitor a position of the third
plate 82. The monitors 96 may be accelerometers or any
other suitable monitor for determining position. A head
monitor 98 is positioned between the left head bladder
34 and the right head bladder 36 to monitor a head angle
of the elevation unit 28. A torso monitor 100 is positioned
between the left torso bladder 38 and the right torso blad-
der 40 to monitor a torso angle of the elevation unit 28.
It should be noted that the monitors 96 may be positioned
at other locations to provide data related to the head an-
gle and the torso angle of the elevation unit 28.

[0034] Hoses 44, 46, 48, and 50 extend from the ele-
vation unit 28. In the illustrative embodiment, hoses 44,
46, 48, and 50 extend from the elevation unit 28. The
hoses 44, 46, 48, and 50 extend so that the hoses 44,
46, 48, and 50 may be extended over a head end of the
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therapeutic support apparatus 10 without interfering with
a user sleeping on the user support surface 14. In other
embodiments, the hoses 44, 46, 48, and 50 may extend
from any other portion of the elevation unit 28. Hose 44
fluidly couples to left head bladder 34, hose 46 fluidly
couples to right head bladder 36, hose 48 fluidly couples
to left torso bladder 38, and hose 50 fluidly couples to
right torso bladder 40. Each of the hoses 44, 46, 48, and
50 is fluidly coupled to the air system 42 to supply air to
left head bladder 34, right head bladder 36, left torso
bladder 38, and right torso bladder 40.

[0035] Fig. 5illustrates the elevation unit 28 as viewed
from the head end 86. In the embodiment shown in Fig.
5, the head side of the envelope 94 has been removed
to illustrate the bladders 32. The right head bladder 36
is inflated to raise the third plate 82 relative to the second
plate 80. Notably, the right torso bladder 40 (not shown
in Fig. 5) may also be inflated. The third plate 82 is raised
from the second plate 80 to form the head angle. In the
illustrative embodiment, the left head bladder 34 and the
left torso bladder 38 (not shown in Fig. 5) are completely
deflated. In other embodiments, the left head bladder 34
and the left torso bladder 38 may be partially inflated to
provide additional support to the third plate 82. The tether
85 may facilitate maintaining a position of the third plate
82 relative to the second plate 80. A right side of the
envelope 94 is illustrated in Fig. 5. The envelope 94 ex-
pands with the elevation unit 28 in a bellows-like manner
such that the bladders 32 remain positioned within the
envelope 94.

[0036] Referring to Fig. 6, the elevation unit 28 is illus-
trated from the right side 92. The right head bladder 36
is inflated to a first capacity. The right torso bladder 40
is inflated to a second capacity that is less than the first
capacity. By inflating the right head bladder 36 to a great-
er capacity than the right torso bladder 40, while deflating
the left head bladder 34 and the left torso bladder 38, the
third plate 82 forms a compound angle defined by the
head angle and a torso angle, as illustrated in Fig. 7.
Again, it should be noted that the left head bladder 34
and the left torso bladder 38 may also be inflated for
additional support. In such an embodiment, the left head
bladder 34 is inflated to a lesser capacity than the right
head bladder 36, and the left torso bladder 38 is inflated
to a lesser capacity than the right torso bladder 40. The
embodiments illustrated in Figs. 4-7 show the right side
92 of the elevation unit 28 inflated to raise the right side
52 of the user support surface 14 higher than the left side
54 of the user support surface 14, as illustrated in Fig. 2.
In the embodiment shown in Fig. 8, the elevation unit 28
is inflated to raise the left side 54 of the user support
surface 14 higher than the right side 52 of the user support
surface 14, as illustrated in Fig. 3, i.e. the second plate
80 is raised relative to the first plate 79. The head angle
and torso angle of the elevation unit 28 may be prede-
termined to address the user’s sleep apnea and reduce
oxygen desaturation during sleep.

[0037] An exemplary method 200 utilizing control sys-
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tem 60 for monitoring the sleep activities of a user posi-
tioned on therapeutic support apparatus 10 is illustrated
in FIG. 9. The method 200 also includes steps for con-
trolling the user’s sleep apnea and reducing oxygen de-
saturation. As described above, control system 60 in-
cludes one or more processors 70 configured to perform
the steps as described herein.

