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METHOD AND DEVICES FOR
ADMINISTRATION OF THERAPEUTIC
GASES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. application
Ser. No. 10/632,158, filed on Jul. 31, 2003, which claims the
benefit of the filing date of U.S. Provisional Application No.
60/404,830, filed on Aug. 20, 2002, the disclosures of which
are incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] Historically, most medical gases which are consid-
ered to be pharmaceuticals by the Food and Drug Adminis-
tration (FDA) whether they are USP grade or NF grade or
have undergone a New Drug Approval (NDA) are supplied in
the form of compressed gas cylinders, generally containing
large gas volumes and for return and refilling by distributors
and the like. These large cylinders create significant problems
in terms of their handling and use, as well as their shipment
which is generally as hazardous materials.

[0003] One exception to this is oxygen gas. Oxygen has had
a long history of use by outpatients and home care patients in
the form of small as well as large compressed gas cylinders. In
addition, heliox, a mixture generally of 40% to 80% helium in
oxygen has also sometimes been made available to home care
patients.

[0004] Other gases which have been used to some extent for
medical purposes such as N,O are rarely used on a home care
basis and particularly are not permitted for self administration
because of the dangers involved and the inability to control
their use. Once again, as a general matter, with the use of
medical gases including N,O in oxygen or air and other such
gases, even when provided in connection with dental proce-
dures, or during ambulance transport and the like, the gas is
generally applied by professionals or in the presence of a
professional on a relatively long-term basis ranging from 15
minutes to several hours. There are, in fact, other reasons why
large compressed gas cylinders themselves have not been
used on an outpatient basis, including the ease of access to the
contents of such cylinders with standard valves, for recre-
ational abuse in the case of certain medical gases such as N, O,
risk of overdosing, and other safety reasons such as enhanced
flammability for certain gases and the like. In addition, these
systems require the use of separate gas pressure regulators
and/or blenders in order to assist in the application of these
gases, and none of these known systems is present for the
administration of therapeutic gases for short periods of time
for specific medical purposes, and particularly not in an out-
patient or home environment for self application.

[0005] Certain medical gases with therapeutic effects, such
as nitrous oxide and xenon, are subject to potential recre-
ational misuse and abuse. Cylinders of nitrous oxide and/or
xenon containing large volumes of the gas and easy access to
the cylinder contents by the use of traditional valves may be
attractive to such non-prescribed use, or outright theft from a
non-medical location, such as a patient’s home, and is a major
reason, in addition to concerns about overdosing, that such
gases are limited to use at medical sites where security and
medical supervision exists. Compressed gas cartridges con-
taining these two gases, because of their size and the fact that
they utilize a standardized, easily accessed surface for punc-
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ture and release of their contents, may be particular targets for
recreational use. This is a key reason why medical gases, and
in particular those with the potential for recreational abuse
such as N,O or Xe, have never been approved for packaging
and marketing in compressed gas cartridges. Therefore, it is
highly desirable to have a sealed unit dose package and a
means of delivery as described below that is strongly tamper,
abuse and misuse resistant, incorporates multiple levels of
safety or fail safe mechanisms, and which includes the ability
to comply with new FDA regulations concerning unit dose
pharmaceutical traceability as FDA considers medical gases
to be regulated as pharmaceuticals.

[0006] U.S. Pat. No. 6,016,801 discloses a device for the
delivery of nitrous oxide as an alternative to smoking, and to
serve as a stress-reducing, recreational and nonaddictive
smoking substitute. The delivery system in U.S. Pat. No.
6,016,801 mixes the nitrous oxide with ambient air from
outside the device. The device includes a nitrous oxide con-
tainer which includes a refilling port, and there is no discus-
sion in this patent of the nature or duration of administration
thereof. Furthermore, the device described in this patent also
does not address issues of safety and control regarding the
potential for misuse or recreational abuse of N,O that would
be required for approval by a regulatory body such as the
FDA, and therefore is not applicable to practical medical use.
[0007] U.S.Pat. No. 6,125,844 discloses a hand-held deliv-
ery system which delivers oxygen or oxygen along with a
medication, so that the oxygen can act as a propellant and as
a therapeutic agent in its own right. The device used in U.S.
Pat. No. 6,125,844 includes a pressurized gas supply 12 in
which the single gas canister can be replaced, and is said to
include the possibility of other gases listed therein.

