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[57] ABSTRACT

A method of treating tissue damage comprises applying a 
negative pressure to a wound sufficient in time and magni­
tude to promote tissue migration and thus facilitate closure 
of the wound. The method is applicable to wounds, burns, 
infected wounds, and live tissue attachments. A wound 
treatment apparatus is provided in which a fluid imperme­
able wound cover is sealed over a wound site. A screen in the 
form of an open-cell foam screen or a rigid parous screen is 
placed beneath the wound cover over the wound. A vacuum 
pump supplies suction within the wound cover over the 
treatment site.
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WOUND TREATMENT EMPLOYING 
REDUCED PRESSURE

This application is a continuation-in-part of co-pending 
application Ser. No. 07/792,001, entitled “Method of Treat­
ing Tissue Damage and Apparatus for Same,” filed on Nov. 
14, 1991.

FIELD OF THE INVENTION

The present invention relates to an apparatus and method 
for treating a wound by applying reduced pressure to the 
wound.

BACKGROUND OF THE INVENTION

The treatment of open wounds that are too large to 
spontaneously close has long been a troublesome area of 
medical practice. Closure of an open wound requires inward 
migration of surrounding epithelial and subcutaneous tissue. 
Some wounds, however, are sufficiently large or infected 
that they are unable to heal spontaneously. In such instances, 
a zone of stasis in which localized edema restricts the flow 
of blood to the epithelial and subcutaneous tissue forms near 
the surface of the wound. Without sufficient blood flow, the 
wound is unable to successfully fight bacterial infection and 
is accordingly unable to close spontaneously.

An initial stage of wound healing is characterized by the 
formation of granulation tissue which is a matrix of 
collagen, fibronectin, and hyaluronic acid carrying 
macrophages, fibroblasts, and neovasculature that forms the 
basis for subsequent epithelialization of the wound. Infec­
tion and poor vascularization hinder the formation of granu­
lation tissue within wounded tissue, thereby inhibiting 
wound healing. It therefore becomes desirable to provide a 
technique for increasing blood circulation within wounded 
tissue to promote spontaneous healing and to reduce infec­
tion.

Poor blood circulation and infection at the wound may 
also hinder attachment of skin grafts or flaps upon wounded 
tissue. Skin grafts and flaps will not attach to tissue that is 
poorly vascularized, infected or necrotic. However, grafts 
and flaps can be used with much greater success on tissue 
that, although wounded, is able to form granulation tissue. 
Accordingly, a technique for promoting blood circulation at 
the wounded tissue would also promote successful 
attachment, or “take,” of skin grafts or flaps to the wounded 
tissue as a consequence of increased blood circulation within 
the grafts or flaps.

Another problem encountered during the treatment of 
wounds is the selection of an appropriate technique for 
wound closure during the healing process. Sutures are often 
used to apply force to adjacent viable tissue in order to 
induce the edges of a wound to migrate together and heal. 
However, sutures apply a closure force to only a very small 
percentage of the area surrounding a wound. When there is 
scarring, edema, or insufficient tissue, the tension produced 
by the sutures can become great causing excessive pressure 
to be exerted by the sutures upon the tissue adjacent to each 
suture. As a result, the adjacent tissue often becomes 
ischemic thereby rendering suturing of large wounds coun­
terproductive. If the quantity or size of the sutures is 
increased to reduce the tension required of any single suture, 
the quantity of foreign material within the wound is con­
comitantly increased and the wound is more apt to become 
infected. Additionally, the size or type of a particular wound 
may prevent the use of sutures to promote wound closure. It 
therefore becomes desirable to provide an apparatus and 
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2
method for closing a large wound that distributes a closure 
force evenly about the periphery of the wound.

Wounds resulting from ischemia, or lack of blood flow, 
are also often difficult to heal since decreased blood flow to 
a wound may inhibit normal immune reaction to fight 
infection. Patients that are bedridden or otherwise non- 
ambulatory are susceptible to such ischemic wounds as 
decubitus ulcers or pressure sores. Decubitus ulcers form as 
a result of constant compression of the skin surface and 
underlying tissue thus restricting circulation. Since the 
patient is often unable to feel the wound or to move 
sufficiently to relieve the pressure, such wounds can become 
self-perpetuating. Although it is common to treat such 
wounds with flaps, the conditions that initially caused the 
wound may also work against successful flap attachment 
Wheelchair-bound paraplegics, for example, must still 
remain seated after treatment of pelvic pressure sores. It 
therefore becomes desirable to provide a treatment proce­
dure for ischemic wounds that can be conducted in situ upon 
an immobile or partially mobtie patient

Other types of wounds in which ischemia leads to pro­
gressive deterioration include partial thickness bums. A 
partial thickness burn is a bum in which the cell death due 
to thermal trauma does not extend below the deepest epi­
dermal structures such as hair follicles, sweat glands, or 
sebaceous glands. The progression of partial thickness bums 
to deeper bums is a major problem in burn therapy. The 
ability to control or diminish the depth of bums greatly 
enhances the prognosis for bum patients and decreases 
morbidity resulting from burns. Partial thickness bums are 
formed of a zone of coagulation, which encompasses tissue 
killed by thermal injury, and a zone of stasis. The zone of 
stasis is a layer of tissue immediately beneath the zone of 
coagulation. Cells within the zone of stasis are viable, but 
the blood flow is static because of collapse of vascular 
structures due to localized edema. Unless blood flow is 
re-established within the zone of stasis soon after injury, the 
tissue within the zone of stasis also dies. The death of tissue 
within the zone of stasis is caused by lack of oxygen and 
nutrients, reperfusion injury (re-establishment of blood flow 
after prolonged ischemia), and decreased migration of white 
blood cells to the zone resulting in bacterial proliferation. 
Again, it becomes desirable to provide a technique for 
treating burn wounds by enhancing blood circulation to the 
wounded tissue to inhibit bum penetration.

SUMMARY OF THE INVENTION

In accordance with the present invention a wound treat­
ment apparatus is provided for treating a wound by applying 
reduced pressure (i.e. pressure that is below ambient atmo­
spheric pressure) to the wound in a controlled manner for a 
selected time period. The application of reduced pressure to 
a wound provides such benefits as faster healing, increased 
formation of granulation tissue, closure of chronic open 
wounds, reduction of bacterial density within wounds, inhi­
bition of bum penetration, and enhancement of flap and graft 
attachment. Wounds that have exhibited positive response to 
treatment by the application of negative pressure include 
infected open wounds, decubitus ulcers, dehisced incisions, 
partial thickness bums, and various lesions to which flaps or 
grafts have been attached.

The wound treatment apparatus in accordance with the
present invention includes a reduced pressure application
appliance which is applied to a treatment site at which there
is a wound and normal tissue surrounding the wound. The
reduced pressure application appliance includes a fluid
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impermeable wound cover for covering and enclosing the 
wound. The appliance also includes sealing means for 
sealing the wound cover to the surrounding tissue of the 
wound in order to maintain reduced pressure in the vicinity 
of the wound during wound treatment When the wound 
cover is sealed in position over the wound site, a generally 
fluid-tight or gas-tight sealed enclosure is formed over the 
wound site. The sealing means may be in the form of an 
adhesive applied to the underside of the wound cover for 
sealing the wound cover around the periphery of the wound. 
The sealing means may also include a separate sealing 
member such as an adhesive strip or a sealing ring in the 
form of a tubular pad or inflatable cuff secured to the wound 
cover for positioning around the periphery of the wound. In 
selected embodiments, the reduced pressure within the 
sealed enclosure under the wound cover may serve to seal 
the wound cover in position at the wound site. The reduced 
pressure appliance also includes a suction port for supplying 
reduced pressure within the sealed volume enclosed beneath 
the wound cover. The suction port may be in the form of a 
nipple on the wound cover. Alternatively, the suction port 
may be in the form of a tube attached to the wound cover or 
provided as a feedthrough beneath the wound cover. The 
appliance may also include a porous wound screen for 
placement in the wound or in position overlying the wound 
in order to prevent overgrowth of wound tissue during 
treatment. The wound screen is sufficiently porous to permit 
gas flow to the wound. The porous wound screen may be in 
the form of a sponge or opencell foam material for place­
ment in the wound. The porous screen may also include a 
rigid or semi-rigid screen for overlying the wound.

A vacuum system is connected with the reduced pressure 
appliance in order to provide suction or reduced pressure to 
the appliance. For this purpose, the vacuum system includes 
a suction pump or suction device for connection with the 
suction port of the appliance for producing the reduced 
pressure over the wound site. The vacuum system may 
include a section of hose or tube, such as a vacuum hose, that 
interconnects the suction device with the suction port of the 
appliance to provide the reduced pressure at the wound site. 
A collection device in the form of a fluid trap may be 
provided intermediate the vacuum hose of the suction device 
and the suction port of the appliance to trap any exudate 
which may be aspirated from the wound by the negative 
pressure appliance. A stop mechanism may also be provided 
for the vacuum system to halt production of the reduced 
pressure at the wound site in the event that an excessive 
quantity of exudate has been collected. The apparatus may 
also include a control device for controlling the pump and 
for providing intermittent or cyclic production of reduced 
pressure.

In a particular embodiment of the invention, the wound 
cover for the reduced pressure appliance may be in the form 
of a gas impermeable covering sheet of flexible polymer 
material, such as polyethylene, having an adhesive backing 
that provides the seal for securing the sheet over the wound 
site to provide an gas-tight or fluid-tight sealed enclosure 
over the wound site. The vacuum system of the wound 
treatment apparatus may include a suction pump having a 
vacuum hose that is connected with a suction tube serving as 
a suction port for the appliance. The suction tube for the 
appliance runs beneath the cover sheet that is sealed in 
position over the wound site and into the fluid-tight enclo­
sure provided under the cover sheet. An adhesive backing on 
the cover sheet is used to provide a fluid-tight seal around 
the feedthrough for the suction tube at the wound site. 
Within the enclosure, the suction tube is connected with a 
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4
piece of open-cell foam for placement in the wound. The 
open-cell foam functions to more uniformly apply reduced 
pressure or suction over the wound site while holding the 
cover sheet substantially out of the wound during the 
application of reduced pressure at the enclosed wound site.

In operation, a method of treating tissue damage is 
provided which comprises applying a negative or reduced 
pressure to a wound over an area sufficient to promote the 
migration of epithelial and subcutaneous tissue toward the 
wound and for a time period sufficient to facilitate closure of 
the wound. The method is useful for treating pressure sores.

A method of treating a burn wound is also provided which 
comprises applying a negative or reduced pressure to the 
bum over an area and for a time sufficient to inhibit 
progression in the depth of the bum. The method is useful on 
a partial thickness bum soon after its infliction.

A method of treating tissue damage is also provided 
which comprises applying a negative or reduced pressure to 
a wound for a time sufficient to reduce bacterial density in 
the wound. One use of this method is its application to a 
wound for a selected time period such as at least three days 
to reduce the bacterial density of an infected wound to the 
point at which surgical closure can be attempted.

Another aspect of the invention is a method of enhancing 
the attachment of adjacent tissue to a wound which com­
prises applying negative or reduced pressure to a joined 
complex of the adjacent living tissue and the wound at a 
sufficient magnitude of reduced pressure and for a sufficient 
time duration to promote the migration of epithelial and 
subcutaneous tissue toward the complex. This method 
enhances attachment of adjacent tissue to tissues of the 
wound edges. Another use of this method is to enhance 
attachment of an open skin graft to the wound tissue.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing summary, as well as the following detailed 
description of the preferred embodiments of the present 
invention, will be better understood when read in conjunc­
tion with the appended drawings, in which:

FIG. 1 is a schematic elevational view of a wound 
treatment apparatus in accordance with the present invention 
in which a reduced pressure appliance, shown in partial 
section, includes a flexible, fluid impermeable wound cover 
sealed over the wound and a foam wound screen positioned 
in the wound, and in which a vacuum system provides 
reduced pressure within the wound cover of the appliance;

FIG. 2 is a schematic sectional elevational view of a 
reduced pressure appliance in accordance with another 
embodiment of the present invention having a rigid, fluid 
impermeable wound cover sealed over a wound and a rigid 
or semi-rigid screen overlying the wound;

FIG. 3 is a schematic sectional elevational view of a 
reduced pressure appliance in accordance with another 
embodiment of the present invention having a rigid, fluid 
impermeable wound cover sealed over a wound;

FIG. 4 is a schematic sectional elevational view of a 
reduced pressure appliance in accordance with another 
embodiment of the present invention having a semi-rigid, 
fluid impermeable cover enclosing a wound and a rigid or 
semi-rigid screen overlying the wound, with an overlying 
flexible fluid impermeable cover sheet sealing the enclosure 
over the wound;

FIG. 5 is a schematic elevational view of a reduced
pressure appliance, shown in partial section, in accordance
with another embodiment of the present invention having a
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flexible, fluid impermeable wound cover over an inner rigid 
porous support cup;

FIG. 6 is a schematic elevational view of a reduced 
pressure appliance, shown in partial section, having a rigid 
outer frame with support legs for supporting a flexible, fluid 
impermeable sealing cover over a wound;

FIG. 7 is a schematic elevational view in partial section of 
an alternative fluid collection device having a float valve for 
use in the vacuum system of FIG. 1;

FIG. 8 is a schematic view of an alternative vacuum 
system;

FIG. 9 is a schematic view of an alternative vacuum 
system incorporating a fluid collection device having an 
actuator for de-activating the vacuum system upon collec­
tion of a predetermined quantity of fluid;

FIG. 10 is a schematic cross-sectional view of a reduced 
or negative pressure appliance comprising an open-cell 
polymer foam screen, a flexible hose for connecting the 
foam screen with a vacuum system, and an adhesive-backed 
flexible polymer sheet overlying the foam-hose assembly to 
provide a seal over a wound; and

FIG. 11 is a schematic cross-sectional view of a reduced 
or negative pressure appliance comprising a rigid porous 
screen for a wound, a rigid or semi-rigid cup for covering the 
wound having an inflatable cuff attached about the base of 
the cup, and a flexible hose extending from the cup for 
connection with a vacuum system.

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS

In accordance with the present invention, a wound treat­
ment apparatus is provided for treating a wound by appli­
cation of reduced pressure (i.e., below atmospheric pressure) 
so that suction may be applied to a wound site in a controlled 
manner for a selected time period. As schematically shown 
in FIG. 10, a wound treatment apparatus includes a reduced 
pressure appliance, generally designated 600, which is 
applied to a wound site to treat the wound through the 
application of reduced pressure. The appliance 600 is sealed 
in position over the wound site to create a generally fluid- 
tight or gas-tight enclosure over the wound site.

The appliance 600 includes a substantially flat section of 
open cell polyester foam section 610 (Fischer Scientific, 
Pittsburgh, Pa. 15219) sufficiently large to cover the wound 
and thus prevent wound overgrowth, a flexible hollow tube 
611 (Fischer Scientific) inserted into the open cell foam 
section 610 and joined thereto with an adhesive and extend­
ing to attach at its opposite end with a Gast Vacuum pump 
(Fischer Scientific), and an loban adhesive sheet 612 
(Minnesota Mining and Manufacturing, St Paul, Minn. 
55144) overlying the foam section 610 and tubing 611 and 
adhered to the skin surrounding the wound, thus forming a 
seal that allows creation of a vacuum when the suction pump 
operates. Such an appliance 600 would most preferably be 
packaged in a sterile condition to ameliorate the need for 
sterilization of the apparatus prior to use. The adhesive sheet 
612 may be packaged separately from the foam-tube assem­
bly 610 and 611. Aparticular advantage of this configuration 
is its use with pressure sores because the device can be 
placed in the depths of the wound and the patient can lie 
upon the device without either affecting the utility of the 
device or further damaging the wound. This becomes critical 
if the patient cannot be moved from this posture for medical 
or other reasons.

As shown in FIG. 11, a reduced pressure appliance, 
generally designated 615, in accordance with another
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6 
embodiment of the present invention, is schematically 
depicted. The reduced pressure appliance 615 includes an 
adult CPR mask 620 (Doug Brown and Associates, Hun­
tington Beach, Calif. 92648) comprising a rigid or semi­
rigid fluid impermeable cup 621 having an inflatable cuff 
622 mounted around the periphery of the base of the cup 622 
for contact with the skin, an open cell polyester screen 624 
overlying the wound, and a flexible '% inch diameter hose 
623 (Fischer Scientific) connected by a Nalgene tubing 
connector extending through a sealed hole in the cup for 
connection with a vacuum pump (Fischer Scientific). The 
hose 623 is connected with the pump 40 of a vacuum system 
30 of the type shown in FIG. 1 to provide reduced pressure 
within the cup 621. The vacuum created within the cup 621 
by the vacuum system may be sufficient to seal the cup in 
position over the wound site. Alternatively, fluid imperme­
able adhesive covering or strips may also be used to seal the 
appliance 615 in proper position.

Referring to FIG. 1, a wound treatment apparatus, gen­
erally designated 25, is depicted having a reduced pressure 
appliance 29 for enclosing a wound site to provide a 
fluid-tight or gas-tight enclosure over the wound site to 
effect treatment of a wound 24 with reduced or negative 
pressure. The wound treatment apparatus 25 includes a 
reduced pressure appliance, generally designated 29, which 
is applied to and sealed over a wound site in order to enclose 
the wound site for treatment with suction or reduced pres­
sure within a sealed generally fluid-tight or gas-tight enclo­
sure. For the purpose of creating suction within the appli­
ance 29, the appliance 29 is connected with a vacuum 
system, generally designed 30, to provide a source of suction 
or reduced pressure for the sealed appliance 29 at the wound 
site. The appliance 29 includes a fluid-impermeable wound 
cover 18 in the form of a flexible, adhesive, fluid imperme­
able polymer sheet for covering and enclosing the wound 24 
and the surrounding normal skin 22 at the wound site. The 
wound cover 18 includes an adhesive backing 20 which 
functions to seal the wound cover to the normal skin 22 
around the periphery of wound 24 to provide a generally 
gas-tight or fluid-tight enclosure over the wound 24. The 
adhesive cover sheet 18 must have sufficient adhesion to 
form a fluid-tight or gas-tight seal 19 around the periphery 
of the wound and to hold the sheet 18 in sealed contact with 
the skin during the application of suction or reduced or 
negative pressure.

