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ABSTRACT

A patient support apparatus (10} may include a support surface (16) configured to conduct air
along a top face of the support surface so that heat and moisture from a patient lying on the
support surface are drawn away from the top face of the support surface. An opening may be
formed in a side of the support surface. A cavity may extend from the opening into the support
surface. An inlet port may be positioned within the cavity and fluidly coupled to the top face. A
blower assembly may be configured to position within the cavity. The blower assembly may
have an outlet port that couples to the inlet port when the blower assembily is positioned within
the cavity. The blower assembly may conduct air through the inlet port to the top face of the

support surface.

FIG 1



26 Feb 2019

2019201323

1/66

FIG, 1



13 Feb 2020

2019201323

-1-

PATIENT SUPPORT SURFACE CONTROL, END OF LIFE INDICATION, AND X-
RAY CASSETTE SLEEVE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001]  This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional Patent
Application Serial No. 62/635749, filed February 27, 2018, U.S. Provisional Patent Application
Serial No. 62/667769, filed May 7, 2018, and U.S. Provisional Patent Application Serial No.
62/793668, filed January 17, 2019, all of which are expressly incorporated by reference herein.

BACKGROUND TO THE INVENTION

[0002] Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common

general knowledge in the field.

[0003] The present disclosure relates to controllers for patient beds and features of bed
frames of patient beds that are typically found in healthcare facilities such as hospitals and
nursing homes. More particularly, the present disclosure relates to support surfaces having
enhanced patient and caregiver interaction such as controlling overall bed functionality and

patient therapy.

[0004] The present disclosure is also related to a microclimate structure for hospital beds,
medical beds, or other types of beds in which the microclimate structures are designed to cool
and dry a patient’s skin around targeted therapeutic regions. In a care facility, such as a
hospital or a nursing home, patients are often placed on patient support apparatuses for an
extended period of time. Patients who are positioned on the patient support apparatus often
have a risk of developing certain skin conditions, such as bed sores (also known as pressure
sores or decubitus ulcers), due to heat and moisture along the interface of the patient with the
surface of the bed mattress. In an effort to mitigate or prevent such conditions, some bed
mattresses have a built-in microclimate structure. The microclimate structure may conduct air
along the interface of a patient with the surface to keep the patient’s skin cool and dry. Some
microclimate structures require a large volume of air to be supplied to them in order to provide
an effective amount of cooling and drying to a patient's skin. Accordingly, some microclimate
structures require a pneumatic box that is fluidly coupled to the microclimate structure and

positioned within the patient room, thereby occupying space within the patient’s room.
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[0005] Typical powered air surfaces or microclimate structures generally rely on a separate
pump and control to provide wound treatment therapy. Accordingly, users must locate an
available pump module within the healthcare facility to operate the structure. Also, separate
pumps get lost in healthcare facilities, thereby reducing the number of pumps available in the
facility and increasing the difficulty of finding an available pump. Often, this results in a delay
in providing treatment to the patient and not all patients have access to a microclimate system.
Moreover, the hose attachments of typical pumps provide an unreliable connection and can
become dirty, thereby requiring cleaning of the hoses and pumps after each use. Failure to

clean the hoses and pumps may result in the spread of infection and other diseases.

[0006] The present disclosure also relates to monitoring the use of support surfaces of
patient support apparatuses and mitigating the use of a support surface that has degraded.
Support surfaces wear in response to patient loads being applied to the support surfaces over
time. Use of support surfaces beyond their useful lives may degrade the support surfaces and
reduce the effectiveness of the support provided by the support surfaces to patients supported
thereby. Degradation of the support surfaces may increase the likelihood of skin breakdown
and pressure ulcers caused by support surfaces that have reached the end of their useful life.
Support surfaces should be replaced once their useful lives have expired to minimize the
likelihood of skin breakdown and pressure ulcers. By doing so, the substantial costs
associated with treating skin breakdown and damage resulting from patient stays on support

surfaces in service beyond their useful lives may be avoided.

[0007] Generally, notifying caregivers that a support surface is nearing the end of its life
span is important to reduce patient safety hazards. A support surface life is dependent on
several factors including how long it is used, the number of cleanings and disinfections it
undergoes, ambient conditions, and storage conditions. Additionally, if a first support surface
is only used with 100 pound patients for 5,000 hours, and a second support surface is used
only with 500 pound patients for 5,000 hours, the performance of first support surface and the

performance of the second support surface will be dramatically different over time.

[0008] The present disclosure also relates to x-ray sleeves. Generally, x-ray sleeves are
installed in toppers. However, many support surfaces do not include a topper and, therefore,
cannot accept an x-ray sleeve. Also, many x-ray sleeves only allow access to the x-ray sleeve
from one of the sides of the support surface. Accordingly, a caregiver may have difficulty
installing an x-ray cassette. Housekeepers may also be required to take the support surface

out of service to clean the x-ray sleeve. Another downfall to current x-ray sleeves is that many
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x-ray sleeves are not fluid resistant. As a result, fluids, such as bodily fluids may contaminate

the x-ray cassette or internal surface components.

[0009] The present disclosure also relates to determining if a patient has bottomed out on
the support surface. Bottoming out occurs when the patient has immersed all the way through
the support surface and is no longer supported by the support surface in a therapeutic
pressure range that results in high interface pressure. Bottoming out reduces the
effectiveness of patient therapy, may be uncomfortable to patients, and/or may injure the
patient, for example causing pressure ulcers, bruises, poor circulation, or the like. Bottoming
out may occur in a support surface having air bladders, when there is insufficient air in the
bladders. Such bottoming out, if detected, may be corrected by inflating the bladders.
Bottoming out may also occur when the air bladders have become worn and cannot retain air
any longer. In a support surface having foam, bottoming out may occur when the foam
becomes worn and the support surface has reached its end of life. Generally, bottoming out is
detected by the caregiver performing a “hand check,” wherein the caregiver positions his/her
hand under the patient. However, hand checks are intrusive and may be uncomfortable to the

patient.

[0010] The present disclosure also relates to heel suspension in a patient support
apparatus. Often, caregivers desire the ability to suspend the heels of a patient to ensure that
new or worsening pressure ulcers do not occur on the foot. Typically, the caregiver needs to
suspend the heel in a manner that creates an air gap between the support surface and the
heel. This is usually accomplished by the use of foam heel wedges that are placed on top of
the support surface underneath the patient’s calf. These accessories are separate from the
bed and are often misplaced. In cases where the accessory cannot be located, the caregiver

must use towels and/or pillows to accomplish the same task.

[0011]  The present disclosure also relates to determining when a mattress cover has been
soiled. There is currently no automated method for detecting fluid ingress into a mattress.
Generally, hospital personnel perform hand and visual checks of the mattress core on a
sometimes-yearly basis to determine if fluid ingress has occurred. In some cases the hospital
personnel may be unable to tell that the mattress cover has been compromised, thereby

posing a significant risk to the patient for infections.

[0012] The present disclosure also relates to therapeutic mattresses. Generally, a patient

support apparatus in a healthcare facility includes a foam mattress. However, in situations
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where the patient may be susceptible to pressure ulcers, the patient may be positioned on a
mattress having inflatable air bladders. The air bladders may be inflated or deflated based on
the patient’s comfort and condition. Typically, the type of patient support apparatus used in
determined at the time that the patient is admitted to the healthcare facility. Accordingly, is a
patient is admitted to a foam mattress and later develops pressure ulcers, the patient must be
moved to mattress having inflatable air bladders. Depending on the patient’s condition,
moving the patient to another support apparatus may be dangerous and detrimental to the

patient’s overall health.

[0013] The present disclosure also relates to developing air flow paths and a pneumatic
system to generate adequate air flow for a microclimate management system on a medical
mattress. Air flow may be required to be directed to the specific human body location on a
medical mattress system. The air flow may be required to be controlled and any blockage to
the intake and exhaust system detected. Control of air flow and detection of blockages may

reduce safety concerns with mattress contamination due to fluid ingress.

SUMMARY OF THE INVENTION

[0014] The present disclosure includes one or more of the features recited in the appended
claims and/or the following features which, alone or in any combination, may comprise

patentable subject matter.

[0015]  According to the invention, there is provided a patient support apparatus comprising

a support surface configured to conduct air along a top face of the support surface
so that heat and moisture from a patient lying on the support surface are drawn away from the
top face of the support surface, the support surface including a therapeutic layer having a
plurality of bladders that are configured to inflate,

an opening formed in a side of the support surface,

a cavity extending from the opening into the support surface,

an inlet port positioned within the cavity and fluidly coupled to the top face and the
plurality of bladders, and

a blower assembly configured to position within the cavity, the blower assembly
having an outlet port that couples to the inlet port when the blower assembly is positioned
within the cavity, the blower assembly conducting air through the inlet port to at least one of

the top face of the support surface and at least one of the plurality of bladders.
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[0016] Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like are to be construed in an inclusive
sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of

“‘including, but not limited to”.

[0017] In one aspect of the disclosed embodiments, a patient support apparatus may
include a support surface including a topper. The topper may be configured to conduct air
along a top face of the support surface so that heat and moisture from a patient lying on the
support surface are drawn away from the top face of the support surface. An opening may be
formed in a side of the support surface. A cavity may extend from the opening into the support
surface. An inlet port may be positioned within the cavity and fluidly coupled to the topper. A
pneumatic blower may be removably positioned within the cavity. The pneumatic blower may
have an outlet port that couples to the inlet port when the pneumatic blower is positioned within

the cavity. The pneumatic blower may conduct air through the inlet port to the topper.

[0018] It may be contemplated that the cavity is formed in a thigh section of the support
surface. A controller may be provided to control the flow of air from the pneumatic blower to
the topper. The support surface may include a plurality of bladders. Each of the plurality of
bladders may be fluidly coupled to the pneumatic blower. The controller may control the flow
of air from the pneumatic blower to each of the plurality of bladders to inflate and deflate each
of the plurality of bladders. Each of the plurality of bladders may be inflated or deflated to
control a comfort level of the support surface. Each of the plurality of bladders may be inflated
and deflated to control pulsation of the support surface. A compression sleeve may be fluidly
coupled to the pneumatic blower. The controller may control the flow of air to the compression
sleeve. The support surface may be positioned on a bed frame. The controller may be
coupled to the bed frame. An electrical plug may extend from the pneumatic blower. The

controller may be positioned on the electrical plug.

[0019] In some embodiments, the controller may be a patient pendant. The patient support
may include a plurality of bladders. The patient pendant may control a pulsation intensity of
the plurality of bladders. The patient support may include a microclimate system having a flow
control. The patient pendant may control the flow control of the microclimate system. The
patient support may include a foot warmer. The patient pendant may control the foot warmer.
The patient pendant may control one or more of a pulsation intensity of the support surface, a
microclimate management flowrate of the topper, and a foot warmer positioned within a foot

section of the support surface. The patient pendant may control two or more of a pulsation
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intensity of the support surface, a microclimate management flowrate of the topper, and a foot
warmer positioned within a foot section of the support surface. The patient pendant may
control each of a pulsation intensity of the support surface, a microclimate management
flowrate of the topper, and a foot warmer positioned within a foot section of the support

surface.

[0020] Optionally, an interface may be provided on a side of the support surface. The
interface may include a dial to select a patient weight range. A plurality of bladders within the
support surface may be inflated or deflated to adjust the support surface according to the
patient weight range. The interface may also include an end of life indicator that monitors a
remaining life span of the support surface. The end of life indicator may include a chemical
strip that erodes or grows over time. The end of life indicator may include a timer that tracks
how long the support surface has been in use. The end of life indicator may include a timer

that tracks a total time that the support surface receives power.

[0021] It may be desired that an end of life indicator is positioned within the support surface.
The end of life indicator may monitor a remaining life span of the support surface. The end of
life indicator may include a transmitter to transmit a signal indicating a remaining life span of

the support surface to a user interface.

[0022] Alternatively or additionally, the support surface may include a bottom ticking
coupled to an upper ticking with a first zipper. An x-ray cassette sleeve may have an opening
that is sealed by a second zipper positioned between the first zipper and the top face of the
support surface. The second zipper may have a different appearance from the first zipper.
The opening of the x-ray cassette sleeve may extend at least partially around two sides of the
support surface and entirely across a head end of the support surface. The topper may extend
over the upper ticking. A fluid resistant material may be welded over a rip stop material of the

second zipper to fluidly seal the opening of the x-ray cassette sleeve.

[0023] In some embodiments, a sensor may be positioned below the support surface. The
sensor may determine when a patient is within a predetermined range of the sensor. An
indicator may provide an alert when the sensor determines that the patient is within a
predetermined range of the sensor. A sensor may be positioned below the support surface. A
conductive material may be positioned below the topper. The sensor may determine when the

conductive material is within a predetermined range of the sensor. An indicator may provide
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an alert when the sensor determines that the conductor is within a predetermined range of the

SenNsor.

[0024] In another aspect of the disclosed embodiments, a patient support apparatus may
include a support surface including a topper. The topper may be configured to conduct air
along a top face of the support surface so that heat and moisture from a patient lying on the
support surface are drawn away from the top face of the support surface. An inlet port may be
positioned within the support surface and fluidly coupled to the topper. A pneumatic blower
may be positioned within the support surface. The pneumatic blower may have an outlet port
that couples to the inlet port when the pneumatic blower is positioned within the support

surface. The pneumatic blower may conduct air through the inlet port to the topper.

[0025] It may be desired that the pneumatic blower is positioned within a thigh section of the
support surface. A controller may be provided to control the flow of air from the pneumatic
blower to the topper. The support surface may include a plurality of bladders. Each of the
plurality of bladders may be fluidly coupled to the pneumatic blower. The controller may
control the flow of air from the pneumatic blower to each of the plurality of bladders to inflate
and deflate each of the plurality of bladders. Each of the plurality of bladders may be inflated
or deflated to control a comfort level of the support surface. Each of the plurality of bladders
may be inflated and deflated to control pulsation of the support surface. A compression sleeve
may be fluidly coupled to the pneumatic blower. The controller may control the flow of air to
the compression sleeve. The support surface may be positioned on a bed frame. The
controller maybe coupled to the bed frame. An electrical plug may extend from the pneumatic
blower. The controller may be positioned on the electrical plug. The controller may include a
patient pendant. The patient pendant may control one or more of a pulsation intensity of the
support surface, a microclimate management flowrate of the topper, and a foot warmer
positioned within a foot section of the support surface. The patient pendant may control two or
more of a pulsation intensity of the support surface, a microclimate management flowrate of
the topper, and a foot warmer positioned within a foot section of the support surface. The
patient pendant may control each of a pulsation intensity of the support surface, a microclimate
management flowrate of the topper, and a foot warmer positioned within a foot section of the

support surface.

[0026] Alternatively, or additionally, an interface may be provided on a side of the support
surface. The interface may include a dial to select a patient weight range. A plurality of

bladders within the support surface may be inflated or deflated to adjust the support surface
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according to the patient weight range. The interface may also include an end of life indicator
that monitors a remaining life span of the support surface. The end of life indicator may
include a chemical strip that erodes or grows over time. The end of life indicator may include a
timer that tracks how long the support surface has been in use. The end of life indicator may
include a timer that tracks a total time that the support surface receives power. An end of life
indicator may be positioned within the support surface. The end of life indicator may monitor a
remaining life span of the support surface. The end of life indicator may include a transmitter

to transmit a signal indicating a remaining life span of the support surface to a user interface.

[0027] In some embodiments, the support surface may include a bottom ticking coupled to
an upper ticking with a first zipper. An x-ray cassette sleeve may have an opening that is
sealed by a second zipper positioned between the first zipper and the top face of the support
surface. The second zipper may have a different appearance from the first zipper. The
opening of the x-ray cassette sleeve may extend at least partially around two sides of the
support surface and entirely across a head end of the support surface. The topper may extend
over the upper ticking. A fluid resistant material may be welded over a rip stop material of the

second zipper to fluidly seal the opening of the x-ray cassette sleeve.

[0028] Optionally, a sensor is positioned below the support surface. The sensor determines
when a patient is within a predetermined range of the sensor. An indicator may provide an
alert when the sensor determines that the patient is within a predetermined range of the
sensor. A sensor may be positioned below the support surface. A conductive material may be
positioned below the topper. The sensor may determine when the conductive material is
within a predetermined range of the sensor. An indicator may provide an alert when the

sensor determines that the conductor is within a predetermined range of the sensor.

[0029] In yet another aspect of the disclosed embodiments, a patient support apparatus
may include a support surface including a topper. The topper may be configured to conduct air
along a top face of the support surface so that heat and moisture from a patient lying on the
support surface are drawn away from the top face of the support surface. A pneumatic blower
may have an outlet port that couples to an inlet port of the support surface. The pneumatic
blower may conduct air through the inlet port to the topper. An end of life indicator may be
coupled to the support surface to indicate when the support surface has reached an end of a

useful life of the support surface.
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[0030] Optionally, the end of life indicator includes a chemical strip that erodes or grows
over time. The end of life indicator may include a timer that tracks how long the support
surface has been in use. The end of life indicator may include a timer that tracks a total time
that the support surface receives power. The end of life indicator may include a transmitter to

transmit a signal indicating a remaining life span of the support surface to a user interface.

[0031] It may be contemplated that an interface is provided on a side of the support surface.
The interface may include a dial to select a patient weight range. A plurality of bladders within
the support surface may be inflated or deflated to adjust the support surface according to the

patient weight range. The interface may include the end of life indicator.

[0032] In some embodiments, the end of life indicator may include a sensor positioned
below the support surface. The sensor may determine when a patient is within a
predetermined range of the sensor. The end of life indicator may provide an end of life alert
when the sensor determines that the patient is within a predetermined range of the sensor.
The end of life indicator may include a sensor positioned below the support surface. A
conductive material may be positioned below the topper. The sensor may determine when the
conductive material is within a predetermined range of the sensor. The end of life indicator
may provide an end of life alert when the sensor determines that the conductor is within a

predetermined range of the sensor.

[0033] In a further aspect of the disclosed embodiments, patient support apparatus may
include a support surface including a topper. The topper may be configured to conduct air
along a top face of the support surface so that heat and moisture from a patient lying on the
support surface are drawn away from the top face of the support surface. The support surface
may include a bottom ticking coupled to an upper ticking with a first zipper. A pneumatic
blower may have an outlet port that couples to an inlet port of the support surface. The
pneumatic blower may conduct air through the inlet port to the topper. An x-ray cassette
sleeve may have an opening that is sealed by a second zipper positioned between the first

zipper and the top face of the support surface.

[0034] Alternatively, or additionally, the second zipper may have a different appearance
from the first zipper. The first zipper may have a first color that is different from a second color
of the second zipper. The first zipper may have a first size that is different from a second size

of the second zipper.
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[0035] It may be desired that the opening of the x-ray cassette sleeve extends at least
partially along three sides of the support surface. The opening of the x-ray cassette sleeve
may extend at least partially around both sides of the support surface and entirely across a

head end of the support surface.

[0036] In some embodiments, a fluid resistant material may be welded over a rip stop
material of the second zipper to fluidly seal the opening of the x-ray cassette sleeve. The fluid
resistant material may be welded with ultrasonic welding. The fluid resistant material may be

welded with radio-frequency welding.

[0037] In a further aspect of the disclosed embodiments, a patient support apparatus may
include a support surface including a topper. The topper may be configured to conduct air
along a top face of the support surface so that heat and moisture from a patient lying on the
support surface are drawn away from the top face of the support surface. The support surface
may include a bottom ticking coupled to an upper ticking. A pneumatic blower may have an
outlet port that couples to an inlet port of the support surface. The pneumatic blower may
conduct air through the inlet port to the topper. An x-ray cassette sleeve may have an opening
that is sealed by a sleeve zipper that extends at least partially along three sides of the support

surface.

[0038] Optionally, the bottom ticking may be coupled to the upper ticking with a ticking
zipper. The sleeve zipper may have a different appearance from the ticking zipper. The
sleeve zipper may have a first color that is different from a second color of the ticking zipper.

The sleeve zipper may have a first size that is different from a second size of the ticking zipper.

[0039] It may be desired that the sleeve zipper extends at least partially around both sides

of the support surface and entirely across a head end of the support surface.

[0040] In some embodiments, a fluid resistant material is welded over a rip stop material of
the sleeve zipper to fluidly seal the opening of the x-ray cassette sleeve. The fluid resistant
material may be welded with ultrasonic welding. The fluid resistant material may be welded

with radio-frequency welding.

[0041] In another aspect of the disclosed embodiments, a patient support apparatus may
include a support surface having a head end and a foot end. The support surface may have a

top face at a first height. The top face may extend from the head end to the foot end. A heel
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support mechanism may be built into the foot end of the support surface. The heel support
mechanism may be configured to alter a height of the top face at the foot end of the support
surface to a second height that is different than the first height. The second height may be

greater than the first height. The second height may be less than the first height.

[0042] It may be desired that the heel support mechanism includes a plate positioned below
the foot end of the support surface. The plate may have at least one groove. A rod may be
positioned within the groove and have a cam attached thereto. A handle may extend from the
rod to rotate the rod. The rod may be rotatable between a lowered position, wherein the cam
holds the top face of the foot end at a first height, and a raised position, wherein the cam
raises the top face of the foot end to the second height. The plate may have a plurality of
grooves. The rod may be moveable between the plurality of grooves to adjust a section of the

foot end actuated by the cam.

[0043] Optionally, the heel support mechanism may have an air bladder positioned within
the foot end of the support surface to alter the height of the top face of the foot end. The air
bladder may be inflatable to raise the top face of the foot end to the second height. The
second height may be greater than the first height. The air bladder may be deflatable to lower
the top face of the foot end to the second height. The second height may be less than the first
height. The air bladder may be inflated and deflated with a hand pump. The air bladder may
be inflated and deflated with a pump of a microclimate system. The heel suspension
mechanism may include a plurality of air bladders. Each air bladder of the plurality of air
bladders may be positioned under one of a plurality of sections of the foot end. One of the air
bladders of the plurality of air bladders may be actuated to alter the height of the

corresponding section of the foot end.

[0044] Alternatively or additionally, the heel suspension mechanism may have a foam
wedge coupled to the foot end and movable to alter the height of the top face of the foot
section. The foam wedge may be rotated relative to the foot end to position the foam wedge at
the second height. The foam wedge may be translated along the foot end to position the foam

wedge at the second height.

[0045] In some embodiments, the heel suspension mechanism may have at least one cam
positioned under the foot end. A membrane may be positioned between the at least one cam
and the foot end. The cam may be rotatable to move the membrane. The membrane may

alter the height of the top face of the foot end when the membrane is moved. The heel



13 Feb 2020

2019201323

-12-

suspension mechanism may have a plurality of cams. At least one of the plurality of cams may
be rotatable to move the membrane. The membrane may have a hinged plate. The cam may

rotate the hinged plate when the cam is rotated. The heel suspension mechanism may have a
plurality of hinged plates and a plurality of cams. Each cam may be positioned under one of

the plurality of hinges plates and rotatable to rotate the corresponding hinged plate.

[0046] It may be contemplated that the support surface includes a base surface and the
heel suspension mechanism includes a top surface positioned over the base surface at the
foot end. The top surface may be configured to roll into a rolled configuration to alter the
height of the top face of the foot end. A fastening mechanism may be provided to secure the

top surface to the base surface.

[0047] It may be desired that the heel suspension mechanism has a jack positioned under
the foot end. The jack may be actuated to alter the height of the top face of the foot end. The

jack may a hydraulic jack or hand operated.

[0048] In some embodiments, the heel suspension mechanism may be a telescoping
member positioned under the foot end. The telescoping member may be adjustable to alter
the height of the top face of the foot end. The telescoping member may be hydraulic or hand

operated.

[0049] In another aspect of the disclosed embodiments, a patient support apparatus may
include a support surface including a mattress having a top cover and at least one support
element. A flexible substrate may be positioned beneath the top cover and above the at least
one support element. A first conductive trace may be carried by the flexible substrate, and a
second conductive trace may be carried by the flexible substrate adjacent to the first
conductive trace. An open circuit may be formed between the first conductive trace and the
second conductive trace when the flexible substrate is dry. The presence of a threshold
amount of liquid on the flexible substrate may form a closed circuit with the first conductive

trace and the second conductive trace due to the flexible substrate being wet.

[0050] It may be contemplated that the first conductive trace and the second conductive
trace include conductive threads woven into the flexible substrate. The first conductive trace

and the second conductive trace may include conductive ink printed on the flexible substrate.
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[0051] In some embodiments, an impedance between the first conductive trace and the

second conductive trace may change when the flexible substrate is wet.

[0052] Optionally, the flexible substrate may be a plastic sheet. The first conductive trace

and the second conductive trace may be woven into the plastic sheet.

[0053] Alternatively or additionally, an alarm may be activated when an impedance between
the first conductive trace and the second conductive trace changes. The alarm may be a
visual alarm. The alarm may be an audible alarm. The alarm may be located remotely from

the support surface.

