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WOUND TREATMENT EMPLOYING 
REDUCED PRESSURE 

RELATED APPLICATIONS 

This application is a continuation of co-pending applica 
tion Ser. No. 09/026,353, entitled “Wound Treatment 
Employing Reduced Pressure,” ?led Feb. 19, 1998, Which is 
a continuation of application Ser. No. 08/467,243, entitled 
“Wound Treatment Employing Reduced Pressure,” ?led on 
Jun. 6, 1995, abandoned, Which is a continuation of appli 
cation Ser. No. 08/028,677, entitled “Wound Treatment 
Employing Reduced Pressure,” ?led Mar. 9, 1993, now US. 
Pat. No. 5,636,643, issued Jun. 10, 1997, Which is a con 
tinuation-in-part of application Ser. No. 07/792,001, entitled 
“Method of Treating Tissue Damage and Apparatus for 
Same,” ?led on Nov. 14, 1991, now US. Pat. No. 5,645,081, 
issued Jul. 8, 1997, such applications being incorporated 
herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to an apparatus an 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 su?iciently large or infected 
that they are unable to heal spontaneously. In such instances, 
a Zone of stasis in Which localiZed edema restricts the How 
of blood to the epithelial and subcutaneous tissue forms near 
the surface of the Wound. Without suf?cient blood How, the 
Wound is unable to successfully ?ght 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 col 
lagen, ?bronectin, and hyaluronic acid carrying macroph 
ages, ?broblasts, and neovasculature that forms the basis for 
subsequent epithelialiZation of the Wound. Infection and 
poor vasculariZation hinder the formation of granulation 
tissue Within Wounded tissue, thereby inhibiting Wound 
healing. It therefore becomes desirable to provide a tech 
nique for increasing blood circulation Within Wounded tissue 
to promote spontaneous healing and to reduce infection. 

Poor blood circulation and infection at the Wound may 
also hinder attachment of skin grafts or ?aps upon Wounded 
tissue. Skin grafts and ?aps Will not attach to tissue that is 
poorly vasculariZed, infected or necrotic. HoWever, grafts 
and ?aps 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 attach 
ment, or “take,” of skin grafts or ?aps to the Wounded tissue 
as a consequence of increased blood circulation Within the 
grafts or ?aps. 

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 
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2 
scarring, edema, or insu?icient 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 
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 How, 

are also often dif?cult to heal since decreased blood How to 
a Wound may inhibit normal immune reaction to ?ght 
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 
suf?ciently to relieve the pressure, such Wounds can become 
self-perpetuating. Although it is common to treat such 
Wounds With ?aps, the conditions that initially cause the 
Wound may also Work against successful ?ap 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 mobile patient. 

Other types of Wounds in Which ischemia leads to pro 
gressive deterioration include partial thickness burns. A 
partial thickness burn is a burn 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 burns 
to deeper burns is a major problem in burn therapy. The 
ability to control or diminish the depth of burns greatly 
enhances the prognosis for burn patients and decreases 
morbidity resulting from burns. Partial thickness burns 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 How is static because of collapse of vascular 
structures due to localiZed edema. Unless blood How 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 ?oW 
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 burn 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 bene?ts as faster healing, increased 
formation of granulation tissue, closure of chronic open 
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Wounds, reduction of bacterial density Within Wounds, inhi 
bition of burn penetration, and enhancement of ?ap 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 burns, and various lesions to Which ?aps 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 ?uid 
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 
in the Wound during Wound treatment. When the Wound 
cover is sealed in position over the Wound site, a generally 
?uid-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 in?atable culf 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 from 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 su?iciently porous to permit 
gas ?oW to the Wound. The porous Wound screen may be in 
the form of a sponge or open-cell 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 ?uid 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 ?exible polymer 
material, such as polyethylene, having an adhesive backing 
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that provides the seal for securing the sheet over the Wound 
site to provide an gas-tight or ?uid-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 ?uid-tight enclo 
sure provided under the cover sheet. An adhesive backing on 
the cover sheet is used to provide a ?uid-tight seal around 
the feedthrough for the suction tube at the Wound site. 
Within the enclosure, the suction tube is connected With a 
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 su?icient to promote the 
migration of epithelial and subcutaneous tissue toWard the 
Wound and for a time period su?icient 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 
burn over an area and for a time su?icient to inhibit 

progression in the depth of the burn. The method is useful on 
a partial thickness burn soon after its in?iction. 
A method of treating tissue damage is also provided 

