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(57) ABSTRACT 
An electric heating pad with electroSurgical grounding com 
prising aheated underbody Support, heated mattress or heated 
mattress overlay. In an illustrative embodiment the heating 
pad with electroSurgical grounding may include a flexible 
sheet-like heating element including an upper edge, a lower 
edge, and at least two side edges and a flexible sheet-like 
grounding electrode including an upper edge, a lower edge, 
and at least two side edges. A shell covering the heating 
element and grounding electrode and comprising at least two 
sheets (e.g., may be one sheet of material folded over to form 
two sheets) of flexible material, and a weld coupling the two 
sheets of flexible material together about the edges of the 
heating element and grounding electrode, wherein the weld is 
one of a RF weld, ultrasonic weld, or a heat bond, wherein the 
two sheets comprise PVC or urethane. 
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Figure SS 
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Figure TA 
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Figure 10A 
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Figure 10B 
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Figure 12 
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ELECTRICHEATING PAD WITH 
ELECTROSURGICAL GROUNDING 

0001. This application is a continuation-in-part of U.S. 
application Ser. No. 14/287,292, filed May 27, 2014, which is 
a continuation of U.S. application Ser. No. 13/460,368, filed 
Apr. 30, 2012, now U.S. Pat. No. 8,772,676 issued Jul. 8, 
2014, which is a continuation of U.S. application Ser. No. 
12/050,806, filed Mar. 18, 2008, now U.S. Pat. No. 8,283,602 
issued Oct. 9, 2012, which claims priority to U.S. Provisional 
Patent Application No. 60/895,736, filed Mar. 19, 2007. This 
application is also a continuation-in-part of three pending 
U.S. applications including: U.S. Provisional Patent Applica 
tion No. 62/079,076, filed Nov. 13, 2014: U.S. application 
Ser. No. 13/422.279, filed Mar. 16, 2012; and U.S. application 
Ser. No. 14/683,915, filed Apr. 10, 2015. The entire contents 
of all of these applications are incorporated herein by refer 
CCC. 

TECHNICAL FIELD 

0002 The present invention is related to heater assemblies 
including heating or warming blankets or pads, and more 
particularly to those including electrical heating elements. 

BACKGROUND 

0003. It is well established that surgical patients under 
anesthesia become poikilothermic. 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 com 
fort, the majority of patients undergoing general anesthesia 
will lose heat and become clinically hypothermic if not 
warmed. 
0004. There have been many attempts at making heated 
blankets and pads, including pads in the form of heated under 
body Supports, heated mattresses and heated mattress over 
lays for therapeutic patient warming. Therapeutic patient 
warming is especially important for patients during Surgery. It 
is well known that without therapeutic intra-operative warm 
ing, most anesthetized Surgical patients will become clini 
cally hypothermic during Surgery. Hypothermia has been 
linked to increased wound infections, increased blood loss, 
increased cardiac morbidity, prolonged ICU time, prolonged 
hospital stays, increased cost of Surgery and increased death 
rates. 

0005 Over the past 15 years, forced-air warming (FAW) 
has become one of 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 
inflatable 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 blow 
ing in the operating room, which can be noisy and can poten 
tially contaminate the Surgical field; and bulkiness, which, at 
times, may obscure the view of the surgeon. Moreover, the 
low specific 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 high in Some products as high as 45° C. This 
poses significant dangers for the patient. Second and third 
degree burns have occurred both because of contact between 
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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 
name—"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. Some of these warming blankets employ flexible 
heaters, the flexibility of which is desirable to maintain when 
employing the blankets. In many cases, an electric warming 
blanket employs a shell for holding the heater and for serving 
other purposes. For example, in Some cases the shell includes 
layers formed of a substantially water impermeable material 
to help prevent fluid damage to the heater. Also, when these 
heaters are used for patient or other care, especially in the 
operating room, the shell can protect the patient and others in 
the vicinity from electric shock hazards. In addition to often 
providing a seal around the heater, the shell often contains a 
fastening mechanism that must reliably attach the heater to 
the shell to prevent electrical shorting across the heater during 
folding of the electric warming blanket. 
0008 Because the seals of the shell must be very reliable, 
the seals have traditionally been adhesive seals that are rein 
forced with combinations of sewing, rivets, and grommets. 
Sewing Stitches, rivets, and grommets all share one charac 
teristic—they all perforate the material layers to create a 
mechanical linkage between the layers. 
0009 While such a reinforced bond may be desirable for 
strength, it can create additional problems when used during 
Surgery or medical procedures. For example, heated blankets 
placed over a patient during a Surgery or medical procedure 
are frequently soiled with waste blood or other body fluids. 
The fluid waste can Saturate the Stitching and then dry and 
accumulate in the thread or the stitch holes. If rivets or grom 
mets are used for reinforcement, additional crevasses are 
introduced that can trap waste fluids. When the outer shell of 
the blanket is cleaned by hospital personnel, it is nearly 
impossible to clean the residual contaminating materials out 
of the holes, crevasses, and/or stitches. Therefore, the stitch 
ing holes and thread, the grommets, rivets and Snaps can all 
become sources of microbial contamination because they 
cannot be thoroughly cleaned and disinfected. 
0010 Prior to the 1990s, warm water mattresses were 
commonly used. The warm water mattresses went out of 
common use because they were relatively stiff and inflexible. 
The stiff water mattress negated any pressure relief that the 
underlaying Support mattress may have provided. As a result, 
the combination of pressure applied to the boney promi 
nences and the heat from the warm water mattress both 
reduced blood flow and accelerated metabolism, causing 
accelerated ischemic pressure injuries to the skin (“bed 
sores'). Additionally, the warmed water recirculating in the 
warming system was well known to be grossly contaminated 
with bacteria, which was especially important when a leak 
occurred. As a result, warm water mattresses are rarely used 
today. 
0011. Historically, electrically heated pads and blankets 
for the consumer market have been made with resistive wire 
heaters. Wire-based heaters have been questionably safe in 
consumer use. However, in the operating room environment 
with anesthetized patients, hot spots caused by the wires in 
normal use and the failure mode of brokenheater wires result 



US 2015/0366367 A1 

ing in sparking, arcing and fires are totally unacceptable. 
Therefore, resistive wire-based heaters are not used in the 
operating room today. 
0012 Since the mid 1990s, a number of inventors have 
tried unsuccessfully to make effective and safe heated mat 
tresses for operating room use, using flexible, sheet-like elec 
tric resistance heaters. The sheet-like heaters have been 
shown to be more effective in warming the patients because of 
the even heat production and generally do not cause arcing 
and sparking when they fail. 
0013 Some existing devices employ sheet-like heaters 
using a polymeric fabric that has been baked at high tempera 
ture until it becomes carbonized and is thus conductive of 
electricity. The carbonization process makes the fabric frag 
ile, and therefore, it may be laminated between two layers of 
plastic film or fiber-reinforced plastic film for stability and 
strength. The lamination process results in a relatively stiff, 
although somewhat flexible, non-stretching, non-conforming 
heater. The metal foil bus bars are attached to the heater 
material with an “electrically conductive adhesive or bonding 
composition . . . . and then encapsulated with polyurethane 
coated nylon fabric. The result is a stiff and relatively inflex 
ible bus bar. 
0014 Clearly, there is a need for conductive fabric heaters 
for use in therapeutic heated mattresses that are highly flex 
ible, stretchable in at least one direction and durable without 
needing lamination to stabilize or protect the heater fabric. 
There is also a need for bus bar construction that does not 
result in thick, stiff, inflexible areas along the side edges of the 
heater. Then, maximally effective and safe therapeutic heated 
mattresses need to be designed using the stretchable, durable 
fabric heaters. 
0.015. In addition to patient warming during Surgery, and 
as known to those skilled in the art, modern Surgical tech 
niques typically employ radio frequency (RF) cautery to cut 
and coagulate bleeding encountered in performing Surgical 
procedures. Every electroSurgical generator system may have 
an active electrode that is applied by the Surgeonto the patient 
at the Surgical site to perform Surgery and an electrical return 
path from the patient back to the generator. The active elec 
trode at the point of contact with the patient may be small in 
size to produce a high current density in order to produce a 
Surgical effect of cutting or coagulating tissue. The return 
electrode, which carries the same current as the active elec 
trode, may be large enough in effective surface area at the 
point of communication with the patient Such that a low 
density current flows from the patient to the return electrode. 
If a relatively high current density is produced at the return 
electrode, the temperature of the patient’s skin and underly 
ing tissue will rise in this area and can result in a patient burn. 
0016 Return electrodes have evolved over the years from 
small 12x7-inch, flat stainless steel plates coated with a con 
ductive gel that were placed under the patient’s buttocks, 
thigh, shoulders, or any location where gravity could ensure 
adequate contact. The next development was flexible foam 
backed electrodes. These flexible electrodes are about the 
same size as the stainless steel plates and are coated with a 
conductive polymer. They have an adhesive border so that 
they remain attached to the patient without the aid of gravity. 
0017 Described as early as 1938 and first introduced into 
the surgical market in 1960, capacitively coupled return elec 
trodes offer an alternative to conductive return electrodes. 
Unlike conductive electrodes, which involve direct patient 
contact, a capacitively coupled electrode is placed close to, 
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but not touching, the patient. It is separated from the patient 
by a dielectric barrier—that is, a layer of insulating material. 
This allows the electrode to form a capacitor with the patient. 
A capacitor is an electrical circuit element used to store a 
charge temporarily. In use, this type of electrode induces a 
current flow across the electrode-patient capacitor Such that 
electricity is safely returned from the patient to the electro 
Surgical unit across a dielectric insulator layer, allowing the 
desired Surgical effect at the Surgical site. 
0018. A capacitively coupled return electrode consists of a 
single conductive plate, fabric or film that is encased in a 
dielectric material. The insulating material does not permit 
the charge to flow through the electrode to the patient. When 
placed in close proximity to each other, the conductive plate 
and the patient become capacitively coupled. Their separa 
tion is maintained by the electrode's insulating material, 
which forms a dielectric barrier between them. For example, 
a large flat sheet of conductive material that covers a portion 
of the operating table may be the electrode and the dielectric 
barrier may consist of plastic film, linens, cushions or other 
materials that may be placed between the patient and the 
electrode. 

0019. When the active electrode is applied at the surgical 
site, the electroSurgical unit induces an oscillating radio fre 
quency (RF) Voltage through the Surgical site and between the 
patient and the return electrode's conductive plate. As this 
occurs, several events take place simultaneously. First, an 
electrical charge accumulates and diminishes in cycles, both 
on the surface of the patient overlapping the return electrode 
and on the electrode's capacitive plate, in equal and opposing 
polarities. Second, the dielectric material becomes polarized: 
an electrical charge will not move through it. Finally, as the 
electrical charge moves to and from the surface of the 
patient’s skin, there is a loss of energy that produces a mini 
mal amount of heat within the skin (as happens with a con 
ductive return electrode). 
0020. If the dielectric is thin, meaning that the patient and 
the return electrode are close together—for example less than 
2 mm—the capacitive coupling is very efficient. If the dis 
tance between the patient and the electrode increases, the 
efficiency of the coupling decreases. Therefore, minimizing 
the distance between the patient and the electrode may be 
desirable. The ability of this design to minimize the distance 
of both the heater and the grounding electrode from the 
patient may be particularly desirable with small pediatric 
patients who have minimal Surface area contacting the Sup 
port Surface. 
0021. There is some concern that an unnoticed, accidental 
hole in the electrode's dielectric material could provide a 
conductive contact with the patient over a very Small area, 
causing a large concentration of current to flow in a Small area 
and to burn the patient. In some cases, thick layers of “self 
sealing gel material have been interposed between the elec 
trode and the dielectric material to prevent a conductive path 
way from occurring in the event of a hole in the dielectric 
material. The gel material is heavy and cumbersome. 
0022 Capacitive coupling electrodes generally have been 
mattress overlays, which are inconvenient, involving extra 
cleaning. Additionally, they are usually non-stretching con 
ductive fabric—for example, woven nylon embedded into a 
heavy, cumbersome gel pad—which reduces the effective 
ness of the pressure-reducing mattress of the Surgical table. 
The conductive silver coating on the fabric electrode also 
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diminishes radiolucency to X-rays, causing X-rays that are 
shot through the mattress to be grainy or distorted. 
0023 The location of the capacitive coupling grounding 
electrode under the patient is in direct competition for space 
with heated underbody warming pads and mattresses com 
monly used in Surgery. Heated underbody warming pads and 
mattresses also work optimally when in close contact with the 
patient’s skin. Therefore, both of these safety technologies 
may not perform optimally when used simultaneously as two 
separate devices since seemingly only one or the other can be 
optimally placed adjacent the patient’s skin. 
0024 Clearly, there is a need for improvement by combin 
ing the capacitive coupling electrode with the heated under 
body warming system. However, simply combining the two 
technologies into a single shell could produce a laminated 
structure that would be less stretchable, less flexible and less 
accommodating—further preventing the patient from sinking 
optimally into the Support mattress and increasing the risk of 
pressure ulcers. 
0025 Combining the capacitive coupling electrode with 
the heated underbody warming system in a single layer of 
stretchable, flexible material that can serve as a heater and 
grounding electrode simultaneously would prevent the prob 
lems resulting from a two-layer laminate structure and would 
reduce the cost and complexity of manufacturing. 
0026. Accordingly, there remains a need for heated blan 
kets, shells and pads for flexible heaters that are readily and 
thoroughly cleanable. There also remains a need for improve 
ments in electroSurgical grounding for Surgery. In particular, 
there is a need for devices including these features that also 
offer pressure relief and prevent bed sores. 
0027 Various embodiments of the invention described 
herein solve one or more of the problems discussed above in 
addition to other problems that will become apparent. 

SUMMARY 

0028 Certain embodiments of the invention include a 
heater assembly Such as an electric heating blanket or pad 
including a flexible sheet-like heating element and a shell. 
The shell covers the heating blanket or pad and includes two 
sheets of flexible material welded together. In some embodi 
ments the weld couples the sheets together about the edges of 
the heating element. In some embodiments, the weld couples 
the sheets about the edges of the sheets. Although the heating 
blanket or pad is described as having two sheets welded 
together, as one of ordinary skill in the art would consider, the 
two sheets could be formed from one sheet folded over on 
itself to form the two different sheet layers. 
0029. In some embodiments, the heated blanket or pad 
includes agrounding electrode for electroSurgical equipment. 
These capacitive coupling grounding electrodes are well 
known in the arts. In some embodiments, the capacitive 
grounding electrode is the conductive heater material (e.g., 
heating element) that is simultaneously incorporated into the 
circuits of both the heater/power supply/controller and the 
electroSurgical unit. In some embodiments, the simultaneous 
use of the heating element material for heating and grounding 
allows both technologies to be positioned optimally close to 
the patient’s skin for the maximum efficiency of each therapy. 
0030. In some embodiments the grounding electrode is the 
heating element or heater assembly. The heating elements of 
the instant inventions are preferentially made of conductive or 
semi-conductive fabrics or films. The conductive or semi 
conductive properties of the heating element material allow it 

Dec. 24, 2015 

to double as a grounding electrode. The heating element/ 
grounding electrode may advantageously be made of a semi 
conductive polymer Such as polypyrrole. It is well known that 
the electrical properties of polypyrrole make it a suitable 
material for absorbing radar. Polypyrrole has been used as a 
radar absorbing material in “stealth' aircraft and watercraft. 
The microwave frequencies of radar are not unlike the RF 
frequencies used in electro-Surgery. The semi-conductive 
properties of polypyrrole that lead to preferential absorption 
of high frequency electro-magnetic waves are in contrast to 
electrically conductive properties of composites made from 
powdered or vaporized carbon or metals. Metal powder par 
ticles deposited on the Surface of a fabric material may con 
duct electricity, but do not preferentially absorb high fre 
quency EM waves. Thin metal coatings may allow 
“tunneling of some of the EM waves through the spaces 
between the particles, allowing the waves to pass right 
through the material without being absorbed. If the metallic 
coating is thick, “tunneling may be prevented, but then 
reflection and scattering of the EM waves may result in 
decreased absorption. Therefore, the silver-coated fabrics 
that have been used in many past electroSurgical grounding 
pads are seemingly not preferential RF energy absorbers. A 
semi-conductive polymer Such as polypyrrole is advanta 
geous in that it is a preferential RF energy absorber. 
0031. In other embodiments, the grounding electrode is a 
separate layer of material positioned near and parallel to the 
heating element. In this case, the grounding electrode may 
advantageously be made of a semi-conductive polymer such 
as polypyrrole irrespective of what the material the heating 
element is made from. 

