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the use of patient turning schedul es, special support sleep surfaces
an ongoing and costly issue in health care worldwide. Ischemia to soft tissues is the

major contributor to the formation of pressure ulcers. The compression of the various
tissues between a boney prominence of an individual and the support surface they
are sitting or lying upon can lead to cell death if the pressure is high over a very short
15  period of time (e.g., sometimes in 1-2 hours) or lower pressures are experienced over

a more chronic, extended period of time.

If a patient is admitted to a facility or is incapacitated in the home, the current
standard of care for prevention or treatment of pressure ulcers involves repositioning
the at-risk patient every two hours to alleviate induced pressure points in any one

20 area. This methodology is cumbersome, involving much labor and effort on the part
of the caregiver. In addition, set schedules may be overlooked or may not be optimal
for all situations. A severely compromised patient, through advanced age, type of
injury, or other secondary illness may require special techniques or schedules to help

prevent ulcer formation.

25 Despite the use of patient turning schedules, special support sleep surfaces
and seating surfaces, there are still a significant number of new pressure ulcers that
develop each year in the U.S. alone. Statistics indicate that elderly patients admitted
to acute care hospitals for nonelective orthopedic procedures, such as hip
replacement and treatment of long bone fractures, are at even greater risk of

30 developing pressure ulcers. In addition, persons with spinal cord injury (SCI) and

associated comorbidity are also at increased risk.
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15 level of pressure is sufficient to periodically restrict and re-establish blood flow to the
tissue (e.g., capillary blood flow). The repeated restriction and re-establishment of

blood flow under controlled conditions is believed to cause the tissue to generate
responses that can reduce the likelihood of IRI if the tissue is subsequently subjected

to pressure for an extended period of time. For example, the repeated restriction and

20 re-establishment of blood flow may cause the production of antioxidants (e.g.,
glutathione), and/or other chemicals that can reduce the likelihood of IRI if the tissue

is subsequently subjected to pressure for extended periods of time.

Exemplary embodiments may comprise chemical or pharmacological agents

configured to reduce the likelihood that tissue subjected to pressure for extended

25  periods of time will experience IRI. For example, certain embodiments may include
the application of an agent configured to promote dilation of the blood vessels and
reduce the likelihood that blood flow is restricted to the point that stasis-induced IRI
results. In specific embodiments, adenosine can be applied to the tissue to promote

vasodilation.

30 Exemplary embodiments can be utilized by patients who will be temporarily

immobile (e.g., due to surgery) or chronically immobile.
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embodiments, the controller can be configured to control the pressure in the plurality

of variable-pressure chambers at the second pressure level for a second period of

time greater than 5 seconds and less than 5 minutes. In particular embodiments, the

first period of time is greater than 30 seconds and less than 4 minutes, and the

25  second period of time is greater than 30 seconds and less than 4 minutes. In specific

embodiments, the first period of time is greater than 1 minute and less than 2

minutes, and the second period of time is greater than 1 minute seconds and less

than 2 minutes.

In particular embodiments, the controlier can be configured to provide

30 compressed air to the plurality of variable-pressure chambers to increase the

pressure. In certain embodiments, the controller can be configured to vent air from

the plurality of variable-pressure chambers to decrease the pressure. In specific

embodiments, the variable-pressure chambers can be configured as expandable

tubing.
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varied between a first pressure level greater than 5 mm Hg and a second pressure
level less than 35 mm Hg. In particular embodiments, the controller can be
configured to generate bubbles via the release of compressed air.

