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WOUND MANAGEMENT SYSTEMS AND 
METHODS FOR USING THE SAME 

[0001] This application is a continuation of and claims 
priority to US. patent application Ser. No. l0/726,028, ?led 
Dec. 2, 2003, Which claims priority to US. Provisional Patent 
Application Ser. No. 60/430,243, ?led Dec. 2, 2002. Each of 
these applications is hereby incorporated by reference herein 
in its entirety for all purposes. 

FIELD OF THE INVENTION 

[0002] The present invention relates to medical treatments, 
and more speci?cally to Wound management systems and 
methods for using such systems. 

BACKGROUND OF THE INVENTION 

[0003] The clinical management of decubitus, ischial and 
sacral ulcers represents one of the most dif?cult challenges to 
medical professionals today. A stage-4 Wound, for example, 
extends fully through soft tissue and often involves exposed 
bone and undermined surrounding tissue With signi?cant 
sinus tracts that radiate out from the Wound’s epicenter. Such 
Wounds usually have signi?cant drainage, usually require 
daily dressing changes and are some of the most dif?cult and 
costly Wounds to manage as patients are often bed ridden and 
very dif?cult to move. 

[0004] The frequency of standard dressing changes for 
such Wounds may range from a feW times per day to several 
times per Week, depending on Wound drainage rate, healing 
rate, any infections, etc. In many cases, frequent (e.g., 
Weekly) surgical debridement may be required to remove 
necrotic tissue and induce an in?ammatory response neces 
sary for neW tissue granulation. 
[0005] The frequency of dressing changes required during 
Wound treatment has clear economic impacts. For example, 
under Medicare’s neW Prospective Payment System, visiting 
nurse services are paid a ?at rate per month for patient home 
care regardless of the number of home visits required for 
dressing changes or other care. Accordingly, any neW dress 
ing system that can improve clinical ef?cacy and reduce the 
number of dressing changes required during Wound treatment 
may not only improve patient care, but may potentially save 
millions of dollars annually. 
[0006] To reduce the need for frequent dressing changes 
during treatment of draining Wounds, drainage devices have 
been developed that utiliZe periodic suction and/or that gen 
erate a continuous negative pres sure environment in a Wound 
bed to express Wound exudates (e.g., into a container), and 
thereby reduce dressing changes. While active exudate suc 
tioning and a 100 to 150 mmHg negative pressure environ 
ment have been shoWn to improve Wound closure as com 
pared to atmospheric pressure Wound management, such 
systems may infect a Wound With airborne pathogens draWn 
into the Wound via vacuum leaks in the Wound dressing. 
Accordingly, an improved Wound management system for 
treating Wounds Would be desirable. 

SUMMARY OF THE INVENTION 

[0007] In a ?rst aspect of the invention, a ?rst Wound man 
agement system is provided. The ?rst Wound management 
system includes a multi-lumen cannula adapted to be dis 
posed in a Wound site and having (1) a ?ber optic light 
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distribution system adapted to irradiate the Wound site With 
light; (2) one or more catheters adapted to deliver a ?uidto the 
Wound site; and (3) one or more evacuation lines adapted to 
remove ?uid from the Wound site. The ?rst Wound manage 
ment system further includes a light source coupled to the 
?ber optic light distribution system, and adapted to supply 
light to the ?ber optic light distribution system. One or more 
?uid supplies are coupled to the one or more catheters, and are 
adapted to supply ?uid to the one or more catheters. A vacuum 
system is coupled to the one or more evacuation lines, and is 
adapted to evacuate the one or more evacuation lines. The ?rst 
Wound management system also includes a controller 
coupled to the light source, the one or more ?uid supplies and 
the vacuum system. The controller is adapted to (l) employ 
the vacuum system to remove exudates from the Wound site; 
(2) employ the one or more catheters to deliver ?uid to the 
Wound site; and (3) employ the light source to deliver at least 
one light dose to the Wound site. 

[0008] In a second aspect of the invention, a second Wound 
management system is provided. The second Wound manage 
ment system includes (1) one or more catheters adapted to 
deliver a ?uid to a Wound site; (2) one or more evacuation 
lines adapted to remove ?uid from the Wound site; (3) one or 
more ?uid supplies coupled to the one or more catheters, and 
adapted to supply ?uid to the one or more catheters; (4) a 
vacuum system coupled to the one or more evacuation lines, 
and adapted to evacuate the one or more evacuation lines; and 
(5) a controller coupled to the one or more ?uid supplies and 
the vacuum system. The controller is adapted to employ the 
vacuum system to remove exudates from the Wound site and 
employ the one or more catheters to deliver ?uid to the Wound 
site. 
[0009] In a third aspect of the invention, a third Wound 
management system is provided. The third Wound manage 
ment system includes a multi-lumen cannula adapted to be 
disposed in a Wound site. The multi-lumen cannula includes 
(1) a ?ber optic light distribution system adapted to irradiate 
the Wound site With light; (2) one or more catheters adapted to 
deliver a ?uid to the Wound site; and (3) one or more evacu 
ation lines adapted to remove ?uid from the Wound site. 
Numerous other aspects are provided, as are methods and 
apparatus in accordance With these and other aspects of the 
invention. 
[0010] Other features and aspects of the present invention 
Will become more fully apparent from the folloWing detailed 
description, the appended claims and the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1A is a ?rst exemplary embodiment of a Wound 
management system provided in accordance With the present 
invention. 
[0012] FIG. 1B is a cross sectional vieW of the multi-lumen 
cannula of FIG. 1A taken along line 1B-1B in FIG. 1A. 
[0013] FIG. 2 is a schematic diagram of an exemplary 
embodiment of the ?ber optic light distribution system of 
FIGS. 1A and 1B. 
[0014] FIG. 3A is a schematic vieW of a ?rst alternative 
embodiment of the multi-lumen cannula of FIG. 1A. 
[0015] FIG. 3B is a schematic vieW of an embodiment of 
the second multi-lumen cannula of FIG. 3A Wherein a hos 
pital gas supply may be employed to deliver gas to a Wound 
site. 
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[0016] FIG. 4 is a schematic vieW of a second alternative 
embodiment of the multi-lumen cannula of FIG. 1A. 
[0017] FIG. 5 is a front cross-sectional vieW of a third 
alternative embodiment of the multi-lumen cannula of FIG. 
1A. 
[0018] FIG. 6 is a front cross-sectional vieW of a fourth 
alternative embodiment of the multi-lumen cannula of FIG. 
1A. 
[0019] FIG. 7 is a front cross-sectional vieW of a ?fth alter 
native embodiment of the multi-lumen cannula of FIG. 1A. 
[0020] FIG. 8 is a top plan vieW of one ofthe multi-lumen 
cannulas of FIGS. 1A-7 Within a Wound. 