The appliance 29 also includes a porous wound screen 10 
which is placed within the wound 24. The wound screen 10 
is placed over substantially the expanse of the wound to 
prevent its overgrowth. The size and configuration of the 
wound screen 10 can be adjusted to fit the individual wound. 
It can be formed from a variety of porous materials. The 
material should be sufficiently porous to allow oxygen to 
reach the wound. The wound screen 610 may be in the form 
of an open-cell polymer foam, such as a polyurethane foam, 
which is sufficiently porous to allow gas flow to and/or from 
the wound 24. Foams may be used that vary in thickness and 
rigidity, although it may be desirable to use a spongy 
material for the patient’s comfort if the patient must lie upon 
the appliance during treatment The foam may also be 
perforated to enhance gas flow and to reduce the weight of 
the appliance. As shown in FIG. 1, the screen 10 is cut to an 
appropriate shape and size to fit within the wound 24. 
Alternatively, the screen may be sufficiently large to overlap 
the surrounding skin 22.

The appliance 29 also includes a suction port in the form
of a hollow suction tube 12 that connects with the vacuum
system 30 to provide suction within the sealed enclosure.
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The suction tubing 12 serves as a suction port for appliance 
29. An end segment 12α of the tubing 12 is embedded within 
the foam screen 10 for providing suction or reduced pressure 
within the enclosure provided under the wound cover 18. 
Embedding the open end of segment 12α of tubing 12 within 
the interior of the foam screen 10 permits the foam screen 10 
to function as a shield to help prevent the wound cover 18 
from being inadvertently sucked into sealing engagement 
with the open end of the tube thereby plugging the tube 12 
and restricting gas flow. The tube segment 12α embedded 
within the foam screen 10 preferably has at least one side 
port 14 for positioning within the interior of the foam screen 
10 to promote substantially uniform application of reduced 
pressure throughout the enclosure. Positioning the side port 
14 of tube segment 12α within the interior of the foam screen 
10 permits the foam screen 10 to function as a shield for the 
side port to thereby prevent the wound cover 18 from being 
sucked into the side port 14 and thereby restricting gas flow. 
The open cells of the foam screen 10 facilitate gas flow 
throughout the enclosure. In addition, the foam screen 10 
functions to prevent wound overgrowth and to hold the 
wound cover 18 generally out of contact with the wound 24 
during the application of suction within the enclosure.

Tubing 12 and tube segment 12α are sufficiently flexible 
to permit movement of the tubing but are sufficiently rigid 
to resist constriction when reduced pressure is supplied to 
the appliance 29 or when the location of the wound is such 
that the patient must sit or lie upon the tubing 12 or upon the 
reduced pressure appliance 29. The screen-tube assembly 
comprising the foam screen 10 and the tube 12 may be 
fabricated by snaking the end of the tube segment 12α 
through an internal passageway in the foam screen 10 such 
as by pulling the end of the tube segment 12α through the 
passageway using forceps. Alternatively, fabrication of the 
screen-tube assembly may be accomplished by suspending 
the end of the tube segment 12α into a suitable mold or form 
and then blowing foam into the mold or form to embed the 
tube end segment 12α within the blow-molded foam screen. 
The screen-tube assembly 12 and 10 is preferably prepared 
prior to use under sterile conditions and then stored in an 
aseptic package.

In order to use the reduced pressure appliance 29 at the 
site of the wound 24, the flexible, gas-impermeable, adhe­
sive wound cover sheet 18 is secured in position at the 
wound site overlying the foam screen 10 disposed within the 
wound 24. The wound cover sheet 18 is secured and sealed 
to the surrounding normal skin 22 by an adhesive layer 20 
on the under surface of the wound cover 18 to form a 
gas-tight seal 19 around the periphery of the wound 24. The 
wound cover 18 also provides a gas-tight seal around the 
tubing 12 at the feedthrough location 22α where the tubing 
12 emerges from beneath the wound cover 18. The wound 
cover 18 is preferably formed of a fluid impermeable or gas 
impermeable flexible adhesive sheet such as loban, a prod­
uct of the 3M corporation of Minneapolis, Minn.

The vacuum system 30 includes a suction pump 40 that 
produces a source of reduced pressure or suction which is 
supplied to the reduced pressure appliance 29 by suction 
tubing 12. As shown in FIG. 1, a fluid trap, generally 
designated 28, is interconnected between the suction pump 
40 and the appliance 29 to remove and collect any exudate 
which may be aspirated from the wound 24 by the reduced 
pressure appliance. The appliance 29 functions to actively 
draw fluid or exudate from the wound 24. Collection of 
exudate in a fluid trap 28 intermediate the pump 40 and the 
appliance 29 is desirable to prevent clogging of the pump 40. 
A suitable fluid trap 28 may be assembled from an Erlen- 

5

10

15

20

25

30

35

40

45

50

55

60

65

8
meyer or side-arm flask 31 having a top opening and a 
side-arm opening. The fluid trap 28 includes a first port 32 
at the top opening of the flask for sealed connection to 
suction tubing 12. The first port 32 enables suction to be 
applied to the reduced pressure appliance 29 through the 
tubing 12 and also enables exudate from the wound covered 
by reduced pressure appliance 29 to be drained into the flask 
31. The flask 31 provides a collecting vessel 33 for the fluid 
trap for containing and temporarily storing the collected 
exudate. A suction port 34 is provided at the side-arm 
opening of the flask to enable the application of suction from 
vacuum pump 40. The suction port 34 of the fluid trap 28 is 
connected to the vacuum pump 40 by vacuum line 36. The 
fluid trap 28 is sealed generally gas-tight to enable the 
suction pump 40 to supply suction to the appliance 29 
through the fluid trap 28. A filter 38 such as micropore filter 
is preferably attached to the exhaust of the pump 40 to 
prevent potentially pathogenic microbes or aerosols from 
being vented to atmosphere by the vacuum pump 40.

Predetermined amounts of suction or reduced pressure are 
produced by the vacuum pump 40. The vacuum pump 40 is 
preferably controlled by a control device 44 such as a switch 
or a timer which may be set to provide cyclic on/off 
operation of the vacuum pump 40 according to user-selected 
intervals. Alternatively, the vacuum pump 40 may be oper­
ated continuously without the use of a cyclical timer.

The vacuum system 30 preferably includes a shutoff 
mechanism for halting or inhibiting the supply of the 
reduced pressure to the appliance 29 in the event that the 
exudate aspirated from the wound 24 exceeds a predeter­
mined quantity. Interrupting the application of suction to the 
appliance 29 is desirable to prevent exsanguination in the 
unlikely event a blood vessel ruptures under the wound 
cover 18 during treatment. If, for example, a blood vessel 
ruptures in the vicinity of the wound 24, a shut-off mecha­
nism would be useful to prevent the vacuum system 30 from 
aspirating any significant quantity of blood from the patient 
As a safety feature, various mechanical or electrical detec­
tion mechanisms may be employed to detect the level of 
exudate in the fluid trap 28.

As shown in FIG. 7, a fluid trap 28 employing a collection 
bottle or flask 35 is provided for connection intermediate the 
pump 40 and the appliance 29 for collecting exudate from 
the wound site. The flask 35 has a side-arm port 43 con­
nected to suction tube 12 leading to the reduced pressure 
appliance 29 and a suction port 34 located at the top 44 of 
the flask 35 connected to the vacuum hose 36 leading to the 
vacuum pump 40. For the purpose of detecting liquid level 
within the flask 35, a float valve assembly, generally desig­
nated 39, is provided. The float-valve assembly 39 functions 
to close and seal off the suction port 34 of the fluid trap 28 
when the quantity of exudate in the collecting vessel 33 
exceeds a predetermined quantity. The float valve assembly 
39 is provided in the form of a ball 46 which is held and 
suspended within a cage 47 positioned below a valve seat 48 
disposed within the opening at the top 44 of the flask 35. The 
ball 46 has a specific gravity below that of the exudate so 
that the ball 46 will float upon the exudate and will be lifted 
against the valve seat 48 as the vessel 33 fills with exudate. 
When the ball 46 is firmly seated against the valve seat 48, 
the float valve 39 blocks suction port 34 and thereby shuts 
off the source of suction from vacuum line 36. The suction 
within the appliance 29 at the wound site arrests thus halting 
the aspiration of exudate from the wound.

Other types of mechanisms may be employed to detect the
liquid level within the fluid trap 28 in order to arrest
operation of the vacuum source. An alternative vacuum
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system 30α is shown in FIG. 8 in which a filter 38α is 
employed in vacuum line 36 for filtering the fluid or gas flow 
through the vacuum line 36 and for detecting the level of 
liquid in fluid trap 28. Exudate from the wound is collected 
in vessel 33. When the vessel 33 becomes full, aspiration of 
further exudate from the wound causes the vacuum line 36 
to begin to collect exudate which eventually reaches the 
in-line filter 38a positioned in the vacuum line 36 interme­
diate the fluid trap 28 and the pump 40α having operational 
control 44α. The filter 38α contains a filter element that is 
selected to clog when exposed to sufficient amounts of 
moisture to thereby halt the supply of suction through the 
fluid trap 28 to the appliance 29. The filter 38α is preferably 
an in-line, disc-shaped submicron filter having a nitrocellu­
lose or FTFE filtration element for filtering particles larger 
than about 0.1 pm from the vacuum line 36. In addition to 
preventing excess fluid aspiration, the filter 38α in the 
vacuum line 36 prevents contamination of the vacuum pump 
40 by filtering potentially pathogenic microbes and aerosols.

Other types of detection devices may also be employed to 
detect a predetermined level of liquid collected in collection 
vessel 33. For example, collection of exudate in excess of a 
predetermined quantity may enable actuation of an elec­
tronic switch which turns off the vacuum pump or otherwise 
halts the supply of suction to the reduced pressure appliance 
29. Referring to FIG. 9, the suction tubing 12 from the 
reduced pressure appliance 29 is connected to a three-port 
coupling device 160 that interconnects suction tube 12, 
vacuum line 36b and fluid collecting apparatus 131. The 
coupling device 160 permits transmission of suction from 
the vacuum line 36b of the pump 40b to the suction tubing 
12. The coupling device 160 also permits aspirated exudate 
from tubing 12 to be collected in an expandable container, 
such as an intravenous fluid bag 162, housed beneath the 
coupling device 160 in a rigid housing vessel 33b. As 
exudate is collected, the bag 162 expands to conform to the 
shape of the interior surface of the surrounding rigid vessel 
33b. An actuator 166, such as a spring-loaded actuator 
switch, is located within the side wall of the rigid vessel 33b 
and functions to shut off the pump 40b upon actuation of the 
switch 166. When the bag 162 expands sufficiently to 
contact and actuate switch 166 as shown in dashed lines at 
162α in FIG. 9, the switch 166 is opened and the supply of 
power to the pump 40b along power line 164 is interrupted 
and the supply of suction to the appliance 29 is stopped. The 
actuator switch 166 may also cooperate with control 44b for 
the pump 40b to stop operation of the pump 40b. Other types 
of devices may also be employed to detect fluid levels in 
fluid trap 28. For example, weight detectors may be 
employed to detect a predetermined weight limit as the fluid 
trap fills with exudate or other liquid. Alternatively, optical 
sensors or detectors may also be employed.

For the purpose of protecting the site of a wound from 
impact or abrasion during treatment, a reduced pressure 
appliance employing a rigid or semi-rigid wound cover may 
be utilized over the site of the wound. As shown in FIG. 2, 
a reduced pressure appliance 29α includes a CPR mask 58 
that provides a rigid wound cover for enclosing an 
appropriately-sized wound 74. The mask 59 is impermeable 
to fluids or gases so that a fluid-tight or gas-tight enclosure 
is effected over the wound site. The mask 59 is sufficiently 
rigid to support itself away from the wound during the 
application of suction or reduced pressure so that the mask 
59 does not collapse into the wound 74. The CPR mask 58 
is of the type having an inflatable air cuff 59 around the base 
of the mask. The cuff 59 may be inflated via an external 
valve for sealing the mask 59 against the normal skin 72 
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around the periphery of the wound 74. The air cuff 59 also 
prevents the base of the mask from digging into the skin 72 
during application of reduced pressure. An optional screen 
50 for preventing overgrowth of the wound 74 may be 
positioned to overlie the wound 74. The screen 50 may be 
formed of a rigid or semi-rigid perforated polymer surgical 
mesh such as Prolene mesh. Alternatively, a section of 
honeycombed polyethylene sheet may be cut to a suitable 
size and shape to overlie the wound 74. The screen 50 is held 
against the surrounding normal skin 72 in position overlying 
wound 74 by the cuff 59 which overlaps at least a portion of 
the periphery of the screen 50. The CPR mask 58 also 
includes a suction port in the form of a hose connector 54 to 
which one end of a suction tube 52 is attached. The other end 
of tube 52 is connected with a vacuum system 30 of the type 
previously described to provide a source of suction or 
reduced pressure for the appliance 29α. Suction produced 
within the appliance 29α may be sufficient to seal the cuff 59 
to the skin and to thereby seal the appliance 29α in position 
over the wound site. However, in order to ensure a gas-tight 
seal between the reduced pressure appliance 29α and the 
surrounding skin 72, the mask 58 may also be secured to the 
treatment site with a fluid impermeable adhesive seal 68. 
The adhesive seal 68 may be formed of a flexible adhesive 
material such as an adhesive tape or an adhesive sheet that 
has been cut to surround and at least partially overlie the cuff 
59. As shown in FIG. 2, the adhesive seal is secured to the 
base portion of the rigid mask 58 and to the normal skin 72 
around the periphery of the air cuff 59 to seal the mask in 
position over the wound site.

As shown in FIG. 3, a reduced pressure appliance 29fe is 
depicted having a rigid, fluid impermeable, cup-shaped 
wound cover 88 overlying a wound site. The appliance 29Z> 
is used to treat a wound 114 without any screen either in the 
wound or overlying the wound. The cover cup 88 can be 
formed of a polymer such as polystyrene, HDPE, or other 
suitably rigid material. The cup 88 must be sufficiently rigid 
to support itself out of contact with the wound 114 during the 
application of suction or negative pressure so that the cup 88 
does not collapse into the wound. Reduced pressure is 
supplied to the interior of the cup 88 through the suction 
tubing 82 connected to suction port 84 in the form of a nipple 
sealed in position on the cup 88. The tubing 82 is also 
connected with a suitable vacuum system 30 of the type 
previously described to provide a source of suction or 
negative pressure within the appliance 29£>. The base of the 
cup 88 supports an inflatable air cuff 89 to seal the cup 88 
to the skin and to prevent the cup 88 from digging into the 
skin 92 and causing discomfort when reduced pressure is 
applied. The cuff 89 is positioned upon the normal skin 92 
surrounding the wound 94. While the suction created within 
the cup 88 may be sufficient to hold the appliance in position 
by causing the air cuff to seal to the skin, more effective 
attachment of the appliance to the surrounding skin 92 may 
be obtained by the use of a strip of fluid impermeable, 
adhesive material secured to the skin 102 and to the base of 
the cup 88 over the air cuff 89 around the periphery of the 
base of the cup 88. The layer of adhesive material 98 helps 
to ensure that a fluid-tight or gas-tight seal is maintained 
between the cup 88 and the surrounding skin 92 so that a 
fluid-tight enclosure is formed over the wound site.

Referring to FIG. 4, a reduced pressure appliance 29c is
depicted for enclosing a wound site for the treatment of
wound 114 with suction or reduced pressure. The reduced
pressure appliance 29c includes a fluid-impermeable wound
covering, generally designated 116, having an outer flexible,
adhesive polymer sheet 117 applied over an inner, generally
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circular, semi-rigid shield 118, such as a polystyrene shield, 
for covering and enclosing the wound site. The base of the 
shield 118 is positioned over a circular pad 109 which may 
be formed from flexible tubing to prevent the base of the cup 
from digging into the skin 102 and causing discomfort when 
suction is applied to the appliance 29c. The pad 109 may 
also facilitate sealing of the cover shield 118 in position over 
the wound site to form a fluid-tight or gas-tight enclosure 
over the wound site. The pad 109 may be positioned directly 
onto the normal skin 102 surrounding the wound 114 or, as 
shown in FIG. 4, the pad 109 may overlie an outer peripheral 
portion of a rigid screen 100 in order to hold the screen 100 
in a position overlying the wound to prevent wound over­
growth. A suction port 104 is provided at the top of the shield 
118 to permit gas-tight connection to suction tube 112. The 
suction port 104 may be in the form of a removable 
connector that is screwed into position at the top of the 
shield 118. Suction tube 112 functions to connect the appli­
ance 29c to a suitable vacuum system 30 of the type 
previously described. For the purpose of enhancing the 
sealing of the appliance 29c in position over the wound site, 
an over-sized, generally circular, adhesive, fluid imperme­
able polymer sheet 117 is adhered and secured to the top 
surface of the shield 118. The oversized adhesive sheet 117 
extends beyond the outer periphery of the shield 118 so that 
the adhesive sheet 117 provides a sealing ring 119 of 
material around the periphery of the shield. The sealing ring 
119 is sealed and adhered to the normal skin 102 around the 
outer periphery of pad 109. When sealed in position over- 
lying wound 114, the appliance 29c provides a generally 
fluid-tight or gas-tight enclosure over the wound site.

