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METHOD AND APPARATUS FOR HUMIDIFICATION AND
WARMING OF AIR IN A MEDICAL PROCEDURE

BACKGROUND OF THE INVENTION

Field of the Invention
The present invention relates to an apparatus and method used to

humidify and/or warm a gas prior to its use in a surgical or other medical

procedure.

Discussion of Related Art

Many medical and surgical procedures require the supply to a patient
of warmed and/or humidified gés at constant high flow rates. Ideally, the flow
rate should be approximately 20 liters per minute, the relative humidity should
be approximately 80 to 100 percent, and the temperature approximately 90 to
105 degrees Fahrenheit. Most prior art devices cannot meet or exceed these

ideal characteristics. The flow rate of many prior devices is well below 20

liters per minute. Gomimonly, the flow rate of prior devices has been generally
12 to 14 liters per minute. Most of these devices generally operate by forcing
the gas through the humidification material, thereby requiring a high degree of
pressure. This increased pressure reduces the flow rate of the gas even

further.

SUMMARY OF INVENTION

One aspect of the present invention regards a gas humidification

apparatus that includes an inlet, a humidification device in fluid
communication with the inlet, the humidification device having a humidification
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material that readily absorbs moisture and readily releases moisture when
exposed o a dry environment, wherein the humidification material has a
configuration that generates turbulence in a gas as it passes over a surface of
the humidification material and an outlet in fluid communication with the
humidification device.

A second aspect of the present invention regards a gas humidification
apparatus that includes an inlet, a humidification device in fluid
communication with the inlet, the humidification device having a humidification
material that readily absorbs moisture and readily releases motsture when
exposed to a dry environment, wherein the humidification material is placed
within a shell that has a configuration that generates turbulence in a gas as it
passes over a surface of the shell and an outlet in fluid communication with
the humidification device.

A third aspect of the present invention regards a gas humidification
apparatus that includes an inlet, a humidification device in fiuid
communication with the inlet, the humidification device having a heater
housing that includes a heater and a plurality of openings. A humidification
material that readily absorbs moisture and readily releases moisture when
exposed to a dry environment and an outiet in fluid communication with the
humidification device.

A fourth aspect of the present invention regards a gas humidification
apparatus that includes inlet means for supplying a gas, turbulence means for
generating turbulence in the gas and outlet means for expelling the turbulent
gas from the gas humidification apparatus.

A fifth aspect of the present invention regards a method of humidifying
a gas that includes supplying a gas to a surface of a humidification material
that readily absorbs moisture and readily releases moisture when exposed to.
a dry environment and generating turbulence in gas as it passes over the
surface of the humidification material.

A sixth aspect of the present invention regards a method of humidifying
a gas that includes warming a gas, humidifying the gas and placing a catheter
in fluid communication with the gas during the humidifying.

2
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A seventh aspect of the present invention regards a gas apparatus that

includes an inlet, a heater in fluid communication with the inlet and a
temperature sensor for measuring a temperature of a gas that flows within the

gas apparatus in an indirect manner.
An eighth aspect of the present invention regards a method of

humidifying a gas that includes warming a gas, humidifying the gas and
flowing the gas over a surface of a humidifier.

Each of the above aspects provides the advantage of supplying a
patient with warmed and/or humidified gas at or near preferred rates, humidity

and/or temperature.
The foregoing and other features and advantages of the invention will

become further apparent from the following detailed description of the

presently preferred embodiments, read in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

Figure 1 shows a first embodiment of a gas warmer and/or humidifier

apparatus according to the present invention;
Figure 2 shows a second embodiment of a gas warmer and/or

humidifier apparatus according to the present invention having a piurality of

baffles in the shell;
Figure 3 shows a third embodiment of a gas warmer and/or humidifier

apparatus according to the present invention having an external temperature

or humidity sensor;
Figure 4 shows a cross section perspective view of a gas warmer

and/or humidifier apparatus;
Figure 5 shows a perspective exploded view of a fourth embodiment of

gas humidification apparatus according to the present invention;
Figure 6 shows a right top side perspective view of the gas

humidification apparatus of Figure 5;
Figure 7 shows a right bottom side perspective view of the gas

humidification apparatus of Figure 5;
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Figure 8 shows a top view of the gas humidification apparatus of Figure
0; |

Figure O shows a right side view of the gas humidification apparatus of
Figure 5;

Figure 10 shows a front view of the gas humidification apparatus of
Figure 5;

Figure 11 shows a rear side perspective view of the gas humidification
apparatus of Figure 5;