[0038] Control system 60 is activated 202 to position
the user at angles to reduce apnea episodes. For exam-
ple, the angles may be selected to facilitate preventing
oxygen desaturation. The head section 16 may be posi-
tioned at a predetermined head angle and the torso sec-
tion 18 may be positioned at a predetermined torso angle.
The sections 16 and 18 may be angled manually by the
user or a caregiver. For example, when the user wants
togotosleep, the sections 16 and 18 are manually angled
for a desired sleep position. Alternatively, the sections
16 and 18 may automatically angle to the desired sleep
position when user sleep is detected by the control sys-
tem 60. In one embodiment, control system 60 detects
204 when the user begins to fall asleep and activates
206 therapeutic support apparatus 10 on a delay to rotate
the user at a suitable time after sleep is detected, such
as after the user has been asleep for 30 minutes. In an
alternative embodiment, control system 60 is pro-
grammed to activate therapeutic support apparatus 10
atapresettime,forexample, ata 30 minute delay, without
relying on monitoring the user’s sleep activity. In a par-
ticular embodiment, control system 60 delays inter-sleep
rotation of the user until the user is in a deep sleep. Fur-
ther, when control system 60 detects that the user is wak-
ing, control system 60 will activate therapeutic support
apparatus 10 to move mattress 14 to an initial configu-
ration such that the user can exit from mattress 14. In a
further embodiment, control system 60 prevents activa-
tion of therapeutic support apparatus 10 if control system
60 detects the user is sleeping in a lateral decubitus po-
sition.

[0039] Prior to sleep, the user is able to input 208 to
control system 60 sleep data including without limitation,
preferred sleeping sides and positions, the user’s meas-
urements including, for example, the user's height,
weight, and inseam and torso measurements, preferred
lateral rotational angles and/or longitudinal rotational an-
gles of one or more support planes defining the sleep
surface 11. Based atleastin part on the user’s input data,
control system 60 is configured to activate therapeutic
support apparatus 10 to adjust a direction and/or a level
of rotation of one or more support planes defining the
sleep surface 11. For example, if the user prefers a left
side slope to sleep surface 11, control system 60 acti-
vates elevation unit 28 to form the desired lateral left side
slope, or if the user’s partner is sleeping on the left side
of the user, a left angle may be created. In one embod-
iment, minimal adjustments are made to sleep surface
11 to maintain the user’s apnea-hypopnea index under
5 and/or prevent snoring because apnea events and
snoring may or may not be equivalent, depending on the
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user.
[0040] During sleep, control system 60 actively moni-
tors 210 the user’s vital signs and other relevant sleep
data. Control system 60 is configured to collect and
record data obtained as the user sleeps to diagnose any
undesirable or abnormal sleep activities or conditions,
including the user’s apnea-hypopnea index, for example.
The vital signs monitored may include respiratory rate,
respiratory amplitude, heart rate, and/or oxygen satura-
tion (SpO,). In some embodiments, the control system
60 may be configured to monitor other user vital signs.
Other relevant sleep data may include measurements of
the user’s head angle and torso angle, the user’s apnea-
hypopnea index, the user’s sleep state, and/or snoring.
In some embodiments, other relevant sleep data may be
monitored. If the control system 60 monitors adverse
sleep data, e.g. abnormally high or low heart rate, abnor-
mally high or low respiratory rate, apnea-hypopnea index
above 5, etc., the control system 60 automatically re-
sponds to the adverse sleep data to prevent oxygen de-
saturation. If the user is sensed to be suffering from sleep
disordered breathing based on sensed apnea, sensed
irregular breathing patter, breath interruption, sound of
snoring, 02 desaturation, inadequate head rotation or the
like the control 150 may automatically increase 212 a
lateral angle of at least one of the head section 16 and
the torso section 18 by operating the elevation unit 28
while preserving the user’s sleep state. For example, if
the head angle of the head section 16 is at 17.5 degrees
and the torso angle of the torso section 18 is at12.5 de-
grees torso, the angles may be insufficient to manage
the user’s sleep apnea. Accordingly, at least one of the
head angle and the torso angle are slowly increased. For
example, the head angle may be increased to 20 degrees
and/or the torso angle may be increased to 15 degrees.
The control system 60 gradually increases the head an-
gle and the torso angle such that the user’s sleep state
is uninterrupted.