Referring to FIG. 5, a reduced pressure appliance 29d is 
depicted for enclosing and treating a wound 124 with 
suction or reduced pressure. Arigid or semirigid porous cup 
138 is placed rim side down upon a porous screen or pad 120 
located within a wound 124. The cup 138 has perforations 
133 for equalizing pressure inside and outside of the cup 
138. A flexible, fluid impermeable adhesive polymer cover 
sheet 128 is draped over the cup 138 to enclose the wound 
124. The adhesive cover sheet 128 is adhered and sealed to 
the top portion of the cup 138 and to the surrounding normal 
skin 122 by adhesive layer 129 on the underside of the cover 
sheet 128 to provide a fluid-tight enclosure beneath the sheet 
128. The cup 138 provides a generally central support 
beneath the cover sheet 128 to hold the cover sheet 128 out 
of contact with the wound 124 during application of suction. 
The cup 138 has a central suction port 134 sealed in position 
at the top of the cup 128 to permit connection by suction tube 
132 to a vacuum system 30 of the type previously described. 
When reduced pressure is supplied to the appliance 29d, the 
cover sheet 128 is deformed downward and inward to 
position 128α as shown in phantom in FIG. 5. Tension 
developed within the deformed sheet 128α by virtue of the 
suction is exerted upon the surrounding skin by the sheet at 
position 128α. The outer periphery 124α of the wound 124 
is pulled inward by virtue of such tension to the position 
shown in phantom at 124b to promote closure of the wound. 
The tension within the sheet at position 128α also exerts a 
downward force upon the cup 138 which more firmly 
presses the cup 138 onto the wound 124. Such downward 
force on the cup 138 may be desired in such applications as 
flap or graft attachment to promote contact between the flap 
or graft and the underlying tissue. The pad 124 under the cup 
138 helps to alleviate discomfort caused by the downward 
force on the cup 138.

For applications where a downward pressure of the appli­
ance into a wound is not desired, a reduced pressure appli­
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ance 29<?, as shown in FIG. 6, may be utilized having a 
support structure, generally designated 151, which is posi­
tioned external to a flexible sealing sheet 148 for covering a 
wound 144. The flexible cover sheet 148 is in the form of a 
flexible, fluid impermeable, adhesive polymer sheet The 
reduced pressure appliance 29e shown in FIG. 6 includes an 
external support frame 151 in the form of a series of 
spider-like legs 158 radiating outwardly from a central 
support hub 155. The legs 158 hold the central hub 159 
directly over the wound 144. A connector 153 is removably 
mounted to the hub 155 to permit a suction tube 152 to be 
connected with the flexible cover sheet 148. The connector 
153 may screw together and apart to permit the connector to 
be removably mounted relative to the hub 155. The flexible 
adhesive sheet 148 is adhered to the connector 153 at hub 
155 and to the surrounding normal skin 142 so that the sheet 
is suspended over the wound 144 from the hub 155 in 
tentlike fashion. The flexible sheet is adhesively sealed to 
the connector 153 at the hub 155 and is also adhesively 
sealed to the skin 142 around the periphery of the wound 144 
to form a fluid-tight or gas-tight enclosure over the wound 
site. The legs 158 of the frame 153 extend radially outward 
from the hub 153 and stand upon feet members 159 which 
may rest upon the outer periphery of the sheet 148 to help 
hold the cover sheet 148 in a position from being sucked 
together during the application of suction. Alternatively, the 
feet members 159 may extend beyond the cover sheet 148 
and may rest upon the surrounding tissue beyond the periph­
ery of the cover sheet 148. The connector 153 supported on 
the hub 155 provides a suction port 154 through which 
suction is supplied to the appliance 29e via suction tube 152. 
Tube 152 is connected to a vacuum system 30 of the type 
previously described for supplying reduced pressure within 
the cover sheet 148. When suction or reduced pressure is 
introduced via port 154, the sheet 148 deforms inwardly and 
downwardly to the position shown in phantom at 148α thus 
developing tension which is exerted upon the surrounding 
skin 142. The deformed sheet in position at 148α pulls the 
edges of the wound 144 inwardly to the position indicated in 
phantom at 144i> hence promoting closure of the wound 144.

Negative pressure appliances are useful for treating a 
variety of wounds. Treatment of a wound can be carried out 
by securing a negative pressure appliance to the treatment 
site as previously shown and described, and then maintain­
ing a substantially continuous or cyclical reduced pressure 
within the appliance until the wound has reached a desired 
improved condition. A selected state of improved condition 
may include formation of granulation tissue sufficient for the 
attachment of a flap or graft, reduction of microbial infection 
in the wound, arrest or reversal of bum penetration, closure 
of the wound, integration of a flap or graft with the under­
lying wounded tissue, complete healing of the wound, or 
other stages of improvement or healing appropriate to a 
given type of wound or wound complex. It may be prefer­
able to change the appliance periodically, such as at 48 hour 
intervals, during treatment, particularly when using appli­
ances incorporating a screen on or in the wound. The method 
is preferably practiced using a negative or reduced pressure 
ranging from 0.01 to 0.99 atmospheres, and more preferably 
practiced using a negative or reduced pressure ranging 
between 0.5 to 0.8 atmospheres. The time period for use of 
the method on a wound may preferably be at least 12 hours, 
but can be, for example, extended for one or more days. 
There is no upper limit beyond which use of the method is 
no longer beneficial; the method increases the rate of closure 
up to the time the wound actually closes. Satisfactory 
treatment of various types of wounds has been obtained via 
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the use of reduced pressures equivalent to about 2 to 7 in. Hg 
below atmospheric pressure.

Supplying reduced pressure to the appliance in an inter­
mittent or cyclic manner has also been demonstrated to be 
useful for treating wounds. Intermittent or cyclic supply of 
reduced pressure to an appliance may be achieved by 
manual or automatic control of the vacuum system. A cycle 
ratio, the ratio of “on” time to “off” time, in such an 
intermittent reduced pressure treatment may be as low as 
1:10 or as high as 10:1. The preferred ratio is approximately 
1:1 which is usually accomplished in alternating 5 minute 
intervals of reduced pressure supply and non-supply.

A suitable vacuum system includes any suction pump 
capable of providing at least 0.1 pounds of suction to the 
wound, and preferably up to three pounds suction, and most 
preferably up to fourteen (14) pounds suction. The pump can 
be any ordinary suction pump suitable for medical purposes 
that is capable of providing the necessary suction. The 
dimension of the tubing interconnecting the pump and the 
reduced pressure appliance is controlled by the pump’s 
ability to provide the suction level needed for operation. A 
W inch diameter tube may be suitable.

The present invention also includes a method of treating 
damaged tissue which comprises the steps of applying 
negative pressure to a wound for a selected time and at a 
selected magnitude sufficient to reduce bacterial density in 
the wound. Open wounds are almost always contaminated 
with harmful bacteria. Generally a bacterial density of 105 
bacterial organisms per gram of tissue is regarded as 
infected. It is generally accepted that at this level of 
infection, grafted tissue will not adhere to a wound. These 
bacteria must be killed, either through the wound host’s 
natural immune response or through some external method, 
before a wound will close. The application of negative 
pressure to a wound appears to reduce the bacterial density 
of the wound. It is believed that this effect is due to either 
the bacteria’s incompatibility with a negative pressure envi­
ronment or the increased blood flow to the wound area, as 
blood brings with it cells and enzymes to destroy the 
bacteria. The method can be used to reduce bacterial density 
in a wound by at least half. More preferably, it can be used 
to reduce bacterial density by at least 1,000 fold. Most 
preferably, the method can be used to reduce bacterial 
density by at least 1,000,000 fold.

The present invention also includes a method of treating 
a bum which comprises the steps of applying negative 
pressure to the burn over an area with predetermined 
reduced pressure and for a time sufficient to inhibit forma­
tion of a full thickness bum. A partial thickness bum, one 
which has a surface layer of dead tissue and an underlying 
zone of stasis, is often sufficiently infected so that it will 
transform within 24-48 hours into a full thickness burn, one 
in which all epidermal structures are destroyed. The appli­
cation of negative pressure to the wound prevents the 
infection from becoming sufficiently severe to cause 
destruction of the underlying epidermal structures. The 
magnitude, pattern, and duration of pressure application can 
vary with the individual wound.

The present invention also provides a method for enhanc­
ing the attachment of living tissue to a wound which 
comprises the steps of first joining the living tissue to the 
wound to form a wound-tissue complex, then applying a 
negative or reduced pressure of selected magnitude to the 
wound-tissue complex over an area sufficient to promote 
migration of epithelia and subcutaneous tissue toward the 
complex, with the negative pressure being maintained for a 
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selected time period sufficient to facilitate closure of the 
wound. Attachment of living tissue to a wound is a common 
procedure that can take many forms. For example, one 
common technique is the use of a “flap,” a technique in 
which skin tissue from an area adjacent to the wound is 
detached on three sides but remains attached on the fourth, 
then is moved onto the wound. Another frequently used 
technique is an open skin graft in which skin is fully 
detached from another skin surface and grafted onto the 
wound. The application of negative pressure to the wound­
graft complex reduces bacterial density in the complex and 
improves blood flow to the wound, thereby improving the 
attachment of the grafted tissue. Further features of the 
apparatus and methods for the use thereof shall be made 
apparent in the following examples.

EXAMPLE 1

Treatment of Open Wounds

In order to demonstrate the use of a negative pressure 
appliance in the treatment of open wounds, an animal study 
was conducted using pigs as subjects. Pigs are frequently 
used as subjects in wound healing studies since they have 
essentially the same skin and subcutaneous tissue structure 
as humans.

Five 15 kg Chester pigs were obtained and acclimated for 
1 week prior to use. The animals were sedated with an 
intramuscular injection of ketamine (25 mg/kg): xylazine 
(2.5 mg/kg): acepromazine (5 mg/kg). The backs and sides 
of the animals were shaved and scrubbed for surgery. One 
percent halothane was administered by endotracheal tube for 
maintenance of anesthesia. Two circular wounds were cre­
ated on the midline of the animals. The wounds were 2.5 cm 
in diameter having a depth reaching, but not including, the 
deep fascia over the spine (approximately 1 cm). Wounds in 
pigs in this site do not contract during healing. Alginate 
impressions were made of each wound to determine the 
volumes of the wounds.

A reduced pressure appliance of the type discussed in 
connection with FIGS. 2 and 11 was positioned over each 
wound, and the cups were sealed to the skin with an loban 
sheet A non-compressible silicone tube was attached to the 
anterior appffance of each pig and a reduced pressure of 5 in. 
Hg below atmospheric pressure was suppHed to the anterior 
apptiances. No reduced pressure was appEed to the posterior 
wounds. The animals were aEowed to recover from anes­
thesia and given food and water ad tibitum. The tubes were 
suspended from a puffey system over the top of each pen 
arranged to provide each animal with fuff, unrestricted 
access to its pen.

The animals were sedated 48 hours after surgery as 
described above, and then daffy thereafter, so that alginate 
impressions could be made of each wound. This routine was 
continued until the wounded areas were filled with granu­
lation tissue until coplanar with the surrounding tissue. The 
results of this experiment, including time to complete filling 
of the wound space by granulation tissue and the rate of 
granulation tissue formation, are presented in Table 1. The 
data in the third column of Table 1 shows the number of days 
needed for the treated and non-treated wounds to heal. In 
order to allow comparisons between the healing rate of 
variously-sized wounds, the data in the fourth column is 
expressed as a heating rate in terms of cc granulation tissue 
per day. As can be seen, the treated wounds exhibited higher 
rates of heating than did the non-treated wounds. The 
wounds treated with reduced pressure filled with granulation 
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tissue at an average rate that was 52.3% greater than the rate 
of granulation of the control wounds. Animals numbered 1 
and 2 experienced intermittent loss of reduced pressure 
throughout the experiment, yet the treated wounds of these 
animals also healed significantly faster than their control 
wounds.

TABLE 1

Animal Wound

Initial 
Wound 
Volume 
(cm3)

Days 
to Full 
Granu­
lation

Fill Rate 
(cm3/day)

% Rate 
Increase
Due to 

Treatment

#1 Control 4.9 13 0.38
Treated 5.3 11 0.48 26.3

#2 Control 7.2 8 0.90
Treated 9.3 8 1.16 28.9

#3 Control 4.0 12 0.33
Treated 3.5 6 0.58 75.8

#4 Control 4.7 11 0.43
Treated 5.0 7 0.71 65.1

#5 Control 4.7 11 0.43
Treated 5.1 7 0.71 65.1

Average — — — — 52.3

EXAMPLE 2

Reduction of Infection

During the course of the experiment described as 
Example 1 above, it was observed that the reduced pressure- 
treated wounds were much cleaner and bled more sponta­
neously than non-treated wounds. It was therefore under­
taken to determine the relative rates of clearance of a known 
bacterial inoculum from treated and non-treated wounds.

Five 15 kg pigs were obtained and wounds created as set 
forth in Example 1. Two 2.5 cm diameter defects were 
created on the dorsum of each pig using a sterile technique, 
with a 7.5 cm interval retained between the edges of the 
defects. Hemostasis was obtained by electrocautery. Prior to 
placement of the reduced pressure appliances, 108 organ­
isms of Staphylococcus aureus in 1 ml saline solution were 
injected into each wound. The reduced pressure appliances 
of the type shown in FIGS. 2 and 11 were then attached as 
in Example 1. and a reduced pressure of 5 in. Hg below 
atmospheric pressure was applied to one of the wounds upon 
each animal. Reduced pressure was not applied to the other 
wound upon each animal. T-shirts were placed over the 
animals and no antibiotics were given during the course of 
the study. The animals were sedated as in Example 1 at 24 
hour intervals, and a 3 mm diameter full thickness biopsy 
was taken from each wound site daily. The devices were then 
reattached and reduced pressure re-applied. This routine was 
continued for one week.

The biopsy samples were weighed and sterile saline 
(99xbiopsy weight) added. The tissue samples were homog­
enized in a tissue grinder and serial dilutions were made in 
triplicate. 100 microliters of each dilution was plated on a 
blood agar plate and incubated overnight The number of 
colonies were counted on each plate and thus the number of 
organisms per gram of tissue was calculated. The data was 
recorded as the common logarithm of the number of 
organisms/gram tissue and is shown in Table 2.
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TABLE 2

Day 
0

Average Loginiorgamsms/gnO

Day 5 Day 7
Day 

1 Day 2 Day 3 Day 4

Control 8.44 8.04 8.17 7.13 7.13 8.82 7.08
Treated 7.69 7.36 7.37 6.79 6.43 3.98 4.32

As can be seen in Table 2, the common logarithm of the 
average number of organisms per gram of tissue present in 
the treated and non-treated wounds decreased slightly for all 
five animals over the first 4 days. In the treated wounds, the 
mean log of organisms/gm decreased dramatically between 
days 4 and 5. The mean log of organisms/gm within the 
non-treated wounds increased during the same period. Using 
the traditional baseline of 10s organisms/gm to define 
infection, the data of Table 2 shows that the average treated 
wound was disinfected after four days of treatment while the 
average non-treated wound was still infected after 7 days.

EXAMPLES

Treatment of Bums

Use of reduced pressure appliances upon burns has been 
found to retard the progression of partial thickness bums 
into full thickness burns. A partial thickness burn is a burn 
in which the depth of cell death due to thermal trauma does 
not extend below the level of the deepest epidermal struc­
tures (i.e., the base of hair follicles, sweat glands, sebaceous 
glands, etc.). A bum that is initially a partial thickness burn 
will often deepen and progress into a full thickness bum due 
to insufficient blood circulation to the epidermal cells 
beneath the partial bum.

EXAMPLE 3A

The backs of five 15 kg pigs were shaved and scrubbed for 
surgery. A 1.5 inch diameter brass rod was heated to 190° C. 
in an oil bath. The rod was pressed onto the pig’s skin for 15 
seconds following a well-known technique of relating depth 
of burn to time and temperature. Three bums were created 
over the spine of each pig, separated by 5 cm intervals. 
Suction apparatus cups of the configuration shown in FIGS. 
2 and 11 were placed over two of the bums, with silver 
sulphadiazine (Silvadine) cream, the standard antibiotic 
cream applied to human burns prior to excision of burned 
tissue, applied to the third. Cefaxolin (Kefzol) (500 mg) was 
administered intramuscularly (antibiotic). Suction (2-6 
pounds vacuum) was applied to one of the cups. A small (2 
mm) punch biopsy was taken of the wounded area and 
examined histologically for depth of burn.

Biopsies were analyzed by a dermatopathologist who was 
not told the nature of the study. It was concluded that the 
suctioned tissue specimens were healthier and healing more 
quickly than non-suctioned specimens.

EXAMPLE 3B

A set of 2 cm diameter standardized depth partial thick­
ness burns were created by pressing a heated metal rod to 
each side of five anesthetized pigs to create 16 bums on each 
side of each pig. Reduced pressure appliances of the type 
shown in FIGS. 2 and 11 were secured over each of the bums 
on the left side of each animal and a continuous pressure of 
6 in. Hg was supplied to the reduced pressure appliances. 
The animals were anesthetized daily, and elliptical full-
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thickness biopsies extending from non-injured tissue, 
through the center of each bum, and into non-injured tissue 
were harvested, fixed in formalin, processed for histological 
analysis and stained with Hematoxylin/eosin and Gomori’s 
trichrome. The histologic slides were then given to a Der­
matopathologist for blind determination of burn depth 
according to the Breslow Local Scale of maximum depth of 
cell death below the surface of the skin.