[0008] International Application No. WO 01/36018 dis-
closes a device for the co-application of drugs, such as in a
powdered form, along with short bursts of a vapor or gas,
primarily CO,. This device is not used for the normal respi-
ration of a pure gas or gas mixture, but is intended to utilize a
small CO, canister to entrain the drug for application to the
patient’s nose, mouth, eye, etc. This device is not intended for
the normal respiration of a medical gas for any significant
time period, and cannot accommodate a gas mixture for such
purposes. A similar device is shown in International Applica-
tion No. WO 01/03645 for bathing the mucous membranes of
the body with a gas such as CO,. In addition, U.S. Pat. No.
6,484,664 discloses a holder for a device for consumable
products, such as a CO, cartridge, which includes a mecha-
nism whereby the amount of remaining product in the dis-
penser can be determined based on the center of mass of the
device.

[0009] Additional commercial systems for the supply of
various gases and gas mixtures are also available. The
NITRONOX unit from Matrx Medical, using pressure reduc-
ing regulators and a blending system combines N,O and O,
from separate compressed gas cylinders into a fixed mixture
of 50% N,O and 50% O, which is delivered to the patient
using a demand valve and face mask. More than about a
30-minute supply of nitrous oxide is mixed with the oxygen,
but this allegedly “portable” system has a weight of over 12
pounds, requires an external and separate O, source, which
may be a compressed gas cylinder whose weight is not
included in the above 12 pounds, or a wall outlet O, source,
and also requires supervision by medical personnel trained in
its use when it is self administered by a patient using the
demand valve and face mask due to the medical management
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required in order to operate the NITRONOX blending device
itself. Additional systems include the MEDIMIX unit of AGA
Linde Health Care which includes a single premixed cylinder
with 50 mole percent nitrous oxide and 50 more percent
oxygen with a regulator, tubing, a demand valve and a face
mask, and other elements, as well as the ENTONOX unit
from BOC, Inc., which again requires medical personnel for
use and has a weight and a size making it impossible to be
carried and used with a single hand in a portable manner, and
is therefore not usable for self-administration by an outpatient
at home, work or other locations.

[0010] Other gases have also been utilized for patient treat-
ment and in similar types of systems. U.S. Pat. No. 5,228,434,
for example, discloses a system for the application of xenon in
admixture with oxygen and helium as an anesthetic gas for
administration during relatively long periods of time, such as
that involved in surgical procedures.

[0011] U.S. Pat. No. 5,846,556 describes inhalant compo-
sitions for relaxation or the reduction of stress therewith. The
preferred composition disclosed in this patent includes nitro-
gen and oxygen, and can include additional inert gases such
as helium and xenon. In a preferred embodiment of this inven-
tion, the gas comprises nitrogen, oxygen, neon, argon, carbon
dioxide and nitrous oxide. The patentee discloses that the
inhalant can be packaged, for example, in a pressurized tank
or in small pressurized containers for portable personal use. It
is also stated that the product can be used for from one to 10
minutes twice per day. A number of the specific gases collec-
tively provided in the preferred embodiment on a quantified
basis provided no added medical and/or other benefit within
the collective mixture.

[0012] U.S.Pat. No. 5,690,968 discloses an analgesic anes-
thetic composition, preferably including equal volumes of
nitrous oxide and oxygen. The background of this patent
discusses a prior system sold under the trademark
ENTONOX which includes a demand valve by which the gas
can be self-administered by a patient. The invention disclosed
in this patent includes an additional ether-based anesthetic
which is said to be disposable in a single container above its
pseudo-critical temperature at a pressure of 2,000 psi, form-
ing a homogeneous analgesic anesthetic composition. Use of
such a product by an outpatient, or supervised by a medical
person, is highly unlikely due to safety and other regulatory
issues generated by the inclusion of the ether-based anes-
thetic in the mixture. Furthermore, in locations of treatment
where medical persons are present such as hospitals, clinics
and emergency medical services ambulances, the likely cost
of producing and obtaining regulatory approval of such a
product would require product pricing which renders alterna-
tives that provide medical benefit of relatively equal treatment
value to be far more attractive in an era of cost consciousness.

