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Description

[0001] The disclosure is directed to an infrared radiant
heating system for raising or maintaining a uniform tem-
perature of the body of a patient during surgery, substan-
tially without affecting the temperature of the area sur-
rounding the patient’s body.
[0002] In the operating room during surgery (which can
typically last for several hours), the temperature is usually
set at a level which is convenient for the surgeon, typically
around 20 degrees Celsius. For the patient this temper-
ature is too low, and therefore undesirable, for several
reasons. First, during surgery, the interior of the body
portion of the patient at the site of the surgery is open
and exposed, thereby causing a loss of body heat to the
atmosphere and resulting in a lowering of the patient’s
body temperature. Second, patients are not covered with
thick clothes since this would interfere with the doctor
being able to successfully perform the surgical proce-
dure, again resulting in a cooling down of the patient dur-
ing surgery.
[0003] To keep the patient warm during surgery, vari-
ous methods have been previously employed. For ex-
ample, heating the mattress on the operating table has
the drawback that the patient is heated up on one side
only. Furthermore, the patient may lay on the mattress
for an extended period of time during surgery, resulting
in pressure points, which in combination with the heating,
can cause injuries to the patient. Another method for
warming the patient involves the use of a heating blanket,
which again only heats one side of the body and is not
very convenient for performing surgery. Another method
involves blowing warm air on the patient. A drawback of
this is that it can disturb the sterilization atmosphere in
an operating room during surgery. For some operations
sterilized air flows down from above to create a more
sterilized surrounding of the patient. The blowing of warm
air disturbs this. Still another method involves the use of
a heat shield, which is bulky and not convenient to use.
[0004] Additionally, various heating apparatus have
been suggested for use in warming the patient during
surgery, some of which are convection heaters. Howev-
er, such apparatus have been inefficient or not effective
due to their bulkiness, interference with the surgical
team’s ability to perform the surgery, or inability to uni-
formly heat the entire patient body. The document
WO03/022189 discloses an apparatus for raising or
maintaining the core body temperature of a mammal ac-
cording to the preamble of claim 1. The present invention
relates to an infrared radiant heating system as defined
in claim 1. Preferred embodiments are defined in the de-
pendent claims. Figures 1-3 are reproduced from Euro-
pean Patent Application 05104703.3 filed on May 31,
2005, but not published.

Figure 1 illustrates a schematic cross-sectional view
along a weft axis of an example single sided matrix
for a single color LED with a double layer 1x3 twill

weave.
Figure 2 illustrates a schematic cross-sectional view
along a weft axis of an example double sided matrix
for a single color LED with a double layer 3x3 twill
weave.
Figure 3 illustrates a schematic cross-sectional view
along a weft axis of an example double sided matrix
for a single color LED with a double layer 3x5 twill
weave containing floats in the central plane.
Figure 4 is an illustration of an example depicting an
independently addressable array of IR light sources
positioned above an operating table.

