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(57) ABSTRACT 

A drape including a sensing device according to the present 
invention is disposed over a top surface of a thermal treatment 
system having a basin recessed therein. A portion of the drape 
is pushed doWn into the basin to form a drape container for 
collecting a sterile medium. The thermal treatment system 
may be of the type that either heats or congeals the sterile 
medium. The sensing device includes electrodes that are typi 
cally disposed through the drape and sealed. The electrodes 
provide signals indicating the presence of liquid and/or leaks 
or other conditions Within the drape container to the system to 
facilitate control of system operation. In addition, the sensing 
device includes a fuse to limit the drape to a single use. The 
system disables the fuse to indicate prior use and detects 
tampering to bypass the fuse, thereby preventing use of the 
drape for subsequent medical procedures. 
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SYSTEM AND METHOD OF DETECTING 
FLUID AND LEAKS IN THERMAL 
TREATMENT SYSTEM BASINS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is: a continuation-in-part of US. 
patent application Ser. No. 10/ 172,731, entitled “Method and 
Apparatus for Ensuring Sterility of Disposable Medical Items 
Used With Medical Equipment” and ?led Jun. 17, 2002; and 
a continuation-in-part of US. patent application Ser. No. 
10/ 836,236, entitled “Surgical Drape With Conductor and 
Method of Detecting Fluid and Leaks in Thermal Treatment 
System Basins” and ?led May 3, 2004, Which is a continua 
tion-in-part of US. patent application Ser. No. 10/372,674, 
entitled “Medical Solution Thermal Treatment System and 
Method of Controlling System Operation in Accordance With 
Detection of Solution and Leaks in Surgical Drape Contain 
ers” and ?led Feb. 25, 2003, noW US. Pat. No. 6,910,485, 
Which is a continuation-in-part of US. patent application Ser. 
No. 09/983,021, entitled “Medical Solution Thermal Treat 
ment System and Method of Controlling System Operation in 
Accordance With Detection of Solution and Leaks in Surgical 
Drape Containers” and ?led Oct. 22, 2001, noW US. Pat. No. 
6,810,881. In addition, aforementioned US. patent applica 
tion Ser. No. 10/836,236 claims priority from US. Provi 
sional Patent Application Ser. No. 60/467,129, entitled “Sur 
gical Drape With Conductor and Method of Detecting Fluid 
and Leaks in Thermal Treatment System Basins” and ?led 
May 2, 2003. The disclosures of the aforementioned patents 
and patent applications are incorporated herein by reference 
in their entireties. 

BACKGROUND OF THE INVENTION 

[0002] 1. Technical Field 
[0003] The present invention pertains to thermal treatment 
systems. In particular, the present invention pertains to detec 
tion of the presence of solution and/or leaks Within a drape 
container of a thermal treatment system basin. The thermal 
treatment system thermally treats a sterile surgical liquid 
placed Within the drape container and may be of the types 
disclosed in US. Pat. No. 4,393,659 (Keyes et al.), US. Pat. 
No. 4,934,152 (Templeton), US. Pat. No. 5,163,299 (Faries, 
Jr. et al.), US. Pat. No. 5,331,820 (Faries, Jr. et al.), US. Pat. 
No. 5,333,326 (Faries, Jr. et al.), US. Pat. No. 5,400,616 
(Faries, Jr. et al.), US. Pat. No. 5,402,644 (Faries, Jr. et al.), 
US. Pat. No. 5,429,801 (Faries Jr. et al.), US. Pat. No. 5,457, 
962 (Faries, Jr. et al.), US. Pat. No. 5,502,980 (Faries, Jr. et 
al.), US. Pat. No. 5,522,095 (Faries, Jr. et al.), US. Pat. No. 
5,524,643 (Faries, Jr. et al.), US. Pat. No. 5,551,240 (Faries, 
Jr. et al.), US. Pat. No. 5,615,423 (Faries, Jr. et al.), US. Pat. 
No. 5,653,938 (Faries, Jr. et al.), US. Pat. No. 5,809,788 
(Faries, Jr. et al.), US. Pat. No. 5,816,252 (Faries, Jr. et al.), 
US. Pat. No. 5,857,467 (Faries, Jr. et al.), US. Pat. No. 
5,862,672 (Faries, Jr. et al.), US. Pat. No. 5,879,621 (Faries, 
Jr. et al.), US. Pat. No. 5,950,438 (Faries, Jr. et al.), US. Pat. 
No. 6,003,328 (Faries, Jr. et al.), US. Pat. No. 6,035,855 
(Faries, Jr. et al.), US. Pat. No. 6,087,636 (Faries, Jr. et al.), 
US. Pat. No. 6,091,058 (Faries, Jr. et al.), US. Pat. No. 
6,255,627 (Faries, Jr. et al.), US. Pat. No. 6,371,121 (Faries, 
Jr. et al.), US. Pat. No. 6,860,271 (Faries, Jr. et al.), US. Pat. 
No. 6,918,395 (Faries, Jr. et al.) and US. Patent Application 
Publication Nos. 2004/0200483 (Faries, Jr. et al.) and 2004/ 
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0208780 (Faries, Jr. et al.). The disclosures in the above 
mentioned patents and patent application publications are 
incorporated herein by reference in their entireties. 
[0004] 2. Discussion of the RelatedArt 
[0005] The above-referenced Keyes et al. patent (US. Pat. 
No. 4,393,659) discloses a surgical slush producing system 
having a cabinet With a heat transfer basin at its top surface. A 
refrigeration mechanism in the cabinet takes the form of a 
closed refrigeration loop including: an evaporator in heat 
exchange relation to the outside surface of the heat transfer 
basin; a compressor; a condenser; and a refrigeration expan 
sion control, all located Within the cabinet. A separate product 
basin is con?gured to be removably received in the heat 
transfer basin. Spacers, in the form of short cylindrical stubs 
or buttons, are arranged in three groups spaced about the heat 
transfer basin and projecting into the heat transfer basin inte 
rior to maintain a prescribed space betWeen the tWo basins. 
During use, that space contains a thermal transfer liquid, such 
as alcohol or glycol, serving as a thermal transfer medium 
betWeen the tWo basins. A sterile drape, impervious to the 
thermal transfer medium, is disposed betWeen the product 
basin exterior and the liquid thermal transfer medium to pre 
serve the sterile nature of the product basin. Surgically sterile 
liquid, such as sodium chloride solution, is placed in the 
product basin and congeals on the side of that basin When the 
refrigeration unit is activated. A scraping tool is utiliZed to 
remove congealed sterile material from the product basin side 
to thereby form a slush of desired consistency Within the 
product basin. Some users of the system employ the scraping 
tool to chip the solid pieces from the basin side. 
[0006] As noted in the above-referenced Templeton patent 
(US. Pat. No. 4,934,152), the Keyes et al. system has a 
number of disadvantages. In particular, the separate product 
basin must be removed and re-steriliZed after each use. Addi 
tionally, the glycol or other thermal transfer medium is highly 
?ammable or toxic and, in any event, complicates the proce 
dure. The Templeton patent (US. Pat. No. 4,934,152) dis 
closes a solution to these problems by constructing an entirely 
neW apparatus Whereby the product basin is eliminated in 
favor of a sterile drape impervious to the sterile surgical 
liquid, the drape being made to conform to the basin and 
directly receive the sterile liquid. Congealed liquid is scraped 
or chipped from the sides of the conformed drape receptacle 
to form the desired surgical slush. 