Which comprises applying a negative or reduced pressure to 
a Wound for a time su?icient 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 
su?icient magnitude of reduced pressure and for a su?icient 
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 ?exible, ?uid 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, ?uid 
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 
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embodiment of the present invention having a rigid, ?uid 
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, 
?uid impermeable cover enclosing a Wound and a rigid or 
semi-rigid screen overlying the Wound, With an overlying 
?exible ?uid 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 
?exible, ?uid 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 ?exible, ?uid 
impermeable sealing cover over a Wound; 

FIG. 7 is a schematic elevational vieW in partial section of 
an alternative ?uid collection device having a ?oat 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 ?uid collection device having an 
actuator for de-activating the vacuum system upon collec 
tion of a predetermined quantity of ?uid; 

FIG. 10 is a schematic cross-sectional vieW of a reduced 
or negative pressure appliance comprising an open-cell 
polymer foam screen, a ?exible hose for connecting the 
foam screen With a vacuum system, and an adhesive-backed 

?exible 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 in?atable culf attached about the base of 
the cup, and a ?exible 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 ?uid 
tight or gas-tight enclosure over the Wound site. 

The appliance 600 includes a substantially ?at section of 
open cell polyester foam section 610 (Fischer Scienti?c, 
Pittsburgh, Pa. 15219) su?iciently large to cover the Wound 
and thus prevent Wound overgroWth, a ?exible holloW tube 
611 (Fischer Scienti?c) 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 Scienti?c), and an Ioban adhesive sheet 612 (Min 
nesota 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 oper 
ates. Such an appliance 600 Would most preferably be 
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6 
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 con?guration 
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 
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 ?uid impermeable cup 621 having an in?atable culf 
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 ?exible 1/4 inch diameter hose 
623 (Fischer Scienti?c) connected by a Nalgene tubing 
connector extending through a sealed hole in the cup for 
connection With a vacuum pump (Fischer Scienti?c). 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 su?icient to seal the cup in 
position over the Wound site. Alternatively, ?uid 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 
?uid-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 ?uid-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 ?uid-impermeable Wound 
cover 18 in the form of a ?exible, adhesive, ?uid 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 ?uid-tight enclosure over the Wound 24. The 
adhesive cover sheet 18 must have su?icient adhesion to 
form a ?uid-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 con?guration of the 
Wound screen 10 can be adjusted to ?t the individual Wound. 
It can be formed from a variety of porous materials. The 
material should be su?iciently 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 su?iciently porous to alloW gas ?oW to and/or from 
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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 ?oW 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 ?t Within the Wound 24. 
Alternatively, the screen may be su?iciently 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. 
The suction tubing 12 serves as a suction port for appliance 
29. An end segment 12a 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 12a 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 ?oW. The tube segment 12a 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 1211 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 ?oW. 
The open cells of the foam screen 10 facilitate gas ?oW 
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 1211 are su?iciently ?exible 
to permit movement of the tubing but are su?iciently 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 1211 
through an internal passageWay in the foam screen 10 such 
as by pulling the end of the tube segment 1211 through the 
passageWay using forceps. Alternatively, fabrication of the 
screen-tube assembly may be accomplished by suspending 
the end of the tube segment 1211 into a suitable mold or form 
and then bloWing foam into the mold or form to embed the 
tube end segment 1211 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 ?exible, 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 22a Where the tubing 
12 emerges from beneath the Wound cover 18. The Wound 
cover 18 is preferably formed of a ?uid impermeable or gas 
impermeable ?exible adhesive sheet such as Ioban, a prod 
uct of the 3M corporation of Minneapolis, Minn. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
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 ?uid 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 ?uid or exudate from the Wound 24. Collection of 
exudate in a ?uid trap 28 intermediate the pump 40 and the 
appliance 29 is desirable to prevent clogging of the pump 40. 
A suitable ?uid trap 28 may be assembled from an Erlen 
meyer or side-arm ?ask 31 having a top opening and a 
side-arm opening. The ?uid trap 28 includes a ?rst port 32 
at the top opening of the ?ask for sealed connection to 
suction tubing 12. The ?rst 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 ?ask 
31. The ?ask 31 provides a collecting vessel 33 for the ?uid 
trap for containing and temporarily storing the collected 
exudate. A suction port 34 is provided at the side-arm 
opening of the ?ask to enable the application of suction from 
vacuum pump 40. The suction port 34 of the ?uid trap 28 is 
connected to the vacuum pump 40 by vacuum line 36. The 
?uid trap 28 is sealed generally gas-tight to enable the 
suction pump 40 to supply suction to the appliance 29 
through the ?uid trap 28. A ?lter 38 such as micropore ?lter 
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/olf 
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 shut-off 