[0005] In this invention we propose to use infrared (IR)
radiant light illuminating devices which are designed such
that only the body of the patient is radiated/illuminated.
The infrared light illumination causes a uniform heating
up of the patient. Furthermore, the heating up is efficient
since IR light penetrates deeper in the skin resulting in a
less steep temperature profile in the skin than that occurs
with heating by convection, and thereby a uniform core
body temperature (optimally about 37.5° C). Since the
IR radiation is well confined to the area of the patient and
is absorbed, the area around the patient remains almost
unaffected (hence the surgical team does not suffer from
it).
[0006] For example, in one example, not within the
scope of the claims, the IR radiant heating means/light
source is incorporated in the illumination system of the
operating room. Using several IR light sources that can
be tuned in intensity, a well defined illumination area can
be defined as well as the intensity distribution within this
area. In this way the patient can be heated up uniformly.
Preferably the IR heating means is in the form of a pixi-
lated array, for example, a pixilated LED array, with each
LED having a heat energy output of up to about 500 mil-
liwatts. LEDs are more efficient than light bulbs and they
produce the correct spectrum of light. More particularly,
IR LEDs produce substantially only non-visible IR light
in the invention herein.The illumination system is typically
in a fixed ceiling position above the operating table where
the patient’s body lies. Alternatively, for a ceiling position,
other IR light sources can be used, for example, an array
of halogen lamps which can be controlled separately to
produce a pixelated light distribution.
[0007] The intensity level and intensity distribution of
the IR radiation can be addressed manually or can be
controlled by a feedback loop. In the latter case various
ways can be envisioned. For example, the temperature
of the patient is measured by heat or temperature sensors
located at various sites on the skin of the patient’s body.
This information is communicated to and processed by
the control means which, in turn, controls the IR radiant
heating means to provide the proper IR intensity level
and distribution of intensity level over the patient’s body
to raise or maintain a uniform skin temperature of the
patient’s body within a predetermined range.
[0008] Alternatively, an IR camera can be used to
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measure the temperature of the patient. Again, the con-
trol means would process this information in controlling
the radiation intensity level and distribution of the IR ra-
diant light coming from the IR radiant heating means.
[0009] For example, as is shown in Figure 4, an array
of IR light sources 100 consisting of IR light sources
110-115 produces light distributions 210-215, respec-
tively. By switching on/off the IR light source separately
and independently, the array illuminated on the operation
table 200 can be adjusted. An additional detection sys-
tem, for example, a camera, detects the position of the
patient and that of the surgeon. The light distribution is
adjusted such that the patient is illuminated while the
surgeon is not. Furthermore, a further control loop, for
example a PID temperature controller, is used which
measures the skin and/or core temperature of the patient
and adjusts the IR light intensity accordingly such that
the core temperature of the patient remains substantially
constant, for example, about 37.5° C.
[0010] For example, in one embodiment, by incorpo-
rating the IR radiant heating means/light sources in the
clothing material the patient wears during the operation,
a uniform IR illumination of the patient’s body is possible.
The clothing can be equipped with temperature/heat sen-
sors that communicate with a control means for control-
ling the illumination intensity level and distribution ema-
nating from the IR radiant heating means.. The light
source can be IR light emitting diodes (LED). An example
of a woven electrode array for LEDs is described more
completely in recently filed European Patent (EP) Appli-
cation 05104703.3, filed May 31, 2005, entitled "A Fully
Textile Electrode Lay-out Allowing Passive and Active
Matrix Addressing", and corresponding International Pat-
ent Application Number WO2006/129272 filed May 30,
2006, and published on December 7, 2006. According
to the EP 05104703.3, in one embodiment, such clothing
can be made of woven textile having a multilayer struc-
ture, and is preferably made with at least a double layer
structure. The textile may be woven from yarns in a first
direction, which may be termed the warp direction, inter-
woven with yarns aligned in a second direction, which
may be termed the weft direction. Yarns in the weft di-
rection traverse the yarns in the warp direction. The warp
and weft directions are transverse to one another and
preferably substantially orthogonal to one other.
[0011] It is to be understood that the terms "warp" and
"weft" are used simply in relation to the directions length-
wise and crosswise on a textile sheet, but are not nec-
essarily used to imply any limitation on a method of fab-
ricating a textile on a weaving loom.
[0012] The term "multi-layer warp" is used to encom-
pass a textile in which a plurality of layers of warp yarns
are used to weave a single textile piece, being distinct
from multi-layer textiles formed from separately woven
pieces.
[0013] Optoelectronic devices can be attached to the
textile on either or both faces. Such devices can have
two, three, four or more electrodes that need to be con-

