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ABSTRACT

An inflatable convective pad for warming a person during
surgery has two ends, two sides, and at least two openings,
each located in an area of the pad between the two ends and
between a respective side and the center of the pad. The
openings, which may be in the form of slits, allow the thread-
ing of a sheet or the person’s arms through the pad to restrain
the arms during surgery.
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INFLATABLE CONVECTIVE PAD FOR
SURGERY

BACKGROUND

[0001] An inflatable convective pad is adapted to be
deployed under a person in connection with surgery.

[0002] Warming a person during surgery affords clinical
benefits, including prevention or treatment of hypothermia,
encouragement of immune system function, and promotion
of wound healing. An inflatable blanket is used to warm a
person perioperatively. Such a blanket, when inflated with
heated air, warms the person principally by convection of
warmed air through the blanket, although conduction and
radiation of heat from the blanket also contribute to warming.

[0003] However, blanketing a person for warming may
interfere with particular surgical procedures. For example,
during cardiac surgery access to the thorax, groin and
extremities is necessary when blood vessels must be har-
vested from the legs and arms for bypass construction on the
heart. Deploying an inflatable blanket over a person may
interfere with if not prevent the necessary access. Adapting
the blanket to avoid interference by reducing its size may
compromise its capacity to warm the person. Adapting the
blanket to provide access by separable seals may extend and
complicate the surgery due to need to integrate the operation
and management of the blanket with surgical protocols.

[0004] Oneway to achieve the benefits of warming a person
during cardiac surgery without the interference caused by a
blanket is to utilize an inflatable convective pad which may be
disposed beneath the person. The person is laid on the pad and
the pad warms the person by convection of warmed air, and
also by conduction and radiation, from beneath and around
the person while leaving the chest and periphery uncovered.
An inflatable convective pad is described in the assignee’s
U.S. Pat. No. 6,102,936. The assignee’s Model 555 pediatric
underbody blanket is another example of an inflatable con-
vective pad. However, in spite of the access to necessary
surgical sites that is available with an inflatable convective
pad, there are drawbacks to its use in certain surgeries.

[0005] For example, in cardiac surgery the widely used
“draw sheet” protocol interferes with effective operation of an
inflatable convective pad. In this regard, in preparation for
surgery, a sheet of material (called a “draw sheet”), typically
between two and three feet in width and four to six feet in
length, is centered transversely under a person and each end
of'the sheet is threaded between one arm and the adjacent side
of the person. Each end is then brought over the bicep and
dropped along the outside of its respective arm, tightened
over the arm, and then pinned between the operating table
mattress and the operating table. The draw sheet retains or
immobilizes the arms against movement during surgery.
When an inflatable convective pad is deployed for warming,
the draw sheet itself, and the immobilized arms, press against
the sides of the pad and restrict airflow through the device.

[0006] Also, many thoracic surgeries are performed on
ischemic patients with impaired circulation to extremities.
Feet especially exhibit the effects of low oxygen saturation in
tissue resulting from poor blood flow. This condition is
ischemia. Ischemic extremities are particularly vulnerable to
injury from the combination of heat and pressure, and burns
can result where feet press against an inflatable convective
pad inflated with heated, pressurized air.
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SUMMARY

[0007] These and other problems are solved in an inflatable
convective pad having at least two openings, each located in
an area of the pad between two ends of the pad and between
a respective side and the center of the pad. The openings
provide for restraint of the person’s arms during surgery. Heat
transfer to the person’s feet is reduced through an area near
one end of the pad by blocking or preventing convective heat
transfer in that area.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG.11is aplan view of an inflatable convective pad.
[0009] FIG. 2 is aplan view of the inflatable convective pad
of FIG. 1 with side portions folded to show optional features.
[0010] FIG. 3A is a side sectional view of the inflatable
convective pad of FIG. 1, when inflated and FIG. 3B is a
magnified portion of the inflatable convective pad shown in
FIG. 3A.

[0011] FIG. 4 is aplan view of the inflatable convective pad
of FIG. 1 with a person supported thereon.

[0012] FIG. 5A is a plan view of the inflatable convective
pad of FIG. 1, with a person supported thereon and a limb
retainer partially threaded thereto. FIG. 5B is a schematic
cross section of the inflatable convective pad of FIG. 5A, with
aperson supported thereon and a limb retainer fully threaded
thereto. FIG. 5C is a plan view of the inflatable convective pad
of FIG. 5A, with a person supported thereon and a limb
retainer fully threaded thereto.

[0013] FIG. 6 is aplan view of the inflatable convective pad
of FIG. 1, with a person supported thereon in a first position
with arms extended and threaded through the pad.