The Breslow Level (maximum total depth) for the bums 
treated by reduced pressure was 0.095 mm. The maximum 
depth of the bums which were not treated by reduced 
pressure was 0.885 mm. The use of reduced pressure appli­
ances thus resulted in a 112% reduction in the maximum 
depth of burn progression.

EXAMPLE 3C

Treatment of Burn With Negative Pressure

Patient B. is admitted with second and third degree bums 
over the face and upper extremities, including both hands, as 
a result of a house fire. A large mitten-shaped reduced 
pressure appliance of the general type shown in FIGS. 1 and 
10 is placed over the patient’s right hand, with open cell 
foam inserts placed between the fingers to apply reduced 
pressure to the interdigit spaces. Three pounds of vacuum is 
applied cyclically in a pattern of five minutes on, 5 minutes 
off. The appliance is changed on a three times per week 
schedule. Treatment is continued until the necrotic tissue 
sloughs off or is excised, followed by split thickness skin 
graft placement.

EXAMPLE 4

Treatment of Flaps

In order to determine the effect of reduced pressure 
application upon skin flap survival, five 15 kg Chester pigs 
were obtained and acclimated for 1 week as described 
previously. Two dorsally-based 3 cm by 12 cm flap outlines 
were drawn using indelible ink on each side of the pigs, 
leaving 6 cm between each flap. The flaps were assigned to 
one of four groups as follows:

(1) Dual-treated flaps are flaps that were exposed to 
reduced pressure both prior to and following surgery;

(2) Pre-treated flaps are flaps that were exposed to 
reduced pressure prior to surgery, but were not exposed 
to reduced pressure after surgery;

(3) Post-treated flaps are flaps that were exposed to 
reduced pressure following surgery; and

(4) Control flaps are flaps that were not exposed to 
reduced pressure either pre- or post-surgery.

The pre-treated flaps were initially treated by covering an 
area surrounding one of the flap outlines on the left side of 
each animal with a reduced pressure appliance of the type 
shown in FIGS. 1 and 10 having a large piece of open cell 
foam into which a tube was inserted. The foam was covered 
and sealed to the flap area with impermeable adherent 
sheeting. A reduced pressure of 7 pounds was then continu­
ously applied to the area for 7 days.

On the day of surgery, each pig was sedated as previously 
described and anesthesia was maintained by 1% halothane. 
Two 3 cm by 12 cm dorsally based flaps were created on 
each side of the pig following the flap outlines. The flaps 
were created at a depth immediately below the panniculus 
camosus (a subcutaneous muscle layer). The flaps were 
raised and then sutured back in place with single, interrupted 
sutures of 3-0 nylon. The reduced pressure appliances were 
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then placed over the anterior flaps on each side of the animal. 
A reduced pressure of 5-7 pounds was continuously applied 
to the anterior flaps. Each suction tube ran from the appli­
ances on the animals upward through a pulley suspended 
over the pens and down to a vacuum trap bottle to collect any 
liquid exudate. A hose was connected from each vacuum 
trap bottle to a vacuum pump to supply the reduced pressure 
to the appliances. The animals had free access to all areas of 
the pen.

The animals were anesthetized 72 hours after surgery and 
the appliances were removed. Photographs of each side of 
the animals were taken, and tracings of the flaps (and 
encompassing any discolored areas) were made on acetate to 
allow for planimetric calculation of percent survival. The 
appliances were then replaced and reduced pressure 
re-applied. This routine was continued at 48 hour intervals 
until no further necrosis or healing of the flaps was observed.

The distal portions of all flaps were discolored 72 hours 
post surgery, with the flaps exposed to reduced pressure 
being lighter in color. The distal ends of all flaps appeared 
to necrose and an eschar formed over the distal portion of 
each flap. Over time the eschar spontaneously desquamated, 
exposing the outline of the original flap. The eschar over the 
control and pre-treated flaps consistently desquamated 
sooner than the post-treated and the dual-treated flaps. The 
control flaps had contracted to a Y shape which was evident 
after the eschar had desquamated. The dual-treated flaps had 
contracted slightly and appeared as long, thin rectangles 
after dislodgement of the eschar. The pre-treated flaps and 
post-treated flaps were intermediate between the control and 
dual-treated flaps in regard to flap contraction.

Dual-treated flaps exhibited the greatest survival in terms 
of percent retention (72.2%) of the original flap size. The 
post-treated flaps had the second greatest survival (67.4%). 
The pretreated flaps had the third most flap survival (64.8%). 
The control flaps had the least flap survival (51.2%). All 
treated flaps (dual-treated; pre-treated; and post-treated) 
exhibited significantly greater surface area survival than the 
control flaps. The dual-treated flaps had significantly greater 
surface area survival than either the pre-treated or post­
treated flaps. The pre-treated flaps were not significantly 
different than post-treated flaps in regard to flap survival.

EXAMPLE 5

Treatment of Decubitus Ulcers

Apptication of reduced pressure was tested upon chronic 
decubitus ulcers and was found to be effective in the 
treatment thereof. Necrotic soft tissue was removed from the 
ulcers prior to placement upon the treatment site of a 
reduced pressure appHance of the type described in connec­
tion with FIGS. 1 and 10. Treatment of decubitus ulcers was 
tested using both continuous and cyctic apptication of 
reduced pressure. It was found that cyctic application of 
reduced pressure was both more effective and produced less 
discomfort for the patients than continuous application. 
Cyclic application of reduced pressure was conducted 
according to an application schedule of 5 minutes of suction 
followed by 5 minutes of non-suction. In 15 patients tested, 
successful treatment required from 2 to 13 weeks. Thirteen 
of the ulcers healed completely and every ulcer treated 
demonstrated progressive decrease in size during treatment. 
The following case histories demonstrate the manner in 
which various pressure sores were treated:

Case 1—A 39 year-old male T4 paraplegic had suffered
from multiple recurrent pressure sores over a period of 8
years. He had been treated for a trochanteric decubitus with
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a tensor fascia lata flap which had developed a recurrent 
ulcer in the center of the flap 4 months prior to presentation. 
The ulcer was debrided of necrotic tissue to non-involved 
periosteum resulting in a wound measuring 12 cm by 5 cm 
with a depth of 5 cm. During the course of 4 weeks of cyclic 
reduced pressure application, the wound progressively 
closed and spontaneously re-epithelialized. Reduced pres­
sure of 5 in. Hg below atmospheric pressure was applied 
cyclically with 5 minute intervals of applied pressure fol­
lowed by 5 minute intervals with no applied pressure. The 
wound remained healed more than 5 months after treatment.

Case 2—A 45 year old male paraplegic suffered from a 
recurrent right ischial fossa pressure sore and abscess prior 
to treatment. Debridement of the wound was carried out with 
partial ischial resection. A week later, a re-advancement of 
the V-Y biceps femoris flap and rotation gluteus flap was 
performed. Six days later, the wound dehisced and the 
patient developed bilateral pneumonia requiring ventilatory 
support. The flap became progressively edematous and firm 
and resisted all efforts at mobilization. At this point, reduced 
pressure treatment providing continuous, non-cyclic suction 
or a vacuum at approximately five 5 in. Hg below atmo­
spheric pressure was initiated. A total of 2 liters of fluid was 
removed by the reduced pressure appliance during the first 
72 hours of treatment. Intravenous fluids were administered 
to replace the fluid removed from the wound. The appliance 
was replaced and the wound was examined three times each 
week. Treatment was continued for a total of six weeks 
during which the flap became progressively less indurated, 
granulation tissue formation rapidly progressed, the edges of 
the wound came into approximation, and the wound was 
healed completely.

Case 3—A 51 year-old Tl paraplegic had multiple pre­
vious pressure sores culminating in bilateral asynchronous 
hip disarticulations and bilateral total thigh flaps. Seven 
months prior to admission, he developed a 7 cm by 23 cm 
pressure sore over the remnants of both ischia. Bone was 
exposed and no tissue was available for wound closure. 
Dressing changes over a period of three months had failed 
to improve the wound. A reduced pressure appliance was 
then secured to the wound. During the first 3 weeks of 
treatment, reduced pressure of 5 in. Hg below atmospheric 
pressure was continuously applied. For the following 9 
weeks, reduced pressure was applied cycfically in 5 minute 
intervals. The appEance was replaced every three days 
during treatment. In the course of the treatment, the wound 
first granulated to cover the bone completely and then the 
wound re-epitheEalized from the margins. After 12 weeks of 
the treatment, a 2 cm by 5 cm scrotal flap was used to cover 
the midtine area of the wound. The wound has remained 
stable beyond 6 months after treatment.

EXAMPLE 6

Treatment of Dehisced Incisions
A 50 year old debiEtated white male who had undergone 

a colostomy through a midline laparotomy was re-admitted 
to the hospital for wound dehiscence and evisceration fol­
lowing an upper respiratory infection. He was taken imme­
diately to the operating room and the abdominal waff was 
closed with Prolene mesh. Six weeks after placement of the 
Prolene mesh, the wound was stiff open and measured 28 cm 
by 23 cm. Only sparse granulation tissue had grown through 
the Prolene mesh during the six weeks. At this time a large 
reduced pressure appEance of the type shown in FIG. 5 was 
placed on an underlying porous aquaplast sheet (WFR/ 
Aquaplast Corp., Wycoff, N.J. 07481) over top of the 

5

10

15

20

25

30

35

40

45

50

55

60

65

20
Prolene mesh/wound surface and the space closed with a 
covering tent of loban. A continuous vacuum of 5 in. Hg 
below atmospheric pressure was appEed. The appEance was 
changed three times per week. After 8 days of treatment, 
granulation tissue had grown through and totally covered the 
Prolene mesh. Two days later, the patient was taken to the 
operating room, where the surrounding tissue was under­
mined and used to close 75% of the wound. SpEt thickness 
skin grafts were used to cover the remainder of the wound, 
and were placed on the bed of granulation tissue. There was 
80% take of the grafts, and the remaining areas healed 
spontaneously with wet to dry dressing changes. The wound 
has remained stable 16 months after surgery.

EXAMPLE 7

Treatment of Infected Wound

Infected wounds have been successfully treated via appff- 
cation of reduced pressure as described in the following 
cases:

Case 1—A 39 year old white male sustained severe 
avulsive trauma to his left lower extremity in a motor vehicle 
accident 10 years prior to presentation. He presented with a 
ten year history of chronic osteomyetitis and a 3 cm diameter 
open ulcer with exposure of bone of his left lateral malleo­
lus. He had previously undergone 7 local surgical proce­
dures to attempt closure of the wound. An arteriogram 
demonstrated a one vessel foot with diffuse atherosclerosis 
and post traumatic changes. The extremity was debrided of 
necrotic soft tissue and all involved bone saucerized. The 
patient was placed on a five week course of antibiotics. The 
day after debridement, a reduced pressure device of the type 
shown in FIGS. 2 and 11 was apptied over the wound and 
a reduced pressure of 5 in. Hg below atmospheric pressure 
was appEed. The device was changed on a three times per 
week schedule. After 14 days of treatment, the wound was 
smaller and filled with granulation tissue which completely 
covered the previously exposed bone. A sptit thickness skin 
graft was placed over the wound and healed primarily. The 
wound has been stable for 13 months with no recurrence of 
osteomyeEtis or tissue breakdown.

Case 2—A 51 year old white male T8 paraplegic was 
admitted to the hospital for an infected left trochanteric 
pressure sore which had been present for one year and 
measured 4 cm by 6 cm. The patient had previously under­
gone multiple procedures for treatment of this condition 
including a V-Y advancement flap 4 months prior to pre­
sentation. A scan revealed possible chronic osteomyeEtis of 
the left femur. It was decided to treat the potential osteo­
myeEtis with a five week course of IV antibiotics. The 
wound was debrided, then treated using a reduced pressure 
appEance of the type shown in FIGS. 1 and 10 for 6 weeks 
with cycEcal reduced pressure (5 in. Hg below atmospheric 
pressure; 5 minutes on/5 minutes off). The wound rapidly 
granulated and decreased in size. After 6 weeks the wound 
had closed and the patient discharged. The patient was 
readmitted 1 month later with a draining sinus tract to the 
bone. The previously scanned head of the left femur was 
resected and the wound closed primarily over drains. The 
wound healed without further problems.

EXAMPLE 8

Chronic Open Wound Secondary to Stasis Ulcers

A 45 year old black female patient with a 10 year history
of bilateral stasis ulcers of the pretibial area was presented
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with bilateral 10 cm by 15 cm infected ulcers with exposed 
fascia. Two previous attempts at skin grafting in the previous 
year had failed. The patient was treated using a reduced 
pressure appliance of the type shown in FIGS. 1 and 10 for 
14 days with cyclical (5 minutes on/5 minutes off) reduced 
pressure of approximately 5 in. Hg below atmospheric 
pressure. After 14 days treatment, quantitative bacterial 
counts of both ulcers were below 102 bacteria/gram tissue, 
and both ulcers appeared as healthy granulating beds. Split 
thickness skin grafts were then applied and exhibited 100% 
take. The patient is ambulating, and the wounds have 
remained healed for 2 months, which is the longest the 
wounds had been healed in the last 10 years.

EXAMPLE 9

Enhancement of Blood Flow
It is believed that the efficacy of reduced pressure appli­

ances in such treatments as have been described is due at 
least in part to enhancement of blood circulation within the 
treated wounds. In order to determine the effect of pressure 
application upon blood flow, a laser doppler needle probe 
was inserted into tissue adjacent to a pressure sore. A 
baseline flow level was recorded for thirty minutes. Then, 
the relative blood flow level was measured while a reduced 
pressure corresponding to 5 in. Hg below atmospheric 
pressure was continuously applied to the wound for 30 
minutes using a reduced pressure appliance of the type 
shown in FIGS. 1 and 10. During continuous reduced 
pressure application, the relative blood flow level was only 
slightly higher than the baseline level.

Then the supply of reduced pressure to the appliance was 
cycled on and off at equal 5 minute intervals. During the 
“off” portions of the cycle, the relative blood flow level was 
twice as high as the baseline level. It is postulated that the 
increased blood flow during the off cycle is likely due to a 
“rebound” phenomenon. During the “on” cycle, blood is 
drawn toward the wounded tissue from both the venous and 
arterial branches of the vascular network in the vicinity of 
the wound. During the “off” cycle, this blood is transported 
toward the venous branch of the vascular network at a rate 
that is greater than would have been observed in the absence 
of the preceding “on” cycle.

The terms and expressions which have been employed are 
used as terms of description and not of limitation and there 
is no intention in the use of such terms and expressions of 
excluding any equivalents of the features shown and 
described, or portions thereof, but it is recognized that 
various modifications are possible within the scope of the 
claimed invention.

What is claimed is:
1. An appliance for administering a reduced pressure 

treatment to a would comprising:
(a) an impermeable cover adapted to cover and enclose 

the wound and adapted to maintain reduced pressure at 
the site of the wound;

(b) a seal adapted to seal said cover to tissue surrounding 
the wound;

(c) reduced pressure supply means for connection to a 
source of suction, said reduced pressure supply means 
cooperating with said cover to supply said reduced 
pressure beneath said cover; and

(d) a screen adapted to prevent overgrowth of wound 
tissue, said screen being located between said wound 
and said cover.

2. The appliance as recited in claim 1 wherein said screen 
comprises a porous sheet.
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3. The appliance as recited in claim 1 wherein said seal 

includes an adhesive material on the cover adapted to secure 
said cover to the tissue surrounding the wound.

4. The appliance as recited in claim 1 wherein said screen 
comprises a foam screen.

5. An appliance for administering a reduced pressure 
treatment to a wound comprising:

(a) an impermeable cover adapted to cover and enclose 
the wound and adapted to maintain reduced pressure at 
the site of the wound;

(b) a seal adapted to seal said cover to tissue surrounding 
the wound; and

(c) reduced pressure supply means for connection to a 
source of suction, said reduced pressure supply means 
cooperating with said cover to supply said reduced 
pressure beneath said cover, wherein said reduced 
pressure supply means comprises a screen having an 
open cell foam and said reduced pressure supply means 
includes a segment of tubing embedded within said 
screen.

6. An apparatus for treating a wound comprising:
(a) a vacuum system adapted to produce a reduced 

pressure, wherein said vacuum system includes a col­
lection device for collecting fluid aspirated from the 
wound, wherein said collection device includes means 
for halting said application of reduced pressure to the 
wound when said fluid exceeds a predetermined quan­
tity; and

(b) a reduced pressure appliance operably connected with 
said vacuum system adapted to apply said reduced 
pressure to the wound, the appliance including:
(i) an impermeable cover adapted to cover and enclose 

the wound and adapted to maintain reduced pressure 
at the site of the wound;

(ii) a seal adapted to seal said cover to tissue surround­
ing the wound; and

(iii) reduced pressure supply means for connection with 
the vacuum system adapted to supply said reduced 
pressure within said cover to the wound.

7. The apparatus as recited in claim 6 wherein said 
reduced pressure is from about 2 in. Hg below atmospheric 
pressure to about 7 in. Hg below atmospheric pressure.

8. The apparatus of claim 6 wherein said reduced pressure 
supply means comprises a length of tubing, said collection 
device comprises an aspirating container connected along 
said length of tubing between said vacuum system and 
cover, and said halting means comprises a flotation valve 
within said aspirating container for blocking said tubing 
when a predetermined amount of fluid is collected within 
said container.

9. The apparatus of claim 6 wherein said collection device 
comprises an expandable chamber and said means for halt­
ing said application of reduced pressure comprises sensing 
means for sensing expansion of said expandable chamber, 
said sensing means operatively connected with said vacuum 
system so that said reduced pressure is halted when a 
predetermined expansion of said expandable chamber is 
sensed by said sensing means.