nected to the textile. Exemplary embodiments will be giv-
en for one-, two- and three-colour light emitting diodes
(LEDs), however the principles outlined are intended to
be suitable for other types of devices. Besides light emit-
ting modules, any suitable kind of electronic component
may be attached, such as sensors, actuators, driver in-
tegrated circuits and the like. In the case of two- and
three-colour LEDs, shared anodes will be indicated.
[0014] Different types of yarns and / or fibres may be
used: electrically conductive yarns and electrically non-
conductive yarns. Both types of yarn may be of single or
multifilament type. If using multi-filament yarns, a degree
of twist may be necessary in the yarn in order to prevent
short circuits between adjacent multi-filament yarns due
to electrical connections between stray single yarn fila-
ments. Conductive yarns according to the invention are
defined as those which have an electrically conductive
material on at least an outer surface of the yarn. Such
yarns may be of various types of construction, and may
for example have an internal core of another material.
The internal core may include a non-conductive material.
Non-conductive yarns according to the invention are de-
fined as having at least a non-conducting outer surface,
and may be made entirely from non-conductive material
or may have a conductive core.
[0015] Any suitable fibres or yarns may be used for the
conductive and non-conductive yarns. For example, cop-
per, stainless steel or silver plated polyamide fibres may
be used for the conductive yarns. Nylon, cotton or poly-
ester fibres could be used for the non-conductive yarns.
[0016] A number of weave structures are possible
based on the type of LED to be used, for example whether
the LED is to be a single or multiple (bi/tri) colour type.
The number of layers in the weave structure may depend
on the type and grade of yarn used and the pitch of the
weave. Preferably the number of layers in the warp di-
rection is two, but more layers may be used without de-
parting from the scope of the invention. In the illustrated
embodiments, only one layer in the weft direction is
shown, but more than one layer may be used without
departing from the scope of the invention.
[0017] Referring to Figure 1, an example embodiment
is shown in the form of a schematic cross-sectional view
of a single sided matrix based on a double layer twill
weave. The expression ’single sided matrix’ is used to
indicate that conductive warp and weft yarns for connec-
tion of electrical components appear on only one surface
of the textile. This is suitable for the attachment of single
colour LEDs on to one side of the woven structure at
anode electrode connection 16 and cathode electrode
connection 17. It will be understood that, according to
design choice, the ’anode’ and ’cathode’ connection des-
ignations could be reversed.
[0018] In Figure 1 and subsequent figures the warp
yarns are indicated in cross-section by circles, where
filled circles indicate electrically conductive yarns 11 and
open circles indicate non-conductive yarns 12. The solid
lines 13 indicate the conductive weft yarns, which run

3 4 



EP 2 112 944 B1

4

5

10

15

20

25

30

35

40

45

50

55

transverse relative to the warp yarns. In Figure 1, only a
first layer 14 of warp yarns contains conductive yarns 11.
A second layer 15 of warp yarns contains only non-con-
ductive warp yarns. The weft yarns may consist of a plu-
rality of conductive weft yarns 13 and non-conductive
weft yarns (not shown). The number n of conductive weft
yarns 13 typically determines the number of separately
addressable lines in the warp direction. The number m
of conductive warp yarns 11 typically determines the
number of separately addressable lines in the weft direc-
tion. In this example therefore up to n x m separately
addressable single colour LEDs may be attached to the
textile within the area of the textile created by the repeat
weave pattern shown in Figure 1.
[0019] The weave shown in Figure 1 is a 1x3 twill
weave on a first surface 18, and a 3x1 twill weave on a
second surface 19. Each conductive warp yarn 11 has
at least two neighbouring non-conductive warp yarns 12
in the same layer. Electrical contact between adjacent
conductive warp yarns 11 and the interlacing conductive
weft yarn 13 is prevented by means of interposing non-
conductive warp yarns 12. In this example adjacent con-
ductive warp yarns 11 are separated by at least three
non-conductive warp yarns 12. Each conductive weft
yarn 13 has at least two neighbouring parallel non-con-
ducting weft yarns so that there is no electrical contact
between adjacent conductive weft yarns.
[0020] It is to be understood that the non-conducting
weft yarns in all embodiments and examples described
herein do not necessarily follow the same paths as the
conducting weft yarns as they are woven around and
between conducting and non-conducting warp yarns.
[0021] The electrically conductive weft yarn 13 in Fig-
ure 1 traverses the warp between the non-conducting
warp yarns. This traversal involves the transition of a weft
yarn 13 from one face of the textile 19 through the multi-
layer warp, passing through the second warp layer 15
and first warp layer 14, to the opposite face 18 of the
textile.
[0022] Two successive traversals of a conductive weft
yarn through the textile, in which the conductive weft yarn
13 passes around at least one warp yarn in at least one,
and preferably all, layers of the multi-layer warp, forms
a loop 20. In Figure 1 the loop 20 encompasses a total
of two non-conductive warp yarns in the first and second
layers 14, 15 of warp yarns. The loop 20 forms the anode
electrical connection 16 on the first surface 18 of the tex-
tile, while a proximal portion 17 of the conductive warp
yarn 11 forms the cathode electrical connection.
[0023] Figures 2 and 3 illustrate two examples of
weave structures for a double-sided matrix that allows
for single colour LED attachments. The expression ’dou-
ble sided matrix’ is used to indicate that conductive warp
and weft yarns for connection of electrical components
appear on both surfaces of the textile.
[0024] These examples are also in the form of double
layer weaves containing a first layer of warp yarns 24
and a second layer of warp yarns 25, with an interlacing