[0013] U.S.Pat. No. 2,185,067 discloses apparatus for self-
administration of nitrous oxide/oxygen mixtures for analge-
sic purposes. This patent discloses use of this apparatus for
short-term procedures. The device includes a pair of gas
cylinders with pressure reducing and mixing equipment
therefor.

[0014] U.S. Pat. No. 3,747,600 discloses an anesthetic
apparatus for supplying oxygen/nitrous oxide gas mixtures
that is primarily intended for attachment to the wall of a room
in which administration is to take place, and the sources of
N,O and O, include both wall outlets and large cylinders. The
device includes a homogeneous block of metal which is said
to produce a very compact, light-weight version of the anes-
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thetic apparatus, for example, one which is 5x5x15 cm, not
including the reservoir bag and lever tube, and which can be
attached to a wall or stand.

[0015] U.S.Pat. No. 5,485,827 discloses the administration
of nitric oxide for the treatment of asthma and the like in
which the gas is administered for at least three minutes, and
preferably at least six minutes. This patent discloses an inha-
lation device as shown in FIGS. 17 and 18 in which vessel 12
includes a pressurized gas with at least 1 ppm nitric oxide
dissolved in a liquefied propellant or compressed inert gas
with a rebreathing chamber 22, and the total weight of the
device is said to be less than 200 grams so that it is readily
portable.

[0016] U.S. Pat. No. 6,164,276 discloses apparatus for
delivering precise volumes of a therapeutic gas; namely, nitric
oxide. The device in this patent uses a sensing device for
detecting the start of a patient’s spontaneous breathing for
purposes of gas control regulation.

[0017] U.S. Pat. No. 5,488,946 discloses an emergency
breathing supply apparatus which includes two high pressure
air cartridges supplying air through demand regulators. The
device is specifically for emergency purposes, so as to supply
from six to eight minutes of breathable air from these car-
tridges.

[0018] U.S. Pat. No. 6,021,777 discloses a portable anes-
thesia machine which includes apparatus for delivering a
mixture of oxygen and nitrous oxide combined with any
known industry standard liquid anesthesia agents. This
machine is said to be insensitive to the physical attitude of the
machine, and is said to be transportable.

[0019] U.S. Pat. No. 6,286,505 discloses a portable anes-
thetic machine that utilizes liquid anesthetic and is used with
an emergency kit which is said to be usable in rapid treatment
of or surgery on acutely injured patients.

[0020] U.S. Pat. No. 4,648,393 discloses a breath-activated
inhaler in which a pin releases a metered dose of medication
for direct inhalation by the patient.

[0021] One particular area of particular application for
therapeutic gases on a portable, handheld self-administration
basis is in connection with atrial fibrillation implantable car-
dioverter defibrillators or AF-ICDs, or multi-function
implants which include AF-ICD capability, which have been
implanted in patients who then return to their normal lives and
on an outpatient basis detect atrial fibrillation, notify the
patient, and allow self-activation of a shock on a timer to
effect atrial defibrillation. In connection with this procedure,
there is a significant need for a co-therapy so that outpatients
can reduce pain, anxiety and phobia related to self-adminis-
tration of a shock of this type. It is also necessary to apply the
co-therapy quickly, foritto provide a rapid onset of analgesic,
anxiolytic and anteragrade amnesic effects which begin prior
to, last during and immediately after the atrial defibrillating
shock, rapidly dissipate after use so that the patient returns to
normal sensorium and can quickly resume daily routine
activities supporting a quality of life, and to be safe and easy
to use in this manner.

[0022] Therapeutic gases and gas mixtures are known in the
art. Examples include oxygen, nitrous oxide, xenon, helium,
carbon dioxide, and mixtures thereof.

SUMMARY OF THE INVENTION

[0023] Inaccordance with the present invention, these and
other objects have now been realized by the discovery of a
method of easing a patient’s pain and anxiety from atrial
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defibrillation comprising causing the patient to inhale an
effective amount of a medical gas and activating an atrial
defibrillation device while the patient is under the influence of
the medical gas, whereby the inhalation of the medical gas
produces in the patient at least one effect such as analgesia,
analgesia, anxiolysis, and anterograde amnesia immediately
prior to, during and immediately after the delivery of an atrial
defibrillating shock by an atrial defibrillation device.