[0054] In some embodiments, a passive RFID tag may be situated on the flexible substrate
and in electrical communication with the first conductive trace and the second conductive
trace. An antenna may receive wireless energy emitted by the passive RFID tag indicating
whether the flexible substrate is dry or wet. A reader may supply power to the antenna. The
reader may receive signals from the antenna and transmit a notification message in response
to at least one of the signals from the antenna indicating that the flexible substrate is wet. The
reader may be communicatively coupled to a network of a healthcare facility. The reader may

be configured to communicate wirelessly with the network.

[0055] It may be desired that the flexible substrate is generally rectangular in shape and the
RFID tag is mounted closer to an edge of the flexible substrate than to a middle of the flexible

substrate.

[0056] Optionally, the first conductive trace includes first trace segments and the second
conductive trace includes second trace segments. The first trace segments may be spaced

from and interleaved with the second trace segments.

[0057] In some embodiments, the flexible substrate includes a plastic film and the first
conductive trace and the second conductive trace are woven into the plastic film. The flexible
substrate may include a hydrophobic material and a moisture absorbent material may overlie
the first conductive trace and the second conductive trace. The flexible substrate may include

a synthetic resin or a thermoplastic polymer material.

[0058] According to another aspect of the disclosure, a patient support apparatus may have
a support layer. A mattress layer may be positioned on the support layer. A therapeutic layer

may be positioned on the mattress layer and may have a plurality of bladders that are
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configured to inflate. A protective layer may be positioned over the therapeutic layer. A
control unit may be configured to inflate the therapeutic layer. In a normal mode, the control
unit may not be coupled to the therapeutic layer and the therapeutic layer may be deflated. In
a therapeutic mode, the control unit may be coupled to the therapeutic layer to inflate the

therapeutic layer.

[0059] In some embodiments, each of the plurality of bladders may be individually inflated.

The therapeutic layer may be inflated with alternating pressures.

[0060] Optionally, the support layer may be positioned on a bed frame. The control unit
may be positioned on the bed frame. A hose may extend from the control unit and may be
configured to be coupled to the therapeutic layer. The hose may be coupled to an inlet of the
therapeutic layer. The control unit may include a pump. The control unit may include user
inputs to selectively alter a pressure in the therapeutic layer. The therapeutic layer may deflate

when the control unit is disconnected from the therapeutic layer.

[0061]  Alternatively, or in addition to, the support layer may include foam. The mattress
may include foam. The protective layer may include three-dimensional spacers. The

protective layer may include a non-woven fabric layer. The protective layer may include foam.

[0062] It may be desired that, each of the plurality of bladders is inflatable to a different

pressure.

[0063] It may be contemplated that a cover encloses the support layer, the mattress layer,
the therapeutic layer, and the protective layer. The cover may include a zipper that is
configured to seal the cover around the support layer, the mattress layer, the therapeutic layer,

and the protective layer.

[0064] According to another aspect of the disclosure, a patient support apparatus may
include a mattress assembly having a foam support layer. A foam mattress layer may be
positioned on the foam support layer. A therapeutic layer may be positioned on the foam
mattress layer and may have a plurality of bladders. A protective layer may be positioned over
the therapeutic layer. A control unit may be configured to inflate the therapeutic layer. In a
normal mode, the control unit may not be coupled to the therapeutic layer and the therapeutic
layer may be deflated. In a therapeutic mode, a hose may couple the control unit to the

therapeutic layer to inflate the therapeutic layer.
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[0065] In some embodiments, the therapeutic layer may be inflated with alternating

pressures.

[0066] Optionally, the support layer may be positioned on a bed frame. The control unit
may be positioned on the bed frame. The control unit may include a pump. The control unit
may include user inputs to selectively alter a pressure in the therapeutic layer. The therapeutic

layer may deflate when the control unit is disconnected from the therapeutic layer.

[0067] Alternatively, or additionally, the protective layer may include at least one of three-

dimensional spacers, a non-woven fabric layer, or foam.

[0068] It may be desired that each of the plurality of bladders is inflatable to a different

pressure.

[0069] In some embodiments, a cover encloses the mattress assembly.

[0070] According to an aspect of the disclosed embodiments, a patient support apparatus
may include a first foam layer and a second foam layer positioned on the first foam layer. A
manifold may be positioned on the second foam layer. The manifold may have a plurality of
apertures. A patient three dimensional spacer may be positioned on the manifold and
configured to retain a patient. A blower may be configured to direct air flow into the manifold.
The airflow may exit the manifold through the plurality of apertures and enter the patient three

dimensional spacer.

[0071] It may be desired that the manifold includes a bottom fabric layer and a top fabric
layer. A manifold three dimensional spacer may be positioned between the bottom fabric layer
and the top fabric layer. The plurality of apertures may be formed in the top fabric layer. The
plurality of apertures may be positioned at high pressure points in the patient three
dimensional spacer. The plurality of apertures may be positioned in a seat region of the
patient three dimensional spacer. The air flow may enter the manifold in the manifold three
dimensional spacer. The patient three dimensional spacer may have a smaller thickness than

the manifold three dimensional spacer.

[0072] Alternatively or additionally, the second foam layer may be a visco foam. The first

foam layer may be positioned on a support foam layer.
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[0073] Optionally, the plurality of apertures may be formed in a seat region so that the air
flow flows from the manifold to a seat region of the patient three dimensional spacer. The
patient three dimensional spacer may have exit apertures for the air flow to exit the patient
three dimensional spacer. The exit apertures may be positioned at a head end of the patient
three dimensional spacer. The airflow may enter the patient three dimensional spacer at the

seat region and flows to the head end of the patient three dimensional spacer.

[0074] It may be contemplated that the blower is positioned in a foot end of the patient
support apparatus. The blower may be external to the patient support apparatus and includes

hoses to the manifold.

[0075] In some embodiments, a blower housing may house the blower. The blower housing
may be positioned in a foot end of the patient support apparatus. The blower housing may
include a base having a vacuum chamber and a top cover sealed to the base to create a

pressurized chamber. An intake of the blower may be sealed to the vacuum chamber.

[0076] It may be desired that an inlet is in flow communication with the vacuum chamber. A
pair of inlets may be in flow communication with the vacuum chamber. The inlet may include
an intake extending into an inlet cavity. A ridge may be formed at a bottom of the intake to

prevent direct fluid intrusion into the cavity. The ridge may cover a portion of the intake.

[0077] Optionally, an outlet of the blower may be in flow communication with the
pressurized chamber. An outlet may be formed in the top cover. The outlet may release the

air flow from the pressurized chamber to manifold.

[0078] In some embodiments, the blower may increase speed to maintain pressure when
an inlet of the blower housing is blocked. The blower may decrease speed to maintain

pressure when an outlet of the blower housing is blocked

[0079] According to another aspect of the disclosed embodiments, a blower assembly for a
patient support apparatus may include a blower housing having a base that forms a vacuum
chamber and a top cover sealed to the base to create a pressurized chamber. A blower may
have an inlet and an outlet. The inlet may be sealed to the vacuum chamber. The outlet may
be in flow communication with the pressurized chamber. A pair of inlets may be in flow

communication with the vacuum chamber.
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[0080] Optionally, the blower housing may be positioned in a foot end of the patient support
apparatus. The blower housing may be external to the patient support apparatus and may

include a hose coupling the blower housing to a manifold of the patient support apparatus.

[0081] It may be contemplated that each of pair of inlets includes an intake extending into
an inlet cavity. A ridge may be formed at a bottom of the intake to prevent direct fluid intrusion

into the cavity. The ridge may cover a portion of the intake.

[0082] Alternatively or additionally, an outlet may be formed in the top cover. The outlet
may release the air flow from the pressurized chamber to a manifold of the patient support

apparatus.

[0083] It may be desired that the blower increases speed to maintain pressure when an inlet
of the blower housing is blocked. The blower may decrease speed to maintain pressure when

an outlet of the blower housing is blocked.

[0084] According to yet another aspect of the disclosed embodiments, a method of
monitoring the operation of a blower assembly may include setting a predetermined speed of a
blower in a blower assembly. The method may also include monitoring the speed of the
blower in the blower assembly. The method may also include comparing the monitored speed
of the blower to the predetermined speed. The method may also include determining whether
the blower assembly has a blockage based on the comparison of the monitored speed to the

predetermined speed.

[0085] Optionally, determining whether the blower assembly has a blockage may include
determining that the blower assembly does not have a blockage when the monitored speed is
substantially equal to the predetermined speed. Determining whether the blower assembly
has a blockage may include determining that an intake of the blower assembly has a blockage
when the monitored speed is greater than the predetermined speed. Determining whether the
blower assembly has a blockage ay include determining that an outlet of the blower assembly

has a blockage when the monitored speed is less than the predetermined speed.

[0086] According to a further aspect of the disclosed embodiments, a patient support
apparatus may include a first foam layer and a second foam layer positioned on the first foam
layer. A manifold may be positioned on the second foam layer. The manifold may include a

bottom fabric layer and a top fabric layer. A manifold may be positioned between the bottom
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fabric layer and the top fabric layer. A plurality of apertures may be formed in the top fabric
layer. A patient three dimensional spacer may be positioned on the manifold and configured to
retain a patient. Exit apertures may be formed in a head end of the patient three dimensional
spacer. A blower may be configured to direct air flow into the manifold three dimensional
spacer. The airflow may exit the manifold three dimensional spacer through the plurality of
apertures and enter the patient three dimensional spacer. The air flow may flow through the

patient three dimensional spacers to the exit apertures.

[0087] In some embodiments, the plurality of apertures may be positioned at high pressure
points in the patient three dimensional spacer. The plurality of apertures may be positioned in

a seat region of the patient three dimensional spacer.

[0088] Optionally, the patient three dimensional spacer may have a smaller thickness than
the manifold three dimensional spacer. The second foam layer may be a visco foam. The first

foam layer may be positioned on a support foam layer.

[0089] It may be desired that the blower is positioned in a foot end of the patient support
apparatus. The blower may be external to the patient support apparatus and includes hoses to

the manifold.

[0090] It may be contemplated that a blower housing houses the blower. The blower
housing may include a base having a vacuum chamber. A top cover may be sealed to the
base to create a pressurized chamber. The blower housing may be positioned in a foot end of
the patient support apparatus. An intake of the blower may be sealed to the vacuum chamber.
An inlet may be flow communication with the vacuum chamber. The inlet may include an
intake extending into an inlet cavity. A ridge may be formed at a bottom of the intake to
prevent direct fluid intrusion into the cavity. The ridge may cover a portion of the intake. An
outlet of the blower may be in flow communication with the pressurized chamber. An outlet
may be formed in the top cover. The outlet may release the air flow from the pressurized

chamber to manifold.

[0091] Optionally, the blower may increase speed to maintain pressure when an inlet of the
blower housing is blocked. The blower may decrease speed to maintain pressure when an

outlet of the blower housing is blocked.
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[0092] According to another aspect of the disclosed embodiments, a patient support
apparatus may include a support surface including a topper. The topper may be configured to
conduct air along a top face of the support surface so that heat and moisture from a patient
lying on the support surface are drawn away from the top face of the support surface. The
support surface may include a bottom ticking coupled to an upper ticking with a first zipper. A
pneumatic blower may have an outlet port that couples to an inlet port of the support surface.
The pneumatic blower may conduct air through the inlet port to the topper. An x-ray cassette
sleeve may have openings that extend at least partially along two sides of the support surface.
The openings may be sealed by a pair of second zippers. Each second zipper may be

positioned between the first zipper and the top face of the support surface.

[0093] In some embodiments, each second zipper may have a different appearance from
the first zipper. The first zipper may have a first color that is different from a second color of
each of the second zippers. The first zipper may have a first size that is different from a

second size of each of the second zippers.

[0094] Optionally, the opening may not extend along a head of the support surface.

[0095] It may be desired that a fluid resistant material is welded over a rip stop material of
each of the second zippers to fluidly seal the opening of the x-ray cassette sleeve. The fluid
resistant material may be welded with ultrasonic welding. The fluid resistant material may be

welded with radio-frequency welding.

[0096] According to yet another aspect of the disclosed embodiments, a patient support
apparatus may include a support surface including a topper. The topper may be configured to
conduct air along a top face of the support surface so that heat and moisture from a patient
lying on the support surface are drawn away from the top face of the support surface. The
support surface may include a bottom ticking coupled to an upper ticking. A pneumatic blower
may have an outlet port that couples to an inlet port of the support surface. The pneumatic
blower may conduct air through the inlet port to the topper. An x-ray cassette sleeve may have
an opening that is sealed by a pair of sleeve zippers. Each of the pair of sleeve zippers may

extends at least partially along a side of the support surface.

[0097] In some embodiments, the bottom ticking may be coupled to the upper ticking with a
ticking zipper. Each of the sleeve zippers may have a different appearance from the ticking

zipper. Each of the sleeve zippers may have a first color that is different from a second color
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of the ticking zipper. Each of the sleeve zippers may have a first size that is different from a

second size of the ticking zipper.

[0098] Optionally, a fluid resistant material may be welded over a rip stop material of each
of the sleeve zippers to fluidly seal the opening of the x-ray cassette sleeve. The fluid resistant
material may be welded with ultrasonic welding. The fluid resistant material may be welded

with radio-frequency welding.

[0099] Additional features, which alone or in combination with any other feature(s), such as
those listed above and/or those listed in the claims, can comprise patentable subject matter
and will become apparent to those skilled in the art upon consideration of the following detailed
description of various embodiments exemplifying the best mode of carrying out the

embodiments as presently perceived.

[0100] According to another aspect of the disclosed embodiments, a patient support
apparatus may include a support surface configured to conduct air along a top face of the
support surface so that heat and moisture from a patient lying on the support surface are
drawn away from the top face of the support surface. An opening may be formed in a side of
the support surface. A cavity may extend from the opening into the support surface. An inlet
port may be positioned within the cavity and fluidly coupled to the top face. A pneumatic
blower may be configured to position within the cavity. The pneumatic blower may have an
outlet port that couples to the inlet port when the pneumatic blower is positioned within the
cavity. The pneumatic blower may conduct air through the inlet port to the top face of the

support surface.

[0101] In some embodiments, an end of life indicator may be coupled to the support surface

to indicate when the support surface has reached an end of a useful life of the support surface.

[0102] Optionally, the support surface may include a bottom ticking coupled to an upper
ticking with a first zipper. The patient support apparatus may also include an x-ray cassette
sleeve having an opening that is sealed by a second zipper positioned between the first zipper

and the top face of the support surface.

[0103] Additionally or alternatively, an x-ray cassette sleeve may have an opening that is
sealed by a sleeve zipper that extends at least partially along three sides of the support

surface.
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[0104] It may be desired that a heel support mechanism may be built into a foot end of the
support surface. The heel support mechanism may be configured to alter a height of the top

face at the foot end of the support surface.

[0105] It may be contemplated that the support surface may include at least one support
element. The patient support apparatus may also include a flexible substrate positioned above
the at least one support element. A first conductive trace may be carried by the flexible
substrate. A second conductive trace may be carried by the flexible substrate adjacent to the
first conductive trace. An open circuit may be formed between the first conductive trace and
the second conductive trace when the flexible substrate is dry. The presence of a threshold
amount of liquid on the flexible substrate may form a closed circuit with the first conductive

trace and the second conductive trace due to the flexible substrate being wet.

[0106] In some embodiments, the support surface may include a therapeutic layer having a
plurality of bladders that are configured to inflate. A protective layer may be positioned over
the therapeutic layer. A control unit may be configured to inflate the therapeutic layer. In a
normal mode, the control unit may not be coupled to the therapeutic layer and the therapeutic
layer is deflated. In a therapeutic mode, the control unit may be coupled to the therapeutic

layer to inflate the therapeutic layer.

[0107] Optionally, the support surface may include a foam support layer. A foam mattress
layer may be positioned on the foam support layer. A therapeutic layer may be positioned on
the foam mattress layer and have a plurality of bladders. A protective layer may be positioned
over the therapeutic layer. A control unit may be configured to inflate the therapeutic layer. In
a normal mode, the control unit may not be coupled to the therapeutic layer and the
therapeutic layer is deflated. In a therapeutic mode, a hose may couple the control unit to the

therapeutic layer to inflate the therapeutic layer.

[0108] Additionally or alternatively, the patient support surface may include a first foam
layer. A second foam layer may be positioned on the first foam layer. A manifold may be
positioned on the second foam layer. The manifold may have a plurality of apertures. A
patient three dimensional spacer may be positioned on the manifold and configured to retain a
patient. The blower may be configured to direct air flow into the manifold. The airflow exits the

manifold through the plurality of apertures and enters the patient three dimensional spacer.
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[0109] It may be desired that the blower may include a blower housing having a base that
forms a vacuum chamber and a top cover sealed to the base to create a pressurized chamber.
A fan may be positioned with the pressurized chamber. A fan inlet may be sealed to the
vacuum chamber. A fan outlet may be in flow communication with the pressurized chamber.

A pair of housing inlets may be in flow communication with the vacuum chamber.

[0110] It may be contemplated that the blower may be controlled by setting a predetermined
speed of the blower. The speed of the blower may be monitored. The monitored speed of the
blower may be compared to the predetermined speed. Whether the blower has a blockage
may be determined based on the comparison of the monitored speed to the predetermined

speed.

[0111]  In some embodiments, the support surface may also include a first foam layer. A
second foam layer may be positioned on the first foam layer. A manifold may be positioned on
the second foam layer. The manifold may include a bottom fabric layer and a top fabric layer.
A manifold three dimensional spacer may be positioned between the bottom fabric layer and
the top fabric layer. A plurality of apertures may be formed in the top fabric layer. A patient
three dimensional spacer may be positioned on the manifold and configured to retain a patient.
Exit apertures may be formed in a head end of the patient three dimensional spacer. The
blower may be configured to direct air flow into the manifold three dimensional spacer. The
airflow may exit the manifold three dimensional spacer through the plurality of apertures and
enter the patient three dimensional spacer. The air flow may flow through the patient three

dimensional spacers to the exit apertures.

[0112]  Optionally, an x-ray cassette sleeve may have openings that extend at least partially

along two sides of the support surface.

[0113] Additionally or alternatively, an x-ray cassette sleeve may have an opening that is
sealed by a pair of sleeve zippers. Each of the pair of sleeve zippers may extend at least

partially along a side of the support surface.

[0114] It may be desired that an electronics enclosure may be positioned within the support
surface. A wire may extend from the electronics enclosure and may be grounded. An
overmold may be formed on the wire. A terminal may extend from the wire through the

overmold to provide a ground test point.
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[0115] In some embodiments, a support surface outlet port may extend through the support
surface and may be in fluid communication with the outlet port of the blower. The support
surface outlet port may have a lip to facilitate preventing the ingress of fluids into the support

surface outlet port.

[0116]  According to a further aspect of the disclosed embodiments, patient support
apparatus includes a support surface configured to conduct air along a top face of the support
surface so that heat and moisture from a patient lying on the support surface are drawn away
from the top face of the support surface. An opening may be formed in a side of the support
surface. A cavity may extend from the opening into the support surface. An inlet port may be
positioned within the cavity and may fluidly couple to the top face. A blower assembly may be
configured to position within the cavity. The blower assembly may have an outlet port that
couples to the inlet port when the blower assembly is positioned within the cavity. The blower

assembly may conduct air through the inlet port to the top face of the support surface.

[0117]  According to an aspect of the disclosed embodiments, a patient support apparatus
may include a cover having a foot end and an opposite head end. A pair of sides may extend
between the foot end and the head end. A cover inlet may extend through the cover. A cover
outlet may extend through the cover. A blower assembly may be positioned in the cover, the
blower assembly may have a blower inlet in flow communication with the cover inlet and a
blower outlet. A microclimate management system may be in flow communication with the
blower outlet. Air may flow through the cover inlet to the blower assembly and the blower
assembly may discharge the air to the microclimate management system. The air may be

discharged from the microclimate management system through the cover outlet.

[0118] In some embodiments, the cover inlet may be positioned in one of the sides of the
cover. Some embodiments may include two cover inlets. Each cover inlet may be positioned
in one of the sides of the cover. The blower assembly may include two blower inlets. Each
blower inlet may be in fluid communication with one of the cover inlets. The cover outlet may
be positioned in the head end of the cover. Some embodiments may include a plurality of

cover outlets.

[0119]  Optionally, the cover inlet may include an opening. An inlet cover may partially cover
the opening. A plug may be positioned in the opening and may be configured to couple the
cover inlet to the blower inlet. The plug may include an opening flange that may be configured

to be inserted into the opening. A blower flange may be configured to couple to the blower



13 Feb 2020

2019201323

-24-

inlet. A passageway may extend through the plug. The passageway may have an axis that is
co-axial to an axis of the opening when the opening flange is inserted into the opening. The
cover outlet may include an opening. An outlet cover may partially cover the opening. A plug
may be positioned in the opening and may be configured to couple the cover outlet to an outlet
of the microclimate management system. The plug may include an opening flange that may
be configured to be inserted into the opening. The cover outlet may include a notch and the
plug may include a tab. The tab may be received in the notch to prevent rotation of the plug
relative to the cover outlet when the opening flange is inserted into the opening. The plug may
include a lip that extends from the opening when the opening flange is inserted into the

opening.

[0120] Additionally or alternatively, a ground plate may be positioned in the blower
assembly. A ground wire may extend from the ground plate. The ground wire may extend
through the cover. A ground lug may extend from the ground wire. The ground lug may be
configured to enable testing of the blower assembly. The ground lug may enable impedance

testing of the blower assembly.

[0121] It may be desired that a power cord may extend through the cover. The power cord
may include an overmold. The cover may include an umbilical. The umbilical may be secured
to the overmold to prevent fluid ingress into the cover. The overmold may include a pair of
ridges. A notch may be defined between the ridges. The umbilical may be secured to the

overmold with at least one of a tie or clamp secured within the notch.

[0122]  According to another aspect of the disclosed embodiments, a patient support
apparatus may include a cover having a foot end and an opposite head end. A pair of sides
may extend between the foot end and the head end. A pair of cover inlets may be provided.
Each cover inlet may extend through one of the sides of the cover. A plurality of cover outlets
may extend through the head end of the cover. A blower assembly may be positioned in the
cover. The blower assembly may have a blower inlet in flow communication with the cover
inlet and a blower outlet. A microclimate management system may be in flow communication
with the blower outlet. Air may flow through the cover inlet to the blower assembly and the
blower assembly may discharge the air to the microclimate management system. The air may

be discharged from the microclimate management system through the cover outlet.

[0123] It may be desired that the blower assembly may include two blower inlets. Each

blower inlet may be in fluid communication with one of the cover inlets. The cover inlet may
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include an opening. An inlet cover may partially cover the opening. A plug may be positioned
in the opening and may be configured to couple the cover inlet to the blower inlet. The plug
may include an opening flange that may be configured to be inserted into the opening. A
blower flange may be configured to couple to the blower inlet. A passageway may extend
through the plug. The passageway may have an axis that is co-axial to an axis of the opening

when the opening flange is inserted into the opening.

[0124] In some embodiments, the cover outlet may include an opening. An outlet cover
may partially cover the opening. A plug may be positioned in the opening and may be
configured to couple the cover outlet to an outlet of the microclimate management system.

The plug may include an opening flange that is configured to be inserted into the opening. The
cover outlet may include a notch and the plug may include a tab. The tab may be received in
the notch to prevent rotation of the plug relative to the cover outlet when the opening flange is
inserted into the opening. The plug may include a lip that extends from the opening when the

opening flange is inserted into the opening.

[0125] Optionally, a ground plate may be positioned in the blower assembly. A ground wire
may extend from the ground plate. The ground wire may extend through the cover. A ground
lug may extend from the ground wire. The ground lug may be configured to enable testing of

the blower assembly. The ground lug may enable impedance testing of the blower assembly.

[0126] Additionally or alternatively, a power cord may extend through the cover. The power
cord may include an overmold. The cover may include an umbilical. The umbilical may be
secured to the overmold to prevent fluid ingress into the cover. The overmold may include a
pair of ridges. A notch may be defined between the ridges. The umbilical may be secured to

the overmold with at least one of a tie or clamp secured within the notch.

[0127]  According to yet another aspect of the disclosed embodiments, a patient support
apparatus may include a cover having a foot end and an opposite head end. A pair of sides
may extend between the foot end and the head end. A cover inlet may extend through the
cover. The cover inlet may have an opening. An inlet cover may partially cover the opening.
A plug may be positioned in the opening and configured to couple the cover inlet to a blower

assembly positioned within the cover.

[0128] It may be desired that the cover inlet may be positioned in one of the sides of the

cover. Some embodiments may include two cover inlets. Each cover inlet may be positioned
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in one of the sides of the cover. A blower assembly may include two blower inlets. Each
blower inlet may be in fluid communication with one of the cover inlets. The plug may include
an opening flange that may be configured to be inserted into the opening. A blower flange
may be configured to couple to the blower assembly. A passageway may extend through the
plug. The passageway may have an axis that is co-axial to an axis of the opening when the

opening flange is inserted into the opening.

