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extending from a second edge of the heating element. A 

Filed: Sep. 29, 2006 ?exible Water-resistant shell may cover the heating element. 
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HEATING BLANKETS AND PADS 

PRIORITY CLAIM 

[0001] The present application claims priority to co-pend 
ing provisional applications Ser. No. 60/825,573, entitled 
HEATING BLANKET SYSTEM ?led on Sep. 13, 2006; 
Ser. No. 60/722,106, entitled ELECTRIC WARMING 
BLANKET INCLUDING TEMPERATURE ZONES 
AUTOMATICALLY OPTIMIZED, ?led Sep. 29, 2005; and 
Ser. No. 60/722,246, entitled HEATING BLANKET, ?led 
Sep. 29, 2005; all of Which are incorporated by reference in 
their entireties herein. 

RELATED APPLICATIONS 

[0002] The present application is related to the following 
commonly assigned utility patent applications, all of Which 
are ?led concurrently hereWith and all of Which are hereby 
incorporated by reference in their entireties: A) ELECTRIC 
WARMING BLANKET HAVING OPTIMIZED TEM 
PERATURE ZONES, Practitioner docket number 
49278252; B) TEMPERATURE SENSOR ASSEMBLIES 
FOR ELECTRIC WARMING BLANKETS, Practitioner 
Docket Number 49278292; C) FLEXIBLE HEATING 
ELEMENT CONSTRUCTION, Practitioner Docket Num 
ber 49278.2.15; D) BUS BAR ATTACHMENTS FOR 
FLEXIBLE HEATING ELEMENTS, Practitioner Docket 
Number 49278216; and E) BUS BAR INTERFACES FOR 
FLEXIBLE HEATING ELEMENTS, Practitioner Docket 
Number 49278217. 

TECHNICAL FIELD 

[0003] The present invention is related to heating or 
Warming blankets or pads and more particularly to those 
including electrical heating elements. 

BACKGROUND 

[0004] It is Well established that surgical patients under 
anesthesia become poikilotherrnic. This means that the 
patients lose their ability to control their body temperature 
and Will take on or lose heat depending on the temperature 
of the environment. Since modern operating rooms are all air 
conditioned to a relatively loW temperature for surgeon 
comfort, the majority of patients undergoing general anes 
thesia Will lose heat and become clinically hypothermic if 
not Warmed. 

[0005] Over the past 15 years, forced-air Warming (FAW) 
has become the “standard of care” for preventing and 
treating the hypothermia caused by anesthesia and surgery. 
FAW consists of a large heater/bloWer attached by a hose to 
an in?atable air blanket. The Warm air is distributed over the 
patient Within the chambers of the blanket and then is 
exhausted onto the patient through holes in the bottom 
surface of the blanket. 

[0006] Although FAW is clinically effective, it suffers 
from several problems including: a relatively high price; air 
bloWing in the operating room, Which can be noisy and can 
potentially contaminate the surgical ?eld; and bulkiness, 
Which, at times, may obscure the vieW of the surgeon. 
Moreover, the loW speci?c heat of air and the rapid loss of 
heat from air require that the temperature of the air, as it 
leaves the hose, be dangerously highiin some products as 
high as 450 C. This poses signi?cant dangers for the patient. 
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Second and third degree burns have occurred both because 
of contact betWeen the hose and the patient’s skin, and by 
bloWing hot air directly from the hose onto the skin Without 
connecting a blanket to the hose. This condition is common 
enough to have its oWn namei“hosing.” The manufacturers 
of forced air Warming equipment actively Warn their users 
against hosing and the risks it poses to the patient. 

[0007] To overcome the aforementioned problems With 
FAW, several companies have developed electric Warming 
blankets. HoWever, these electric blankets have a number of 
inadequacies, for example, the risk of heat and pressure 
injuries that may be suffered by a patient improperly coming 
into contact With the electrical heating elements of these 
blankets. It is Well established that heat and pressure applied 
to the skin can rapidly cause thermal injury to that skin. Such 
contact may arise if a patient inadvertently lies on an edge 
of a heated blanket, if a clinician improperly positions an 
anesthetiZed patient atop a portion of the heated blanket, or 
if a clinician tucks an edge of the blanket about the patient. 
Thus, there is a need for a heating blanket that effectively 
forms a cocoon about a patient, in order to provide maxi 
mum e?icacy in heating, Without posing the risk of burning 
the patient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The folloWing draWings are illustrative of particu 
lar embodiments of the present invention and therefore do 
not limit the scope of the invention. The draWings are not to 
scale (unless so stated) and are intended for use in conjunc 
tion With the explanations in the folloWing detailed descrip 
tion. Embodiments of the present invention Will hereinafter 
be described in conjunction With the appended draWings, 
Wherein like numerals denote like elements. 

[0009] FIG. 1A is a plan vieW ofa ?exible heating blanket 
subassembly for a heating blanket, according to some 
embodiments of the present invention. 

[0010] FIGS. 1B-C are end vieWs of tWo embodiments of 
the subassembly shoWn in FIG. 1A. 

[0011] FIG. 1D is a schematic shoWing a blanket including 
the subassembly of FIG. 1A draped over a body. 

[0012] FIG. 2A is a top plan vieW of a heating element 
assembly, according to some embodiments of the present 
invention, Which may be incorporated in the blanket shoWn 
in FIG. 3A. 

[0013] FIG. 2B is a section vieW through section line A-A 
of FIG. 2A. 

[0014] FIG. 2C is an enlarged plan vieW and correspond 
ing end vieW schematic of a portion of the assembly shoWn 
in FIG. 2A, according to some embodiments of the present 
invention. 

[0015] FIG. 2D is an enlarged vieW of a portion of the 
assembly shoWn in FIG. 2A, according to some embodi 
ments of the present invention. 

[0016] FIG. 3A is a top plan vieW, including partial 
cut-aWay vieWs, of a loWer body heating blanket, according 
to some embodiments of the present invention. 

[0017] FIG. 3B is a schematic side vieW of the blanket of 
FIG. 3A draped over a loWer body portion of a patient. 
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[0018] FIG. 3C is a top plan vieW of a heating element 
assembly, Which may be incorporated in the blanket shown 
in FIG. 3A. 

[0019] FIG. 3D is a cross-section vieW through section 
line D-D of FIG. 3C. 

[0020] FIG. 4A is a plan vieW of ?exible heating element, 
according to some alternate embodiments of the present 
invention. 

[0021] FIG. 4B is a top plan vieW, including a partial 
cut-aWay vieW, of a heating element assembly, according to 
some embodiments of the present invention, Which may be 
incorporated in the blanket shoWn in FIG. 4C. 