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 signi?cant 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 ?uid trap 28. 
As shoWn in FIG. 7, a ?uid trap 28 employing a collection 

bottle or ?ask 35 is provided for connection intermediate the 
pump 40 and the appliance 29 for collecting exudate from 
the Wound site. The ?ask 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 ?ask 35 connected to the vacuum hose 36 leading to the 
vacuum pump 40. For the purpose of detecting liquid level 
Within the ?ask 35, a ?oat valve assembly, generally desig 
nated 39, is provided. The ?oat-valve assembly 39 functions 
to close and seal off the suction port 34 of the ?uid trap 28 
When the quantity of exudate in the collecting vessel 33 
exceeds a predetermined quantity. The ?oat 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 
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disposed Within the opening at the top 44 of the ?ask 35. The 
ball 46 has a speci?c gravity below that of the exudate so 
that the ball 46 Will ?oat upon the exudate and Will be lifted 
against the valve seat 48 as the vessel 33 ?lls With exudate. 
When the ball 46 is ?rmly seated against the valve seat 48, 
the ?oat 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 ?uid trap 28 in order to arrest 
operation of the vacuum source. An alternative vacuum 
system 30a is shoWn in FIG. 8 in Which a ?lter 38a is 
employed in vacuum line 36 for ?ltering the ?uid or gas ?oW 
through the vacuum line 36 and for detecting the level of 
liquid in ?uid 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 ?lter 38a positioned in the vacuum line 36 interme 
diate the ?uid trap 28 and the pump 40a having operational 
control 44a. The ?lter 3811 contains a ?lter element that is 
selected to clog When exposed to su?icient amounts of 
moisture to thereby halt the supply of suction through the 
?uid trap 28 to the appliance 29. The ?lter 38a is preferably 
an in-line, disc-shaped submicron ?lter having a nitrocellu 
lose or PTFE ?ltration element for ?ltering particles larger 
than about 0.1 um from the vacuum line 36. In addition to 
preventing excess ?uid aspiration, the ?lter 38a in the 
vacuum line 36 prevents contamination of the vacuum pump 
40 by ?ltering 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 ?uid 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 ?uid 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 su?iciently to 
contact and actuate sWitch 166 as shoWn in dashed lines at 
16211 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 ?uid levels in 
?uid trap 28. For example, Weight detectors may be 
employed to detect a predetermined Weight limit as the ?uid 
trap ?lls 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 
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10 
be utiliZed over the site of the Wound. As shoWn in FIG. 2, 
a reduced pressure appliance 29a includes a CPR mask 58 
that provides a rigid Wound cover for enclosing an appro 
priately-siZed Wound 74. The mask 59 is impermeable to 
?uids or gases so that a ?uid-tight or gas-tight enclosure is 
effected over the Wound site. The mask 59 is su?iciently 
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 in?atable air culf 59 around the base 
of the mask. The culf 59 may be in?ated via an external 
valve for sealing the mask 59 against the normal skin 72 
around the periphery of the Wound 74. The air culf 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 29a. Suction produced 
Within the appliance 2911 may be su?icient to seal the cuff 59 
to the skin and to thereby seal the appliance 29a in position 
over the Wound site. However, in order to ensure a gas-tight 
seal betWeen the reduced pressure appliance 29a and the 
surrounding skin 72, the mask 58 may also be secured to the 
treatment site With a ?uid impermeable adhesive seal 68. 
The adhesive seal 68 may be formed of a ?exible 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 culf 59 to seal the mask in 
position over the Wound site. 
As shoWn in FIG. 3, a reduced pressure appliance 29b is 