[0041] If altering the lateral angles of the sleep surface
11 fails to improve the user’s condition, the lateral angle
of atleast one of the head section 16 and the torso section
18 may be increased or decreased abruptly 214 to arouse
user from the user’s current sleep stage, up to and in-
cluding waking the user. Alternatively, or in addition to,
the bead frame 12 or mattress 14 may be vibrated to
arouse the user. In some embodiments, the head of the
bed frame may be raised to arouse the user. Disturbing
the user’s sleep may change the user’s sleep state, e.g.
waking them from sleep stage 3 to sleep stage 1, or all
the way to awake. Changes in the user’s sleep state (not
necessarily awakening the user) may be sufficient to trig-
ger a sympathetic/arousal response that will make the
user breath normally. As sleep disordered breathing may
be a function of sleep stage, sleep disordered breathing
sufferedin sleep stage 3 or sleep stage 4 may be resolved
if and when user enters sleep stage 1, sleep stage 2, or
REM sleep.

[0042] If altering the user’s sleep state fails to improve
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the user’s condition, the control system 60 may activate
216 alarm 74. Initially, the control system 60 activates a
local alarm 74 that is proximate to the therapeutic support
apparatus 10 and the user. Activating the local alarm 74
may arouse the user and alter a sleep state of the user
as described above. Alternatively, activating 218 the local
alarm 74 may entirely wake the user. If the local alarm
74 fails to arouse or wake the user, the control system
60 may activate 220 other remote alarms to notify a car-
egiver of the adverse sleep condition of the user. The
caregiver may then arouse or wake the user to control
the adverse sleep condition.

[0043] Any theory, mechanism of operation, proof, or
finding stated herein is meant to further enhance under-
standing of principles of the present disclosure and is not
intended to make the present disclosure in anyway de-
pendent upon such theory, mechanism of operation, il-
lustrative embodiment, proof, or finding. It should be un-
derstood that while the use of the word preferable, pref-
erably or preferred in the description above indicates that
the feature so described can be more desirable, it none-
theless cannot be necessary and embodiments lacking
the same can be contemplated as within the scope of the
disclosure, that scope being defined by the claims that
follow.

[0044] While embodiments of the disclosure have
been illustrated and described in detail in the drawings
and foregoing description, the same are to be considered
as illustrative and not intended to be exhaustive or to limit
the disclosure to the precise forms disclosed. Additional
alternatives, modifications and variations can be appar-
ent to those skilled in the art.

[0045] Embodiments of the invention can be described
with reference to the following numbered clauses, with
preferred features laid out in the dependent clauses:

1. A therapeutic support apparatus comprising:

a user support surface extending along a longi-
tudinal axis, the user support surface having a
head section and a torso section, each of the
head section and the torso section being oper-
able to angle relative to the longitudinal axis,
an elevation unit operable to position at least
one of the head section and torso section at an-
gles relative to the longitudinal axis,

a monitor to acquire data related to a user while
sleeping on the user support surface, and

an alarm operable to activate based on the data
acquired by the monitor,

wherein at least one of the elevation unit and
the alarm is activated in response to the data
acquired by the monitor to control oxygen de-
saturation of the user.

2. The therapeutic support apparatus of clause 1,
wherein the elevation unit includes:
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a first plate couple to a second plate at a hinge,
and

at least one inflatable bladder positioned be-
tween the first plate and the second plate,
wherein the at least one inflatable bladder is op-
erable to inflate and deflate to move the second
plate to an angle relative to the first plate.

3. The therapeutic support apparatus of clause 2,
wherein the at least one inflatable bladder includes
a head bladder and a torso bladder,

wherein the head bladder is operable to inflate and
deflate to move a head section of the second plate
to a head angle relative to the first plate, and
wherein the torso bladder is operable to inflate and
deflate to move a torso section of the second plate
to a torso angle relative to the first plate.

4. The therapeutic support apparatus of clause 3,
wherein:

wherein the head bladder is operable to inflate
and deflate to afirst capacity, and the torso blad-
deris operable to inflate and deflate to a second
capacity, wherein the first capacity is different
than the second capacity,

wherein the head bladder and the torso bladder
cooperate to form a compound angle.

5. Thetherapeutic supportapparatus of either clause
3 or clause 4, wherein the head angle and the torso
angle are different.

6. The therapeutic support apparatus of any one of
clauses 3 to 5, wherein the head angle is greater
than the torso angle.

7. The therapeutic support apparatus of any one of
clauses 3 to 6, wherein the head section of the sec-
ond plate and the torso section of the second plate
cooperate to form a compound angle.

8. The therapeutic support apparatus of any one of
clauses 3 to 7, wherein the elevation unit changes a
head angle of the head section of the second plate
in response to the data acquired by the monitor.

9. The therapeutic support apparatus of any one of
clauses 3 to 8, wherein the elevation unit changes
the torso angle of the torso section of the second
plate in response to the data acquired by the monitor.
10. The therapeutic support apparatus of any one of
clauses 3 to 9, wherein the elevation unit moves the
head section of the second plate in response to the
data acquired by the monitor to alter a sleep stage
of the user.