conductive weft yarn 23. In these double-sided matrix
arrangements both the first layer 24 and second layer 25
of warp yarns contain conductive warp yarns 21. These
conductive warp yarns 21 are also disposed on alternat-
ing faces 26, 27 of the textile in the first layer 24 and the
second layer 25 respectively of the multi-layer warp,
which in this example has only two layers. The weave
structure in Figure 3 also contains floats 31 formed by
the conductive weft yarn 33 in the central plane, i.e. the
plane between the first layer 24 and second layer 25 of
warp yarns. These floats 31 are formed by the passing
of the weft yarn 33 between two adjacent warp yarns in
different planes of the multi-layer warp. Their function is,
in this case, to improve the integrity of the woven structure
by reducing the number of warp yarns which the conduc-
tive weft yarn 33 crosses from one traversal to a succes-
sive traversal.
[0025] In order to allow connection of multiple colour
LEDs to the woven fibre matrix extra conductive warp
yarns are needed, one for each cathode. Again, adjacent
conductive warp yarns are separated by at least one in-
terposing non-conductive warp yarn so that there is no
electrical contact between adjacent conductive warp
yarns, and between the conductive warp yarns and the
interlacing conductive weft yarns. Adjacent conductive
weft yarns are also separated by at least one non-con-
ductive weft yarn so that there is no electrical contact
between the adjacent conductive weft yarns.
[0026] The textile may, in addition to electronic com-
ponents such as LEDs, incorporate a radio frequency
antenna comprising woven conductive yarns in electrical
connection with and for remote communication with the
electronic components. The antenna may be in the form
of a coil comprising electrically conducting warp and weft
yarns. Remote communication may be enabled via the
driving circuitry. The antenna may be used to provide a
communications link with remote control equipment.
Such remote control equipment may provide signals to
the antenna, which signals can then be translated by the
driving circuitry into other signals, which other signals
then drive the electronic components attached to the tex-
tile. Alternatively, or in addition, the antenna may transmit
signals from the textile to the remote control equipment.
Such transmitted signals may comprise information re-
ceived by the driving circuitry from one or more electronic
components attached to the textile, such as temperature,
light or other sensors. It is also understood that tech-
niques well known to one skilled in the art, other than
weaving of electronic circuitry in textiles as above de-
scribed, can be used. Such techniques can include, for
example, utilizing embroidery, printing, and electroplat-
ing a substance and then etching the circuit thereon.
[0027] A useful predetermined skin temperature
range, for example is about 37 to 41 degrees centigrade
(°C), which generally correlates with a normal core body
temperature of about 37.5 degrees centrigrade. The tem-
perature of the skin surface varies from anatomical site
but is roughly between 32 and 35 degrees centigrade.
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The assumption here is that body temperature is raised
through IR radiation penetrating the body. This means
that to obtain a constant body temperature the predeter-
mined temperature should be a few degrees higher but
never close to pain threshold level, which may vary from
person to person usually between 41 to 45 degrees cen-
tigrade. The body will irradiate and conduct heat to its
environment which lowers the temperature. The IR radi-
ation source must compensate for this loss and keep
body temperature constant in a closed loop system. This
can be accomplished using a feedback loop with a tem-
perature sensor that generates a signal to regulate the
heating device by means of the difference between sen-
sor temperature and actual temperature, for example,
using a PID (Proportioanal-Integral-Derivative) control
system. Such system are very well known. The present
invention may be employed in one of two modes. Firstly,
it may be used to initially raise the core temperature of a
patient. In this case the skin temperature might be set
using the control means to range between about 37° C
and 41° C, or more narrowly between 39°C and 41°C. In
this mode there will be a positive net energy transfer be-
tween the environment and the patient resulting in pa-
tient’s core temperature rising. Once the patient’s core
temperature has reached an acceptable level the present
invention may be employed in a second mode whereby
it is used to maintain the core temperature of the patient.
In this case the skin temperature might be set using the
control means, for example at 37. 5 °C which would result
in a roughly zero net energy transfer between the patient
and the environment. In this case the radiant warmer is
only compensating for the heat losses of the patient.
[0028] Temperature sensing means are well known
and include , for example, ear thermometer devices, IR
sensing devices, skin contact temperature sensors, etc.
[0029] While the present invention has been described
with respect to specific embodiments thereof, it will be
recognized by those of ordinary skill in the art that many
modifications, enhancements, and/or changes can be
achieved without departing from the scope of the inven-
tion. Therefore, it is manifestly intended that the invention
be limited only by the scope of the claims.