[0014] FIG. 7 is aplan view of the inflatable convective pad
of FIG. 1, with a person supported thereon in a second posi-
tion with arms partially flexed and threaded through the pad.
[0015] FIG. 8 is a plan view of the inflatable convective pad
of FIG. 1, with a person supported thereon in a third position
with arms extended and one arm threaded through the pad.

SPECIFICATION

[0016] An inflatable convective pad (also called simply a
“pad” in this specification) has two ends, two sides, and a
pneumatic structure. At least one inlet port in the pad opens
into the pneumatic structure. The pad is inflatable. That is to
say, the pad, flaccid when not in use, tautens when a stream of
pressurized air is received in the pneumatic structure by way
of'an inlet port. The pad has a surface to support a person. That
surface, at least, is permeable to air. When a stream of warmed
pressurized air is received in the pneumatic structure, the pad
inflates and warmed air circulates from the pneumatic struc-
ture, through the surface, to warm the person.

[0017] An inflatable convective pad shown in these figures
and described in this specification may be constructed using
techniques and materials which are known in the art, or which
are equivalent thereto. The specific details of construction and
materials that are set forth in this specification are meant for
illustration only. Generally, the construction and materials
with which an inflatable convective pad may be made include
two or more sheets of flexible material that are brought
together and bonded, joined, or sealed at a periphery, and at
multiple points within the periphery. This pad may be made,
for example, in a continuous manufacturing process which
joins multiple webs of material. Other construction methods
may also be employed.
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[0018] The two or more sheets of flexible permeable mate-
rial are joined to form a pneumatic structure having at least
one surface through which pressurized air that inflates the
structure circulates, passes or exits toward the body of a
person laid on the surface. One or more inlet ports, with
provision for retention of an air hose nozzle, are provided for
admitting a stream of warmed, pressurized air into the pneu-
matic structure, from an air hose connected to a heater/blower
unit. The warmed air circulating through the surface causes
the person to be warmed. Although convection is the principal
mode of warming, the structure itself, when inflated with
warmed air, radiates heat as well. Further, where the structure
contacts the person’s body, heat may also be transferred by
conduction.

[0019] The sheets of material of which a pad is formed may
be made of synthetic or natural materials, or a natural/syn-
thetic blend. The sheets are made, or processed, to be perme-
able to air. One possible construction for the inflatable ther-
mal pad is described in the referenced U.S. Pat. No. 6,102,936
at column 5, line 28 through column 6, line 7. A pad so
constructed is illustrated in FIG. 1.

[0020] The inflatable convective pad 100 of FIG. 1 is seen
in plan view, looking toward an upper surface 110 of the pad
100. The pad 100 has ahead end 102, a foot end 104, and two
sides 106 and 108. The upper surface 110 is permeable and
active, with exceptions to be described. The pad may be
constructed as described above from sheets sealed together by
a seal 109 extending around the periphery of the pad. At least
one inlet port is provided to admit a stream of warmed pres-
surized air into the pneumatic structure of the pad 100. For
example two inlet ports 112 and 114 are disposed at each end
of the pad 100. The inlet ports 112 and 114 may be con-
structed and selectively operated with plugs as taught in the
assignee’s U.S. Pat. No. 5,997,572. So constructed, an inlet
portis constituted of a collar of relatively stiff material such as
cardboard that surrounds an opening into the pneumatic space
of'the pad 100. The collarreceives and retains the nozzle of an
air hose while the air hose delivers a stream of warmed pres-
surized air into the pneumatic space. If not used, the collar is
closed by a removable plug. Alternatively, the inlet ports may
be sleeves of material with means to retain the nozzle of an air
hose. The sheets of which the inflatable convective pad 100 is
made are sealed together at locations within the seal 109
around the periphery of the pad 100. At one location, near the
head end 102, a continuous closed seal 120 between the
sheets defines an uninflatable area 125 that is closed off from
the pneumatic structure and is therefore inactive. The pattern
of the seal 120 incorporates a protrusion from the elliptical
outline. This protrusion is intended to provide air flow
between the sides 108 and 106. A line of weakness or perfo-
ration 127 permits a portion of the uninflatable area 125 to be
separated and removed from the pad 100. The sheets are also
sealed together at other locations 130 within the periphery to
control the size, shape, and operation of the pad when
inflated. Some of these locations 130 may include drain pas-
sages to draw off fluids from the surface 110 that may accu-
mulate before, during and/or after surgery. Drain passages
may be constructed as taught in the referenced U.S. Pat. No.
6,102,936.