[0129] According to a further aspect of the disclosed embodiments, a patient support
apparatus may include a cover having a foot end and an opposite head end. A pair of sides
may extend between the foot end and the head end. A cover outlet may extend through the
cover. The cover outlet may include an opening. An outlet cover may partially cover the
opening. A plug may be positioned in the opening and may be configured to couple the cover

outlet to a microclimate management system positioned within the cover.

[0130] It may be contemplated that the cover outlet may be positioned in the head end of
the cover. Some embodiments may include a plurality of cover outlets. The plug may include
an opening flange that may be configured to be inserted into the opening. The cover outlet
may include a notch and the plug may include a tab. The tab may be received in the notch to
prevent rotation of the plug relative to the cover outlet when the opening flange is inserted into
the opening. The plug may include a lip that extends from the opening when the opening

flange is inserted into the opening.

[0131] According to yet a further aspect of the disclosed embodiments, a patient support
apparatus may include a cover having a foot end and an opposite head end. A pair of sides
may extend between the foot end and the head end. A blower assembly may be positioned in
the cover. A ground plate may be positioned in the blower assembly. A ground wire may

extend from the ground plate. The ground wire may extend through the cover.

[0132] In some embodiments, ground lug may extend from the ground wire. The ground lug
may be configured to enable testing of the blower assembly. The ground lug may enable

impedance testing of the blower assembly.

[0133] Optionally, the blower assembly may include a blower inlet that may be in fluid
communication with a cover inlet positioned in the cover. The cover inlet may include an
opening. An inlet cover may partially cover the opening. A plug may have an opening flange

that may be configured to be inserted into the opening. A blower flange may be configured to
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couple to the blower inlet. A passageway may extend through the plug. The passageway may
have an axis that is co-axial to an axis of the opening when the opening flange is inserted into

the opening.

[0134] In some embodiments, the blower assembly may include a blower outlet that is in
fluid communication with a cover outlet positioned in the cover. The cover outlet may include
an opening. An outlet cover may partially cover the opening. A plug may have an opening
flange that may be configured to be inserted into the opening. The plug may be configured to
couple to an outlet of a microclimate management system. The cover outlet may include a
notch and the plug may include a tab. The tab may be received in the notch to prevent rotation
of the plug relative to the cover outlet when the opening flange is inserted into the opening.
The plug may include a lip that extends from the opening when the opening flange is inserted

into the opening.

[0135] It may be contemplated that a power cord may extend through the cover. The power
cord may include an overmold. The cover may include an umbilical. The umbilical may be
secured to the overmold to prevent fluid ingress into the cover. The overmold may include a
pair of ridges. A notch may be defined between the ridges. The umbilical may be secured to
the overmold with at least one of a tie or clamp secured within the notch. The power cord and

the ground wire may be sheathed together.

[0136] According to an aspect of the disclosed embodiments, a patient support apparatus
may include a cover having a foot end and an opposite head end. A pair of sides may extend
between the foot end and the head end. The cover may have an umbilical. A blower
assembly may be positioned in the cover. A power cord may extend from the blower assembly
and through the cover. The power cord may have an overmold. The umbilical may be

secured to the overmold to prevent fluid ingress into the cover.

[0137] In some embodiments, the overmold may include a pair of ridges. A notch may be
defined between the ridges. The umbilical may be secured to the overmold with at least one of

a tie or clamp secured within the notch.

[0138] Optionally, a ground plate may be positioned in the blower assembly. A ground wire
may extend from the ground plate. The ground wire may extend through the cover. A ground
lug may extend from the ground wire. The ground lug may be configured to enable testing of

the blower assembly. The ground lug may enable impedance testing of the blower assembly.
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[0139] Optionally, the blower assembly may include a blower inlet that may be in fluid
communication with a cover inlet positioned in the cover. The cover inlet may include an
opening. An inlet cover may partially cover the opening. A plug may have an opening flange
that may be configured to be inserted into the opening. A blower flange may be configured to
couple to the blower inlet. A passageway may extend through the plug. The passageway may
have an axis that is co-axial to an axis of the opening when the opening flange is inserted into

the opening.

[0140] In some embodiments, the blower assembly may include a blower outlet that is in
fluid communication with a cover outlet positioned in the cover. The cover outlet may include
an opening. An outlet cover may partially cover the opening. A plug may have an opening
flange that may be configured to be inserted into the opening. The plug may be configured to
couple to an outlet of a microclimate management system. The cover outlet may include a
notch and the plug may include a tab. The tab may be received in the notch to prevent rotation
of the plug relative to the cover outlet when the opening flange is inserted into the opening.
The plug may include a lip that extends from the opening when the opening flange is inserted

into the opening.

BRIEF DESCRIPTION OF THE DRAWINGS

[0141]  The detailed description particularly refers to the accompanying figures in which:

[0142]  Fig. 1 is perspective view of an illustrative patient support apparatus including a
microclimate system supported on a frame structure showing that the microclimate system

includes a support surface;

[0143] Fig. 2 is a perspective view of the microclimate system of Fig. 1 showing that the
support surface includes a topper that cooperates with a lower ticking to enclose the other

components of the support surface;
[0144] Fig. 3 is a perspective view of the patient support apparatus of Fig. 1 having a
support surface in accordance with an embodiment and a pneumatic blower coupled to a foot

end thereof;

[0145] Fig. 4 is a front elevation view of an interface of the support surface of Fig. 3;
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[0146] Fig. 5 is a perspective view of the patient support apparatus of Fig. 1 having a

support surface in accordance with an embodiment and a pneumatic blower coupled thereto;

[0147] Fig. 6 is a perspective view of the patient support apparatus of Fig. 1 having a

support surface in accordance with an embodiment and a pneumatic blower positioned therein;

[0148] Fig. 7 is a front elevation view of an interface of the support surface of Fig. 6;

[0149] Fig. 8 is a perspective view of a power cord of a pneumatic blower having a

controller incorporated therein;

[0150] Fig. 9 is a perspective view of the patient support apparatus of Fig. 1 having a

support surface in accordance with an embodiment and a pneumatic blower coupled thereto;

[0151]  Fig. 10 is a front elevation view of an interface of a pneumatic blower in accordance

with an embodiment;

[0152]  Fig. 11 is a front perspective view of a patient pedant for a support surface formed in

accordance with an embodiment;

[0153] Fig. 12 is a front perspective view of a patient pedant for a support surface formed in

accordance with an embodiment;

[0154] Fig. 13 is a view of a patient support apparatus having a pneumatic blower coupled

to a frame thereof and a compression sleeve fluidly coupled to the pneumatic blower;

[0155]  Fig. 14 is a schematic view of a screen of a user interface that is configured to

control air flow to the compression sleeve shown in Fig. 13;

[0156] Fig. 15 is a perspective view of a patient support apparatus in accordance with an

embodiment and having a scale incorporated into a support surface thereof;

[0157] Fig. 16 is a schematic view of a screen for monitoring the scale of Fig. 15;

[0158] Fig. 17 is a perspective view of a patient support apparatus in accordance with an

embodiment and having an end of life monitor incorporated into a support surface thereof;
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[0159] Fig. 18 is a schematic view of a screen for monitoring the end of life monitor of Fig.
17;

[0160] Fig. 19 is a perspective view of a patient support apparatus having a support surface

with an end of life indicator incorporated into a top face of the support surface;

[0161]  Fig. 20 is a perspective view of a patient support apparatus having a support surface

with an end of life indicator incorporated into a side of the support surface;

[0162] Fig. 21 is a front elevation view of the end of life indicator of Fig. 20;

[0163] Fig. 22 is a top perspective view of a patient support surface having an x-ray sleeve

extending from a first side to a second side along a head end of the support surface;

[0164] Fig. 23 is a perspective view of a portion of the x-ray sleeve shown in Fig. 22 and
illustrating a zipper that fluidly seals the x-ray sleeve to prevent bodily fluids from entering the

x-ray sleeve;

[0165] Fig. 24 is perspective view of a portion of the x-ray sleeve shown in Fig. 22 and

illustrating the lining of the x-ray sleeve;

[0166] Fig. 25 is a perspective view of a portion of the x-ray sleeve shown in Fig. 22 and
illustrating a cavity that is configured to receive an x-ray cassette therein, wherein the x-ray
cassette may be positioned under the chest, abdomen, or hips of a patient on the support

surface;

[0167] Fig. 26 is a perspective view of a patient support surface having a touch sensor
positioned therein to detect bottoming out of the support surface, wherein the touch sensor is
electrically coupled to an electronic controller positioned within the support surface and

configured to alert a caregiver when the support surface has bottomed out;

[0168] Fig. 27 is a cross-sectional view of one embodiment of the support surface shown in

Fig. 26 illustrating the support surface without a patient or load positioned thereon;

[0169] Fig. 28 is a cross-sectional view of the support surface similar to the view shown in
Fig. 27, wherein a patient is illustrated on the support surface and the support surface has

bottomed ouf;
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[0170] Fig. 29 is a perspective view of a conductive fabric that may be used with the touch
sensor shown in Fig. 26 to expand a sensing area of the touch sensor across an entire area of

the support surface;

[0171]  Fig. 30 is a cross-sectional view of another embodiment of the support surface
shown in Fig. 26 that incorporates both a touch sensor and a conductive fabric to detect

bottoming out of the support surface;

[0172] Fig. 31 is a front elevational view of a sensor for detecting bottoming out of a foam
surface, wherein the foam surface is illustrated without any load thereon and the sensoris in a

fully expanded position;

[0173] Fig. 32 is a front elevational view of the sensor and foam surface shown in Fig. 31,

wherein the foam surface has a load thereon and the sensor is partially collapsed;

[0174] Fig. 33 is a front elevational view of the sensor and foam surface shown in Fig. 31,
wherein the foam surface has a load thereon and the sensor is entirely collapsed indicating

bottoming out of the foam surface;

[0175] Fig. 34 is a side elevation view of a support surface having a cam assembly
positioned in a foot end, wherein the cam assembly operates as a heel suspension

mechanism;

[0176] Fig. 35 is a side elevation view similar to Fig. 34, wherein the cam assembly is

actuated to raise the foot end of the support surface;

[0177] Fig. 36 is a side elevation view of a support surface having another cam assembly
positioned in a foot end, wherein the cam assembly operates as a heel suspension

mechanism;

[0178] Fig. 37 is a side elevation view similar to Fig. 36, wherein the cam assembly is

actuated to raise the foot end of the support surface;

[0179] Fig. 38 is a side elevation view of a support surface having yet another cam
assembly positioned in a foot end, wherein the cam assembly operates as a heel suspension

mechanism;
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[0180] Fig. 39 is a side elevation view similar to Fig. 38, wherein the cam assembly is

actuated to raise the foot end of the support surface;

[0181] Fig. 40 is a side elevation view of a support surface having a plurality of bladders
positioned in a foot end, wherein the plurality of bladders operate as a heel suspension

mechanism;

[0182] Fig. 41 is a side elevation view similar to Fig. 40, wherein one of the plurality of

bladders is actuated to raise the foot end of the support surface;

[0183] Fig. 42 is a side elevation view of a support surface having another plurality of
bladders positioned in a foot end, wherein the plurality of bladders operate as a heel

suspension mechanism;

[0184] Fig. 43 is a side elevation view similar to Fig. 42, wherein one of the plurality of

bladders is actuated to raise the foot end of the support surface;

[0185] Fig. 44 is a side elevation view of a support surface having an air bladder positioned

in a foot end, wherein the air bladder operates as a heel suspension mechanism;

[0186] Fig. 45 is a side elevation view similar to Fig. 44, wherein the air bladder is actuated

to raise the foot end of the support surface;

[0187] Fig. 46 is a side elevation view of a support surface having two air bladders

positioned in a foot end, wherein the air bladders operate as a heel suspension mechanism;

[0188] Fig. 47 is a side elevation view similar to Fig. 46, wherein one of the air bladders is

actuated to raise the foot end of the support surface;

[0189] Fig. 48 is a side elevation view similar to Fig. 46, wherein another of the air bladders

is actuated to raise the foot end of the support surface;

[0190] Fig. 49 is a side elevation view of a support surface having a foam wedge positioned

in a foot end, wherein the foam wedge operates as a heel suspension mechanism;

[0191]  Fig. 50 is a side elevation view similar to Fig. 49, wherein the foam wedge is

actuated to raise the foot end of the support surface;
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[0192] Fig. 51 is a side elevation view of a support surface having another foam wedge

positioned in a foot end, wherein the foam wedge operates as a heel suspension mechanism;

[0193] Fig. 52 is a side elevation view similar to Fig. 51, wherein the foam wedge is

actuated to raise the foot end of the support surface;

[0194] Fig. 53 is a side elevation view of a support surface having a cutout positioned in a

foot end, wherein the cutout operates as a heel suspension mechanism;

[0195] Fig. 54 is a side elevation view similar to Fig. 53, wherein the cutout is actuated to

raise the foot end of the support surface;

[0196] Fig. 55 is a side elevation view of a support surface having another cutout positioned

in a foot end, wherein the cutout operates as a heel suspension mechanism;

[0197] Fig. 56 is a side elevation view similar to Fig. 55, wherein the cutout is actuated to

raise the foot end of the support surface;

[0198] Fig. 57 is a side elevation view of a support surface having a jack positioned in a foot

end, wherein the jack operates as a heel suspension mechanism;

[0199] Fig. 58 is a side elevation view similar to Fig. 57, wherein the jack is actuated to

raise the foot end of the support surface;
[0200] Fig. 59 is a side elevation view of a support surface having an elevating member
positioned in a foot end, wherein the elevating member operates as a heel suspension

mechanism; and

[0201] Fig. 60 is a side elevation view similar to Fig. 59, wherein the elevating member is

actuated to raise the foot end of the support surface;

[0202] Fig. 61 is a top perspective view of a patient support apparatus in accordance with

another embodiment;

[0203] Fig. 62 is a top plan view of the fluid ingress detection system shown in Fig. 61;
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[0204] Fig. 63 is a side cross-sectional view of a mattress in accordance with an

embodiment;

[0205] Fig. 64 is a top perspective view of a therapeutic layer of the mattress shown in Fig.

63 and coupled to a control unit with a hose;

[0206] Fig. 65 is a front elevation view of the control unit shown in Fig. 64;

[0207] Fig. 66 is a top perspective view of another embodiment of a therapeutic layer

having a blower coupled to a control unit;

[0208] Fig. 67 is a side cross-sectional view of the mattress shown in Fig. 63 having the

therapeutic layer and protective layer coupled to the foam base with a fastener;

[0209] Fig. 68 is a side cross-sectional view of another embodiment of a patient support

apparatus;

[0210] Fig. 69 is a foot end cross-sectional view taken about line 69-69 in Fig. 68;

[0211]  Fig. 70 is a top schematic view of airflow through the patient support apparatus
shown in Fig. 68;

[0212]  Fig. 71 is a schematic view of airflow through the patient three dimensional spacer

shown in Fig. 68;

[0213] Fig. 72 is a schematic view of pressure in the patient three dimension spacer shown
in Fig. 68;

[0214] Fig. 73 is a top perspective view of a base of a blower assembly housing;

[0215]  Fig. 74 is a top perspective view of a blower coupled to the base of the blower

assembly housing shown in Fig. 73;

[0216] Fig. 75 is a top perspective view of the blower assembly housing having a cover

coupled to the base;

[0217] Fig. 76 is a side elevation view of the blower assembly housing;
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[0218] Fig. 77 is a schematic view of the blower assembly coupled to a control system;

[0219] Fig. 78 is a flowchart for a method of detecting blockages in the blower assembly;

[0220] Fig. 79 is a graph illustrating a speed of the blower during various conditions;

[0221] Fig. 80 is a top perspective view of a patient support surface having an x-ray sleeve

extending along a first side and a second side of the support surface;
[0222] Fig. 81 is a perspective view of a portion of the x-ray sleeve shown in Fig. 80 and
illustrating a zipper that fluidly seals the x-ray sleeve to prevent bodily fluids from entering the

x-ray sleeve;

[0223] Fig. 82 is perspective view of a portion of the x-ray sleeve shown in Fig. 80 and

illustrating the lining of the x-ray sleeve;

[0224] Fig. 83 is a perspective view of a portion of the x-ray sleeve shown in Fig. 80 and
illustrating a cavity that is configured to receive an x-ray cassette therein, wherein the x-ray
cassette may be positioned under the chest, abdomen, or hips of a patient on the support

surface;

[0225] Fig. 84 is a top perspective view of an x-ray sleeve that is configured to be inserted

into a mattress;

[0226] Fig. 85 is an exploded view of the x-ray sleeve shown in Fig. 84;

[0227] Fig. 86 is a top partial view of the x-ray sleeve shown in Fig. 84;

[0228] Fig. 87 is a cross-sectional view of the x-ray sleeve taken about line A-A in Fig. 86;

[0229] Fig. 88 is a side view of the x-ray sleeve shown in Fig. 84;

[0230] Fig. 89 is an enlarged view of area B shown in Fig. 87;

[0231] Fig. 90 is a top perspective view of the x-ray sleeve shown in Fig. 84 welded into a

bottom cover of a mattress;
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[0232] Fig. 91 is an exploded view of a mattress in accordance with an embodiment and

having a blower assembly positioned therein;

[0233] Fig. 92 is a front perspective view of an outlet of a blower assembly having a cover

positioned on a front face of the outlet;

[0234] Fig. 93 is a rear perspective view of the outlet having an opening;

[0235] Fig. 94 is a front perspective view of a plug that is configured to be inserted into the

opening formed in the outlet;

[0236] Fig. 95 is a front perspective view of the plug positioned within the opening formed in

the outlet;

[0237] Fig. 96 is a rear perspective view of the plug positioned within the opening formed in

the outlet;

[0238] Fig. 97 is a front perspective view of an inlet of a blower assembly having a cover

positioned on a front face of the inlet;

[0239] Fig. 98 is a rear perspective view of the inlet having an opening;

[0240] Fig. 99 is a front perspective view of a plug that is configured to be inserted into the

opening formed in the inlet;

[0241]  Fig. 100 is a front perspective view of the plug positioned within the opening formed

in the inlet;

[0242] Fig. 101 is a rear perspective view of the plug positioned within the opening formed

in the inlet;

[0243] Fig. 102 is a top perspective view of a blower assembly in accordance with an

embodiment;

[0244] Fig. 103 is a schematic view of a control circuit for use in a mattress having a blower

in accordance with an embodiment;



13 Feb 2020

2019201323

-37-

[0245]  Fig. 104 is top perspective view of a portion of the control circuit installed in a

housing of the blower;

[0246] Fig. 105 is a side perspective view of a power cord and ground wire extending from

the housing of the blower;

[0247] Fig. 106 is a side view of an overmold formed on the power cord;

[0248] Fig. 107 is a perspective view of the power cord extending through an umbilical

formed in a bottom cover of the mattress; and

[0249] Fig. 108 is a side inside-out view of the power cord extending through an umbilical

formed in a bottom cover of the mattress.

DETAILED DESCRIPTION

[0250] Anillustrative patient support apparatus embodied as a hospital bed 10 is shown in
Fig. 1. The bed 10 is illustrated as a hospital bed; however, it will be appreciated that the bed
10 may be utilized in any healthcare facility or home. For example, the bed 10 may be utilized
in @ nursing home or in a patient own home under hospice care. Additionally, although this
description is in reference to a bed 10, it will be appreciated that the support surfaces and
devices described herein may be equally applicable to other support apparatuses, for example,
chairs, wheelchairs, stretchers, etc. The bed 10 includes a microclimate system 12 mounted
on a frame structure 14 that supports the microclimate system 12 above a floor 11. The
microclimate system 12 is arranged to underlie a patient supported on the bed 10. The
microclimate system 12 is configured to cool and dry the interface between a patient and the
bed 10 to promote skin health by moving air along the interface when the patient is supported
on the bed 10. The microclimate system 12 may include an environmental sensor unit
configured to detect information about the environment around the microclimate system 12 so
that operation of the microclimate system 12 can be adjusted to account for environmental

temperature, humidity, and/or pressure.

[0251] Referring now to Fig. 2, the support surface 16 (sometimes called a mattress) is
configured to underlie a patient supported on the bed 10. An air box (not shown) may be
coupled to the support surface 16 to provide conditioned air to the support surface 16 in order
to cool and dry the interface between a patient and the support surface 16 when the patient is

supported on the bed 10.
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[0252] The support surface 16 includes a topper 20 and a lower ticking 22 that cooperate to
encase a foam shell 24, a foam head section 26, a foam foot section 28, body bladders 30,
and turn bladders 32 as shown, for example, in Fig. 2. The bladders 30 may be passive or
active pressure redistribution bladders. In some embodiments, the bladders 30 may also
include heel suspension bladders. A heel suspension feature may be utilized to replace foam
wedges typically used in healthcare facilities. Other embodiments of a heel suspension
feature may include a portion of the foot section 28 that folds over. In yet another
embodiment, a cam may be provided to rotate a portion of the foot section 28 upward for heel
suspension. It may be desired that the turn bladders 32 are also configured as passive or
active pressure redistribution bladders. A passive pressure redistribution system may utilize a
series of pressure release valves and foam filled bladders. The topper 20 forms a top face 36
of the support surface 16 and is configured to conduct conditioned air provided by the air box
18 along the interface between a patient and the support surface 16 when the patient is
supported on the bed 10. The foam components 24, 26, 28 and the bladders 30, 32 cooperate
to support a patient when the patient is supported on the bed 10. In some embodiments, the
support surface 16 may also include a coverlet 40 encasing the topper 20 and the lower ticking

22 as shown in Fig. 1.

[0253] The topper 20 illustratively includes a bottom layer 41, a middle layer 42, and a top
layer 43 as shown in Fig. 2. The middle layer 42 is illustratively a three-dimensional material
that allows conditioned air to flow between the bottom layer 41 and the top layer 43 along the
top face 36 of the support surface 16 from a foot end 21 to a head end 31 of the support
surface 16. The top layer 43 is made from a perforated material that allows moisture from a
patient supported on the topper 20 to pass through the top layer 43 and be carried away for
evaporation by conditioned air flowing through the middle layer 42 of the topper 20. In other
embodiments, other air-flow cooled toppers may be used with the support surface 16. For
example, air-loss toppers, air-fluidized bead toppers, and the like can be used in support

surface 16.

[0254] Referring to Fig. 3, an air box or pneumatic blower 50 is illustratively adapted to be
mounted on the frame structure 14, but in other embodiments may be integrated into the frame
structure 14. By providing a separate blower 50, a cost of the micro-climate system 12 may be
reduced if the microclimate system 12 is not needed. Additionally, the external nature of the
blower 50 allows additional features to be packaged into the support surface 16, e.g. heel
suspension, temperature control, etc. The air box 50 is coupled to the support surface 16 to

provide air to the support surface 16. The air box 18 includes a housing 52 (including air
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handling unit), a connector hose 54, a power cord 56, and a user interface 58. The user
interface 58 is coupled to the housing 52 and includes an LCD display 60 and having a number
of buttons. The user interface is described in more detail below. The power cord 56 may be
electrically coupled to a source of power, e.g. a wall outlet or a power source incorporated into
the bed 10. The housing 52 holds an environmental sensor unit and an air handling unit. The
connector hose 54 extends from the housing 52 to the support surface 16 to couple the air
handling unit to the support surface 16. The connector hose 54 is illustrated as a single hose
54. The connector hose 54 is configured to provide air flow to the microclimate system 12 and
the bladders 30, 32. The housing 52 may include a valve system to selectively provide air flow
to one of the microclimate system 12 or the bladders 30, 32. Optionally, the connector hose
54 may include a plurality of hoses, wherein each hose connects the air handling unit to one of

the microclimate system 12, the bladders 30, and the bladders 32.