Claims

1. An infrared radiant heating system for raising or
maintaining a uniform core temperature of the body
of a patient during surgery, substantially without af-
fecting the temperature of the area surrounding the
patient’s body, comprising:

infrared radiant heating means which in use is
located in an unobtrusive position near the pa-
tient to provide radiant heat to the entire body
or one or more parts of the body of the patient;
and
control means in communication with the heat-

ing means for controlling the intensity level and
distribution of intensity of the radiant heat on the
patient’s body such that in use the skin temper-
ature of the patient’s body is raised or main-
tained within a predetermined range resulting in
the uniform core body temperature, substantial-
ly without affecting the temperature of the area
surrounding the patient’s body, characterised
in that

a) the infrared radiant heating means are
embedded throughout surgical clothing
made of woven textile worn by the patient
during surgery; and the control means fur-
ther comprises temperature sensing means
embedded throughout the clothing and
adapted to sense skin temperature at a plu-
rality of positions of the patient’s body, or
b) the infrared radiant heating means are
releasably attached throughout surgical
clothing made of woven textile worn by the
patient during surgery; and the control
means further comprises temperature
sensing means releasably attached
throughout the clothing and adapted to
sense skin temperature at a plurality of po-
sitions of the patient’s body,

thereby causing the control means to control the
radiant heat intensity level and distribution of the
heating means to raise or maintain the skin tem-
perature of the patient’s body within the prede-
termined range.

2. The system of claim 1 wherein the infrared radiant
heating means comprises light emitting diodes.

3. The system of claim 1 or 2 wherein the predeter-
mined skin temperature range is from about 37° C
to 41° C and the core temperature is about 37.5° C.

Patentansprüche

1. Ein Infrarotstrahlungs-Heizsystem zum Anheben
oder Erhalten einer einheitlichen Kerntemperatur im
Körper eines Patienten während eines chirurgischen
Eingriffs, im Wesentlichen ohne Beeinflussung der
Temperatur des Bereichs um den Körper des Pati-
enten, umfassend:

Infrarotstrahlungsheizmittel, welche im Betrieb
in einer unauffälligen Position nahe am Patien-
ten angeordnet sind, um dem gesamten Körper
oder einem oder mehreren Körperteilen des Pa-
tienten Strahlungswärme bereitzustellen; und
Steuermittel, die mit dem Heizmittel in Verbin-
dung stehen, um das Intensitätsniveau und die
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Intensitätsverteilung der Strahlungswärme über
den Körper des Patienten zu steuern, so dass
im Betrieb die Hauttemperatur des Körpers des
Patienten innerhalb eines vorbestimmten Be-
reichs angehoben bzw. erhalten wird, so dass
daraus eine einheitliche Kerntemperatur resul-
tiert, im Wesentlichen ohne Beeinflussung der
Temperatur des Bereichs um den Körper des
Patienten, dadurch gekennzeichnet, dass