Figure 12 shows a top view of an embodiment of a humidification
material to be used with the gas humidification apparatus of Figure 5;

Figure 13 shows a perspective view of a fifth embodiment of gas
humidification apparatus according to the present invention;

Figure 14 shows a side view of the gas humidification apparatus of
Figure 13;

Figure 15 shows a partially exposed side view of the gas humidification
apparatus of Figure 13;

Figure 16 shows a right front side and partially exposed perspective
view of the gas humidification apparatus of Figure 13;

Figure 17 shows a right rear side and partially exposed perspective
view of the gas humidification apparatus of Figure 13; and

Figure 18 shows a circuit diagram of heating circuit that can be used
with the gas humidification apparatus/gas warmer and/or heater apparati of

Figures 1-17.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 shows one embodiment of the gas warmer and humidification
apparatus . Figure 1 shows the apparatus used in conjunction with an
insufflation device. Figs. 1-3 show the apparatus 1 associated with the
insuffiation tubing 10. In a preferred embodiment, the apparatus is located

downstream from the gas source for the insufflation device where
downstream refers to a location closer to output of the insufflation tubing 10 or
a patient. The apparatus 1 has an upstream end located nearer to the gas

4
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source and a downstream end located closer to the patient. The gas warmer
and humidifier apparatus 1 may be constructed as a re-useable or disposable
product.

As shown in Fig. 1, in one embodiment, a gas inlet port 12 is located at
an upstream end of the apparatus 1 and associable with the insuffiation fubing
10. A plurality of plugs 14 may also be located at the upstream end of the
apparatus 1. The plugs 14 may be male leads for association with the heater
18 and/or a thermocouple and/or other suitable sensing devices. Itis to be
understood that the location at the upstream end is variable and other
locations consistent with the characteristics of theﬂplugs 14 are envisioned.

As shown in Figs. 1-3, the general arrangement of one embodiment of
the apparatus 1 follows. The apparatus 1 includes a heater 18. Surrounding
the heater 18 is a core 20. The core 20 maintains the heater 18 in a
significantly watertight environment. About the core 20 is a humidification
material 24. The humidification material 24 generally envelops the entire core
20. The humidification material 24 may only partially envelop the core 20 as
well. A shell 26, acting as a housing, surrounds humidification material 24. At
the downstream end of the apparatus 1 may be a gas outlet 28 associable
with a downstream portion of the insufflation tube 10.

The heater 18 of the above embodiment may include a conventional
cartridge heater, a heat generating wire, a light bulb, or other heat generating
device capable of creating an elevated temperature that can radiate from the
surface of the heater. As shown in Figure 1, the heater 18 is insertable within
a core 20 of non-conductive material. In further embodiments, as shown in
Fig. 2, the heater 18 and plugs 14 are molded into a single assembly that is
then molded with the core 20 to make a single unit.

The heater 18 can be a metal structure with integral sensing elements
or external sensing elements. It can also be molded of a high temperature
resistant plastic. Either the metal or the plastic heater 18 is disposable,
although the lower cost of the plastic heater 18 may better suit it as a
disposable heater 18. Further, the disposability or re-usability of the
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apparatus 1 aids in maintaining the apparatus 1 sterile for any purposes that
may require a sterile apparatus 1. |

In a preferred embodiment, the heater 18 has approximately 36 watts
of power although heaters 18 with other wattage, such as between 10 watts
and 50 watts, can also be used. The heater 18 typically is approximately 1 to
S inches long, preferably approximately 1%z to 3 inches long, but other sizes
can be used depending on the physical size of the other components, and the
amount of humidity to be generated. As shown in FIGS. 1-4 and 18, the
heater 18 may be connected to control circuitry 100 controls the amount of
heat and rate of heat generated by the heater 18. As shown in FIG. 18, the
control circuitry 100 includes one or more temperature sensors 102 and a
control system 104 {o regulate the degree of energy supplied to the heater 18
by modulating the current supplied to the heater via turning on/off the current
and raising or lowering the current. In the case of using two temperature
sensors 102, the temperature sensors 102 each independently measure the
temperature of the core 20. The temperature signals from temperature
sensors 102 are continuously fed to amplifiers 105. The two signals are
compared with each other and if it is determined that the difference between
the signals reaches or exceeds a predetermined level, such as 5°C, then the
control system 104 turns off the current drivers 106 and the current supplied
to the heater 18. The current drivers 106 are turned off because reaching or
exceeding the predetermined level denotes that one or both of the sensors
102 are defective and need to be replaced.