[0255] An interface 80 is provided on a side of the support surface 16 in a positioned that is
not blocked by a side rail of the bed 10. Although the display is illustrated in the side of the
support surface 16, the interface 80 may be located at any position along the support surface
16, e.g. at a foot of the support surface 16. An expanded view of the interface 80 is provided
in Fig. 4. The interface 80 includes a weight based value control system having a dial 82 and
a plurality of indicators 84 that may be selected by the dial 82. In the illustrative embodiment,
the indicators 84 include three weight ranges; however, any number of weight ranges may be
contemplated. The weight ranges are related to a weight of the patient. By selecting a weight
range that corresponds to a weight of the patient, the body bladders 30 are inflated to an
appropriate level to provide comfort for the patient. For example, as first indicator 84a
provides a range of 32 kg to 82 kg. For patients within this weight range, the body bladders 30
may be inflated to a first firmness. A second indicator 84b provides a weight range of 83 kg to
159 kg. Patients in this weight range may require the body bladders 30 to be inflated to a
greater level than the first weight range. That is, when selecting the indicator 84b the body
bladders 30 are inflated to a firmness that is greater than the firmness when the indicator 84a
is selected. A third indicator 84c provides a weight range of 159 kg to 226 kg. Patients in this
weight range may require the body bladders 30 to be inflated to a greater level than the
second weight range. That is, when selecting the indicator 84c the body bladders 30 are
inflated to a firmness that is greater than the firmness when the indicator 84b is selected. A
caregiver may select the appropriate weight range (i.e. indicator 84) prior to the patient being

positioned on the support surface 16 or while the patient is on the support surface 16.
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[0256] The interface 80 also includes an end of life indicator 90. The end of life indicator 90
includes a “new” button 92 that may be selected when the support surface 16 is installed at the
healthcare facility. By selecting the “new” button 92, an end of life meter for the support
surface 16 is activated. The end of life indicator 90 also includes a meter 94. In the illustrative
embodiment, the meter 94 is a liquid crystal display (LED). The meter 94 includes an upper
limit 96 and a lower limit 98. When the support surface 16 is first installed and the “new”
button 92 is selected, the meter 94 is started at the lower limit 98. As the support surface 16
becomes worn out, the meter 94 raises toward the upper limit 96. In some embodiments, the
meter 94 is displayed in different colors. For example, when the meter 94 is near the lower
limit 98, the meter 94 may be green. As the meter 94 raises to a position between the upper
limit 96 and the lower limit 98, e.g. half way between the upper limit 96 and the lower limit 98,
the meter 94 may turn yellow. As the meter 94 approaches the upper limit 96, the meter 94
may turn red. As the meter 94 approaches the upper limit 96, caregivers are alerted that the

support surface 16 may have become worn out.

[0257] Several embodiments of end of life detectors may be used to determine when the
support surface 16 has reached and of life, and to signal to the meter 94 what level of use
should be displayed. Some of these embodiments are described in more detail below. In
some embodiments, the end of life detector includes a timer that is activated when the support
surface 16 is installed. The timer counts down the life of the support surface 16 over a
predetermined time, e.g. 3 years, 5 years, and 7 years. For example, an end of life detector
for a support surface 16 with a 7 year life span will indicate that the support surface 16 should
be replaced 7 years from the date of installation. Some timers may be electronic, whereas
other timers may include a chemical that erodes or grows over time. The chemical may be
configured to erode entirely from the system within a predetermined time from the date that the

chemical is activated.

[0258] In some embodiments, the timer may be switched on and off. For example, the timer
may track an amount of time that the bed is in use by tracking when a patient enters and exits
the support surface 16. When a patient is detected on the support surface 16, the timer is
switch on to track an amount of use. When the patient exits the support surface 16, the timer
is turned off. In another embodiment, the timer tracks when the support surface 16 has power.
For example, when the support surface 16 is plugged in and power is delivered to the support
surface 16, the timer switches to an on position to track use. When the support surface 16 is
turned off and is not receiving power, the timer switches to an off position and stops tracking

the use of the support surface 16 until power is restored.
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[0259] Fig. 5 illustrates another embodiment of a support surface 120. The support surface
120 is similar to the support surface 16 and includes several elements that are referenced with
the same reference number. The support surface 120 includes a side 122 having an opening
124. A cavity 126 extends from the opening 124 and into the support surface 120. The cavity
126 is illustrated in a thigh section 130 of the support surface 120; however, in other
embodiments, the cavity 126 may be formed in a head section 132, a seat section 134, or a
foot section 136 of the support surface 120. The cavity 126 is formed in a section of the
support surface 120 where a caregiver will have access to the cavity 126. Optionally, the
cavity 126 may be formed in a foot end 140 or a head end 142 of the support surface 120. An
inlet port 146 (shown in dashed lines) is housed within the cavity 126. In the illustrative
embodiment, the inlet port 146 extends from a back wall 148 of the cavity 126. The inlet port
146 is in fluid communication with the microclimate system 12. Air flow into the inlet port 146
is delivered to the microclimate system 12. The inlet port 146 is also in fluid communication
with the bladders 30, 32 so that air flow into the inlet port 146 may be delivered to the bladders
30, 32. A valve (not shown) may be positioned downstream from the inlet port 146 to direct air
flow to one of the microclimate system 12, the bladders 30, or the bladders 32. Alternatively or
additionally, the support surface 120 may include a plurality of inlet ports 146, wherein each
inlet port 146 is in fluid communication with one of the microclimate system 12, the bladders
30, or the bladders 32.

[0260]  An air box or pneumatic blower 150 is configured to be positioned within the cavity
126. By positioning the blower 150 in the cavity 126, space on the footboard of the bed 10 is
not required. Additionally, the blower 150 may be added only when needed to save money
and resources within the healthcare facility. Moreover, the blower 150 has a smaller more
compact size, which saves storage space within the healthcare facility. In some embodiments,
the blower 150 may be stored in the patient room. The blower 150 can be positioned within
the cavity 126 while a patient is on the support surface 120. The blower 150 includes an outlet
port 152. In some embodiments, the blower 150 may include a plurality of outlet ports 152.
The blower 150 is configured to be inserted into the cavity 126 so that the outlet port 152 fluidly
couples to the inlet port 146. Optionally, the plurality of outlet ports 152 fluidly couple to the
plurality of inlet ports 146. The blower 150 controls airflow from the outlet port 152 into the
inlet port 146 and, consequently, into the microclimate system 12, the bladders 30, and the
bladders 32. In an embodiment having a plurality of outlet ports 152, the blower 150 may have
a valve to control air flow to one of the outlet ports 152, thereby controlling air flow to one of

the microclimate system 12, the bladders 30, or the bladders 32.
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[0261] When a patient is in need of additional therapy, the blower 150 may be inserted into
the cavity 126 to provide air flow to the microclimate system 12, the bladders 30, and the
bladders 32. The blower 150 is illustrated with a power cord 156 that plugs into a wall socket.
In some embodiments, the blower 150 may be battery operated. In other embodiments, the
blower 150 may electrically couple to the support surface 120 when the blower 150 is inserted
into the cavity 126. Such coupling may be achieved with a plug on the blower 150 that
engages an outlet in the cavity 126 when the blower 150 is inserted into the cavity 126. Ifa
patient is not in need of therapy, the blower 150 can be removed from the cavity 126. In one
embodiment, the walls of the cavity 126 are formed from a stiff material that maintains a shape
of the cavity 126 even if a patient is on the support surface 120. That is, the cavity 126 is left
open and does not collapse. In some embodiments, the cavity 126 may be filled, for example,

with a foam block, when the blower 150 is not in use.

[0262] The blower 150 includes an interface 160 that enables a caregiver to control
operation of the blower 150. An example of an interface for a blower is provided below. The
support surface 120 also includes an end of life indicator 90 that operates as described above.
In some embodiments, operating the blower 150 may affect the life span of the support surface
120. Accordingly, the end of life detector of the end of life indicator 90 may track usage of the
blower 150. For example, the end of life detector may include a timer that is activated when
the blower 150 is installed within the cavity 126. The timer may be stopped when the blower

150 is removed from the cavity 126.

[0263] Referring to Fig. 6, a patient support surface 200 is provided that is similar to the
patient support surface 16. Elements of the patient support surface 200 that are the same as
the elements described with respect to patient support surface 16 are referenced using the
same reference numbers. The patient support surface 200 includes an airbox or pneumatic
blower 202 positioned within the patient support surface 200. The blower 202 is fluidly coupled
to the microclimate system 12 and the bladders 30, 32. As described above valves may be
positioned within the blower 202 or the microclimate system 12 to control the flow of air to one
of the microclimate system 12, the bladders 30, or the bladders 32. In some embodiments, the
blower 202 is permanently housed in the support surface 200 and configured to be discarded
or recycled when the support surface 200 is replaced. In some embodiments, the blower 202
may be accessible via an opening in the support surface 200 to provide maintenance for the
blower 202 and/or to replace the blower 202 if the blower becomes damaged before the end of

life of the support surface 200. In some embodiments, when the support surface 200 reaches
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its end of life, the blower 202 may be removed from the support surface 200 and reused in a

new support surface 200.

[0264] By integrating the blower 202 into the support surface 200, the microclimate system
12 becomes available in all support surfaces 200, thereby eliminating the need for a caregiver
to find a blower that may be in storage. Additionally, the blowers 202 will not become lost
within the healthcare facility, thereby reducing inventory and increasing costs. With the blower
202 built into the support surface 200, patients do not need to wait for a blower 202 to receive
therapy. Moreover, an end of life indicator that operates based on usage, e.g. tracks use when
the system is powered, will automatically begin tracking usage when the support surface 200 is
powered, rather than requiring a blower to be added to the support surface 200. The blower
202 also avoids becoming contaminated during use because the blower 202 is incorporated
into the support surface 200 and not exposed to the healthcare facility. Further, the blower
202 provides quiet operation since noises from the blower 202 are filtered by the foam and the

bladders within the support surface 200.

[0265] In some embodiments, an interface 204 may be provided on a side 206 of the
support surface 200 to enable a caregiver to control the blower 202. Another interface 210 is
provided on the side 206 of the support surface 200. Referring to Fig. 7, the interface 210
includes the dial 82 and the plurality of indicators 84 that may be selected by the dial 82 as
described above. The interface 210 is illustrated without an end of life indicator; however, it
should be appreciated that the interface 210 may include an end of life indicator as shown in

the interface 80 as described above.

[0266] Referring to Fig. 8, a controller 220 is provided that may be used with any of the
support surfaces described herein. The controller 220 is configured to control the microclimate
system 12. The controller 220 is positioned on a power cord 222, e.g. the power cord of any of
the blowers described herein or the power cord of any of the support surfaces described
herein. The controller 220 is configured to be operated by either the caregiver or the patient.
That is, the controller 220 may be configured to be within reach of the patient when the patient
is supported on a support surface. The controller 220 may include a meter 224 that indicates a
remaining life span of the support surface 200. The meter 224 may include a plurality of LED
colored bars 226 indicating the remaining life of the support surface. For example, the meter
224 may include eight bars 226 that are all lit green when the support surface 200 has a first
predetermined life span remaining. As the life span decreases, fewer bars 226 may be lit. As

an example, when only 4-5 bars 226 are lit corresponding to a second predetermined life span
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remaining that is less than the first predetermined life span, the bars 226 may be lit in yellow.
As another example, when only 3 bars 226 or fewer are lit corresponding to a third
predetermined life span less than the second predetermined life span, the bars 226 may be

illuminated in red. When only one bar 226 is lit, the bar may flash red.

[0267] The controller 220 may include a power switch 228 to turn the microclimate system
12 on and off. The power switch may be a push button switch, but may take the form of any
switch. An intensity button may enable a user to control the intensity of the microclimate
system 12. That is, an amount of airflow from the microclimate system 12 may be increased or
decreased with the button. A meter may be provided to indicate a current intensity of the
microclimate system 12. The meter may only be visible when the microclimate system 12 is
turned on. Additionally, the meter may include various colors to display the intensity of the
microclimate system 12. For example, when the microclimate system 12 is set at a low airflow,
the meter may light up 1-5 bars in a green color. When the airflow is increased, the meter may
light up an additional 1-4 bars in a yellow color. When the airflow is further increased, the
meter may light up an additional 1-3 bars in a red color. Accordingly, the intensity of the
microclimate system 12 may be indicated both through the number of illuminated bars and the
color of the bars. In some embodiments, the meter may only include a number of bars. In
some embodiments, the meter may only include colors. In even further embodiments, the

meter may have a numerical indicator.

[0268] A support surface 250 is illustrated in Fig. 9. The support surface 250 includes
elements that are the same as the elements of the support surface 16 and referenced with the
same reference number. The support surface 250 is positioned on a frame 252 having a foot
end 254. An airbox or pneumatic blower 260 is coupled to the foot end 254. The blower 260
may be removably coupled to the foot end 254. In some embodiments, the blower 260 may be
coupled to a side rail 256 of the frame 252. The blower 260 is fluidly coupled to the
microclimate system 12 and the bladders 30, 32 via a hose 262. As set forth above, multiple
hoses 262 may couple the blower 260 to the microclimate system 12 and the bladders 30, 32.
Optionally, the blower 260 and/or the support surface 250 may include at least one valve to
direct air flow from the blower 260 to the microclimate system 12, the bladders 30, or the
bladders 32. The blower 260 also includes a power cord 264 is illustrated as electrically
coupling the blower 260 to a power source on the frame 252. Alternatively, the power cord

264 may be electrically coupled to a wall outlet.
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[0269] The blower 260 includes a housing 270. The power cord 264 and the hose 262
extend from the housing 270. The housing 270 includes an interface 280 that may be used by
a caregiver to control the blower 260. In particular, with the interface 280, the caregiver can
control air flow to the microclimate system 12, the bladders 30, and the bladders 32. While
illustrated in use with the support surface 250, the interface 280 may be used with any of the
support surfaces described or illustrated herein. The interface 280 may be incorporated into

any of the blowers and/or any of the support surfaces described or illustrated herein.

[0270] As shown in Fig. 10, the interface 280 may include a screen 282, e.g. an LED
screen. In the illustrated embodiment, the screen 282 is a touch screen that enables the
caregiver to select from various operational settings. The screen 282 includes a button 284 to
control a pressure of the body bladders 30. The button 284 enables alternating pressure
within the body bladders 30. That is, the blower 260 alternates inflating and deflating the body
bladders 30 to increase and decrease an air pressure within the body bladders 30, thereby
increasing and decreasing a firmness of the support surface 250. By alternating the pressure
within the body bladders 30 a likelihood of the patient acquiring pressure ulcers may be
reduced. In some embodiments, the blower 260 gradually increases the pressure of the body
bladders 30 and then gradually decreases the pressure of the body bladders 30. In other
embodiments, the increase and decrease in pressure may occur more rapidly to provide
pulses to the patient. In some embodiments, all of the body bladders 30 are inflated and
deflated simultaneously, whereas in other embodiments, some body bladders 30 are inflated
while others are deflated to rotate the patient. The button 284 may open a second screen that
enables the caregiver to select specific pressure levels and/or otherwise control the pressure
within the body bladders 30.

[0271] A button 286 is provided to control the microclimate system 12. For example, the
button 286 may turn the microclimate system 12 on and off. Alternatively, the button 286 may
open a microclimate screen that enables the caregiver to select an amount of airflow through
the microclimate system 12. By selecting the button 286 the blower 260 is activated to
discharge airflow to the microclimate system 12 to prevent dry skin in injury prone areas of the

patient, e.g. areas that may develop pressure ulcers.

[0272] A button 288 activates a max inflate operation of the support surface 250. By
selecting the max inflate operation, all of the body bladders 30 are inflated to a maximum

capacity. Additionally, the bladders 32 may also be inflated to a maximum capacity. When the
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bladders 30 are at maximum capacity, the support surface 250 is at a maximum firmness

which assists the caregiver in repositioning the bed.

[0273] A button 290 enables a comfort adjustment operation of the support surface 250.
Activating the button 290 may activate a comfort screen that enables the caregiver to
selectively inflate and deflate the body bladders 30. The body bladders 30 may be adjusted
per zones of the support surface 250. That is a head section, a torso section, a seat section,
and a foot section of the support surface 250 may be individually controlled to inflate or deflate
each section to a different pressure. For example, for patient comfort, the head section of the
support surface 250 may be inflated while deflating the seat section, thereby raising the
patient’s head. Likewise, the foot section may be inflated to a greater capacity than the seat
section to raise the patient’s feet. In some embodiments, the bladders 32 may also be inflated

or deflated to turn the patient onto one side.

[0274] A CPR button 292 activates a CPR function of the support surface 250. Like button
288, the CPR button 292 inflates all of the bladders 30 to a maximum pressure. However, the
CPR button 292 also stops all other therapies currently active in the support surface 250, for
example, the microclimate system 12, heaters, and any therapy that may vibrate or pulse the
support surface 250. By inflating the bladders 30 to a maximum pressure, the support surface

250 is at a maximum firmness, which is ideal for performing CPR on a patient.

[0275]  Part of the screen 282 also includes an on button 300 and an off button 302 for a
patient pendant (described in more detail below). When the on button 300 is selected, the
patient pendant enables the patient to individually control various comfort features of the
support surface. When the off button 302 is selected, the patient pendant is disabled and the

patient is not capable of controlling any support surface functions.

[0276] A home button 304 returns the interface 280 to the screen 282 if the interface has
been changed to a different screen as described above. An alarm button 306 alerts other
caregivers, for example, at the nurse’s station, of emergencies. Such emergencies may
include a patient who is coding, a patient who is having a severe reaction to medication or the
like, a patient who has become ill, a patient who has become violent, etc. A settings button
308 activates a settings screen that enables the caregiver to alter various settings of the

interface 280, the support surface 250, or any other device coupled to the support surface 250.
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[0277] An exemplary patient pendant 320 is illustrated in Fig. 11 and includes support
surface firmness controls 322. The firmness controls 322 control an amount of pressure in the
body bladders 30 by inflating or deflating the body bladders 30. A button 324 is provided to
increase a pressure of the body bladders 30 by supplying additional air flow to the body
bladders 30 from the blower 260. Another button 326 is provided to decrease a pressure of
the body bladders 30 by releasing air from the body bladders 30. The button 324 is includes a
plus sign and the button 326 includes a minus sign. A meter 328 displays the current firmness
of the support surface 250. The meter 328 includes a plurality of bars 330 that are lit, e.g. with
LEDs, to display the current firmness. If no bars 330 are lit, the support surface 250 is at a
lowest level of firmness. As the button 324 is activated, the number of lit bars 330 increases
corresponding to the amount of pressure increase. If all of the bars 330 are lit, the support
surface 250 is at a maximum firmness. As the button 326 is activated, fewer bars 330 remain

lit to correspond to a decrease in pressure.

[0278] The pendant 320 also includes an alternating pressure control 340. The alternating
pressure control 340 controls alternations in pressure within the body bladders 30 as related to
the alternating pressure function described above. The alternating pressure control 340 may
control a rate at which the body bladders 30 alternate in pressure. The alternating pressure
control 340 may also control a variance in pressures between max inflate and max deflate. By
activating, the alternating pressure control 340, a minimum setting, a normal setting, or a
maximum setting may be selected. The selected setting is indicated by one of three lights
(LEDs) 342 provided next to the alternating pressure control 340. A light 342a indicates the
minimum setting, a light 342b indicates the normal setting, and a light 342c indicates the
maximum setting. In some embodiments, the maximum setting alternates between inflated
and deflated faster than the normal setting, which, in turn, alternates between inflated and
deflated faster than the minimum setting. In some embodiments, the maximum setting inflates
and deflates over a greater pressure range than the normal setting, which inflates and deflates

over a greater pressure range than the minimum setting.

[0279] A sleep mode button 350 positions the support surface 250 for a comfortable
sleeping position. For example, the sleep mode button 350 may inflate and deflate certain
body bladders 30 to comfortably position the patient for sleeping. In some embodiments, the
sleep settings are patient specific and programmed at the time the patient is admitted pursuant
to the patient’s requests. In some embodiments, the sleep mode button 350 may also raise

and lower parts of the bed, e.g. the head section or the foot section.
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[0280] Referring to Fig. 12, another patient pendant 370 enables patient control over
various features of the support surface 250. A massage control 372 includes an activation
button 374. Selecting the activation button 374 cycles the massage control 372 between
vibrations, pulses, and off. For example, pressing the button 374 a first time activates vibration
mode, wherein the body bladders 30 are vibrated with rapid air flow. The vibration mode is
indicated with an indicator 378 that is lit when the vibration mode is selected. Pressing the
button 374 a second time activates the pulsation mode, wherein air flow is pulsed through the
body bladders 30. The pulsation mode is indicated with an indicator 380 that is lit when the
pulsation mode is selected. Pressing the button 374 a third time deactivates the massage
control and both indicators 378 and 380 become unlit. The intensity of the massage control
may be altered with an increase button 382 and a decrease button 384, wherein the increase
button 382 increases a rate of vibration or pulses, and the decrease button 384 decreases the
rate of vibrations pulses. An LED meter 386 indicates a level of intensity between maximum

intensity 388 and minimum intensity 390.

[0281] A microclimate control 400 toggles the microclimate system 12 between various
intensities. In some embodiments, the microclimate control 400 is only activated when a
caregiver activates the microclimate system 12, e.g. from the interface 280 as described
above. In some embodiments, the patient may activate the microclimate system 12 with the
microclimate control 400. That is, activating the microclimate control 400 may activate the
microclimate system 12 and then allow the patient to toggle through the intensity levels before
the microclimate system 12 is deactivated after the patient has toggled through each intensity
level. For example, pressing the microclimate control 400 a first time, places the microclimate
system 12 at a minimum intensity, as indicated by light 402, wherein the microclimate system
12 provides a low level of air flow to the patient. Pressing the microclimate control 400 a
second time, places the microclimate system 12 into normal operation, as indicated by light
404. Pressing the microclimate control 400 a third time places the microclimate system 12 at a
maximum intensity, as indicated by light 406, and wherein a maximum amount of air flow is
provided to the microclimate system 12. In an embodiment where a caregiver must activate
the microclimate system 12, pressing the microclimate control a fourth time returns the
microclimate system 12 to the minimum intensity. In another embodiment, pressing the

microclimate control 400 a fourth time may deactivate the microclimate system 12.

[0282] A foot warming button 410 activates a foot warmer 412 within the support surface
250. The foot warmer 412 is illustrated in Fig. 9 as being incorporated into the support surface

250. However, the foot warmer 412 may be an additional component that is positioned on the
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support surface 250. In some embodiments, the support surface 250 includes other warmers,
for example, a seat warmer and/or a back warmer. Any warmers incorporated into the support
surface 250 may be controlled by a patient pendant, e.g. pendant 370. An indicator 414 is lit
when the foot warmer is activated. In some embodiments, an intensity of heat from the foot

warmer from a low heat to a high heat may be controlled with the pendant 370.

[0283] In Fig. 13, a compression sleeve 450 is coupled to the blower 260 via a hose 452.
The compression sleeve 450 is illustrated on the patient’s legs to prevent blood clots and/or
pressure ulcer in the patient’s legs. The compression sleeve 450 includes a right sleeve 454
and a left sleeve 456. When the compression sleeve 450 is coupled to the blower 260 an icon
or button 460 appears on the interface 280, as illustrated in Fig. 14. Selecting the icon 460
activates compression screen 462 on the interface 280. The screen 462 illustrates the right
sleeve 454 and the left sleeve 456. Through screen 462 the caregiver can alter a pressure
that is applied to the sleeve 450. In some embodiments, a selected pressure is applied to both
the right sleeve 454 and the left sleeves 456. In some embodiments, different pressures may
be applied to the right sleeve 454 and the left sleeve 456. Each sleeve 454 and 456 includes
several zones 470, for example, an upper leg zone 472, a first lower leg zone 474, a second
lower leg zone 476, and a calf zone 478. In some embodiments, each zone 470 may be
supplied with the same pressure. In other embodiments, the zones 470 may each be supplied

with a different pressure depending on the needs of the patient.

[0284] Referring to Fig. 15, a weigh scale 500 is incorporated into the support surface 250.
The weigh scale 500 may be positioned within the support surface 250. Alternatively, the
weigh scale 500 may be positioned under the support surface 250. The weigh scale 500
includes load cells 502 that monitor a weight of a patient on the support surface 250. The load
cells 502 are electrically coupled to a transmitter 504. The transmitter 504 is wirelessly
connected to the interface 280. When the weigh scale 500 is operational, the transmitter 504
sends signals to the interface 280 indicative of a weight measured by the load cells 502. The
transmitter 504 may include a radio-frequency identification tag to identify the support surface
250 at a remote location or at the interface 280. In some embodiments, the transmitter 504
may communicate with a cloud server via wireless connections, Bluetooth® connections or
other wireless capabilities. As illustrated in Fig. 16, the interface 280 includes a screen 506
that enables an operator to control the weigh scale 500. An icon 510 allows the caregiver to
wirelessly connect the interface 280 to the weigh scale 500 so that the interface 280 may
receive signals from the weigh scale 500. An icon 512 syncs the interface to the weigh scale

500 to receive a signal from the transmitter 504 indicative of the patient’s weight. The screen
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506 displays the patient’s weight when the signal is received from the transmitter 504. The

screen 506 also displays a date and time that the signal was received.