11. The therapeutic support apparatus of any one of
clauses 3 to 10, wherein the elevation unit moves
the torso section of the second plate in response to
the data acquired by the monitor to alter a sleep stage
of the user.

12. The therapeutic support apparatus of any one of
clauses 2to 11, further comprising atleast one tether
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coupling the first plate and the second plate.

13. The therapeutic support apparatus of any one of
clauses 2 to 12, wherein the elevation unit includes
an expandable envelope, wherein the first plate, the
second plate, and the at least one inflatable bladder
are housed within the expandable envelope.

14. The therapeutic support apparatus of clause 1,
wherein the elevation unit includes:

a first plate coupled to a second plate at a first
hinge,

a third plate coupled to the second plate at a
second hinge,

at least one inflatable right bladder positioned
between the first plate and the second plate, and
atleast one inflatable left bladder positioned be-
tween the second plate and the third plate,
wherein the at least one inflatable right bladder
is operable to inflate and deflate to move the
second plate to an angle relative to the first plate,
and

wherein the at least one inflatable left bladder is
operable to inflate and deflate to move the third
plate to an angle relative to the second plate.

15. The therapeutic support apparatus of clause 14,
wherein the first plate, the second plate, and the third
plate are formed from a flexible material.

16. The therapeutic support apparatus of either
clause 14 or clause 15, wherein the at least one in-
flatable right bladder includes a right head bladder
and a right torso bladder,

wherein the right head bladder is operable to inflate
and deflate to move a head section of the second
plate to a head angle relative to the first plate, and

wherein the right torso bladder is operable to inflate
and deflate to move a torso section of the second
plate to a torso angle relative to the first plate.

17. The therapeutic support apparatus of clause 16,
wherein:

wherein the right head bladder is operable to
inflate and deflate to a first capacity, and the
right torso bladder is operable to inflate and de-
flate to a second capacity, wherein the first ca-
pacity is different than the second capacity,

wherein the right head bladder and the right tor-
so bladder cooperate to form a compound angle.

18. The therapeutic support apparatus of any one of
clauses 14 to 17, wherein the at least one inflatable
left bladder includes a left head bladder and a left
torso bladder,

wherein the left head bladder is operable to inflate
and deflate to move a head section of the second
plate to a head angle relative to the first plate, and

wherein the left torso bladder is operable to inflate
and deflate to move a torso section of the second
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plate to a torso angle relative to the first plate.
19. The therapeutic support apparatus of clause 18,
wherein:

wherein the left head bladder is operable to in-
flate and deflate to a first capacity, and the left
torso bladder is operable to inflate and deflate
to a second capacity, wherein the first capacity
is different than the second capacity,

wherein the left head bladder and the left torso
bladder cooperate to form a compound angle.

20. The therapeutic support apparatus of any pre-
ceding clause, wherein the user support surface is
positioned on a frame, wherein the elevation unit is
positioned between the frame and the user support
surface.

21. The therapeutic support apparatus of clause 20,
wherein the elevation unitincludes at least one strap
to secure the elevation unit to the frame.

22. The therapeutic support apparatus of any pre-
ceding clause, whereinthe alarmis an audible alarm.
23. The therapeutic support apparatus of any pre-
ceding clause, wherein the alarm is a visual alarm.
24. The therapeutic support apparatus of any pre-
ceding clause, wherein the data acquired includes
at least one of head angle and torso angle.

25. The therapeutic support apparatus of any pre-
ceding clause, wherein the data acquired includes
atleastone of respiratory rate, respiratory amplitude,
oxygen saturation, apnea hypopnea index, sleep
state, and snoring.

26. A method of controlling oxygen desaturation of
a user on a therapeutic support apparatus having a
head section and a torso section, each being oper-
able to angle relative to a longitudinal axis, the meth-
od comprising:

positioning the head section of the therapeutic
support apparatus at a head angle with an ele-
vation unit,

positioning a torso section of the therapeutic
support apparatus at a torso angle with the ele-
vation unit,

acquiring data related to a user while sleeping
on the therapeutic support apparatus,
activating at least one of the elevation unit or an
alarm in response to the data acquired.