0032. In some embodiments, the grounding electrode is a 
separate layer of material, and there is no heating element. In 
these cases, the grounding electrode may advantageously be 
made of a semi-conductive polymer Such as polypyrrole. 
0033. In some embodiments, the grounding electrode wire 

is connected directly to the grounding electrode (heating ele 
ment) material. This connection has been used previously and 
works acceptably as long as the grounding electrode is made 
of highly conductive material Such as silver-coated nylon 
fabric. The very low resistance to flow through the silver 
coated fabric allows the grounding wire to be connected to the 
electrode in any location. 
0034. In some embodiments, the grounding electrode wire 

is connected to one of the heating element bus bars. Connect 
ing the grounding wire to the bus bar is advantageous when 
the grounding electrode material is a resistive heater material 
that adds resistance to the circuit. A grounding wire con 
nected to one end of the heater, rather than to abus bar, would 
create a situation wherein the electrical resistance to current 
flow would be significantly greater for current originating at 
the far end of the heater compared to current originating at the 
end of the patient closest to the wire connection. This situa 
tion would cause more of the current to flow through the parts 
of the patient closest to the wire connection and possibly 
create an unsafe condition. In contrast, since the bus bar runs 
Substantially parallel to the long axis of the patient, along an 
edge of the grounding electrode, the distance from the bus bar 
to the patient is relatively equal along its length, and the 
resistance to the current flow caused by the heater material is 
thus Substantially equal along the entire length of the patient 
that is contacting the grounding electrode, creating a safe 
condition. 
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0035. In some embodiments, the output electrical currents 
of both the heater/power supply/controller and the electrosur 
gical generator are “floating.” meaning that they are not ref 
erenced to earth (ground) and have no electrical potential to 
earth (ground) or to each other. In some embodiments, the 
output electrical currents of both the heater/power supply/ 
controller and the electroSurgical unit are "isolated,” meaning 
that they have no electrical potential to and are not referenced 
to earth (ground). In some embodiments, the output electrical 
current of the heater/power supply/controller is a direct cur 
rent. In some embodiments, the output electrical current of 
the heater/power Supply/controller is low Voltage, meaning 
equal to or less than 48 volts DC. 
0036. In some embodiments, the temperature sensor of the 
heated blanket or pad (e.g., underbody warming system, or 
heated underbody Support) is located on the heater assembly, 
so that it senses the temperature of the heater assembly in 
contact with the patient. The temperature sensor thus also 
serves as a safety sensor, decreasing power to the heater 
assembly excess heat buildup under the patient from the elec 
troSurgical grounding. The heater controller will alarm if the 
heater temperature exceeds a safe temperature for heating the 
skin whether the heating is due to the effect of the heater 
assembly or the capacitive grounding. 
0037. In some embodiments, one or both sides of the heat 
ing element material are coated with a thin layer of flexible, 
stretchable elastomeric material such as rubber or silicone. 
Preferably the elastomeric material is stretchable, flexible, 
self-sealing and protects the individual fibers of the heating 
element from moisture damage. This coating of elastomeric 
material interposed between the electrode and the dielectric 
material layers serves as second, redundant dielectric layer 
should an inadvertent hole be put into the outer shell. The 
redundant dielectric layer would prevent direct electrical cou 
pling between the patient and the electrode material that 
could cause a burn. 

0038. In some embodiments, the heater/grounding elec 
trode is encased in a flexible dielectric shell that can be flexed 
up along the sides of the Small pediatric patient to improve 
both the heat transfer and capacitive coupling effects. Flexing 
the heater/grounding electrode places more of the Surface 
area in close contact with the patient’s skin for optimal per 
formance of both heat transfer and capacitive grounding. 
0039. In some embodiments, the conductive or semi-con 
ductive material is polypyrrole. In some embodiments the 
compressible material includes a foam material and in some 
embodiments it includes one or more air filled chambers. For 
example, in some embodiments of the heater assembly may 
be a blanket or pad that includes a water resistant shell encas 
ing the heater assembly, including an upper shell and a lower 
shell that are sealed together along their edges to form a 
bonded edge, with the heater assembly attached to the shell 
along one or more edges of the heater assembly. In some 
embodiments, the heated pad (e.g., heated underbody Support 
pad) also includes a water resistant shell encasing the heater 
assembly, including an upper shell and a lower shell that are 
sewn together along their edges to form a sewn and bonded 
edge. In some embodiments, the heating element has a gen 
erally planar shape when not under pressure, is adapted to 
stretch into a 3 dimensional compound curve without wrin 
kling or folding while maintaining electrical conductivity in 
response to pressure, and to return to the same generally 
planar shape when pressure is removed. 
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0040. Maximal patient warming effectiveness is achieved 
by maximally accommodating the patient into the mattress. In 
other words, maximizing the contact area between the 
patient’s skin and the heated surface of the mattress. The 
heater and foam (compressible material) or air bladders of the 
mattress may be easily deformable to allow the patient to sink 
into the mattress. This accommodation maximizes the 
patients skin Surface area in contact with the mattress and 
heater, which minimizes the pressure applied to any given 
point. It also maximizes the Surface contact area for heat 
transfer and maximizes blood flow to the skin in contact with 
the heat for optimal heat transfer. The accommodation of the 
patient into the mattress may not be hindered by a stiff, 
non-conforming, non-stretching, hammocking heater. Addi 
tionally, the heater should be near the top surface of the 
mattress, in thermally conductive contact with the patients 
skin, not buried beneath thick layers of foam or fibrous insu 
lation. 

0041. In some embodiments, the compressible material 
comprises one or more flexible air filled chambers. In some 
embodiments, the compressible material is a foam material. 
The heater assembly may be attached to the top surface of the 
layer of compressible material. In some embodiments, the 
heated underbody support includes a water resistant shell 
encasing the heating element/heater assembly and having an 
upper shell and a lower shell that are sealed together along 
their edges to formabonded edge. In some embodiments, one 
or more edges of the heater assembly may be sealed into the 
bonded edge. In some embodiments, the heater assembly is 
attached to the upper layer of water resistant shell material. In 
Some embodiments, the heater assembly is attached to the 
shell only along one or more edges of the heater assembly. In 
Some embodiments, the heated underbody Support also 
includes an electrical inlet, wherein the inlet is bonded to the 
upper shell and the lower shell and passes between them at the 
bonded edge. 
0042 Electrically heated mattresses are compressible and 
accommodating, thus the patients sink into the mattress and 
more body Surface area is recruited to help Support the weight 
of the patient. If the proper foam materials are chosen, virtu 
ally the entire posterior surface of the patient contacts the 
mattress. However, even with the added contact surface area, 
these mattresses are incapable of transferring enough heat to 
maintain patient normothermia, especially in pediatric 
patients. 
0043 Small pediatric patients have another problem with 
accommodation into the foam. Their light weight prevents 
them from sinking into the foam mattress. Therefore expect 
ing the depression into the foam caused by the patients weight 
to form the foam around the patient’s body thereby increasing 
the contact with their side surfaces, is clearly impossible in 
pediatrics. 
0044. There is a need for a Surgical patient warming mat 
tress that has a greaterheat transfer capacity. Since the contact 
temperature cannot be increased without causing burns, 
seemingly the only option to increase heat transfer is to 
increase the body Surface contact area. The increase the body 
Surface contact area also increases the efficiency of the 
capacitive coupling of the grounding electrode in the mat 
tress. The instant invention effectively increases the body 
Surface contact area by Substantially separating the patient 
Support functions of the mattress from the patient warming 
and electroSurgical grounding functions of the mattress. By 
separating these two functions, each can be maximized inde 
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pendently. At the same time, both of the functions are still 
simultaneously maintained, to provide a safe and effective 
heated Support Surface for Surgery. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0045. The following drawings are illustrative of particular 
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 conjunction with 
the explanations in the following detailed description. 
Embodiments of the present invention will hereinafter be 
described in conjunction with the appended drawings, 
wherein like numerals denote like elements. 
0046 FIG. 1 is a top plan view of a heating blanket or pad, 
according to some embodiments of the present invention. 
0047 FIG. 2A is a plan view of a flexible heating blanket 
or pad Subassembly for a heating blanket, according to some 
embodiments of the present invention. 
0.048 FIG.2B is an end view of some embodiments of the 
subassembly shown in FIG. 2A. 
0049 FIG. 3A 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 or pad 
shown in FIG. 1. 
0050 FIG. 3B is a section view of the temperature sensor 
assembly of FIG.3A. 
0051 FIG. 4A is a top plan view of a heating element 
assembly, which may be incorporated in the blanket or pad 
shown in FIG. 1. 
0052 FIG. 4B is a cross-section view through section line 
4B-4B of FIG. 4A. 
0053 FIG. 5A is a cross-section of a shell containing a 
heating element according to Some embodiments of the 
present invention. 
0054 FIG. 5B is a top plan view of the shell of FIG. 5A. 
0055 FIG. 6 is a cross-section of a shell containing an air 
pocket according to Some embodiments of the present inven 
tion. 
0056 FIG. 7A is a top plan view of a shell having straps 
according to some embodiments of the present invention. 
0057 FIG. 7B is a cross-section of the shell of FIG. 7A. 
0058 FIG. 8 is a cross-section of a shell containing a 
heating element secured to the shell according to some 
embodiments of the present invention. 
0059 FIG. 9A is a top plan view of a shell containing 
reinforced hanger points according to Some embodiments of 
the present invention. 
0060 FIG.9B is a cross-section of the shell of FIG.9A. 
0061 FIG. 10A is a cross-section of a shell containing a 
heating element, including an attachment point Secured to the 
shell according to Some embodiments of the present inven 
tion. 
0062 FIG. 10B is a cross-section of a shell containing a 
heating element, including an attachment point Secured to the 
shell according to Some embodiments of the present inven 
tion. 
0063 FIG. 11 is a cross-section of two ends of a shell 
containing a heating element, including a securing magnet. 
0.064 FIG. 12 is a cross sectional view of a heater assem 
bly undergoing deformation in accordance with embodi 
ments of the invention. 
0065 FIGS. 13, 13A and 13B are cross sectional views of 
a heated mattress overlay or pad in accordance with embodi 
ments of the invention. 
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0.066 FIG. 14 is a cross sectional view of a heated mattress 
overlay or pad in accordance with embodiments of the inven 
tion. 
0067 FIG. 15 is a cross sectional view of a heated mattress 
overlay or pad in accordance with embodiments of the inven 
tion. 
0068 FIG.16 is a cross sectional view of a heated mattress 
overlay or pad in accordance with embodiments of the inven 
tion. 
0069 FIG.17 is a cross sectional view of a heated mattress 
overlay or pad in accordance with embodiments of the inven 
tion. 
0070 FIG. 18 is a cross sectional view of a heated mattress 
overlay or pad in accordance with embodiments of the inven 
tion. 
(0071 FIG. 19 is a cross sectional view of a heated mattress 
overlay or pad with partial thickness cuts or channels in the 
foam layer in accordance with embodiments of the invention. 
0072 FIG. 20 is a perspective view of a heated pediatric 
mattress overlay or pad in accordance with embodiments of 
the invention. 
0073 FIG. 21 is a cross sectional view of a heated pediat 
ric mattress overlay or pad in accordance with embodiments 
of the invention. 
0074 FIG. 22A-D is a cross sectional view of a heated 
pediatric mattress overlay or pad in accordance with embodi 
ments of the invention. 
0075 FIG.23 is a cross sectional view of a heated mattress 
overlay or pad with a power entry assembly located in the 
peripheral bond between the shell layers in accordance with 
embodiments of the invention. 
0076 FIG. 24 is an illustration of a heated mattress over 
lay or pad with attachment tabs in accordance with embodi 
ments of the invention. 
0077 FIG.25 is a cross sectional view of a heated mattress 
including a visco-elastic foam layer in accordance with 
embodiments of the invention. 

DETAILED DESCRIPTION 

0078. The following detailed description is exemplary in 
nature and is not intended to limit the scope, applicability, or 
configuration of the invention in any way. Rather, the follow 
ing description provides practical illustrations for implement 
ing exemplary embodiments of the present invention. 
Examples of constructions, materials, dimensions, and manu 
facturing processes are provided for selected elements, and 
all other elements employ that which is known to those of skill 
in the field 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 con 
sidered to encompass heating blankets and pads, and Vice 
versa. Pads may also be referred to as underbody support 
systems or mattresses. In other words, features of the inven 
tion are applicable to both blankets and pads, regardless of 
whether a feature is described in a particular embodiment 
with regard to a blanket or a pad (e.g., including mattress 
overlays and underbody Supports). 
007.9 FIG. 1 shows a heating blanket orpad 100 according 
to some embodiments of the present invention. As shown, the 
heating blanket or pad 100 is generally rectangular. Embodi 
ments of the present invention can be used in connection with 
a wide variety of heating blankets and pads. For example, in 
some cases, the heating blanket or pad 100 may be a blanket 
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sized and shaped for the upper body or upper body limb (e.g., 
a wrap-around blanket), or a blanket sized and shaped for the 
lower body or lower body limb. In some cases the heating 
blanket or pad 100 can be used in conjunction with a dispos 
able cover. In other embodiments, the heating blanket or pad 
100 may be a mattress overlay or underbody support mattress. 
0080. The heating blanket or pad 100 of FIG. 1 includes a 
shell 105 that can be durable and waterproof. As shown, a 
portion of the shell 105 is cut away, revealing a heating 
element assembly 350. The heating element assembly 350 is 
generally covered by the shell 105 and can extend within the 
shell 105 between edge 112 and edge 114 and between edge 
116 and edge 118. An electrical connector housing 325 and a 
corresponding connector plug. 323 can be coupled to the shell 
105, thereby enabling access to a temperature sensor assem 
bly such as those discussed below. 
0081. The shell 105 can protect and isolate the heating 
element assembly 350 from an external environment of heat 
ing blanket 100. The shell 105 can include a water-resistant 
material layer that can form a Substantially hermetic seal 
around the heating element assembly 350. The shell 105 can 
provide further protection to a patient disposed beneath heat 
ing blanket or pad 100 against electrical shock hazards. 
According to preferred embodiments of the present inven 
tion, shell 105 is waterproof to prevent fluids (e.g., bodily 
fluids, IV fluids, cleaning fluids, etc.) from contacting the 
heating element assembly 350. In some preferred embodi 
ments, shell 105 may further include an anti-microbial ele 
ment (e.g., a SILVERionTM antimicrobial fabric available 
from Domestic Fabrics Corporation or Ultra-FreshTM from 
Thomson Research Associates). 
0082. According to an illustrative embodiment of the 
present invention, shell 105 comprises a nylon fabric having 
an overlay of polyurethane coating to provide waterproofing. 
The coating can be on at least an inner Surface of each of two 
sheets of the shell, further facilitating a heat seal between the 
two sheets, according to preferred embodiments. In other 
embodiments, the shell 105 comprises polyvinyl chloride 
(PVC) to facilitate an RF weld to bond the sheets. It should be 
noted that, according to some embodiments of the present 
invention, a covering for heating element assemblies may be 
removable and, thus, include a reversible closure facilitating 
removal of a heating element assembly 350 therefrom and 
insertion of the same or another heating element assembly 
350 therein. In some embodiments, shell 105 comprises a 
PVC film of sufficient thickness to provide the necessary 
strength. In some such embodiments, the edge seals can be 
softer. 