[0007] The Faries, Jr. et al. patent (US. Pat. No. 5,163,299) 
notes that scraping congealed liquid from the drape is unde 
sirable in vieW of the potential for damage to the drape, 
resulting in a compromise of sterile conditions. As a solution 
to the problem, the Faries, Jr. et al. patent (US. Pat. No. 
5,163,299) proposes that the drape be lifted or otherWise 
manipulated by hand to break up the congealed liquid adher 
ing to the drape. Although this hand manipulation is some 
What effective, it is not optimal, and often is inconvenient and 
constitutes an additional chore for operating room personnel. 
Accordingly, several of the Faries, Jr. et al. patents (e. g., US. 
Pat. Nos. 5,331,820; 5,400,616; 5,457,962; 5,502,980; 5,653, 
938; 5,809,788; 5,857,467; 5,950,438; 6,003,328; and 6,035, 
855) resolve the problem of manual drape manipulation by 
disclosing various techniques and/or dislodgment mecha 
nisms to automatically remove the congealed liquid adhering 
to the drape Without endangering the integrity of the drape. 
[0008] The Templeton patent (US. Pat. No. 4,934,152) 
further discloses an electrical heater disposed at the bottom of 
the basin to convert the sterile slush to Warmed liquid, or to 
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heat additional sterile liquid added to the basin. Templeton 
describes the need for such Warm sterile liquid as occurring 
after a surgical procedure is completed to facilitate raising the 
body cavity of the surgery patient back to its normal tempera 
ture by contact With the Warmed liquid. However, there are a 
number of instances during a surgical procedure When it is 
desirable to have simultaneous access to both Warmed sterile 
liquid and sterile surgical slush. Accordingly, several of the 
Faries, Jr. et al. patents (e.g., US. Pat. Nos. 5,333,326; 5,429, 
801; 5,522,095; 5,524,643; 5,615,423; 5,653,938; 5,816,252; 
5,862,672; 5,857,467; 5,879,621; 6,091,058; and 6,255,627) 
disclose a manner in Which to simultaneously provide both 
surgical slush and Warmed surgical liquid during a surgical 
procedure by utiliZing a machine having plural basins With 
each basin either producing surgical slush or heating a sterile 
liquid. This machine typically utiliZes a single surgical drape 
that forms a drape receptacle Within each basin to collect 
sterile slush and heated sterile liquid produced by the 
machine in the respective basins. 
[0009] In addition, several of the drapes and thermal treat 
ment systems disclosed in the above-mentioned patents 
include specialiZed features to enhance various aspects of 
thermal treatment system operation. For example, some of the 
specialiZed features may include: bladder drapes (e. g., as 
disclosed in US. Pat. Nos. 5,809,788; 5,950,438; and 6,003, 
328); drapes having plates or disks (e.g., as disclosed in US. 
Pat. Nos. 5,457,962 and 5,502,980); reinforced drapes (e.g., 
as disclosed in US. Pat. No. 5,857,467); drape indicators and 
corresponding thermal treatment system detection devices to 
ensure sterility by enabling system operation in response to 
detecting a sterile drape placed on the system (e.g., as dis 
closed in US. Pat. Nos. 5,653,938 and 5,879,621); drapes 
having indicia to direct placement of the drapes on thermal 
treatment systems (e.g., as disclosed in US. Pat. No. 5,615, 
423); surgical drapes constructed of materials having a coef 
?cient of friction in a particular range and/ or drapes including 
attachment mechanisms such that a drape may Withstand 
being draWn under a dislodgment mechanism (e.g., as dis 
closed in US. Pat. No. 6,035,855); a stand to elevate objects 
Within a heated basin above the basin ?oor (e. g., as disclosed 
in US. Pat. No. 6,087,636) and/or a heater con?gured to 
coveraportion ofthe basin (e.g., as disclosed inU.S. Pat. Nos. 
6,091,058 and 6,255,627) to prevent the drape from overheat 
ing and puncturing When objects are placed Within the basin; 
and remote control of a thermal treatment system (e.g., as 
disclosed in US. Pat. Nos. 6,371,121, 6,860,271 and 6,918, 
395). 
[0010] HoWever, When insigni?cant amounts of liquid are 
present Within a thermal treatment system basin, the system 
heating and cooling mechanisms operate With minimal ther 
mal resistance, thereby enabling the mechanisms to become 
damaged. Further, the drapes employed by the system may be 
damaged by being disposed proximate the heating or cooling 
mechanism Without having the liquid to absorb the thermal 
energy. Since only sterile drapes are to be used during surgical 
procedures, a leak in a surgical drape compromises sterility 
and contaminates the entire surgical procedure, thereby 
increasing the risk of injury to a patient. 
[0011] The related art has attempted to overcome this prob 
lem by employing sensing devices With surgical drapes. For 
example, US. Pat. No. 5,524,643 (Faries, Jr. et al.) discloses 
a surgical drape combined With a sensor, preferably attached 
to the drape, to detect the presence of liquid Within a drape 
container conforming to a heating/ cooling thermal treatment 
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system basin. An alternative embodiment employs sensors at 
opposite surfaces of the drape to measure conductance and, 
thereby, leakage through the drape. A microprocessor of each 
embodiment receives a signal representing, for example, an 
electrical conductance measurement and determines the pres 
ence of liquid and/ or a leak. If liquid is not present or a leak is 
determined to exist, the microprocessor disables a tempera 
ture controller for the basin to prevent damage to the drape 
and heating and cooling mechanisms. 
[0012] US. Pat. No. 5,816,252 (Faries, Jr. et al.) discloses a 
drape for use With a system for thermally treating a sterile 
medium. The drape includes liquid sensitive material that 
changes color upon contact With liquid to indicate the pres 
ence of a leak. The liquid sensitive material may be placed 
betWeen the drape and a receiving basin or a?ixed to the drape 
in the form of indicia symbolically directing placement of the 
drape over the system. The system may include a single basin 
and be of the type that either thermally cools or heats the 
sterile medium, or the system may include a plurality of 
basins With each basin either thermally cooling or heating the 
sterile medium. The liquid sensitive material detects leaks 
Within the drape While assisting the operator in properly 
aligning and placing the drape over the system. 
[0013] The above-described systems can stand some 
improvement. In particular, the Faries, Jr. et al. sensor drape 
(US. Pat. No. 5,524,643) employs a plug connector disposed 
through the drape to facilitate connections betWeen the drape 
sensor and the thermal treatment system, thereby complicat 
ing the process of effectively sealing the drape to prevent 
contamination of the sterile ?eld. Further, the drape is 
required to be placed on the system With the plug aligned With 
a corresponding plug receptacle for system operation, 
thereby restricting the manners in Which the drape may be 
positioned on the system to form the drape container. The 
Faries, Jr. et al. system employing liquid sensitive material 
With a drape (US. Pat. No. 5,816,252) indicates the presence 
of a leak Within the drape container. HoWever, this system 
relies on operating room personnel to respond to the leak 
indication and perform appropriate actions With respect to 
system operation. Thus, the system may continually operate 
in the presence of a drape container leak until personnel 
notice and respond to the leak indication, thereby increasing 
the risk of contamination of a surgical procedure and damage 
to the system heating or cooling mechanism When a drape 
leak occurs. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