[0022] FIG. 4C is a top plan vieW, including a partial 
cut-aWay vieW, of an upper body heating blanket, according 
to some embodiments of the present invention. 

[0023] FIG. 4D is a schematic end vieW of the blanket of 
FIG. 4B draped over an upper body portion of a patient. 

DETAILED DESCRIPTION 

[0024] The folloWing detailed description is exemplary in 
nature and is not intended to limit the scope, applicability, or 
con?guration of the invention in any Way. Rather, the 
folloWing description provides practical illustrations for 
implementing exemplary embodiments of the present inven 
tion. Examples of constructions, materials, dimensions, and 
manufacturing processes are provided for selected elements, 
and all other elements employ that Which is knoWn to those 
of skill in the ?eld of the invention. Those skilled in the art 
Will recogniZe that many of the examples provided have 
suitable alternatives that can be utiliZed. The term ‘blanket’, 
used to describe embodiments of the present invention, may 
be considered to encompass heating blankets and pads. 

[0025] FIG. 1A is a plan vieW ofa ?exible heating blanket 
subassembly 100, according to some embodiments of the 
present invention; and FIGS. 1B-C are end vieWs of tWo 
embodiments of the subassembly shoWn in FIG. 1A. FIG. 
1A illustrates a ?exible sheet-like heating element 10 of 
subassembly 100 including a ?rst end 101, a second end 102, 
a ?rst lateral portion 11 extending betWeen ends 101, 102, 
and a second lateral portion 12, opposite ?rst lateral portion 
11, also extending betWeen ends 101, 102. According to 
preferred embodiments of the present invention, heating 
element 10 comprises a conductive fabric or a fabric incor 
porating closely spaced conductive elements such that heat 
ing element 10 has a substantially uniform Watt density 
output, preferably less than approximately 0.5 Watts/sq. 
inch, and more preferably betWeen approximately 0.2 and 
approximately 0.4 Watts/sq. inch, across a surface area, of 
one or both sides 13, 14 (FIGS. 1B-C), the surface area 
including and extending betWeen lateral portions 11, 12 of 
heating element 10. Some examples of conductive fabrics 
Which may be employed by embodiments of the present 
invention include, Without limitation, carbon ?ber fabrics, 
fabrics made from carboniZed ?bers, Woven or non-Woven 
non-conductive substrates coated With a conductive mate 
rial, for example, polypyrrole, carboniZed ink, or metaliZed 
ink. 

[0026] FIG. 1A further illustrates subassembly 100 includ 
ing tWo bus bars 15 coupled to heating element 10 for 
poWering element 10; each bar 15 is shoWn extending 
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alongside opposing lateral portions 11, 12, betWeen ?rst and 
second ends 101, 102. With reference to FIG. 1B, according 
to some embodiments, bus bars 15 are coupled to heating 
element 10 Within folds of opposing Wrapped perimeter 
edges 108 of heating element 10 by a stitched coupling 145, 
for example, formed With conductive thread such as silver 
coated polyester or nylon thread (Marktek Inc., Chester?eld, 
Mo.), extending through edges 108 of heating element 10, 
bars 15, and again through heating element 10 on opposite 
side of bars 15. According to alternate embodiments heating 
element 10 is not folded over bus bars 15 as shoWn. 
Alternative threads or yarns employed by embodiments of 
the present invention may be made of other polymeric or 
natural ?bers coated With other electrically conductive mate 
rials; in addition, nickel, gold, platinum and various con 
ductive polymers can be used to make conductive threads. 
Metal threads such as stainless steel, copper or nickel could 
also be used for this application. According to an exemplary 
embodiment, bars 15 are comprised of ?attened tubes of 
braided Wires, such as are knoWn to those skilled in the art, 
for example, a ?at braided silver coated copper Wire, and 
may thus accommodate the thread extending therethrough, 
passing through openings betWeen the braided Wires thereof. 
In addition such bars are ?exible to enhance the ?exibility of 
blanket subassembly 100. According to alternate embodi 
ments, bus bars 15 can be a conductive foil or Wire, ?attened 
braided Wires not formed in tubes, an embroidery of con 
ductive thread, or a printing of conductive ink. Preferably, 
bus bars 15 are each a ?at braided silver-coated copper Wire 
material, since a silver coating has shoWn superior durability 
With repeated ?exion, as compared to tin-coated Wire, for 
example, and may be less susceptible to oxidative interac 
tion With a polypyrrole coating of heating element 10 
according to an embodiment described beloW. Additionally, 
an oxidative potential, related to dissimilar metals in contact 
With one another is reduced if a silver-coated thread is used 
for stitched coupling 145 of a silver-coated bus bar 15. 

[0027] According to some preferred embodiments, tWo or 
more roWs of stitches are applied to each bus bar 15 for 
added safety and stability of the bus bar/heating element 
interface. Preferably, the tWo roWs of stitches are oriented in 
a “Zigzag” pattern so that each roW of stitches captures an 
edge of bus bar 15. A ZigZag pattern of relatively closely 
positioned stitches stabiliZes ?exible heating element 10 and 
holds it in close opposition to bus bar 15 so that the fabric 
cannot physically pull aWay from the bus bar during ?exing. 
According to some additional embodiments, a ribbon of 
highly conductive material is interposed betWeen bus bar 15 
and heating element 10. 

[0028] According to an exemplary embodiment, a con 
ductive fabric comprising heating element 10 comprises a 
non-Woven polyester having a basis Weight of approxi 
mately 130 g/m2 and being 100% coated With polypyrrole 
(available from Eeonyx Inc., Pinole, Calif.); the coated 
fabric has an average resistance, for example, determined 
With a four point probe measurement, of approximately 
15-20 ohms per square inch at about 48 volts, Which is 
suitable to produce the preferred Watt density of 0.2 to 0.4 
Watts/sq. in. for surface areas of heating element 10 having 
a Width, betWeen bus bars 15, in the neighborhood of about 
20 inches. Such a Width is suitable for a loWer body heating 
blanket, some embodiments of Which Will be described 
beloW. A resistance of such a conductive fabric may be 
tailored for different Widths betWeen bus bars (Wider requir 
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ing a lower resistance and narrower requiring a higher 
resistance) by increasing or decreasing a surface area of the 
fabric that can receive the conductive coating, for example 
by increasing or decreasing the basis Weight of the fabric. 
Resistance over the surface area of the conductive fabrics is 
generally uniform in many embodiments of the present 
invention. HoWever, the resistance over different portions of 
the surface area of conductive fabrics such as these may 
vary, for example, due to variation in a thickness of a 
conductive coating, variation Within the conductive coating 
itself, variation in effective surface area of the substrate 
Which is available to receive the conductive coating, or 
variation in the density of the substrate itself. Local surface 
resistance across a heating element, for example element 10, 
is directly related to heat generation according to the fol 
loWing relationship: 

Variability in resistance thus translates into variability in 
heat generation, Which is measured as a temperature. 
According to preferred embodiments of the present inven 
tion, Which are employed to Warm patients undergoing 
surgery, precise temperature control is desirable. Means for 
determining heating element temperatures, Which average 
out temperature variability caused by resistance variability 
across a surface of the heating element, are described beloW 
in conjunction With FIGS. 2A-B. 