[0021] As will be described in more detail below, the por-
tion of the pad 100 within the seal pattern 120 is where a
person’s head may be received while the portion 111 near the
foot end 104 is where a person’s feet may be supported.
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[0022] In at least two further locations in the inflatable
convective pad 100, openings through the pad are defined. For
example, two laterally-aligned, spaced-apart openings
through the pad 100 may be provided, each of enough size and
located appropriately to receive a draw sheet or equivalent
retainer and/or an arm of a person. For ease of explanation,
such openings are illustrated and described as “slits” in this
specification, with the understanding that the precise configu-
ration will be a matter of design choice and that many equiva-
lents of the slits may be realized in an inflatable convective
pad. Thus, in order to define at least two openings through the
pad 100 through which retainers or limbs may be threaded,
continuous closed seals 132 and 134 between the sheets
establish elongate uninflatable areas 133 and 135 within
which are formed slits 137 and 139 that open through the pad
100. The slits 137 and 139 may be formed when the pad 100
is constructed. Or, elongate lines of weakness or perforations
may be formed in the uninflatable areas 133 and 135 so that
either or both slits may be selectively opened when the pad
100 is put to use.

[0023] Asseenin FIG. 1, the slit 137 is located between the
two ends 102 and 104 of the pad 100 and between the side 106
and central axis 140 of the pad 100. The slit 139 is located
between the two ends 102 and 104 of the pad 100 and between
the side 108 and central axis 140 of the pad 100. Preferably,
but not necessarily, the slits 137 and 139 are oriented to be
generally parallel to each other, the side 106 and 108, and the
central axis 140. In addition, the elongate configuration of the
slits 137 and 139 is by no means the only shape or outline
contemplated for these elements.

[0024] FIG. 2 shows the inflatable convective pad 100, with
the sides 106 and 108 folded over the upper surface 110 to
reveal optional retaining flaps 210 and 212 that may be
formed integrally with or attached to the pad 100 underneath
the sides 106 and 108. For example, these retaining flaps 210
and 212 may be incorporated into the construction of the pad
100 in the manner taught in the referenced U.S. Pat. No.
6,102,936 at column 6, lines 8-30. When the pad 100 is
deployed for use these retaining flaps are folded in the direc-
tion of the arrows 220 toward and around a mattress 214 on
which the pad 100 rests.

[0025] FIG. 3A is a sectional view of the inflatable convec-
tive pad 100 taken along the lines 3-3 of FIG. 1 with the pad
100 inflated. FIG. 3B is a magnified portion of FIG. 3A. The
multiple sheet construction is illustrated in these figures. An
air-permeable sheet (“permeable sheet”) 310 is joined to a
sheet 312 which may also be permeable if the pad 100 is to be
reversible. The surface 110 is the upper or outer surface of the
permeable sheet 310. The seal 109 bonds or joins the sheets
310 and 312 to form a pneumatic structure with space 313 to
receive and distribute warmed pressurized air introduced
through an inlet port. The warmed pressurized air causes the
pad 100 to inflate. When inflated, the pad 100 operates by
circulating warmed pressurized air through at least the sur-
face 110. FI1G. 3B shows a drain passage at a seal location 130
and the perforation or line of weakness defining the slit139 in
the elongate uninflatable area 135 near the side 108 of the pad
100.

[0026] FIG. 4 shows a person 400 lying on the surface 110
with the person’s head 401 positioned in the uninflatable area
125 and the person’s feet 402 disposed on the near the foot
end 104 of the inflatable convective pad 100. The nozzle of an
air hose 410 is received in the inlet port 112, while the inlet
port 114 is plugged. The pad 100 is inflated by a stream of
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warmed pressurized air flowing through the air hose 410 into
the pneumatic structure of the pad. The warmed pressurized
air inflates the pad 100 and the person 400 is warmed by air
which circulates from the pneumatic structure through the
surface 110. To prevent or mitigate thermal injury to the
person’s feet 402, the area 111 of the surface 110 near the foot
end 104 is inactive. The area 111 may be rendered inactive in
ways described above. In the example shown in FIG. 4, a
sheet 412 of non-permeable material covering the surface
portion 111 is incorporated into the structure of the pad 100
overlying the sheet 310 near the foot end 104. This blocks air
from circulating to the person’s feet 402, and reduces heat
transfer to the feet from the pad 100. As FIG. 4 suggests, the
pad 100 is sized such that the slits 137/139 are positioned near
the person’s arms 403 when the arms are drawn in to extend
along the sides of the person. For example, the pad 100 may
be sized to locate the slits outside of the person’s arms, that is
to say between the person’s arms 403 and the sides 106 and
108 of the pad 100.