[0024] Inaccordance with an embodiment of the method of
the present invention, the method includes easing a patient’s
pain and anxiety from ventricular defibrillation comprising
the automatic activation of a ventricular internal cardioverter
defibrillator or VF-ICD or a multi-functional implant includ-
ing VF-ICD capability, or the application of a ventricular
defibrillating shock using an automatic external defibrillator
or AED, and the patient subsequently inhaling an effective
amount of a medical gas after the shock from the VF-ICD or
AED when conscious, whereby the inhalation of the medical
gas produces in the patient at least one eftect such as analge-
sia, anxiolysis, and anterograde amnesia.

[0025] In accordance with another embodiment of the
method of the present invention, the method provides a medi-
cal gas to a patient in need thereof comprising providing the
medical gas in a plurality of compressed gas cartridges con-
taining an amount of the medical gas substantially corre-
sponding to a unit dose of the medical gas for the patient, and
providing the patient with means for accessing the medical
gas from the plurality of compressed gas cartridges upon that
need.

[0026] In accordance with another embodiment of the
method of the present invention, the method comprises pro-
viding a medical gas to a patient in need thereof comprising
providing the medical gas from a compressed gas cartridge,
releasing the pressurized medical gas into a pressure reducing
regulator and then several chambers, and transferring the
medical gas at the reduced pressure to the patient by means of
a demand valve which may be of several different constructs
upon that need.

[0027] In accordance with another embodiment of the
method of the present invention, the method includes provid-
ing a medical gas to a patient in need thereof comprising
selecting a predetermined medical gas required by the patient,
providing the predetermined medical gas in at least one com-
pressed gas cartridge and providing the patient with a means
for accessing the medical gas from at least one compressed
gas cartridge only if at least one compressed gas cartridge
includes the predetermined medical gas.

[0028] In accordance with one embodiment of the method
of'the present invention, the medical gas comprises a gas such
as N,0/0O,/He, N,0/O,, N,0/O,/N,, Xe/O,, Xe/O,/N, or
Xe/O,/He. In accordance with one embodiment, the medical
gas is administered within a period of less than about 4 min-
utes prior to activating of the atrial defibrillation device, and
more preferably within a period of less than about 2 to 3
minutes prior to such activation.

[0029] In accordance with one embodiment of the method
of the present invention, the medical gas is administered
within a period of about 4 minutes subsequent to the activat-
ing of the ventricular defibrillation device; and preferably
within a period of about 2 to 3 minutes subsequent to such
activation.
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[0030] In accordance with one embodiment of the method
of the present invention, the medical gas is pressurized to a
pressure ofup to about 2,000 psig, and preferably up to about
3,000 psig.

[0031] In accordance with another embodiment of the
method of the present invention, the medical gas comprises a
plurality of medical gases, and the method includes mixing
the plurality of medical gases within a chamber.

[0032] In accordance with another embodiment of the
method of the present invention, the method includes analyz-
ing the medical gas at the reduced pressure and transferring
the medical gas at the reduced pressure for delivery to the
patient only if the analysis of the medical gas meets the
predetermined therapeutic medical gas criteria. Preferably,
the method includes supplying ambient air to the patient
instead of the medical gas at the reduced pressure if the
analysis of the medical gas does not meet the predetermined
gas criteria. In one embodiment, the predetermined gas cri-
teria comprises a predetermined oxygen content.

[0033] In accordance with one embodiment of the method
of'the present invention, the transfer of the medical gas com-
prises actuating release of the medical gas by inhalation by
the patient. In a further embodiment, the actuation of the
release of the medical gas comprises sensing the inhalation by
the patient and releasing the medical gas when the sensor
measures a predetermined inhalation pressure by the patient.
[0034] Inaccordance with the present invention, these and
other objects have also been realized by the invention of
apparatus for the administration of a medical gas to a patient
comprising a housing, a cassette associated with the housing
containing a compressed gas cartridge containing at least an
amount of the medical gas substantially as required for a
single dose for the patient where the cassette incorporates
features that render it tamper, misuse and abuse resistant and
trackable/traceable, and patient supply means for providing
the medical gas to the patient.

[0035] In accordance with one embodiment of the appara-
tus of the present invention, the apparatus for administration
of'a medical gas to a patient comprises a portable housing, a
plurality of compressed gas cartridges associated with the
portable housing containing a predetermined amount of the
medical gas sufficient for normal respiration by the patient,
and patient supply means for providing the predetermined
amount of the medical gas to the patient.