[0014] Accordingly, it is an object of the present invention 
to detect the presence of solution and/ or a leak Within a drape 
container disposed in a thermal treatment system basin and 
control system operation in accordance With detected drape 
container conditions. 
[0015] It is another object of the present invention to dis 
pose a conductor or other object through a sterile surgical 
drape While maintaining the sterile ?eld. 
[0016] Yet another object of the present invention is to 
employ a surgical drape including solution and/or leak sen 
sors With a thermal treatment system including circuitry that 
interfaces the drape to control system operation in accordance 
With drape conditions detected by the sensors and circuitry. 
[0017] Still another object of the present invention is to 
limit utiliZation of a sterile surgical drape to a single use to 
maintain sterility of drapes for medical procedures. 
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[0018] A further object of the present invention is to detect 
tampering With a sterile surgical drape to prevent the drape 
from being used plural times With a thermal treatment system, 
thereby ensuring use of a sterile drape for medical proce 
dures. 
[0019] The aforesaid objects may be achieved individually 
and/ or in combination, and it is not intended that the present 
invention be construed as requiring tWo or more of the objects 
to be combined unless expressly required by the claims 
attached hereto. 
[0020] According to the present invention, a drape includ 
ing a sensing device is disposed over a top surface of a thermal 
treatment system having a basin recessed therein. A portion of 
the drape is pushed doWn into, and conforms to, the basin to 
form a drape container or receptacle Within the basin for 
collecting a sterile medium. The thermal treatment system 
may be of the type that either heats or congeals the sterile 
medium to respectively produce a Warm sterile liquid or ster 
ile slush Within the basin. The sensing device includes elec 
trodes that are typically disposed through the drape and 
sealed. The electrodes provide signals indicating the presence 
of liquid and/or leaks or other conditions Within the drape 
container to the system to facilitate control of system opera 
tion. In addition, the sensing device includes a fuse to limit the 
drape to a single use. The system disables the fuse to indicate 
prior use and detects tampering to bypass the fuse, thereby 
preventing use of the drape for subsequent medical proce 
dures. 
[0021] The above and still further objects, features and 
advantages of the present invention Will become apparent 
upon consideration of the folloWing detailed description of 
speci?c embodiments thereof, particularly When taken in 
conjunction With the accompanying draWings Wherein like 
reference numerals in the various ?gures are utiliZed to des 
ignate like components. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a vieW in perspective of a surgical drape 
placed over an exemplary thermal treatment system to detect 
?uid and leaks Within a thermal treatment system basin 
according to the present invention. 
[0023] FIG. 2 is a vieW in perspective of the surgical drape 
of the present invention for detecting the presence of ?uid and 
leaks Within a thermal treatment system basin. 
[0024] FIG. 3 is a top vieW in plan ofthe sensing device of 
the drape of FIG. 2. 
[0025] FIG. 4 is a side vieW in elevation and section of the 
surgical drape of FIG. 2. 
[0026] FIG. 5 is a perspective vieW of a plug of the drape 
sensing device of FIG. 2 for engaging the thermal treatment 
system. 
[0027] FIG. 6 is a vieW in elevation of the electrodes and 
plug of the drape sensing device of FIG. 2. 
[0028] FIG. 7 is a vieW in plan ofa receptacle ofthe system 
of FIG. 1 for receiving the plug of the drape sensing device. 
[0029] FIG. 8 is a vieW in elevation and partial section of 
contacts Within the receptacle of FIG. 7 to engage electrode 
traces of the plug of the drape sensing device. 
[0030] FIG. 9 is block diagram of control circuitry for the 
system of FIG. 1. 
[0031] FIG. 10 is a schematic block diagram of an exem 
plary condition circuit of the detection circuitry Within the 
control circuitry of FIG. 9 for determining the presence of 
liquid and/or leaks Within a drape container. 
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[0032] FIG. 11 is a detailed electrical schematic diagram of 
the exemplary condition circuit of FIG. 10. 
[0033] FIG. 12 is a procedural ?oW chart illustrating opera 
tion of the thermal treatment system of FIG. 1. 
[0034] FIG. 13 is an explodedperspective vieW of a surgical 
drape including plural sensing devices and disposed over a 