[0027] FIGS. 5A-5C illustrate one use of the slits 137 and
139 to restrain the person’s arms 403 during surgery when the
inflatable convective pad 100 is deployed on an operating
table and inflated with warmed pressurized air, and the person
400 is supported on the surface 110 of the pad 100. In this
regard, if not already open, the slits 137 and 139 are opened by
tearing along the lines of weakness or perforations. Then a
draw sheet 500 is centered transversely under the person 400
and each end 503 of the draw sheet 500 is threaded upwardly
between one of the person’s arms 403 and the adjacent side of
the person 400. Each end 503 is then folded over a respective
arm 403 at the bicep, dropped along the outside of the respec-
tive arm, tightened over the arm, and then inserted into the
adjacent slit 137/139. As best seen in FI1G. 5B, the ends 503 of
the draw sheet 500 are folded around the sides of and under an
operating table mattress 510 and pinned between the mattress
510 and an operating table 512. FIG. 5B also shows the
optional retaining flaps 210 and 212. If provided, the retaining
flaps 210 and 212 are folded around the sides of and under the
operating table mattress 510 before the ends 503 of the draw
sheet 500 and are pinned between the mattress 510 and the
ends 503 of the draw sheet 500. As clearly seen in FIG. 5C,
during surgery the person 400 is received on the permeable
surface 110 and the person’s arms 403 are restrained by the
draw sheet 500 that has been threaded through the slits 137/
139 and retained beneath the pad 100. The person 400 is
warmed during surgery by convection of warmed air through
the surface 110.

[0028] The inflatable convective pad 100 with slits 137/139
may also be used to pass a limb of a person through the pad
during surgery. Various examples in this regard are illustrated
in FIGS. 6, 7, and 8. In FIG. 6, the pad 100 is disposed on a
cruciform operating table with a transverse piece 610. The
person 400 is received face up on the permeable surface 110
with arms 403 outstretched in opposing directions. Each arm
is received in and threaded through a respective slit 137/139
to be positioned between the pad 100 and the transverse piece
610. In FIG. 7, the pad 100 is disposed on an operating table
with lateral arm rests 710. The person 400 is received face
down on the permeable surface 110 with arms 403 extended
outwardly to the elbows and then upwardly from the elbows
to the hands. In this position, the uninflatable area 125 within
the seal 120 is removed to permit the person 400 to breathe
freely, to accommodate a breathing apparatus or other medi-
cal instrument, or to visualize the person. Each arm 403 is
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received in and threaded through a respective slit 137/139 to
be restrained between the pad 100 and a respective one of the
arm rests 710. In FIG. 8, the pad 100 is disposed on an
operating table with one transverse piece 810. The person 400
is received on his side on the permeable surface 110 with both
arms 403 outstretched in the same direction. One arm 403 is
received in and threaded through the slit 139 to be positioned
between the pad 100 and the transverse piece 810. The other
arm 403 is laid across the surface 110 atop the lower arm.
[0029] An inflatable convective pad for supporting and
warming a person and having at least two openings for retain-
ing one or more limbs of a person during surgery has been
described and illustrated. The various embodiments of the
pad that are shown and specified are meant to serve as
examples of underlying principles, and many other equivalent
embodiments will be evident to those of ordinary skill. The
scope of patent protection for such a device is limited only by
the claims below.

1. An inflatable convective pad, comprising:

first and second layers joined by a seal around a common
periphery to form a pneumatic structure, the first layer
being air permeable;

at least one inlet port opening into the pneumatic structure;

and

spaced-apart seals within the common periphery, and an

arm slit in each of the spaced-apart seals,

wherein the spaced-apart seals are continuously closed,

wherein each of the spaced-apart seals establishes an elon-

gate uninflatable area,

wherein each arm slit has a length no less than a length of

an adult patient’s arm.

2. The inflatable convective pad of claim 1, wherein each
arm slit includes an elongate line of weakness.

3. The inflatable convective pad of claim 2, wherein the
elongate line of weakness is selectively opened to define an
opening through the inflatable convective pad.

4. The inflatable convective pad of claim 3, further com-
prising an inactive area near a first end of the pad.

5. The inflatable convective pad of claim 4, wherein the
spaced-apart seals are generally parallel.

6. The inflatable convective pad of claim 1, further com-
prising one or more retaining flaps on the first or the second
layer.

7. An inflatable convective pad for warming a person, com-
prising:

first and second layers joined by a seal around a common

periphery to form a pneumatic structure, the first layer
being air permeable;

at least one inlet port opening into the pneumatic structure,

the at least one inlet port opening having an opening and
a collar of stift material surrounding the opening;

two elongate seals within the common periphery; and

two arm slits, wherein each arm slit is in a different one of

the elongate seals for forming an opening in the different
one of the elongate seals,

wherein each arm slit has a length no less than a length of

an adult patient’s arm.

8. The inflatable convective pad of claim 7, wherein each
arm slit comprises a line of weakness.

9. The inflatable convective pad of claim 8, further com-
prising an inactive area near a first end of the inflatable con-
vective pad.
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10. The inflatable convective pad of claim 9, further com-
prising an inactive area near a second end of the inflatable
convective pad, the second end opposing the first end.

11. The inflatable convective pad of claim 10, wherein the
elongate seals are continuously closed.

12. The inflatable convective pad of claim 7, further com-
prising one or more retaining flaps on the first or the second
layer.
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