Assuming that the sensors 102 are not deemed defective, the control
system 104 includes four identical current drivers 106 that are in parallel with
one another as shown in FIG. 18. Each driver 106 provides an output that is
identical with the outputs of the other three drivers 106. The control system
104 will drive each of the outputs of the current drivers 106 with approximately
a 25% duty cycle wave shape. The four drivers combined will provide
approximately 100% drive to the heater 18. Each driver 106 includes a
capacitor 108 of 1000 uF in parallel with a fuse 110. The capacitors 108
direct the current during its respective 25% duty cycle away from its

6
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corresponding fuse 110. In the event that a single driver 106 fails, allowing
continuous current flow, the corresponding capacitor 108 will charge up and
allow current to flow through the corresponding fuse 110. In less than
approximately 2 seconds, the fuse 110 In the driver circuit 106 will create an
open circuit, thus preventing uncontrolled current to flow to the heater 18.

In one embodiment, the apparatus 1 can have wiring to the heater 18
permanently attached. In another embodiment shown in Fig. 1, the
apparatus 1 can have wiring to the heater 18 constructed with an integral
connector that can be molded into the apparatus 1 or connected/disconnected
via a one time use tab connection system. In yet another embodiment, the
apparatus 1 can have wiring to the heater 18 with the terminations molded
into a natural connector, so that the cabling can be plugged into it, reducing its
cost. The electronic wiring used to provide power and to measure the
temperature or humidity can be wired directly to the active elements and over
molded. In the preferred embodiment, the output wires will be molded or
inserted into the shell 26 in order to make the cord detachable from the
apparatus 1.

The heater 18 may be controlled by conventional heater controllers as
are available on the market, such as those made by Watlow. Controllers
typically are designed to work with temperature sensing devices such as
thermocouples resistance temperature detectors (RTD’s) and or thermistors.

Optionally, in further embodiments, the apparatus 1 can be provided
with additional circuitry to measure humidity using a humidity sensor.
Humidity sensors are available through Omega Engineering located in
Atlanta, Georgia, which can supply both the sensor and circuitry for reading
and display. Additionally, optionally, the temperature of the gas and the
humidity of the gas could be displayed with additional circuitry. A remote
power unit, part of the insufflator, or part of any other device used in the
Operating Room associated with endoscopic procedures could provide the
additional circuitry to display this information. Based on the readings,
adjustments could be made on the amount of moisture fed to the
humidification material 24, or how much heat should be applied, or both.

7
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iIn one embodiment, control could also be tied to the insufflator to
supply the circuitry mentioned above. By monitoring characteristics in
temperature, gas volume used, gas flow rate and/or humidity readings, the
insufflator could dynamically control the variables to maintain optimum
conditions.

The core 20 may be made of, but not limited to, plastic or a sheet
metal. Some of the plastics that may be used for the core 20 include
polycarbonate, Ryton™, Vespel™, or any of the high temperature plastics. A
sheet metal such as aluminum coated with a non-conductive substance may
also be used for the core 20.

As shown in Figure 1, the apparatus 1 includes a humidification
material 24. The humidification material 24 both readily absorbs moisture and
readily releases it when exposed to a dry environment., Materials such as
nylon and cotton are just a few of the many commercially available fibers that
can meet these requirements. The humidification material 24 can have a
tubular inside and outside surface. Tubular refers to a smooth surface. Yet, it
is envisioned in further embodiments that the humidificafion material 24 may
have a patterned or varying 15 degrees of a non-smoaoth surface.

As shown in Fig. 4, the humidification material 24 used in the preferred
embodiment has a smooth inner surface and a serrated or star-like shaped
outer surface to maximize surface area in the shortest possible linear space.
Fig. 4 shows the preferred embodiment including a first and a second section
of the humidification material 24. Each section of the humidification material

24 is approximately an inch long with an inner channel in intimate contact with
the heater 18. Each of these serrated sections is slid over the core 20 that
contains the heater 18. Preferably, a V4 inch gap should be between the
serrated sections. In one embodiment, a plastic spacer may be inserted
between the serrated sections o provide the gap. In a preferred embodiment,
the first and second serrated sections should be set out of phase with each
other to force turbulence of the gas and increase the surface area of the
material as it passes over the sections. Note that the first and second
serrated sections can be formed from a singie serrated material by cutting the

8
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single serrated material so that the two serrated sections are formed. After
cutting, the two serrated sections are rotated relative to one another until the
desired phase difference between the two sections is achieved.