[0029] A ?exibility of blanket subassembly 100, provided 
primarily by ?exible heating element 10, and optionally 
enhanced by the incorporation of ?exible bus bars, alloWs 
blanket subassembly 100 to conform to the contours of a 
body, for example, all or a portion of a patient undergoing 
surgery, rather than simply bridging across high spots of the 
body; such conformance may optimiZe a conductive heat 
transfer from element 10 to a surface of the body. HoWever, 
as illustrated in FIG. 1D, heating element 10 may be draped 
over a body 16 such that lateral portions 11, 12 do not 
contact side surfaces of body 16; the mechanism of heat 
transfer betWeen portions 11, 12 and body 16, as illustrated 
in FIG. 1D, is primarily radiant With some convection. 

[0030] The uniform Watt-density output across the surface 
areas of preferred embodiments of heating element 10 
translates into generally uniform heating of the surface 
areas, but not necessarily a uniform temperature. At loca 
tions of heating element 10 Which are in conductive contact 
With a body acting as a heat sink, for example, body 16, the 
heat is e?iciently draWn aWay from heating element 10 and 
into the body, for example by blood ?oW, While at those 
locations Where element 10 does not come into conductive 
contact With the body, for example lateral portions 11, 12 as 
illustrated in FIG. 1D, an insulating air gap exists betWeen 
the body and those portions, so that the heat is not draWn off 
those portions as easily. Therefore, those portions of heating 
element 10 not in conductive contact With the body Will gain 
in temperature, since heat is not transferred as e?iciently 
from these portions as from those in conductive contact With 
the body. The ‘non-contacting’ portions Will reach a higher 
equilibrium temperature than that of the ‘contacting’ por 
tions, When the radiant and convective heat loss equal the 
constant heat production through heating element 10. 
Although radiant and convective heat transfer are more 
e?icient at higher heater temperatures, the laWs of thermo 
dynamics dictate that as long as there is a uniform Watt 
density of heat production, even at the higher temperature, 
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the radiant and convective heat transfer from a blanket of 
this construction Will result in a loWer heat ?ux to the skin 
than the heat ?ux caused by the conductive heat transfer at 
the ‘contacting’ portions at the loWer temperature. Even 
though the temperature is higher, the Watt-density is uniform 
and, since the radiant and convective heat transfer are less 
e?icient than conductive heat transfer, the ‘non-contacting’ 
portions must have a loWer heat ?ux. Therefore, by control 
ling the ‘contacting’ portions to a safe temperature, for 
example, via a temperature sensor 121 coupled to heating 
element 10 in a location Where element 10 Will be in 
conductive contact With the body, as illustrated in FIG. 1D, 
the ‘non-contacting’ portions, for example, lateral portions 
11, 12, Will also be operating at a safe temperature because 
of the less e?icient radiant and convective heat transfer. 
According to preferred embodiments, heating element 10 
comprises a conductive fabric having a relatively small 
thermal mass so that When a portion of the heater that is 
operating at the higher temperature is touched, suddenly 
converting a ‘non-contacting’ portion into a ‘contacting’ 
portion, that portion Will cool almost instantly to the loWer 
operating temperature. 
[0031] According to embodiments of the present inven 
tion, Zones of heating element 10 may be differentiated 
according to Whether or not portions of element 10 are in 
conductive contact With a body, for example, a patient 
undergoing surgery. In the case of conductive heating, gentle 
external pressure may be applied to a heating blanket 
including heating element 10, Which pressure forces heating 
element 10 into better conductive contact With the patient to 
improve heat transfer. HoWever, if excessive pressure is 
applied the blood ?oW to that skin may be reduced at the 
same time that the heat transfer is improved and this 
combination of heat and pressure to the skin can be dan 
gerous. It is Well knoWn that patients With poor perfusion 
should not have prolonged contact With conductive heat in 
excess of approximately 42° C. 42° C. has been shoWn in 
several studies to be the highest skin temperature, Which 
cannot cause thermal damage to normally perfused skin, 
even With prolonged exposure. (Stoll & Greene, Relation 
ship betWeen pain and tissue damage due to thermal radia 
tion. J. Applied Physiology l4(3):373-382. 1959. and MoritZ 
and Henriques, Studies of thermal injury: The relative 
importance of time and surface temperature in the causation 
of cutaneous burns. Am. J. Pathology 23:695-720, 1947) 
Thus, according to certain embodiments of the present 
invention, the portion of heating element 10 that is in 
conductive contact With the patient is controlled to approxi 
mately 43° C. in order to achieve a temperature of about 
41-420 C. on a surface a heating blanket cover that surrounds 
element 10, for example, a cover or shell 20, 40 Which Will 
be described beloW in conjunction With FIGS. 3A and 4C. 
With further reference to FIG. 1D, ?aps 125 are shoWn 
extending laterally from either side of heating element 10 in 
order to enclose the sides of body 16 thereby preventing heat 
loss; according to preferred embodiments of the present 
invention, ?aps 125 are not heated and thus provide no 
thermal injury risk to body if they Were to be tucked beneath 
sides of body 16. 