[0285] As set forth above, some end of life indicators may track the use of a support
surface, e.g. support surface 250, based on an amount of time that the support surface 250 is
in use. In some embodiments, the weigh scale 500 may detect that a patient is on the support
surface 250. The weigh scale 500 then sends a signal to the end of life indicator instructing
the end of life indicator to begin tracking time with a timer. When the weigh scale 500 detects
that the patient is no longer on the support surface 250, the weigh scale 500 sends a signal to
the end of life indicator instructing the end of life indicator to stop the timer. In one example,
the life span of the support surface may be three years. Accordingly, if the weigh scale 500
detects that a patient has been on the support surface for 2 hours, the end of life indicator
reduces remaining life span of the support surface 250 by 2 hours. That is, by communicating
with the weigh scale 500, the end of life indicator tracks an actual usage of the support surface
250 and alerts the caregiver when the usage reaches a predetermined time. In some
embodiments, the end of life indicator may also factor the weight of a patient in determining a
remaining useful life of the support surface 250. For example, the support surface 250 may
have a useful life of 7 years for patients under 200 pounds, and a useful life of only 5 years for
patients over 200 pounds. By receiving a signal indicative of the patient’s weight, the end of
life indicator may more accurately determine the remaining life span of the support surface
250.

[0286] The weigh scale 500 provides bed entry and bed exit features that may be utilized in
conjunction with caregiver input to track a use of the support surface 250. A bed entry signal
from the weigh scale triggers a continuous timer that is started and runs as long as the patient
is on the support surface 250. The timer pauses when a bed exit signal is delivered from the
weigh scale 500. In some embodiments, the weigh scale 500 also determines the weight of
the patient. In other embodiments, the patient weight may be entered by the caregiver. Each
block of support surface occupancy is recorded along with the patient’s weight to provide a
usage profile. The usage profile provides the healthcare facility with real-world use data that

may be used to determine surface performance trends in the support surface over time.

[0287] As shown in Fig. 17, a transmitter 520 is positioned with the support surface 250.
The transmitter 520 may be a near field communication device or any other transmitter
capable of wirelessly communicating with the interface 280. In some embodiments, the

transmitter 520 may also communicate with a remote hub, for example, a nurse’s station. The
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transmitter 520 is electrically coupled to an end of life indicator incorporated with the support
surface 250. As described herein, the end of life end indicator may be the weigh scale 500
described in Fig. 15, an electrical timer and/or a chemical timer. In some embodiments, the
electrical and/or chemical timer may count down a useful life of the support surface 250. In
other embodiments, the electrical timer may track an amount of time that a patient is on the
support surface 250. In yet another embodiment, the electrical timer may track an amount of
time that the support surface 250 is receiving power from a power supply or an amount of time

that the support surface 250 is turned on.

[0288] The transmitter 520 is configured to communicate with the end of life indicator to
receive a signal indicative of a remaining useful life of the support surface 250. The transmitter
520 is further configured to wirelessly communicate with the interface 280 to display an alert
regarding the remaining useful life of the support surface 250. The transmitter 520 may
include a radio-frequency identification tag to identify the support surface 250 at a remote
location or at the interface 280. In some embodiments, the transmitter 520 may communicate
with a cloud server via wireless connections, Bluetooth® connections or other wireless
capabilities. For example, the interface 280 may have a screen 522 as illustrated in Fig. 18.
The screen 522 includes a wireless connection button 524 that may be activated to
communicatively couple the interface 280 to the transmitter 520. That is, the button 524 may
be activated so that the interface 280 begins receiving a wireless signal from the transmitter
520. In other embodiments, the interface 280 is in constant communication with the
transmitter 520 while both the interface 280 and the transmitter 520 are powered. When the
transmitter 520 is in communication with the interface 280, the screen 522 displays an icon
526 indicating the remaining life of the support surface 250 as determined from the signal from
the transmitter 520.

[0289] Fig. 18 illustrates a warning that the support surface 250 is approaching an end of its
useful life. This warning may be displayed when the support surface 250 has a predetermined
remaining useful life, e.g. 1 year, 6 months, etc. In some embodiments, the icon 526 may
display an estimated remaining life in a numerical value. For example, the icon 526 may

display the words “7 years, “5 years,” “6 months,” etc. Alternatively or additionally, the icon
526 may display a color indicative of the remaining life. For example, the color green may
indicate that the support surface 250 has over 5 years of remaining useful life, the color yellow
may indicate that the support surface 250 has between 1 year and 5 years of remaining useful
life, and the color red may indicate that the support surface 250 has less than 1 year of

remaining useful life. In some embodiments, numerical figures may be used in conjunction
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with colors. In yet another embodiment, the icon 526 may display a meter indicative of the
remaining useful life of the support surface 250. The meter may be used in conjunction with
numerical figures and/or colors. In some embodiments, the screen 522 may display a
predicted age of the support surface 250 based on usage, an actual age of the support surface
250, a manufacturing date, an installation date, fault codes, error messages, and/or usage
data, e.g. number of uses, average patient weight, mean patient weight, average time of use,

and/or mean time of use.

[0290] In some embodiments, a serial number of the support surface 250 is recorded at a
time of manufacture. This number is then stored and made available to the healthcare facility
so that the healthcare facility can track a usage of the support surface 250. Once the support
surface 250 receives power, e.g. the support surface is plugged in or turned on, a continuous
timer tracks the time that the support surface 250 is in use. Once the support surface 250 is
powered down, e.g. unplugged or turned off, the timer stops and records a total usage time.
The total usage time is associated with the serial number and data related to the total usage is
transmitted to a remote hub of the healthcare facility allowing the usage data of all support
surfaces 250 to be associated with the serial number of the support surface 250 and recorded

by the healthcare facility.

[0291] Referring to Fig. 19, an end of life indicator 540 is incorporated into a top face 542 of
the support surface 250. The end of life indicator 540 is configured to change a color of the
top face 542 to indicate a remaining useful life of the support surface 250. For example, as
new support surface 250, the top face 542 may be blue. As the support surface 250 ages, the
top face 542 may alter to a light blue color indicating caution. When the support surface 250
has reached its end of life, the top face 542 may turn to a grey color. In some embodiments,
other colors such as green, yellow, and red may be provided. In some embodiments, the top
face 542 remains blue when it has over a first predetermined remaining useful life, e.g. over 5
years. The top face 542 may turn light blue when the remaining useful life is between the first
predetermined remaining useful life and a second predetermined remaining useful life, e.g. 1-5
years. The top face 542 may turn grey when the remaining useful life is below the second

predetermined remaining useful life, e.g. less than 1 year.

[0292] In some embodiments, the top face 542 is filled with a base chemical that changes
color when exposed to a catalyst. Upon installing the support surface 250, a seal is broken to
release the catalyst into the top face 542, thereby mixing the catalyst with the base chemical.

Due to the chemical properties, the base chemical changes colors over time. For example, the
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base chemical may be configured to fully change colors over the span of 7 years. As such, by
monitoring the color of the top face 542, the remaining life of the support surface can be
determined over the course of 7 years. In other embodiments, the chemical may change
colors over a different time span, e.g. 5 years, thereby altering the time span over which the
remaining life of the support surface 250 is indicated. The chemical may be selected based on
an expected life span of the support surface 205. For example, if the expected life span of the
support surface 250 is 5 years, a chemical that changes colors over 5 years may be selected.
In some embodiments, the chemical erodes over time. In some embodiments, the chemical

grows over time.

[0293] In some embodiments, the top face 542 includes a thin filament, for example, liquid
crystals, that may be controlled to display various colors. In such an embodiment, the support
surface 250 may include a weigh scale and/or electrical timer, as described above. Based on
signals from the weigh scale and/or electrical timer, filament may be altered in color to indicate
the remaining life span of the support surface. As set forth above, such a display may include
a green, yellow, red color scheme. It should be appreciated that any color scheme may be

utilized.

[0294] It may be desired that the support surface 250 include an end of life indicator 270 on
a side 272 of the support surface 250 as illustrated in Fig. 20. The end of life indicator 270 is
positioned on the side 272 of the support surface 250 so that the end of life indicator 270 is not
obstructed by the side rail 256. The end of life indicator 270 is positioned such that the end of
life indicator 270 is visible to a caregiver. As illustrated in Fig. 21, the end of life indicator 270
includes a meter 274. The meter 274 may be chemically actuated as described above. In
some embodiments, the meter 274 may be electrically actuated by LEDs or the like and

display an input from a weigh scale or electrical timer.

[0295] The meter 274 includes a series of marks 276 illustrated as 5 years, 4 years, 3
years, 2 years, and 1 year. It should be appreciated that the meter 274 may display other time
spans. As the remaining life of the support surface 250 decreases a colored bar 278 of the
meter 274 drops. That is the colored bar 278 starts at the 5 year mark 276 and after 1 year of
use, the colored bar drops to the 4 year mark 276, etc. Throughout the life of the support
surface 250 the colored bar 278 continues to drop corresponding to an elapsed time until the
colored bar 278 is extinguished at 0 years indicating that the support surface 250 should be

replaced. In some embodiments, the colored bar 278 may also change colors. For example,
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at the 5 year mark 276, the colored bar 278 may be green; at the 3 year mark 276, the colored
bar 278 may be yellow; and at the 1 year mark 276, the colored bar 278 may be red.

[0296] Referring to Fig. 22, a support surface 600 includes a head end 602, an opposite
foot end 604, a right side 606, and a left side 608. An x-ray cassette sleeve 620 is positioned
within the support surface 600 and configured to retain an x-ray cassette 622. The sleeve 620
is sealed with zipper 624. In some embodiments, a fastening mechanism other than zipper
624 may be utilized, e.g. hook and loop fasteners, etc. The zipper 624 extends along the
entire length 626 of the head end 602. The zipper 624 also extends partially along a length
628 of the right side 606 and partially along the length 628 of the left side 608.

[0297] Asiillustrated in Fig. 23, the support surface 600 includes an upper ticking 640 that is
sealed to a lower ticking 642 with a zipper 644. The zipper 644 may be actuated to separate
the upper ticking 640 from the lower ticking 642 to expose an inside of the support surface
600, for example, bladders and other components described above. The zipper 624 is
positioned between the upper ticking 640 and the zipper 644. In some embodiments, the
zipper 624 has a different color than the zipper 644 to distinguish the sleeve 620 from the
ticking connection. In some embodiments, the zipper 624 and the zipper 644 may have

different sizes to distinguish the zippers 624, 644.

[0298] Figs. 24 and 25 illustrate the sleeve 620 in an open configuration that enables
insertion and removal of the cassette 622. The sleeve 620 includes an opening 650 that is
sealed by the zipper 624. A cavity 652 extends from the opening 650 into the support surface
600. The cavity 652 is configured to receive the cassette 622. The opening 650 extends
partially along both sides 606, 608 of the support surface 600 and entirely along the head end
602 of the support surface 600 to provide access to the sleeve 620 by a caregiver. In some
embodiments, the caregiver may insert and remove the cassette 622 from the sleeve 620

while a patient is positioned on the support surface 600.

[0299] The sleeve 620 includes an inner liner 660 that is bonded or welded to a rip stop
material 662 of the zipper 624 to seal the sleeve 620. In some embodiments, the liner 660 is
welded with ultrasonic welding or radio-frequency welding. The liner 660 is formed from a
water resistant material, e.g. thermoplastic. When the zipper 624 is closed, the sleeve 620 is
fluidly sealed to prevent fluid such as bodily fluids from entering the sleeve 620. Accordingly,
the sleeve 620 prevents exposure of the cassette 622 to fluids which may damage the

cassette.
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[0300] The sleeve 620 is able to open on three sides to allow for wiping down the sleeve
620 without having to remove the support surface 600 from service. Caregivers can access
the sleeve 620 from either the right side 606, the left side 608, or the head end 602.
Additionally, the sleeve 620 is larger than conventional sleeves allowing coverage from the
head to the seat/hip of the patient allowing for chest, abdominal, and hip x-rays. In some
embodiments, the sleeve 620 may extend all the way to the foot end 604 of the support
surface 600. Because the sleeve 620 is placed above a core of the support surface 600, the
sleeve 620 does not interfere with a microclimate system that may be incorporated into the
support surface 600. The two separate compartments (the sleeve 620 and the core) of the
support surface 600 enable each compartment to accept a fully enclosed fire sock, thereby
enabling the support surface 600 to pass a flame test. The sleeve 620 can be installed in a

support surface 600 with or without a topper.

[0301] Asiillustrated in Figs. 26 and 27, a support surface 700 includes a touch sensor 716
coupled to an electronic controller 704. A base foam 710 is provided and a plurality of air
bladders 712 are positioned above the base foam 710. An upper ticking 714 of the support
surface 700 extends across the air bladders 712. The patient is configured to lie on the upper
ticking 714. A capacitive touch sensor 716 is positioned between the base foam 710 and the
air bladders 712. A touch sensor 716 can be used to detect when a patient is within
approximately an inch of the touch sensor 716. The touch sensor 716 is a capacitive charge
sensor that acts as a switch sending out a signal when it is touched or the human body is
within an inch of the touch sensor 716. The touch sensor can detect through plastic, glass,
paper, or fabric. The touch sensor 716 is therefore capable of detecting through air, bladders,
and ticking material. Conductive materials can also be attached to the sensor to increase the
sensing area. The touch sensor 716 can be positioned only under the entire area of the

support surface 700 or regionalized where the patient is likely to bottom out.

[0302] When the patient is not within one inch of the touch sensor 716, the touch sensor
delivers a first voltage to the electronic controller 704. As illustrated in Fig. 28, a weight of the
patient has caused the air bladders 712 to deform and bottom out. The patient’s sacrum 718
is illustrated within one inch of the touch sensor 716. Accordingly, the touch sensor 716 sends
a second voltage, e.g. 5V, to the electronic controller 704. Upon receiving the second voltage,
the electronic controller 704 sends an audible or visual alert to the caregiver indicating that the

patient has bottomed out.
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[0303] The touch sensor 716 may monitor the patient to determine whether the patient has
bottomed out, e.g. come in contact with or close to the base foam 710. The touch sensor 716
enables the caregiver to do a “hand check” without actually having to position their hand under
the patient. This enables better comfort for the patient, who does not require unnecessary
prodding by the caregiver. In some embodiments, the caregiver is alerted either audibly or

visually if the patient has bottomed out.

[0304] Figs. 29 illustrates a conductive fabric 720 that is configured to be used with the
touch sensor 716. Referring to Fig. 30, the support surface 700 includes the fabric 720 and
the touch sensor 716. The fabric 720 is positioned below an upper ticking 730 of the support
surface 700. A spacer 732 is positioned between the upper ticking 730 and the fabric 720 to
isolate the patient from the fabric 720. The air bladders 712 are positioned between the touch
sensor 716 and the fabric 720. The touch sensor 716 is positioned over the base foam 710.
As a load 734 is applied to the support surface 700, the fabric 720 is moved closed to the
touch sensor 716. The fabric 720 is configured to activate the touch sensor 716 when the
fabric 720 is within 0.5 inches of the touch sensor 716. When the fabric 720 is within 0.5
inches of the touch sensor 716, the touch sensor 716 sends a voltage to the electronic

controller 704 indicating that the support surface 700 has bottomed out.

[0305] When bottoming out is detected, the support surface 700 may make pressure
adjustments with the bladders 712 to raise the patient from the base foam. Additionally,
surface bladder pressures may be optimized for an ideal interface pressure without risking
bottoming out by understanding the amount of weight that the support surface 700 can
withstand. If the bottoming out condition cannot be corrected by adjusting the pressure of the
bladders 712, an alarm may be sent to the caregiver or nurse’s station. Further, repeatedly
bottoming out may be an indicator that the support surface 700 has become worn. As such

the touch sensor 716 may aid in determining an end of life of the support surface 700.

[0306] Figs. 31-33 illustrate another sensor 750 for determining bottoming out of a support
surface. The sensor 750 is positioned within a gap 752 formed in a foam surface 754, e.g. a
foam support surface. The gap 752 is formed in approximately the bottom inch of the foam
surface 754. If the bottom inch of the foam surface 754 collapses, the patient would be

determined as having bottomed out.

[0307] The sensor 750 may include a pair of resilient metal conductors 756 and 758

positioned on a top 760 of the gap 752 and a bottom 762 of the gap 752, respectively. The
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conductors 756, 758 may be spaced from one another by means of insulators. The conductors
are adapted to contact one another when at least a portion of the patient's bottoms out. The
sensor 750 may also include a waterproof flexible housing which encloses the conductors 756,
758. It will be readily understood that, when the patient lies on the bed, the sensor 750 will be
compressed. The compression of the sensor 750 may result in contact at one or more places
between the conductors 756, 758 resulting in an electrical indication that the patient has
bottomed out. Fig. 31 illustrates the gap 752 in an expanded configuration. In Fig. 32, the gap
752 is shown as beginning to collapse. In Fig. 33, the gap 752 is entirely collapsed. As the
gap collapses, the conductors 756, 758 approach one another, thereby generating the
electrical signal. The signal increases as the conductors 756, 758 get closer to one another.
When a predetermined signal is reached, the foam surface 754 is considered to have
bottomed out. At this stage, the caregiver is alerted that the patient has bottomed out.

Bottoming out may also indicate that the foam surface 754 has reached its end of life.

[0308] The embodiments described in FIGs. 34-60 provide support surfaces having a heel
suspension mechanism built into the support surface. In such embodiments, caregivers do not
have to locate and place a separate heel wedge for the support surface. The heel suspension
mechanisms described herein eliminate the need to create an improvised solution for heel
suspension if a wedge cannot be located. The mechanisms also eliminate time spent
searching for missing components and allows for more focus on patient care. The heel
suspension mechanisms described herein can be optimized to work properly with any support
surface that is integrated with. For example, the heel suspension mechanisms described
herein may be utilized with any of the support surfaces described herein. The mechanisms
improve cleaning of the support surface because the mechanisms may be fully integrated
inside a support surface cover. Additionally, the mechanisms eliminate the cost of replacing

lost heel wedges.

[0309] Referring to Fig. 34, a patient support surface 800 includes a body 802 having a
body section 804 and an opposite foot section 806. The patient support surface 800 may be a
foam mattress or an air mattress. In some embodiments, the patient support surface 800 may
be any of the support surfaces described in Figs. 1-33. A top face 808 extends from the body
section 804 to the foot section 806. The top face 808 is positioned at a first height 810 from a
bottom 812 of the support surface 800. A patient 820 is configured to rest on the top face 808
with their feet 822 at the foot section 806 of the support surface 800. A heel suspension

mechanism 824 is positioned within the foot section 806 to alter a height of the top face 808.



13 Feb 2020

2019201323

- 58 -

By altering a height of the top face 808, heels 826 of the patient’s feet 822 are separated from
the top face 808 by a gap 828 (shown in Fig. 35).

[0310] The heel suspension mechanism 824 includes a plate 838 having a plurality of
grooves 840 formed therein. It should be noted that only one side of the support surface 800
is illustrated; however, it will be appreciated that the support surface 800 may include a plate
838 on both sides of the support surface 800. Optionally, multiple plates 838 may be
positioned between the sides of the support surface 800. In the illustrated embodiment, the
plate 838 includes three grooves 840a-840c; however, any number of grooves 840 may be
contemplated. Each groove 840a-840c is positioned under one of three corresponding
sections 842a-842c of the foot section 806. A flexible membrane 844 is coupled to the body
802 and extends along each section 842. A cam assembly 846 is configured to position within
one of the grooves 840a-840c. The cam assembly 846 is further configured to be movable to
and from any of the grooves 840a-840c so that the cam assembly 846 is positionable under a
corresponding section 842a-842¢ of the foot section 806. The cam assembly 846 includes a
rod 848 that is moveable to any of the grooves 840a-840c and sits within the respective groove
840a-840c. A cam 850 having a fixed end 852 and a moving end 854 is coupled to the rod
848. It should be noted that, while only a single cam 850 is illustrated, multiple cams 850 may
be positioned along the rod 848 between the sides of the support surface 800. A handle 856
extends from the rod 848. The handle 856 is configured to be rotated so that the moving end
854 of the cam 850 rotates around the fixed end 852 from a first position 860 (shown in Fig.
34) to a second position 862 (shown in Fig. 35).

[0311]  Asillustrated in Fig. 34, when the cam 850 is in the first position 860, the membrane
844 rests on the fixed end 852 of the cam 850 so that the top face 808 of the foot section 806
is retained at the first height 810. As illustrated in Fig. 35, when the cam 850 is rotated to the
second position 862, the moving end 854 of the cam 850 moves the membrane 844 upward so
that the top face 808 of the foot section 806 is raised to a second height 870 from the bottom
812 of the support surface 800, wherein the second height 870 is greater than the first height
810. Notably, in Figs. 34-35, the cam assembly 846 is illustrated in the groove 840b, thereby
raising section 842b. It will be appreciated that the cam assembly 846 is also movable to

grooves 840a and 840c to raise the height of the section 842a or 842c, respectively.

[0312] Referring to Fig. 36, a patient support surface 900 includes a body 902 having a
body section 904 and an opposite foot section 906. The patient support surface 900 may be a

foam mattress or an air mattress. In some embodiments, the patient support surface 900 may
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be any of the support surfaces described in Figs. 1-33. A top face 908 extends from the body
section 904 to the foot section 906. The top face 908 is positioned at a first height 910 from a
bottom 912 of the support surface 900. A patient 920 is configured to rest on the top face 908
with their feet 922 at the foot section 906 of the support surface 900. A heel suspension
mechanism 924 is positioned within the foot section 906 to alter a height of the top face 908.
By altering a height of the top face 908, heels 926 of the patient’s feet 922 are separated from
the top face 908 by a gap 928 (shown in Fig. 37).

[0313] The heel suspension mechanism 924 includes a plurality of cams 940. In the
illustrated embodiment, the heel suspension mechanism 924 includes three cams 940a-940c;
however, any number of cams 940 may be contemplated. Each cam 940a-940c is positioned
under one of three corresponding sections 942a-942c¢ of the foot section 906. A flexible
membrane 944 is coupled to the body 902 and extends along each section 942a-942¢. Each
cam 940a-940c has a fixed end 952 and a moving end 954. It should be noted that, while only
a single cam 940a-940c is illustrated, multiple cams 940a-940c may be positioned between the
sides of the support surface 800 and coupled via a rod. A knob 956 is positioned on each cam
940a-940c to rotate the respective cam 940a-940c so that the moving end 954 of the
respective cam 940a-940c rotates around the fixed end 952 from a first position 960 (shown in

Fig. 36) to a second position 962 (shown in Fig. 37).

[0314] Asillustrated in Fig. 36, when each cam 940a-940c is in the first position 962, the
membrane 944 rests on the fixed end 952 of each cam 940a-940c so that the top face 908 of
the foot section 906 is retained at the first height 910. As illustrated in Fig. 37, when the cam
940b is rotated to the second position 964, the moving end 954 of the cam 940b moves the
membrane 944 upward so that the top face 908 of the foot section 906 is raised to a second
height 970 from the bottom 912 of the support surface 900, wherein the second height 970 is
greater than the first height 910. Notably, in Fig. 37, the cam 940b is illustrated as being
rotated, thereby raising section 942b. It will be appreciated that the cams 940a-940c are also
rotatable to raise the height of the section 942a or 942c, respectively. In some embodiments,
any number of cams 940a-940c may be rotated to alter the height of the top face 908 of the

foot section 906.

[0315] Referring to Fig. 38, a patient support surface 1000 includes a body 1002 having a
body section 1004 and an opposite foot section 1006. The patient support surface 1000 may
be a foam mattress or an air mattress. In some embodiments, the patient support surface

1000 may be any of the support surfaces described in Figs. 1-33. A top face 1008 extends
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from the body section 1004 to the foot section 1006. The top face 1008 is positioned at a first
height 1010 from a bottom 1012 of the support surface 1000. A patient 1020 is configured to
rest on the top face 1008 with their feet 1022 at the foot section 1006 of the support surface
1000. A heel suspension mechanism 1024 is positioned within the foot section 1006 to alter a
height of the top face 1008. By altering a height of the top face 1008, heels 1026 of the
patient’s feet 1022 are separated from the top face 1008 by a gap 1028 (shown in Fig. 39).

[0316] The heel suspension mechanism 1024 includes a plurality of cams 1040. In the
illustrated embodiment, the heel suspension mechanism 1024 includes three cams 1040a-
1040c; however, any number of cams 1040 may be contemplated. Each cam 1040a-1040c is
positioned under one of three corresponding sections 1042a-1042c of the foot section 1006.
Flexible membranes 1044a-1044c are coupled to the body 1002 by a hinge 1046. Each
membrane 1044a-1044c extends along a respective section 1042a-1042c. Each cam 1040a-
1040c has a fixed end 1052 and a moving end 1054. It should be noted that, while only a
single cam 1040a-1040c is illustrated, multiple cams 1040a-1040c may be positioned between
the sides of the support surface 1000 and coupled via a rod. A knob 1056 is positioned on
each cam 1040a-1040c to rotate the respective cam 1040a-1040c so that the moving end
1054 of the respective cam 1040a-1040c rotates around the fixed end 1052 from a first
position 1060 (shown in Fig. 38) to a second position 1062 (shown in Fig. 39).