[0036] In accordance with another embodiment of the
apparatus of the present invention, the apparatus for admin-
istration of a medical gas to a patient comprises a housing, a
compressed gas cartridge disposed within the housing and
containing a predetermined amount of the medical gas suffi-
cient for normal respiration of the patient, and patient supply
means for providing the medical gas to the patient, the hous-
ing including an upper portion and a lower portion connect-
able with the upper portion in a configuration in which the
housing is closed, the compressed gas cartridge having a size
and configuration whereby the housing may be closed with
the compressed gas cartridge disposed within a cassette
within the housing and the compressed gas cartridge can
supply the medical gas to the patient from the housing only
when the housing is closed.

[0037] In accordance with another embodiment of the
apparatus of the present invention, the apparatus for admin-
istration of a medical gas to a patient comprises a sealable
housing, a sealed cassette that is misuse, tamper and abuse
resistant and trackable/traceable including a compressed gas
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cartridge which is fully mountable within the housing when
the housing is sealed, a compressed gas cartridge containing
a predetermined amount of the medical gas, patient supply
means for providing the medical gas to the patient, and gas
delivery means for sealably delivering the medical gas from
the compressed gas cartridge to the patient only when the
housing is sealed.

[0038] In accordance with another embodiment of the
apparatus of the present invention, the apparatus for admin-
istration of a medical gas to a patient comprises a housing, a
removable compressed gas cartridge in a sealed, misuse,
tamper and abuse resistant and trackable/traceable cassette
within the housing containing a predetermined amount of the
medical gas, patient supply means for providing a predeter-
mined amount of the medical gas to the patient, connection
means for connecting the compressed gas cartridge with the
patient supply means when the compressed gas cartridge is
disposed within the housing for supplying the predetermined
amount of the medical gas to the patient supply means, a
pressure sensor for sensing the pressure of the medical gas
released from the compressed gas cartridge, and control
means for preventing delivery of the medical gas to the patient
supply means based on a pressure sensed by the pressure
sensor.

[0039] In accordance with another embodiment of the
apparatus of the present invention, the apparatus for admin-
istration of a medical gas to a patient comprises a housing, a
removable compressed gas cartridge within the housing con-
taining a predetermined amount of a medical gas, and a
patient interface for providing the predetermined amount of
the medical gas to the patient, the apparatus having an overall
weight of less than about 48 ounces, and most preferably less
than about 24 ounces.

[0040] In accordance with another embodiment of the
apparatus of the present invention, the apparatus for admin-
istration of a medical gas to a patient comprises a housing, a
removable cassette removably mounted within the housing, a
removable cassette including at least one compressed gas
cartridge containing a predetermined amount of a medical
gas, patient supply means for supplying the predetermined
amount of the medical gas to the patient, mounting means for
mounting the removable cassette within the housing, the
mounting means comprising first acceptance means and the
removable cassette including second acceptance means
whereby the mounting means will only accept the removable
cassette having second acceptance means which are compat-
ible with the first acceptance means.

[0041] In accordance with another embodiment of the
apparatus of the present invention, the apparatus for admin-
istration of a medical gas to a patient comprises a housing
including an upper portion and a lower portion, a removable
cassette holding at least one compressed gas cartridge within
the housing, the at least one compressed gas cartridge includ-
ing a predetermined amount of the medical gas, patient sup-
ply means for providing the predetermined amount of the
medical gas to the patient, connection means for sealingly
connecting the upper portion of the housing to the lower
portion of the housing with the cassette within the housing,
the connecting means including first upper connecting means
disposed at the lower end of the upper portion of the housing,
second upper connecting means disposed above the first
upper connecting means on the upper portion of the housing,
first lower connecting means disposed at the upper end of the
lower portion of the housing, second lower connecting means
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disposed below the first lower connecting means on the lower
portion of the housing, the first upper connecting means
adapted to cooperatively engage the second lower connecting
means to provide an intermediate closed configuration for the
housing, and second upper connecting means connected to
cooperatively engage the first lower connecting means to
provide a sealed configuration for the housing, the distance
between the first and second upper connecting means and the
first and second lower connecting means being adapted so
that the first upper connecting means engages the second
lower connecting means before the second upper connecting
means engages the first lower connecting means.