[0032] Referring noW to the end vieW of FIG. 1C, an 
alternate embodiment to that shoWn in FIG. 1B is presented. 
FIG. 1C illustrates subassembly 100 Wherein insulating 
members 18, for example, ?berglass material strips having 
an optional PTFE coating and a thickness of approximately 
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0.003 inch, extend between bus bars 15 and heating element 
10 at each stitched coupling 145, so that electrical contact 
points betWeen bars 15 and heating element 10 are solely 
de?ned by the conductive thread of stitched couplings 145. 
Alternatively, the electrical insulation material layer could 
be made of polymeric ?lm, rubber sheeting, polymeric or 
rubber coated fabric or Woven materials or any other suitable 
electrically insulating material. Each of the conductive 
thread stitches of coupling 145 maintains a stable and 
constant contact With bus bar 15 on one side and heating 
element 10 on the other side of insulator 18. Speci?cally, the 
stitches produce a stable contact in the face of any degree of 
?exion, so that the potential problem of intermittent contact 
betWeen bus bar 15 and heating element 10 (that could arise 
for the embodiment shoWn in FIG. 1B, Where bus bar 15 is 
in physical contact With heating element 10) can be avoided. 
The stitches are the only electrical connection betWeen bus 
bar 15 and heating element 10, but, since the conductive 
thread has a much loWer electrical resistance than the 
conductive fabric of heating element 10, the thread does not 
heat under normal conditions. In addition to heating blanket 
applications described herein, such a design for providing 
for a uniform and stable conductive interface betWeen a bus 
bar and a conductive fabric heater material can be used to 
improve the conductive interface betWeen a bus bar or 
electrode and a conductive fabric in non-?exible heaters, in 
electronic shielding, in radar shielding and other applica 
tions of conductive fabrics. 

[0033] Preferably, coupling 145 includes tWo or more 
roWs of stitches for added security and stability. HoWever, 
due to the ?exible nature of blanket subassembly 100, the 
thread of stitched couplings 145, for either embodiment of 
FIG. 1B or FIG. 1C, may undergo stresses that, over time 
and With multiple uses of a blanket containing subassembly 
100, could lead to one or more fractures along the length of 
stitching 145. Such a fracture, if it occurred in the embodi 
ment of FIG. 1B, could also result in intermittent contact 
points, betWeen bus bar 15 and heating element 10, that 
could lead to a melt doWn of element 10 along bus bar. But, 
if such a fracture Were to occur in the embodiment of FIG. 
1C, insulating member 18 may prevent a meltdoWn of 
element 10, so that only the conductive thread of stitching 
145 melts doWn along bus bar 15. 

[0034] Referring back to FIG. 1A, bus bars 15 are shoWn 
extending past ends 101 and 102 of heating element 10, 
according to preferred embodiments. If bus bars did not 
extend at least to ends 101 and 102, increased current Would 
?oW from ends of bus bars 15 and into the fabric of heating 
element 10. Normally the current ?oWs approximately per 
pendicularly betWeen bus bars 15, therefore, each point on 
one of bus bars 15 supplies a narroW line of current to the 
other of bus bars 15. If either bus bar 15 terminates before 
reaching the end of the heater fabric, current Will ?oW out 
the end of that bus bar. The excess current ?oW can result in 
excessive heating of the fabric of heating element 10, 
adjacent the end of that bus bar, Which can cause degradation 
of the fabric leading to a catastrophic failure of heating 
element 10 by spreading along the entire bus bar. To avoid 
such a failure and to improve manufacturing reliability, both 
ends of bus bars 15 are extended beyond ends 101, 102 of 
heating element 10, preferably over a length of at least 
approximately 1/2 cm. According to these embodiments, the 
conductive thread stitches, previously described, also extend 
past ends 101, 102 being terminated on the bus bar exten 
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sions. This design advantageously creates an easy manufac 
turing process, Which assures a dependable and repeatedly 
manufacturable bus bar termination Which avoids the cre 
ation of hot spots at the ends of bus bars 15. 

[0035] FIG. 2A is a top plan vieW of a heating element 
assembly 250, according to some embodiments of the 
present invention, Which may be incorporated by blanket 
200, Which is shoWn in FIG. 3A and further described beloW. 
FIG. 2B is a section vieW through section line A-A of FIG. 
2A. FIGS. 2A-B illustrate a temperature sensor assembly 
421 assembled on side 14 of heating element and heating 
element 10 overlaid on both sides 13, 14 With an electrically 
insulating layer 210, preferably formed of a ?exible non 
Woven high loft ?brous material, for example, 1.5 OSY 
(ounces per square yard) nylon, Which is preferably lami 
nated to sides 13, 14 With a hotmelt laminating adhesive. In 
some embodiments, the adhesive is applied over the entire 
interfaces betWeen layer 210 and heating element 10. Other 
examples of suitable materials for layer 210 include, Without 
limitation, polymeric foam, a Woven fabric, such as cotton 
or ?berglass, and a relatively thin plastic ?lm, cotton, and a 
non-?ammable material, such as ?berglass or treated cotton. 
According to preferred embodiments, overlaid layers 210, 
Without compromising the ?exibility of heating assembly 
250, prevent electrical shorting of one portion of heating 
element 10 With another portion of heating element 10 if 
heating element 10 is folded over onto itself. Heating 
element assembly 250 may be enclosed Within a relatively 
durable and Waterproof shell, for example shell 20 shoWn 
With dashed lines in FIG. 2B, and Will be poWered by a 
relatively loW voltage (approximately 48V). Layers 210 may 
even be porous in nature to further maintain the desired 
?exibility of assembly 250. 

[0036] FIG. 2C is an enlarged plan vieW and a correspond 
ing end vieW schematic shoWing some details of the comer 
of assembly 250 that is circled in FIG. 2A, according to 
some embodiments. FIG. 2C is representative of each comer 
of assembly 250. FIG. 2C illustrates insulating layer 210 
disposed over side 14 of heating element and extending 
beneath bus bar 15, optional electrical insulating member 
18, and layer 210 disposed over side 13 of heating element 
10 and terminated adjacent bus bar 15 Within lateral portion 
12 so that threads of conductive stitching 145 securing bus 
bars 15 to heating element 10 electrically contact heating 
element 10 along side 13 of heating element 10. FIG. 2C 
further illustrates tWo roWs of conductive stitching 145 
coupling bus bar 15 to heating element 10, and bus bar 15 
and insulating member 18 extending past end 102; a back 
tack securing stitching 145 may be approximately 0.375 
inches long and also extends beyond end 102. 

[0037] FIG. 2A further illustrates junctions 50 coupling 
leads 205 to each bus bar 15, and another lead 221 coupled 
to and extending from temperature sensor assembly 421; 
each of leads 205, 221 extend over insulating layer 210 and 
into an electrical connector housing 225 containing a con 
nector 23, Which Will be described in greater detail beloW, in 
conjunction With FIGS. 3A-C. FIG. 2D is an enlarged vieW 
of junction 50, Which is circled in FIG. 2A, according to 
some embodiments of the present invention. FIG. 2D illus 
trates junction 50 including a conductive insert 55 Which has 
been secured to bus bar 15, for example, by inserting insert 
55 through a side Wall of bus bar 15 and into an inner 
diameter thereof, the bus bar 15 of the illustrated embodi 
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ment being formed by a braided Wire tube so that an opening 
betWeen the Wires may be formed for access to the inner 
diameter. 