[0317] Asillustrated in Fig. 38, when each cam 1040a-1040c is in the first position 1060,
each membrane 1044 rests on the fixed end 1052 of the respective cam 1040a-1040c so that
the top face 1008 of the foot section 1006 is retained at the first height 1010. As illustrated in
Fig. 39, when the cam 1040b is rotated to the second position 1062, the moving end 1054 of
the cam 1040b rotates the membrane 1044b upward about its hinge 1046 so that the top face
1008 of the foot section 1006 is raised to a second height 1070 from the bottom 1012 of the
support surface 1000, wherein the second height 1070 is greater than the first height 1010.
Notably, in Fig. 39, the cam 1040b is illustrated as being rotated, thereby raising section
1042b. It will be appreciated that the cams 1040a-1040c are also rotatable to raise the height
of the section 1042a or 1042c¢, respectively. In some embodiments, any number of cams
1040a-1040c may be rotated to alter the height of the top face 1008 of the foot section 1006.

[0318] Referring to Fig. 40, a patient support surface 1100 includes a body 1102 having a
body section 1104 and an opposite foot section 1106. A plurality of foam segments 1108 are
positioned within the body 1102 from the body section 1104 to the foot section 1106. In some

embodiments, the support surface 1100 may be any one of the support surfaces described in
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Figs. 1-33. A top face 1110 extends from the body section 1104 to the foot section 1106. The
top face 1110 is positioned at a first height 1112 from a bottom 1114 of the support surface
1100. A patient 1120 is configured to rest on the top face 1110 with their feet 1122 at the foot
section 1106 of the support surface 1100. A heel suspension mechanism 1124 is positioned
within the foot section 1106 to alter a height of the top face 1110. By altering a height of the
top face 1110, heels 1126 of the patient’s feet 1122 are separated from the top face 1110 by a
gap 1128 (shown in Fig. 41).

[0319] The heel suspension mechanism 1124 includes a plurality of the air bladders 1128
positioned in the foot section 1106 of the support surface 1100 below foam sections 1108. In
the illustrated embodiment, the heel suspension mechanism 1124 includes air bladders 1128a-
1128d; however, any number of air bladders 1128 may be incorporated into the heel
suspension mechanism 1124. The bladders 1128 that are not incorporated into the heel
suspension mechanism 1124 may be foamed filled air bladders. Each air bladder 1128a-
1128d is positioned under a respective section 1130a-1130d of the foot section 1106. Each
bladder 1128a-1128d is fluidly coupled to a valve 1140 via a respective hose 1142a-1142d. A
hand pump 1144 is fluidly coupled to the valve 1140 to supply air flow to the valve 1140. In
some embodiments, an electrical pump may be fluidly coupled to the valve 1140. The valve
1140 includes a dial 1146 that is actuated to direct the air flow to one of the air bladders
1128a-1128d. The dial 1146 includes indicators 1148a-1148d that each corresponds to one of
the hoses 1142a-1142d and, consequently, the respective bladder 1128a-1128d. The hand
pump 1144 is operable to supply air flow to one of the bladders 1128a-1128d via the valve
1140 to inflate the respective bladder 1128a-1128d from a first position 1160 (shown in Fig.
40) to a second position 1162 (shown in Fig. 41).

[0320] Asillustrated in Fig. 40, when each air bladder 1128a-1128d is in the first position
1160 the top face 1110 of the foot section 1106 is retained at the first height 1112. As
illustrated in Fig. 41, when the air bladder 1128b is inflated to the second position 1162, the top
face 1110 of the foot section 1106 is raised to a second height 1170 from the bottom 1114 of
the support surface 1100, wherein the second height 1170 is greater than the first height 1112.
Notably, in Fig. 41, the air bladder 1128b is illustrated as being inflated, thereby raising section
1130b. It will be appreciated that the air bladders 1128a, 1128c, and 1128d are also inflatable
to raise the height of the section 1130a, 1130c, and 1130d, respectively. In some
embodiments, the valve 1140 may be configured so the multiple combinations of air bladders
1128a-1128d may be inflated to alter the height of the top face 1110 of the foot section 1106.
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[0321] Referring to Fig. 42, a patient support surface 1200 includes a body 1202 having a
body section 1204 and an opposite foot section 1206. A plurality of air bladders 1208 are
positioned within the body 1202 from the body section 1204 to the foot section 1206. In some
embodiments, the support surface 1200 may be any one of the support surfaces described in
Figs. 1-33. A top face 1210 extends from the body section 1204 to the foot section 1206. The
top face 1210 is positioned at a first height 1212 from a bottom 1214 of the support surface
1200. A patient 1220 is configured to rest on the top face 1210 with their feet 1222 at the foot
section 1206 of the support surface 1200. A heel suspension mechanism 1224 is positioned
within the foot section 1206 to alter a height of the top face 1210. By altering a height of the
top face 1210, heels 1226 of the patient’s feet 1222 are separated from the top face 1210 by a
gap 1228 (shown in Fig. 43).

[0322] The heel suspension mechanism 1224 includes a plurality of the air bladders 1208
positioned in the foot section 1206 of the support surface 1200. In the illustrated embodiment,
the heel suspension mechanism 1224 includes air bladders 1208a-1208c; however, any
number of air bladders 1208 may be incorporated into the heel suspension mechanism 1224.
The bladders 1208 that are not incorporated into the heel suspension mechanism 1224 may
be foamed filled air bladders. Each air bladder 1208a-1208c is positioned under a respective
section 1230a-1230d of the foot section 1206. Each bladder 1208a-1208c is fluidly coupled to
a release valve 1240 via a respective hose 1242a-1242c. The release valve 1240 is
configured to release air from any one of the air bladder 1208a-1208c. The valve 1240
includes a dial 1246 that is actuated to release air flow from any of the air bladders 1208a-
1208c to a pump 1250. The dial 1246 includes indicators 1248a-1248c that each corresponds
to one of the hoses 1242a-1242¢ and, consequently, the respective bladder 1208a-1208c.
The valve 1240 is operable to release air from any of the bladders 1208a-1208c to deflate the
respective bladders 1208a-1208c from a first position 1260 (shown in Fig. 42) to a second
position 1262 (shown in Fig. 43).

[0323] Asiillustrated in Fig. 42, when each air bladder 1208a-1208c is in the first position
1260 the top face 1210 of the foot section 1206 is retained at the first height 1212. As
illustrated in Fig. 43, when the air bladders 1208a and 1208b are deflated to the second
position 1262, the top face 1210 of the foot section 1206 is lower to a second height 1270 from
the bottom 1214 of the support surface 1200, wherein the second height 1270 is less than the
first height 1212. Notably, in Fig. 41, the air bladder 1208a is illustrated as being deflated
approximately 50% and the air bladder 1208b is illustrated being deflated approximately 25%,

thereby lowering sections 1230a and 1230b. It will be appreciated that any number of air
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bladders 1208a-1208c may be deflated to any pressure to lower the height of the sections

1230a-1230c, respectively, thereby lowering the top face 1210 of the foot section 1206.

[0324] Referring to Fig. 44, a patient support surface 1300 includes a body 1302 having a
body section 1304 and an opposite foot section 1306. The patient support surface 1300 may
be a foam mattress or an air mattress. In some embodiments, the patient support surface
1300 may be any of the support surfaces described in Fig s. 1-33. A top face 1310 extends
from the body section 1304 to the foot section 1306. The top face 1310 is positioned at a first
height 1312 from a bottom 1314 of the support surface 1300. The top face 1310 angles at the
foot section 1306 from the first height 1312 to a second height 1316 forming an angled surface
1318. A patient 1320 is configured to rest on the top face 1310 with their feet 1322 on the
angled surface 1318. A heel suspension mechanism 1324 is positioned within the foot section
1306 under the angled surface 1318 to alter a height of the angled surface 1318. By altering a
height of the angled surface 1318, heels 1326 of the patient’s feet 1322 are separated from the
top face 1310 by a gap 1328 (shown in Fig. 45).

[0325] The heel suspension mechanism 1324 includes an air bladder 1326 positioned
under the angled surface 1318 of the top face 1310 of the support surface 1300. The air
bladder 1326 is fluidly coupled to a hand pump 1340 via a hose 1342. The hand pump 1340 is
configured to inflate the air bladder 1326. The valve 1340 is operable to provide air to the air
bladder 3126 to inflate the air bladder 1326 from a first position 1360 (shown in Fig. 44) to a
second position 1362 (shown in Fig. 45). As illustrated in Fig. 44, when the air bladder 1326 is
deflated to the first position 1362 the angled surface 1318 is retained in a first position 1364.
As illustrated in Fig. 45, when the air bladder 1326 is inflated to the second position 1362, the
angled surface 1318 is raised to a second position 1366, wherein the second position 1366

raises the height top the top face1310.

[0326] Referring to Fig. 46, a patient support surface 1400 includes a body 1402 having a
body section 1404 and an opposite foot section 1406. The patient support surface 1400 may
be a foam mattress or an air mattress. In some embodiments, the patient support surface
1400 may be any of the support surfaces described in Figs. 1-33. A top face 1410 extends
from the body section 1404 to the foot section 1406. The top face 1410 is positioned at a first
height 1412 from a bottom 1414 of the support surface 1400. The top face 1410 angles at the
foot section 1406 from the first height 1412 to a second height 1416 forming an angled surface
1418. A patient 1420 is configured to rest on the top face 1410 with their feet 1422 on the

angled surface 1418. A heel suspension mechanism 1424 is positioned within the foot section
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1406 under the angled surface 1418 to alter a height of the angled surface 1418. By altering a
height of the angled surface 1418, heels 1426 of the patient’s feet 1422 are separated from the
top face 1410 by a gap 1428 (shown in Figs. 47 and 48).

[0327] A microclimate system 1430 is positioned under the top face 1410 of the body
section 1404. The microclimate system 1430 includes a bladder 1432 configured to force air
over the top face 1410 of the body section 1404. In some embodiments, the bladder 1432
may extend into the foot section 1406. The microclimate system 1430 is fluidly coupled to a
valve 1436 via a hose 1438. The valve 1436 is fluidly coupled to a pump 1440 via a hose

1442. The pump 1440 is configured to provide air flow to the microclimate system 1430.

[0328] The heel suspension mechanism 1424 includes air bladders 1450a-1450b positioned
under the angled surface 1418 of the foot section 1406 of the support surface 1400. The air
bladders 1450a-1450b are fluidly coupled to the pump 1440 via respective hoses 1452a-
1452b. The valve 1436 includes a dial 1454 having indicators 1456a-1456¢. The dial 1454 is
turned to one of the indicators 1456a-1456b to provide air flow to the air bladder 1450a-1450b,
respectively, to inflate the corresponding air bladder 1450a-1450b from a first position 1460a-
1460b to a second position 1462a-1462b (shown in Fig s. 47 and 48). The dial 1454 may also

be turned to the indicator 1456¢ to provide air flow to the microclimate system 1430.

[0329] Asillustrated in Fig. 46, when the air bladders 1450a-1450b are deflated to the first
position 1460a-1460b the angled surface 1418 is retained in a first position 1464. Fig. 46 also
illustrates the dial 1454 turned to the indicator 1456¢ to provide air flow to the microclimate
system 1430. As illustrated in Fig. 47, when the dial 1454 is turned to the indicator 1456a, the
pump 1440 provides air flow to the air bladder 1450a to inflate the air bladder 1450a to the
second position 1464a, to raise the angled surface 1418. As illustrated in Fig. 48, when the
dial 1454 is turned to the indicator 1456b, the pump 1440 provides air flow to the air bladder
1450b to inflate the air bladder 1450b to the second position 1464b, to raise the angled surface
1418. It will be appreciated that the dial 1454 may be configured to supply air flow to any

combination of air bladders 1450a-1450b and microclimate system 1430.

[0330] Referring to Fig. 49, a patient support surface 1500 includes a body 1502 having a
body section 1504 and an opposite foot section 1506. The patient support surface 1500 may
be a foam mattress or an air mattress. In some embodiments, the patient support surface
1500 may be any of the support surfaces described in Figs. 1-33. A top face 1508 extends
from the body section 1504 to the foot section 1506. The top face 1508 is positioned at a first
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height 1510 from a bottom 1512 of the support surface 1500. A patient 1520 is configured to
rest on the top face 1508 with their feet 1522 at the foot section 1506 of the support surface
1500. A heel suspension mechanism 1524 is positioned within the foot section 1506. The
heel suspension mechanism 1524 is movable onto the top face 1508 so that heels 1526 of the

patient’s feet 1522 are separated from the top face 1508 by a gap 1528 (shown in Fig. 50).

[0331] The heel suspension mechanism 1524 includes a wedge 1538, for example, a foam
wedge, that is positioned at an end 1540 of the foot section 1506. The end 1540 of the foot
section 1506 includes a notch 1542 formed in the foot section 1506. The wedge 1538 rests in
the notch 1542 and is secured to the foot section 1506 via a strap 1544. The strap 1544
retains the wedge 1538 in the notch 1542 in a first position 1560. The wedge 1538 is
configured to be flipped over onto the top face 1508 of the foot section 1506 to a second
position 1562 (shown in Fig. 50). As illustrated in Fig. 49, when the wedge 1538 is in the first
position 1560, a top 1570 of the wedge 1538 is at the first height 1510 and level with the top
face 1508. As illustrated in Fig. 50, when the wedge 1538 is flipped to the second position
1562, an outer side 1572 of the wedge 1538 is positioned on the top face 1508 so that an inner
side 1574 of the wedge 1538 faces upward and is positioned at a second height 1576 that is
greater than the first height 1510. The patient’s feet 1522 are configured to rest on the inner
side 1574 of the wedge 1538 to elevate the patient’s heels 1526 when the wedge 1538 is in

the second position 1562.

[0332] Referring to Fig. 51, a patient support surface 1600 includes a body 1602 having a
body section 1604 and an opposite foot section 1606. The patient support surface 1600 may
be a foam mattress or an air mattress. In some embodiments, the patient support surface
1600 may be any of the support surfaces described in Figs. 1-33. A top face 1608 extends
from the body section 1604 to the foot section 1606. The top face 1608 is positioned at a first
height 1610 from a bottom 1612 of the support surface 1600. A patient 1620 is configured to
rest on the top face 1608 with their feet 1622 at the foot section 1606 of the support surface
1600. A heel suspension mechanism 1624 is positioned within the foot section 1606. The
heel suspension mechanism 1624 is movable onto the top face 1608 so that heels 1626 of the

patient’s feet 1622 are separated from the top face 1608 by a gap 1628 (shown in Fig. 52).

[0333] The heel suspension mechanism 1624 includes a wedge 1638, for example a foam
wedge, that is positioned at an end 1640 of the foot section 1606. The end 1640 of the foot
section 1606 includes a notch 1642 formed in the foot section 1606. The wedge 1638 rests in

the notch 1642 in a first position 1660. The wedge 1638 is configured to be slid onto the top
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face 1608 of the foot section 1606 to a second position 1662 (shown in Fig. 52). As illustrated
in Fig. 51, when the wedge 1638 is in the first position 1660, a top 1670 of the wedge 1638 is
at the first height 1610 and level with the top face 1608. As illustrated in Fig. 52, when the
wedge 1638 is slid into the second position 1662, the top 1670 of the wedge 1638 is positioned
at a second height 1674 that is greater than the first height 1610. The patient’s feet 1622 are
configured to rest on the top 1670 of the wedge 1638 to elevate the patient’s heels 1626 when
the wedge 1638 is in the second position 1662.

[0334] Referring to Fig. 53, a patient support surface 1700 includes a body 1702 having a
body section 1704 and an opposite foot section 1706. The patient support surface 1700 may
be a foam mattress or an air mattress. In some embodiments, the patient support surface
1700 may be any of the support surfaces described in Figs. 1-33. A top face 1708 extends
from the body section 1704 to the foot section 1706. The top face 1708 is positioned at a first
height 1710 from a bottom 1712 of the support surface 1700. A patient 1720 is configured to
rest on the top face 1708 with their feet 1722 at the foot section 1706 of the support surface
1700. A heel suspension mechanism 1724 is positioned within the foot section 1706. The
heel suspension mechanism 1724 is movable under the patient’s feet 1722 so that heels 1726
of the patient’s feet 1722 are separated from the top face 1708 by a gap 1728 (shown in Fig.
54).

[0335] The heel suspension mechanism 1724 includes a cutout 1738 in the foot section
1706. The cutout 1738 includes a bottom cut 1740 that begins at a location 1742 spaced from
an end 1744 of the foot section 1706 and extends toward the body section 1704 to location
1746. The location 1742 is spaced a first distance 1748 from the end 1744, and the location
1746 is spaced a second distance 1750 from the end 1744. The second distance 1750 is
greater than the first distance 1748. A cut 1752 extends from the bottom cut 1740 through the
top face 1708 at the location 1746. In some embodiments, the bottom cut 1740 and the cut
1752 may be sealed with a zipper. The cutout 1738 is configured to be rolled from the location
1746 toward the end 1744 to form a rolled cutout 1754 (shown in Fig. 54). As illustrated in Fig.
53, when the cutout 1738 is in a first unrolled position 1760, a top 1762 of the cutout 1738 is at
the first height 1710 and level with the top face 1708. As illustrated in Fig. 54, when the cutout
1738 is rolled into a second position 1762 to form the rolled cutout 1754, a portion 1764 of a
bottom 1766 of the cutout 1738 is positioned at a second height 1774 that is greater than the
first height 1710. The patient’s feet 1722 are configured to rest on the rolled cutout 1754 to

elevate the patient’s heels 1726 when the cutout 1738 is in the second position 1762.
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[0336] Referring to Fig. 55, a patient support surface 1800 includes a body 1802 having a
body section 1804 and an opposite foot section 1806. The patient support surface 1800 may
be a foam mattress or an air mattress. In some embodiments, the patient support surface
1800 may be any of the support surfaces described in Figs. 1-33. A top face 1808 extends
from the body section 1804 to the foot section 1806. The top face 1808 is positioned at a first
height 1810 from a bottom 1812 of the support surface 1800. A patient 1820 is configured to
rest on the top face 1808 with their feet 1822 at the foot section 1806 of the support surface
1800. A heel suspension mechanism 1824 is positioned within the foot section 1806. The
heel suspension mechanism 1824 is movable onto the top face 1808 so that heels 1826 of the

patient’s feet 1822 are separated from the top face 1808 by a gap 1828 (shown in Fig. 56).

[0337] The heel suspension mechanism 1824 includes a cutout 1838 in the foot section
1806. The cutout 1838 includes a bottom cut 1840 that begins at an end 1844 of the foot
section 1806 and extends toward the body section 1804 to location 1846 that is spaced a
distance 1848 from the end 1844. A zipper 1836 extends along the bottom cut 1840 to secure
the cutout 1838 to the foot section 1806, when the heel suspension mechanism 1824 is not in
use. The cutout 1838 is configured to be folded from a first position 1860 to a second position
1862 (shown in Fig. 56). As illustrated in Fig. 55, when the cutout 1838 is in the first position
1860, a top 1862 of the cutout 1838 is at the first height 1810 and level with the top face 1808.
As illustrated in Fig. 56, when the cutout 1838 is folded into the second position 1862, a bottom
1866 of the cutout 1838 is positioned at a second height 1874 that is greater than the first
height 1810. The patient’s feet 1822 are configured to rest on the bottom 1866 of the cutout
1838 to elevate the patient’s heels 1826 when the cutout 1838 is in the second position 1862.
An additional foam pad 1880 may be placed on the bottom 1866 of the cutout 1838 to further
raise the patient’s heels 1826 and to protect the patient’s feet 1822 from the zipper 1836.

[0338] Referring to Fig. 57, a patient support surface 1900 includes a body 1902 having a
body section 1904 and an opposite foot section 1906. The patient support surface 1900 may
be a foam mattress or an air mattress. In some embodiments, the patient support surface
1900 may be any of the support surfaces described in Figs. 1-33. A top face 1908 extends
from the body section 1904 to the foot section 1906. The top face 1908 is positioned at a first
height 1910 from a bottom 1912 of the support surface 1900. A patient 1920 is configured to
rest on the top face 1908 with their feet 1922 at the foot section 1906 of the support surface
1900. A heel suspension mechanism 1924 is positioned within the foot section 1906. The

heel suspension mechanism 1924 is movable to raise the foot section 1906 so that heels 1926
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of the patient’s feet 1922 are separated from the top face 1908 by a gap 1928 (shown in Fig.
58).

[0339] The heel suspension mechanism 1924 includes a jack 1940 positioned below the
foot section 1906. The jack 1940 includes a base 1942 and expandable arms 1944 extending
from the base 1942 to a top post 1946. The top post 1946 is coupled to a flexible membrane
1948 that extends along the bottom 1912 of the support surface 1900 at the foot section 1906.
A handle 1950 is coupled to a screw 1952 that is threaded to the expandable arms 1944.
When the handle 1950 is rotated a first direction, the screw 1952 is actuated to lower the
expandable arms 1944 to a collapsed position 1954 (shown in Fig. 57). When the handle 1950
is rotated an opposite second direction, the screw 1952 is actuated to raise the expandable
arms 1944 to a raised position 1956 (shown in Fig. 58). In some embodiments, the

expandable arms 1944 may be hydraulically actuated.

[0340] Asiillustrated in Fig. 57, when the expandable arms 1944 are in the collapsed
position 1954, the top face 1808 of the foot section 1906 is positioned at the first height 1810.
As illustrated in Fig. 58, when expandable arms 1944 are in the raised position 1956, the top
post 1946 of the jack 1940 pushes the membrane 1948 upward to push against the bottom
1912 of the support surface 1900 at the foot section 1906, thereby raising the top face 1908 at
the foot section 1906 to a second height 1960 that is greater than the first height 1910.

[0341] Referring to Fig. 59, a patient support surface 2000 includes a body 2002 having a
body section 2004 and an opposite foot section 2006. The patient support surface 2000 may
be a foam mattress or an air mattress. In some embodiments, the patient support surface
2000 may be any of the support surfaces described in Figs. 1-33. A top face 2008 extends
from the body section 2004 to the foot section 2006. The top face 2008 is positioned at a first
height 2010 from a bottom 2012 of the support surface 2000. A patient 2020 is configured to
rest on the top face 2008 with their feet 2022 at the foot section 2006 of the support surface
2000. A heel suspension mechanism 2024 is positioned within the foot section 2006. The
heel suspension mechanism 2024 is movable to raise the foot section 2006 so that heels 2026
of the patient’s feet 2022 are separated from the top face 2008 by a gap 2028 (shown in Fig.
60).

[0342] The heel suspension mechanism 2024 includes an elevating assembly 2040
positioned below the body 2002. The elevating assembly 2040 includes a base 2042 that
extends along the bottom 2012 of the support surface 2000. An arm 2044 extends from the
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base 2042 to a top plate 2046. The top plate 2046 is coupled to a flexible membrane 2048
that extends along the bottom 2012 of the support surface 2000 at the foot section 2006. The
arm 2044 is extendable from the base 2042. In some embodiments, the arm 2044 is
hydraulically lifted from the base 2042. In some embodiments, the arm 2044 is telescopically
extended from the base 2042. The arm 2044 may be actuated to lower the top plate 2046 to a
collapsed position 2054 (shown in Fig. 59). The arm 2044 may also be actuated to raise the
top plate 2046 to a raised position 2056 (shown in Fig. 60). As illustrated in Fig. 59, when the
top plate 2046 is in the collapsed position 2054, the top face 2008 of the foot section 2006 is
positioned at the first height 2010. As illustrated in Fig. 60, when the top plate 2046 is in the
raised position 2056 the top face 2008 at the foot section 2006 is raised to a second height
2060 that is greater than the first height 2010.

[0343] Referring to Fig. 61 a patient support apparatus 2100 is embodied as a mattress
2100 having a top cover 2104, one or more support elements 2102, and a bottom cover 2106.
The mattress 2100 may be any of the mattresses described herein. The top and bottom
covers 2104 and 2106 attach together, such as with a zipper to form a coverlet or casing
having an interior region in which the support elements 2102 are received. In the illustrative
example, support element 2102 is shown as a single foam block, but, in other embodiments,
includes multiple foam elements or an inflatable bladder. The top cover 2104 may be a non-
permeable cover, e.g. a plastic cover that is not permeable to liquid. In other embodiments,
the top cover 2104 is a fabric cover that may be permeable to liquids. In still other
embodiments, the top cover 2104 is made of a moisture vapor permeable material that is

permeable to air and moisture vapor but impermeable to liquids.