10. The apparatus of claim 6 wherein said reduced pres­
sure supply means comprises a length of tubing and said 
halting means comprises a filter along said tubing, said filter 
having pores that block the supply of reduced pressure via 
said tubing when said pores are filled with said fluid.

11. A method treating a wound comprising the steps of:
(a) applying a reduced pressure to the wound, wherein

said applying step comprises the steps of:
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(i) placing a porous screen over the wound;
(ii) locating an impermeable cover over the wound, 

said cover having a suction port;
(iii) sealing the periphery of said impermeable cover to 

tissue surrounding the wound; and
(iv) operably connecting said suction port with a 

vacuum system for producing said reduced pressure; 
and

(b) maintaining said reduced pressure until the wound has 
progressed toward a selected stage of healing.

12. The method as recited in claim 11 wherein said 
reduced pressure is from about 2 in. Hg below atmospheric 
pressure to about 7 in. Hg below atmospheric pressure.

13. A method of treating a wound comprising the steps of:
(a) securing an appliance for applying reduced pressure to 

the wound; and
(b) providing reduced pressure to said appliance in alter­

nating intervals of application and non-application.
14. The method as recited in claim 13 wherein said 

reduced pressure is from about 2 in. Hg below atmospheric 
pressure to about 7 in. Hg below atmospheric pressure.

15. A method of pretreating a skin flap to promote 
attachment of the flap to a wound comprising the step of 
applying reduced pressure to a region of skin tissue adjacent 
to the wound prior to detachment of said skin tissue adjacent 
to the wound to form the flap from said region of skin.

16. An apptiance for administering a reduced pressure 
treatment to a wound comprising:

(a) an impermeable cover adapted to cover and enclose 
the wound and adapted to maintain reduced pressure at 
the site of the wound, wherein said cover comprises a 
flexible sheet;

(b) a seal adapted to seal said cover to tissue surrounding 
the wound; and

(c) reduced pressure supply means for connection to a 
source of suction, said reduced pressure supply means 
cooperating with said cover to supply said reduced 
pressure beneath said cover.

17. The apptiance of claim 16 comprising support means 
for supporting said sheet outward from the wound.

18. The appEance of claim 17 wherein said support means 
comprises a support member located between said sheet and 
the wound.

19. The appEance of claim 18 wherein said support 
member includes a porous cup member having attachment 
means for connecting with said reduced pressure supply 
means.

20. The appEance of claim 18 further comprising a pad 
between the wound and said support member for aEeviating 
discomfort caused in the wound by said support member.

21. The appEance of claim 17 wherein said support means 
comprises a support member extending outwardly over the 
wound and external to said sheet.

22. The appEance of claim 21 wherein said support means 
comprises attachment means for attaching said sheet to said 
support means, said attachment means having a connecting 
member for connecting with said reduced pressure supply 
means for providing said reduced pressure beneath said 
sheet, and said support member comprising a plurahty of leg 
members attached to said attachment means for holding said 
attachment means and said sheet outward from the wound.

23. An appEance for administering a reduced pressure 
treatment to a wound comprising:

(a) an impermeable cover adapted to cover and enclose 
the wound and adapted to maintain reduced pressure at 
the site of the wound, wherein said cover is sufficiently 
rigid to support said cover out of contact with the 
wound;

5

10

15

20

25

30

35

40

45

50

55

60

65

24
(b) a seal adapted to seal said cover to tissue surrounding 

the wound;
(c) reduced pressure supply means for connection to a 

source of suction, said reduced pressure supply means 
cooperating with said cover to supply said reduced 
pressure beneath said cover, wherein said reduced 
pressure supply means comprises a suction port on said 
cover; and

(d) a screen adapted to prevent overgrowth of the wound 
for placement at a location between the wound and said 
cover and secured in said location by the periphery of 
said cover.

24. The appEance of claim 23 wherein said screen com­
prises a sheet-like mesh.

25. The appEance of claim 23 wherein said seal includes 
an adhesive material on the cover adapted to adhere to tissue 
surrounding the wound and a seal member at least partially 
overlying said cover.

26. An apparatus for treating a wound comprising:
(a) a vacuum system adapted to produce a reduced 

pressure, wherein said vacuum system comprises:
(i) a vacuum pump; and
(fi) a filter for preventing said pump from venting 

micro-organisms aspirated from the wound; and
(b) a reduced pressure appEance operably connected with 

said vacuum system adapted to apply said reduced 
pressure to the wound, the appEance including:
(i) an impermeable cover adapted to cover and enclose 

the wound and adapted to maintain reduced pressure 
at the site of the wound;

(fi) a seal adapted to seal said cover to tissue surround­
ing the wound; and

(iii) reduced pressure supply means for connection with 
the vacuum system adapted to supply said reduced 
pressure to the wound, wherein said reduced pres­
sure supply means comprises a length of tubing 
connected between said vacuum system and said 
cover.

27. The apparatus of claim 26 wherein said filter is 
connected along said tubing between said pump and said 
cover for preventing contamination of said pump.

28. An apparatus for treating a wound comprising:
(a) a vacuum system adapted to produce a reduced 

pressure, wherein said vacuum system comprises con­
trol means for cycEcally controlling said production of 
reduced pressure in alternating periods of production 
and non-production of reduced pressure; and

(b) a reduced pressure apptiance operably connected with 
said vacuum system adapted to apply said reduced 
pressure to the wound, the apptiance including:
(i) an impermeable cover adapted to cover and enclose 

the wound and adapted to maintain reduced pressure 
at the site of the wound;

(ti) a seal adapted to seal said cover to tissue surround­
ing the wound; and

(iii) reduced pressure supply means for connection with 
the vacuum system adapted to supply said reduced 
pressure to the wound.

29. A method of treating a wound comprising the steps of:
(a) applying a reduced pressure to the wound; and
(b) maintaining said reduced pressure until the wound has

progressed toward a selected stage of healing, wherein
said maintaining of said reduced pressure is conducted
in alternating periods of application and non-
apptication of the reduced pressure.

30. The method of claim 29 wherein each of said alter­
nating periods is about 5 minutes.
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31. A method of treating a wound comprising the steps of: 
(a) applying a reduced pressure to the wound; and 
(b) maintaining said reduced pressure until the wound has 

progressed toward a selected stage of healing, wherein 
said selected stage of healing is cessation of partial 
thickness bum progression.

32. A method of treating a wound comprising the steps of: 
(a) applying a reduced pressure to the wound; and 
(b) maintaining said reduced pressure until the wound has 

progressed toward a selected stage of healing, wherein 
said selected stage of healing is a reduction in bacterial 
density in the wound by at least 50%.

33. A device for promoting closure of a wound compris­
ing:

(a) an impermeable deformable cover adapted to be 
placed over the wound;

(b) an adhesive layer on the cover adapted to form a seal 
between said cover and tissue surrounding the wound;

(c) support means for supporting said cover outward from 
the wound forming an enclosed volume bounded by 
said cover and the wound and tissue surrounding the 
wound; and

(d) supply means for supplying reduced pressure to said 
enclosed volume and for deforming said cover so as to 
exert tension upon the tissue surrounding the wound.

34. The device of claim 33 wherein said support means 
comprises a support member located within said enclosed 
volume.
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35. The device of claim 34 wherein said support member 

comprises a porous cup member.
36. The device of claim 33 wherein said support means 

comprises a support member located external to said 
enclosed volume.

37. The appliance of claim 36 wherein said support means 
comprises attachment means for attaching said cover to said 
support means, and said support means comprises a plurality 
of leg members for supporting said cover out of contact with 
the wound.

38. A method of promoting attachment of a skin graft onto 
a wound comprising steps of:

(a) attaching the graft to the wound, and
(b) applying reduced pressure to the graft to promote 

blood circulation within the graft.
39. The method of claim 38 wherein the graft is a skin 

flap, the method further comprising steps of:
(a) applying reduced pressure to a region of skin adjacent 

to the wound, and
(b) forming the flap by detaching skin from said region 

prior to said attaching step.
40. The method of claim 38 comprising steps of:
(a) applying reduced pressure to a region of skin for use 

as the skin graft; and
(b) forming the graft by detaching skin from said region.
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KCI v. BlueSky: BlueSky Medical Group Inc. and Richard 
Weston’s motion to exclude certain expert testimony dated 
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Argenta, et al., 34 pages, Mar. 2004. BS-219.
KCI v. BlueSky: Letter dated Dec. 9, 2005 from the Honor­
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KCI v. BlueSky, Second Amended Order Construing Patent 
’643 and Ό81 Claim Terms dated Jun. 29, 2006. BS-222.

Kinetic Concepts, Inc., et al., v. Blue Sky Medical Corpora­
tion, et al., Case No. 2:07cvl88 in the United States District 
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BS-231.

Solventum-Exhibit 1006-0044



US 5,636,643 Cl
Page 24

Pictures showing patient treatment, “sheet 1”, 12 sheets, 
(Jeter deposition Exhibit 848) (allegedly dated 1986). 
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NPL-674.
Egnell Minor, Instruction Book, First Addition [Edition], 
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reproducibility,” Ann. Plast. Surg., 23(3):219-223, (Sep. 
1989). NPL-685.
Slides from Wake Forest University regarding use of V.A.C. 
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order, and Opening brief in support of defendants’ motion to 
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ITI v. KCI, Case No. 07-589, Plaintiffs opposition to defen­
dants’ motion to dismiss, with declarations, filed by ITI on 
Apr. 4, 2008. DED-008.
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KCI v. Medela, Case No. 08-cv-00087, (formerly 
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No. 7,216,651 and conclusion of related appeal, filed by 
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KCI v. Medela, Case No. 08-cv-00087, (formerly 
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KCI et al. v. Blue Sky Medical Group et al., Case No. 
2007-1340, -1341, -1342, Response and reply brief of 
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EX PARTE 
REEXAMINATION CERTIFICATE 

ISSUED UNDER 35 U.S.C. 307
THE PATENT IS HEREBY AMENDED AS 

INDICATED BELOW.

Matter enclosed in heavy brackets [ ] appeared in the 
patent, but has been deleted and is no longer a part of the 
patent; matter printed in italics indicates additions made 
to the patent.

AS A RESULT OF REEXAMINATION, IT HAS BEEN 
DETERMINED THAT:

The patentability of claims 1-12, 14, 16-19, 23-27 and 
33-35 is confirmed.

Claim 13 is cancelled.

2
Claim 38 is determined to be patentable as amended.

Claims 15, 20-22, 28-32, 36, 37, 39 and 40 were not 
reexamined.

38. A method of promoting attachment of a skin graft onto 
a wound comprising steps of:

(a) attaching the graft to the wound, [and]
(b) placing an open-cell polymer foam section over the 

graft,

(c) sealing a generally liquid-tight cover in place over the 
foam section and the graft, and

(d) applying and maintaining reduced pressure to the graft 
to promote blood circulaton within the graft.

Solventum-Exhibit 1006-0051



(12) EX PARTE REEXAMINATION CERTIFICATE (7140th)
United States Patent (io) Number: US 5,636,643 C2
Argenta et al. (45) Certificate Issued: Nov. 3,2009

US005636643C2

(54) WOUND TREATMENT EMPLOYING 
REDUCED PRESSURE

(75) Inventors: Louis C. Argenta, Winston-Salem, NC 
(US); Michael J. Morykwas, Pfafftown, 
NC (US)

(73) Assignee: Wake Forest University Health 
Sciences, Winston-Salem, NC (US)

Reexamination Request:
No. 90/010,187, Jun. 3, 2008

Reexamination Certificate for:
Patent No.: 5,636,643
Issued: Jun. 10,1997
Appl. No.: 08/028,677
Filed: Mar. 9,1993

Reexamination Certificate Cl 5,636,643 issued Mar. 3, 2009

Related U.S. Application Data

(63) Continuation-in-part of application No. 07/792,001, filed on 
Nov. 14, 1991, now Pat. No. 5,645,081.

(51) Int. Cl.
A61B 19/00 (2006.01)

(52) U.S. Cl...................................................... 128/897; 602/42
(58) Field of Classification Search ..............................None

See application file for complete search history.

U.S. PATENT DOCUMENTS

(56) References Cited

3,429,313 A 2/1969 Romanelli
3,568,675 A 3/1971 Harvey
4,156,066 A 5/1979 Gould
4,221,215 A 9/1980 Mandelbaum
4,256,109 A 3/1981 Nichols
4,465,485 A 8/1984 Kashmer et al.
4,710,165 A 12/1987 McNeil et al.
5,484,399 A 1/1996 DiResta et al.

2003/0108587 Al 6/2003 Orgill et al.

FOREIGN PATENT DOCUMENTS

DE 847475 8/1952
DE 1963258 6/1971
GB 114754 4/1918
GB 2 195 255 4/1988
SU 1416108 7/1985
SU 1251912 8/1986
WO WO 87/04626 8/1987
WO WO 90/10424 9/1990

OTHER PUBLICATIONS

K.F. Jeter, T.E. Tintle and M. Chariker, “Managing Draining 
Wounds and Fistulae: New and Established Methods,” in 
Chronic Wound Care, edited by D. Krasner (Health Manage­
ment Publications, Inc, King of Prussia, PA 1990) pp. 
240-246.*

KCI et al. v. Blue Sky Medical Group et al., Case No. 
2007-1340, -1341, -1342, Federal Circuit Decision dated 
Feb. 2, 2008. CAFC1340-008.

N.A. Bagautdinov, “Variant of External Vacuum Aspiration 
in the Treatment of Purulent Diseases of Soft Tissue,” in 
Current Problems of Modem Clinical Surgery: Interdepart­
mental Collection, edited by VYe. Volkov et al. (Chuvashia 
State University, Cheboksary, U.S.S.R. 1986) pp. 94-96.

(Continued)

Primary Examiner—Beverly M. Flanagan

(57) ABSTRACT

A method of treating tissue damage comprises applying a 
negative pressure to a wound sufficient in time and magni­
tude to promote tissue migration and thus facilitate closure 
of the wound. The method is applicable to wounds, bums, 
infected wounds, and live tissue attachments. A wound treat­
ment apparatus is provided in which a fluid impermeable 
wound cover is sealed over a wound site. A screen in the 
form of an open-cell foam screen or a rigid porous screen is 
placed beneath the wound cover over the wound. A vacuum 
pump supplies suction within the wound cover over the treat­
ment site.

Solventum-Exhibit 1006-0052



US 5,636,643 C2
Page 2

OTHER PUBLICATIONS

G. Zivadinovic, V. Dukic, Z. Maksimovic, D. Radak, and P. 
Peska, “Vacuum Therapy in the Treatment of Peripheral 
Blood Vessels,” ; Timok Medical Journal 11 (1988) 
161-164.
F.E. Johnson, “An Improved Technique for Skin Graft Place­
ment Using a Suction Drain,” Surgery, Gynecology, and 
Obstetrics 159 (1984) 584-585.
A.A. Safronov, Dissertation Abstract, Vacuum Therapy of 
Trophic Ulcers of the Lower Leg with Simultaneous Auto­
plasty of the Skin (Central Scientific Research Institute of 
Traumatology and Orthopedics, Moscow, U.S.S.R. 1967).
C.E. Tennant, “The Use of Hyperemia in the Postoperative 
Treatment of Lesions of the Extremities and Thorax,” Jour­
nal of the American Medical Association 64 (1915) 
1548-1549.
Selections from W. Meyer and V. Schmieden, Bier’s Hyper- 
emic Treatment in Surgery, Medicine, and the Specialties: A 
Manual of its Practical Application (W.B. Saunders Co, 
Philadelphia, PA 1909) pp. 17-25, 44-64, 90-96, 167-170, 
and 210-211.
S. Westaby and W.G. Everett, “A Wound Irrigation Device,” 
The Lancet 312 (1978) 503-504.
D.E. Tribble, “An Improved Sump Drain-Irrigation Device 
of Simple Construction,” Archives of Surgery 105 (1972) 
511-513.
Declaration of Dr. Ian L. Gordon, M.D, Ph.D.
Declaration of Dr. Kenneth R. Diller, Sc.D.
U.S. Appl. No. 07/792,001, Amendment and Reply under 37 
C.F.R. § 1.111, mailed Apr. 29, 1996.
In re U.S. Patent No. 5,636,643, Control No. 90/008,697, 
Reply and Request for Reconsideration under 37 C.F.R. § 
1.111, filed Apr. 28, 2008, in the U.S. Patent and Trademark 
Office.
Kinetic Concepts, Inc. v. BlueSky Med. Corp., No. 
5O3-CV-00832, Plaintiffs’ Original Complaint (W.D. Tex. 
Aug. 28, 2003).
Kinetic Concepts, Inc. v. BlueSky Med. Group. Inc., Nos. 
2007-1340, -1341, -1342, Brief of Appellants, Medela AG 
and Medela, Inc. (Fed. Cir. May 23, 2007).
Kinetic Concepts, Inc. v. BlueSky Med. Group, Inc., Nos. 
2007-1340, -1341, -1342, Brief of Kinetic Concepts, Inc, 
KCI Licensing, Inc, KCI USA, Inc, and Wake Forest Uni­
versity Health Sciences (Fed. Cir. Mar. 3, 2008).
Kinetic Concepts, Inc. v, BlueSky Med. Group, Inc., Nos. 
2007-1340, -1341, -1342, Reply Brief of Appellants, 
Medela AG and Medela, Inc. (Fed. Cir. May 16, 2008).
Selections from Kinetic Concepts , Inc. v. BlueSky Med. 
Corp., No. SA-03-CA-0832, in the U.S. District Court for 
the Western District of Texas.
D.P. Orgill, L.R. Bayer, J. Neuwalder, and R.C. Felter, 
“Microdeformational Wound Therapy—A New Era in 
Wound Healing,” in Global Surgery: Future Directions in 
Surgery (Touch Briefings, London, U.K. 2005) pp. 22-25.
M.J. Morykwas, B.J. Faler, D.J. Pearce, and L.C. Argenta, 
“Effects of Varying Levels of Subatmospheric Pressure on 
the Rate of Granulation Tissue Formation in Experimental 
Wounds in Swine,” Annals of Plastic Surgery 47 (2001) 
457-551.
V.A.C Therapy Clinical Guidelines: A Reference Source for 
Clinicians (KCI Licensing Inc, San Antonio, TX 2007).
R. Fujimori. M. Hiramoto, and S. Ofuji, “Sponge Fixation 
Method for Treatment of Early Scars,” Plastic & Recon­
structive Surgery 47 (1968) 322-327.