Certain embodiments can include a system for reducing stasis-induced

25 ischemia reperfusion injury, where system comprises: a base; a plurality of cams;
and a controller configured to rotate the cams. The system may also comprise a
pressure sensor configured to measure an interface pressure and provide an
interface pressure measurement to the controller, where the controller can be
configured to rotate the cams so that the interface pressure can be varied between a

30 first pressure level greater than 5 mm Hg and a second pressure level less than 35
mm Hg. In particular embodiments, the controller may comprise a timing device to
control the duration that the interface pressure is maintained at a specific pressure

between the first pressure level and the second pressure level.
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BRIEF DESCRIPTION OF THE FIGURES

25 While exemplary embodiments of the present invention have been shown and
described in detail below, it will be clear to the person skilled in the art that changes
and modifications may be made without departing from the scope of the invention.
As such, that which is set forth in the following description and accompanying
drawings is offered by way of illustration only and not as a limitation. The actual

30 scope of the invention is intended to be defined by the following claims, along with

the full range of equivalents to which such claims are entitled.
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separate embodiment.

Figure 1 is a perspective view of one non-limiting, exemplary embodiment of a

pad system.

15 Figure 2 is a perspective view of one non-limiting, exemplary embodiment of a

pad system.

Figure 3 is a perspective view of one non-limiting, exemplary embodiment of a

pad system.

Figure 4 is a perspective view of one non-limiting, exemplary embodiment of a

20 pad system.

Figure 5 is a perspective view of one non-limiting, exemplary embodiment of a

pad system.

Figure 6 is a perspective view of one non-limiting, exemplary embodiment of a

pad system.

25 Figure 7 is a flowchart of one non-limiting, exemplary embodiment of a method

of reducing stasis-induced reperfusion injury.
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compressed air to the plurality of variable-pressure chambers. Controller 130 can
provide compressed air to the plurality of variable-pressure chambers when it is
desirable to increase the pressure. Controller 130 may also be coupled to a plurality

of vents (not shown) that can be manipulated to release pressure from the plurality of

20 variable-pressure chambers 120 when it is desirable to reduce the pressure in the
variable-pressure chambers 120. While variable-pressure chambers 120 are shown

in a cylindrical configuration in this embodiment, it is understood that other exemplary
embodiments may comprise variable-pressure chambers may comprise different

configurations, including for example, hemispherical.

25 In certain embodiments, base 110 comprises a material configured to
minimize interface pressures between system 100 and a patient. For example, base
110 may comprise a thin, flexible material that readily conforms to a patient's
epidermis. Base 110 may comprise a compressible material such as an open-cell

foam material that deforms when supporting the weight of the patient.

30 In certain embodiments, variable-pressure chambers 120 may be coupled

together so that multiple variable-pressure chambers are in fluid communication with



251 n certain enbodi nents, base 110 conprises a material configured to

mnimze interface pressures between system 100 and a patient. For exanple,
base 110 wayporianzpiosse a thin, flexible material that readrius2coniavns to a
patient's epiderms. Base 110 may conprise a conpressible material such as
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approximately 5 mmHg and 35 mmHg. It is understood that exenplary
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embodiments may include other pressure ranges necessary to induce a specific
physiological response. In exemplary embodiments, the induced physiological
response reduces the likelihood that the soft tissue will be subjected to a stasis-
20 induced ischemia reperfusion injury when the tissue is subjected to increased
pressure for extended periods of time. In specific embodiments, the induced
physiological response is the production of an antioxidant (e.g., glutathione) in the

soft tissue proximal to the epidermis of the patient.

In exemplary embodiments, the pressure can be increased and decreased in

25 acyclic pattern. For example, the pressure may be increased to a pressure near the

upper end of the range (e.g., between approximately 25 and 35 mm Hg) and held

there for a specific duration. In specific embodiments, the upper end of the pressure
range is (in mm Hg): 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, or 35.

In certain embodiments, the duration that the pressure is increased to this

30 range may last for 5, 10, 20, 30, 40, 50 or 60 seconds. In other embodiments, the



25 a cyclic pattern. For exanple, the pressure may be increased to a
pressure near the upper end of the range (e.g., between approximately 25
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that it exte across a specific portion 15 of a patiént. For exanple,
base 11ﬁ|numrs.be configured so that it extends across a boney protuberance
such as an el bow, hip, knee or heel of a patient. In certain enbodi ments,
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induced IRI (e.g., the production of antioxidants).