[0021] FIG. 9A is a schematic diagram of a second exem 
plary Wound management system provided in accordance 
With the present invention. 
[0022] FIG. 9B is a top vieW of a portion of the Wound 
management system of FIG. 9A Within a Wound site. 
[0023] FIG. 10A is a schematic diagram of a third exem 
plary Wound management system provided in accordance 
With the present invention. 
[0024] FIG. 10B is a top vieW of a portion of the Wound 
management system of FIG. 10A Within a Wound site. 
[0025] FIG. 10C is a schematic diagram of an alternative 
embodiment of the third exemplary Wound management sys 
tem of FIG. 10A. 

[0026] FIG. 10D is a top vieW of a portion of the Wound 
management system of FIG. 10C Within a Wound site. 

DETAILED DESCRIPTION 

[0027] Large area chronic Wounds such as decubitus, 
ischial and sacral ulcers generally require a dynamic environ 
ment in order to maintain an in?ammatory process folloWing 
surgical debridement. However, conventional dressings and 
treatment systems that employ active exudate suctioning and/ 
or negative pressure environments tend to create static Wound 
environments Where marginal tissues fail, and coloniZed 
Wounds tend to become infected if dressings are not changed 
frequently. In accordance With one or more embodiments of 
the present invention, methods, apparatus and systems are 
provided that can manage transient Wound demands, such as 
through periodic suction of exudates, While supporting and 
maintaining other environmental parameters, such as con 
trolled pressure, atmosphere, temperature, light dosing, etc., 
so as to maintain an in?ammatory response that promotes 
tissue granulation With feWer dressing changes and loWer 
cost. 