plural basin thermal treatment system according to the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0035] An exemplary thermal treatment system and drape 
to heat a sterile medium (e.g., solution or liquid) and detect 
drape container conditions according to the present invention 
is illustrated in FIG. 1. Speci?cally, the system includes a 
cabinet or housing 31, a Wiring housing 45 attached to the 
cabinet and a Warming basin 33 recessed into a cabinet top 
surface 34. The cabinet or housing may be disposed on a stand 
30, preferably including casters or rollers for transport, or be 
utiliZed on a table or counter top. Basin 33 may be of any 
shape; hoWever, by Way of example only, the basin is illus 
trated as being substantially rectangular. A poWer sWitch 37 
and a temperature controller/ indicator 38 are provided on top 
surface 34 adjacent basin 33 and toWard Wiring housing 45. 
The Wiring housing is attached to the cabinet side Wall that is 
closest to poWer sWitch 37 and facilitates connections as 
describedbeloW. A receptacle 49 is disposed on top surface 34 
betWeen the poWer sWitch and temperature controller to 
couple a drape to the system as described beloW. A heater 70 
(FIG. 9) is disposed on the underside and/or sides of the basin 
to heat the basin and the sterile medium contained therein. 
The heater is controlled by controller 38 in accordance With 
an entered desired temperature and temperatures measured 
by a temperature sensor 72 (FIG. 9) as described beloW. 
Heater 70 is typically implemented by a conventional etched 
foil silicon rubber heating pad and is attached to the basin via 
a pressure sensitive or other type of adhesive. The heater may 
alternatively be of any quantity (e.g., at least one), shape or 
siZe, and may include any con?guration (e.g., strips, bars, 
segments, etc.) that covers the entirety or any portion of the 
basin. In addition, the heater may be implemented by any 
conventional or other type of heater or heating element (e. g., 
heating coils, etc.) that may be disposed on the basin at any 
suitable locations. 
[0036] Temperature sensor 72 is preferably implemented 
by a conventional resistive temperature device (RTD) (e.g., a 
1,000 Ohm RTD). HoWever, the sensor may be implemented 
by any conventional or other type of temperature sensor, and 
may be disposed at any suitable location on the basin or 
Within the cabinet. It is to be understood that the thermal 
treatment system described above may have various con?gu 
rations. For example, the thermal treatment system may be 
con?gured to cool and/or congeal the medium to produce 
cooled liquid or surgical slush. In this instance, the heater may 
be replaced by refrigeration devices that are controlled in 
substantially the same manner described beloW in response to 
detection of solution and leaks Within the drape container. 
Further, the thermal treatment system may include a plurality 
of basins Warming and/ or cooling a sterile medium. Examples 
of Warming, cooling and/ or plural basin systems are disclosed 
in several of the above-mentioned Faries, Jr. et al. patents 
(e.g., US. Pat. Nos. 5,333,326; 5,429,801; 5,522,095; 5,524, 
643; 5,615,423; 5,653,938; 5,816,252; 5,862,672; 5,857,467; 
5,879,621; 6,091,058; and 6,255,627). 
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[0037] A sterile drape 17, preferably transparent, is typi 
cally disposed over the top and sides of cabinet 31 and made 
to conform to the side Wall and bottom of basin 33. PoWer 
sWitch 37 and controller 38 are disposed on top surface 34 of 
system cabinet 31 and are adjustable manually through drape 
17. The portion of drape 17 disposed in basin 33 serves as a 
sterile container or receptacle for sterile liquid placed therein 
to be heated. Typical sterile liquid treated by the thermal 
treatment system is a 0.80% to 0.95% sodium chloride solu 
tion (i.e., saline). Drape 17 is made from materials that are 
impervious to the sterile liquid and suf?ciently soft and ?ex 
ible to conform to a basin Wall. The thickness of the drape is 
preferably minimized to render thermal transfer therethrough 
most ef?cient, yet the thickness is su?icient to resist tearing 
and puncturing during normal use. The drape may be made of 
materials commonly used in hospitals for surgical drapes, or 
may be made of polyurethane ?lm as disclosed for the drape 
in US. Pat. No. 4,934,152 (Templeton). The drape typically 
includes a conductivity above 100,000 Ohms in order to 
enable a sensing device to detect drape conditions as 
described beloW. Alternatively, the drape may be non-con 
ductive and use sensors to detect drape conditions as 
described beloW. 