0083. In some embodiments, one or more layers may be 
positioned between the heating element assembly 350 and the 
shell 105. For example, in some embodiments, a layer of 
thermally insulating material (e.g., polymeric foam or high 
loft fibrous non-woven material) can be included in one or 
more locations. In some instances, a layer of thermally insu 
lating material can be positioned to protect a portion of the 
patient from the heating element assembly 350 in the event 
that part of the shell 105 is inadvertently placed under that 
portion of the patient. In Such instances, a layer of thermal 
insulating material can be positioned between the heating 
element assembly 350 and the patient-contacting surface of 
the shell 105. In this way, in the event that part of the shell 105 
is inadvertently placed under that portion of the patient, that 
portion of the patient can contact an insulated portion of the 
shell 105 rather than a non-insulated portion of the shell 105. 
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I0084. In some instances a layer of thermally insulating 
material can be positioned to make Sure that a maximal 
amount of heat being generated by the heating element 
assembly 350 is transferred to the patient. In such instances, 
a layer of thermally insulating material can help insulate the 
heating element assembly 350 from the environment and 
provide a more uniform temperature distribution. The layer of 
thermally insulating material can be positioned between the 
heating element assembly 350 and the surface of the shell 105 
that does not contact the patient. In this way, a maximal 
amount of heat being generated by the heating element 
assembly 350 can be transferred to the patient and not to the 
Surrounding environment. 
I0085. In some instances a layer of thermally insulating 
material can be positioned to prevent caregivers from expe 
riencing unwanted contact with activated heating blankets or 
pads. Other layers (e.g., an electrically insulating layer simi 
lar to those discussed elsewhere herein) can be positioned 
between the heating element assembly 350 and the shell 105. 
I0086 FIGS. 2A-2B show an illustrative heating blanket or 
pad subassembly 300 that can be incorporated into heating 
element assemblies in some embodiments of the present 
invention (e.g., heating element assembly 350 of FIG. 1). 
Referring again to FIGS. 2A-2B, in many embodiments, the 
heating blanket or pad subassembly 300 is flexible. The heat 
ing blanket or pad subassembly 300 can include a flexible 
sheet-like heating element 310, or heater, which can include a 
first side edge 301 and a second side edge 302. According to 
preferred embodiments of the present invention, heating ele 
ment 310 comprises a conductive fabric or a fabric incorpo 
rating closely spaced conductive elements such that heating 
element 310 has a substantially uniform watt density output, 
preferably less than approximately 0.5 watts/sq. inch, and 
more preferably between approximately 0.2 and approxi 
mately 0.4 watts/sq.inch, across a Surface area, of one or both 
sides 313, 314 (FIG. 2B). 
I0087. Some examples of conductive fabrics which may be 
employed by embodiments of the present invention include, 
without limitation, carbon fiber fabrics, fabrics made from 
carbonized fibers, conductive films, or woven or non-woven 
non-conductive fabric or film substrates coated with a con 
ductive material, for example, polypyrrole, carbonized ink, or 
metalized ink. In many embodiments, the conductive fabric is 
a polymeric fabric coated with a conductive polymeric mate 
rial such as polypyrrole. In addition, the flexible heating 
element 310 may be made from a matrix of electrically resis 
tant wire or metal traces attached to a fibrous or film material 
layer. 
0088. In some embodiments, in contrast to non-stretch 
able conductive film heaters, where a carbon (or other con 
ductive material) impregnated plastic film is extruded onto or 
bonded onto a base layer such as a fabric base layer, the 
preferred heating element 310 material has a conductive or 
semi-conductive material coated onto the individual threads 
or fibers of the carrier fibers prior to weaving or knitting into 
a fabric. This maintains the natural flexibility and stretch 
ability of the fabric rather than turning the fabric into a non 
stretchable fiber reinforced film. 

0089. In some embodiments, the conductive or semi-con 
ductive coating comprises a polymer and is bound as a layer 
surrounding the individual threads or fibers by a process of 
polymerization. Polymerization results in a very secure bond. 
The flexible coating on each individual thread or fiber pref 
erably does not crack, fracture or delaminate during flexion. 
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Polymerization of these conductive or semi-conductive mate 
rials onto individual fibers of the carrier fabric is a preferable 
process for producing a durable, flexible and stretchable 
heater assembly 300. Semi-conductive polymer coatings 
such as polypyrrole are preferred for this invention, however, 
other coating processes are anticipated and conductive coat 
ings that use carbon or metal as the conductive material are 
also anticipated 
0090. In some embodiments, the conductive material may 
be stretchable in at least one direction or, alternatively, in at 
least two directions. One way to create a stretchable fabric 
heating element (e.g., 310) is to coat a conductive material 
onto individual threads or fibers of a carrier fabric which may 
be a non-conductive material. The threads or fibers may be 
woven or knitted, for example, into a stretchable fabric. Other 
examples of conductive fabrics which may be employed 
include, without limitation, carbon fiber fabrics, fabrics made 
from carbonized fibers, and woven or non-woven substrates 
coated with a conductive material, for example, polypyrrole, 
carbonized ink, or metalized ink. 
0091. The conductive material may be applied to the fibers 
or threads before they are woven or knit into a fabric. In this 
way, the coated threads can move and slide relative to each 
other as the fabric is stretched, and can return to their original 
orientation when the stretching is stopped such that the fabric 
can return to its original shape. Alternatively, the conductive 
materials that coat the individual fibers in the fabric may be 
applied after the fabric is woven or knit using a dipping, 
spraying, coating or polymerization process or combinations 
thereof. A conductive polymer can be selected that coats to 
the individual threads without bonding them together such 
that the threads remain able to slide relative to each other. 
0092. The stretchable fabric heating element (e.g., 310) is 
able to deform in response to a focal pressure applied to the 
surface of the heater fabric, into a smooth 3-dimensional 
compound curve without wrinkling or folding. A Smooth 
compound curve cannot be formed out of non-stretchable 
fabrics or films. The stretchable fabric heating element may 
also exhibit elastic properties that allow it to revert to its 
original planar shape when the deforming pressure is 
relieved. The fabric heating element can be provided with 
appropriate tensile properties such that the amount of stretch, 
or strain, required to prevent hammocking and allow accom 
modation of the patient into the heated mattress or mattress 
overlay does not result in stresses that exceed the elastic limit 
of the material. In some embodiments, for example, an 
increase in the width of a 20 inch wide mattress or mattress 
overlay of approximately one inch during stretching achieves 
the desired goals without exceeding the elastic limit of the 
stretchable fabric heating element or introducing permanent 
plastic deformation. 
0093 FIG. 2A further illustrates subassembly 300 includ 
ing two bus bars 315 coupled to heating element 310 for 
powering heating element 310. Each bus bar 315 is shown 
extending between first and second side edges 301,302. With 
reference to FIG. 2B, according to some embodiments, bus 
bars 315 are coupled to heating element 310 by a stitched 
coupling 345 (e.g., formed with conductive thread such as 
silver-coated polyester or nylon thread (Marktek Inc., Ches 
terfield, Mo.)). 
0094. As shown, insulation is provided between the bus 
bars 315 and the heating element 310. FIG. 2B illustrates 
subassembly 300 wherein insulating members 318 (e.g., 
fiberglass material strips having an optional PTFE coating 
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and a thickness of approximately 0.003 inch) extend between 
bus bars 315 and heating element 310 at each stitched cou 
pling 345, so that electrical contact points between bars 315 
and heating element 310 are solely defined by the conductive 
thread of stitched couplings 345. Alternatively, the electrical 
insulation material layer could be made of polymeric film, a 
polymeric film reinforced with a fibrous material, a cellulose 
material, a glass fibrous material, rubber sheeting, polymeric 
or rubber coated fabric or woven materials or any other suit 
able electrically insulating material. 
0.095 Each of the conductive thread stitches of coupling 
345 can maintain a stable and constant contact with bus bar 
315 on one side and heating element 310 on the other side of 
insulating member 318. The stitches produce a stable contact 
in the face of any degree of flexion, so that the potential 
problem of intermittent contact between bus bar 315 and 
heating element 310 (that could arise for the embodiment 
shown in FIG. 2B, where bus bar 315 is in physical contact 
with heating element 310) can be avoided. The stitches (e.g., 
345) are the only electrical connection between bus bar 315 
and heating element 310, but, since the conductive thread has 
a much lower electrical resistance than the conductive fabric 
ofheating element 310, the thread does not heat under normal 
conditions. 
0096. 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 heating element material can be used in other applica 
tions. For example, such a design can improve the conductive 
interface between a bus bar or electrode and a conductive 
fabric in non-flexible heating elements, in electronic shield 
ing, in radar shielding and other applications of conductive 
fabrics. 
0097. In some preferred embodiments, coupling 345 
includes two or more rows of stitches for added security and 
stability. However, due to the flexible nature of blanket or pad 
subassembly 300, the thread of stitched couplings 345 may 
undergo significant stresses. These stresses, over time and 
with multiple uses of a blanket or pad containing Subassembly 
300, could lead to one or more fractures along the length of 
stitched coupling 345. Sucha fracture, in other designs, could 
also result in intermittent contact points, between bus bar 315 
and heating element 310 that could lead to a thermal break 
down of heating element 310 along bus bar 315. But, if such 
a fracture were to occur in the embodiment of FIG. 2B, 
insulating member 318 may prevent a thermal breakdown of 
heating element 310, so that only the conductive thread of 
stitched coupling 345 melts down along bus bar 315. Accord 
ing to Some preferred embodiments, more than two rows of 
stitches are applied to each bus bar 315 for added safety and 
stability of the bus bar 315/heating element 310 interface. 
0098. Alternative threads or yarns employed by embodi 
ments of the present invention may be made of other poly 
meric or natural fibers coated with other electrically conduc 
tive materials. In addition, nickel, gold, platinum and various 
conductive polymers can be used to make conductive threads. 
Metal threads such as stainless steel, copper or nickel could 
also be used for this application. 
0099. According to an exemplary embodiment, bus bars 
315 are comprised of flattened tubes of braided wires, such as 
are known to those skilled in the art (e.g., a flat braided silver 
coated copper wire) and may thus accommodate the thread 
extending therethrough, passing through openings between 
the braided wires thereof. In addition such bus bars 315 are 
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flexible to enhance the flexibility of blanket or pad subassem 
bly 300. According to alternate embodiments, bus bars 315 
can be a conductive foil or wire, flattened braided wires not 
formed in tubes, an embroidery of conductive thread, or a 
printing of conductive ink. Preferably, bus bars 315 are each 
a flat braided silver-coated copper wire material, since a silver 
coating has shown Superior durability with repeated flexion, 
as compared to tin-coated wire, for example, and may be less 
Susceptible to oxidative interaction with a polypyrrole coat 
ing of heating element 310 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 345 of a 
silver-coated bus bar 315. 

0100. According to an exemplary embodiment, a conduc 
tive fabric comprising heating element 310 comprises a non 
woven polyester having a basis weight of approximately 170 
g/m2 and being 100% coated with polypyrrole (available 
from Eeonyx Inc., Pinole, Calif.). The coated fabric has an 
average resistance (e.g., determined with a four point probe 
measurement) of approximately 15 ohms per square inch. 
This average resistance is suitable to produce the preferred 
watt density of 0.2 to 0.4 watts/sq. in. for surface areas of 
heating element 310 having a width, between bus bars 315, in 
the neighborhood of about 19 to 28 inches, when powered at 
about 48 volts. In some embodiments, the basis weight of the 
non-woven polyester may be chosen in the range of approxi 
mately 80-180 g/m2. However, other basis weights may be 
engineered to operate adequately are therefore within the 
scope of embodiments of the invention. 
0101. A resistance of such a conductive fabric may be 
tailored for different widths between bus bars 315 (wider 
requiring 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. In some 
instances, this can be achieved by increasing or decreasing the 
basis weight of the nonwoven. Resistance over the surface 
area of the conductive fabrics (e.g., 310) is generally uniform 
in many embodiments of the present invention. However, the 
resistance over different portions of the surface area of con 
ductive fabrics such as these may vary (e.g., due to (a) varia 
tion in a thickness of a conductive coating, (b) variation 
within the conductive coating itself, (c) variation in effective 
surface area of the substrate which is available to receive the 
conductive coating, or (d) variation in the density of the 
Substrate itself). Local Surface resistance across a heating 
element, for example heating element 310, is directly related 
to heat generation according to the following relationship: 

0102 Variability in resistance thus translates into variabil 
ity in heat generation, which can ultimately manifest as a 
variation in temperature. 
0103) According to preferred embodiments of the present 
invention, which are employed to warm patients undergoing 
Surgery, precise temperature control is desirable. Means for 
determining heating element 310 temperatures, which aver 
age out temperature variability caused by resistance variabil 
ity across a surface of the heating element 310, are described 
below in conjunction with FIG. 3A. 
0104 Referring again to FIGS. 2A-2B, the flexibility of 
blanket or pad subassembly 300 can allow blanket or pad 
subassembly 300 to conform to the contours of a body (e.g., 
all or a portion of a patient undergoing Surgery). This flex 
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ibility can be provided primarily by flexible heating element 
310 and can be optionally enhanced by the incorporation of 
flexible bus bars 315. Conforming to the contours of a 
patient’s body is preferable to simply bridging across high 
spots of the body. Such conformance may optimize a conduc 
tive heat transfer from heating element 310 to a surface of the 
body. 
0105. The uniform watt-density output across the surface 
areas of preferred embodiments of heating element 310 trans 
lates into generally uniform heating of the Surface areas, but 
not necessarily a uniform temperature. For example, at loca 
tions of heating element 310 which are in conductive contact 
with a body acting as a heat sink, the heat is efficiently drawn 
away from heating element 310 and into the body (e.g., by 
blood flow). At the same time, at those locations where heat 
ing element 310 does not come into conductive contact with 
the patient’s body, 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 ele 
ment 310 not in conductive contact with the body will gain in 
temperature, since heat is not transferred as efficiently from 
these portions as from those in conductive contact with the 
body. The non-contacting portions will reach a higher equi 
librium temperature than that of the contacting portions, 
when the radiant and convective heat loss equal the constant 
heat production through heating element 310. Since the heat 
generation is generally uniform, the heat flux to the patient 
will also be generally uniform. However, at the non-contact 
ing locations, the temperature is higher to achieve the same 
flux as the contacting portions. Some of the extra heat from 
the higher temperatures at the non-contacting portions can 
therefore be dissipated out the back of the blanket or pad 100 
instead of into the patient. 
0106 Although radiant and convective heat transfer are 
more efficient at higher heater temperatures, the laws of ther 
modynamics dictate that as long as there is a uniform watt 
density of heat production, even at the higher temperature, the 
radiant and convective heat transfer from a blanket or pad of 
this construction will result in a generally uniform heat flux 
from the blanket or pad. Therefore, by controlling the con 
tacting portions to a safe temperature (e.g., via a temperature 
sensor assembly 321 coupled to heating element 310 in a 
location where heating element 310 will be in conductive 
contact with the body), the non-contacting portions, will 
also be operating at a safe temperature because of the less 
efficient radiant and convective heat transfer. 
0107 According to preferred embodiments, heating ele 
ment 310 comprises a conductive fabric having a relatively 
Small thermal mass. When a portion of such aheating element 
that is operating at the higher temperature is touched, Sud 
denly converting a non-contacting portion into a contact 
ing portion, that portion will cool almost instantly to the 
lower operating temperature. 
(0.108 FIGS. 3A-3B show a heating element assembly 350 
similar to the heating element assembly 350 of FIG.1. Refer 
ring again to FIGS. 3A-3B, the heating element assembly 350 
can include a temperature sensor assembly 321. As shown, 
the temperature sensor assembly 321 is coupled to heating 
element 310 at a location where heating element 310 would 
come into conductive contact with the patient. This can assist 
in maintaining a safe temperature distribution across heating 
element 310. The more constant the temperature information, 
the more the temperature controller can rely on it in control 
ling the heater (e.g., heating element 310, heating element 
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assembly 350) temperature. In some embodiments, the tem 
perature sensor assembly 321 can even be provided sepa 
rately from the heating blanket or pad. 
0109 According to embodiments of the present invention, 
Zones of heating element 310 may be differentiated according 
to whether or not portions of heating element 310 are in 
conductive contact with a body (e.g., a patient undergoing 
Surgery). In some embodiments, the threshold temperature is 
between 37 and 43° C. In one particular embodiment, the 
threshold temperature is 43°C. A temperature of 43°C. has 
been shown to provide beneficial warming to a patient with 
out providing excessive heat. In the case of conductive heat 
ing, gentle external pressure may be applied to a heating 
blanket or pad 100 including heating element 310. Such pres 
sure conforms heating element 310 into better conductive 
contact with the patient to improve heat transfer. However, if 
excessive pressure is applied, the blood flow 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 
dangerous. It is well known that patients with poor perfusion 
should not have prolonged contact with temperatures in 
excess of approximately 42°C. Several studies show 42°C. to 
be the highest skin temperature that cannot cause thermal 
damage to normally perfused skin, even with prolonged expo 
sure. (Stoll & Greene, Relationship Between Pain and Tissue 
Damage Due to Thermal Radiation. J. Applied Physiology 
14(3):373-382. 1959; and Moritz and Henriques, Studies of 
Thermal Injury: The Relative Importance of Time and Sur 
face 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 310 that is in conductive contact with the patient is 
controlled to approximately 43° C. in order to achieve a 
temperature of about 41-42° C. on a surface of a heating 
blanket or pad cover (e.g., shell 105 of FIG. 1) that surrounds 
heating element 310. 
0110 FIG. 3B illustrates the temperature sensor assembly 
321 assembled on side 314 of the heating element 310. As 
shown, the heating element 310 is overlaid on both sides 313, 
314 with an electrically insulating layer 330. The electrically 
insulating layer 330 is preferably formed of a flexible non 
woven very low loft fibrous material (e.g., 1.5 ounces-per 
square-yard nylon), which is preferably laminated to sides 
313, 314 with a hotmelt laminating adhesive. In some 
embodiments, the adhesive is applied over the entire inter 
faces between insulating layer 330 and heating element 310. 
Other examples of suitable materials for insulating layer 330 
include, without limitation, polymeric foam, a woven fabric, 
Such as cotton or fiberglass, and a relatively thin plastic film, 
cotton, and a non-flammable material. Such as fiberglass or 
treated cotton. According to preferred embodiments, overlaid 
insulating layers 330 prevent electrical shorting of one por 
tion of heating element 310 with another portion of heating 
element 310 if the heating element 310 is folded over onto 
itself. Many such embodiments prevent electrical shorting 
without compromising the flexibility of heating assembly 
350. Heating element assembly 350 may be powered by a 
relatively low Voltage (approximately 48V). Insulating layers 
330 may even be porous in nature to further maintain the 
desired flexibility of assembly 350. 
0111. As shown in FIG.3A, an assembly of leads 305,306 
and junctions 355 can connect the bus bars 315 and the 
temperature sensor assembly 321 to an electrical connector 
housing 325. Leads 305 couple the connector housing 325 to 
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bus bars 315 at junctions 355. Lead 306 couples the tempera 
ture sensor assembly 321 to the connector housing 325. In 
many embodiments, leads 305, 306 extend over any insulat 
ing layer (e.g., 330 in FIG. 3B) and into the electrical con 
nector housing 325. As is noted above (see discussion in 
connection with FIG. 1) and discussed in greater detail below 
(see discussion in connection with FIG. 4A), electrical con 
nector housing 325 can contain a connector plug. 323. 
0112 Returning now to FIG. 3B, the illustrative tempera 
ture sensor assembly 321 will be described in greater detail. 
The temperature sensor assembly 321 can include a tempera 
ture sensor 351 (e.g., a surface mount chip thermistor (such as 
a Panasonic ERT-J1VG103FA: 10K, 1% chip thermistor)) 
soldered to an etched metal foil. In many embodiments, a 
substrate 331 (e.g., of polyimide (Kapton)) surrounds the 
temperature sensor 351. Aheat spreader 332 (e.g., a copper or 
aluminum foil) can be mounted to an opposite side of Sub 
strate 331 (e.g., being bonded with a pressure sensitive adhe 
sive). Substrate 331 can be relatively thin (e.g., about 0.0005 
inch thick) so that heat transfer between heat spreader 332 and 
sensor is not significantly impeded. 
0113. In some embodiments, the temperature sensor 351 