[0344]  Afluid ingress detection system 2110 is positioned between the top cover 2104 and
other support elements of the mattress 2100. The fluid ingress detection system 2110
generally includes a flexible substrate 2112. The flexible substrate 2112 includes a
hydrophobic material, such as plastic. In some embodiments, the flexible substrate 2112 may
include a synthetic resin. In some embodiments, the flexible substrate 2112 may include a
thermoplastic polymer material. The flexible substrate 2112 is substantially rectangular and
extends from a head end 2114 of the mattress 2100 to a foot end 2116 of the mattress 2100
and extends laterally across the width of the mattress 2100. Thus, the flexible substrate 2112
extends entirely between the support elements 2102 of the mattress 2100 and the top cover
2104.
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[0345] Asillustrated in Fig. 62, the flexible substrate 2112 includes a conductive trace 2120
extending along a first side 2122 of the flexible substrate 2112. A conductive trace 2124
extends along a second side 2126 of the flexible substrate 2112. The conductive trace 2120
and the conductive trace 2124 may include conductive threads woven on the flexible substrate
2112. In some embodiments, the conductive trace 2120 and the conductive trace 2124
include conductive ink printed on the flexible substrate 2112. The conductive trace 2120 and
the conductive trace 2124 may be electrically coupled to a controller 2130. In some
embodiments, the controller 2130 includes an alarm 2132 that may be an audible or visual
alarm. In some embodiments, the controller 2130 is electrically or wirelessly coupled to a

remote alarm 2134, e.g. an alarm at a nurse’s station 2170.

[0346] A plurality of conductive segments 2140 extend from the conductive trace 2120. The
segments 2140 may include conductive threads woven on the flexible substrate 2112. In
some embodiments, the segments 2140 include conductive ink printed on the flexible
substrate 2112. The segments 2140 extend from the conductive trace 2120 toward the
conductive trace 2124. The segments 2140 do not contact the conductive trace 2124.

Another plurality of conductive segments 2142 extend from the conductive trace 2124. The
segments 2142 may include conductive threads woven on the flexible substrate 2112. In
some embodiments, the segments 2142 include conductive ink printed on the flexible
substrate 2112. The segments 2142 extend from the conductive trace 2124 toward the
conductive trace 2120. The segments 2142 do not contact the conductive trace 2120. A
moisture absorbent material may overlie the first conductive trace 2120, the second conductive
trace 2124, and the segments 2140 and 2142.

[0347] The segments 2140 and the segments 2142 alternate along a length 2150 of the
flexible substrate 2112 from the head end 2114 to the foot end 2116. Thus, the segments
2140 are interleaved or interdigitated with the segments 2142. Each pathway 2140 is
positioned adjacent to a pathway 2142, and each pathway 2142 is positioned adjacent to a
pathway 2140. An open circuit is formed between the conductive trace 2120 and the
conductive trace 2124 when the flexible substrate is dry. The controller 2130 measures an
impedance between the adjacent segments 2140 and 2142. In some embodiments, the
controller 2130 is calibrated to measure a baseline impedance between the segments 2140
and 2142. That is, the impedance between the segments 2140 and 2142 is constant, within a
range, when the flexible substrate 2112 remains dry. The presence of a threshold amount of
liquid, such as cleaning solution or incontinence, on the flexible substrate 2112 forms a closed

circuit with the conductive trace 2120 and the conductive trace 2124 due to the flexible
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substrate 2112 being wet. The impedance between the conductive trace 2120 and the

conductive trace 2124 changes when the flexible substrate is wet.

[0348] If fluid permeates through the top cover 2104, the liquid is collected on the flexible
substrate 2112. In some embodiments, the liquid permeates through the top cover 2104
because of a tear in the top cover 2104. In some embodiments, the liquid permeates through
the top cover 2104 because the top cover 2104 has become worn. When the liquid permeates
through the top cover 2104, the liquid settles on the flexible substrate 2112. As a result of the
liquid bridging the gap between adjacent segments 2140 and 2142, the liquid changes the
impedance between the segments 2140 and 2142. The change in impedance is detected by
the controller 2130. In particular, the liquid bridging between segments 2140, 2142 causes the
impedance to be reduced significantly, thereby changing an open circuit (i.e. dry) condition to a
closed circuit (i.e. wet) condition. In response, the controller 2130 sends an alert that the top

cover 2104 has been compromised and that liquid is ingressing into the mattress 2100.

[0349] In some embodiments, a passive RFID tag 2150 may be situated on the flexible
substrate 2112 and in electrical communication with the conductive trace 2120 and the
conductive trace 2124. An antenna 2152 receives wireless energy emitted by the RFID tag
2150 indicating whether the flexible substrate is dry or wet. In some embodiments, a reader
2154 of the controller 2130 supplies power to the antenna, which produces an electromagnetic
field that powers the passive RFID tag 2150. The reader 2154 receives signals from the
antenna, which signals contain back scattered data from the passive RFID tag 2150, and
transmits a notification message in response to at least one of the signals from the antenna
indicating that the flexible substrate 2112 is wet. The reader may be communicatively coupled
to a network 2160 of a healthcare facility and configured to communicate wirelessly with the
network 2160.

[0350] In some embodiments, the alarm 2132 may be activated when the impedance
between the conductive trace 2120 and the conductive trace 2124 changes. The alarm 2132
may be a visual alarm or an audible alarm. The alarm 2132 may be provided on the patient
support apparatus 2100. In other embodiments, the alarm 2134 is remote from the patient

support apparatus 2100, e.g. at a nurse’s station 2170.

[0351] The liquid detection by system 2110 prevents caregivers from having to perform
hand checks to determine whether a mattress interior has been soiled due to a compromised

top cover 2104. Once the liquid permeates through the top cover 2104, the caregiver is
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alerted in real time. Accordingly, the caregiver can attend to the liquid within the mattress
2100 in a quicker manner, rather than the liquid settling into the mattress 2100. By attending
to liquid ingress into the mattress 2012 in a timelier manner, a life-span of the mattress 2100
may be extended with only the top cover 2104 needing to be replaced. Additionally, the
mattress 2100 may be properly cleaned upon learning of the liquid ingress, so that infections

may be prevented when the mattress 2012 is used.

[0352] Referring now to Fig. 63, a mattress 2200 includes a foam base 2202 having a
bottom section 2204, a head section 2206, and a foot section 2208. The bottom section 2204
extends between the head section 2206 and the foot section 2208. The bottom section 2204
has a height 2220 and the head section 2206 and foot section 2208 have a height 2222 that is
greater than the height 2220. A cavity 2224 is formed in the foam base 2202 between the
head section 2206 and foot section 2208 and above the bottom section 2204. In some
embodiments, the foam base 2202 may also include side sections (not shown) that extend to

the height 2222 so that the cavity 2224 is enclosed on all sides.

[0353] A foam layer 2230 is positioned within the cavity 2224 and extends from the head
section 2206 to the foot section 2208. In the illustrated embodiment, the foam layer 2230 is a
separate layer from the foam base 2202. In other embodiments, the foam layer 2230 may be
integrally formed with the foam base 2202. The foam layer 2230 extends to a height 2232 that
is less than the height 2222 of the head section 2206 and the foot section 2208. A cavity 2234
is defined between the head section 2206 and the foot section 2208 and above the foam layer
2230. The cavity 2234 is sized so that a patient can lie across the mattress 2200 without
having pressure points developed due to the difference in height between the foam layer 2230
and the head section 2206 and foot section 2208.

[0354] A therapeutic layer 2240 is positioned within the cavity 2234. The therapeutic layer
2240 is inflatable from a deflated position to an inflated position. When a patient does not
require therapeutic treatment, the therapeutic layer 2240 is deflated. If the patient requires

therapeutic treatment, e.g. to treat ulcers or bed sores, the therapeutic layer 2240 is inflated.

[0355] A protective layer 2250 is positioned over the therapeutic layer 2240. The protective
layer 2250 extends over the head section 2206 and the foot section 2208 of the foam base
2202. The protective layer 2250 made be formed from three-dimensional spacers. In some
embodiments, the protective layer 2250 is formed from a non-woven fabric layer. In other

embodiments, the protective layer 2250 is formed from a layer of foam. It will be appreciated
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that the protective layer 2250 may be made from a combination of materials. The therapeutic
layer 2240 is positioned adjacent the protective layer 2250, so that when the therapeutic layer
2240 is deflated, the protective layer 2240 continues to provide a level surface for the patient.
That is, the protective layer 2250 is formed so that is does not dip into the cavity 2234 when

the therapeutic layer 2240 is deflated.

[0356] A cover 2260 is positioned around the mattress 2200. The cover 2260 encloses the
foam base 2202, the foam layer 2230, the therapeutic layer 2240, and the protective layer
2250. The cover 2260 may include a zipper or other fastening mechanism to seal the cover
2260 around the mattress 2200. In some embodiments, the cover 2260 is formed from a water
impermeable material to prevent liquids, such as patient sweat, from saturating the layers of
the mattress 2200.

[0357] Referring now to Fig. 64, the therapeutic layer 2240 is formed from a plastic material
that may be welded with laser or radio-frequency welding. The therapeutic layer 2240 includes
a plurality of bladders 2270. The bladders 2270 may be formed be welding a top layer 2272 of
the therapeutic layer 2240 to a bottom layer 2274 of the therapeutic layer 2240. The bladders
2270 are illustrated as extending along a width 2280 of the therapeutic layer 2240; however,
the bladders 2270 may be formed to extends along a length 2282 of the therapeutic layer

2240. In some embodiments, the bladders 2270 may have other configurations, e.g. an array.

[0358] A control unit 2290 is configured to couple to the therapeutic layer 2240. The control
unit 2290 includes a blower 2292 that is fluidly coupled to the therapeutic layer 2240 via a hose
2294. The hose 2294 is coupled to an inlet 2296 of the therapeutic layer 2240. In one
embodiment, a healthcare facility may have a plurality of mattresses 2200, and a lesser
number of control units 2290. That is, the control unit 2290 is only required when a particular
patient requires therapeutic treatment. Accordingly, the healthcare facility can save costs by
having control units 2290 for only those patients that require therapy. Patient’s that do not
require therapy can utilize the mattress 2200 with the therapeutic layer 2240 in the deflated
position. When a patient requires therapy, the control unit 2290 is attached to the therapeutic

layer 2240 to inflate the therapeutic layer 2240.

[0359] In the illustrated embodiment, the therapeutic layer 2240 includes a valve 2300. The
valve 2300 is configured to direct airflow to particular bladders 2270 via a series of hoses (not
shown). In that way, not all of the bladders 2270 are required to be simultaneously inflated.

Rather, individual bladders 2270 may be inflated based on the patient’s therapeutic needs.
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For example, a bladder 2302 in a seat section 2304 of the therapeutic layer 2240 may be
inflated to provide pressure relief to a patient’s sacrum. In other embodiments, the therapeutic
layer 2240 does not include a valve 2300, and all of the bladders 2270 are simultaneously

inflated.

[0360] Fig. 65 shows an example of a display 2310 for the control unit 2290. It will be
appreciated that the display 2310 may include user input buttons, e.g. membrane switches, or
a touchscreen display. The display 2310 includes user inputs to turn the control unit 2290 on
and off. In the illustrated embodiment, the display 2310 includes an “on” input 2312 and an
“off” input 2314. It will be appreciated that inputs 2312 and 2314 may be replaced with a single

power input.

[0361] In an embodiment where the therapeutic layer 2240 includes the valve 2300, a
plurality of inputs 2316 may be provided for selecting particular bladders to inflate. For
example, the inputs 2316 may include buttons 2318 for inflating a head section, buttons 2320
for inflating a torso section, buttons 2322 for inflating a seat section, and buttons 2324 for
inflating a foot section. Other inputs 2316 may be provided for specific therapies, e.g. legs

sores, or back sores. Another input 2316 may be provided for inflating all bladders 2270.

[0362] In some embodiments, the control unit 2290 may provide percussion therapy by
sending impulses or vibrations to the bladders 2270. In such an embodiment, the display 2310
includes inputs 2340 for controlling the percussion therapy. The display 2310 includes an
input 2342 for increasing the percussion therapy and an input 2344 for decreasing the
percussion therapy. The display 2310 may also include a meter 2346 having a plurality of

icons 2348 that indicate a level of the percussion therapy.

[0363] The display 2310 may also include additional inputs 2350 for controlling other
aspects of the therapeutic layer 2240. For example, the therapeutic layer 2240 may enable

microclimate control.

[0364] Referring now to Fig. 66, another embodiment of a therapeutic layer 2360 may be
used with the mattress 2200. The therapeutic layer 2360 includes a plurality of bladders 2362
that may be formed by laser or radio-frequency welding, as described above. The therapeutic
layer 2360 includes a blower 2364 that is coupled to an end or side of the therapeutic layer
2360. The blower 2364 extends through the cover 2260 and includes a power input 2366.

The blower 2364 is in fluid communication with each of the bladders 2362. In some
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embodiments, a valve 2364 selectively fluidly couples the bladders 2362 to the blower 2364,

as described above.

[0365] Another embodiment of a control unit 2380 is configured to plug into the power input
2366 to supply power to the blower 2364. The control unit 2380 may be configured with a
display 2382, e.g. the display 2310 describe above. As set forth above, the control unit 2380 is

attached to the therapeutic layer 2360 when the patient requires therapeutic treatment.

[0366] Referring to Fig. 67, to prevent bunching of the therapeutic layer 2240 and the
protective layer 2250, each of these layers may be coupled to the foam base 2202 and/or the
foam layer 2230. In the illustrated embodiment, the therapeutic layer 2240 is coupled to the
foam layer 2230 with fasteners 2390, e.g. shaps, zippers, buckles, etc. The therapeutic layer
2240 may also be coupled to any of the bottom section 2204, head section 2206 and/or foot
section 2208 of the foam base 2202. In the illustrated embodiment, the protective layer 2250
is coupled to the head section 2206 and the foot section 2208 with fasteners 2392, e.g. snaps,
zippers, buckles, etc. The protective layer 2250 may also be coupled to the foam layer 2230
or the bottom layer 2204 of the foam base 2202. In some embodiments, the protective layer

2250 and the therapeutic layer 2240 may be coupled.

[0367] The mattress 2200 provides a surface for a patient that may be used with or without
therapy. In an example where a patient is admitted to a healthcare facility and requires
therapy, the patient may be placed on a mattress 2200 with the therapeutic layer 2240 already
inflated. If the patient later does not require therapy, the therapeutic layer 2240 may be
deflated without having to move the patient. In an example where a patient is admitted to a
healthcare facility and does not require therapy, the patient may be placed on a mattress 2200
with the therapeutic layer 2240 deflated. If the patient later requires therapy, the therapeutic
layer 2240 may be inflated without having to move the patient. Accordingly, the mattress 2200

facilitates not having to move a patient once the patient is admitted to the healthcare facility.

[0368] Referring now to Fig. 68, a patient support apparatus 2400 includes a microclimate
management (MCM) feature 2402 in a surface 2404 of the apparatus 2400 to remove heat and
moisture from the skin-surface interface. Removing heat and moisture has been shown to
lower the risk of pressure injury (PI) development. Lab studies have shown that more heat
removal leads to greater protection against ischemia and ischemic necrosis. At the sacrum

and pelvis in general nearly 60% of Pls occur over less than 10% of the body’s surface area.
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Given a severity and prevalence of Pls in this area, the MCM 2402 is configured to direct air to

a seat section 2406 of the patient support apparatus 2400.

[0369] The patient support apparatus 2400 includes a base 2420 that may be formed from a
foam material. In other embodiments, the base 2420 is formed from air bladders or other
suitable cushion materials. The base 2420 is illustrated as a plurality of blocks 2428; however
the base 2420 may be one continuous piece. The base 2420 extends from a head end 2422
of the apparatus 2400 to the seat section 2406. A blower assembly 2424 is positioned
adjacent the base 2420 between the base 2420 and a foot end member 2426 of the apparatus
2400. The foot end member 2426 may also be formed from a foam material. In other
embodiments, the foot end member 2426 is formed from air bladders or other suitable cushion
materials. Another foam layer or cushion 2430 is positioned above the blower assembly 2424
adjacent the foot end member 2426. Another foam layer 2440 is positioned over the base
2420. In some embodiments, the layer 2440 may be formed from air bladders or other suitable

cushion materials. A visco foam layer 2442 is positioned over the layer 2440.

[0370] A manifold 2450 extends over the visco foam layer 2442. An outlet of the blower
assembly 2424 is configured to direct airflow from the blower assembly 2424, through a
passageway in the cushion 2430, and into the manifold 2450. The manifold 2450 directs the
air flow into a patient three dimensional spacer 2452 that is positioned between the manifold
2450 and a top surface 2454 of the apparatus 2400. A top surface 2456 of the patient three
dimensional spacer 2452 forms the top surface 2454 of the apparatus 2400. The air flow is

directed into the seat section 2406 of the patient support apparatus 2400.

[0371]  Asillustrated in Fig. 69, the manifold 2450 includes a manifold three dimensional
spacer 2470 that is positioned between a top fabric layer 2472 and a bottom fabric layer 2474.
The manifold three dimensional spacer 2470 has a thickness 2476. Apertures 2478 are
formed in a top surface 2490 of the manifold three dimensional spacer 2470. The apertures
2478 are formed in the seat section 2406 of the apparatus 2400 and configured to direct the air
flow from the blower assembly 2424 through the top surface 2490 of the manifold three
dimensional spacer 2470 at the seat section 2406. As illustrated in Fig. 70, air enters the
blower assembly 2424 through sides 2482 of the apparatus 2400 and is discharged in the
manifold three dimensional spacer 2470. The air exits the manifold 2450 through the

apertures 2478.
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[0372] Referring back to Fig. 69, the patient three dimensional spacer 2452 is positioned
over the manifold 2450 and has a thickness 2480 that is less than the thickness 2476 of the
manifold three dimensional spacer 2452. The air flows through the top fabric layer 2472 and
into the patient three dimensional spacer 2452 through apertures 2492 formed in a bottom
surface 2494 of the patient three dimensional spacer 2452. As shown in Fig. 70, the air flows
around the patient’s sacrum and pelvis 2484 and travels to a head end 2496 of the patient
three dimensional spacer 2452. The air exits the patient support apparatus 2400 through
apertures 2498 (shown in Fig. 69) formed in the head end 2496 of the patient three

dimensional spacer 2452.

[0373] The apparatus provides a system for directing the air flow into the region of interest
(ROI). The manifold 2450 is constructed by introducing the layer of 3-D spacer material 2452
between the two fabric materials 2472, 2474. The manifold three dimensional spacer 2452 is
chosen to provide a medium to allow sufficient air flow. The manifold three dimensional spacer
2452 is configured to prevent severe occlusion of the air flow path through the fabric 2472,
2474 when a patient load is applied. The top fabric layer 2472 has a pattern of holes punched
out of the appropriate location where the most therapy is needed (i.e. the seat section 2406).
The remaining unaltered top fabric layer 2472 and bottom fabric layer 2474 act as a wall to

facilitate preventing air leakage from the manifold 2450.

[0374] The apparatus 2400 is configured to provide a low-pressure system that can be used
to provide the air flow for MCM therapy. A location of the therapy can be controlled by the
design so that therapy is provided by the MCM where therapy is required the most. Fig. 71
shows a computation fluid dynamics simulation of a velocity particle track. This simulation
illustrates the air flow converging at the seat section 2406. A pressure spectrum, shown in Fig
72 illustrates a substantially uniform pressure that facilitates ease of controlling the air flow. A
low pressure air source can be utilized by the patient support apparatus 2400 to provide

sufficient air flow to the target region.

[0375] Referring to Fig. 73, the blower assembly 2424 includes a base 2500 having a
bottom 2502 and side walls 2504 extending from the bottom 2502 to form a cavity 2506. A
center platform 2510 extends upward from the bottom 2502 to a height that is greater than a
height of the side walls 2504. An opening 2520 is formed in a top surface 2522 of the platform

2510 and extends into a vacuum chamber 2524.



13 Feb 2020

2019201323

-78-

[0376] The vacuum chamber 2524 is fluidly connected to an inlet assembly 2526. The inlet
assembly 2526 extends along a side 2528 of the base 2500. The inlet assembly 2526
includes a pair of opposite inlets 2528. In some embodiments, the inlet assembly 2526
includes only one inlet 2528. In other embodiments, the inlet assembly 2526 may include any
number of inlets 2528. Each inlet 2528 includes an opening 2550 that extends into a
passageway 2560. The passageway 2560 in the illustrated embodiment extends between the
openings 2550 of the inlets 2528. The passageway 2560 is in fluid communication with the

vacuum chamber 2524.

[0377] Referring now to Fig. 74, a blower 2570 is positioned over the opening 2520 and
sealed to the platform 2510. The blower 2570 includes an inlet that is in fluid communication
with the vacuum chamber 2524. Accordingly, the blower 2570 is sealed to the vacuum
chamber 2524. The blower 2570 also includes an outlet 2572 that opens over the base 2500.
Although not shown, it should be appreciated that the blower 2570 includes a fan that draws
air into the inlet of the blower 2570. That is, air enters the blower assembly 2424 through the
inlets 2528, passes through the passageway 2560 to the vacuum chamber 2524, and into the
blower 2570 through the inlet. The blower 2570 then discharges the air through the outlet
2572 over the base 2500.

[0378] Asillustrated in Fig. 75, a top cover 2590 is sealed to the side walls 2504 of the base
2500 to form a pressurized chamber 2592. The blower 2570 is positioned within the
pressurized chamber 2592. Accordingly, the inlet of the blower 2570 is in fluid communication
with the vacuum chamber 2524 and the outlet 2572 of the blower 2570 is in fluid
communication with the pressurized chamber 2592. The blower 2570 receives air from the
vacuum chamber 2524 and discharges air into the pressurized chamber 2592. The top cover

2590 includes an opening 2594 that defines an exhaust 2596 of the blower assembly 2424.

[0379] As illustrated in Fig. 76, each inlet 2528 includes an opening 2550 that extends into a
passageway 2560. A ridge 2600 is formed across a bottom 2602 of the inlet 2528. The ridge
2600 extends across a portion of the opening 2550 so that the ridge 2600 covers that portion
of the opening 2550. The ridge 2600 is configured to facilitate preventing the ingress of fluids
into the passageway 2560. That is, while air may pass over the ridge 2600 and into the
passageway 2560, liquids are blocked from entering the passageway 2560 by the ridge 2600.
A height 2604 of the ridge 2600 is selected based on an air flow criteria for the blower
assembly 2424.
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[0380] In operation, the blower assembly 2424 draws air from the sides of the patient
support apparatus 2400, as shown in Fig. 70. The air enters the inlets 2528 and passes into
the vacuum chamber 2524. The blower 2570 is operated to draw the air from the vacuum
chamber 2524 and discharged the air into the pressurized chamber 2592 at a predetermined
pressure. The pressurized air exits the pressurized chamber 2592 through the exhaust 2596.
From the exhaust 2596, the air travels through a plenum or hose into the manifold three
dimensional spacer 2452. The pressurized air in the manifold three dimensional spacer 2452
passes through the apertures 2478 and the apertures 2492 and into the patient three
dimensional spacer 2452 at the patient’'s sacrum and pelvis 2484. The pressurized air then
flows through the patient three dimension spacer 2452 to the apertures 2498 formed in the
head end 2496. The pressurized air exits the patient support apparatus 2400 through the
apertures 2498.

[0381] Asillustrated in Fig. 77, the blower 2570 of the blower assembly 2424 includes fan
2620 that is driven by a motor 2622 to draw air into an inlet 2624 and discharge pressurized air
through the outlet 2572. A controller 2630 includes a processor 2632 and a memory 2634
electronically coupled to the processor 2632. The memory includes instructions that are
carried out by the processor 2632 to control the motor 2622. For example, the blower 2570
may be configured to operate such that the discharged air has a predetermined pressure. The
processor 2632 carries out instructions to rotate the fan 2620 at an optimal speed for
maintaining the predetermined pressure. In some embodiments, the predetermined pressure
may be a predetermined pressure range. A display 2636 may be configured to display the
operating speed and discharge pressure of the blower 2570. The display 2636 may be a touch
screen display or include other user inputs. Accordingly, the display or other user inputs may
be operable to set the predetermine discharge pressure, as well as, other parameters of the

blower assembly 2424.

[0382] A pressure sensor 2650 is provided to monitor the discharge pressure at the outlet
2572. In some embodiments, the pressure sensor 2650 may be configured to detect the
discharge pressure at the exhaust 2596 of the blower assembly 2424. If the pressure sensor
2650 detects that the discharge pressure is outside of the predetermined pressure range or
that a predetermined pressure is not being maintained, the controller 2630 may alter a speed

of the motor 2622 to help maintain the predetermine pressure or pressure range.

[0383] A speed sensor 2660 may also be provided to monitor the speed of the motor 2622.

By monitoring the motor speed, the controller 2630 may be operable to detect blockages in the
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blower assembly 2424. Referring to Fig. 78, a method 2670 is illustrated for determining
blockages in the blower assembly 2424. At block 2672, a predetermined operating range is
set for the blower assembly 2424. The predetermined operating range may include a
predetermined discharge pressure and/or a predetermined speed of the motor 2622. At block
2674, a speed of the motor 2622 is monitored by the speed sensor 2660. The speed of the

motor 2622 is then compared to the predetermined speed range, at step 2676.