The flow of CO3 gas over the absorbent material is affected by the
shape of the absorbent material and/or the channel within the shell 26. In one
embodiment, the absorbent humidification material 24 may be cylindrically
shaped and surrounded by a coil used to direct the flow of CO; gas. As the
CO. gas travels through the windings of the coil, warmth and humidity are
transferred to the CO, gas. The external surfaces of the coil rest against the
inside of the sheli 26 forming a seal that forces the CO, gas to travel through
or within the coil windings.

Other shapes and sizes can be used for the humidification material 24.
Manufacturers of this humidification material 24 are Pall Medical located in
East Hills, New York and Filtrona Richmond Inc. located in Richmond,
Virginia.

The encased heater 18 elevates the temperature of the humidification
material 24 thereby elevating the temperature of the moisture it contains. The
elevated temperature of the moisture leads to the creation of a vapor
absorbed into the gas as it flows over the humidification material 24.
Preferably, the humidification material 24 has a configuration that presents a
high surface area to the direction of gas flow to allow increased opportunity for
the moisture to evaporate into the gas thereby humidifying the gas.

In a further embodiment, shown for example in Fig. 2, turbulence of the
gas is created by the interior of the shell 26 covering the humidification
material 24 and heater 18 having a surface area that is of an irregular pattern
or texture. This turbulence may be created using a variety of structures.
These structures may be located, for example, on or as part of the shell 26 or
humidification material 24. Further example of a structure for creating
turbulence may be a spiral barrier. In additional embodiments, other
structures may be incorporated, for example, by being either attached to the
numidification material 24 or interior of the shell 26 of the apparatus 1.
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The moisture applied to the humidification material 24 can contain
medications or additives that will evaporate and be carried along in the
humidified gas to the patient. Levels of medication and/or fluid in the gas can
be controlled by timed evaporation and adsorption rates. Fluid could be
infused by syringe, gravity feed through tubing, or by any number of pumps, to
retain proper saturation levels.

The apparatus 1 will have a port 16 for the infusion of fluid for the
production of moisture. Moisture may include sterile water, medication, or a
mixture of fluids required for merely humidification or dispensing of
medication. The port 16 can be of the standard injection port used typically in
the medical industry, a valve, or any other device, which can open or close
allowing for the entrance of the fluid.

The apparatus 1 includes one or more temperature sensing devices
(not shown) to regulate the heater 18. Each temperature-sensing device can
be a resistive temperature device (RTD), a thermister, or a thermocouple. In
the preferred embodiment, a K type thermocouple is embedded inside the
heater 18 to measure its temperature. Any number of heater controller
manufacturers such as Watlow or Hot Watt can provide the temperature
sensing and control device. As shown in Figure 1, the shell 26 is an oblong
tube having an internal channel, but any shape that will accommodate the
internal elements of the device is acceptable. In the preferred embodiment,
the internal channel of the shell 26 will be smooth. In a further embodiment,
any form of surface irregularity o promote turbulence without flow restriction
is acceptable for the 15 internal channel of the shell 26. The shell 26 has an
output opening 28 and an input opening 12 for the gas. The shell 26
additionally has a fluid fill port 16 for the infusion of fluid. Although, other
methods of inserting the appropriate fluid or medicine in the shell 26 are
possible.

Overall length of the preferred embodiment will be between 32 and 4
inches. Preferably, the apparatus 1 will weigh approximately four ounces.
The shell 26 can be made of any suitable material, for example, metal or

plastic.

10
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In additional embodiments, as shown in Figure 3, a humidity sensor 34
may be included in the apparatus 1. Appropriate humidity sensors 34 can be
obtained from Omega Corporation located in Atlanta, Georgia.

Optionally, in further embodiments, in addition to the temperature
sensing device described above, an external temperature sensing device 32
can be inserted in the insufflation tubing 10 just outside of the gas outlet 28,
The same types of temperature sensing devices internal 1o the apparatus 1 as
described above can be used. This device 32 measures the downstream
temperature of the gas.

The temperature of the gas is related to the temperature of the heater
18. The temperature sensing device located within the heater 18 measures
the temperature of the heater 18. The temperature of the gas is not directly
measured. Rather, the resulting temperature of the gas correlates to the
temperature of the heater.

The warmed and humidified gas leaves the apparatus 1 through a gas
outlet 28. The gas outlet may be a series of holes. The gas then enters the
insufflation tubing 10 for possible delivery to a patient.