Wake Forest University Health Sciences, et al., v. Smith & 
Nephew, et al., In the High Court of Justice, Chancery Divi­
sion, Patents Court, (UK) Case No. HC08 C03563, Witness 
Statement of Sabing Lee, dated Jan. 6, 2009. SNUK-001.
WFUv. S&N, (UK) Case No. HC08 C03563, Witness State­
ment of John Hicks, dated Jan. 6, 2009, SNUK-002.
WFUv. S&N, (UK) Case No. HC08 C03563, Witness State­
ment of Martin Connors, dated Jan. 5, 2009. SNUK-003.
WFUv. S&N, (UK) Case No. HC08 C03563, Witness State­
ment of Nadeem Bridi, with Exhibit NB-1 and NB-2, dated 
Jan. 9, 2009. SNUK-004.
WFU v. S&N (UK) Case No. HC08 C03563, Defendants’ 
skeleton argument for hearing floating from Tuesday Jan. 13, 
2009, filed Jan. 12, 2009. SNUK-005.
WFUv. S&N(UK) Case No. HC08 C03563, Plaintiffs’ skel­
eton argument for hearing, filed Jan. 12, 2009. SNUK-006.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Defendants Blue Sky 
Medical Group, Inc. and Smith & Nephew, Inc.’s answer to 
third amended complaint, filed Jan. 20, 2009. 
SA00102-005.
EP 0 620 720 (DE 692 24 847) Medela’s Brief in Reply to t e 
Complaint Reply Brief with English translation, dated Dec. 
19, 2008. DENA-WH1-010.
EP 0 688 189 (DE 694 25 881) Medela’s Reply Brief dated 
Dec. 19, 2008. DENA-WH2-006.
Kuznetsov, VA, et al. Report on Practical Application 
entitled “Method of vacuum-sorption treatment of purulent 
wounds,” Kazan Municipal Hospital No. 8, (1 sheet in 
English, 1 sheet in Russian and certificate of translation 
dated Apr. 28, 2009), (allegedly dated May 19, 1986). 
NPL-800.
3M ™ Inzisionsfolien—Produktubersicht, by 3M Medica, 6 
annotated Sheets. NPL-772.
Application for rationalization proposal, proposal entitled 
“Variant for vacuum treatment of purulent wounds,” (4 
sheets in English, 4 sheets in Russian, certificate of transla­
tion dated May 8, 2009), proposal allegedly executed Dec. 
25, 1985 (Bagautdinov III). NPL-773.
Buschbaum, H.J, ed, et al. Strategies in Gynecologic Sur­
gery, pp. 203, Springer-Verlag, NY, (1986). NPL-774.
Flynn, J-B. McC, et al. Technological Foundations in 
Nursing, pp. 506-507, Appleton & Lange, Norwalk, CT, 
(1990). NPL-775.
Gomco Mobile constant and intermittent model 6030 & 
6031, Operation, Maintenance and Service Manual, with 
annotations, 21 sheets, (Jan. 1987). NPL-776.
Kahlson, G, et al, “Wound healing as dependent on rate of 
histamine formation,” The Lancet, pp. 230-234, (Jul. 30, 
1980). NPL-777.
Karev, I.D, et al, “Foam drainage system for treating puru­
lent wounds,” pp. 87-88, (2 sheets English translation, 2 
sheets Russian and certification of translation dated Apr. 6, 
2009) (allegedly dated 1986). NPL-778.
Kozier, B, et al. Techniques in Clinical Nursing, 3d ed, pp. 
559-560, pp. 603-605, Addison-Wesley Publishing Com­
pany, Inc, Health Sciences, Redwood City, CA, (1989). 
NPL-779.
McLean, W.C, “The role of closed wound negative pressure
suction in radial surgical procedures of the head and neck,”
The Laryngoscope, 74(1)70-94, (Jan. 1964). NPL-780.

Solventum-Exhibit 1006-0053



US 5,636,643 C2
Page 3

Norton, B.A., et al., Skills for Professional Nursing Practice: 
communication, physical appraisal, and clinical techniques, 
pp. 298-302, pp. 328-329, Appleton-Century-Crofts, Nor­
walk, CT (1986). NPL-781.
Bagautdinov, N.A., Report on Practical Application entitled 
“Variant of vacuum treatment of purulent wounds,” Kazan 
Municipal Hospital No. 8, (1 sheet in English, 1 sheet in 
Russian and certificate of translation dated May 8, 2009), 
(allegedly dated Dec. 24, 1985). (Practical Report I) 
NPL-782.
Kuznetsov, VA. et al., Report on Practical Application 
entitled “Method of vacuum-sorption treatment of purulent 
wounds,” Kazan Municipal Hospital No. 8, (1 sheet in 
English, 1 sheet in Russian and certificate of translation 
dated Apr. 28, 2009) (allegedly dated May 19, 1986). (Prac­
tical Report II) NPL-783.
Bagautdinov, N.A., Report on Practical Application entitled 
“Method of vacuum treatment of open purulent wounds,” 
Medical-Sanitary Ward of the Arzamas Instrument Plant, (1 
sheet in English, 1 sheet in Russian and certificate of transla­
tion dated Apr. 27, 2009) (allegedly dated 1986) (Practical 
Report III) NPL-784.
Roth, B., et al., “Ubersichtsarbeit: Indication for 
suction-rinse drainage and hygienic certainty in drainages,” 
GMS Krankenhaushyg. Interdiszip, l(l):Doc27 (7 sheets in 
German with English abstract on first sheet) (2006). 
NPL-785.
Schneider, F.R., Handbook for the Orthopaedic Assistant, 
2nd ed., pp. 185, The C.V Mosby Company, St. Louis, 
(1976). NPL-786.
Thomas, S, Wound Management and Dressings, Chapter 4: 
Semipermeable film dressings (continued onto pp. 26-34), 
Chapter 5: Foam dressings (continued onto pp. 36 42). and 
pp. 166, The Pharmaceutical Press, London, (1990). 
NPL-787.
Witkowski, J.A., et al., “Synthetic dressings: wound healing 
in the 80’s,” (5 sheets), Hospital Therapy, (Nov. 1986). 
NPL-788.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Witness statement of 
Ian L. Gordon, M.D., Ph.D., dated Jun. 17, 2009 (certificate 
of service dated Jun. 18, 2009). SA102-052.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Plaintiffs’ motion to 
strike portions of the witness statement of Ian L. Gordon, 
filed by KCI Jun. 19, 2009. SA102-053.
KCI, et el., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Plaintiffs’ motion to 
strike defendant Smith & Nephew Inc.’s foreign declara­
tions, with Exhibit C (Declaration of Edward A. Betancourt 
dated Nov. 3, 2006); filed by KCI Jun. 19, 2009. 
SA102-054.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Letter to Judge Furge­
son, Jr, filed by KCI Jun. 26, 2009. SA102-055_SA087.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Plaintiffs’ supplement 
to opening claim construction brief, with Declaration of Joel 
Fischer dated Jun. 26, 2009 and Exhibit 1: Memo dated Jan. 
30, 2009 from Mocon; filed by KCI Jun. 28, 2009. 
SA102-056—SA087.

Demorest, R.L, “New standards in water vapour permeabil­
ity testing,” British Plastics & Rubber, 3 sheets, (handwritten 
label on first sheet shows “Exhibit TT”), (May 1995). 
NPL-789.
Roy, J.N, “Vaseline oil in the dressing of the radical mastoid 
operation,” J. Laryngology, pp. 585-590, (Nov. 1907). 
NPL-790.
Blake, J.B, “The use of sterile oil to prevent intraperitoneal 
adhesions: A clinical and experimental study,” Transactions 
of the American Surgical Association, pp. 383-390, (Jun. 
1908). NPL-791.
Wilkie, D.P.D, et al, “The use of oil in abdominal surgery,” 
Surgery, Gynecology and Obstetrics, pp. 126-132 (1910). 
NPL-792.
Thomas, S, “Wound Management and Dressings,” The 
Pharmaceutical Press, London, 223 sheets, (1990). 
NPL-793.
Wood, R.A.B, et al, “A new method for treatment of open 
granulating wounds,” Surgical Dressings in the Hospital 
Environment, T.D. Turner, ed, et al. Surgical Dressings 
Research Unit, Welsh School of Pharmacy, Uwist, Cardiff, 8 
sheets, (1975). NPL-797.
Turner, T.D, ed, et al. Advances in Wound Management, 
including “The role of foam dressings in wound manage­
ment” by S. Thomas, “Clinical aspects of Synthaderm®” by 
T. Martin, et al, “Lyofoam®—Used in the treatment of leg 
ulcers” by J. Creevy, and “Clinical experience of Silastic® 
foam dressing,” by K.G. Harding; John Wiley & Sons, 17 
sheets, (Proceedings dated Mar. 20-21, 1985) (1986). 
NPL-798.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Plaintiffs’ second 
supplment to opening claim construction brief, with Supple­
mental declaration of J. Fischer, dated Jul. 10, 2009, filed by 
KCI Jul. 10, 2009. SA102-057—SA087.
Taber’s Cyclopedic Medical Dictionary, 16th edition, pp. 
613-614, 643, 679, 1444, and 1686-1688, (1989). 
NPL-740.
Parker, S.P, ed, McGraw-Hill Dictionary of Scientific and 
Technical Terms, 4th ed, pp. 1462, (1989). NPL-741.
Gove, P.B, ed, Webster’s Third New International Dictio­
nary Unabridged, pp. 869 and 2627 (1986). NPL-742.
Peacock, Jr, E.E, Wound Repair, 3d edition, WB. Saunders 
Company pp. 12-14, pp. 38-51, Chapter 6 Repair of skin 
wounds, (1984). NPL-721.
Spartanburg Regional Medical Center Operative reports, 35 
sheets, dated 1989. NPL-747.
Johnson, F.E, “Expanded use of suction drains,” pp. 469 and 
1 sheet of drawings (allegedly dated 1985). NPL-748.
Brossy, J.-J, “Foam elastomer dressings in surgery,” SA 
Medical Journal, 59:559-560, (Apr. 1981). NPL-749.
Groves, A.R, et al, “Silastic foam dressing: an appraisal,” 
Annals of the Royal College of Surgeons of England, vol. 
67, pp. 117-118 and additional page, (1985). NPL-750.
Harding, K.G, et al, “Silastic foam dressing for skin graft 
donor sites—a preliminary report,” Br. J. Plast. Surg, 
33:418-421, (1980). NPL-751.
Malone, W.D, “Wound dressing adherence: a clinical com- 
paritive study,” Archives of Emergency Medicine, 
4:101-105, (1987) NPL-752.
Moblvac II advertising materials, 4 sheets, allegedly dated
1984.NPL-753.

Solventum-Exhibit 1006-0054



US 5,636,643 C2
Page 4

Bucknall, T.E. ed., et al., “Wound healing for surgeons,” 
Introduction, Chapter 1 The healing wound, Chapter 2 
Wound strength, Chapter 3 Factors affecting healing, Chap­
ter 4 Sutures and dressings, Chapter 5 Clinical trials, Chap­
ter 6 Skin healing and burns, and Chapter 7 The abdominal 
wall, (1984). NPL-754.
Brubacher, L.L., “To heal a draining wound,” RN, 
45(3):30-36 (Mar. 1982). NPL-755.
Dahlin, P.A., et al., “Cerebrospinal fluid leak because of 
pressure sore fistula in a quadriplegic,” Spine, 12(1):72-75, 
(1987). NPL-756.
Downie, P.A., ed., Cash’s textbook of medical conditions for 
physiotherapists, Chapter 1 Inflammation and healing, 
Chapter 2 Oedema, Chapter 19 Skin conditions, Chapter 20 
Bums, B. Lippincott Co., (1979). NPL-757.
Ersh, Z. Ya., “Use of polyurethane foam for cleaning of 
purulent cavities and wounds,” LI. Grekov J. or Surg., 133 
(9):134-135 and additional sheets (10 sheets in English and 
5 sheets in Russian) (1984). NPL-758.
Fasol, P, et al., “The foil vacuum dressing for the treatment 
of infected skin defects,” Acta Chir. Austriaca 116-118, (2 
sheets English and 3 sheets German) (1976). NPL-759.
“Heparin use may reduce restenosis risk,” Aom J., 
46(3):456, (Sep. 1987). NPL-760.
Gruendemann, B.J., et al., Alexander’s Care of the patient in 
surgery, 8th ed, C.V. Mosby Co, pp. 138-139 (1987) 
NPL-761.
Kirk-Othmer Encyclopedia of chemical technology, 3d ed, 
vol. 8, pp. 201-203 91979). NPL-762.
Kostyuchenok, B.M, et al, “Vacuum treatment of purulent 
wounds,” Soviet Medicine, pp. 18-21, (4 sheets English, 4 
sheets Russian, with English abstract on last page), (1984). 
NPL-763.
Kuzin, M.I., et al, “Method of vacuum treatment of 
wounds,” Wounds and Wound Infection, pp. 348-350. (2 
sheets) (1981). NPL-764.
Kuzin, M.I, et al, et al, “Vacuum treatment of a purulent 
wound,” Wounds and Wound Infection, Handbook for Phy­
sicians, 2nd revised and supplemented ed, pp. 243-246, (3 
sheets) (1990). NPL-765.
Tranchell, H.G, et al. Circulatory Ulcers A Physical 
APproach, John Wright & Sons Ltd, Bristol, Foreword, I. 
Ulcers: a comparison, II. The ulcer, pp. 44 47. and 54-55, 
91960. NPL-766.
Parish, L.C, et al, “The infected decubitus ulcer,” Int. J. 
Dermatol, 28:643-647 (Dec. 1989). NPL-768.
Davydov, Y.A., et al, “Device and method for vacuum 
therapy of purulent lactation mastites,” Khirurgiya, 
(4):131-132, (Apr. 1988). DV15.
Davidov, Y.A, et al, “Justifying the usage of forced early 
secondary sutures in treatment of purulent wounds by the 
vacuum therapy,” Vestnik Chirugia 126-129, (2 sheets in 
English and 3 sheets in Russian) (Mar. 1990). DV16.
Davydov, Y.A, et al, “Pathogenic mechanisms of the effect 
of vacuum therapy on the course of the wound process,” 
Khirurgiya, 6:42 47 (7 sheets English and 8 sheets Russian, 
with English abstract on pp. 46 47) (1990). DV17.
Davydov, Y.A, et al, “Bacteriological and cytological 
evaluation of vacuum therapy of purulent wounds”, Vestnik 
khirurgii, 10:48-52, (5 sheets English, 5 sheets Russian, 
English abstract on pp. 52).
Davydov, Y.A, et al, “Vacuum therapy in the treatment of 
purulent lactation mastitis,” pp. 66-70 (5 sheets English, 5 
sheets Russian, English abstract on pp. 70). DV19.

Davydov, Y.A, et al, “Vacuum therapy in the treatment of 
acute purulent diseases of soft tissues and purulent wounds”, 
Vest. Khir. 141(9):43-46 (6 sheets English, 6 sheets Russian, 
English abstract on pp. 46) (1988). DV20.
EP 0 620 720 (DE 692 24 847). Decision of Federal Patent 
Court,iln German with English translation, dated Mar. 17, 
2009. DENA-WH1-018.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Second supplement to 
Defendant Smith & Nephew, Inc.’s opposition to Plaintiffs’ 
motion for preliminary injunction, filed by S&N May 12, 
2009. SA102-029.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Declaration of Nail A. 
Bagaoutdinov in support of Defendant Smith & Nephew, 
Inc.’s opposition to Plaintiffs’ motion for a preliminary 
injunction, with Exhibits NB-01-NB-05, dated May 8, 
2009, filed May 12, 2009. SAI 02-030.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Supplement to 
Exhibit A of Plaintiffs’ infringement contentions, served by 
KCI on S&N May 15, 2009. SA102-032.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Supplement to 
Exhibit B of Plaintiffs’ infringement contentions, served by 
KCI on S&N May 15, 2009. SA102-033.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Supplement to 
Exhibit C of Plaintiffs’ infringement contentions, served by 
KCI on S&N May 15, 2009. SA102-034.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Supplement to 
Exhibit D of Plaintiffs’ infringement contentions, served by 
KCI on S&N May 15, 2009. SA102-035.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Deposition of Dr. Ian 
Gordon taken Apr. 29, 2009. SA102-036.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88). Deposition of Dr. 
Dennis Orgill taken Apr. 27, 2009. SA102-037.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Defendant’s first 
supplemental preliminary invalidity contentions, filed by 
S&N Jun. 4, 2009. SA102-041.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), S&N’s invalidity con­
tentions for US 7,216,651—First supplemental Exhibit A 
filed by S&N Jun. 4, 2009. SA102-042.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), S&N’s invalidity con­
tentions for US 7,198,0461—First supplemental Exhibit B 
filed by S&N Jun. 4, 2009. SA102-043.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), S&N’s invalidity con­
tentions for US 5,636,643—First supplemental Exhibit C 
filed by S&N Jun. 4, 2009. SA102-044.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), S&N’s invalidity con­
tentions for US 5,645,081—First supplemental Exhibit D 
filed by S&N Jun. 4, 2009. SA102-045.
WFU v. S&N (UK) Case No. HC08 C03563, Order entered
May 1, 2009. SNUK-029.