[0042] In accordance with another embodiment of the
apparatus of the present invention, the apparatus for admin-
istration of a medical gas to a patient comprises a housing, a
removable cassette within the housing, the removable cas-
sette including a plurality of compressed gas cartridges, each
of the plurality of compressed gas cartridges including a
predetermined amount of a portion of a medical gas, patient
supply means for providing the medical gas to the patient, the
housing including an upper portion and a lower portion con-
nectable to the upper portion in a configuration in which the
housing is closed, the removable cassette being mounted in
the lower portion of the housing, and a plurality of gas con-
nection members corresponding to the plurality of com-
pressed gas cartridges and mounted in the upper portion of the
housing whereby when the upper portion of the housing is
connected to the lower portion of the housing the plurality of
gas connection members connect the upper portion of the
housing with the corresponding plurality of compressed gas
cartridges.

[0043] In accordance with another embodiment of the
apparatus of the present invention, the apparatus for admin-
istration of a medical gas to a patient comprises a housing, a
cassette mountable within the housing, the cassette including
at least one compressed gas cartridge containing a predeter-
mined amount of the medical gas, patient supply means for
supplying the predetermined amount of the medical gas to the
patient, and gas delivery means for delivering the medical gas
from the cassette to the patient supply means.

[0044] In accordance with another embodiment of the
apparatus of the present invention, the apparatus for admin-
istration of a medical gas to a patient comprises a housing, a
compressed gas cartridge mountable within the housing con-
taining a predetermined amount of the medical gas, and gas
delivery means for delivering the medical gas from the com-
pressed gas cartridge to the patient, the gas delivery means
including a gas sensor for sensing a predetermined property
of'the medical gas, a blender chamber for receiving the medi-
cal gas from the compressed gas cartridge, a first valve for
controlling the flow of the medical gas from the blender
chamber to the patient and a second valve for controlling the
flow of air into the housing for delivery to the patient,
whereby the sensed value of the predetermined property of
the medical gas controls the first and second valves for deliv-
ering either the medical gas or the air to the patient.

[0045] In accordance with another embodiment of the
apparatus of the present invention, the apparatus for admin-
istration of a predetermined amount of a medical gas to a
patient comprises a housing, at least one compressed gas
cartridge mountable within the housing containing the medi-
cal gas, gas collection means for collecting the predetermined
amount of the medical gas at a location separate from the at
least one compressed gas cartridge, and gas delivery means
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for delivering the predetermined amount of the medical gas to
the patient from the separate location.

[0046] In accordance with one embodiment of the appara-
tus of the present invention, the patient supply means com-
prises a patient interface.

[0047] In accordance with another embodiment of the
apparatus of the present invention, the cassette is removably
disposed within the housing.

[0048] In accordance with another embodiment of the
apparatus of the present invention, the apparatus comprises a
portable hand-held device.

[0049] In accordance with one embodiment of the appara-
tus of the present invention, the housing includes access
means for providing access to the housing whereby the cas-
sette may be inserted into or removed from the housing.
Preferably, the access means comprises an upper portion of
the housing and a lower portion of the housing separable from
the upper portion of the housing and attachable thereto. In
another embodiment, the access means comprises an open-
able and closable access member in the housing, and most
preferably comprises a bottom portion of the housing.

[0050] In accordance with another embodiment of the
apparatus of the present invention, the apparatus includes
connecting means for connecting the upper portion of the
housing to the lower portion of the housing. In a preferred
embodiment, the connecting means comprises interconnect-
ing threads on the upper and lower portions of the housing.
Preferably, the apparatus includes a plurality of the com-
pressed gas cartridges containing an amount of a plurality of
the medical gases substantially as required for a single dose of
the plurality of the medical gases, and a cassette mountable
within the housing, the plurality of compressed gas cartridges
being mounted on the cassette.

[0051] In accordance with a preferred embodiment of the
apparatus of the present invention, the housing includes
mounting means for mounting the cassette within the hous-
ing, the mounting means comprising first acceptance means
and the cassette including second acceptance means,
whereby the mounting means will only accept the cassette
having predetermined second acceptance means which are
compatible with the first acceptance means. In a preferred
embodiment, the first acceptance means comprises first key
means including either a male member or a female member,
and the second acceptance means comprises second key
means comprising the other of the male or female member.
Preferably, the first key means comprises a plurality of first
key means and the second key means comprises a corre-
sponding plurality of second key means.