[0028] FIG. 1A is a ?rst exemplary embodiment of a Wound 
management system 100 provided in accordance With the 
present invention. With reference to FIG. 1A, the Wound 
management system 100 comprises a multi-lumen cannula 
10211 that contains a ?ber optic light distribution system 104 
(described beloW), a liquid and/ or gas supply/return catheter 
106, a Wound exudate evacuation line 108 and a temperature 
measurement device (e.g., a thermistor 110). FIG. 1B is a 
cross sectional vieW of the multi-lumen cannula 10211 of FIG. 
1A taken along line 1B-1B in FIG. 1A. While only one 
supply/return catheter 106 and one Wound exudate evacua 
tion line 108 are shoWn in FIG. 1A, it Will be understood that 
additional supply/return catheters and/ or evacuations lines 
may be employed. For example, separate supply and/ or return 
catheters may be employed for each gas or liquid to be sup 
plied to a Wound site (as described further beloW). More than 
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one thermistor or other temperature measurement device also 
may be employed (as may be pressure and/or ?oW rate mea 
surement devices). 
[0029] With reference to FIG. 1B, the ?ber optic light dis 
tribution system 104 includes a plurality of optical ?bers 
104a-n (contained Within a ?ber housing line 112) for deliv 
ering light to a Wound site; and the Wound exudate evacuation 
line 108 includes a plurality of intakes 108a-h for removing 
exudates from a Wound site. One or more support members 
114a-h, such as ridges or the like, may be disposed betWeen 
the evacuation line 108 and the ?ber housing line 112 to 
prevent the evacuation line 108 from collapsing When 
vacuum is applied to the evacuation line 108 (as described 
beloW). For example, a support member 114a-h may be posi 
tioned betWeen each of the intakes 108a-h as shoWn in FIG. 
1B. FeW or more optical ?bers 104a-n, intakes 108a-h and/or 
supports 114a-h than shoWn may be employed. An end cap or 
other similar mechanism 115 (e. g., a ball valve) may be 
coupled to a distal end of the multi-lumen cannula 10211 (e. g., 
an end that extends into a Wound site) so as to prevent exudate 
or other material from entering the ?ber housing line 1 12. The 
end cap 115 may be removed, for example, to alloW cleaning 
of the ?ber optic light distribution system 104, the ?ber hous 
ing line 112 and/or the evacuation line 108. 
[0030] In the embodiment of the invention shoWn in FIG. 
1A, the Wound management system 100 also includes a light 
source 116 coupled to the ?ber optic light distribution system 
104, a gas supply 118 coupled to the supply/return catheter 
106 and a vacuum system 120 (e.g., a conventional vacuum 
pump or the like) coupled to the Wound exudate evacuation 
line 108. A controller 122 may be coupled to and control 
operation of the light source 116, the gas supply 118 and/or 
the vacuum system 120 as described beloW. The controller 
122 also may be coupled to the thermistor 110 (e.g., for 
measuring a temperature of a Wound site). 
[0031] The supply/return catheter 106, the evacuation line 
108 and/or the ?ber housing line 112 each may comprise, for 
example, a section of suitable diameter ?exible tubing (e.g., 
surgical silicone/rubber tubing, Te?onTM, etc.). In one 
embodiment, the supply/return catheter 106 comprises 
approximately 1A inch (outer diameter (O.D.)) ?exible tub 
ing, the ?ber housing line 112 comprises approximately 3/8 
inch O.D. ?exible tubing and the evacuation line 108 com 
prises approximately 1/2 inch O.D. ?exible tubing. Other tub 
ing siZes may be employed for the supply/return catheter 106, 
the ?ber housing line 112 and/or the evacuation line 108. 
[0032] If the supply/return catheter 106 is employed prima 
rily for supplying gas and/ or liquid to a Wound site, as shoWn 
in FIG. 1A, the supply/return catheter 106 may include a 
one-Way valve 124 (e.g., a conventional check valve, such as 
a duck bill check valve, etc.) that (1) allows gas/liquid ?oW 
from the gas supply 118 through the supply/return catheter 
106 to a Wound site; and (2) prevents gas or liquid ?oW from 
the Wound site back to the gas supply 118 through the supply/ 
return catheter 106. Contamination of the supply/ return cath 
eter 106 (or any liquid or gas supply coupled thereto, such as 
the gas supply 118) thereby is prevented. 
[0033] The light source 116 may comprise any light source 
suitable of supplying a dosage of light having one or more 
Wavelengths and/or center frequencies to the ?ber optic light 
distribution system 104 (e.g., one or more lasers, light emit 
ting diodes, ?ltered White light sources, etc.). In one particu 
lar embodiment, the light source 116 comprises a plurality of 
lasers and/or light emitting diodes capable of delivering light 
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With Wavelengths ranging from about 350 nanometers to 
about 880 nanometers to the ?ber optic light distribution 
system 104. Other Wavelength ranges may be employed. In at 
least one embodiment of the invention, the controller 122 may 
direct the light source 116 to deliver one or more (controlled) 
doses of one or more Wavelengths of light to a Wound site via 
the ?ber optic light distribution system 104. 
[0034] The gas supply 118 may comprise a source of one or 
more gases such as oxygen, nitric oxide, carbon dioxide, etc. 
In at least one embodiment of the invention, the controller 122 
may direct the gas supply 118 to deliver one or more gasses, 
or a combination thereof, to the return/supply catheter 106 
(e. g., at a desired pressure and/or ?oW rate, for a desired time 
period, etc.). 
[0035] The controller 122 may comprise, for example, one 
or more appropriately programmed microprocessors, micro 
controllers, or the like. Alternatively, the controller 122 may 
comprise a dedicated hardWare circuit, or a combination of 
hardWare and softWare. 
[0036] FIG. 2 is a schematic diagram of an exemplary 
embodiment of the ?ber optic light distribution system 104 of 
FIGS. 1A and 1B. With reference to FIG. 2, the ?ber optic 
light distribution system 104 comprises a plurality of optical 
?bers 104a-h. More or feWer optical ?bers may be employed. 
[0037] As shoWn in FIG. 2, each optical ?ber 104a-h is 
cleaved or otherWise cut/con?gured so as to have an angled 
?ber/air interface 130a-h. Each angled ?ber/air interface 
130a-h is adapted to redirect (e.g., via refraction) light trav 
eling Within one of the optical ?bers 104a-h radially aWay 
from the optical ?ber and into a Wound site (in Which the ?ber 
optic light distribution system 104 is employed). For 
example, depending on the index of refraction of the optical 
?ber 104a-h employed, a ?ber/air interface 130a-h of about 
45° (from the optical or central axis of the ?ber) may refract 
light at an approximately 90° angle (from the optical or cen 
tral axis of the ?ber), as shoWn in FIG. 2 by light ray 132. 
Other ?ber/air interface angles and/or angles of refraction 
may be employed. (In general, the ?ber/ air interfaces may be 
?ber/ gas interfaces if other gas environments are employed.) 
Note that the optical ?bers 104a-h may be “staggered” as 
shoWn to alloW each ?ber to transmit light energy into a 
Wound site. Other con?gurations may be employed. In one 
embodiment, a 360° lateral light distribution is provided. 
Other types of light distribution may be provided. 
[0038] Each optical ?ber 104a-h may comprise any con 
ventional optical ?ber (e.g., a single mode, multi-mode, glass, 
plastic, etc., ?ber). In at least one embodiment of the inven 
tion, each optical ?ber 104a-h comprises a multi-mode, plas 
tic optical ?ber. Such plastic optical ?bers typically are less 
likely to break if bent When compared to glass ?bers. (Such 
bending may occur When the ?ber optic light distribution 
system 104 is bent Within a Wound area as described further 
beloW). Further, plastic optical ?bers typically are less e?i 
cient at transmitting light energy. Accordingly, such optical 
?bers may absorb light energy and generate heat during light 
transmission (thereby heating any gas being transmitted near 
the ?ber optic light distribution system 104, such as gas being 
supplied to a Wound sight through the supply/retum catheter 
106 of FIGS. 1A and 1B). 
[0039] With reference to FIGS. 1A-2, the ?rst Wound man 
agement system 100 is adapted to perform numerous func 
tions related to Wound management. For example, the Wound 
management system 100 (and/or other Wound management 
systems described beloW) may: 
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[0040] (I) maintain a micro-ventilation (e.g., 10-100 
cc/hour) of pure gas or a mixture of gases (e.g., pure 
oxygen, nitric oxide, carbon dioxide, combinations 
thereof, etc.) in a Wound site per a predetermined and/or 
prede?ned protocol to help induce tissue groWth, such as 
through use of the gas supply 118, the supply/retum 
catheter 106, the evacuation line 108 and/or the vacuum 
system 120; 