[0038] The drape may further include a preformed con 
tainer portion contoured to match the contour of a basin. The 
preformed container portion may be (but is not necessarily) 
thicker than the remaining portions of the drape described 
above in order to resist puncture and enable the container 
portion to maintain the shape of the basin. By Way of example 
only, the container portion may be made of a heavy gauge 
polyethylene/ionomer resin blend. The percentage of iono 
mer resin in the blend is typically (but not necessarily) in the 
approximate range of forty to seventy percent. The drape is 
designed to be disposable after a single use to enhance patient 
safety and is provided presteriliZed and prepackaged in a 
manner to preserve its sterile state during storage. 

[0039] The drape is typically positioned over the thermal 
treatment system With a portion of the drape disposed in a 
basin to form a drape receptacle as described above. The 
drape forms a sterile ?eld above the basin to maintain sterility 
of the sterile medium. HoWever, a puncture, tear or other 
opening in the drape disrupts the sterile ?eld and may con 
taminate the sterile liquid, thereby risking injury to a patient. 
Further, the thermal treatment system may damage the drape 
(e.g., via the heating or refrigeration device) in the event that 
liquid is not present Within the drape container. 
[0040] In order to detect the presence of liquid and/or leaks 
Within the drape container to maintain drape integrity and 
sterility of the sterile medium, drape 17 includes a sensing 
device as illustrated in FIGS. 2-3. Speci?cally, drape 17 is 
substantially rectangular and includes a sensing device 90 to 
detect the presence of liquid and leaks Within a drape con 
tainer. Sensing device 90 includes a pair of electrodes 92, 94 
that are af?xed to a generally rectangular strip 95 disposed on 
an intermediate portion of the drape sterile surface. The elec 
trodes are disposed on the electrode strip and extend substan 
tially in parallel. Electrode strip 95 may further include elec 
trodes 292, 294 With a sensor 272 disposed therebetWeen 
(FIG. 6) to measure various conditions (e.g., temperature, 
WithdraWal of liquid from the basin, etc.) Within the basin as 
described beloW. The electrodes of strip 95 are preferably 
implemented by traces of silver or other metallic ink, but may 
be implemented by any suitable conductors (e.g., Wires, 
strips, etc.). The electrode strip is enclosed, in Whole or in 
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part, Within a pouch 96 to secure the electrodes to the drape 
and to protect the electrodes from sharp objects that may be 
disposed Within the basin. In addition, the pouch assists to 
prevent grounding of electrodes 92, 94 or formation of a 
current ?oW path therebetWeen due to placement of conduc 
tive objects (e.g., instruments, stainless steel pitchers, etc.) in 
the basin that may produce erroneous detections. The pouch 
is preferably formed from a substantially rectangular segment 
or ?ap 98 that is attached via any conventional or other tech 
niques (e.g., heat Welding, RF, heat sealing, press or UV 
curing, pressure, etc.) to the drape sterile surface and sealed 
by seams 93, each formed toWard and extending along a 
respective ?ap longer dimensioned edge. The seams may be 
continuous (FIG. 2) or intermittent (FIG. 3) to alloW greater 
circulation of liquid over, around and/or through pouch 96 to 
better facilitate the heating and/or cooling of liquid. The 
pouch may be of one uniform surface or Wedges that may 
include holes, slits, lattices, cross-hatches or other manners of 
access for the liquid to alloW greater circulation. 

[0041] The distal ends of the electrodes are attached to a 
plug or connector 91 that interfaces detection circuitry Within 
the thermal treatment system as described beloW. The plug 
includes electrode traces disposed on a plug rear surface. The 
distal portions of strip 95 (and the electrodes) pass through the 
drape from the sterile to the non-sterile drape sides via an 
opening or slit 97 de?ned in the drape at an intermediate 
location. Substantially circular segments or patches 99, 101 
are attached to the non-sterile drape surface and to each other 
to seal opening 97 and strip 95. The patches are each basically 
in a folded con?guration to encompass and seal the opening 
and strip in order to prevent escape of liquid from, and main 
tain sterility of, the drape container as described beloW. 
[0042] Referring to FIG. 4, patches 99, 101 are each 
attached to the drape non-sterile surface on respective oppos 
ing sides of opening 97. Patch 99 includes a drape engage 
ment section 102, a fold or bend 104 disposed at an interme 
diate patch location and a transverse section 106 extending 
transversely relative to drape 17 from fold 104. Drape 
engagement section 102 of patch 99 is attached to the non 
sterile drape surface coincident pouch 96 With fold 104 dis 
posed proximate opening 97. Patch 99 may be attached to the 
drape via any conventional or other techniques (e.g., heat 
Welding, RF, heat sealing, press or UV curing, adhesives, 
pressure, etc.). Transverse section 106 extends in a transverse 
direction relative to the drape from fold 104 and along the 
bottom surface of strip 95 extending through opening 97. 
[0043] Patch 101 is substantially similar to patch 99 and 
includes a drape engagement section 103, a fold or bend 105 
disposed at an intermediate patch location and a transverse 
section 107 extending transversely relative to drape 17 from 
fold 105. Drape engagement section 103 of patch 101 is 
attached to the drape non-sterile surface on the side of open 
ing 97 opposing patch 99. Patch 101 may be attached to the 
drape via any conventional or other techniques (e.g., heat 
Welding, RF, heat sealing, press or UV curing, adhesives, 
pressure, etc.). Fold 105 is disposed proximate opening 97 
With transverse section 107 extending in a direction trans 
verse to the drape from the fold along the top surface of strip 
95. The electrode strip is basically disposed betWeen the 
transverse sections of patches 99, 101, Where the transverse 
patch sections are fused or attached to each other and/or the 
drape non-sterile surface via any conventional or other tech 
niques (e.g., heat Welding, RF, heat sealing, press or UV 
curing, adhesives, pressure, etc.) to effectively seal opening 
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97 and a portion of strip 95. The strip extends beyond the 
sealed patches for connection to the detection circuitry as 
described below. Flap 98 and patches 99, 101 are preferably 
constructed of drape materials; hoWever, the ?ap and patches 
may be constructed of any suitable materials, may be of any 
shape or siZe, and may be disposed on the drape at any 
suitable locations via any conventional or other techniques. 