[0038] Returning noW to FIG. 2B, temperature sensor 
assembly 421 Will be described in greater detail. FIG. 2B 
illustrates assembly 421 including a substrate 211, for 
example, of polyimide (Kapton), on Which a temperature 
sensor 21, for example, a surface mount chip thermistor 
(such as a Panasonic ERT-JlVGl03FA: 10K, 1% chip 
thermistor), is mounted; a heat spreader 212, for example, a 
copper or aluminum foil, is mounted to an opposite side of 
substrate 211, for example, being bonded With a pressure 
sensitive adhesive; substrate 211 is relatively thin, for 
example about 0.0005 inch thick, so that heat transfer 
betWeen heat spreader 212 and sensor is not signi?cantly 
impeded. Temperature sensor assembly 421 may be bonded 
to layer 210 With an adhesive layer 213, for example, 
hotmelt EVA. Although not shoWn, it should be noted that 
sensor assembly 421 may be potted With a ?exible electri 
cally insulating material, such as silicon or polyurethane. 
Heat spreader 212 is a desirable component of a temperature 
sensor assembly, according to some embodiments of the 
present invention, since conductive fabrics employed by 
heating element 10, such as those previously described, may 
not exhibit uniform resistance across surface areas thereof. 
Some alternate embodiments of the present invention 
address a non-uniform resistance across a surface area of 

element 10 by employing a distributed temperature sensor, 
for example, a resistance temperature detector (RTD) laid 
out in ?at plane across a surface of heating element 10, or 
by employing an infrared temperature measurement device 
positioned to receive thermal radiation from a given area of 
heating element 10. An additional alternate embodiment is 
contemplated in Which an array of temperature sensors are 
positioned over the surface of heating element 10, being 
spaced apart so as to collect temperature readings Which 
may be averaged to account for resistance variance. 

[0039] According to some embodiments of the present 
invention, for example as illustrated in FIG. 2A, super 
over-temperature sensors 41 are incorporated to detect over 
heating of areas of assembly 250 susceptible to rucking, that 
is areas, for example, lateral portions 11, 12, Where assembly 
250 is most likely to be folded over on itself, either inad 
vertently or on purpose to gain access to a portion of a 
patient disposed beneath a blanket including assembly 250. 
An area of assembly 250 Which is beneath the folded-over 
portion of assembly 250, and not in close proximity to 
sensor assembly 421, can become signi?cantly Warmer due 
to the additional thermal insulation provided by the folded 
over portion that goes undetected by sensor 21. According to 
preferred embodiments, sensors 41 are Wired in series, as 
illustrated in FIG. 2A. Super over-temperature sensors 41 
may be set to open, or signi?cantly increase resistance in, a 
circuit, for example, the over-temperature circuit, thereby 
activating an alarm and/or cutting poWer to heating element 
10, at prescribed temperatures that are signi?cantly above 
the normal operating range, for example, temperatures 
betWeen approximately 45° C. and approximately 600 C. 
Altemately, sensors 41 may be part of the bus bar poWer 
circuit, in Which case sensors 41 directly shut doWn poWer 
to heating element 10 When in an open condition or add 
su?icient resistance When in a high resistance condition to 
substantially reduce heating of element 10. 
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[0040] FIG. 3A is a top plan vieW, including partial 
cut-aWay vieWs, of a loWer body heating blanket 200, 
according to some embodiments of the present invention, 
Which may be used to keep a patient Warm during surgery. 
FIG. 3A illustrates blanket 200 including heating element 
assembly 250 covered by ?exible shell 20; shell 20 protects 
and isolates assembly 250 from an external environment of 
blanket 200 and may further protect a patient disposed 
beneath blanket 200 from electrical shock haZards. Accord 
ing to preferred embodiments of the present invention, shell 
20 is Waterproof to prevent ?uids, for example, bodily ?uids, 
IV ?uids, or cleaning ?uids, from contacting assembly 250, 
and may further include an anti-microbial element, for 
example, being a SlLVERionTM antimicrobial fabric avail 
able from Domestic Fabrics Corporation. According to the 
illustrated embodiment, blanket 200 further includes a layer 
of thermal insulation 201 extending over a top side (corre 
sponding to side 14 of heating element 10) of assembly 250; 
layer 201 may or may not be bonded to a surface of assembly 
250. Layer 201 may serve to prevent heat loss aWay from a 
body disposed on the opposite side of blanket 200, particu 
larly if a heat sink comes into contact With the top side of 
blanket 200. FIG. 3C illustrates insulation 201 extending 
over an entire surface of side 14 of heating element 10 and 
over sensor assembly 421. According to the illustrated 
embodiment, layer 201 is secured to heating element assem 
bly 250 to form an assembly 250', as Will be described in 
greater detail beloW. According to an exemplary embodi 
ment of the present invention, insulating layer 201 com 
prises a polymer foam, for example, a 1 pound density 30 
ILD urethane foam, Which has a thickness betWeen approxi 
mately l/sth inch and approximately 3A6‘ inch. Alternately, 
insulating layer 201 could be a non-Woven, high-loft ?brous, 
polymeric material or ?berglass insulation material. 

[0041] FIG. 3A further illustrates shell 20 forming ?aps 25 
extending laterally from either side of assembly 250 and a 
foot ?ap or drape 26 extending longitudinally from assembly 
250. According to exemplary embodiments of the present 
invention, a length of assembly 250 is either approximately 
28 inches or approximately 48 inches, the shorter length 
providing adequate coverage for smaller patients or a 
smaller portion of an average adult patient. FIG. 3B is a 
schematic side vieW of blanket 200 draped over a loWer 
body portion of a patient. With reference to FIG. 3B it may 
be appreciated that ?aps 25, extending doWn on either side 
of the patient, and foot drape 26, being folded under and 
secured by reversible fasteners 29 (FIG. 3A) to form a 
pocket about the feet of the patient, together e?fectively 
enclose the loWer body portion of the patient to prevent heat 
loss. Fasteners 29 may be any suitable type, for example, 
hook-and-loop or snap. With further reference to FIG. 3B, it 
may also be appreciated that neither shell 20 nor insulation 
layer 201 add appreciable sti?fness to heating element 10 so 
that blanket 200 conforms nicely to the contour of the 
patient’s loWer body. With reference to FIG. 2A, in con 
junction With FIG. 3B, it may be appreciated that tempera 
ture sensor assembly 421 is located on assembly 250 so that, 
When blanket 200 including assembly 250 is draped over the 
loWer body of the patient, the area of heating element 10 
surrounding sensor assembly 421 Will be in conductive 
contact With one of the legs of the patient in order to 
maintain a safe temperature distribution across element 10. 