Another embodiment of a gas humidification apparatus is shown in
Figs. 5-12. In a manner similar to the devices of Figs. 1-4, the gas
humidification apparatus 201 can be used in conjunction with an insufflation
device. In particular the gas humidification apparatus 201 is located
downstream from a gas source for the insufflation device. The gas
humidification apparatus 201 may be constructed as a re-useable or
disposable product.

As shown in Figs. 5, 6, 9 and 10, a gas inlet port 212 is attached
through a side portion of a front cap 213 of the gas humidification apparatus
201. In addition, an inlet port 215 is attached through a central portion of the
front cap 213. The inlet port 215 allows for electrical components and wiring
to be inserted into the gas humidification apparatus 201. The gas
humidification apparatus 201 can be modified so that the ports 212 and 215

are interchanged with one another.

11
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As shown in Fig. 5, the cap 213 includes an annular metallic heater
housing 217 that is attached thereto. The heater housing 217 is in fluid
communication with the gas inlet port 212. The heater housing 217 contains
a heater cartridge that is well known in the art. When activated the heater
cartridge heats up the interior and body of the heater housing 217 so that
gases within and outside the heater housing 217 are heated. The heater
housing 217 also includes a plurality of circular holes 219 having a diameter
of approximately 0.1” (0.254cm). Other shapes and sizes for the holes 219
are possible, such as triangular and square shaped openings. When gas
flows into the gas humidification apparatus 201 via the gas inlet port 212, the
gas flows into the heater housing 217, where it is heated if necessary, and
then flows out of the holes 219. As shown in Fig. 5, there are approximately
sixteen holes 219 that are arranged equidistantly from one another along an
annular ring. The holes 219 of the heater housing 217 improve the rate of
heating of the gas within the gas humidification apparatus 201 and create
turbulence for the gas flowing within the gas humidification apparatus 201.

Two of the holes 219 preferably have their own RTD sensor. These
sensors operate in the same manner as the temperature sensors for the
embodiments of Figs. 1-4. In particular, the temperature measured by the two
sensors are compared with one another to determine if one or both of the
sensors is defective.

As shown in Fig. 5, a rear cylindrical portion 223 of the heater housing
217 is snugly inserted into a cylindrical central opening of a humidification
material 224 fhat is preferably made of the same material as the
humidification materials 24 described previousiy with respect to Figs. 1-4. A
washer 221 is fitted over the rear portion 223 and abuts against the rear face
of the humidification material 224 and acts as a stop in that it prevents the
humidification material 224 from slipping off of the rear portion 223 and being
wedged into an outlet 228.

In an alternative embodiment, the gas humidification apparatus 201
can further include a plate 225 positioned between the front or proximal end of
the humidification matertal 224 and the heater housing 217. Since the holes

12
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219 face the front end of the humidification material 224, the plate 225 allows
the gas to flow along the exposed side of the humidification material 224.
Note that the gas will flow along the side of the humidification material 224
with or without the presence of the piate 2295.

As shown in Fig. 12, the humidification material 224 has a star-like
pattern with ten to twelve points that aid in generating turbulence in the gas
within the gas humidification apparatus 201 in a similar manner that the
humidification material 24 of Figs. 1 and 4 do.

In an alternative embodiment, a second humidification material 224
may be spaced from the first humidification material by a spacer and out of
phase with the first humidification material in the same manner as described
previously with respect to the embodiment of Figs. 1 and 4.

As shown in FIG. 5, the assembled humidification material 224 and
washer 221 and the inlet port 215 and the heater housing 217 are inserted
into a housing or shell 226. After insertion, the front cap 213 is screwed on or
snap fit onto the heater housing 217. The housing 226 is made of a suitable
material, such as plastic or metal, and has a downstream outlet 228 that
allows the gas to flow outside of the housing 226.

As shown in FIGS. 5-9 and 11, the housing 226 includes a port 216
that allows fluid to be infused by syringe, gravity feed through tubing, or by
any number of pumps, 1o the humidification material 224. The fluids infused
may include sterile water, medication, or a mixture of fluids required for

merely humidification or dispensing of medication. The interior end of the port

216 is positioned so that infused fluids drip into the housing 226 and are
soaked up by the entire humidification material 224 by capillary action. The
nort 216 is similar to the port 16 described previously with respect to the
embodiments of FIGS. 1-4.