[0044] Referring back to FIGS. 1-3, sensing device 90 
detects the presence of liquid and leaks Within the drape 
container in response to placement of drape 17 over the ther 
mal treatment system. In particular, current ?oW betWeen 
electrodes 92, 94 is initiated in response to these electrodes 
contacting liquid. The liquid (or current ?oW) causes a respec 
tive change in resistance (or voltage) along a circuit path 
Within detection circuitry of the thermal treatment system that 
includes electrodes 92, 94. The changes indicate drape con 
tainer conditions and are detected by the detection circuitry as 
described beloW. In order to enable the liquid in the drape 
container to contact electrodes 92, 94 and facilitate the above 
changes in the circuit path characteristics, ?ap 98 includes a 
series of slots or other openings (e.g., holes, slits, cross 
hatches, lattices, etc.) 83. The slots or openings are de?ned in 
the ?ap betWeen seams 93 and are spaced from each other in 
a direction of the ?ap longer dimension. If the slots are uti 
liZed, they are generally rectangular and extend substantially 
perpendicular to electrodes 92, 94. Each slot includes a longer 
dimension substantially similar to the Width of strip 95 and 
encompasses portions of each electrode 92, 94 to facilitate 
enhanced exposure of the electrodes to liquid Within the drape 
container. Alternatively, ?ap 98 may include a series of open 
ings (not shoWn) de?ned therein to permit contact betWeen 
the liquid and electrodes. Flap 98 may include any quantity of 
slots and/ or openings of any shape or siZe and disposed at any 
locations in any desired fashion to facilitate contact betWeen 
the electrodes and liquid Within the drape container. 
[0045] Current ?oW betWeen electrodes 92, 94 is initiated 
in response to those electrodes contacting liquid, Where the 
liquid (or current ?oW) causes a respective change in resis 
tance (or voltage) along the circuit path Within the detection 
circuitry as described above that indicates the presence of 
solution Within the drape container. Further, the presence of a 
leak Within the drape container enables current to How 
betWeen electrodes 92, 94 and ground (e. g., the basin beneath 
the drape), thereby providing a further change in resistance 
(or voltage) along that circuit path. The detection circuitry 
Within the thermal treatment system detects the changes to 
determine drape container conditions. Inparticular, the detec 
tion circuitry initially applies a reference voltage or potential 
to electrodes 92 and/ or 94. This potential may be provided in 
an intermittent fashion to prevent solution Within the basin 
from attaining a charge Which may affect the current ?oW 
betWeen electrodes 92, 94 and cause erroneous detections. 
Since electrodes 92, 94 are electrically isolated from each 
other Within strip 95 as described above, current ?oW betWeen 
the electrodes is prevented and the potential of and betWeen 
those electrodes basically remains unchanged. 
[0046] When the sterile medium is placed in the drape 
container, the sterile medium contacts electrodes 92, 94, 
thereby forming an electrical path or conductive bridge 
betWeen those electrodes. Accordingly, current ?oW betWeen 
electrodes 92, 94 is initiated in response to those electrodes 
contacting liquid, thereby causing a change in the resistance 
(or voltage) along a circuit path Within the detection circuitry 
including electrodes 92, 94 as described above. Further, the 
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presence of a leak Within the drape container enables current 
to How betWeen electrodes 92, 94 and ground (e. g., the basin 
beneath the drape), thereby causing a further change in the 
resistance (or voltage) along that circuit path. The changes to 
the circuit path characteristics resulting from each of the 
above conditions is detected by the detection circuitry Within 
the thermal treatment system. This is typically accomplished 
by detecting the voltage (or resistance) along the circuit path 
including electrodes 92, 94. The resistance (or voltage) 
change in the circuit path due to the presence of liquid or a 
leak is utiliZed by the detection circuitry to detect the presence 
of solution and/or leaks Within the drape container and to 
control system operation in accordance With the detected 
conditions as described beloW. For example, the detection 
circuitry may disable the thermal treatment system in 
response to the absence of liquid or the presence of a leak 
Within the drape container. In addition, the detection circuitry 
may receive signals from electrodes 292, 294 to determine the 
conditions sensed by sensor 272 (e.g., temperature, With 
draWal of solution, etc.). 
[0047] Wiring housing 45 (FIG. 1) receives signals from 
the electrode strip via receptacle 49, and includes Wiring to 
transfer signals betWeen that housing and detection circuitry 
100 (FIG. 9) to facilitate detection of liquid and/ or leaks and 
other conditions Within the drape container. Wiring housing 
45 is in the form of a generally rectangular box and is 
mounted on a cabinet side Wall. The Wiring housing includes 
indicators, preferably in the form of light emitting diodes 147, 
149 and 151 to indicate drape container conditions. By Way of 
example only, the Wiring housing includes: green diode 147 
to indicate operation of the system (e.g., solution present 
Without a drape container leak); yelloW diode 149 to indicate 
the absence of solution and leaks Within the drape container; 
and red diode 151 to indicate the presence of a leak Within the 
drape container. The Wiring housing may alternatively be 
disposed at any location on cabinet 31 (e.g., top surface, side 
Walls, cabinet interior, etc.), While the receptacle may be 
disposed at any location on the cabinet or Wiring housing. 

[0048] Plug or connector 91 is illustrated is FIGS. 5-6. 
Speci?cally, plug 91 includes a rear panel 20 With a substan 
tially ‘U’-shaped projection 25 attached to the loWer portion 
of the front surface of the rear panel. The plug includes an 
open front portion With the projection de?ned by side Walls 
22, 24 and a bottom Wall 26. Electrodes 92, 94 extend from 
strip 95 and are disposed on the back surface of rear panel 20. 
Further, an electrode 87 is disposed on the panel back surface 
and coupled to electrode 92 via a fuse 89. Electrode 87 pro 
vides signals to enable determination of the status of the fuse 
(e.g., enabled or disabled) by the thermal treatment system. 
The fuse status is utiliZed to indicate prior use of the drape to 
the thermal treatment system to control system operation as 
described beloW. 

[0049] In addition, electrode strip 95 may further include 
electrodes 292, 294 With sensor 272 disposed therebetWeen 
(FIG. 6) to measure various conditions (e.g., temperature, 
WithdraWal of liquid from the basin, etc.) Within the basin. 
Electrodes 292, 294 extend from strip 95 and are preferably 
covered With a non-conductive coating and disposed on the 
back surface of rear panel 20 to provide signals from sensor 
272 for processing. The electrode strip may include any quan 
tity of electrodes and sensor arrangements to measure various 
conditions. For example, the electrode strip may include a 
sensor 272 in the form of a temperature or humidity sensor 
(e.g., surface mounted diode, integrated circuit (IC) or semi 
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conductor temperature sensor, temperature diode, etc.), 
Where electrodes 292, 294 provide signals indicating solution 
temperature or other conditions to control circuitry Within 
cabinet 31 for control and/or documentation purposes. 

[0050] Alternatively, the electrode strip may include a sen 
sor 272 in the foil of a proximity sensor to detect pitchers or 
other instruments in the basin, or a chemical sensor to deter 
mine placement of the correct ?uid in the basin. Electrodes 
292, 294 provide appropriate signals to control circuitry 
Within cabinet 31 to process the sensor signals. 