[0384] The controller 2630 determines whether the motor 2622 is operating within the
predetermined range, at block 2678. If the motor 2622 is operating within the predetermined
operating range, the motor 2622 continues to operate within the predetermined parameters, at
block 2690. If the motor 2622 is not operating within the predetermined range, the controller
2630 determines whether the motor 2622 is operating at a speed greater than the
predetermined operating range, at block 2692. If the motor 2622 is operating at a speed
greater than the predetermined operating speed, the controller determines that an inlet 2624 of
the blower 2570 is blocked, at block 2694. In some embodiments, a greater operating speed
may be indicative of the inlets 2528 of the blower assembly 2424 being blocked. In some
embodiments, both the inlets 2528 and the inlet 2624 may be blocked. If the controller 2630
determines that the motor 2622 is not operating at a speed greater than the predetermined
operating range, the motor 2622 must be operating at a speed less than the predetermined
operating range. At block 2696, the controller 2630 determines that the outlet 2572 of the
blower 2570 is blocked. In some embodiments, a lower operating speed may be indicative of
the exhaust 2596 of the blower assembly 2424 being blocked. In some embodiments, both the
outlet 2572 and the exhaust 2596 may be blocked.

[0385] Referring now to Fig. 79, a graph 2700 illustrates a fan operating speed 2702 in
revolutions per minute (RPM) in view of various operating conditions 2704. An operating
range 2706 of the blower assembly 2424 is between approximately 3100 RPM and
approximately 5100 RPM, in the illustrated embodiment. An operating speed greater than
approximately 5100 RPM is indicative of an intake system block condition 2710. An operating
speed less than approximately 3100 RPM is indicative if an exhaust system block condition
2712.

[0386] In a condition 2720 wherein all inlets and outlets are open, the fan operates within
the operating range 2706 at a speed 2722 of approximately 3500 RPM. In a condition 2724
wherein all inlets and outlets are open and the fan is operating at approximately 10,000 foot

speed, the fan operates within the operating range 2706 at a speed 2726 of approximately
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4100 RPM. In a condition 2730 wherein one inlet is closed, the fan operates at an intake
system block condition 2710 at a speed 2732 of approximately 5100 RPM. In a condition 2740
wherein the outlet is fully closed, the fan operates at the exhaust system block condition 2712
at a speed 2742 of approximately 2800 RPM. In a condition 2750 wherein the outlet is partially
closed, the fan operates in the exhaust system block condition 2712 at a speed 2752 of
approximately 3100 RPM. Accordingly, by monitoring a speed of the blower assembly 2424,

an operating condition of the blower assembly 2424 may be determined.

[0387] Referring to Fig. 80, a support surface 2800 includes a head end 2802, an opposite
foot end 2804, a right side 2806, and a left side 2808. An x-ray cassette sleeve 2820 is
positioned within the support surface 2800 and configured to retain an x-ray cassette 2822.
The sleeve 2820 is sealed with a pair of zippers 2824. In some embodiments, a fastening
mechanism other than zippers 2824 may be utilized, e.g. hook and loop fasteners, etc. Each
zipper 2824 extends partially along a length 2828 of the right side 2806 and partially along the
length 2828 of the left side 2808, respectively. In the illustrative embodiment, the zippers 2824
do not extend along the head end 2802 or the foot end 2804 of the support surface 2800.

[0388] Asillustrated in Fig. 81, the support surface 2800 includes an upper ticking 2840 that
is sealed to a lower ticking 2842 with a zipper 2844. The zipper 2844 may be actuated to
separate the upper ticking 2840 from the lower ticking 2842 to expose an inside of the support
surface 2800, for example, bladders and other components described herein. Each zipper
2824 is positioned between the upper ticking 2840 and the zipper 2844. In some
embodiments, the both zippers 2824 have a different color than the zipper 2844 to distinguish
the sleeve 2820 from the ticking connection. In some embodiments, each zipper 2824 and the

zipper 2844 may have different sizes to distinguish the zippers 2824, 2844.

[0389] Figs. 82 and 83 illustrate the sleeve 2820 in an open configuration that enables
insertion and removal of the cassette 2822. The sleeve 2820 includes an opening 2850 on
both the right side 2806 and the left side 2808 that is sealed by a respective zipper 2824. A
cavity 2852 extends into the support surface 2800 between the openings 2850. The cavity
2852 is configured to receive the cassette 2822. Each opening 2850 extends partially along
one of the sides 2806 and 2808 of the support surface 2800 to provide access to the sleeve
2820 by a caregiver. In some embodiments, the caregiver may insert and remove the cassette

2822 from the sleeve 2820 while a patient is positioned on the support surface 2800.
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[0390] The sleeve 2820 includes an inner liner 2860 that is bonded or welded to a rip stop
material 2862 of each zipper 2824 to seal the sleeve 2820. In some embodiments, the liner
2860 is welded with ultrasonic welding or radio-frequency welding. The liner 2860 is formed
from a water resistant material, e.g. thermoplastic. When the zippers 2824 are closed, the
sleeve 2820 is fluidly sealed to prevent fluid such as bodily fluids from entering the sleeve
2820. Accordingly, the sleeve 2820 prevents exposure of the cassette 2822 to fluids which

may damage the cassette.

[0391] The sleeve 2820 is able to open on both sides 2806 and 2808 to allow for wiping
down the sleeve 2820 without having to remove the support surface 2800 from service.
Caregivers can access the sleeve 2820 from either the right side 2806 or the left side 2808.
Additionally, the sleeve 2820 is larger than conventional sleeves allowing coverage from the
head to the seat/hip of the patient allowing for chest, abdominal, and hip x-rays. In some
embodiments, the sleeve 2820 may extend all the way to the foot end 2804 of the support
surface 2800. Because the sleeve 2820 is placed above a core of the support surface 2800,
the sleeve 2820 does not interfere with a microclimate system that may be incorporated into
the support surface 2800. The two separate compartments (the sleeve 2820 and the core) of
the support surface 2800 enable each compartment to accept a fully enclosed fire sock,
thereby enabling the support surface 2800 to pass a flame test. The sleeve 2820 can be

installed in a support surface 2800 with or without a topper.

[0392] Referring to Fig. 84, an x-ray cassette sleeve 2900 includes a pocket 2902 that is
formed from fabric. The fabric may be coated with a plastic coating, for example polyurethane.
The pocket 2902 includes open ends 2904, as shown in Fig. 85. A cavity extends between the
open ends 2904. Each of a pair of end panels 2906 is coupled to an end 2904 of the pocket
2902. In some embodiments, the panels 2906 are welded to the pocket 2902, for example
through radio-frequency welding. The panels 2906 include openings 2908 that extend through
the panel 2906. When the panels 2906 are welded to the pocket 2902, as shown in Fig. 86,
the openings 2908 in the panel 2906 are aligned with the open ends 2904 of the pocket 2902.
As shown in Fig. 85, an upper coupling member 2920 and a lower coupling member 2922
include a pocket flange 2924 and a panel flange 2926. The pocket flanges 2924 are welded to
the pocket 2902 at the ends 2904. The panel flanges 2926 are welded to the end panels 2906
so that the open end 2904 of the pocket 2902 is aligned with the opening 2908 of the panel
2906, as shown in Fig. 87. A zipper 2928 is welded to each of the upper coupling member
2920 and the lower coupling member 2922. The weld seals the coupling members 2920 and
2922 the zipper 2928 so that fluids cannot flow into the pocket 2902. Fig. 89 illustrates tabs
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2930 of each coupling member 2920, 2922 welded together over an end 2932 of the zipper
2928. The welded tabs 2930 seal the ends 2932 of the zipper 2928. As shown in Fig. 88, the
zipper 2928 is welded to the panels 2906 and closes the opening 2908. When in a zipped
condition, unzipping the zipper 2928 opens the respective opening 2908 to permit insertion of

an x-ray cassette into pocket 2902.

[0393] Referring to Fig. 90, the sleeve 2900 is welded to a bottom cover 2950 of a mattress.
The bottom cover 2950 includes a bottom panel 2952, a pair of side panels 2954, a head end
panel 2956, and a foot end panel 2958. The bottom panel 2952 extends between the side
panels 2954 and between the head end panel 2956 and the foot end panel 2958. The sleeve
2900 is welded to the side panels 2954 adjacent the head end panel 2956. Each of the end
panels 2906 of the sleeve 2900 is welded to a side panel 2954 of the cover 2950. The sleeve
2900 is welded to the cover 2950 so that the openings 2908 of the sleeve 2900 are accessible
from the side panels 2954 of the cover 2950. The welding and the zippers 2928 are

substantially fluid-proof to inhibit fluid on the mattress from entering the pocket 2902.

[0394] The bottom panel 2952 includes pockets 2970 that are configured to retain
components of the mattress. For example, the pockets 2970 may be configured to retain foam
blocks (not shown). The pockets 2970 are formed from a fabric material that is welded to the
bottom panel 2952. The fabric material is welded on three sides so that an opening is formed
on the fourth side. The opening provides access to the pocket 2970 to insert components of
the mattress. The bottom panel 2952 also includes an opening 2974 that is sized to receive a
power cord (described in detail below). As described below, the power cord extends from a
blower in the mattress to outside the mattress so that the blower may receive power from an

outlet.

[0395] The side panels 2954 include inlets 2980. The inlets 2980 are configured to permit
air to be drawn into the mattress by a blower assembly. As illustrated in Fig. 97, each inlet
2980 includes a body 3000 having a sidewall 3002 that defines a cavity 3004. The sidewall
3002 includes an outer flange 3006 that is welded to the side panel 2954 of the cover 2950 to
prevent fluid ingress into the mattress. A cover 3008 extends over a portion of an opening
3010 of the cavity 3004. The opening 3010 has an axis 3012. Fig. 98 illustrates a back side
3020 of the body 3000 having an opening 3022. The opening 3022 extends from the back
side 3020 to the cavity 3004. The cover 3008 partially blocks the opening 3022 to inhibit fluid
from flowing into the opening 3022. During operation of the blower assembly, air flows around

the cover 3008 and into the opening 3022.
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[0396] A plug 3030, shown in Fig. 99, is configured to be inserted into the opening 3022.
The plug 3030 includes a medial flange 3032 and an inlet connector 3034 extending from the
medial flange 3032. The plug 3030 has a passageway 3044 having an axis 3046 that is co-
axial to the axis 3012 of the opening 3010. The inlet connector 3034 is inserted into the
opening 3022 so that a lip 3036 of the inlet connector 3034 engages and locks to an opening
flange 3038 formed around the opening 3022, as illustrated in Fig. 100. The opening flange
3038 extends into the cavity 3004 causing the medial flange 3032 of the plug 3030 to rest
against the back side 3020 of the body 3000, as illustrated in Fig. 101. A blower connector
3040 extends from the medial flange 3032 in a direction opposite the inlet connector 3034.
The blower connector 3040 is configured to couple to an inlet of the blower via tubing or other
suitable conduit, as discussed below. The blower connector 3040 includes a lip 3042 to
secure the blower connector 3040 to the tubing leading to the inlet of the blower assembly.
During operation, air flows around the cover 3008 and through the plug 3030 and opening
3022 to the inlet of the blower. The cover 3008 and the opening flange 3038 cooperate to

inhibit fluid ingress into the blower.

[0397] The head end panel 2956 includes outlets 3050, as shown in Fig. 90. The outlets
3050 are configured to discharge air from the mattress. As illustrated in Fig. 92, each outlet
3050 includes a body 3052 having a sidewall 3054 that defines a cavity 3056. The sidewall
3054 includes an outer flange 3058 that is welded to the head end panel 2956 of the cover
2950 to prevent fluid ingress into the mattress. A cover 3060 extends over a portion of an
opening 3062 of the cavity 3056. The opening 3062 has an axis 3068. Fig. 93 illustrates a
back side 3058 of the body 3052 having an opening 3062. The opening 3062 extends from
the back side 3058 to the cavity 3056. The cover 3060 partially blocks the opening 3062 to
inhibit fluid from flowing into the opening 3062. A sidewall 3064 defining the opening 3062
includes a notch 3066.

[0398] A plug 3080, shown in Fig. 94, is configured to be inserted into the opening 3062.
The plug 3080 includes a flange 3082 and an outlet connector 3084 extending from the flange
3082. The plug 3080 has a passageway 3092 having an axis 3094 that co-axial to the axis
3068 of the opening 3062. The outlet connector 3084 is inserted into the opening 3062 so that
a flange 3086 of the outlet connector 3084 engages and locks to an opening flange 3090
formed around the opening 3062, as illustrated in Fig. 95. The opening flange 3090 extends
into the cavity 3056 causing the flange 3082 of the plug 3080 to rest against the back side
3058 of the body 3052, as illustrated in Fig. 96. Referring back to Fig. 94, a lip 3100 extends

from a bottom end 3102 of the outlet connector 3084 and into the cavity 3056, as shown in Fig.
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95. A tab 3104 is provided on the outlet connector 3084 and configured to engage the notch
3066 to prevent the lip 3100 from rotating.

[0399] During operation, air is discharged from the mattress through the opening 3062. The
cover 3060, the opening flange 3090 and the lip 3100 inhibit fluid ingress into the outlet 3050.
When the head end of the mattress is substantially horizontal, fluids are prevented from
entering the outlet 3050 by the cover 3060 and the opening flange 3090. However, as the
head end of the mattress is raised between a 0 degree and 65 degrees head tilt angle, fluids
from the mattress may begin to accumulate in the cavity 3056 of the outlet 3050. The lip 3100
inhibits these fluids from flowing into the opening 3062. That is, the lip 3100 is sized so that
fluids gathering in the cavity 3056 will flow out of the cavity along the head end of the mattress

before flowing back into the mattress through the opening 3062.

[0400] Referring to Fig. 91, a mattress 3200 includes the bottom cover 2950 and the sleeve
2900 welded to the bottom cover 2950. A blower assembly 3202 is positioned within the
mattress 3200. The blower assembly 3202 is illustrated in Fig. 102 and includes a housing
3204 that houses a fan (or blower) 3206 in a chamber 3208. A universal serial bus (USB) port
3214 is positioned within the housing 3204 to provide diagnostics access to the blower
assembly 3202. The housing 3204 includes an outlet 3210 that is in fluid communication with
the outlets 3050 positioned in the head end panel 2956 of the bottom cover 2950. A pair of
tubes 3212 extend from the housing 3204 and are in fluid communication with the inlets 2980
formed in the side panels 2954 of the bottom cover 2950. A power outlet 3220 of the housing
3204 is configured to couple a power cord 3222, shown in Fig. 91. Fig. 91 illustrates the cord
3222 extending toward a head end 3230 of the mattress 3200; however, it should be
appreciated that, as described below, the cord 3222 extends through the opening 2974 in the
bottom panel 2952 of the bottom cover 2950. The opening 2974 is sealed around the cord
3222, as described below, to inhibit fluid ingress through the opening 2974.

[0401]  Still referring to Fig. 91, foam filled bladders 3240 are positioned adjacent to the
blower assembly 3202 and extend between the blower assembly 3202 and the head end panel
2956 of the bottom cover 2950. The bladders 3240 include inlet valves (not shown) that allow
ambient air to flow into the bladders 3240. The ambient air passes through the bladders 3240
and exits through exit valves 3242. The bladders 3240 are arranged in a row and extend
laterally between the side panels 2954 of the bottom cover 2950. A foam panel 3250 encases
the bladders 3240 and the blower assembly 3202. A foot end 3252 of the foam panel 3250
includes apertures 3254 that enable the foot end 3252 of the foam panel 3250 to extend and
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retract as dictated by extension and retraction of a foot section of a bed frame (not shown). An
opening 3256 extends through the foam panel 3250 and is aligned with the outlet 3210 of the
blower assembly 3202.

[0402] A microclimate management (MCM) layer 3260 is positioned above the foam panel
3250 and zipped to the bottom cover 2950. The MCM layer 3260 is encased in a fire barrier
sock. An inlet 3262 of the layer 3260 extends from a foot end 3264 of the layer 3260. The
inlet 3262 is configured to be folded downward and extend through the opening 3256 in the
foam panel 3250. The inlet 3262 is coupled to the outlet 3210 of the blower assembly 3202.
In some embodiments, the inlet 3262 is secured around the outlet 3210 of the blower

assembly 3202 with hook and loop fasteners, snaps, or the like.

[0403] A fire barrier sock 3270 encases the foam panel 3250 and the bladders 3240. The
fire barrier sock 3270 is positioned over the sleeve 2900. The blower assembly 3202 is
positioned outside of the sock 3270. A hole is cut in the sock to connect the microclimate
management layer 3260 to the blower assembly 3202. The fire sock 3270 is secured to the
foam panel 3250 with retaining flanges 3251 coupled to the foam panel 3250. Holes are cut in
the sock 3270 to receive ends of the flanges 3251. A top cover 3272 is zipped to the bottom
cover 2950 to seal the mattress 3200.

[0404] Now referring to Fig. 103, a control circuit 3300 is positioned within the housing 3204
of the blower assembly 3202. The control circuit 3300 includes a control board 3001 with the
USB port 3214, which couples to a USB diagnostics device 3216 that receives diagnostics
information regarding the blower assembly 3202 to power the blower 3206. Another port 3302
provides power and control signals to the blower assembly 3202. There are two options
available for powering the control circuit 3300. First, the control circuit 3300 may be powered
from a frame 3304 of a patient support apparatus (not shown). In such an embodiment, a
power cable from the frame 3304 is plugged into the outlet 3221 of the housing 3204. The
frame 3304 includes a power supply 3306, e.g. 28 volt power supply, from which power is
supplied to board 3301 and to blower 3206.

[0405] In another embodiment, the control circuit 3300 is powered by an external power
source, for example a wall outlet. In such an embodiment, a power cord 3222 is coupled to the
wall outlet. The power cord 3222 is joined to an AC/DC power supply 3312, which is coupled
to the outlet 3220 of the housing 3204. A ground wire lug 3314 extends from the outlet 3220.

To provide a graphical user interface, a user interface device 3320 is coupled to an interface
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port 3322 of the control circuit 3300. The device 3320 may be coupled to a frame of the

patient support apparatus in some embodiments.

[0406] As shown in Fig. 104, a positive terminal 3350 and a negative terminal 3352 extend
from the outlet 3220 to the power supply 3212 to power the control board 3301. A ground wire
3354 extends from the outlet 3220 to a ground plate 3356. Another ground wire 3358 extends
from the ground plate 3356 to a bolt 3357 that extends through the housing 3204. An electrical
cable 3360 extends from power supply 3312 to the control board 3301. The electrical cable
3360 supplies power to operate the blower 3206 of the blower assembly 3202 and other

components of the control board 3301.

[0407] Referring now to Fig. 105, a ground wire 3380 is joined to the bolt 3357 that extends
through the housing 3204 and is routed along the power cord 3222. The ground wire 3380
and the power cord 3222 are sheathed together with a cover 3384 and extend to an overmold
3382. The power cord 3222 passes through the overmold 3382 and extends to the respective
plug. As shown in Fig. 106, the ground wire 3380 is inserted into the overmold 3382 and
coupled to the ground lug 3314, which extends from the other side of the overmold 3382. The
ground lug 3314 provides access for a ground continuity test that runs high current through the
ground line and monitors for maximum impedance. In some embodiments, an alligator clip is
attached to the ground lug 3380 on the overmold 3382 and the power cord 3222 is plugged

into a machine that measures the impedance.

[0408] The overmold 3382 includes a pair of ridges 3390 that form a notch 3392. That is,
the notch 3392 is formed between the ridges 3390 and configured to retain a clamp or tie. As
shown in Fig. 107, a somewhat frusto-conically shaped umbilical 3400 extends from the
opening 2974 in the bottom cover 2950 of the mattress 3200. The power cord 3222 extends
through the umbilical 3400. As shown in Fig. 108, the umbilical 3400 is pulled over the
overmold 3382 and a clamp or tie 3402 is secured around an end of the umbilical and the
overmold 3382. The tie 3402 is secured within the notch 3392 so that the ridges 3390 prevent
movement of the tie 3402. By coupling the umbilical 3400 to the overmold 3382, the power
cord 3222 is permitted to exit the mattress 3200, while maintaining a substantially fluid-proof

seal that inhibits ingress of fluids into the mattress 3200.

[0409] Although this disclosure refers to multiple embodiments, it will be appreciated that

aspects of each embodiment may be utilized with other embodiments described herein.
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[0410] Although this disclosure refers to specific embodiments, it will be understood by
those skilled in the art that various changes in form and detail may be made without departing

from the subject matter set forth in the accompanying claims.
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CLAIMS

1. A patient support apparatus comprising

a support surface configured to conduct air along a top face of the support surface
so that heat and moisture from a patient lying on the support surface are drawn away from the
top face of the support surface, the support surface including a therapeutic layer having a
plurality of bladders that are configured to inflate,

an opening formed in a side of the support surface,

a cavity extending from the opening into the support surface,

an inlet port positioned within the cavity and fluidly coupled to the top face and the
plurality of bladders, and

a blower assembly configured to position within the cavity, the blower assembly
having an outlet port that couples to the inlet port when the blower assembly is positioned
within the cavity, the blower assembly conducting air through the inlet port to at least one of

the top face of the support surface and at least one of the plurality of bladders.

2. The patient support apparatus of claim 1, further comprising an end of life indicator
coupled to the support surface to indicate when the support surface has reached an end of a

useful life of the support surface.

3. The patient support apparatus of claim 1, wherein:

the support surface includes a bottom ticking coupled to an upper ticking with a first
Zipper, and

the patient support apparatus further comprises an x-ray cassette sleeve having an
opening that is sealed by a second zipper positioned between the first zipper and the top face

of the support surface.

4. The patient support apparatus of claim 1, further comprising an x-ray cassette sleeve
having an opening that is sealed by a sleeve zipper that extends at least partially along three

sides of the support surface.

5. The patient support apparatus of claim 1, further comprising a heel support
mechanism built into a foot end of the support surface, the heel support mechanism being

configured to alter a height of the top face at the foot end of the support surface.

6. The patient support apparatus of claim 1, wherein:

the support surface includes at least one support element, and
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the patient support apparatus further comprises:

a flexible substrate positioned above the at least one support element,

a first conductive trace carried by the flexible substrate, and

a second conductive trace carried by the flexible substrate adjacent to the
first conductive trace, wherein an open circuit is formed between the first conductive
trace and the second conductive trace when the flexible substrate is dry, wherein the
presence of a threshold amount of liquid on the flexible substrate forms a closed
circuit with the first conductive trace and the second conductive trace due to the

flexible substrate being wet.

7. The patient support apparatus of claim 1, wherein the support surface further
comprises:

a protective layer positioned over the therapeutic layer, and

a control unit that is configured to inflate the therapeutic layer, wherein, in a normal
mode, the control unit is not coupled to the therapeutic layer and the therapeutic layer is
deflated, and, in a therapeutic mode, the control unit is coupled to the therapeutic layer to

inflate the therapeutic layer.

8. The patient support apparatus of claim 1, wherein the support surface further
comprises:

a foam support layer,

a foam mattress layer positioned on the foam support layer, wherein the therapeutic
layer positioned is on the foam mattress layer,

a protective layer positioned over the therapeutic layer, and

a control unit that is configured to inflate the therapeutic layer, wherein, in a normal
mode, the control unit is not coupled to the therapeutic layer and the therapeutic layer is
deflated, and, in a therapeutic mode, a hose couples the control unit to the therapeutic layer to

inflate the therapeutic layer.

9. The patient support apparatus of claim 1, wherein the blower assembly further
comprises:

a housing having a base that forms a vacuum chamber and a top cover sealed to
the base to create a pressurized chamber,

a fan positioned with the pressurized chamber,

a fan inlet sealed to the vacuum chamber,

a fan outlet in flow communication with the pressurized chamber, and
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a pair of housing inlets in flow communication with the vacuum chamber.

10. The patient support apparatus of claim 1, wherein the blower assembly is
controlled by:

setting a predetermined speed of the blower assembly,

monitoring the speed of the blower assembly,

comparing the monitored speed of the blower assembly to the predetermined
speed, and

determining whether the blower assembly has a blockage based on the comparison

of the monitored speed to the predetermined speed.

11. The patient support apparatus of claim 1, further comprising an x-ray cassette sleeve

having openings that extend at least partially along two sides of the support surface.

12. The patient support apparatus of claim 1, further comprising an x-ray cassette sleeve
having an opening that is sealed by a pair of sleeve zippers, wherein each of the pair of sleeve

zippers extends at least partially along a side of the support surface.

13. The patient support apparatus of claim 1, further comprising:
an electronics enclosure positioned within the support surface,
a wire extending from the electronics enclosure and grounded,
an overmold formed on the wire, and
a terminal extending from the wire through the overmold to provide a ground

test point.

14. The patient support apparatus of claim 1, further comprising a support surface outlet
port extending through the support surface and in fluid communication with the outlet port of
the blower assembly, the support surface outlet port having a lip to facilitate preventing the

ingress of fluids into the support surface outlet port.
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