depicted having a rigid, ?uid impermeable, cup-shaped 
Wound cover 88 overlying a Wound site. The appliance 29b 
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 su?iciently 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 29b. The base of the 
cup 88 supports an in?atable air culf 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 culf 89 is positioned upon the normal skin 92 
surrounding the Wound 94. While the suction created Within 
the cup 88 may be su?icient to hold the appliance in position 
by causing the air culf 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 ?uid impermeable, 
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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 ?uid-tight or gas-tight seal is maintained 
betWeen the cup 88 and the surrounding skin 92 so that a 
?uid-tight enclosure is formed over the Wound site. 

Referring to FIG. 4, a reduced pressure appliance 290 is 
depicted for enclosing a Wound site for the treatment of 
Wound 114 With suction or reduced pressure. The reduced 
pressure appliance 290 includes a ?uid-impermeable Wound 
covering, generally designated 116, having an outer ?exible, 
adhesive polymer sheet 117 applied over an inner, generally 
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 ?exible tubing to prevent the base of the cup 
from digging into the skin 102 and causing discomfort When 
suction is applied to the appliance 290. The pad 109 may 
also facilitate sealing of the cover shield 118 in position over 
the Wound site to form a ?uid-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 290 to a suitable vacuum system 30 of the type 
previously described. For the purpose of enhancing the 
sealing of the appliance 290 in position over the Wound site, 
an over-siZed, generally circular, adhesive, ?uid 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 290 provides a generally 
?uid-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. A rigid 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 ?exible, ?uid 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 ?uid-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 12811 as shoWn in phantom in FIG. 5. Tension 
developed Within the deformed sheet 12811 by virtue of the 
suction is exerted upon the surrounding skin by the sheet at 
position 12811. The outer periphery 12411 of the Wound 124 
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12 
is pulled inWard by virtue of such tension to the position 
shoWn in phantom at 12419 to promote closure of the Wound. 
The tension Within the sheet at position 128a also exerts a 
doWnWard force upon the cup 138 Which more ?rmly 
presses the cup 138 onto the Wound 124. Such doWnWard 
force on the cup 138 may be desired in such applications as 
?ap or graft attachment to promote contact betWeen the ?ap 
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 
ance 29e, as shoWn in FIG. 6, may be utiliZed having a 
support structure, generally designated 151, Which is posi 
tioned external to a ?exible sealing sheet 148 for covering a 
Wound 144. The ?exible cover sheet 148 is in the form of a 
?exible, ?uid 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 158 
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 ?exible 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 ?exible 
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 ?exible 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 ?uid-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 14811 thus 
developing tension Which is exerted upon the surrounding 
skin 142. The deformed sheet in position at 14811 pulls the 
edges of the Wound 144 inWardly to the position indicated in 
phantom at 14419 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 su?icient for the 
attachment of a ?ap or graft, reduction of microbial infection 
in the Wound, arrest or reversal of burn penetration, closure 
of the Wound, integration of a ?ap 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 


