[0051] Plug 91 may alternatively include a processor 65 to 
enable system operation With the drape. The processor is 
preferably in the form of a suitably siZed integrated circuit or 
chip and may be implemented by any conventional or other 
processor or processing system (e.g., microprocessor, con 
troller, circuitry, etc.) to generate signals for the thermal treat 
ment system. For example, the processor may be coupled to 
electrodes 92, 94, 292, 294 to process the electrode signals 
and determine drape container and fuse conditions. The pro 
cessor subsequently transmits appropriate control signals to 
the thermal treatment system to control operation (e.g., 
enable the heater and/ or temperature controller in response to 
the presence of solution, disable the heater and/or tempera 
ture controller in response to a disabled fuse, the absence of 
solution or the presence of a leak, control actuation of visual 
and/ or audio indicators, etc.). The processor may provide the 
appropriate signals (e.g., associated With the electrodes and 
fuse) to receptacle 49 to enable the detection circuitry to 
control the thermal treatment system in the manner described 
beloW. The processor may alternatively provide signals to 
receptacle 49 that are transmitted to the appropriate compo 
nents (e.g., heater, temperature controller, visual or audio 
indicators, etc.) to control system operation. In addition, the 
processor may be utiliZed in place of the fuse and store infor 
mation relating to use of the drape. If the drape has prior use, 
the processor provides a signal indicating this status to the 
thermal treatment system to disable system operation. 
[0052] Receptacle 49 receives plug 91 to provide electrode 
signals to the thermal treatment system. Referring to FIGS. 1, 
7-8, receptacle 49 includes a rectangular housing With an 
open top portion to receive plug 91. The open top portion is 
partitioned into a series of contact receptacles 15 providing 
contacts for the electrodes disposed on the plug. By Way of 
example, the receptacle includes ?ve contact receptacles 15 
With three contact receptacles receiving the electrode signals 
(e.g., electrodes 87, 92 and 94) from the plug. HoWever, any 
quantity of contact receptacles may be employed (e.g., for 
electrodes 292, 294) to process signals from any quantity of 
sensor arrangements. The contact receptacles are con?gured 
for high current to extend the life of receptacles 15 and enable 
repeated usage of drapes With the thermal treatment system. 
Each contact receptacle 15 includes a contact 86 (FIG. 8) to 
receive a corresponding electrode. Contact 86 is in the form of 
a clamp With arms 14, 16 separated by a slight distance to 
receive an electrode therebetWeen. The con?guration of plug 
91 enables insertion of the plug into contacts 86 of receptacles 
15, Where electrodes from the plug (e.g., electrodes 87, 92, 
94, 292, 294) reside betWeen arms 14, 16 of corresponding 
contacts 86. The ‘U’-shaped projection of plug 91 serves as a 
stop against the distal ends of arms 16 of contacts 86. Each 
contact is spring biased to enable the contact arms to engage 
a corresponding electrode and transfer signals betWeen that 
electrode and the thermal treatment system. 
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[0053] The system detection circuitry receives signals from 
the electrodes, via plug 91 and receptacle 49, and basically 
prevents system operation (e.g., disables controller 38) in 
response to a leak or the absence of liquid Within the drape 
container, in response to the absence of a connection betWeen 
the drape and the thermal treatment system, or in response to 
a disabled fuse indicating drape prior use. In other Words, the 
detection circuitry determines the drape container or other 
conditions (e.g., from sensor 272) based on the electrode 
signals and controls system operation accordingly. In addi 
tion, the detection circuitry may selectively illuminate the 
diodes to indicate the particular determined drape container 
conditions (e.g., no ?uid, the presence of a leak, etc.). The 
Wiring housing receives signals from connector 91 via recep 
tacle 49. The Wiring housing further facilitates connections 
via appropriate Wiring betWeen the receptacle, diodes and a 
circuit board 52 (FIG. 9) of the detection circuitry containing 
a condition circuit 53 (FIG. 10) as described beloW. Fuses 
may be employed to protect the system circuitry from poWer 
surges and/ or spikes that may cause damage to the system. 

[0054] Referring to FIGS. 1 and 9, cabinet 31 houses con 
trol circuitry including poWer sWitch 37, temperature control 
ler 38, receptacle 49, a poWer supply 54 and detection cir 
cuitry 100. PoWer supply 54 provides appropriate poWer 
signals to the control circuitry components and includes a 
receptacle to receive signals from a poWer cord 61 (FIG. 1) 
interfacing a conventional Wall outlet jack. The poWer sWitch 
enables poWer to the circuitry components and may be imple 
mented by any conventional or other switching device. Plug 
or connector 91 is received in receptacle 49 to transfer signals 
betWeen the electrodes and the detection circuitry. This fur 
ther enables the detection circuitry to detect the presence of a 
drape on the system as described above. The temperature 
controller controls the heater, While the detection circuitry 
determines the drape container conditions based on the elec 
trode signals and controls the temperature controller accord 
ingly. The Wiring housing may include audio and/or visual 
indicators (e.g., beeper or buZZer, speaker 197 (FIG. 10), 
various colored light emitting diodes (e.g., green diode 147, 
yelloW diode 149 and red diode 151), etc.) to indicate drape 
container conditions as described above. The detection cir 
cuitry may selectively actuate the indicators in any fashion to 
indicate the particular determined drape container conditions 
(e.g., absence of the drape or solution, the presence of a leak, 
etc.). The control circuitry components may be disposed on 
and/or Within the cabinet and/or Wiring housing in any fash 
ion at any desired locations. 

[0055] Temperature controller 38 is connected to heater 70 
and temperature sensor 72 to control the heater in response to 
a desired or set point temperature entered by a user and the 
temperature measured by the temperature sensor. In particu 
lar, temperature controller 38 is typically implemented by a 
conventional temperature controller or microprocessor and 
includes a display 47 and input devices 43 (e.g., buttons, keys, 
etc.). The temperature controller controls poWer to the heater 
based on a comparison of the temperature measured by tem 
perature sensor 72 and the set point temperature entered by 
the user via input devices 43. The temperature controller may 
further display the measured and/ or set point temperatures or 
any other desired information on display 47. The information 
to display may be selected by a user via input devices 43. 
When the measured temperature exceeds the set point tem 
perature, controller 38 disables or reduces poWer to the heater. 
Conversely, When the measured temperature is beloW the set 



US 2011/0270367 A1 

point temperature, controller 38 enables or increases power to 
the heater. Alternatively, the temperature controller may con 
trol the heater in accordance With solution temperature mea 
sured by sensor 272 of electrode strip 95. 
[0056] A thermostat 68 may be disposed betWeen the con 
troller and heater to disable current to heater 70 in response to 
a temperature measurement exceeding a temperature thresh 
old. The thermostat disables the heater in response to detec 
tion of excessive heater temperatures and may be imple 
mented by any conventional switching type or limiting 
devices, such as a high limit thermostat, and disposed at any 
suitable location. 

[0057] Temperature controller 38 further controls heater 70 
in response to signals received from detection circuitry 100. 
The detection circuitry detects the presence of solution and 
leaks Within the drape container and provides appropriate 
signals to temperature controller 38. The detection circuitry 
basically disables the temperature controller (and heater) in 
response to absence of the drape, absence of solution Within 
the drape container, a previously used or non-sterile drape, 
and/ or the presence of a drape container leak as indicated by 
the electrode signals. The detection circuitry preferably 
includes a microprocessor to process electrode signals and 
control the indicators, heater or any other devices as described 
beloW. 