[0042] According to some embodiments of the present 
invention, shell 20 includes top and bottom sheets extending 
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over either side of assembly 250; the tWo sheets of shell 20 
are coupled together along a seal Zone 22 (shoWn With 
cross-hatching in the cut-aWay portion of FIG. 3A) that 
extends about a perimeter edge 2000 of blanket 200, and 
Within perimeter edge 2000 to form Zones, or pockets, Where 
a gap exists betWeen the tWo sheets. According to an 
exemplary embodiment of the present invention, shell 20 
comprises a nylon fabric having an overlay of polyurethane 
coating to provide Waterproo?ng; the coating is on at least 
an inner surface of each of the tWo sheets, further facilitating 
a heat seal betWeen the tWo sheets, for example, along seal 
Zone 22, according to preferred embodiments. It should be 
noted that, according to alternate embodiments of the 
present invention, a covering for heating assemblies, such as 
heating assembly 250, may be removable and, thus, include 
a reversible closure facilitating removal of a heating assem 
bly therefrom and insertion of the same or another heating 
assembly therein. 
[0043] FIG. 3A further illustrates ?aps 25 including Zones 
Where there are gaps betWeen the sheets to enclose Weight 
ing members, Which are shoWn as relatively ?at plastic slabs 
255. Altemately ?aps 25 can be Weighted by attaching 
Weighting members to exterior surfaces thereof. Examples 
of other suitable Weighting members include but are not 
limited to a metal chain, a metal spring, lead shot, plastic 
rods and sand. The Weighting of ?aps 25 causes ?aps 25 to 
hang doWn in order to provide a more secure air seal about 
the patient. The Weighting members may further discourage 
a clinician from tucking ?aps 25 under the patient as a safety 
feature to help to prevent a portion of the blanket containing 
heating element 10 from coming into relatively high pres 
sure contact With the patient, Where it could cause serious 
burns; as such, the Weighting members are relatively stilf 
and/or form a lump at the outer edge of ?aps 25. Relatively 
stilf ?ap Weighting members 255 for example, batten-like 
?at plastic slabs 255, by extending along the length of 
assembly 250, may further prevent inadvertent rucking of 
blanket 200, that is, the folding of blanket 200 over on itself 
Which could lead to over-heating of a portion of heating 
element 10, as previously described. HoWever, With refer 
ence to FIG. 3A, seal Zone 22 extending betWeen members 
255 along each ?ap 25 can predetermine a folding location; 
the predetermined folding location can prevent overheating 
(due to the location of sensor assembly 421) or can dictate 
the placement of super over-temperature sensors 41, as 
previously described. 
[0044] FIG. 3C is a top plan vieW, including partial 
cut-aWay vieWs, of heating element assembly 250', Which 
may be incorporated in blanket 200; and FIG. 3D is a 
cross-section vieW through section line D-D of FIG. 3C. 
FIGS. 3C-D illustrates heating element assembly 250' 
including heating element 10 overlaid With electrical insu 
lation 210 on both sides 13, 14 and thermal insulation layer 
201 extending over the top side 14 thereof (dashed lines 
shoW leads and sensor assembly beneath layer 201). Accord 
ing to the illustrated embodiment, layer 201 is inserted 
beneath a portion of each insulating member 18, each Which 
has been folded over the respective bus bar 15, for example 
as illustrated by arroW B in FIG. 1C, and then held in place 
by a respective roW of non-conductive stitching 345 that 
extends through member 18, layer 201 and heating element 
10. Although not shoWn, it should be appreciated that layer 
201 may further extend over bus bars 15. Although layer 210 
is shoWn extending beneath layer 201 on side 14 of heating 
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element, according to alternate embodiments, layer 201 
independently performs as a thermal and electrical insula 
tion so that layer 210 is not required on side 14 of heating 
element 10. 

[0045] Returning noW to FIG. 2A, to be referenced in 
conjunction With FIGS. 3A-C, connector housing 225 and 
connector 23 Will be described in greater detail. According 
to certain embodiments, housing 225 is an injection molded 
thermoplastic, for example, PVC, and may be coupled to 
assembly 250 by being stitched into place, over insulating 
layer 210. With reference to FIGS. 3A-B, it can be seen that 
connector 23 protrudes from shell 20 of blanket 200 so that 
an extension cable 330 may couple bus bars 15 to a poWer 
source 234, and temperature sensor assembly 421 to a 
temperature controller 232, both shoWn incorporated into a 
console 333. In certain embodiments, poWer source 234 
supplies a pulse-Width-modulated voltage to bus bars 15. 
The controller 232 may function to interrupt such poWer 
supply (e.g., in an over-temperature condition) or to modify 
the duty cycle to control the heating element temperature. 

[0046] FIGS. 3C-D further illustrate a pair of securing 
strips 217, each extending laterally from and alongside 
respective lateral portions 11, 12 of heating element 10 and 
each coupled to side 13 of heating element 10 by the 
respective roW of stitching 345. Another pair of securing 
strips 271 is shoWn in FIG. 3C, each strip 271 extending 
longitudinally from and alongside respective ends 101, 102 
of heating element 10 and being coupled thereto by a 
respective roW of non-conductive stitching 354. Strips 271 
may extend over layer 201 or beneath heating element 10. 
Strips 217 preferably extend over conductive stitching 145 
on side 13 of heating element 10, as shoWn, to provide a 
layer of insulation that can prevent shorting betWeen por 
tions of side 13 of heating element 10 if element 10 Were to 
fold over on itself along roWs of conductive stitching 145 
that couple bus bars 15 to heating element 10; hoWever, 
strips 217 may alternately extend over insulating member 18 
on the opposite side of heating element 10. According to the 
illustrated embodiment, securing strips 217 and 271 are 
made of a polymer material, for example polyurethane, so 
that they may be heat sealed betWeen the sheets of shell 20 
in corresponding areas of heat seal Zone 22 in order to secure 
heating element assembly 250' Within the corresponding gap 
betWeen the tWo sheets of shell 20 (FIG. 3A). According to 
an alternate embodiment, for example, shoWn by dashed 
lines in FIGS. 1A and 3D, heating element 10 extends 
laterally out from each bus bar 15 to a securing edge 27, 
Which may include one or more slots or holes 207 extending 
therethrough so that inner surfaces of sheets of shell 20 can 
contact one another to be sealed together and thereby hold 
edges 27. 