As shown in FIGS. 5-9, the housing 226 is inserted into a sleeve or

shroud 230 so that the port 216 is slid along a slit 232 formed in the sleeve
230 and the outlet 228 extends through a rear opening 234 of the sleeve 230. °
The sleeve 230 is snap fit to the housing 226. The sleeve 230 is made of a

thermal insulation material that retains the heat within the housing 226 so that

13
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a person can handle the sleeve 230 without fear of being exposed fo

excessive heat and without significantly heating up the ambient atmosphere.
Note that the sleeve 230, the housing 226 and the humidification

material 224 may be disposable while the cap 213 and its attached heater

nousing 217 may be reusable.
The gas humidification apparatus 201 may include the temperature

sensors, humidity sensors and control circuitry previously described with
respect to the embadiments of FIGS. 1-4 and 18 so that the temperature and
humidity of the gas flowing within the apparatus and delivered to a patient via

outlet 228 is controlled.
Another embodiment of a gas humidification apparatus is shown in

Figs. 13-17. The gas humidification apparatus 301 essentially has the same

“structure as the gas h_umidification apparatus 201 of Figs. 5-12 and so like

cdmponents will be dééignated with like numerals. One difference is thata

second port 302 is added to the housing 226. The‘Sécond port 302 Is
- positioned between the humidification material 224 and the outlet 228 so as to

allow a distal end of a catheter 304 to be inserted into the port 302.
Depending on the intended material to be delivered to the patient, the distal
end of the catheter 304 may bhe positioned within the port 302, within the
interior of the gas humidification apparatus 301 or within a tube attached to
the outlet 228 and in fluid communication with a section of a patient, or within
the section of the patient. An example of a catheter that can be inserted into
the gas humidification apparatus 201 is the catheter described in U.S. Patent

No. 5,964,223, which may be referred to herein.
Other devices can be inserted into the port 302 in a similar manner

as described above with respect to catheter 304, such as a lumen and an
endoscope. Furthermore, gases, liquids, aerosols and medicines may be
conveyed to a patient by a tube or other know dispensing devices inserted
through the port 302 and exiting out of the outlet 228 into the patient. Note
that the materials dispensed into the port 302 by the above-mentioned
dispensing devices may have properties that raise the humidity of the gas

within the interior of the gas humidification apparatus 301,

14
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The gas humidification apparatus 301 may include the temperature
sensors, humidity sensors and control circuitry previously described with
respect to the embodiments of FIGS. 1-4 and 18 so that the temperature and
humidity of the gas flowing within the apparatus and delivered to a patient Is
controlled.

In each of the devices for humidifying and/or warming a gas described
nreviously with respect to FIGS. 1-18, it is desired that the flowing gas
achieves a humidity that ranges from approximately 80 to 100 percent
humidity and achieves a temperature that ranges from approximately 90 to
105 degrees Fahrenheit at a constant flow rate of approximately 20 liters per
minute.

The embodiments of the invention disclosed herein are presently
considered to be preferred, various changes and modifications can be made

without departing from the spirit and scope of the invention as set out in the
attached claims.
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We claim:
1. A gas humidification apparatus for use in a medical procedure comprising;:
a gas nlet;

a heater in fluid communication with the inlet to heat the gas;

a humidification material that readily absorbs moisture and readily releases moisture
when exposed to a dry environment and that is in fluid communication with the gas inlet;
a shell that is made of a metal or plastic material that surrounds at least a portion of the

humidification material, wherein the shell is removably connected with the heater; and

a gas outlet.

2. The gas humidification apparatus of claim 1, wherein the heater 1s reusable.

3. The gas humidification apparatus of claim 1, wherein the shell 1s disposable.

4, The gas humidification apparatus of claim 3, wherein the humidification maternial 1s
disposable.

5. The gas humidification apparatus of claim 1, wherein the shell surrounds at least a

portion of the heater.

6. The gas humidification apparatus of claim 1 wherein the shell further comprises a

thermal 1nsulating shroud.

7. The gas humidification apparatus of claim 1, wherein the heater comprises a heater

cartridge and a non-conductive portion.

8. The gas humidification apparatus of claim 1, wherein the heater connects with the shell

via a threaded connection.

9. The gas humidification apparatus of claim 1, wherein the heater connects with the shell

via a snap fit connection.

16
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10. The gas humidification apparatus of claim 1, wherein the medical procedure 1s a surgical
procedure.
11.  The gas humidification apparatus of claim 10, wherein the surgical procedure 1s an

endoscopic procedure.

12. The gas humidification apparatus of claim 1 further comprising at least two gas flow

channels for flowing gas over the humidification material.

17
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