[0041] (2) temperature control gas supplied to a Wound 
site to produce an ideal and/or controlled Wound core 
temperature (e.g., about 100-101° F. in one embodi 
ment); for example, Wound bed temperature may be 
monitored (e.g., periodically or continuously) via the 
thermistor 110, and fed back to the controller 122; the 
controller 122 then may adjust gas supply temperature 
(e.g., via one or more heaters (not shoWn) coupled to the 
gas supply 118 and/or the supply/retum catheter 106); 

[0042] (3) produce short transient changes in pressure to 
remove exudates (e.g., pressure changes ranging from 
about 150 mmHg negative pressure), and/ or longer term 
micro-hyperbaric granulation phase Wound pressures 
(e.g., up to about 800 mmHg); for example, the control 
ler 122 may control gas ?oW rate to a Wound site via the 
gas supply 118 and/or gas exhaust rate from the Wound 
site via the vacuum system 120 to achieve such pressure 
changes and/or pressures; one or more pressure mea 

surement devices, such as a +/—pressure manometer, 
may be employed to monitored pressure Within a Wound 

site; 
[0043] (4) provide dosed injection of liquids into a 
Wound site (e.g., by permitting the injection of liquids 
such as saline, antibiotic solutions, coagulant solutions, 
etc., into the Wound bed, alloWing the solutions to dif 
fuse Within the Wound bed, and then evacuating the 
solutions out of the Wound bed); for example, the sup 
ply/return catheter 106, or another ?uid delivery line, 
may be employed to deliver one or more liquids to a 
Wound site (e. g., manually or via the controller 122), and 
the vacuum system 120/evacuation line 108 may be 
employed to remove the one or more injected liquids 
from the Wound site (e.g., after a predetermined time 
period that may be set, for example, by the controller 
122); and/or 

[0044] (5) employ the ?ber optic light distribution sys 
tem 104 to disperse light energy, preferably evenly, into 
the Wound bed (e.g., at right angles to optical ?bers 
104a-h); preferably a broad range of Wavelengths may 
be employed (e.g., ranging from at least UV-A (350 nm) 
to near infrared (880 nm)). 

[0045] As described further beloW, a gas and/or liquid seal 
may be maintained around a Wound site (e.g., employing a 
TegaderrnTM or similar material to form a gas/liquid seal) so 
as maintain a sterile barrier and retain Wound atmosphere and 
exudates Within the Wound site. In at least one embodiment, 
all gas and liquids are introduced to, and removed from a 
Wound sight via the Wound management system 100. 
[0046] FIG. 3A is a schematic vieW of a ?rst alternative 
embodiment of the multi-lumen cannula 10211 of FIG. 1A, 
referred to as second multi-lumen cannula 10219 in FIG. 3A. 
The second multi-lumen cannula 10219 is similar to the multi 
lumen cannula 10211 of FIG. 1A, except that a separate sup 
ply/return catheter 106 is not employed in the multi-lumen 
cannula 10219 of FIG. 3A. That is, Within the multi-lumen 
cannula 10219 of FIG. 3A, rather them employing a separate 
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supply/return catheter 106, gas and/or liquids may be deliv 
ered to (and in certain embodiments removed from) a Wound 
site through the ?ber housing line 112. For clarity, the evacu 
ation line 108 is not shoWn in the second multi-lumen cannula 
10219. The second multi-lumen cannula 1021) may employ a 
second check valve 140 (in addition to the ?rst check valve 
124) to further protect a gas or liquid supply from exudates or 
other unWanted contaminants that may be present in the ?ber 
housing line 112. In at least one embodiment of the invention, 
an oxygen gas supply of 0.05-0.l liters per minute (LPM) at 
10 cm H2O pressure is employed. Other types of gas or liquid 
supplies may be employed. The second multi-lumen cannula 
1021) may be coupled to a light supply, for example, via a 4 
mm ACMI connector or other suitable connector. 