Referring now to the exemplary embodiment shown in FIG. 2, a system 200

comprises a base 210, a plurality of variable-pressure chambers 220 and a controller

230. In this embodiment, controller 230 is coupled (e.g., via a pneumatic, hydraulic,

25  or electrical coupling) to variable-pressure chambers 220 via conduit 240. In the
embodiment shown in FIG. 2, variable-pressure chambers 220 can be configured as
expandable tubing. In certain embodiments, base 210 can be configured as a
mattress, cushion, coverlet, or other substantially planar formation into which a
network of expandable tubing is embedded. System 200 can also comprise pressure

30 sensors (not shown for purposes of clarity) proximal to or within variable-pressure

chambers 220 to provide pressure measurements to controller 230.



30sensors (not shown for purposes of clarity) proximal to or wthin

vari abl e- pressure chanbers 220 to provi de pressure neasurenents to
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pressure exerted on the supported person. In certain embodiments, the pressure
can be increased and decreased in order to stimulate a desired physiological
response (e.g., the production of an antioxidant) in tissue supported by base 310. In
20 the embodiment shown, system 300 comprises one or more pressure sensors 335
configured to provide interface pressure measurements (e.g., measurements of the
pressure between base 310 and a person being supported by base 310) to controller

330.

Referring now to the exemplary embodiment shown in FIG. 4, a system 400

25 comprises a controller 430 and a base 410 containing a fluid (e.g., water). In this

embodiment, controller 430 is configured to generate bubbles 435 (e.g. gas

encapsulated in the fluid) that are propagated through the reservoir. The bubbles

may be generated via the release of compressed air into the reservoir or other

suitable mechanisms, including for example, micro-fluidic mechanisms. In the

30 embodiment shown, system 400 comprises a conduit 440 configured to distribute
bubbles 435.
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30 enbodi ment shown, system 400 conprises a conduit 440 configured to

di stribute bubbles 435. WD 2011/ 022305PCT/ US2010/ 045491 Syst em 400
can al so worepriveesoa plurality of pressure sensors (not ®oDws26i00433ar poses
of clarity) configured to provide pressure neasurenents to controller 430.

The propagation of bubbles 435 thro base 410 can be used tp control the
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por t i of @h artiiexisant) indisgue suppofed Py dasedOhe cans facing upward in the
position shown in FIG 5) is directed toward the patient. Control |l er
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cted away I en égrees fromthe position shown
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rf
pressure, e.g. the pressure near the interface t ween
in FIG. 5) is directed toward the patient.

Controller 530 can also rotate cams 520 so that the elongated portion of the

cams are directed away from the patient (e.g., 180 degrees from the position shown

20 in FIG. 5). When cams 520 are positioned 180 degrees from the position shown in
FIG. 5, the cams can exert a lower pressure against a person being supported by
system 500. The pressure exerted on specific locations of a person may also be
affected by having different cams in different positions (e.g., some cams facing up

and some cams facing down). In certain embodiments, the pressure can be

25 increased and decreased in order to stimulate a desired physiological response (e.g.,

the production of an antioxidant) in tissue supported by base 510.

System 500 can also comprise one or more pressure sensors 525 configured
to measure an interface pressure, e.g. the pressure near the interface between
system 500 and a person being supported by system 500. Sensors 525 can provide