is positioned such that the regions surrounding sensor 351 
will be in conductive contact with the body when a heating 
blanket or pad is placed over a body. As previously described, 
in many instances, it is desirable that a temperature of 
approximately 43°C. be maintained over a surface of heating 
element 310 which is in conductive contact with a body of a 
patient undergoing surgery. An additional alternate embodi 
ment is contemplated in which an array of temperature sen 
sors are positioned over the surface of heating element 310, 
being spaced apart to collect temperature readings. In some 
Such embodiments, the collected temperatures can be aver 
aged to account for resistance variance. 
0114 FIGS. 4A-4B show a heating element assembly 350 
that may be incorporated into a heating blanket or pad (e.g., 
heating blanket or pad 100 of FIG. 1). As shown, the heating 
element assembly 350 includes heating element 310 overlaid 
with electrical insulation 330 on both sides 313, 314 and a 
thermal insulation layer 311 extending over the top side 314 
thereof (dashed lines show leads and sensor assembly beneath 
layer 311). 
0.115. A heating blanket or pad may 100 include a layer of 
thermal insulation 311 extending over a top side (correspond 
ing to side 314 of heating element 310 as shown in FIG. 2B) 
of heating assembly 350 as discussed above. According to the 
illustrated embodiment, layer 311 is inserted beneath a por 
tion of each insulating member 318. The insulating members 
318 have been folded over the respective bus bar 315 (e.g., as 
illustrated by arrow B in FIG. 2B), and then held in place by 
a respective row of non-conductive stitching 347 that extends 
through insulating member 318, layer 311 and heating ele 
ment 310. Although not shown, it should be appreciated that 
layer 311 may further extend over bus bars 315. Although 
insulating layer 330 is shown extending beneath layer 311 on 
side 314 of heating element 310, according to alternate 
embodiments, layer 311 independently performs as a thermal 
and electrical insulation so that insulating layer 330 is not 
required on side 314 of heating element 310. FIG. 4A further 
illustrates, with longitudinally extending dashed lines, a plu 
rality of optional slits 303 in layer 311, which may extend 
partially or completely through layer 311, in order to increase 
the flexibility of assembly 350. Such slits 303 are desirable if 
a thickness or density of layer 311 is such that it prevents the 
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heating blanket or pad 100 from draping (e.g., curving, 
deforming) effectively about a patient. The optional slits 303 
are preferably formed, for example, extending only partially 
through layer 311 starting from an upper Surface thereof, to 
allow bending of the heating blanket or pad 100 about a 
patient and to prevent bending of the heating blanket or pad 
100 in the opposition direction. 
0116 Returning now to FIG. 3A, to be referenced in con 
junction with FIGS. 1 and 4A, connector housing 325 and 
connector plug. 323 will be described in greater detail. 
According to certain embodiments, housing 325 is an injec 
tion molded thermoplastic (e.g., PVC) and may be coupled to 
assembly 350 by being stitched into place, over insulating 
layer 330. FIG.3A shows housing 325 including a flange 353 
through which Such Stitching can extend. 
0117 Referring to FIGS. 1 and 4A, in some embodiments, 
a surface of flange 353 of housing 325 protrudes through a 
hole formed in thermal insulating layer 311 so that a seal may 
be formed (e.g., by adhesive bonding and/or welding, such as 
heat sealing) between an inner surface of shell 105 and sur 
face 352. According to one embodiment, wherein housing 
325 is injection molded PVC and the inner surface of shell 
105 is likewise PVC, housing 325 is sealed to shell 105 via a 
solvent bond. It may be appreciated that the location of the 
connector plug. 323 is suitable to keep the corresponding 
connector cord well away from the surgical field. In embodi 
ments in which the inner surface of shell 105 is coated with 
polyurethane and the housing 325 is injection molded PVC, 
an intermediate adhesive can be used to allow for a heat seal 
connection (e.g., a solvent bond adhesive can be applied to the 
housing 325, and the polyurethane film can be heat sealed to 
the exposed adhesive). 
0118 FIGS. 4A-4B further illustrate a pair of securing 
strips 317, each extending laterally from and alongside 
respective lateral portions of heating element 310, parallel to 
bus bars 315, and each coupled to side 313 of heating element 
310 by the respective row of non-conductive stitching 347. 
Another pair of securing strips 371 is shown in FIG. 4A, each 
strip 371 extending longitudinally from and alongside respec 
tive side edges 301, 302 of heating element 310 and being 
coupled thereto by a respective row of non-conductive stitch 
ing 354. Strips 371 may extend over layer 311 or beneath 
heating element 310. As shown, strips 317 preferably extend 
overconductive stitching of stitched coupling 345 on side 313 
of heating element 310. The strips 317 can provide a layer of 
insulation that can prevent shorting between portions of side 
313 of heating element 310 if heating element 310 were to 
fold over on itself along rows of conductive stitching of 
stitched coupling 345 that couple bus bars 315 to heating 
element 310. In some embodiments, strips 317 may alter 
nately extend over insulating member 318 on the opposite 
side of heating element 310. According to the illustrated 
embodiment, securing strips 317 and 371 are made of a poly 
mer material (e.g., PVC). They may be heat sealed between 
the sheets of shell (105 of FIG. 1) in corresponding areas of 
the heat seal Zone in order to secure heating element assembly 
350 within a corresponding gap between the two sheets of 
shell (105 of FIG. 1). According to an alternate embodiment, 
for example, shown by dashed lines in FIGS. 2A and 4B, 
heating element 310 extends laterally out from each bus bar 
315 to a securing edge 327, which may include one or more 
slots or holes 307 extending therethrough so that inner sur 
faces of sheets of shell (105 of FIG. 1) can contact one another 
to be sealed together and thereby hold edges 327. 
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0119 Referring to FIG. 1, connector plug. 323 can pro 
trude from shell 105 of the heating blanket 100. An extension 
cable (e.g., FIG. 1) may couple the heating element assembly 
350 to a console 60. The console 60 includes a shut-off timer 
30 and a power source 50 each coupled to a control system 
(e.g., controller) 41. The shut-off timer 30 can be operatively 
coupled to the control system 41, meaning that the shut-off 
timer 30 can be integrated into the control system 41, the 
shut-off timer 30 can be a separate component, or the shut-off 
timer 30 and the control system 41 can have any other suitable 
functional relationship. The temperature sensor assembly 
321 can be configured to provide temperature information to 
the control system 41, which may act as a temperature con 
troller. The controller 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. 
0.120. The power source 50 and power type can be any type 
known in the art. In certain embodiments, the power source 50 
Supplies a straight-line DC voltage to the control system 41, 
and the control system 41 provides a pulse-width-modulated 
Voltage (e.g., at a 75% duty cycle) to the heating element 
assembly 350. Of course, other duty cycles and/or voltage 
levels can be used based on the design of the blanket or pad 
100 and its heating element in order to achieve a desired 
threshold temperature in a reasonable amount of time. Too 
high of Voltage or duty cycle, while decreasing the time to 
reach the desired temperature threshold, may increase the 
amount of temperature overshoot before the control system 
41 reduces or shuts off power. Moreover, in the case oftem 
perature sensor (e.g., 321) failure, thermal runaway presents 
a greater concern with relatively higher Voltage or duty cycle 
settings. Too low of a Voltage or duty cycle may cause unrea 
sonably long warm-up times. 
0121 AS discussed above, warming blankets and pads in 
accordance with embodiments of the invention include or 
make use of a shell or covering, such as shell 105 shown in 
FIG. 1. Several embodiments of such shells will now be 
described in greater detail, although it should be understood 
that these embodiments are for illustrative purposes only. 
0.122 FIG. 5A is a cross-section of a shell 500 containing 
aheating element 502 in accordance with some embodiments 
of the invention. The shell 500 can include a top sheet 504 and 
a bottom sheet 506 that are welded or coupled at one or more 
locations in order to define a pocket or pouch 508 that can 
enclose the heating element 502. Heating element 502 may 
include characteristics of heating element 310 or may be 
included in a heating element assembly such as 350. Any type 
of suitable weld may be used, such as heat welding (heat 
bonding), RF welding, ultrasonic welding, etc., depending on 
the type of materials used in sheets 504,506. Each sheet 504 
and 506 can comprise a flexible, substantially water-resistant 
material and include the ability to be welded together. As one 
of ordinary skill in the art would consider, sheets 504, 506 
may be formed of two or more distinct sheets of material, 
including a single sheet of material folded over on itselfor any 
other Suitable construction. In some embodiments, the water 
resistant material includes a single layer, and in Some embodi 
ments, the sheets 504,506 are comprised of a laminate of two 
or more layers. For instance, in Some embodiments one or 
both of sheets 504, 506 are comprised of a single layer of 
polyvinyl chloride (PVC). In such embodiments where PVC 
is used, high frequency or RF welding (RF heat sealing) may 
be used to bond the sheets 504,506 together. PVC sheets also 
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provide a water-resistant material in order to protect the heat 
ing element 502 from fluids to which the heating blanket or 
pad 100 is exposed. 
0123. In some embodiments, one or both of sheets 504, 
506 include respective strengthening layers 510, 512 that 
provide strength and color to the shell 500. For example, the 
strengthening layers 510, 512 can be a fibrous material such 
as woven nylon. It will be appreciated that other materials can 
also be used for this layer. 
0.124 With further reference to FIG. 5A, sheets 504,506 
can each also include a second layer 514,516 located along an 
inside surface of the sheets 504, 506. These second layers 
514,516 may in some embodiments provide a water-resistant 
layer in order to protect the heating element 502 from fluids to 
which the heating blanket or pad is exposed. For example, the 
second layers 514, 516 may be a polymeric film attached to 
the strengthening layer. In some embodiments, the second 
layers 514,516 are preferably polymeric film layers that area 
durable and made of a weldable material, such as urethane or 
vinyl, which can be laminated or extrusion coated on to the 
strengthening layers 510,512 and the second layers 514,516 
may be welded together via heating bonding along the bond 
ing points. 
0125. In some embodiments, one or both of sheets 504, 
506 include a third layer laminated to their respective outer 
Surfaces. The third layer, in some embodiments, is a poly 
meric layer, which may or may not be the same material as 
second layers 514, 516 in some embodiments. For example, 
the third layer may comprise a polymeric layer that can sub 
stantially seal one or both of the strengthening layers so that 
it cannot be substantially wetted. In some embodiments, the 
third layer may also be somewhat tacky so that it prevents the 
blanket from slipping when applied over a patient, or apatient 
from slipping when provided on a pad. The third layer may 
also comprise a material with the ability to limit and/or pre 
vent iodine and cleaning solutions from staining the blanket 
or pad. Examples of materials that could serve this purpose 
include vinyl and silicone. 
0126 With further reference to FIG. 5A, top sheet 504 
(e.g., first sheet) and bottom sheet 506 (e.g., bottom sheet) can 
be positioned on opposing sides of heating element 502 to 
envelope the heating element. Although descriptive terms 
“top” and “bottom' are used herein, it will be appreciated that 
in some embodiments, the sheets 504 and 506 may be iden 
tical and that either sheet may be referred to as “top” or 
“bottom', or “first” and second. Sheets 504 and 506 may be 
formed of a singular piece of material folded over on itself to 
provide the two sheets, or at least two sheets. Although some 
times referred to as a first sheet 504 and second sheet 506, the 
first and second sheets 504,506 may be formed of a singular 
piece of material folded over on itself to provide the first sheet 
504 and the second sheet 506. As shown in the embodiment of 
FIG.5A, the sheets 504,506 are positioned so that the weld 
able layers 514, 516 of each sheet oppose each other. 
0127 FIG. 5B is a top plan view of the heating blanket or 
pad 500 depicted in FIG. 5A. In some embodiments, the 
sheets 504, 506 are sized to completely cover the heating 
element 502, and can extend beyond all edges (e.g., top, 
bottom, right and left side edges in FIG. 5B) of the heating 
element 502. In some embodiments, the heating element 502 
is substantially hermetically sealed into the shell 500 formed 
by the two sheets 504,506 (e.g., two or more distinct sheets or 
one sheet folded over on itself to form two sheets). As shown 
in the embodiment of FIGS.5A and 5B, the sheets 504,506 
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are coupled together along two welds. A first weld 518 can 
extend about a perimeter 520 of the heating element 502, thus 
surrounding the entire periphery of the heating element 502. 
A second weld 522 can extend about a perimeter edge 524 of 
the sheets 504,506, thus sealing the periphery of the sheets 
504, 506 together. In some embodiments, a space 526 
between the first weld 518 and the second weld 522 may be 
totally or partially welded together. In alternate embodi 
ments, the space526 between the welds 518,520 may contain 
other structural components of the blanket or pad as previ 
ously described and further discussed below. For example, 
the space 526 can enclose weighting members, the added 
weight of which helps retain the blanket or pad in position and 
against the patient. 
I0128. The weld(s) used in some embodiments to create a 
substantially hermetically sealed shell (e.g., 105: 504, 506) 
for protecting the heating element (e.g., 310,502) provides a 
number of advantages over traditional bonding mechanisms 
Such as sewing, Stitches, rivets or grommets that create or 
reinforce a seal. In certain embodiments of those that employ 
a heat sealed shell, the external surface of the substantially 
hermetically sealed shell is not punctured by needle holes, 
sewing, Stitching, rivets, grommets or other fasteners. These 
traditional fasteners create holes and can accumulate con 
taminants from blood and body fluids. These holes, crevasses, 
and fibrous materials such as thread are difficult or even 
impossible to clean with standard cleaning methods and solu 
tions. Exemplary heating blankets and pads described herein 
can advantageously have a smooth, non-violated shell, with 
out external attachments or physical places to trap contami 
nants, thus providing a readily and thoroughly cleanable heat 
ing blanket or pad in Some embodiments. As will be 
appreciated, the welded construction used in Some embodi 
ments can also facilitate a variety of features that would 
otherwise require traditional fasteners such as sewing, Stitch 
ing, riveting, grommets or Snaps. 
I0129. In some embodiments, portions of the shell extend 
ing beyond the perimeter of the heating element can form 
non-heated edge flaps of the heating blanket or pad. Such as 
those described above. Exemplary non-heated edge flaps can 
preferably extend from 1 inch to 24 inches away from the 
perimeter of the heating element, although it will be appreci 
ated that any suitable length of extension is possible. The 
non-heated edge flaps can be used to create a cocoon-like 
space that traps the heat from the heater in a space around the 
patient. For example, in alternative embodiments, the edges 
112, 114, 116, and 118 of the heating blanket or pad 100 
depicted in FIG. 1 can include non-heated edge flaps instead 
of lateral portions of the heating element 310. The non-heated 
edge flaps canthus create athermal barrier between the heater 
edge and the operating table or bed. In some embodiments, 
the two sheets of the non-heated edge flaps may be partially or 
completely welded together between the first weld about the 
perimeter of the heating element and the second weld about 
the perimeter of the warming blanket or pad. With reference 
to FIG. 6, in embodiments with a partial weld, the non-welded 
area may include an airpocket 530. Air can be introduced into 
the space 526 between the first weld 518 and the second weld 
522. Embodiments with such an air pocket 530 can thus 
provide a thermal barrier that further limits the escape of heat 
from the space around the patient. 
0.130. With reference to FIG. 7A, some exemplary heating 
blankets and pads can include one or more straps 532 extend 
ing from the blanket or pad for securing the blanket in place 
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over the patient or the pad in place under the patient. In some 
embodiments, the straps 532 are preferably of the same mate 
rial and contiguous with the sheets 504, 506 making up the 
shell 500 and protrude from the edges of the sheets 504,506 
such that there is no seam joining the straps 532 with the 
sheets 504, 506. In some embodiments, holes 534 can be 
punched in the straps 532 to facilitate buckling the straps 
(e.g., to another blanket strap extending from a different edge 
of the blanket, to a protuberance extending from the blanket, 
etc.), hanging the warming blanket, or other common uses. 
With reference to FIG. 7B, some embodiments can include a 
reinforcing layer 536 positioned between the sheets 504,506 
before they are welded in order to reinforce the straps 532. For 
example, the reinforcing layer 536 can in some embodiments 
comprise a plastic film Such as a urethane film. The reinforc 
ing layer 536 may be formed in addition to strengthening 
layer of sheets 504,506 described above. Alternatively, the 
reinforcing layer 536 could be formed by the inclusion of the 
strengthening layer S10,512 on one or both of sheets 504,506 
at the strap locations shown in FIG. 7A. As will be appreci 
ated, the straps 532 are provided with the warming blanket or 
pad without the addition of sewing, Stitching, grommets or 
other traditional fasteners, thus providing the advantages pre 
viously discussed. 
0131. As previously discussed with reference to at least 
FIGS. 2A, 4A and 4B, securing strips 317, 371 or securing 
edges 327 can be provided in some embodiments to facilitate 
securing the heating element (e.g., 310) to the shell (e.g., 
105). With reference to FIG. 8, an exemplary securing strip 
540 can comprise a weldable plastic film, for example, a 
urethane film. A first end 542 of the securing strip 540 can be 
attached to the heating element 502, for example by sewing. 
A second end 544 of the securing strip 540 (or securing edge 
according to alternate embodiments) can be placed between 
the two sheets 504, 506 and incorporated into the welds 
between the two sheets. Thus the heater assembly is held in an 
extended position within the shell, without using Stitches, 
sewing, rivets or grommets that would pierce the flexible 
material sheets and make the shell difficult to clean. 