[0052] In accordance with another embodiment of the
apparatus of the present invention, the compressed gas car-
tridge includes a cartridge body, a cartridge neck portion, and
a puncturable sealing member closing the cartridge portion
for sealing the medical gas within the cartridge, and the
apparatus further includes cartridge opening means for
releasing the medical gas from the compressed gas cartridge,
the cartridge opening means comprising a puncturing mem-
ber movable between a first position in which the puncturing
member is displaced from the sealing member and a second
position in which the puncturing member has punctured the
sealing member. In a preferred embodiment, the apparatus
includes puncturing member mounting means for mounting
the puncturing member with respect to the compressed gas
cartridge.
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[0053] In accordance with one embodiment of the appara-
tus of the present invention, the apparatus includes gas deliv-
ery means in the upper portion of the housing for delivering
the medical gas to the patient supply means. Preferably, the
upper portion of the housing further includes gas control
means for controlling the delivery of the medical gas to the
patient supply means. In another embodiment, the gas deliv-
ery means includes a blender chamber for receiving the medi-
cal gas from the compressed gas cartridge at a predetermined
pressure and flow rate. Preferably, the gas control means
comprises a gas control sensor for sensing the content of the
medical gas, and valve means for terminating the supply of
the medical gas based on the sensed content of the medical
gas. In a preferred embodiment, the apparatus includes room
air breathing means, whereby upon terminating of the supply
of the medical gas the room air breaching means supplies
room air for breathing by the patient.

[0054] In accordance with another embodiment of the
apparatus of the present invention, the apparatus includes gas
control means comprising a gas control sensor for sensing the
pressure of the medical gas entering the blender chamber, and
valve means for terminating the supply of the medical gas
based on the sensed pressure of the medical gas. Preferably,
the apparatus includes room air breathing means, whereby
upon terminating of the supply of the medical gas the room air
breathing means supplies room air for breathing by the
patient.

[0055] In accordance with another embodiment of the
apparatus of the present invention, the gas control means
comprises a second gas control means for sensing the pres-
sure of the medical gas leaving the blender chamber, and the
valve means terminates the supply of the medical gas based
on the sensed pressure of either the gas control means or the
second gas control sensor. Preferably, the gas control means
comprises an air inlet port for permitting air into the housing
for delivery to the patient supply means and an intake air valve
for controlling he entry of the air when the valve means
terminates the supply of the medical gas.

[0056] In accordance with one embodiment of the appara-
tus of the present invention, the housing includes an upper
portion and a lower portion, and the apparatus includes con-
necting means for connecting the upper portion of the hous-
ing to the lower portion of the housing to thereby seal the
housing. In a preferred embodiment, the connecting means
comprises first thread means at the lower end of the upper
portion of the housing and corresponding second thread
means at the upper end of the lower portion of the housing.
Preferably, the apparatus includes a sealing surface for pro-
viding a gas-tight seal against the upper end of the com-
pressed gas cartridge, puncturing means for puncturing the
sealing surface and releasing the medical gas from the com-
pressed gas cartridge, and a slidable plug mounting the punc-
turing means for moving the puncturing means between a first
position displaced from the sealing surface and a second
position for puncturing the sealing surface. In a preferred
embodiment, the upper portion of the housing includes gas
input means for accepting the medical gas from the com-
pressed gas cartridge and plug means mounted at the lower
end of the upper portion of the housing whereby when the
housing is sealed the plug means contacts the slidable plug
thereby moving the puncturing means into the second posi-
tion. Preferably, the upper portion of the housing includes gas
delivery means for delivering the medical gas to the patient
supply means. In a preferred embodiment, the upper portion
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of'the housing further includes gas control means for control-
ling the delivery of the medical gas to the patient supply
means. Preferably, the gas delivery means includes a blender
chamber for receiving the medical gas from the compressed
gas cartridge at a predetermined pressure and flow rate.
[0057] In accordance with another embodiment of the
apparatus of the present invention, the mounting means for a
cassette comprises a rotating disk member including the first
acceptance means, and a spindle rotatably mounting the disk
member within the housing. Preferably, the mounting means
includes a base mounted within the housing, the spindle being
rotatably mounted along the base. In a preferred embodiment,
the disk member is removably mounted on the base, whereby
the disk member can be removed from the housing and
replaced by a different disk member having a different first
acceptance means. Preferably, the cassette includes first indi-
cia and the disk member includes corresponding second indi-
cia for matching the cassette with the disk member. In a
preferred embodiment, the first and second indicia comprise
coded colors. In another embodiment, the first and second
indicia comprises numbers and/or letters.