30 feedback to controller 530 so that the position of cams 520 can be positioned to

provide the desired pressure between system 500 and a supported person.
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system 500 and a person being supported by system 500. Sensors 525 can
provi de 30 feedback to controller 530 so that the position of cans 520 can
be positiwoedittmsovi de the desired pressure between spysrarse@004m0d a
supported person. WO 2011/ 022305PCT/ US2010/ 045491 Control | er 530 may al so

conpri se timng device to control the duration that s e erts a
speci fmtw|@é§§8én@ha¥§osqﬂﬁb@rﬁ%ﬁ tisaing sigvice to contrd thag Fji/’ Oﬁbti‘/a?ﬁ YR'f

exenpl %@Sé@“ n%ﬁ’énglﬂegdﬂ'&@%s Féglh(é. ‘g’rp"?ﬁ?aypcé £5p.600 conprises a base

mat er i risin em cal rmacol ogi cal agent 620. 5 In the
enbodi nent shown, base material 610 can conprise a wap or bandage and
phar macol ogiRﬁérrmgemtbwﬁaﬁhmehﬂolaqnembndhlnémt sahqmuimFl@aﬁze sygtemrfiCeri al .

I n exenpl ary enbodi nent s nacolo |caI en can be.cqnfi to
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be co |gure O pronote dilation of the blood vessels and reduce

the | i lpblaithacalogivat apertdiR( inaw bescordsineiddn @doacbom gruZsolyive material.
stasis-induced IRl results upon application of pressure for extended

peri ods of tine. specific . ex oP C gent
620 conpris 3 eéﬁg}%%rynﬂgggﬂj/m%ﬁ@gg%@@g%d%q&gtq 0 g%?aglg f(fcacn?goca |t0(6)lns
(e.0., rb@i&Y tHY BlkalPRbaABaslissut whbjebtet &S pressufl i text&hdathpeliods iokeile WO
2011/ 022305PCT/ US2010/ 045491 CLAI M5
will experience IRI. For example, pharmacological agent 620 can be configured to
10 promote dilation of the blood vessels and reduce the likelihood that blood flow is
restricted to the point that stasis-induced IRI results upon application of pressure for
extended periods of time. In a specific exemplary embodiment, pharmacological
agent 620 comprises adenosine. System 600 can be applied to specific locations

(e.g., boney protuberances) in which stasis-induced IRI may be likely.
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1. A systemfor reducing stasis-induced ischem a reperfusion injury, the
system conprising: a base; a plurality of variabl e-pressure chanbers

coupl ed twotha/hame; a controller configured to control PCmaspeiessupe in the
plurality of variable-pressure chanbers at a first pressure |evel greater
than 5 mMm Hg and at a second pressure,l gel | ess than 35 nm Hg; and a
plurality of pressure sensors confi%hﬂﬁ_to provi de pressure neasurenents
to the controller. 2. The systemof claim1 wherein the controller is

confi gyr ed ngte?ﬁ/Fdri rﬁg‘%‘ﬁ% gk%s?g_n@u%ea h&cH¥nSiaTEp&rfiigloh *ﬂﬂw, thakydtymof

vari abl e-pressure c etween the first pressure’l ével and the second
pressure tawplisind: The systemof claim 1 wherein the pressure sensors are
configured to nmeasure pressure in the variabl e-pressure chanbers. 4. The
system of cl®P3® wherein the pressure sensors are configured to measure

pressure proxhiipdiity 8f VARaIEpkedd Pe RBhEADIFS 6B ES the Basdhe system of claim
1 wherein the controller is configured to control the pressure in the

plurality ofa eenticdler eopfigigredte contipbibeprassuradn the plurglite ok Madablevel for a

first period of time greater thap econd I ] nd
wherei ht he. coPIASIT T BPs At LA TS UEo R popr e e o Flarptfd &
plurality of vasdcH greRsgESIBUEl IESQ AT 35 AimtHE adeicond pressure level for a
second period of tine greater than 5 seconds and | ess than 5 m nutes. 6.