(0132). With reference to FIGS. 9A-9B, some exemplary 
shells 500 provide reinforced hanger points 550 without the 
use of grommets or another similar mechanism for reinforce 
ment. As shown, a reinforcing layer 552 extends between the 
sheets 504,506 where they are welded at one end about the 
perimeter of the heating element 502. The reinforcing layer 
552 may be formed in addition to strengthening layer of 
sheets 504, 506. In some embodiments more than one rein 
forcing layer may be utilized, for example, on opposing ends 
of the shell 500 or one layer integrated into one of both of 
sheets 504, 506. The reinforcing layer 552 can in some 
embodiments comprise one or more pieces of thermally 
bondable plastic film, for example a urethane film. The rein 
forcing layer 552 is incorporated into a weld 554 that may 
extend from near the perimeter of the heating element 502 to 
near the perimeter of the sheets 504,506. One or more holes 
can be punched through both sheets and through the reinforc 
ing layer 552 to create a hanging point 550. The exemplary 
reinforcing layer 552 reinforces the hanging point 550 with 
out the need for additional grommets that would make the 
blanket or pad more difficult to clean. 
0.133 With reference to FIGS. 10A-10B, exemplary shells 
500 are shown with an incorporated anchor point 560. As 
shown, the anchor point 560 can in some embodiments be a 
“ball-shaped' or a "mushroom-shaped protuberance which 
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can serve as an attachment post on which a strap with holes in 
it may be secured, for example, the straps of FIGS. 7A-7B. 
The anchor point 560 can be made of plastic or some other 
material such as metal. As shown in FIGS. 10A-10B, the 
anchor point 560 can be molded or otherwise attached to an 
anchoring layer 562, which in some embodiments comprises 
a flat piece of thermally bondable plastic material, such as, for 
example, a urethane material. The anchoring layer 562 can be 
placed between the two sheets 504,506 about the perimeter of 
the heating element 502 and the anchor point 560 can extend 
from the edges of the sheets as in FIG. 10B or through a hole 
564 made in one of the sheets as in FIG. 10A. The sheets 504, 
506 can be welded to the anchoring layer 562 to anchor the 
anchoring layer 562 between the sheets 504,506 and also to 
seal the cutedge of the hole564 or edge of the sheets 504,506. 
I0134. In some embodiments, a piece of ribbing or piping 
can be molded to the edge of an anchoring layer similar to that 
shown in FIG. 10B. The anchoring layer can then be placed 
between the two sheets at their edges such that the ribbing or 
piping protrudes beyond the edges of the sheets. Exemplary 
ribbing or piping may be plastic or another Suitable material 
Such that the ribbing or piping advantageously seals the edges 
of the shell and creates a soft edge to the warming blanket or 
pad. Portions of the ribbing or piping may include the anchor 
point 560. 
0.135 With reference to FIG. 11, in some embodiments, a 
warming blanket or pad can be secured to a patient, about a 
patient, or to a Surgical table with one or more magnets 574 
and/or ferrous metal pieces. FIG. 11 shows two opposing 
ends 570, 572 of a single shell 500 and warming blanket or 
pad configured in a loop according to some embodiments. As 
shown, a magnet 574 can be fixed in position between sheets 
504,506 at end 570 via appropriately placed welds of sheets 
504, 506. Alternately a ferrous metal piece 576 or another 
magnet can be fixed in position between sheets 506, 504 at 
end 572 in the same manner as magnet 574. The magnet 574 
is placed in a position to mate with ferrous metal piece 576, 
securing the blanket or pad in place. The metal piece 576 and 
the magnet 574 are both contained between the sheets 504, 
506 and therefore do not complicate the cleaning of the warm 
ing blanket or pad. 
0.136 Embodiments of the heated blanket or pads 
described herein may be provided as a pad in the form of a 
heated underbody Support. The term underbody Support may 
be considered to encompass any surface situated below and in 
contact with a user in a generally recumbent position, such as 
a patient undergoing Surgery including heated mattresses, 
heated mattress overlays and heated pads. Heated mattress 
overlay embodiments may be identical to heated pad embodi 
ments, with the difference being whether or not they are used 
on top of a mattress. Furthermore, the difference between 
heated pad embodiments and heated mattress embodiments 
may be the amount of Support and accommodation they pro 
vide, and some pads may be insufficiently Supportive to be 
used alone like a mattress. As such, the various aspects which 
are described herein apply to mattresses, mattress overlays 
and pad embodiments, even if only one type of Support is 
shown in the specific example. 
0.137. Described herein are various embodiments of 
warming pads that improve patient warming effectiveness by 
increasing accommodation of the patient into the pad, in other 
words, by increasing the contact area between the patients 
skin and the heated Surface of the pad (e.g., heated mattress, 
mattress overlay). In some embodiments of the pad, as will be 
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further discussed herein, the pad includes not only a heating 
element, but may also include foam, or could also be air 
bladders of (e.g., mattress components) that are easily 
deformable to allow the patient to sink into the pad. This 
accommodation increases the area of the patient's skin Sur 
face in contact with the heated pad and minimizes the pres 
Sure applied to the patient at any given point. It also increases 
the Surface contact area for heat transfer and maximizes blood 
flow to the skin in contact with the heat for optimal heat 
transfer. Unlike conventional patient warming systems, the 
accommodation of the patient into the pad is not hindered by 
a stiff, non-conforming, non-stretching, hammocking heating 
element. Additionally, in various embodiments, the heating 
element is at or near the top Surface of the underbody Support, 
in thermally conductive contact with the patient’s skin, not 
located beneath thick layers of foam or fibrous insulation. 
0138 Various embodiments further provide improved 
safety. For example, Some embodiments provide a heating 
element that does not produce or reduces “pressure points' 
against the patient’s body, such as against bony prominences, 
which can occur when a heated pad (or blanket) is stiff. 
0139 FIG. 12 depicts a cross section of a portion of a 
heater assembly 1. In some embodiments, the heater assem 
bly 1 (e.g., may be same or similar to heating blanket or pad 
100, or heating element assembly 350, or any other heaters 
described herein) including a stretchable fabric heating ele 
ment 10 (e.g., may be the same or similar to heating elements 
310,502). This example shows the benefits of the stretchable 
heating element 10, along with a compressible material layer 
20 beneath the heating element 10 and bonded to the heating 
element 10 by a layer of adhesive 30. The heater assembly 1 
may include an upper shell 40 and a lower shell 42 (e.g., may 
be similar to sheets 504,506). This construction of the heater 
assembly 1 is favorable because it curves smoothly under 
pressure from a patient’s body (not shown) to stretch into an 
area of compound curve deformation 22. 
0140. In the embodiment shown in FIG. 12 and in several 
other embodiments, a foam layer 20 is included beneath the 
heating element 10 (e.g., 310 in FIG. 2A). However, the foam 
layer 20 may alternatively be described as a layer of com 
pressible material in each of these embodiments and is not 
limited to foam. For example, the layer of compressible mate 
rial may comprise gel, stuffing material Such as polyester, 
polyester pellets, bean bag material Such as polystyrene 
beads, air filled compartment, or any material that provides a 
flexible layer for patient accommodation. 
0141 Heat transfer is maximized when the heating ele 
ment 10 is in conductive thermal contact with the patient. 
However, as described previously in some embodiments, at 
least one layer of plastic film is interposed between the heat 
ing element 10 and the patient to protect the heating element 
10. The one or more layers of thin plastic film may form the 
upper sheet 40 between the heating element 10 and the patient 
to introduce minimal thermal resistance to heat flow. In cer 
tain embodiments of this invention the fabric heating element 
10 may be laminated between two layers of thin (<0.004 in.) 
and preferably stretchy (e.g. urethane or polyvinyl chloride) 
plastic films. Laminating a thin layer of plastic film directly 
onto each side of the heating element 10 protects the heating 
element 10 fabric from damage by liquids and oxidation. Thin 
layers of plastic film are sufficient to protect the heating 
element 10 from liquid and gases, add minimal if any stiffness 
to the construction, and still allow the heating element 10 to 
stretch and return to its original shape. This is in contrast to 
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Some other conductive fabrics which may require lamination 
between two thick layers of plastic film in order to provide 
structural strength and durability, resulting in a stiff and non 
stretchable heater. 

0142. In some embodiments, the heating element 10 is 
coated with one or more thin layers of elastomeric materials 
such as rubber or silicone. The layers of elastomeric material 
protect the heating element 10 material from damage due to 
moisture and oxidative chemicals such as hydrogen peroxide. 
The layers of elastomeric material also provide an electrically 
insulating layer over the heating element 10 material. 
0143. In some embodiments the heating element 10 is also 
used as a grounding electrode during electro-Surgery, the 
upper layer of elastomeric material forms a second dielectric 
layer between the patient and the heater, adding to the safety 
of the device should the outer shell material 40, 42 be cut or 
pierced. The second dielectric layer prevents a direct electri 
cal contact between the patient and the grounding electrode 
(e.g., 10). 
0144. The pressure relief provided by the pad is main 
tained by allowing maximal accommodation (allowing the 
patient to sink into the Support) without the heating element 
assembly creating a “hammocking force. By allowing maxi 
mal accommodation and avoiding hammocking, cutaneous 
blood flow is maximized at the pressure points, which mini 
mizes the risk of pressure ulcers. The pressure needed to 
collapse capillaries is said to be 12 to 32 mm Hg. By allowing 
maximal accommodation and avoiding hammocking, cutane 
ous blood flow is generally maximized. By maximizing blood 
flow, the ability of the skin and tissue to absorb heat from the 
heating element 10 and transfer it to the rest of the body is also 
maximized. Further, by allowing the patient to sink (accom 
modation) into the heater assembly 1, the surface area of the 
heating element 10 in contact with the patient is maximized 
and thus heat transfer is maximized. 