[0047] FIG. 3B is a schematic vieW of an embodiment of 
the second multi-lumen cannula 10219 of FIG. 3A Wherein a 
hospital gas supply (not shoWn) may be employed to deliver 
gas (e.g., oxygen) to a Wound site. With reference to FIG. 3B, 
a gas ?oW control system 150 is coupled to the ?ber housing 
line 112 via a gas line 152 (e.g., a ?exible gas line). The gas 
?oW control system 150 is coupled to and receives gas ?oW 
from a hospital gas supply (such as a hospital oxygen supply, 
not shoWn). The light source may be coupled to the ?ber 
housing line 112 via a ?ber gas seal. Any suitable seal may be 
employed. 
[0048] With reference to FIG. 3B, the gas ?oW control 
system 150 includes a pneumatically controlled valve 154 
adapted to couple to the hospital gas supply (not shoWn, such 
as a 50 PSIG or other suitable pressure supply) via a gas line 
156, a ?xed ori?ce 158 coupled to the gas line 156 doWn 
stream from the valve 154 and a How meter 160 coupled to the 
gas line 156 doWnstream from the ?xed ori?ce 158. The valve 
154, the gas line 156, the ?xed ori?ce 158 and the How meter 
160 may comprise any suitable conventional components. In 
operation, gas is supplied to the gas line 156 from the hospital 
gas supply (not shoWn) and ?oWs into the gas line 156, 
through the valve 154, through the ?xed ori?ce 158 and 
through the How meter 160 into the ?ber housing line 112 of 
the multi-lumen cannula 10219. A feedback path 162 coupled 
betWeen the output of the ?xed ori?ce 158 and the valve 154 
alloWs the pressure at the doWnstream side of the ?xed ori?ce 
158 to control opening and closing of the valve 154. That is, 
as the pressure at the doWnstream side of the ?xed ori?ce 158 
increases, the valve 154 opens; and as the pressure at the 
doWnstream side of the ?xed ori?ce 158 decreases, the valve 
154 closes. An approximately constant differential pressure 
thereby is maintained across the ?xed ori?ce 158 regardless 
of variations in supply pressure. A constant ?oW rate of gas to 
the ?xed housing line 112 thereby is assured. Other tech 
niques for controlling pressure How to the multi-lumen can 
nula 10219 (or any other cannula described herein) may be 
employed (e.g., other than a ?xed-ori?ce doWnstream mass 
?oW controller); and the gas ?oW control system 150 may be 
employed With any of the cannula described herein. 
[0049] FIG. 4 is a schematic vieW of a second alternative 
embodiment of the multi-lumen cannula 10211 of FIG. 1A, 
referred to as third multi-lumen cannula 1020 in FIG. 4. The 
third multi-lumen cannula 1020 is similar to the multi-lumen 
cannula 10211 of FIG. 1A, except that the supply/return cath 
eter 106 has a larger diameter than the ?ber housing line 112. 
In one exemplary operation, the third multi-lumen cannula 
1020 may be employed to raise Wound oxygen pressure to 
about +10 cm of H20 for tWenty minutes and thereafter, to 
reduce the oxygen pressure to about —l00 cm of H20 for ?ve 
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minutes. The above exemplary treatment process may be 
repeated. Other treatment processes may be employed. 
[0050] FIG. 5 is a front cross-sectional vieW of a third 
alternative embodiment of the multi-lumen cannula 10211 of 
FIG. 1A, referred to as fourth multi-lumen cannula 102d in 
FIG. 5. The fourth multi-lumen cannula 102d is similar to the 
multi-lumen cannula 10211 of FIG. 1A, except that the supply/ 
return catheter 106 and the ?ber housing line 112 are not 
concentric. Rather the supply/ return catheter 106 and the ?ber 
housing line 112 are positioned side-by-side Within the 
evacuation line 108. In one exemplary embodiment, the sup 
ply/return catheter 106 and the ?ber housing line 112 may 
have an outer diameter of about 1/s to 3/8 inch, and the evacu 
ation line 108 may have an outer diameter of about 1/2 inch or 
greater, although other dimensions may be employed. Note 
that the ?ber optic light distribution system 104 alternatively 
may be housed Within the supply/return catheter 106 and the 
additional line (?ber housing line 112) may be employed as 
another supply/return catheter. Also, the supply/return cath 
eter 106 and the ?ber housing line 112 may have different 
dimensions/ diameters. 
[0051] FIG. 6 is a front cross-sectional vieW of a fourth 
alternative embodiment of the multi-lumen cannula 10211 of 
FIG. 1A, referred to as ?fth multi-lumen cannula 102e in FIG. 
6. The ?fth multi-lumen cannula 102e is similar to the fourth 
multi-lumen cannula 102d of FIG. 5, except that the ?fth 
multi-lumen cannula 102e includes an additional supply/re 
turn catheter 106'. Note that the supply/return catheters and/ 
or the ?ber housing line need not have the same dimensions/ 
diameters. 
[0052] FIG. 7 is a front cross-sectional vieW of a ?fth alter 
native embodiment of the multi-lumen cannula 10211 of FIG. 
1A, referred to as sixth multi-lumen cannula 102f in FIG. 7. In 
the ?fth multi-lumen cannula 102], the supply/return catheter 
106 and the evacuation line 108 are not concentric, and the 
?ber optic light distribution system 104 (not shoWn in FIG. 7) 
may be disposed Within the supply/return catheter 106. For 
example, in the embodiment shoWn in FIG. 7, the supply/ 
return catheter 106 and the evacuation line 108 are coupled 
together side-by-side. An additional supply/return catheter 
106 and/or ?ber housing line 112 may be similarly coupled to 
the supply/return catheter 106 and/or to the evacuation line 
108 as shoWn in phantom by reference numerals 164a-b. 
[0053] Operation of the inventive Wound management sys 
tem 100 of FIG. 1A Will be described beloW With reference to 
FIG. 8 (Which is a top plan vieW of one of the multi-lumen 
cannulas 102a-fWithin a Wound 170). It Will be understood 
that the inventive Wound management system 100 may oper 
ate similarly regardless of Which multi-lumen cannula 102a-f 
is employed. Accordingly, the operation of the Wound man 
agement system 100 Will be described generally With refer 
ence to a cannula 102 Which may comprise any of the inven 
tive cannulas 102a-f described herein. 
[0054] With reference to FIG. 1A and FIG. 8, a distal end 
172 of the cannula 102 is coiled around a perimeter 174 of the 
Wound 170 and under any undermined sinus areas 176 of the 
Wound 170. The Wound 170 and cannula 102 then are sealed 
together using a suitable bandage 178 (shoWn in phantom). In 
at least one embodiment of the invention, the Wound 170 and 
cannula 102 are sealed together using a double layer of 
TEGADERMTM clear plastic non-stretch bandage available 
from 3M. Other bandages or coverings also may be 
employed. The seal betWeen a region 180 outside of the 
Wound perimeter 174 (e.g., a debrided Wound edge), such a 
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portion of a patient’s skin, and the cannula 102 and the ban 
dage 178 preferably is gas and liquid tight relative to the 
Wound cavity 182 so that all liquid and gas must travel 
through the cannula 102 to enter and/or leave the Wound 
cavity 182. 
[0055] As stated, the cannula 102 is “connected” to the 
controller 122 via the light source 116, the gas supply 118, the 
vacuum system 120 and/or the thermistor 110 (Which may, 
for example, be implemented in a single bed side unit (not 
shoWn), or as part of a larger system). In one or more embodi 
ments of the invention, the gas supply 118 may comprise a 
heated oxygen supply, and the vacuum system 120 may 
include a container (not shoWn) for collecting exudates and 
other liquids from the Wound 170. The light source 116 may 
comprise, for example, a 5.0 Watt 630 nm Helium-Neon 
LASER, and an LED near infrared and ultra-violet array. 
Other gas and/or light sources may be employed. 
[0056] In at least one embodiment of the invention, the 
controller 122 may be pre-set (e.g., programmed) or manually 
set to provide a speci?c sequence of hyper-thermic and/or 
hyperbaric gas (e.g., oxygen, nitric oxide, carbon dioxide, 
combinations thereof, etc.) exposures to the Wound 170 
Which may be folloWed, for example, by a period of vacuum 
and/ or ?uid exudate evacuation. The sequences of gas expo 
sures, time for gas exposure and/or evacuation, and/or other 
process parameters may be adjustable or ?xed. 
[0057] In one or more embodiments, the controller 122 may 
be con?gured so as not to permit over or under pressure 
Wound environments, or light over-dosing. A series of 
mechanical pressure relief’s and/or vacuum breakers (not 
shoWn) may be employed to further protect the Wound envi 
ronment. 