27. The method of clause 26, wherein:

positioning the head section of the therapeutic
support apparatus at a head angle includes in-
flating a head bladder of the elevation unit, and
positioning a torso section of the therapeutic
support apparatus at a torso angle includes in-
flating a torso bladder of the elevation unit.
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28. The method of clause 27, wherein:

positioning the head section of the therapeutic
support apparatus at a head angle includes in-
flating the head bladder of the elevation unit to
a first capacity, and

positioning a torso section of the therapeutic
support apparatus at a torso angle includes in-
flating the torso bladder of the elevation unit to
a second capacity, wherein the first capacity is
different than the second capacity,

wherein the head bladder and the torso bladder
cooperate to form a compound angle.

29. The method of clause 26, further comprising po-
sitioning the head section of the therapeutic support
apparatus at a head angle that is different than the
torso angle of the torso section of the therapeutic
support apparatus.

30. The method of clause 29, further comprising po-
sitioning the head section of the therapeutic support
apparatus at a head angle that is greater than the
torso angle of the torso section of the therapeutic
support apparatus.

31. The method of clause 26, further comprising po-
sitioning the torso section of the therapeutic support
apparatus at a torso angle that cooperates with the
head angle of the head section of the therapeutic
support apparatus to form a compound angle.

32. The method of clause 26, further comprising al-
tering the head angle of the head section of the ther-
apeutic support apparatus with the elevation unit in
response to the data acquired by the monitor.

33. The method of clause 26, further comprising al-
tering the torso angle of the torso section of the ther-
apeutic support apparatus with the elevation unit in
response to the data acquired by the monitor.

34. The method of clause 26, further comprising
moving the head section of the therapeutic support
apparatus with the elevation unit in response to the
data acquired by the monitor to alter a sleep stage
of the user.

35. The method of clause 26, further comprising
moving the torso section of the therapeutic support
apparatus with the elevation unit in response to the
data acquired by the monitor to alter a sleep stage
of the user.

36. The method of clause 26, further comprising po-
sitioning the elevation unit between a frame and the
user support surface.

37. The method of clause 36, further comprising se-
curing the elevation unit to the frame with at least
one strap.

38. The method of clause 26, further comprising ac-
tivating an audible alarm.

39. The method of clause 26, further comprising ac-
tivating a visual alarm.

40. The method of clause 26, further comprising ac-
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quiring data related to at least one of head angle and
torso angle.

41. The method of clause 26, further comprising ac-
quiring data related to at least one of respiratory rate,
respiratory amplitude, oxygen saturation, apnea hy-
popnea index, sleep state, and snoring.

42. A therapeutic elevation unit comprising:

a first plate coupled to a second plate at a first
hinge,

a third plate coupled to the second plate at a
second hinge, at least one inflatable right blad-
der positioned between the first plate and the
second plate, and

at least one inflatable left bladder positioned be-
tween the second plate and the third plate,
wherein the at least one inflatable right bladder
is operable to inflate and deflate to move the
second plate to an anglerelative to the first plate,
and

wherein the at least one inflatable left bladder is
operable to inflate and deflate to move the third
plate to an angle relative to the second plate.

43. The therapeutic elevation unit of clause 42,
wherein the first plate, the second plate, and the third
plate are formed from a flexible material.

44, The therapeutic elevation unit of either clause 42
or clause 43, wherein the at least one inflatable right
bladder includes a right head bladder and a right
torso bladder,

wherein the right head bladder is operable to inflate
and deflate to move a head section of the second
plate to a head angle relative to the first plate, and
wherein the right torso bladder is operable to inflate
and deflate to move a torso section of the second
plate to a torso angle relative to the first plate.

45. The therapeutic elevation unit of clause 44,
wherein:

wherein the right head bladder is operable to
inflate and deflate to a first capacity, and the
right torso bladder is operable to inflate and de-
flate to a second capacity, wherein the first ca-
pacity is different than the second capacity,

wherein the right head bladder and the right tor-
sobladder cooperate to form a compound angle.

46. The therapeutic elevation unit ofany one of claus-
es 42 to 45, wherein the at least one inflatable left
bladder includes a left head bladder and a left torso
bladder,

wherein the left head bladder is operable to inflate
and deflate to move a head section of the second
plate to a head angle relative to the first plate, and

wherein the left torso bladder is operable to inflate
and deflate to move a torso section of the second
plate to a torso angle relative to the first plate.
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47. The therapeutic elevation unit of clause 46,
wherein:

wherein the left head bladder is operable to in-
flate and deflate to a first capacity, and the left
torso bladder is operable to inflate and deflate
to a second capacity, wherein the first capacity
is different than the second capacity,

wherein the left head bladder and the left torso
bladder cooperate to form a compound angle.