[0058] Exemplary detection circuitry for the system 
includes circuit board 52 including condition circuit 53 (FIG. 
10) and green, yelloW and red diodes 147, 149, 151 indicating 
the drape container conditions. The circuit board further 
includes a series of pins or terminals 1 B 12 to facilitate 
connections and a plurality of indicator lights 79. By Way of 
example only, pins 1 and 2 are connected to receptacle or 
connector 49 to receive signals from electrodes 92, 94, While 
pins 9 and 11 are connected to the positive and reference 
terminals of poWer supply 54, respectively. Pins 6 B 8 are 
connected to pin 9 and provide a voltage (e.g., +5V DC) to the 
condition circuit, While pin 12 is connected to pin 11 and 
provides a ground. Green diode 147 is connected betWeen 
pins 3 and 6 and is illuminated in response to detection of 
solution Within the drape container Without a leak, While 
yelloW diode 149 is connected betWeen pins 4 and 7 and is 
illuminated in response to detection of the absence of solution 
and a leak Within the drape container. Red diode 151 is con 
nected betWeen pins 5 and 8 and is illuminated in response to 
detection of a leak Within the drape container. Pin 10 is 
basically inoperable and utiliZed to facilitate compatible con 
nections With the board. The circuit board may include any 
quantity of pins to accommodate any desired inputs (e.g., 
electrodes 292, 294, etc.). 
[0059] An exemplary condition circuit 53 for detecting the 
presence of solution and leaks Within the drape container is 
illustrated in FIGS. 10-11. Initially, the condition circuit pre 
vents operation of the thermal treatment system in the event a 
drape is damaged (e.g., contains a leak) or not connected to 
the detection circuitry, in the event the fuse of plug 91 is 
disabled indicating prior use of the drape, or in the event 
solution is absent from the drape container. The condition 
circuit is coupled to drape electrodes 92, 94 via respective 
pins 1 and 2 of circuit board 52. The presence of solution 
Within the drape container causes current ?oW betWeen elec 
trodes 92, 94 and along a circuit path Within the condition 
circuit including those electrodes, While a leak facilitates 
current ?oW betWeen electrodes 92, 94 and ground (e. g., the 
basin) as described above. Accordingly, the current ?oW 
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causes a change in resistance (or voltage) in the circuit path, 
including pins 1 and 2 of the circuit board, thereby enabling 
detection of solution and leaks by the condition circuit. In 
particular, the condition circuit includes a microprocessor 
190 (e.g., receiving supply voltage (e.g., 5V DC) and a 
ground With a capacitor 114 disposed therebetWeen) and a 
poWer sWitch 196. The microprocessor includes comparator 
logic 184 to compare signals provided to the microprocessor 
as described beloW. Pin 1 of circuit board 52 effectively 
provides electrode signals to an inverting input of comparator 
logic 184 and is coupled to fuse 89 ofplug 91 via electrode 92. 
The inverting input is further connected to a resistor 191 (e. g., 
100K Ohms) disposed in series With a supply voltage (e.g., 
5V DC) and to a resistor 198 (e.g., 3.9 Ohms) connected in 
series With a sWitch 194 and the supply voltage (e.g., 5V DC). 
A resistor 186 (e.g., 180 Ohms) is connected betWeen the 
inverting input and an output of microprocessor 190. The 
sWitch enables the system to disable fuse 89 to indicate prior 
use and is preferably implemented by a transistor 199 (e.g., 
FET, etc.) With a source coupled to the supply voltage and a 
drain coupled to resistor 198. The gate of the transistor is 
coupled to an output of microprocessor 190 and to a resistor 
192 (e.g., 2.7K Ohm) disposed betWeen the gate and the 
supply voltage. The sWitch and corresponding circuitry 
enable the microprocessor to disable fuse 89, While resistor 
186 and the microprocessor enable detection of the fuse as 
described beloW. 

[0060] The inverting input of comparator logic 184 is 
coupled to additional circuitry (FIG. 11) (e.g., a resistor 117 
(e.g., 2.7K Ohm) connected in series With pin 1, a resistor 136 
(e.g., 270 Ohm) disposed betWeen the inverting input and 
microprocessor 190, a capacitor 111 (e.g., 0.1 pf) connected 
betWeen the inverting input and a ground potential, a diode 
195 connected betWeen the inverting input and the supply 
voltage, and diodes 109, 115 connected in parallel betWeen 
pins 1 and 2) to enable proper operation, protect the circuit 
from damage in the event an external voltage is applied to pins 
1 and 2 and/or to provide ?ltering to prevent a response to 
noise. The non-inverting input of comparator logic 184 is 
coupled to a reference voltage (e.g., 2.5V DC). This potential 
may be produced by a voltage divider circuit including resis 
tors 126, 128 (e.g., each 2.7K Ohms) arranged in series and 
coupled to the supply voltage (e.g., 5V DC). 
[0061] Pin 2 is connected to an output of microprocessor 
190 With a resistor 193 (e.g., 2.7K Ohm) disposed betWeen 
the pin and the microprocessor output. The microprocessor 
output provides either a ground potential or a high impedance 
state to detect solution or leaks Within the drape container as 
described beloW. Pin 2 is further coupled to a diode 118 
disposed betWeen the pin and a ground potential. These items 
enable proper operation, protect the circuit from damage in 
the event an external voltage is applied to pins 1 and 2 and/or 
to provide ?ltering to prevent a response to noise. 

[0062] Comparator logic 184 determines the presence of 
drape container conditions by comparing the potential of pin 
1 (coupled to the inverting input) to the reference voltage 
(e.g., 2.5V DC). In order to detect the presence or absence of 
solution Within the drape container, the microprocessor pro 
vides a ground potential at the microprocessor output coupled 
to pin 2. The con?guration of the condition circuit basically 
forms a voltage divider circuit from the supply voltage (e. g., 
5V DC) through resistor 191 (e.g., 100K Ohms), solution 
betWeen pins 1 and 2 and resistor 193 (e.g., 2.7K Ohms) to the 
ground potential. The potential of pin 1 is based on the com 


