[0058] The controller 122 may activate the light source 116 
and may sequence the light source 116 as desired (e.g., for an 
adjustable time period during, for example, hyperbaric oxy 
gen phase of the therapy). For example, UV-A frequency light 
is bactericidal to organisms, but has positive photosensitive 
properties With regard to human tissue (e. g., in loW dosages). 
Likewise, 630 to 880 nanometer light has been shoWn to 
stimulate cell mitochondria, groWth factors and micro-va 
sodilatation. 
[0059] The light source 116 (e.g., via the controller 122) 
also may be employed to sterilize the Wound 170 With UV 
radiation and/or provide groWth inducing near infrared light 
into undermined Wound tissue areas 176 via the ?ber optic 
light distribution system 104. In general, the cannula 102 may 
operate With virtually any light source. In a bed-side unit 
embodiment of the invention (e.g., Wherein the light source 
116, the gas supply 118, the vacuum system 120 and/or the 
controller 122 are contained Within a bed-side unit (not 
shoWn)), the Wound management system 100 typically Will 
operate With a near infrared LASER or LED light source to 
promote healing. The system 100 also may accept (e.g., via a 
manual connection not shoWn) a controlled UV-B/C light 
source that may be employed to sterilize the Wound 170 of 
pathogens. For example, a UV light source may be used in 
conjunction With antibiotics to eliminate pseutomosus bacte 
ria or other pathogens. 
[0060] In one or more embodiments of the invention, the 
gas supply 118 comprises a heated and variable medical 
oxygen supply that can deliver, for example, betWeen about a 
10 to 100 cc/minute oxygen ?oW at a maximum pressure of 
about 10 cm H2O into the Wound site via the supply/return 
catheter 106. This may create a hyper-thermic (e.g., about 
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100-1010 F.) and hyperbaric oxygen (e.g., about 5-10 cm 
H2O) environment Within the Wound 170. Excess oxygen and 
Wound liquid exudates are pushed up the evacuation line 108. 
Other ?oW rates, gas types, Wound temperatures and/or gas 
pressures may be employed. 
[0061] The controller 122 may periodically (or at any other 
time) increase vacuum (e.g., to 50 mm Hg or some other 
suitable vacuum level) to evacuate any exudate from the 
Wound cavity 182, and/or to purge the Wound cavity 182. 
During this variable evacuation period, the ?oW of gas (e. g., 
oxygen) may be increased (e. g., to about 100 cc per minute in 
one embodiment). 
[0062] As stated, the cannula 102 may contain one or more 
other ?uid delivery lines, such as an intervenes (IV) solution 
port that permits the injection of any liquid medication or 
saline ?ush. The controller 122 may be adapted to initiate 
such medication/saline ?ushes. Additionally, such medica 
tion/saline ?ushes may be performed through the supply/ 
return catheter 106 and/ or through the ?ber housing line 112. 
[0063] Embodiments of the present invention thus provide 
a comprehensive Wound management system With multi-pa 
rameter control (e.g., via a microprocessor or the like) of 
inner Wound environment of pressure ulcers, surgically 
induced Wounds, other chronic Wounds, traumatic injuries, 
etc., that can provide a near ideal balance of temperature, 
pressure, atmosphere, vasoconstriction/dilation, clot factors 
and/or bacteriostatic/bactericidal conditions necessary for 
optimiZed tissue granulation. Controlled delivery of ?uids to 
and vacuum removal of ?uids from a Wound site alloWs drain 
age of secretions and maintenance of a Wound tissue hyper 
thermal environment With delivery of medications to the 
Wound environment (Without compromising the sterile 
Wound dressing barrier). That is, a multi-function gas, liquid 
and light Wound management system is provided that may 
deliver ultraviolet and near-infrared light under controlled, 
hyper-thermic and/or hyper/hypobaric Wound conditions in 
accordance With one or more prede?ned protocols. 