Solventum-Exhibit 1006-0055



US 5,636,643 C2
Page 5

KCI v. Medela, Case No. 08-cv-00087, (formerly 
2:07cvl87), Medela, Inc. and Medela AG’s responsive claim 
construction brief with Exhibits E, F, and P, filed by Medela 
Jun. 5, 2009. SA087-026.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Defendant Smith & 
Nephew, Inc.’s responsive claim construction brief, with 
Exhibit 5, filed by S&N Jun. 5, 2009. SA102-039.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Defendant Smith & 
Nephew, Inc.’s response to KCI’s second supplement to its 
motion for preliminary injuction, filed by S&N Jun. 9, 2009. 
SA102-038.
EP 0 688 189 (DE 694 25 881) Brief filed by Medela (with 
English translation) and Enclosures NK 16, dated Apr. 27, 
2009. DENA-WH2-008.
EP 0 620 720 (DE 692 24 847), English translation of the 
Decision of the Federal Patent Court dated Mar. 17, 2009, 
full translation by Vossius & Partner. DENA-WH1-019.
Excerpts from Bier’s Hyperemic Treatment, pp. 17-25, 
44 46. 90-96, 167-170, 210-211 (1909). NPL-767.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Second Joint supple­
ment to preliminary injunction briefing with attached opin­
ion, filed Jun. 4, 2009. SAI 02-040.
KCI v. Medela, Case No. 08-cv-00087, (formerly 
2:07cvl87), Joint claim construction and prehearing state­
ment, filed May 8, 2009. SA087-022_SA102.
KCI v. Medela, Case No. 08-cv-00087, (formerly 
2:07cvl87), Exhibit B (parts 1, 2, and 3) to Joint claim con­
struction and prehearing statement, filed May 8, 2009. 
SA087-025—SA102.
KCI v. Medeia, Case No. 08-cv-00087, (formerly 
2:07cvl87), Declaration of Dr. Dennis Paul Orgill in support 
of claim construction, with Exhibit DO-1, dated Apr. 24, 
2009. SA087-023.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Declaraction of Dr. 
Dennis Oaul Orgill in support of claim construction, with 
Exhibits DO-1 and DO-7, dated Apr. 24, 2009. 
SA102-028.P
Chariker, M.E., et al., “An algorithmic approach to the use of 
gauze-based negative-pressure wound therapy as a bridge to 
closure in pediatric extremity trauma,” Plast. Reconstr. 
Suig., 123:1510-1520, (2009). NPL-771.
KCI, Inc., et al., v. Convatec, Inc., et al., l:08-cv-00918, 
Plaintiffs’ infringement contentions in response to interroga­
tory No. 1 of Defendants’ first set of interrogatories (NOS. 
1-3), filed by KCI Jun. 1, 2009. MDNC918-002.
KCI, Inc., et al., v. Convatec, Inc., et al., 1:08--cv--00918, 
Exhibit A of Plaintiffs’ infringement contentions in response 
to interrogatory No. 1 of Defendants’ first set of interrogato­
ries (Nos. 1-3)—Chart identifying where each element of 
each asserted claim of the 7,216,651 patent is found in the 
Engenex System, filed by KCI Jun. 1, 2009. 
MDNC918-003.
KCI, Inc., et al., v. Convatec, Inc., et al., l:08-cv-00918, 
Exhibit B of Plaintiffs’ infringement contentions in response 
to interrogatory No. 1 of Defendants’ first set of interrogato­
ries (Nos. 1-3)—Chart identifying where each element of 
each asserted claim of the 7,198,046 patent is found in the 
Engenex System, filed by KCI Jun. 1, 2009. 
MDNC918-004.

KCI, Inc., et al., v. Convatec, Inc., et al., l:08-cv-00918, 
Exhibit c of Plaintiffs’ infringement contentions in Cre- 
sponse to interrogatory No. 1 of Defendants’ first set of 
interrogatories (Nos. 1-3)—Chart identifying where each 
element of each asserted claim of the 5,636,643 patent is 
found in the Engenex system, filed by KCI Jun. 1, 2009. 
MDNC918-005.
KCI, Inc., et al., v. Convatec, Inc., et al., l:08-cv-0918, 
Exhibit D of Plaintiffs’ infringement contentions in response 
to interrogatory No. 1 of Defendants’ first set of interrogato­
ries (Nos. 1-3)—Chart identifying where each element of 
each asserted claim of the 5,645,081 patent is found in the 
Engenex System, filed by KCI Jun. 1, 2009. 
MDNC918-006.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Plaintiffs’ second 
supplement to memorandum in support of Plaintiffs’ motion 
for a preliminary injunction, with Ex. 27, filed by KCI May 
22, 2009. SA 102-046.
EP 03756228.7 Supplemental European Search Report— 
P02915EP0-SR (May 26, 2009).
WFU&KCIv. S&N, VID143, (Regarding AU 674837) Fed­
eral Court of Australia, Order by Judge Ryan, Including rea­
sons for judgment, dated Jun. 15, 2009. AU 143-001.
EP 0 620 720 (DE 692 24 847), Medela brief, with English 
translation, with Exhibits 22, 23, 25, and 26, dated Mar. 6, 
2009. DENA-WH1-011.
EP 0 620 720 (DE 692 24 847), Wake Forest brief in 
response to Medela’s Mar. 6, 2009 brief, with English trans­
lation, and Exhibit Y: report of Dr. Christian Willy, brief 
dated Mar. 11, 2009. DENA-WH1-012.
EP 0 620 720 (DE 692 24 847), Wake Forest’s Brief as filed 
with the Court, with Exhibits Z1-Z3, dated Mar. 16, 2009. 
DENA-WH1-014.
EP 0 688 189 (DE 694 25 881) Brief filed by Wake Forest 
Jan. 30, 2009. DENA-WH2-007.
KCI v. Medela, Case No. 08-cv-00087, (formerly 
2:07cvl87), Plaintiffs’ opening preliminary claim construc­
tion brief, with Exhibit F, filed by KCI on May 15, 2009. 
SA087-024.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Plaintiffs’ opening 
claim construction brief, with Exhibit F, filed by KCI on 
May 15, 2009. SA102-031.
EP 0 688 189 (DE 694 25 881) Brief dated Jan. 20, 2009. 
DENA-WH2-009.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Plaintiffs’ reply in 
support of second supplement to memorandum in support of 
Plaintiffs’ motion for a preliminary injunction, filed Jun. 17, 
2009. SA102-047.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88). Direct testimony of 
Rohit Kashyap, Ph.D. in support of Plaintiffs’ motion for a 
preliminary injunction, dated Jun. 18, 2009. SA102-048.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Direct testimony of 
James E. Malackowski in support of Plaintiffs’ motion for a 
preliminary injunction, dated Jun. 18, 2009. SA102-049.
KCI, et al., v. Blue Sky Medical Group, Inc., et al.,
SA08-cv-102, (formerly 2:07cvl88), Direct testimony of
Dr. Dennis Paul Orgill, dated Jun. 18, 2009. SA102-050.

Solventum-Exhibit 1006-0056



US 5,636,643 C2
Page 6

KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Plaintiffs’ motion to 
strike Defendant Smith & Nephew, Inc.’s Bagaoutdinov dec­
laration, filed Jun. 18, 2009. SA102-051.
Inter Partes Reexam of US 7,216,651, Reexam Nos. 90/008, 
693 and 95/001,048, Third party comments addressing 
issues raised by the Feb. 12, 2009 office action and the Apr. 
12, 2009 Patent Owner’s reply, filed by S&N, dated May 12, 
2009. IPRE-006.
Inter Partes Reexam of US 7,216,651, Reexam Nos. 90/008, 
693 and 95/001,048, Third party requester’s petition pursu­
ant to 37 C.F.R. §1.183 for waiver of 37 C.F.R. §1.943(b) 
requirement, filed by S&N, dated May 12, 2009. IPRE-007. 
Inter Partes Reexam of US. 7,216,651, Reexam Nos. 90/008, 
693 and 95/001,048, Exhibit A of Third Party Comments: 
Declaration of Dr. Nail A. Bagaoutdinov, filed by S&N, 
dated May 8, 2009. IPRE-008.
Inter Partes Reexam of US 7,216,651, Reexam Nos. 90/008, 
693 and 95/001,048, Exhibit B of Third Party Comments: 
Declaration of Dr. Mark Chariker, with Appendix C, filed by 
S&N, dated May 11, 2009. IPRE-009.
Inter Partes Reexam of US 7,216,651, Reexam Nos. 90/008, 
693 and 95/001,048, Exhibit C of Third Party Comments: 
Dr. Ian L. Gordon, M.D., Ph,D., Declaration, with Appendix 
D, filed by S&N, dated May 12, 2009. IPRE-010.
Inter Partes Reexam of US 7,216,651, Reexam Nos. 90/008, 
693 and 95/001,048, Exhibit E of Third Party Comments: 
Excerpts from the trail transcript in the U.S.D.C.—Western 
District of Texas, Case No. SA-03-CA-832, entitled Kinetic 
Concepts v. Bluesky Medical Corp., filed by S&N on May 
12, 2009. IPRE-011.
Inter Partes Reexam of US 7,216,651, Reexam Nos. 90/008, 
693 and 95/001,048, Exhibit G of Third Party Comments: 
Excerpts of U.K. trial transcript for Wake Forest University 
v. Smith & Nephew PLC of Mar. 24, 2009, filed by S&N on 
May 12, 2009. IPRE-012.
Solovev, V.A., “Treatment and prevention of suture failures 
after gastric resection,” Dissertation abstract, with alleged 
index card, S.M. Kirov Gorky State Medical Institute, 
Gorky, U.S.S.R., (Exhibit 1 of Third party comments) 
(1988). NPL-769.
Solovev, V.A., “The method of treatment of immature exter­
nal fistulas in the upper gastrointestinal tract,” S.M. Kirov 
Gorky State Medical Institute, Gorky, U.S.S.R., (Exhibit J of 
Third party comments) (1987). NPL-770.
WFU v. S&N (UK) Case No. HC08 C03563, Approved judg­
ment before Mr. Roger Wyand QC, (Exhibit H of Third party 
comments) dated May 1, 2009. SNUK-028.
KCI et al. v. Blue Sky Medical Group et al., Case No. 
2007-1340, -1341, -1342, Federal Circuit Decision dated 
Feb. 2, 2009. CAFC1340-008.
KCI et al. v. Blue Sky Medical Group et al., Case No. 
2007-1340, -1341, -1342, Medela’s petition for rehearing 
and suggestion for rehearing en banc, dated Feb. 17, 2009. 
CAFC1340-009.
KCI v. Medela, Case No. 08-cv-00087, (formerly 
2:07cvl87), First amended disclosure of asserted claims and 
infringement contentions, Exhibits A-C, and Plaintiffs’ 
notice of disclosure of first amended asserted claims and 
infringement contentions filed Feb. 27, 2009. SA087-004.
KCI v. Medela, Case No. 08-cv-00087, (formerly 
2:07cvl87), Medela, Inc. and Medela AG’s proposed terms 
and claim elements for construction, dated Apr. 10, 2009. 
SA087-005.

KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), First amended disclo­
sure of asserted claims and infringement contentions, Exhib­
its A-E, and Plaintiffs notice of disclosure of first amended 
asserted claims and infringement contentions, filed Feb. 27, 
2009. SA102-006.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Memorandum in sup­
port of Plaintiffs’ motion for a preliminary injunction and 
Exhibits 1-16, dated Mar. 13, 2009 SA102-007.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Supplementto memo­
randum in support of Plaintifs’ motion for a preliminary 
injunction, with exhibit, filed Mar. 27, 0209. SA00102-009. 
KCI et al. v. Blue Sky Medical Group et al., Case No. 
2007-1340, -1341, -1342, Opposition of KCI, et al. to 
Medela’s petition for rehearing and suggestion for rehearing 
en banc, dated Mar. 6, 2009. CAFC1340-010.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Smith & Nephew, 
Inc.’s opposition to Plaintiffs’ motion for a preliminary 
injunction, with proposed order, and Exhibits C, Η, N, P, R, 
T, U, V, X, Y, and Z, filed by S&N on Apr. 3, 2009. 
SA102-021.
KCI, et al., v. Blue Sky Medical Group, Inc. , et al., 
SA08-cv-102, (formerly 2:07cvl88), Declaration of Ian L. 
Gordon, M. D., Ph.D. in support of Smith & Nephew, Inc.’s 
opposition to Plaintiffs’ motion for preliminary injunction, 
filed by S&N on Apr. 3, 2009. SA102-022.
Transeal transparent wound dressing, DeRoyal, 4 sheets 
(2003). NPL-733.
Kuznetsov, V.A., “Vacuum and vacuum-sorption treatment 
of open septic wounds,” in II All-union conference “Wounds 
and wound infections” “(Presentation abstracts)” in Russian 
with English translation dated Apr. 2, 2009, with table of 
contents, Moscow, Oct. 28-29, 1986. NPL-734.
Bagautdinov, N.A., “Variant of external vacuum aspiration 
in the treatment of purulent disease of soft tissue,” pp. 94-96 
and introduction by VE. Volkov and an opinion by V. V. 
Shutova dated Feb. 4, 2009, in Russian with English transla­
tion, with alleged card catalogue card with English transla­
tion, and certification of translation dated Feb. 19, 2009, 
Current Problems in Modern Clinical Surgery, (1986). 
NPL-724.
Kuznetsov, V.A., “Vacuum and Vacuum-sorption treatment 
of open septic wounds,” in II All-union conference “Wounds 
and wound infection” “(Abstracts of presentations)” in Rus­
sian with English translation, and card with English transla­
tion, Moscow, Oct. 28-29, 1986. NPL-725 (Bagautdinov 
Π).
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Defendant Blue Sky 
Medical Group, Inc.’s opposition to plaintiffs’ motion for a 
preliminary injunction, with proposed order and Declaration 
of Edward B. Armstrong III, filed Apr. 3, 2009. SA102-016.
KCI, et al., v. Blue Sky Medical Group, Inc., et al.,
SA08-cv-102, (formerly 2:07cvl88), Defendants’ reply to
plaintiffs’ response in opposition to defendants’ motion to
extend time, compel depositions and increase page limit for
defendants’ opposition brief, filed by Blue Sky and S&N,
Mar. 20, 2009. SA102-017.

Solventum-Exhibit 1006-0057



US 5,636,643 C2
Page 7

KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Defendants’ response 
to “Plaintiffs’ motion for a preliminary injunction and 
request for evidentiary hearing,” with proposed order, filed 
by Blue Sky and S&N Feb 26, 2009. SA102-018.
WFUv. S&N (UK) Case No. HC08 C03563, Trial transcript 
day 1, Mar. 23, 2009. SNUK-010.
WFUv. S&N (UK) Case No. HC08 C03563, Trial transcript 
day 2, Mar. 24, 2009. SNUK-011.
WFUv. S&N (UK) Case No. HC08 C03563, Trial transcript 
day 3, Mar. 25, 2009. SNUK-012.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Defendants BlueSky 
Medical Group, Inc. and Smith & Nephew, Inc.’s proposed 
terms and claim elements for contraction, dated Apr. 10, 
2009. SA102-015.
EP 0 620 720 (DE 692 24 847), Reply brief by Wake Forest, 
with brief in German and Attachment A, dated Jun. 3, 2008. 
DENA-WH1-015.
EP 0 620 720 (DE 692 24 847), Reply brief by Wake Forest 
to Medela, with brief in German and enclosures H-L, dated 
Jan. 16, 2009. DENA-WH1-016.
EP 0 620 720 (DE 692 24 846), English translation of the 
Minutes of the oral proceeding held on Mar. 17, 2009. 
DENA-WH1-017.
Innovative Therapies, Inc., v. Kinetic Concepts, Inc., KCI 
Licensing, Inc., and KCI USA, Inc., Appeal from the U.S. 
District Court for the District of Delaware in case No. 
07-cv-589, Federal Circuit Court of Appeals, Case No. 
2009-1085, Brief of KCI filed by KCI on Apr. 17, 2009. 
CAFC1O85-OO1.
Robson, M.C., et al., Chapter 10 “Wounds and wound heal­
ing,” p. 107-114 in Essentials of General Surgery, P.F. 
Lawrence ed., Williams & Wilkins, (1988). NPL-714.
Robson, M.C., et al., Chapter 11 “Wounds and wound heal­
ing,” p. 119-126 in Essentials of General Surgery, 2nd edi­
tion, P.F. Lawrence ed., Williams & Wilkins, (1992). 
NPL-715.
Smith, D.J. Jr., et al., Chapter 7 “Wounds and wound heal­
ing,” p. 113-122 in Essentials of General Surgery, 3d edtion, 
P.F. Lawrence ed., Lippincott Williams & Wilkins, (2000). 
NPL-716.
Talboy, G.E., et al., “Chapter 8: Wounds and wound heal­
ing,” p. 147-161 in Essentials of General Surgery, B. Sun 
ed., Lippincott Williams & Wilkins, (2006). NPL-717.
Garrison, R.N., et al., “Chapter 9: Surgical Infections,” p. 
163-179 in Essentials of General Surgery, B. Sun ed., Lip­
pincott Williams & Wilkins, (2006). NPL-718.
Sumpio, B.E., et al., “Role of negative pressure wound 
therapy in treating peripheral vascular graft infections,” Vas­
cular, 16(4):194-200, (2008). NPL-719.
Taber’s Cyclopedic Medical Dictionary, Edition 20, pp. 
306-309, 728-729, 765, 1726, and 2006-2009. (2005). 
NPL-720.
Mills, N, Polymer Foams Handbook: engineering and bio­
mechanics applications and design guide, pp. 2-3, (2007). 
NPL-722.
Bucknail, T.E., et al. eds., “Sutures and dressings,” p. 88-93 
in Wound Healing for Surgeons, (1984). NPL-723.
EP 0 620 720 (DE 692 24 847), Smith & Nephew brief, with 
English translation and exhibits VP1, VP2, VP3, VP4, and 
VP6, dated Mar. 12, 2009. DENA-WH1-013.