Claims

A therapeutic support apparatus comprising:

a user support surface extending along a longi-
tudinal axis, the user support surface having a
head section and a torso section, each of the
head section and the torso section being oper-
able to angle relative to the longitudinal axis,
an elevation unit operable to position at least
one of the head section and torso section at an-
gles relative to the longitudinal axis,

a monitor to acquire data related to a user while
sleeping on the user support surface, and

an alarm operable to activate based on the data
acquired by the monitor,

wherein at least one of the elevation unit and
the alarm is activated in response to the data
acquired by the monitor to control oxygen de-
saturation of the user.

2. Thetherapeutic supportapparatus of claim 1, where-

in the elevation unit includes:

a first plate couple to a second plate at a hinge,
and

at least one inflatable bladder positioned be-
tween the first plate and the second plate,
wherein the at least one inflatable bladder is op-
erable to inflate and deflate to move the second
plate to an angle relative to the first plate.

The therapeutic support apparatus of claim 2, where-
in the at least one inflatable bladder includes a head
bladder and a torso bladder,

wherein the head bladder is operable to inflate and
deflate to move a head section of the second plate
to a head angle relative to the first plate, and
wherein the torso bladder is operable to inflate and
deflate to move a torso section of the second plate
to a torso angle relative to the first plate.

The therapeutic support apparatus of claim 3, where-
in the head angle and the torso angle are different.

The therapeutic support apparatus of either claim 3
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or claim 4, wherein the head section of the second
plate and the torso section of the second plate co-
operate to form a compound angle.

The therapeutic support apparatus of any one of
claims 3 to 5, wherein the elevation unit changes a
head angle of the head section of the second plate
in response to the data acquired by the monitor
and/or wherein the elevation unit changes the torso
angle of the torso section of the second plate in re-
sponse to the data acquired by the monitor.

The therapeutic support apparatus of any one of
claims 3 to 6, wherein the elevation unit moves the
head section of the second plate in response to the
data acquired by the monitor to alter a sleep stage
of the user and/or wherein the elevation unit moves
the torso section of the second plate in response to
the data acquired by the monitor to alter a sleep stage
of the user.

The therapeutic support apparatus of any one of
claims 2 to 7, wherein the elevation unit includes an
expandable envelope, wherein the first plate, the
second plate, and the at least one inflatable bladder
are housed within the expandable envelope.

The therapeutic supportapparatus of claim 1, where-
in the elevation unit includes:

a first plate coupled to a second plate at a first
hinge,

a third plate coupled to the second plate at a
second hinge,

at least one inflatable right bladder positioned
between the first plate and the second plate, and
at least one inflatable left bladder positioned be-
tween the second plate and the third plate,
wherein the at least one inflatable right bladder
is operable to inflate and deflate to move the
second plate to an angle relative to the first plate,
and

wherein the at least one inflatable left bladder is
operable to inflate and deflate to move the third
plate to an angle relative to the second plate.

10. The therapeutic supportapparatus of claim 9, where-

1.

in the first plate, the second plate, and the third plate
are formed from a flexible material.

The therapeutic support apparatus of either claim 9
or claim 10, wherein the at least one inflatable right
bladder includes a right head bladder and a right
torso bladder,

wherein the right head bladder is operable to inflate
and deflate to move a head section of the second
plate to a head angle relative to the first plate, and
wherein the right torso bladder is operable to inflate
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and deflate to move a torso section of the second
plate to a torso angle relative to the first plate.

The therapeutic support apparatus of any one of
claims 9 to 11, wherein the at least one inflatable left
bladder includes a left head bladder and a left torso
bladder,

wherein the left head bladder is operable to inflate
and deflate to move a head section of the second
plate to a head angle relative to the first plate, and

wherein the left torso bladder is operable to inflate
and deflate to move a torso section of the second
plate to a torso angle relative to the first plate.

The therapeutic support apparatus of either claim 11
or claim 12, wherein:

the head bladder is operable to inflate and de-
flate to a first capacity, and the torso bladder is
operable to inflate and deflate to a second ca-
pacity, wherein the first capacity is different than
the second capacity,

the head bladder and the torso bladder cooper-
ate to form a compound angle.

The therapeutic support apparatus of any preceding
claim, wherein the data acquired includes at least
one of head angle and torso angle.

The therapeutic support apparatus of any preceding
claim, wherein the data acquired includes at least
one of respiratory rate, respiratory amplitude, oxy-
gen saturation, apnea hypopnea index, sleep state,
and snoring.
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