The syst em & plaralityrpfi praggerecsensaie cesligyren|ta Proyde pressye SLaHrYNsdisde
conpressed air t@x?téb%tr%lll rtal ity of variable-pressure chanbers to increase
the pressure. tf) he systém of claim 1, wherein the controller is
configured to vent air fromthe plurality of variabl e-pressure chanbers to
decrease the pressure. WO 2011/022305PCT/ US2010/ 045491 .
2. The system of claim 1 wherein the controller is configured to cyclically alternate
the pressure in the plurality of variable-pressure chambers between the first

pressure level and the second pressure level.

3. The system of claim 1 wherein the pressure sensors are configured to measure

pressure in the variable-pressure chambers.

4. The system of claim 1 wherein the pressure sensors are configured to measure

pressure proximal to the variable-pressure chambers.

5. The system of claim 1 wherein the controller is configured to control the pressure
in the plurality of variable-pressure chambers at the first pressure level for a first
period of time greater than 5 seconds and less than 5 minutes and wherein the
controller is configured to control the pressure in the plurality of variable-pressure
chambers at the second pressure level for a second period of time greater than 5

seconds and less than 5 minutes.

6. The system of claim 1, wherein the controller is configured to provide compressed

air to the plurality of variable-pressure chambers to increase the pressure.

7. The system of claim 1, wherein the controller is configured to vent air from the

plurality of variable-pressure chambers to decrease the pressure.
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8. The systemof claim1l wherein the variabl e-pressure chanbers are
configured as expandable tubing. 9. The system of claim 1l wherein the base
conpri seswe 201w2e3osand wherein the system further conpriPSEAIS2@0MEAC1
generator configured to propagate waves in the fluid; and a pressure sensor
configured to neasure an interface pressure and provide an interface
pressure neasurenent to the controller, wherein the controller is

confi gy efhd g %féfnyoftagirﬁ '1W@Wth@%ai%%-bi‘éé@@r@&hérﬂSeﬁr&@%?igdré@ﬁé@S so

that the intertace pressure I's varied between a first interface pressure

| evel greatpanddbéantubimgn Hg and a second interface pressure |evel |ess than
35 mMmm Hg. 10. The systemof claim9 wherein the controller is configured to
vary the frequency and anplitude of the propagated waves so that a

var i at ipnrihd o| AERT HRASINPH SHTEIER BRI @mprisdtys Haloahe bhdremrAgse capabl e
of reducing a stasis-induced ischema reperfusion injury to a soft tissue

engaged wsydtemHfarthaseomptiseShe system of claim 10 wherein the physi ol ogi cal
response is the production of an antioxi t. S of claim 11
wherein the %WEY‘%QPBSWOE %Or&gb‘{%‘i Brk’@ég%gwﬁégény{sﬁ%gf@%‘fé@nai m 1 wherein
the base compples8gredsdnsdr dopfigurebiad @hdasure spOintdrldegirebsureaitid grovied t o
generate bubbles in the fluid. 14. The s%st em of claim13 wherein the

control l er is aoftpgacearessuiemaasteenapbiodseoatiofer Maesaidns copBplessed
air. 15. The S?és(%o;?,\'??gﬁ]"%og{rg)sa\{/éwjthwﬂ%aﬁbﬂc;} BRd SAIBIRQAE 6F theSorbpaGARENRS SO

rotate a plurall
so that the interface pressure is varied between a first interface pressure
level greater than 5 mm Hg and a second interface pressure level less than

35 mm Hg.
10. The system of claim 9 wherein the controller is configured to vary the frequency
and amplitude of the propagated waves so that a variation in interface pressure
generates a physiological response capable of reducing a stasis-induced

ischemia reperfusion injury to a soft tissue engaged with the base.

11. The system of claim 10 wherein the physiological response is the production of

an antioxidant.
12. The system of claim 11 wherein the antioxidant is glutathione.

13. The system of claim 1 wherein the base comprises a fluid and wherein the

controller is configured to generate bubbles in the fluid.

14. The system of claim 13 wherein the controller is configured to generate bubbles

via the release of compressed air.

15. The system of claim 1 wherein the controller is configured to rotate a plurality of cams.
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