a) die Infrarotstrahlungsheizmittel in die ge-
samte OP-Bekleidung aus Webstoff inte-
griert sind, die vom Patienten während der
Operation getragen wird; und die Steuer-
mittel ferner Temperaturerfassungsmittel
umfassen, die in die gesamte Bekleidung
integriert und dazu angepasst sind, die
Hauttemperatur an einer Vielzahl von Posi-
tionen des Körpers des Patienten zu fühlen,
oder
b) dass die Infrarotstrahlungsheizmittel an
der gesamten OP-Bekleidung aus Webstoff
lösbar befestigt sind, die vom Patienten
während der Operation getragen wird; und
die Steuermittel ferner an der gesamten
OP-Bekleidung lösbar befestigte Tempera-
turerfassungsmittel umfassen und dazu an-
gepasst sind, die Hauttemperatur an einer
Vielzahl von Positionen des Körpers des
Patienten zu fühlen,

wobei sie die Steuermittel dazu bringen, das In-
tensitätsniveau der Strahlungswärme und die
Verteilung der Heizmittel zu steuern, um die
Hauttemperatur des Körpers des Patienten in-
nerhalb des vorbestimmten Bereichs anzuhe-
ben bzw. zu erhalten.

2. Das System nach Anspruch 1, bei dem das Infrarot-
strahlungsheizmittel lichtemittierende Dioden um-
fasst.

3. Das System nach Anspruch 1 oder 2, bei dem der
vorbestimmte Hauttemperaturbereich zwischen 37
°C und 41 °C und die Kerntemperatur um 37.5 °C
liegt.

Revendications

1. Système de chauffage radiant à infrarouges pour
élever ou maintenir une température centrale unifor-
me du corps d’un patient pendant une intervention
chirurgicale, substantiellement sans modifier la tem-
pérature de la zone entourant le corps du patient,
comprenant :

un moyen de chauffage radiant à infrarouges

qui est situé lors de l’utilisation dans une position
non gênante à proximité du patient pour fournir
une chaleur radiante au corps entier ou à une
ou plusieurs parties du corps du patient ; et
un moyen de contrôle en communication avec
le moyen de chauffage pour contrôler le niveau
d’intensité et la distribution de l’intensité de la
chaleur radiante sur le corps du patient de sorte
que lors de l’utilisation, la température cutanée
du corps du patient est élevée ou maintenue
dans une plage prédéterminée entraînant la
température corporelle centrale uniforme, subs-
tantiellement sans modifier la température de la
zone entourant le corps du patient, caractérisé
en ce que

a) les moyens de chauffage radiant infra-
rouges sont englobés dans tout un habilla-
ge chirurgical constitué de textile tissé porté
par le patient pendant l’intervention
chirurgicale ; et le moyen de contrôle com-
prend en outre un moyen de captage de la
température englobé dans tout l’habillage
et adapté pour détecter une température
cutanée sur une pluralité de positions du
corps du patient, ou
b) les moyens de chauffage radiant infra-
rouges sont fixés de façon amovible dans
tout l’habillage chirurgical constitué de tex-
tile tissé porté par le patient pendant l’inter-
vention chirurgicale ; et le moyen de con-
trôle comprend en outre un moyen de cap-
tage de la température fixé de façon amo-
vible dans tout l’habillage et adapté pour dé-
tecter une température cutanée sur une plu-
ralité de positions du corps du patient,

entraînant ainsi le contrôle par le moyen de con-
trôle du niveau d’intensité de la chaleur radiante
et de la distribution des moyens de chauffage
pour élever ou maintenir la température cutanée
du corps du patient dans la plage prédétermi-
née.

2. Système selon la revendication 1, dans lequel le
moyen de chauffage radiant à infrarouges comprend
des diodes électroluminescentes.

3. Système selon la revendication 1 ou 2, dans lequel
la plage de température cutanée prédéterminée est
d’environ 37 °C à 41 °C et la température centrale
est d’environ 37,5 °C.
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