[0064] FIG. 9A is a schematic diagram of a second exem 
plary Wound management system 900 provided in accor 
dance With the present invention. The Wound management 
system 900 of FIG. 9A is similar to the Wound management 
system 100 of FIG. 1A, but employs a supply line 902 that is 
separate from an evacuation line 904 of the system 900. In at 
least one embodiment of the invention, the Wound manage 
ment system 900 may include a pressure regulation system 
906 that is adapted to provide a controlled pressure and/or 
?oW rate of gas to a Wound site W. The pressure regulation 
system 906 may operate, for example, similar to the gas ?oW 
control system 150 of FIG. 3B. For example, the pressure 
regulation system 906 may be employed to produce an oxy 
gen or other gas ?oW rate of about 0.01 to 0.5 liters per minute, 
at a pressure of about 600-800 mmHg. Other ?oW rates and/or 
pressures may be employed. 
[0065] The Wound management system 900 includes a 
heater unit 908, such as a resistive heater or the like (e.g., an 
oxygen heater), adapted to heat gas supplied from the pres 
sure regulation system 906 prior to delivery to a Wound site; 
and a vacuum system 910 adapted to create a negative pres 
sure (e.g., a 600-700 mm vacuum) Within a collection con 
tainer 912 that is coupled to the evacuation line 904. Other 
negative pressures may be created. In this manner, a negative 
pressure may be maintained in the evacuation line 904 rela 
tive to the Wound site W (e. g., of a patient P) so that exudates 
and other ?uids may ?oW from the Wound site W and be 
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collected Within the container 912. A temperature gage 914 
and/ or a vacuum gage 916 may be employed to measure the 
temperature and/or pressure of ?uid Within the evacuation 
line 904. The Wound management system 900 may or may not 
include a light distribution system, such as the ?ber optic light 
distribution system 104 of FIG. 1A, for delivering light doses 
to the Wound sight W. The Wound management system 900 
also may include a controller (not shoWn) for controlling 
operation of the Wound management system 900 in a manner 
similar to that described With reference to the Wound man 
agement system 100 ofFIG. 1A. FIG. 9B is a top vieW 901 of 
a portion of the Wound management system 900 Within the 
Wound site W. 

[0066] FIG. 10A is a schematic diagram of a third exem 
plary Wound management system 1000 provided in accor 
dance With the present invention. The Wound management 
system 1000 of FIG. 10A is similarto the Wound management 
system 100 of FIG. 1A, but employs a supply line 1002 that is 
separate from an evacuation line 1004 of the system 1000. 
The supply line 1002 may be employed to supply and/or 
strobe regulated light energy, such as ultraviolet and/ or infra 
red light energy to a Wound W. Further, the supply line 1002 
may be employed to supply oxygen or other gasses into a 
Wound cavity (e.g., disposed under a bandage 178). The 
evacuation line 1004 may be employed to vacuum remove 
oxygen and exudates from the Wound cavity. FIG. 10B is a top 
vieW of a portion of the Wound management system 1000 
Within the Wound site W. A stage 3A pressure Wound is illus 
trated. HoWever, the Wound management system 1000 may 
be employed to treat other types of Wounds. The Wound W 
includes surface tissue 1006 over a transdermal Wound area 

1008. In one embodiment of the invention, the supply line 
1002 is employed to provide light via ?ber optics and/or 
oxygen to the Wound cavity and the evacuation line 1004 is 
employed to remove exudate ?uid from the Wound cavity 
182, Which may include an undermining cavity (e.g., an 
undermined sinus area 176), by creating a pressure of —20/50 
mm Hg. 

[0067] FIG. 10C is a schematic diagram of an alternative 
embodiment of the third exemplary Wound management sys 
tem 1000 ofFIG. 10A; and FIG. 10D is a top vieW ofa portion 
of the Wound management system 1000 Within the Wound site 
W. The Wound site W includes a surface Wound opening area 
1010 and an undermined Wound perimeter 1012 (e.g., an 
undermined sinus area perimeter). In at least one embodiment 
of the invention, the pressure maintained Within the Wound 
site W by the Wound management system 1000 is approxi 
mately +20 cm H2O. For example, the pressure of the gas 
delivered to the Wound site W via the supply line 1002 may be 
about +10 cm H20 and the pressure in the Wound site may be 
about +10 cm H2O (e.g., With a movement of about 10 cc/ sec 
of exudates/?uid via the evacuation line 1004). Other pres 
sures/?oW rates may be employed. In one embodiment of the 
invention, the evacuation line 1004 is operated at a pres sure of 
about 50 mmHg. Other pressures may be created by the 
evacuation line 1004. 

[0068] The foregoing description discloses only exemplary 
embodiments of the invention. Modi?cations of the above 
disclosed apparatus and methods Which fall Within the scope 
of the invention Will be readily apparent to those of ordinary 
skill in the art. For instance, other pressures, temperatures, 
gases, light frequencies, ?oW rates, irrigation ?uids than those 
described herein may be employed. Other catheter/ line diam 
eters may be employed. The supply/retum catheter 106 and/ 
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or the ?ber housing line 112 may have an outer diameter of 
betWeen about 1/32 and 1/s inch in one or more embodiments. 

[0069] While the present invention has been described With 
reference to chronic Wounds such as decubitus, ischial and 
sacral ulcers, it Will be understood that the invention may be 
employed to treat virtually any Wound. Other techniques for 
delivering light to a Wound site may be employed in place of, 
or in addition to, the ?ber optic light distribution system 104. 
[0070] In one embodiment, the light source 116 may 
include ultraviolet (UV) and near infrared light sources. For 
example, the light source 116 may include UV-A, UV-B, 
UV-C bands and/or a 300-900 nm bandWidth infrared fre 
quency transmission. Other types of light sources may be 
employed. 
[0071] As used herein, a ?uid may include a gas or a liquid. 
[0072] Accordingly, While the present invention has been 
disclosed in connection With exemplary embodiments 
thereof, it should be understood that other embodiments may 
fall Within the spirit and scope of the invention, as de?ned by 
the folloWing claims. 