0145 When not stretched, fabric heating elements 10 as 
described herein provide an even heat output or Watt density 
across their surface, unless they are folded or wrinkled, dou 
bling or tripling the heating element 10 layers in the folded or 
wrinkled portion. The entire heating element 10 may have a 
relatively low Watt density, such as less than 0.5 watts per 
square inch, for example. Therefore, it is preferable to prevent 
local wrinkling of the heating element 10. An embodiment of 
a heated pad 2 in the form of a heated underbody Support, a 
heated mattress, or a heated mattress overlay includes aheater 
assembly 1 and a compressible material layer (e.g., foam 
layer) 20 and having reduced wrinkling or folding is shown in 
FIG. 13. It should be noted, however, that whether a unit is 
described as a heated mattress, heated mattress overlay or 
heated pad is largely unimportant, and most embodiments 
could be used variously as heated underbody supports. While 
a heated mattress overlay or blanket may have no layer of 
padding or may have a thinner layer of padding, a heated pad 
typically has padding that may be thin or thick, a heated 
mattress may have an even thicker layer of padding. As such, 
various embodiments of the pad may be used alone, in the 
manner of a mattress, or on top of a mattress, in the manner of 
a mattress overlay. Descriptions relating to heated mattress 
overlays therefore also apply to descriptions of heated mat 
tresses and heated pads, and vice versa. 
0146 The compressible material layer 20 (e.g., FIG. 13) 
may be a single layer or may be a stack of materials that 
includes a layer of foam. This stack could include foam layers 
of different densities, different accommodation properties, 
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different stiffness or different polymers. Additionally, the 
stack of materials can include other materials such as woven 
or non-woven fabrics or films, to achieve other characteristics 
such as lateral stiffness or durability and strength. The term 
compressible material layer 20 therefore refers generally to 
single layers of foam as well as multilayered Stacks that 
include one or more layers of foam and may include other 
materials. Also, the layer of foam may alternatively be a layer 
of compressible material as described above. 
0147 As shown in FIG. 13, the attachment of the heating 
element 10 to the compressible material layer 20 may be 
achieved by adhesive bonding 30 across the entire interface 
between the two. The bond may be made with an adhesive 
comprising a pressure-sensitive adhesive without a reinforc 
ing fiber or film carrier. Since the compressible material layer 
20 is preferably flexible, stretchable and compressible, such a 
bonding made with such an adhesive does not alter the flex 
ibility and stretch-ability of the heating element 10 or heated 
mattress overlay or pad 2. Alternately, the heating element 10 
may be attached to the compressible material layer 20 only 
along one or more of the edges 12, 14, 16, 18 (16 and 18 not 
shown in FIG. 13, but similar and generally perpendicular to 
edges 12 and 14). In some embodiments the heating element 
10 may be attached to the compressible material layer 20 only 
along one or more edges such as along two opposing edges 
Such as edges 12, 14, or in an intermittent pattern. 
0148 FIG. 14 depicts a cross section of a portion of an 
alternative embodiment of a heated pad 2, in which the fabric 
heating element 10 and the overlaying plastic film layer com 
prising an upper shell 40 include a sacrificial layer of fabric or 
foam 74, inserted there between. The sacrificial layer of fabric 
or foam 74 is preferably treated with manganese dioxide 
(MnO2) to act as a catalyst in the destruction of hydrogen 
peroxide cleaning fluid vapor that may permeate the upper 
shell material 40 and enter the shell where it can damage the 
electrical components. 
0149. An alternative embodiment is shown in the heated 
pad 2 which is shown in FIG. 15. In this embodiment, the 
fabric heating element 10 is anchored to the shell including 
the upper shell 40 and the lower shell 42 along its edges and 
thus held in an extended and wrinkle-free condition. Anchor 
ing strips 46 comprised of plastic film or a Suitable alternative 
are attached along the edges of the heating element 10, pref 
erably by sewing to form a sewn connection 85, though other 
forms of attachment may be used such as adhesive bonding. 
The anchoring strips 46 extend along all four edges of the 
heating element 10 to form a peripheral bond 48. Alterna 
tively, the anchoring strips 46 may extend along only one pair 
of opposing edges Such as edges. The anchoring strips 46 may 
be made of the same material as the shells 40, 42, such as 
plastic film, and therefore can be bonded around the periphery 
of the heated pad 2, being sandwiched between and incorpo 
rated into the bond between the upper shell 40 and the lower 
shell 42. 
0150 Hydrogen peroxide (HO) disinfecting solutions 
have recently been introduced into the operating room and 
hospital to clean and sanitize medical equipment. H2O is a 
well-known, powerful oxidizing agent that kills bacteria and 
viruses in a mechanical way that cannot lead to resistant 
strains. The oxidation reaction causes the HO to breakdown 
into water and oxygen, two harmless, or less harmless by 
products. The problem is that HO vapor is also highly oxi 
dizing for electrical components, including flexible heater 
materials (including polypyrrole), metal bus bars and conduc 
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tive metal coatings such as silver on fabric or thread. There is 
a need for better protection of the sensitive electrical compo 
nents from oxidation by HO and other oxidizers. 
0151. In some embodiments, urethane film may be used as 
the shell 40, 42 material for the heated pad 2 or related 
blankets, because of its strength, flexibility durability and 
response to heat sealing. Unfortunately, although urethane 
film may be good for providing a water-resistant and encap 
sulating shell 40, 42, urethane film is relatively permeable to 
hydrogen peroxide vapors, allowing the highly oxidizing 
vapors to enter the heated pad 2 or a related heated electric 
blanket. Once inside, the peroxide vapors attack any oxidiz 
able material. These vapors can cause oxidation and failure of 
electrical components, especially polypyrrole. Other plastic 
films such as PVC are much less permeable to peroxide vapor 
than urethane. Since peroxide is becoming more and more 
common as a disinfectant for operating room and other hos 
pital use, a way of protecting Vulnerable internal components 
from oxidation due to peroxide is needed. 
0152. In some embodiments, the heated pad 2 or the 
related heated electric blankets incorporate certain materials 
that can protect the polypyrrole heater (e.g., heating element 
10) and other oxidizable electrical components from oxidiz 
ing agents such as hydrogen peroxide (H2O) disinfecting 
Solutions. In some embodiments, a catalyst to accelerate 
hydrogen peroxide decomposition may be coated on or 
impregnated into an element within the shell 40, 42, or on the 
interior surface of the shell 40, 42. 
0153. In some embodiments, sacrificial materials may be 
included in the internal construction that can be preferentially 
oxidized. Sacrificial materials may be organic materials such 
as cellulose. For example, sacrificial materials such as one or 
more sacrificial layers 74 of cotton, linen or paper, as shown 
in FIG. 14, may be added to the inside of the heated pad 2 or 
the related heated electric blanket so that the peroxide vapors 
preferentially attack and oxidize the sacrificial material. 
Other oxidizable sacrificial materials may be used. In the 
process of oxidizing these sacrificial materials, the peroxide 
breaks down into inert (e.g., less corrosive, less problematic) 
water and oxygen before it can attack the electrical compo 
nents. The catalyst for accelerating hydrogen peroxide 
decomposition may decompose all. Substantially all, or the 
majority of the hydrogen peroxide vapors before they reach 
the electrical components, depending on how the catalyst is 
incorporated into the particular apparatus. 
0154. In some embodiments, materials that are known to 
be catalysts for the breakdown reaction of peroxide to water 
and oxygen may be added. For example, manganese dioxide 
(MnO) powder may be added to one or more of the sacrificial 
layers 74 in FIG. 14, or the compressible material layer 20, the 
inside surface of the shell 40, 42, or adhered directly to any 
suitable component of a heater assembly 3 (e.g., FIG. 25) by 
an applied coating, by impregnation into, by adhesive, or by 
any other suitable process. Catalysts for the breakdown reac 
tion of peroxide to water and oxygen may be added to any 
heater assembly, or any Suitable component of any of the 
heater assemblies described herein. 

0.155. In some embodiments, the insoluble manganese 
dioxide powder may be suspended in water and the sacrificial 
layer 74 of fabric or foam can be dipped in this water/man 
ganese dioxide powder Suspension to evenly disperse the 
powder throughout the sacrificial layer 74 of fabric or foam 
when the water evaporates. In some embodiments, a small 
amount of methyl cellulose can be added to the water/man 
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ganese dioxide powder Suspension in order to increase the 
duration of the suspension time of the powder in water. The 
Small amount, or Sufficient amount of methyl cellulose to 
increase the Viscosity of the water and manganese dioxide 
suspension to between 10 and 120 centipoise. The methyl 
cellulose may also act as a binding agent, improving adher 
ence of the manganese dioxide powder to the fabric, foam or 
other material. Other binding agents, and/or Suspension 
improvers besides methyl cellulose may be used. Adding too 
much binding agent (e.g., greater than 120 centipoise) can 
cause the binding agent to completely encapsulate the man 
ganese dioxide powder when it dries, and too little (e.g., less 
than 10 centipoise) will not hold the powder in suspension 
very long. Other carriers besides water may also be used. 
0156. In some embodiments, the one or more sacrificial 
layers 74 of manganese dioxide impregnated fabric or com 
pressible material layer 20 may be added to the inside of the 
pad 2 or related heated electric blanket so that the catalyst can 
preferentially attack the peroxide vapors and neutralize them 
to water and oxygen, before they can damage the electrical 
components. Other liquids are anticipated for Suspending the 
manganese dioxide powder. Examples of catalysts that can be 
used in place of manganese dioxide powder include: silver, 
platinum and transition metal salts. Other catalysts may also 
be used. In some embodiments the catalysts may be added to 
another feature of the pad 2 or the related heated electric 
blanket, and to a material other than fabric or foam. 
0157. The effectiveness of these measures for preventing 
the oxidation and degradation of the heater fabric (e.g., heat 
ing element) and other mattress or blanket components by 
peroxide vapor was tested. During testing similar squares of 
heater material with bus bars attached were sealed into shells 
of urethane film. The heaters (e.g., heating pad or blanket) 
were then placed into a chamber that continuously exposes 
the shell to peroxide vapor. Over the course of 9-12 days, the 
change in resistance of the heater material was measured and 
correlated with the degradation of the conductance of the 
heater material. Over the course of 9 days of exposure to 
peroxide vapor, the resistance of unprotected polypyrrole 
heater material increased from 58.4 to 238.2 ohms on the 
square. The significant increase in resistance, indicates that 
the conductivity of the unprotected conductive heater mate 
rial (e.g., heating element 10) was rapidly degraded by the 
peroxide vapors. 
0158 Over the course of 12 days of exposure to peroxide 
vapor, the resistance of heater assemblies that included two 
layers of sacrificial cotton fabric inside the shell, increased 
from 53.5 to 84.8 ohms on the square. Over the course of 12 
days of exposure to peroxide vapor, the resistance of heater 
assemblies that included two layers of polyester fabric 
impregnated with manganese dioxide inside the shell, did not 
increase resistance at all (52.8 to 52.8 ohms on the square). 
The MnO, was very effective as a catalyst neutralizing the 
peroxide vapor before it could destroy the heater assembly. 
The sacrificial layer of cottonfabric was also quite effective in 
protecting the heater assembly but less so than the MnO. 
0159. This disclosure of using MnO, or sacrificial cellu 
lose layers to protect oxidizable components, especially elec 
trical components, is not limited to heated underbody Sup 
ports (e.g., heated pads) 3 and heating blankets. In some 
embodiments, other medical equipment (e.g., apparatus) 
including electrical components such as patient monitors, 
patient monitoring electrodes, patient monitoring sensors and 
medical equipment control circuits may be protected from 
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oxidation and damage by peroxide vapors or liquid, by incor 
porating MnO, or sacrificial cellulose layers into the equip 
ment, as disclosed in this application. 
0160 Some embodiments maintain the heating element 
10 in an extended and unwrinkled condition. It may be pref 
erable in order to avoid hot spots, that more than one heating 
element 10 anchoring embodiment be used simultaneously. 
To maintain flexibility, conformability and stretchability, the 
upper and/or lower shell 40, 42 may be adhered to the heating 
element 10 or the compressible material layer 20, across their 
broad Surfaces as shown, for example, in FIG. 14, or may not 
be so adhered. However, in some embodiment the heating 
element 10 can be bonded to the upper shell 40, for example. 
This may be advantageous for minimizing wrinkling of the 
heating element 10 or plastic film layer of the shell 40, 42. 
0.161 The compressible material layer 20 (or layer of 
compressible material) Supporting the heater assembly 1 in 
certain embodiments of this invention could be almost any 
thickness that is advantageous for the given application (for 
example, 0.5-6.0 inches). The compressible material layer 20 
may be uniform in thickness and density or it may be con 
toured in thickness, shaped, scored or segmented according to 
areas of different densities. 

0162. As shown in FIGS. 16-18, the portions of the heating 
element 10 attached to bus bars 62, 64, which may include any 
of the features described with respect to bus bars 315. In the 
exemplary embodiment of FIGS. 16-18, bus bars 62, 64 are 
preferably bonded to the compressible material layer 20 
along beveled ends 22, 24. Locating the bus bars 62, 64 on the 
beveled ends 22, 24 of the foam layer 20 provides some 
protection of the bus bars 62, 64 from mechanical stress when 
patients are sitting or lying on the heated pad 2. Alternatively, 
to provide additional protection to the bus bars 62, 64, the 
heating element 10 may be wrapped around the compressible 
material layer 20 and onto a bottom surface 23 so that the bus 
bars 62, 64 are located under the foam layer beveled ends 22, 
24 and attached to the bottom surface 23 as shown in the cross 
section shown in FIG. 17, for example. In a further alternative 
shown in FIG. 18, the beveled piece of compressible material 
that is removed from the compressible material layer 20 or 
any other triangular or wedge shaped piece of compressible 
material of complementary size and shape to fit the space may 
be bonded over the heater assembly’s bus bars 62, 64, along 
the beveled edges 22, 24 of the compressible material layer 20 
to form a filler 25, to fill in the beveled space and protect the 
bus bars 62, 64. The compressible material filler 25 may be 
sized such that, when in place above the bus bars 62, 64, the 
horizontal upper surface of the heated pad 2 above the central, 
non-beveled portion of the compressible material layer 20, is 
level with the horizontal upper surface of the overlay 2 above 
the beveled end 24. In these embodiments the heating element 
10 extends across an upper surface 21 of the compressible 
material layer 20, and the bus bars 62, 64 are away from and 
lower than the upper surface 21. In this way, the bus bars 62, 
64 may be physically protected from damage by bonding 
them onto or beneath the beveled edges 22, 24 of the com 
pressible material layer 20, where they are effectively 
recessed from the upper surface 21 of the foam layer 20. The 
beveled edges 22, 24 of the compressible material layer 20 
allow the bus bars 62, 64 to be optionally covered with a 
compressible material filler 25 to act as a protective barrier in 
this location for added protection, without adversely affecting 
the look of the smooth top surface of the heated pad 2, thereby 
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basically filling the bevel space with a compressible material 
filler 25 to create an overall rectangular cross sectional shape. 
0163. In some embodiments, the combination of conduc 
tive fabric heating elements 10 made from flexible and 
stretchable material, bus bars 62, 64 attached near opposing 
edges 12, 14 of the heating element 10, one or more tempera 
ture sensors and a controller, comprises a heater assembly 1 
according to Some embodiments. The heater assembly 1 may 
be secured to a compressible material layer 20 such as foam 
and may be covered with a water-resistant shell 40, 42 that is 
preferably made of a stretchable plastic film such as urethane 
or PVC, however, other film materials and fiber-reinforced 
films are anticipated. 
0164. In some embodiments, a portion of the compressible 
material layer 20 is thinned or scored in an area, from one 
lateral edge to the other of the area, with the area located to 
overlie the location of transition from one cushion of an 
operating table to the adjacent cushion under normal condi 
tions of use. Preferably the thinning or scoring is on the 
bottom surface 23 of the compressible material layer 20 and 
therefore away from the patient contact top surface 21. Since 
operating room tables are designed to flex at this location 
between the operating table cushions, a thinned compressible 
material layer 20 at the location of transition between cush 
ions will aid in flexion of the heating element 10 and reduce 
the chances of the heating element 10 wrinkling during flex 
ion. Alternatively, the compressible material layer 20 could 
be scored or cut or otherwise have one or more gaps or 
channels completely through or partially through its thick 
ness on the bottom surface 23 at the flexion locations or other 
areas where added flexibility may be desirable, as shown in 
FIG. 19, for example. In the embodiment shown, multiple 
small channels 27 are present in a portion of the compressible 
material layer 20 where the compressible material layer 20 is 
thinner. These channels 27 may extend across the compress 
ible material layer 20, from one end to the opposing end, Such 
as across the width or the length of the compressible material 
layer 20, such as in a direction parallel to and aligned with the 
transition between operating table cushions. In use, the pad 2 
may be positioned over a table or bed with which it is 
designed to be used such that the channels are located over the 
flexion locations of the table or bed. The table orbed may then 
be adjusted by bending at a flexion point (Such as to raise or 
lower a patients upper body or legs by bending or extending 
the patient at his or her hips) and the compressible material 
layer 20 of the heated pad 2 can bend easily at this location 
due to thinness or scoring at the location of flexion, while the 
heating element 10 can likewise bend without wrinkling or 
folding due to its flexibility and elasticity. 
0165. In some embodiments, and as shown in FIG. 19, the 
compressible material layer 20 may be thinned or scored or 
have gaps or channels 27 longitudinally in order to increase 
flexibility for bending the heated pad 2 around a longitudinal 
axis such as a long axis of a body. This may be advantageous 
to aid in wrapping the heated pad 2 around a patient being 
positioned within a “beanbag”or “pegboard' positioner. The 
longitudinal thinning or scoring or presence of gaps or chan 
nels 27 allows the heated pad 2 to be wrapped around the 
dependent portion of the patient, increasing the area of Sur 
face contact between the heating element 10 and the skin 
while avoiding wrinkling of the heating element 10 due to the 
bending of the compressible material layer 20. 
0166 In some embodiments, a heated mattress for pediat 