[0047] FIG. 4A is a plan vieW of ?exible heating element 
30, according to some alternate embodiments of the present 
invention. Heating element 30 is similar in nature to previ 
ously described embodiments of heating element 10, being 
comprised of a conductive fabric, or a fabric incorporating 
closely spaced conductive elements, for a substantially uni 
form Watt density output, preferably less than approximately 
0.5 Watts/ sq. inch. While a shape of the surface area of 
heating element 10 is suited for a loWer body blanket, such 
as blanket 200, that Would cover a loWer abdomen and legs 
of a patient (FIG. 3B) undergoing upper body surgery, the 
shape of a surface area of heating element 30 is suited for an 
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upper body heating blanket, for example, blanket 300 shown 
in FIG. 4C, that Would cover outstretched arms and a chest 
area of a patient undergoing loWer body surgery (FIG. 4D). 
According to an exemplary embodiment for an adult upper 
body heating blanket, a distance betWeen a ?rst end 301 of 
element 30 and a second end 302 of element 30 is betWeen 
about 70 and 80 inches, While a distance betWeen a ?rst 
lateral edge 311 and a second lateral edge 312 is about 7 to 
10 inches. With reference to FIG. 4B, Which shoWs heating 
element 30 incorporated into a heating element assembly 
450, it can be seen that bus bars 15 are coupled to element 
30 alongside respective lateral edges 311, 312 (FIG. 4A). 
For the narroWer spacing betWeen bus bars 15, compared 
With that for heating element 10 incorporated in blanket 200, 
element 30, in order to have the desired Watt density output, 
should be comprised of a conductive fabric having a higher 
resistance than the examples previously recited for heating 
element 10, for example, on the order of 100 ohms per 
square, measured With a four point probe. An example of a 
conductive fabric meeting this resistance requirement is a 
Woven silk-like polyester, for example, knoWn as Pongee, 
being 100% coated With polypyrrole. 

[0048] FIG. 4B is a top plan vieW, including partial 
cut-aWay vieWs, of heating element assembly 450, according 
to some embodiments of the present invention, Which may 
be incorporated in blanket 300 shoWn in FIG. 4C. FIG. 4B 
illustrates assembly 450 having a con?guration similar to 
that of assembly 250', Which is illustrated in FIGS. 3C-D. 
According to the embodiment illustrated in FIG. 4B, tem 
perature sensor assembly 421 is coupled to heating element 
30 at a location Where element 30, When incorporated in an 
upper body heating blanket, for example, blanket 300, 
Would come into conductive contact With the chest of a 
patient, for example as illustrated in FIG. 4D, in order to 
maintain a safe temperature distribution across element 30; 
bus bar junctions 50 and connector housing 225 are located 
in proximity to sensor assembly 421 in order to keep a length 
of leads 205 and 221 to a minimum. With reference back to 
FIGS. 3C-D, in conjunction With FIG. 4B, an electrical 
insulating layer 310 of assembly 450 corresponds to insu 
lating layers 210 of assembly 250', a thermal insulating layer 
301 of assembly 450 corresponds to layer 201 of assembly 
250', and securing strips 317 and 371 of assembly 450 
generally correspond to strips 217 and 271, respectively, of 
assembly 250'. 

[0049] FIG. 4C is a top plan vieW, including partial 
cut-aWay vieWs, of upper body heating blanket 300, accord 
ing to some embodiments of the present invention. FIG. 4C 
illustrates blanket 300 including heating element assembly 
450 covered by a ?exible shell 40; shell 40 protects and 
isolates assembly 450 from an external environment of 
blanket 300 and may further protect a patient disposed 
beneath blanket 300 from electrical shock haZards. Accord 
ing to preferred embodiments, shell 40 is similar to shell 20 
of blanket 200 in that shell 40 is relatively durable and 
Waterproof and may further include an antimicrobial ele 
ment or layer extending over an exterior surface thereof. 
According to the illustrated embodiment, shell 40, like shell 
20, includes top and bottom sheets; the sheets extend over 
either side of assembly 450 and are coupled together along 
a seal Zone 32 that extends around a perimeter edge 4000 
and Within edge 4000 to form various Zones, or pockets, 
Where gaps exist betWeen the tWo sheets. The sheets of shell 
40 may be heat sealed together along Zone 32, as previously 
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described for the sheets of shell 20. With reference to FIG. 
4B, securing strips 317 may be heat sealed betWeen the 
sheets of shell 40 in corresponding areas of seal Zone 32, on 
either side of a central narroWed portion 39 of blanket 300, 
in order to secure heating element assembly 450 Within the 
corresponding gap betWeen the tWo sheets of shell 40. 
According to an alternate embodiment, for example, as 
shoWn With dashed lines in FIG. 4A, lateral edges 311, 312 
of heating element 30 extend out to form securing edges 27 
that each include slots or holes 207 extending therethrough 
so that inner surfaces of sheets of shell 40 can contact one 
another to be sealed together and thereby hold edges 27. It 
should be noted that either of blankets 200, 300, according 
to alternate embodiments of the present invention, may 
include more than one heating element 10, 30 and more than 
one assembly 250/250', 450. 

[0050] With reference to FIG. 4C, it may be appreciated 
that blanket 300 is symmetrical about a central axis 30 and 
about another central axis, Which is orthogonal to axis 30. 
FIG. 4C illustrates shell 40 forming ?aps 35A, 35B and 350, 
each of Which having a mirrored counterpart across central 
axis 30 and across the central axis orthogonal to axis 30. 
According to the illustrated embodiment, each of ?aps 35A, 
B are Weighted in a fashion similar to that described for ?aps 
25 of blanket 200 include Weighting members 305, Which 
are similar to members 255 of blanket 200, and Which may 
stilfen ?aps 35A,B (dashed lines indicate outlines of mem 
bers 305 held betWeen the sheets of cover 40 by surrounding 
areas of seal Zone 32). 

[0051] FIG. 4C further illustrates straps 38, each extend 
ing betWeen respective ?aps 35A-B. With reference to FIG. 
4D, Which is a schematic end vieW of blanket 300 draped 
over an upper body portion of a patient, it may be appreci 
ated that ?aps 35A-B and 350 extend doWnWard to enclose 
the outstretched arms of the patient in order to prevent heat 
loss and that straps 38 secure blanket 300 about the patient. 
Opposing straps 38 may be secured together With reversible 
fasteners, examples of Which include, Without limitation, 
magnetic fasteners, either embedded Within straps 38 or 
coupled to outer surfaces thereof, mating hook-and-loop 
fasteners, attached to opposing straps 38, and mating snap 
fasteners, attached to opposing straps. According to pre 
ferred embodiments, portions of perimeter edge 4000 de?n 
ing narroWed portion 39, Which extends across a chest of the 
patient, are either rounded or padded to provide a softer 
interface With the patient’s chin if blanket 300 Were to slip 
off the patient’s chest toWard the patient’s chin. 