KC,. et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Plaintiffs’ motion for 
a preliminary injunction and request for evidentiary hearing, 
with proposed order, filed by KCI Feb. 20, 2009. 
SA102-019.
Parker, S.P., ed., McGraw-Hill Dictionary of Scientific and 
Technical Terms, 5th ed., pp. 139, 533, 772, and 1672 
(1994). NPL-726.
Merriam-Webster Online, “Reepithelialization,” printout of 
webpage dated Apr. 17, 2009. NPL-727.
Oxford English Dictionary Online, “deformable,” “deform,” 
and “flexible,” printout of webpages dated Apr. 17, 2009. 
NPL-728.
Alger, M.S.M., Polymer Science Dictionary, (4 sheets), 
Elsevier Science Publishers Ltd. (1989). NPL-729.
Stedman’s Medical Dictionary,2 5th ed., pp. 554, 667-668, 
and 1603-1604, Williams & Wilkins, (1990). NPL-730.
Webster’s New World Dictionary of the American Lan­
guage, pp. 1105, Simon & Schuster, Inc., (1984). NPL-731. 
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Plaintiffs’ prelimi­
nary claim constructions and identification of extrinsic evi­
dence, by KCI dated Apr. 17, 2009. SA102-020.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Plaintiffs’ reply in 
support of motion for a preliminary injunction with regard to 
Blue Sky Medical Group, Inc., filed by KCI on Apr. 15, 
2009. SA102-008.
Larichev, A.B., et al., “Vacuum-therapy in the complex of 
treatment of festering wounds,” Khirurgiia (Mosk.), 
6:22-26, (13 sheets English translation, 5 sheets in Russian, 
English abstract on pp. 22), (2008). NPL-707.
Ersh, Z. Ya., “Use of polyurethane foam for treating purulent 
cavities and wounds,” Purulent Septic Unit of Hospital No. 
35, (2 sheets English and 2 sheets Russian), allegedly sub­
mitted for publication Mar. 21, 1984. NPL-708.
Lokhvitskii, S.V, et al., “External vacuum aspiration in the 
treatment of purulent disorders of the soft tissues,” Inpatient 
Surgery Clinic of the Therapeutic Department at Karagandy 
Medical Institute, Municipal Hospital No. 1, Temirtau, pp. 
130-134 (5 sheets English, 5 sheets Russian), allegedly sub­
mitted Sep. 22, 1982. NPL-709.
Kanshin, N.N., “Closed treatment of suppurative processes 
by the method of active lavage drainage,” Third Surgical 
Clinic of the N.V Sklifosovkiy Moscow Scientific Research 
Institute of Emergency Care, pp. 18-23, (6 sheets in English, 
6 sheets in Russian and English abstract on pp. 22-23), 
allegedly submitted 1979. NPL-710.
Bui, T.D., et al., “Negative pressure wound therapy with 
off-the-shelf components,” Am. J. Surg., 192:235-237, 
(2006). NPL-706.
Vacuum Assisted Closure (V.A.C.(R)) Therapy: an overview 
of scientific, clinical, and cost effectiveness evidence, (19 
sheets) KCI Licensing, Inc., 2009. NPL-711.
Scherer, S.S., et al., “The mechanism of action of the vacu­
um-assisted closure device,” Plast. Reconstr. Surg., 122: 
786-797, (presented at the Wound Healing Society Meeting 
2007 in Tampa, Florida, Apr. 28-May 1) (2008). NPL-712.
Greene, A.K., et al., “Microdeformational wound therapy,” 
Ann. Plast. Surg, 56(4): 418 422, (2006). NPL-713.
KCI, “The V.A.C. operations summary,” 7 sheets, (1999).
NPL-732.

Solventum-Exhibit 1006-0058



US 5,636,643 C2
Page 8

KCI v. Medela, Case No. 08-cv-00087, (formerly 
2:07cvl87), Plaintiffs’ preliminary claim constructions and 
identification of extrinic evidence, filed by KCI on Apr. 17, 
2009. SA087-020.
KCI v. Medela, Case No. 08-cv-00087, (formerly 
2:07cvl87), Medela, Inc. and Medela AG’s preliminary 
claim constructions and identification of extrinsic evidence 
dated Apr. 17, 2009, with Exhibit AA (Declaration of Dr. I.L. 
Gordon, dated Apr. 2, 2009 (filed Apr. 3, 2009)). 
SA087-021.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Plaintiffs’ reply in 
support of motion for a preliminary injunction, with Exhibits 
17 and 24, filed Apr. 15, 2009. SA102-023.
Murphed Repair and Regeneration, 17:113-117 (2009). 
NPL-735.
Jargin, S.V., “Limited access to foreign medical literature in 
Russia,” Chartered Institute of Library and Information Pro­
fessionals Health Libraries Group Newsletter, 25(4):7-10. 
(Dec. 2008). NPL-736.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Defendant Blue Sky 
Medical Group, Inc.’s Sur-reply in further support of its 
opposition to Plaintiffs’ motion for preliminary injunction, 
filed by Blue Sky on Apr. 22, 2009. SA102-024.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Defendant Smith & 
Nephew, Inc.’s sur-reply in further support of its opposition 
to Plaintiffs’ motion for preliminary injunction, with Exhib­
its CC, GG, II-PP, filed by S&N on Apr. 22, 2009. 
SAI 02-025.
3M™ Tegaderm™ Transparent film dressings—wound. 
Commonly asked questions, 4 sheets, (Jan. 2007). 
NPL-737.
British Pharmacopoeia 19, vol. II, p. 927 and p. 548 of 1986 
addendum, (Vol. 11—1980, addendum—1986). NPL-738.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Defendants Blue Sky 
Medical Group, Inc. and Smith & Nephew, Inc.’s prelimi­
nary claim constructions and extrinsic evidence, by Blue 
Sky and S&N dated Apr. 17, 2009. SA102-026.
Website printout “Chemical of the week” polymers, 5 
sheets, printout dated Apr. 17, 2009. NPL-739bw.
Orgill, D.P., et al., “Functional reconstruction following 
electrical injury”, Ann. N.Y. Acad. Sci., 888:96-104 (Oct. 
30, 1999). NPL-321.
Orgill, D.P., et al., “Guidelines for treatment of complex 
chest wounds with negative pressure wound therapy”, 
Supplement B to Wounds: A Compendium of Clinical 
Research and Practice, (24 sheets) (Dec. 2004). NPL-578.
Orgill, D.P., “Utilizing negative pressure wound therapy on 
open chest/sternotomy wounds”, Ostomy Wound Manage. 
50(11A suppl): 15S-17S (Nov. 2004). NPL-579.
Orgill, D.P., “Advancing the treatment options of chest 
wounds with negative pressure wound therapy”, Ostomy 
Wound Manage., 51(2A suppl):39S 43S (Feb. 2005). 
NPL-580.
Colwell, A.S., et al., “Management of early groin vascular 
bypass graft infections with sartorius and rectus femoris 
flaps”, Ann. Plast. Surg., 52(1):49-53 (Jan. 2004). 
NPL-532.
Saxena, V., et al., “Vacuum-assisted closure: microdeforma­
tions of wounds and cell proliferation”, Plast. Reconstruct. 
Suig., 114(5):1086-96 (Oct. 2004). NPL- 493.

KCI v. Medela, Case No. 08-cv-00087, (formerly 
2:07cvl87), Defendants Medela AG and Medela, Inc. pre­
liminary invalidity contentions, dated Apr. 3, 2009. 
SA087-006.
KCI v. Medela, Case No. 08-cv-00087, (formerly 
2:07cvl87), Appendix A of Defendants Medela AG and 
Medela, Inc. preliminary invalidity contentions (Claim 
Chart: Jeter), dated Apr. 3, 2009. SA087-007.
KCI v. Medela, Case No. 08-cv-00087, (formerly 
2:07cvl87), Appendix B of Defendants Medela AG and 
Medela, Inc. preliminary invalidity contentions (Claim 
Chart: Chariker 1989 use), dated Apr. 3, 2009. SA087-008.
KCI v. Medela, Case No. 08-cv-00087, (formerly 
2:07-cvl87), Appendix C of Defendants Medela AG and 
Medela, Inc. preliminary invalidity contentions (Claim 
Chart: Chariker/Jeter use s and presentations), dated Apr. 3, 
2009.SA087-009.
KCI v. Medela, Case No. 08-cv-00087, (formerly 
20-7cvl87), Appendix D of Defendants Medela AG and 
Medela, Inc. preliminary invalidity contentions (Claim 
Chart: MCL treatments), dated Apr. 3, 2009. SA087-010.
KCI v. Medela, Case No. 08-cv-00087, (formerly 
2:07cvl87), Appendix E of Defendants Medela AG and 
Medela, Inc. preliminary invalidity contentions (Claim 
Chart: Zamierowski ’880), dated Apr. 3, 2009. SA087-011.
KCI v. Medela, Case No. 08-cv-00087, (formerly 
2:07cvl87), Appendix F of Defendants Medela AG and 
Medela, Inc. preliminary invalidity contentions (Claim 
Chart: Svedmanart), dated Apr. 3, 2009. SA087-012.
KCI v. Medela, Case No. 08-cv-00087, (formerly 
2:07cvl87), Appendix G of Defendants Medela AG and 
Medela, Inc. preliminary invalidity contentions (Claim 
Chart: GB 2,195,255), dated Apr. 3, 2009. SA087-013.
KCI v. Medela, Case No. 08-cv-00087, (formerly 
2:07cvl87), Appendix H of Defendants Medela AG and 
Medela, Inc. preliminary invalidity contentions (Claim 
Chart: Argenta and Morykwas (1997) Ann. Plast. Surg. 
38:563-77), dated Apr. 3, 2009. SA087-014.
KCI v. Medela, Case No. 08-cv-00087, (formerly 
2:07cvl87), Appendix I of Defendants Medela AG and 
Medela, Inc. preliminary invalidity contentions (Claim 
Chart: Morykwas and Argenta (1993) Abstract FASEB J., 
Experimental Biology ’93, New Orleans, Louisiana, presen­
tation 800), dated Apr. 3, 2009. SA087-015.
KCI v. Medela, Case No. 08-cv-00087, (formerly 
2:07cvl87), Appendix J of Defendants Medela AG and 
Medela, Inc. preliminary invalidity contentions (Claim 
Chart: Johnson), dated Apr. 3, 2009. SA087-016.
KCI v. Medela, Case No. 08-cv-00087, (formerly 
2:07cvl87), Appendix K of Defendants Medela AG and 
Medela, Inc. preliminary invalidity contentions (Claim 
Chart: Bagautdinov I and II), dated Apr. 3, 2009. 
SA087-017.
KCI v. Medela, Case No. 08-cv-00087, (formerly 
2:07cvl87), Appendix L of Defendants Medela AG and 
Medela, Inc. preliminary invalidity contentions (Claim 
Chart: Harvey), dated Apr. 3, 2009. SA087-018.
KCI v. Madela, Case No. 08-cv-00087, (formerly
2:07cvl87), Appendix M of Defendants Medela AG and
Medela, Inc. preliminary invalidity contentions (Claim
Chart: Nakayama 1990 and 1991), dated Apr. 3, 2009.
SA087-019.

Solventum-Exhibit 1006-0059



US 5,636,643 C2
Page 9

KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Defendants’ prelimi­
nary invalidity contentions, filed by Blue Sky on Apr. 3, 
2009. SA102-010.
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Exhibit A of Defen­
dants’ preliminary invalidity contentions (Claim Chart US 
7,216,651), filed by Blue Sky onApr. 3, 2009, SA102-011. 
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Exhibit B of Defen­
dants’ preliminary invalidity contentions (Claim Chart US 
7,198,046), filed by Blue Sky onApr. 3, 2009. SA102-012. 
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Exhibit C of Defen­
dants’ preliminary invalidity contentions (Claim Chart US 
5,636,643), filed by Blue Sky onApr. 3, 2009. SA102-013. 
KCI, et al., v. Blue Sky Medical Group, Inc., et al., 
SA08-cv-102, (formerly 2:07cvl88), Exhibit D of Defen­
dants’ preliminary invalidity contentions (Claim Chart: US 
5,645,081), filed by Blue Sky onApr. 3, 2009. SA102-014. 
WFU v. S&N (UK) Case No. HC08 C03563, Defendants’ 
civil evidence act notice, with Opinions by Y.A. Grikhanov, 
L. A. Matyushenkova, V.V. Shutova, and Opinion of L.N. 
Tikhonova (with enclosures) served Feb. 20, 2009. 
SNUK-008.
WFUv. S&N(UK) Case No. HC08 C03563, Defendants 2nd 
civil evidence act notice, with Declaration of S.L. Danilovna 
(in Russian and 8 pp. English translation, with Current Prob­
lems in Modern Clinical Surgery), served Mar. 13, 2009. 
SNUK-021.
WFU v. S&N (UK) Case No. HC08 C03563, Expert report 
of Dr. Ian Louis Gordon, with Annex 1 and Exhibits 1, 4, and 
7, dated Mar. 6, 2009. SNUK-009.
WFU v. S&N (UK) Case No. HC08 C03563, Second expert 
report of Dr. Ian Louis Gordon, dated Mar. 16, 2009. 
SNUK-014.
WFUv. S&N (UK) Case No. HC08 C03563, Second witness 
statement of Sabing Lee, with Exhibit SL-6, dated Jan. 12, 
2009. SNUK-015.
WFU v. S&N (UK) Case No. HC08 C03563, Defendants’ 
opening trial skeleton argument, dated Mar. 19. 2009. 
SNUK-017.
WFU v. S&N (UK) Case No. HC08 C03563, Defendants’ 
closing submissions, dated Mar. 26, 2009. SNUK-019.

WFU v. S&N (UK) Case No. HC08 C03563, Grounds of 
invalidity, filed by S&N, served Jan. 19, 2009. SNUK-022.
WFU v. S&N (UK) Case No. HC08 C03563, Defendants’ 
admissions in respect of the allegation of infringement, filed 
by S&N, served Jan. 30, 2009. SNUK-023.
WFU v. S&N (UK) Case No. HC08 C03563, Defendants’ 
statement of opposition to the proposed amendment, filed by 
S&N, served Mar. 12, 2009. SNUK-026.
WFUv. S&N (UK) Case No. HC08 003563, Witness state­
ment of Edward Armstrong, dated Mar. 11, 2009. 
SNUK-020.
WFUv. S&N (UK) Case No. HC08 C03563, Approved judg­
ment of Mr. Justice Lewison, dated Jan. 13, 2009. 
SNUK-027.
WFU v. S&N (UK) Case No. HC08 C03563, First expert 
report of Dr. Dennis Paul Orgill, with Exhibits 4, 5, and 12, 
dated Mar. 6, 2009, SNUK-007.
WFUv. S&N (UK) Case No. HC08 C03563, Transcript of 
hearing, Jan. 13, 209, SNUK-013.
Kirk-Othmer, Encyclopedia of Chemical Technology, 2nd 
completely revised edition, vol. 9, pp. 220-232, John Wiley 
& Sons, Inc, (1966). NPL-744.
WFUv. S&N (UK) Case No. HC08 C03563, KCI’s opening 
skeleton argument, dated Mar. 19, 2009. SNUK-016.
WFUv. S&N (UK) Case No. HC08 C03563, KCI’s closing 
note of argument, dated Mar. 25, 2009. SNUK-018.
Stedman’s Medical Dictionary, 25th ed, pp. 1739, Williams 
& Wilkins, (1990). NPL-743.
Standard Operating Procedure, The determination of mois­
ture vapour permeability (MVP) and water transmission rate 
(WTR),iImplementation date: Sep. 11, 2006 and QA Opera­
tional Laboratories Analytical Report dated Nov. 13, 2008. 
NPL-745.
British Pharmacopoeia Selections: (1988) vol. II, p. 
1126-1127, A223-A224; Addendum 1992, p. 1494; (1993) 
vol. II, p. 1266, A218-A219. NPL-746.
WFU v. S&N (UK) Case No. HC08 C03563, Claimants’ 
letter regarding independent validity, filed by KCI, dated 
Jan. 30, 2009. SNUK-024.
WFU v. S&N (UK) Case No. HC08 C03563, Statement of 
Reasons, filed by KCI, served Mar. 4, 2009. SNUK-025.

* cited by examiner

Solventum-Exhibit 1006-0060



US 5,636,643 C2
2

EX PARTE 
REEXAMINATION CERTIFICATE 

ISSUED UNDER 35 U.S.C. 307
THE PATENT IS HEREBY AMENDED AS 

INDICATED BELOW.

AS A RESULT OF REEXAMINATION, IT HAS BEEN 
DETERMINED THAT:

The patentability of claims 1-12, 16-18, 20, 21, 23-34.
36 and 38 40 is confirmed.
Claim 13 was previously cancelled.

5 Claims 14 and 15 are cancelled.

Claims 19, 22, 35 and 37 were not reexamined.
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