ric use 100 may include an upper heated layer 102 that is 
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separate from the lower base layer 104 as shown in FIGS. 20. 
21 and 22 A-D. The upper heated layer may also include a 
layer of thermal insulation material 106, preferably located 
on the underside of the heater element 10, away from the 
patient contact surface. Preferably the thermal insulation 
layer 106 is a high-loft fibrous insulation, for example Thin 
SuliteTM (3M, St. Paul, Minn.). 
0.167 As shown in FIG. 20, and in some embodiments, the 
upper heater layer 102 is attached to a lower base layer 104 in 
a way that maintains the alignment of the upper heated layer 
102 as it rests on the lower base layer 104 yet allows maximal 
independent flexion between the two layers. The preferred 
attachment location between the two layers 102, 104 is at the 
foot end periphery of the mattress 2. Alternately, it could be 
that the two layers 102, 104 are attached to each other at the 
head end or in a central region Such as along a longitudinal 
centerline. These examples are not meant to limit other areas 
of attachment between the two layers 102, 104. The heater 
layer 102 is not bonded to the base layer across their entire 
opposing Surfaces or around their entire peripheries. The two 
layers 102, 104 are free to fold and bend substantially inde 
pendently of one another (FIGS. 20, 21 and 22A-D). 
0168 Maintaining the alignment of the two layers 102, 
104 helps assure that the heater layer 102 does not slip, 
perhaps dropping the patient off of the bed. Surgical mat 
tresses are frequently attached to the Surgical table and in 
certain embodiments of this invention, preferably only the 
base layer is attached to the table. The attachment between the 
two layers 102, 104 may be secure enough to assure that the 
upper heated layer 102 cannot slide independently of the base 
layer 104. 
0169. In some embodiments, the base layer 104 may 
include two or more elongated longitudinal air bladders 108 
near the side edges. The air bladders 108 can be inflated to 
elevate the sides of the heated layer to a position proximate 
the side of the patient. 
0170 If the attachment between the two layers is not in the 
longitudinal midline, patient-positioning rolls may be placed 
under the heated layer to maintain maximal heat transfer 
characteristics while allowing complex patient positioning. 
For example, small rolls of towels are frequently placed under 
the chest/shoulderblades of very small babies in order to put 
their back into extension and improve access to their upper 
abdomen. If this positioning roll is placed above the standard 
heated mattress, the roll lifts half of the patient’s body off of 
the heated surface. Naturally this markedly reduces the heat 
transfer and capacitive grounding ability of the mattress to the 
patient. In contrast, this invention allows the positioning roll 
to be placed under the upper heated layer and the heater thus 
stays in conductive thermal contact with the entire posterior 
Surface of the patient also maximizing grounding contact. 
0171 It has been shown that for optimally safe and effec 
tive electric mattress warming, it is believed that the control 
temperature sensor 114 (FIG. 21) desirably is touching the 
patient. Therefore, the control temperature sensor is prefer 
ably located near the longitudinal midline of the mattress, 
where the patient is most likely to lay as shown in FIG. 15. It 
is easy to assure control sensor contact with an adult patient 
because they cover most of the surface of the mattress (on a 
narrow operating table). However, Small pediatric patients 
can easily be mal-positioned on the mattress and thus inad 
Vertently fail to contact the control temperature sensor. 
0172. In some embodiments, the flexible heating element 
10 itselfmay comprise a temperature sensor. In such embodi 
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ments, the flexible heating element 10 is formed of a material 
having a resistance that varies with temperature. The control 
ler may determine the temperature of the flexible heating 
element 10 by measuring the resistance or change in resis 
tance in the power Supply circuit. The resistance of the heat 
ing element 10 may also be used to determine the Watt density 
output of the heating element 10. Thus, the heating element 
resistance measurement may be used as a control parameter 
by the controller to controloradjust the Watt density output of 
the heated underbody support 2 as desired. 
0173 The combination of conductive fabric heating ele 
ments 10 made from flexible and stretchable material, bus 
bars 62, 64 attached near opposing edges 12, 14 of the heating 
element 10, one or more temperature sensors 110 and a con 
troller, comprises a heater assembly 1 according to some 
embodiments. The heater assembly 1 may be secured to a 
compressible material layer 20 Such as foam and may be 
covered with the water-resistant shell 40, 42 that is preferably 
made of a stretchable plastic film such as urethane or PVC, 
however, other film materials and fiber-reinforced films are 
anticipated. 
0.174. To assure accurate patient positioning relative to the 
control temperature sensor, this invention preferably includes 
two or more substantially elongated positioning members 
108 that protrude upward between 0.75 and 2.5 inches from 
the upper surface of the base layer (FIGS. 14, 15, 16A). The 
elongated positioning members 108 are preferably made of a 
compressible foam material. The elongated positioning 
members 108 are preferably triangular in cross-section, are 
4-12 inches long and positioned 5 to 8 inches apart (2.5-4 
inches from the midline) in the region of the mattress the 
corresponds to the location of the patients torso and legs. 
0.175. These parallel elongated positioning members 108 
project upward into the upper heated layer, causing the upper 
heated layer to form a trough between the positioning mem 
bers. The midline trough naturally accommodates the baby's 
body and centers it on the midline (FIGS. 15, 16). If the baby 
is not centered in the midline of the trough, the foam posi 
tioning members 108 will cause the baby to be visibly con 
torted, alerting the Surgical staff that repositioning is required. 
0176). In addition to the warming features described 
herein, in some embodiments and as shown in FIG. 13, the 
heating element 10, which is already in close proximity to the 
underside of the patient, is a capacitive coupling grounding 
electrode 10. By using the heating element material 10 as the 
grounding electrode 10, there is no competition to determine 
which technology is going to be in the most advantageous 
position—close to the patient's skin. Both technologies get 
the same advantageous location. Using a single piece of con 
ductive material, preferably a stretchable conductive or semi 
conductive fabric as the heating element 10 and grounding 
electrode 10, also minimizes the negative effects of multiple 
layers of materials and laminates being interposed under the 
patient, which can cause hammocking, thereby reducing the 
pressure off-loading abilities of the mattress. The fewer the 
layers of material, the more stretchable and flexible the con 
struction. Avoiding constructions that involve layers of fabric 
and film to be bonded together forming laminates is per 
formed in order to optimize stretchablity and flexibility. 
0177. A semi-conductive polymer such as polypyrrole is 
advantageous in that it is a preferential RF energy absorber. 
Polypyrrole can also be polymerized onto fabric and in the 
process coats each individual fiber, retaining the flexibility 
and stretchability of that fabric. The polymerization process 
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results in a bond between the fiber and the polymer that is 
inseparable. This is in contrast to electrically conductive com 
posites made from powdered or vaporized carbon or metals 
that may be applied to the Surface of relatively non-stretching 
fibers and fabrics such as woven nylon, because such com 
posites will flake off with repeated flexion and stretching. 
Polypyrrole is, therefore, a preferable conductive material for 
heaters and grounding electrodes that are to be positioned 
under a patient because it allows flexion and stretching so that 
the patient can sink optimally into the Support Surface below 
the heating element and/or grounding electrode (e.g., 10). 
0.178 As shown in FIG. 13A, in some embodiments the 
grounding electrode 50 is a separate layer of material posi 
tioned near and parallel to the heater 10. In this case, the 
grounding electrode 50 may advantageously be made of a 
semi-conductive polymer Such as polypyrrole irrespective of 
what the material the heating element 10 is made. The heating 
element 10 and grounding electrode 50 may be electrically 
insulated from each other by applying a coating of elasto 
meric material 12 such as silicone or rubber to one or both 
conductors. A layer of electrically insulating material 14 Such 
as fabric, film or foam may be interposed between the heating 
element 10 and grounding electrode 50. Preferably these lay 
ers of electrically insulating materials are not all bonded 
together into a laminate that would add unnecessary stiffness 
to the Support Surface. 
0179. As shown in FIG. 13B, in some embodiments, the 
grounding electrode 50 is its own layer of material, and there 
is no heater (e.g., heating element 10). In these cases, the 
grounding electrode may advantageously be made of a semi 
conductive polymer Such as polypyrrole because of its flex 
ibility, stretchability, durability, radiolucency and radar-ab 
Sorbing attributes, compared to other metal coated fabrics. 
0180. In certain embodiments of the invention as in FIGS. 
13A and 13B, the grounding electrode 50 is electrically con 
nected via an electrical conductor, or bus bar 68. The bus bar 
68 of some embodiments of this invention may be attached to 
the grounding electrode 50 by sewing with electrically con 
ductive thread. This construction maintains flexibility and 
durability with repeated flexing. The sewn connection 
between the bus bar 68 and the grounding electrode 68 
according to embodiments of the invention results in a con 
nection that is very robust, flexible and tolerant of extreme 
flexing and resistant to degradation. 
0181. According to some embodiments, the bus bar 68 is 
coupled to the grounding electrode 68 by a stitched coupling, 
for example, formed with electrically conductive thread such 
as silver-coated polyester or nylon thread (Marktek Inc., 
Chesterfield, Mo.), extending through the grounding elec 
trode (e.g., 10 or 50) and through the bus bar 68. Alternative 
threads or yarns employed by embodiments of the present 
invention may be made of other polymeric or natural fibers 
coated with other electrically conductive materials. In addi 
tion, nickel, gold, platinum and various conductive 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, the bus 
bar 68 may be comprised of flattened tubes of braided wires; 
for example, a flat braided silver coated copper wire, and may 
thus accommodate the attaching thread extending there 
through, passing through openings between the braided wires 
thereof. In addition, such bus bars 68 are flexible, thereby 
enhancing the flexibility of the mattress heater assembly. 
According to alternate embodiments, the bus bar 68 may be a 
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conductive foil or wire, flattened braided wires not formed in 
tubes, an embroidery of conductive thread, a printing of con 
ductive ink, or other suitable bus bar construction. 
0182. In some embodiments, the dielectric is the outer 
shell material 40 of the underbody support (mattress overlay 
or pad 2). In some embodiments, other layers of material Such 
as fabric or foam 74 (FIG. 14) may be interposed between the 
shell dielectric material 40 and the heater/grounding elec 
trode material 10. In some embodiments, these layers of 
materials are preferably not laminated together, thereby 
maintaining maximal flexibility and stretchablity for accom 
modating the patient into the pad 2. 
0183. In some embodiments, one or both sides of the 
grounding electrode layer 10, 50 (and/or heating element 10) 
is coated on its upper side with a thin layer of flexible, stretch 
able elastomeric material such as rubber or silicone. This 
coating of elastomeric material interposed between the elec 
trode and the dielectric material layers serves as second, 
redundant, safety dielectric layer should an inadvertent hole 
be put into the outer shell. The redundant dielectric layer 
would prevent direct electrical coupling between the patient 
and the grounding electrode material 10, 50, which could 
cause a burn. 
0184 Preferably, the elastomeric material is applied as a 
gel or liquid so that it can coat the individual fibers of the 
heating element material (e.g. 310,502. 10) before it sets up 
into its elastomeric solid form. Coating the individual fibers 
maximally protects the heating element, from moisture dam 
age. It also limits the electrical contact area to an inadvert 
ently cut edge in the exceedingly unlikely event that the both 
the dielectric and heater layers are cut and the active electrode 
of the electrosurgical unit is inserted into the cut. In this 
instance the polymeric heaters fibers at the cut edge would 
melt and retract from the electrode, automatically limiting the 
adverse current flow. 
0185. In some embodiments, the return electrode wire 70 

is electrically connected 72 directly to the grounding elec 
trode material 10. Since the grounding electrode 10 is the 
heating element 10, the electrode itself adds resistance to the 
current flow through the circuit. The further the current may 
flow through the heater material, the greater the resistance. A 
return electrode wire 70 connected 72 to one end of the 
heating element 10 would create a situation wherein the elec 
trical resistance to current flow would be significantly greater 
for current originating at the far end compared to the end of 
the patient closest to the wire connection 72. 
0186. In some embodiments, the return electrode wire 70 

is electrically connected 72 to one of the bus bars 62, 64. 
Connecting the return electrode wire 70 to the bus bar 62 or 64 
is advantageous when the grounding electrode material is a 
resistive heating element 10 that adds resistance to the circuit. 
Since the low resistance bus bar 62, 64 runs substantially 
parallel to the patient along an edge of the grounding elec 
trode, the resistance to the current flow caused by the heater 
material is substantially equal along the entire length of the 
patient that is contacting the grounding electrode creating a 
safe condition. 
0187. In some embodiments, the shared conductive path 
way through the heating element 10 involves that the capaci 
tive coupling electrode of the instant invention be adapted to 
hook to patient warming power Supplies and electroSurgical 
generator that are designed with a “floating output. By 
“floating, we mean that the electrical current within each of 
the respective circuits has no potential or reference with 
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respect to earth (ground) or with respect to the other piece of 
equipment. This configuration allows simultaneous operation 
of the patient warming power Supply and electroSurgical gen 
erator without electrical interference occurring between the 
tWO 

0188 In some embodiments, the shared conductive path 
way through the heating element 10 may require that the 
capacitive coupling electrode of the instant invention be 
adapted to hook only to patient warming power Supplies that 
Supply a low Voltage direct current (48 volts or less) and an 
electroSurgical unit that Supplies an RF current. This configu 
ration helps to allow simultaneous operation of the patient 
warming power Supply and electroSurgical unit without elec 
trical interference occurring between the two. 
(0189 In FIGS. 12 and 16, the shell 40, 42 protects and 
isolates the heater assembly 1 from an external environment 
of the heater assembly 1 and may further protect a patient 
disposed on the heated pad 2 from electrical shock hazards. 
According to preferred embodiments, the shell 40, 42 is 
waterproof to prevent fluids, for example, bodily fluids, IV 
fluids, or cleaning fluids, from contacting the heater assembly 
1, and may further include an anti-microbial element, such as 
SILVERion(R) antimicrobial fabric available from Domestic 
Fabrics Corporation (Kinston, N.C.), which is extruded in the 
plastic film of the shell material. 
0190. As shown in FIGS. 15 and 16, in some embodi 
ments, a layer of plastic film is placed over each broad Surface 
of the heater assembly 1, as an upper shell 40 and a lower shell 
42 but is not bonded to the heater assembly 1. The two layers 
of plastic film are bonded to each other around a periphery 48 
of the heater assembly 1 to form a water-resistant shell. The 
bond may be from heat, radio frequency (RF), ultrasound, 
solvent or adhesive, for example. The heater assembly 1 may 
be “free floating within the shell with no attachment to the 
shell, or can be attached to the shell, such as only at the edges 
of the heater assembly 1 as described above, for example. 
This bond construction around the periphery 48 of the heated 
pad 2 creates a durable shell without folds, creases, crevasses 
or sewing needle holes that can collect infectious debris and 
be difficult to clean. The heater assembly 1 covered by a shell 
of plastic film and optionally including a foam or other Sup 
port layer comprises a heated mattress, mattress overlay, or 
pad according to Some embodiments. 
0191 FIG. 23 depicts a cross section of a portion of an 
alternative embodiment of a heated pad 2, in which the fabric 
heating element 10 is bonded to an overlaying plastic film 
layer comprising an upper shell 40 by a layer of adhesive 35. 
In such embodiments, the upper shell 40 can be stretched and 
held in position by the compressible material layer 20 or by 
anchoring the heated pad 2 laterally, with or without bonding 
the shell 40, 42 to the heating element. When the stretched 
layer of upper shell material 40 is bonded to the heating 
element 10, this may reduce or prevent wrinkling or folding of 
the heater element 10 and yet maintain flexibility and stretch 
ability (depending on the stretchability of the shell material). 
In the embodiment shown, the heated pad 2 further includes a 
lower shell 42 beneath the compressible material layer 20. 
0.192 In certain embodiments, such as the embodiments 
shown in FIGS. 23 and 24, the shell construction allows a 
power entry module 130 to be located and bonded between 
the shell, such as the layers of plastic film 40, 42, at the edge 
of the shell within the bonded layers 48. The power entry 
module 130 can be bonded with adhesive, solvent or heat, for 
example, between the adjacent layers of upper and lower shell 



US 2015/0366367 A1 

40, 42. Sewn shell constructions known in the art prevent the 
power entry from being located at the sewn edge and result in 
the power entry being located on the flat surface of the shell 
rather than the edge, which may result in the patient laying on 
the hard lump created by the power entry module and which 
could contribute to the formation of a pressure injury. In some 
embodiments, the power entry module 130 is a piece of 
molded plastic, for example in a shield-shape, that can be 
sealed between the sheets 40 and 42 in the peripheral bond 48 
edge seal of the shells 40, 42. The pointed ends of the shield 
shaped power entry module 130 allows the shells 40, 42 to 
transition smoothly from the area where the upper and lower 
shells 40, 42 are sealed to each other, to the adjacent area 
where the shells 40, 42 are sealed to the power entry module 
130 and then back to the shells 40, 42 being sealed to each 
other. In some embodiments, the power entry module 130 
includes a tubular channel 132 traversing from the outer side 
to the inner side of the shell. The tubular channel 132 may be 
sized to accommodate a wire cable 134 that contains the 
power and sensor wires. The wire cable 134 can pass through 
the tubular channel 132 from the outside to the inside of the 
heated pad 2 and can be adhesive, solvent or heat bonded to 
the power entry module in this position, creating a water-tight 
seal. In another embodiment, the power entry module 130 
may be shaped and sized to house a plug-in connector. In 
some embodiments, the return electrode wire 70 that connects 
to the electroSurgical generator can pass through an identical 
tubular channel 132 from the inside to the outside of the 
heated pad 2 as the power entry module 130, which is used for 
the power cable 134 to exit the shell. 
0193 The heated underbody support may have two or 
more attachment points such as tabs 140 for securing the 
Support over the top of a Surgical mattress or table Such as is 
shown in FIG.23. These attachment points may be tabs 140 or 
flaps made from shell material that extend outward from the 
peripheral bond 48 of the shell. These attachment points may 
be fiber-reinforced and yet flexible and somewhat loose, so 
that they do not cause hammocking of the shell. The attach 
ment points can be secured to the table with many different 
means including straps, ties, loops, hooks, Snaps, barbs, Vel 
cro or other attachment means. 