The invention claimed is: 
1. A Wound management system comprising: 
a multi-lumen cannula adapted to be disposed in a Wound 

site and having: 
a ?ber optic light distribution system adapted to irradiate 

the Wound site With light; 
one or more catheters adapted to deliver a ?uid to the 

Wound site; and 
one or more evacuation lines adapted to remove ?uid 

from the Wound site; 
a light source coupled to the ?ber optic light distribution 

system, and adapted to supply light to the ?ber optic 
light distribution system; 

one or more ?uid supplies coupled to the one or more 

catheters, and adapted to supply ?uid to the one or more 
catheters; 

a vacuum system coupled to the one or more evacuation 

lines, and adapted to evacuate the one or more evacua 
tion lines; and 

a controller coupled to the light source, the one or more 
?uid supplies and the vacuum system, and adapted to: 
employ the vacuum system to remove exudates from the 
Wound site; 

employ the one or more catheters to deliver ?uid to the 
Wound site; and 

employ the light source to deliver at least one light dose 
to the Wound site. 

2. The Wound management system of claim 1 Wherein the 
multi-lumen cannula further comprises one or more tempera 
ture measurement devices coupled to the controller, the one or 
more temperature measurement devices adapted to measure a 
temperature of the Wound site. 

3. The Wound management system of claim 1 Wherein the 
?ber optic light distribution system comprises a plurality of 
optical ?bers Within a ?ber housing line. 

4. The Wound management system of claim 3 Wherein each 
optical ?ber has an angled ?ber/air interface. 

5. The Wound management system of claim 3 Wherein at 
least one of the one or more catheters and the ?ber housing 
line are positioned side-by-side Within at least one of the one 
or more evacuation lines. 
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6. The Wound management system of claim 3 Wherein at 
least one of the one or more catheters and the ?ber housing 
line are adapted to permit medication or saline ?ush of the 
Wound site. 

7. The Wound management system of claim 1 Wherein at 
least one of the one or more evacuation lines includes a 

plurality of intakes adapted to remove exudates from the 
Wound site. 

8. The Wound management system of claim 1 Wherein at 
least one of the one or more catheters includes a one-Way 
valve adapted to: 

alloW ?uid ?oW from the one or more ?uid supplies through 
the at least one catheter to the Wound site; and 

prevent ?uid ?oW from the Wound site back to the one or 
more ?uid supplies through the at least one catheter. 

9. The Wound management system of claim 1 Wherein the 
controller is further adapted to direct the light source to 
deliver a plurality of doses of light to the Wound site via the 
?ber optic light distribution system, each light dose having a 
Wavelength ranging from about 350 to 900 nanometers. 

10. The Wound management system of claim 1 Wherein the 
controller is further adapted to direct the one or more ?uid 
supplies to deliver at least one of oxygen, nitric oxide and 
carbon dioxide to the one or more catheters. 

11. The Wound management system of claim 1 Wherein the 
controller is further adapted to: 

regulate temperature of ?uids supplied to the Wound site; 
produce short transient changes in pressure to remove exu 

dates from the Wound site; and 
provide dosed injections of ?uids into the Wound site. 
12. The Wound management system of claim 1 Wherein at 

least one of the one or more evacuation lines and at least one 

of the one or more catheters are concentric. 

13. The Wound management system of claim 1 Wherein at 
least one of the one or more catheters and at least one of the 

one or more evacuation lines are coupled side-by-side. 

14. The Wound management system of claim 13 further 
comprising a ?ber housing line coupled side-by-side to the at 
least one of the one or more catheters and the at least one of 
the one or more evacuation lines. 

15. The Wound management system of claim 1 Wherein the 
one or more ?uid supplies are adapted to deliver at least one 
of a medication or saline ?ush to the Wound site. 

16. The Wound management system of claim 15 Wherein 
the controller is further adapted to initialiZe the medication or 
saline ?ush. 
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17. The Wound management system of claim 1 Wherein the 
controller is further adapted to maintain a hyperbaric pres sure 
at the Wound site. 

18. A Wound management system comprising: 
one or more catheters adapted to deliver a ?uid to a Wound 

site; 
one or more evacuation lines adapted to remove ?uid from 

the Wound site; 
one or more ?uid supplies coupled to the one or more 

catheters, and adapted to supply ?uid to the one or more 
catheters; 

a vacuum system coupled to the one or more evacuation 
lines, and adapted to evacuate the one or more evacua 
tion lines; and 

a controller coupled to the one or more ?uid supplies and 
the vacuum system, and adapted to: 
employ the vacuum system to remove exudates from the 
Wound site; and 

employ the one or more catheters to deliver ?uid to the 
Wound site. 

19. The Wound management system of claim 18 further 
comprising a pressure regulation system coupled to at least 
one of the one or more catheters, and adapted to provide at 
least one of a controlled pressure and ?oW rate of ?uid to the 
Wound site. 

20. The Wound management system of claim 18 further 
comprising: 

a light distribution system adapted to deliver one or more 
light doses to the Wound site; 

Wherein the controller is coupled to the light distribution 
system, and further adapted to control operation of the 
light distribution system. 

21. A Wound management system comprising: 
a multi-lumen cannula adapted to be disposed in a Wound 

site and having: 
a ?ber optic light distribution system adapted to irradiate 

the Wound site With light; 
one or more catheters adapted to deliver a ?uid to the 

Wound site; and 
one or more evacuation lines adapted to remove ?uid 

from the Wound site. 
22. The Wound management system of claim 21 Wherein 

the ?ber optic light distribution system comprises a plurality 
of optical ?bers Within a ?ber housing line. 

23. The Wound management system of claim 22 Wherein 
each optical ?ber has an angled ?ber/air interface. 

* * * * * 