[0052] With further reference to FIG. 4D, it may also be 
appreciated that, When blanket 300 is positioned over the 
patient, each strap 38 is positioned in proximity to an elboW 
of the patient so that either end portion of blanket 300, 
corresponding to each pair of ?aps 35A, may be temporarily 
folded back, as illustrated, per arroW C, in order for a 
clinician to access the patient’s arm, for example, to insert 
or adjust an IV. According to some embodiments of the 
present invention, super over-temperature sensors, for 
example, sensors 41, previously described, are included in 
blanket 300 being located according to the anticipated folds, 
for example at general locations 410 illustrated in FIGS. 
4B-C, in order to detect over-heating, Which may occur if 
blanket 300 is folded over on itself, as illustrated in FIG. 4D, 
for too long a time, and, particularly, if ?aps 35A of 
folded-back portion of blanket are alloWed to extend doWn 
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Ward as illustrated With the dashed line in FIG. 4D. FIG. 4D 
further illustrates connector cord 330 plugged into connector 
23 to couple heating element 30 and temperature sensor 
assembly 421 of blanket 300 to control console 333. 

[0053] In the foregoing detailed description, the invention 
has been described With reference to speci?c embodiments. 
However, it may be appreciated that various modi?cations 
and changes can be made Without departing from the scope 
of the invention as set forth in the appended claims. 
Although embodiments of the invention are described in the 
context of a hospital operating room, it is contemplated that 
some embodiments of the invention may be used in other 
environments. Those embodiments of the present invention, 
Which are not intended for use in an operating environment 
and need not meet stringent FDA requirements for repeated 
used in an operating environment, need not including par 
ticular features described herein, for example, related to 
precise temperature control. Thus, some of the features of 
preferred embodiments described herein are not necessarily 
included in preferred embodiments of the invention Which 
are intended for alternative uses. 

1. An electric heating blanket, comprising: 

a ?exible sheet-like heating element including a ?rst side, 
a second side, a ?rst end, a second end, a ?rst edge 
extending betWeen the ?rst and second ends, and a 
second edge, opposite the ?rst edge, and extending 
betWeen the ?rst and second ends; 

a ?exible shell covering the heating element and com 
prising a Water resistant material layer; 

a ?rst unheated ?ap extending aWay from the ?rst edge of 
the heating element; and 

a second unheated ?ap extending aWay from the second 
edge of the heating element. 

2. The heating blanket of claim 1, Wherein the heating 
element has a substantially uniform Watt density output 
across a surface area thereof When electrically poWered. 

3. The heating blanket of claim 1, further comprising a 
?exible layer of insulating material extending betWeen the at 
least one of the ?rst and second sides of the heating element 
and the ?exible shell. 

4. The heating blanket of claim 3, Wherein the layer of 
insulating material is bonded to a surface area of at least one 
of the ?rst and second sides. 

5. The heating blanket of claim 3, Wherein the layer of 
insulating material comprises a foam. 

6. The heating blanket of claim 3, Wherein the layer of 
insulating material comprises a high loft non-Woven ?brous 
material. 

7. The heating blanket of claim 3, Wherein the shell is 
un-adhered to the layer of insulating material. 

8. The heating blanket of claim 1, further comprising: 

a ?rst conductive bus bar coupled to the heating element 
and extending alongside the ?rst edge of the heating 
element from a ?rst point in proximity to the ?rst end 
of the heating element to a second point in proximity to 
the second end of the heating element; 

a second conductive bus bar coupled to the heating 
element and extending alongside the second edge of the 
heating element from another ?rst point in proximity to 
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the ?rst end of the heating element to another second 
point in proximity to the second end of the heating 
element; 

a ?rst lead coupled to the ?rst bus bar betWeen the ?rst and 
second points; and 

a second lead coupled to the second bus bar betWeen the 
other ?rst and second points; 

Wherein the ?rst and second leads are adapted for cou 
pling to a poWer source for poWering the bus bars. 

9. The heating blanket of claim 1, further comprising: 

a ?rst conductive bus bar coupled to the heating element 
and extending alongside the ?rst edge of the heating 
element betWeen the ?rst and second ends thereof; and 

a second conductive bus bar coupled to the heating 
element and extending alongside the second edge of the 
heating element betWeen the ?rst and second ends 
thereof; 

Wherein the ?rst edge of the heating element is stitched to 
the ?rst bus bar With a conductive thread; 

the second edge of the heating element is stitched to the 
second bus bar With another conductive thread; and 

the ?rst and second bus bars are adapted for coupling to 
a poWer source for poWering the heating element. 

10. The heating blanket of claim 1, further comprising: 

a ?rst conductive bus bar coupled to the heating element 
and extending alongside the ?rst edge of the heating 
element betWeen the ?rst and second ends thereof; and 

a second conductive bus bar coupled to the heating 
element and extending alongside the second edge of the 
heating element betWeen the ?rst and second ends 
thereof; 

Wherein the ?rst and second conductive bus bars extend 
beyond the ?rst and second ends of the heating ele 
ment; and 

the ?rst and second bus bars are adapted for coupling to 
a poWer source for poWering the heating element. 

11. The heating blanket of claim 8, further comprising a 
temperature sensor coupled to the heating element at a 
location Where the heating element Will be in conductive 
contact With a body When the blanket is draped over the 
body. 

12. The heating blanket of claim 1, Wherein a length from 
the ?rst end to the second end of the heating element is 
greater than approximately seven times a Width of the 
heating element. 

13. The heating blanket of claim 1, Wherein the ?exible 
sheet-like heating element comprises a conductive fabric. 

14. The heating blanket of claim 1, Wherein the ?exible 
sheet-like heating element comprises carbon. 

15. The heating blanket of claim 1, Wherein the ?exible 
sheet-like heating element comprises a nonconductive layer 
coated With a conductive material. 

16. The heating blanket of claim 15, Wherein the noncon 
ductive layer comprises polyester and the conductive mate 
rial comprises polypyrrole. 

17. The heating blanket of claim 1, Wherein the ?exible 
sheet-like heating element comprises a fabric incorporating 
closely spaced conductive elements. 