0194 The heater assembly 1 of these inventions can be 
encased in a shell of plastic film as described, or may have no 
shell. With or without a shell or compressible material layer 
20, it can be used alone, or it can be used as a mattress overlay 
on top of, or can be inserted into, a pressure reducing mattress. 
For example, since pressure reducing mattresses typically 
have water resistant covers, the heater assembly 1 may be 
inserted directly into the mattress, inside the mattress cover, 
without a shell on the heater assembly 1. In either case, the 
heater assembly 1, or heated pad 2 is designed to have little or 
no negative impact on the pressure reducing capabilities of 
the mattress on which it is laying or into which it is inserted. 
0.195 The heated pad 2 may have two or more attachment 
points such as tabs 140 for securing the support over the top of 
a surgical mattress or table such as is shown in FIG. 24. These 
attachment points may be tabs 140 or flaps made from shell 
material that extend outward from the peripheral bond 48 of 
the shell. These attachment points may be fiber-reinforced 
and yet flexible and somewhat loose, so that they do not cause 
hammocking of the shell. The attachment points can be 
secured to the table with many different means including 
straps, ties, loops, hooks, Snaps, barbs, Velcro or other attach 
ment means. 
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(0196. The shell of the heater assembly 1 is preferably 
water resistant, flexible, and durable enough to withstand the 
wear and tear of operating room use. Examples of materials 
which may be used for the shell include urethane and PVC. 
Many other suitable plastic film or fiber-reinforced plastic 
film shell materials are anticipated. In some embodiments, 
the shell material is about 0.010-0.015 inch thick. In this 
thickness range, both urethane and PVC, for example, are 
strong but retain an adequate stretchability. The heated pad 2 
may cover approximately the entire Surface of the Surgical 
table or any other bed. Alternately, the heated pad 2 may be 
sized to fit some or all of the cushion that form the support 
Surface of a Surgical table. For example, if the cushion has 
multiple separate sections, such as three, the heated pad 2 may 
be sized to fit over one or two or all three of the cushion 
sections. 

0.197 As shown in FIG. 25, in some embodiments, com 
pressible material layer 20 or a foam layer 150 may be high 
tech foam to reduce the pressure exerted against the patients 
skin during Surgery. High tech foams include but are not 
limited to visco-elastic foams that are designed to maximize 
accommodation of the patient into the mattress (e.g., pad). As 
previously noted, accommodation refers to the sinking of the 
user, such as the patient, into the pad 2 until a maximal 
amount of Support Surface area is in contact with a maximal 
amount of skin Surface, and the pressure exerted across the 
skin Surface is as uniform as possible. These high tech foam 
materials may accommodate the patient more effectively than 
simple urethane upholstery foam. Unlike other mattress heat 
ers or heating materials, the unique stretchable, flexible, free 
floating design of the heater assemblies 1 described herein 
allow them to overlay a layer of visco-elastic foam and main 
tain the accommodation properties of the foam. Further, the 
heater assembly 1 of this invention is soft, flexible and 
stretchable enough to be the separated from the patient by 
only a single layer of plastic film and still be comfortable. The 
avoidance of multiple layers of materials interposed between 
the patient and the mattress foam maximizes accommodation 
and heat transfer. 

0.198. In embodiments comprising heated mattresses 3 
including foam layers 150, a water-resistant shell or cover 
160 may encase the foam 150 as shown, for example, in FIG. 
25. The foam 150 may be simple urethane foam or high-tech 
foam such as visco-elastic foam, for example. The cover 160 
may be made of plastic film that has been extruded onto a 
woven fabric (e.g., Naugahyde), for example. In one embodi 
ment, the heater assembly 1 may be located within or may be 
removably inserted directly into the mattress cover 160, with 
or without a shell 40 on the heater assembly 1. The heater 
assembly 1 may be placed directly on top of the mattress foam 
150 inside the cover 160 or a heater assembly 1 (with its own 
shell) may be placed on top of a mattress outside of the 
mattress cover 160. If a foam mattress has its own shell, the 
thickness of the shell 40 of the heater assembly 1 can be 
reduced to, for example, about 0.003 and about 0.010 inch, or 
even omitted, because the heater assembly 1 is protected from 
mechanical damage by the cover 160 of the mattress 150. The 
thinner shell material improves the stretch-ability of the shell. 
Alternately, the heating element 10 may be bonded directly to 
the mattress foam 150. 

(0199 The thermal effectiveness of this heated underbody 
support can be optimized when the heating element 10 is 
overlaying a layer that can provide maximal accommodation 
of the patient positioned on the Support. In this condition, the 
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heating element 10 is in contact with a maximal amount of the 
patient’s skin surface which maximizes heat transfer. Heated 
pads made with inflatable air chambers forming or included 
in the compressible material layer 20 or in addition to the 
compressible material layer 20, can provide excellent accom 
modation. Further, aheated underbody support with excellent 
accommodation properties having a heating element 10 as 
described herein avoids degrading the accommodation prop 
erties of the mattress when a heater assembly 1 is added. 
0200. In the foregoing detailed description, the invention 
has been described with reference to specific embodiments. 
However, it may be appreciated that various modifications, 
changes and alternative combinations 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 oper 
ating environment and need not meet stringent FDA require 
ments for repeated used in an operating environment, need 
not including particular 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 pad with electroSurgical grounding 
comprising a heated underbody Support, heated mattress or 
heated mattress overlay, the heating pad with electroSurgical 
grounding comprising: 

a flexible sheet-like heating element including an upper 
edge, a lower edge, and at least two side edges; 

a flexible sheet-like grounding electrode including an 
upper edge, a lower edge, and at least two side edges; 

a shell covering the heating element and grounding elec 
trode and comprising at least two sheets of flexible mate 
rial; and 

a weld coupling the two sheets of flexible material together 
about the edges of the heating element and grounding 
electrode, wherein the weld is one of a RF weld, ultra 
Sonic weld, or a heat bond, wherein the two sheets com 
prise PVC or urethane. 

2. The electric heating pad with electroSurgical grounding 
of claim 1, wherein the grounding electrode is the heating 
element. 

3. The electric heating pad with electroSurgical grounding 
of claim 2, wherein a return electrode wire is electrically 
connected to the heating element and adapted to connect to an 
electroSurgical generator. 

4. The electric heating pad with electroSurgical grounding 
of claim 1, wherein the grounding electrode is a sheet of 
electrically conductive material having a top Surface, a bot 
tom Surface, and approximately the same size as the heating 
element; 

the grounding electrode being positioned coplanar and par 
allel to the heating element; 

a return electrode wire electrically connected to the 
grounding electrode and adapted to connect to an elec 
troSurgical generator. 

5. The electric heating pad with electroSurgical grounding 
of claim 4, wherein the sheet of electrically conductive mate 
rial is a conductive or semi-conductive fabric. 

6. The electric heating pad with electroSurgical grounding 
of claim 1, wherein a layer of thermally insulating polymeric 
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foam is positioned between the heating element and the Sur 
face of the shell that does not contact the patient. 

7. The electric heating pad with electroSurgical grounding 
of claim 6, wherein the layer of thermally insulating poly 
meric foam is laminated to the heating element with adhesive. 

8. The electric heating pad with electroSurgical grounding 
of claim 1, wherein a thin layer of insulating material is 
positioned between the heating element and the patient-con 
tacting Surface of the shell. 

9. The electric heating pad with electroSurgical grounding 
of claim 8, wherein the layer of insulating material is poly 
meric foam. 

10. The electric heating pad with electroSurgical grounding 
of claim 8, wherein the layer of insulating material is fabric. 

11. The electric heating pad with electroSurgical grounding 
of claim 8, wherein the layer of insulating material is elasto 
meric rubber. 

12. The electric heating pad with electroSurgical grounding 
of claim 8, wherein the layer of insulating material is lami 
nated to the heating element with adhesive. 

13. An electric heating pad with electroSurgical grounding 
comprising a heated underbody Support, heated mattress or 
heated mattress overlay, the heating pad with electroSurgical 
grounding comprising: 

a flexible sheet-like heating element including an upper 
edge, a lower edge, and at least two side edges; 

a flexible sheet-like grounding electrode including an 
upper edge, a lower edge, and at least two side edges; 

a shell covering the heating element and grounding elec 
trode and comprising at least two sheets offlexible mate 
rial; and 

a weld coupling the two sheets of flexible material together 
about the edges of the heating element and grounding 
electrode, wherein the weld is one of a RF weld, ultra 
Sonic weld, or a heat bond, 

wherein the two sheets comprise a weldable polymeric 
layer to facilitate the one of the RF weld, the ultrasonic 
weld, or the heat bond. 

14. The electric heating pad with electroSurgical grounding 
of claim 13, wherein the grounding electrode is the heating 
element. 

15. The electric heating pad with electroSurgical grounding 
of claim 14, wherein a return electrode wire is electrically 
connected to the heating element and adapted to connect to an 
electroSurgical generator. 

16. The electric heating pad with electroSurgical grounding 
of claim 13, wherein the grounding electrode is a sheet of 
electrically conductive material having a top Surface, a bot 
tom Surface, and approximately the same size as the heating 
element; 

the grounding electrode being positioned coplanarand par 
allel to the heating element; 

a return electrode wire electrically connected to the 
grounding electrode and adapted to connect to an elec 
troSurgical generator. 

17. The electric heating pad with electroSurgical grounding 
of claim 16, wherein the sheet of electrically conductive 
material is a conductive or semi-conductive fabric. 

18. The electric heating pad with electroSurgical grounding 
of claim 13, wherein a layer of thermally insulating polymeric 
foam is positioned between the heating element and the Sur 
face of the shell that does not contact the patient. 
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19. The electric heating pad with electroSurgical grounding 
of claim 18, wherein the layer of thermally insulating poly 
meric foam is laminated to the heating element with adhesive. 

20. The electric heating pad with electroSurgical grounding 
of claim 13, wherein a thin layer of insulating material is 
positioned between the heating element and the patient-con 
tacting Surface of the shell. 

21. The electric heating pad with electroSurgical grounding 
of claim 20, wherein the layer of insulating material is poly 
meric foam. 

22. The electric heating pad with electroSurgical grounding 
of claim 20, wherein the layer of insulating material is fabric. 

23. The electric heating pad with electroSurgical grounding 
of claim 20, wherein the layer of insulating material is elas 
tomeric rubber. 

24. The electric heating pad with electroSurgical grounding 
of claim 20, wherein the layer of insulating material is lami 
nated to the heating element with adhesive. 

25. The electric heating pad with electroSurgical grounding 
of claim 13, further comprising: 

a first conductive bus bar coupled to the heating element 
and extending alongside a first edge of the heating ele 
ment, the first bus bar being adapted for coupling to a 
power source for powering the heating element; and 

a second conductive bus bar coupled to the heating element 
and extending alongside a second edge of the heating 
element, the second bus bar being adapted for coupling 
to the power source for powering the heating element. 

26. The electric heating pad with electroSurgical grounding 
of claim 25, wherein 

the heating element is stitched to the first bus bar with a first 
row of electrically conductive Stitching; and 

the heating element is stitched to the second bus bar with a 
second row of electrically conductive Stitching. 

27. The electric heating pad with electroSurgical grounding 
of claim 25, further comprising: 

a first electrically insulating member interposed between 
the first conductive bus bar and the flexible heater and 
being secured therebetween by the first row of conduc 
tive Stitching, the first electrically insulating member 
preventing direct electrical contact between the first con 
ductive bus bar and the flexible heater; and 

a second electrically insulating member interposed 
between the second conductive bus bar and the flexible 
heater and being secured therebetween by the second 
row of electrically conductive Stitching, the second elec 
trically insulating member preventing direct electrical 
contact between the first conductive bus bar and the 
flexible heater. 

28. The electric heating pad with electroSurgical grounding 
of claim 13, further comprising: 

at least one securing strip coupled to the heating element, 
the at least one securing strip being coupled to the shell 
by the thermal bond. 

29. The electric heating pad with electroSurgical grounding 
of claim 13, wherein the heating element has a surface area of 
generally uniform electrical resistance per unit area such that 
the heating element produces a Substantially uniform watt 
density output across the Surface area when the element is 
electrically powered. 

30. The electric heating pad with electroSurgical grounding 
of claim 29, further comprising: 

a temperature sensor coupled to the heating element at a 
first location thereof where the heating element will be 
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in conductive contact with a body when the blanket is 
draped over the body, the first location defining a first 
temperature Zone of the surface area of the element; 

a temperature controller coupled to the temperature sensor; 
and 

an electric power source coupled to the heating element 
and to the temperature controller, the power source 
being controlled by the controller, according to a sensed 
temperature of the first temperature Zone, as sensed by 
the temperature sensor, in order to maintain a first tem 
perature of the first temperature Zone lower than a sec 
ond temperature of a second temperature Zone of the 
Surface area of the heating element, the second tempera 
ture Zone being defined by a second location of the 
heating element that is not in conductive contact with the 
body when the blanket is draped over the body. 

31. The electric heating pad with electroSurgical grounding 
of claim 13, wherein the heating element comprises a non 
conductive layer coated with a conductive material. 

32. The electric heating pad with electroSurgical grounding 
of claim 31, wherein the nonconductive layer of the flexible 
heater comprises a woven polymer and the conductive mate 
rial comprises one of polypyrrole, carbonized ink and met 
alized ink. 

33. The electric heating pad with electroSurgical grounding 
of claim 31, wherein the nonconductive layer of the flexible 
heater comprises a non-woven polymer and the conductive 
material comprises one of polypyrrole, carbonized ink and 
metalized ink. 

34. An electric heating pad with electroSurgical grounding 
comprising a heated underbody Support, heated mattress or 
heated mattress overlay, the heating pad with electroSurgical 
grounding comprising: 

a flexible sheet-like heating element; 
a flexible sheet-like grounding electrode: 
a shell covering the heating element and grounding elec 

trode and comprising two sheets of flexible material; and 
one or more welds coupling the two sheets of flexible 

material together about the edges of the two sheets to 
hermetically seal the heating element and grounding 
electrode therebetween, wherein the heating element 
and grounding electrode are held in position between the 
two sheets without using connectors that pierce the two 
sheets. 

35. The electric heating pad with electroSurgical grounding 
of claim 34, wherein the grounding electrode is the heating 
element. 

36. The electric heating pad with electroSurgical grounding 
of claim 35, wherein a return electrode wire is electrically 
connected to the heating element and adapted to connect to an 
electroSurgical generator. 

37. The electric heating pad with electroSurgical grounding 
of claim 34, wherein the grounding electrode is a sheet of 
electrically conductive material having a top Surface, a bot 
tom Surface, and approximately the same size as the heating 
element; 

the grounding electrode being positioned coplanarand par 
allel to the heating element; 

a return electrode wire electrically connected to the 
grounding electrode and adapted to connect to an elec 
troSurgical generator. 

38. The electric heating pad with electroSurgical grounding 
of claim 37, wherein the sheet of electrically conductive 
material is a conductive or semi-conductive fabric. 



US 2015/0366367 A1 Dec. 24, 2015 
22 

39. The electric heating pad with electroSurgical grounding 
of claim34, wherein a layer of thermally insulating polymeric 
foam is positioned between the heating element and the Sur 
face of the shell that does not contact the patient. 

40. The electric heating pad with electroSurgical grounding 
of claim 39, wherein the layer of thermally insulating poly 
meric foam is laminated to the heating element with adhesive. 

41. The electric heating pad with electroSurgical grounding 
of claim 34, wherein a thin layer of insulating material is 
positioned between the heating element and the patient-con 
tacting Surface of the shell. 

42. The electric heating pad with electroSurgical grounding 
of claim 41, wherein the layer of insulating material is poly 
meric foam. 

43. The electric heating pad with electroSurgical grounding 
of claim 41, wherein the layer of insulating material is fabric. 

44. The electric heating pad with electroSurgical grounding 
of claim 41, wherein the layer of insulating material is elas 
tomeric rubber. 

45. The electric heating pad with electroSurgical grounding 
of claim 41, wherein the layer of insulating material is lami 
nated to the heating element with adhesive. 
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