[0058] In one preferred aspect, the present invention pro-
vides methods of using therapeutic gases and gas mixtures. In
another preferred aspect, the present invention provides a
system(s) and devices for administration of therapeutic gases
and gas mixtures. In another preferred aspect, the present
invention provides certain components of such system. In yet
another preferred aspect, the present invention provides vari-
ous methods related to the system(s) and devices for admin-
istration of therapeutic gases and gas mixtures.

[0059] The invention will be described in reference to the
attached drawings, the short description of which follows:

BRIEF DESCRIPTION OF THE DRAWINGS

[0060] FIG.11is a functional block diagram of a therapeutic
gas administration system in accordance with one of the
preferred aspects of the invention;

[0061] FIG. 2A is a functional block/partial structural dia-
gram of the major components in accordance with one
embodiment of the therapeutic gas administration system
shown in FIG. 1;

[0062] FIG. 2B is a side, elevational, partially schematic
diagram of the embodiment of a therapeutic gas administra-
tion system shown in FIG. 2A;

[0063] FIG. 2C is a side, elevational, partially schematic
diagram of the embodiment of a therapeutic gas administra-
tion system shown in FIG. 2A;

[0064] FIG. 2D a side, elevational, partially schematic dia-
gram of the embodiment of a therapeutic gas administration
system shown in FIG. 2A;

[0065] FIG. 2E is a side, elevational, partially schematic
diagram showing operation of the therapeutic gas adminis-
tration system shown in FIG. 2A;

[0066] FIG. 2F is a side, elevational, partially schematic
diagram showing operation of the therapeutic gas adminis-
tration system shown in FIG. 2A;

[0067] FIG. 3 is a front, elevational, cross-sectional, par-
tially schematic view of one preferred embodiment of the
therapeutic gas administration system in accordance with the
present invention in a disassembled configuration;

[0068] FIG. 4A is a front, elevational, partially schematic,
cross-sectional view of one preferred embodiment of the unit
dose cassette in accordance with another preferred aspect of
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the present invention that may be used with the therapeutic
gas administration system shown in FIG. 3;

[0069] FIG. 4B is a bottom, elevational, schematic view of
the cassette shown in FIG. 4A;

[0070] FIG. 4C is a top, elevational, schematic representa-
tion of non-limiting examples of arrays of cassette position-
ing keys for the cassette shown in FIG. 4A;

[0071] FIG. 4D is a top, perspective, partially schematic
view of the cassette shown in FIG. 4A;

[0072] FIG. 4E is a side, elevational, partial cross-sectional
view of the upper portion of the cassette shown in FIG. 4A,
including one of cannula/needle assemblies and gas car-
tridges;

[0073] FIG. 4F is a top, elevational view of one variant of
the cannula/needle assembly shown in FIG. 4E;

[0074] FIG. 4G is a top, elevational view of the variant of
the cannula/needle assembly shown in FIG. 4E;

[0075] FIG. 5A is a side, elevational view of one of the
embodiments of the body of the therapeutic drug delivery
system in accordance with one of the preferred aspects of the
present invention;

[0076] FIG. 5B is a front, elevational view of the body of
the therapeutic drug delivery system shown in FIG. 5A;
[0077] FIG. 5Cisafront, elevational, cross-sectional, sche-
matic view of a variant of the embodiment of the body shown
in FIGS. 5A and 5B;

[0078] FIG. 6A is a front, elevational, cross-sectional, dis-
assembled view of a lower housing of the body of the thera-
peutic drug delivery system of the present invention, and
illustrates insertion of a cassette into the lower housing;
[0079] FIG. 6B is a side, perspective, partially schematic
view of a preferred embodiment of the gas-specific insertion
mechanism of the cassette and the body of the therapeutic
drug delivery system shown in FIG. 3;

[0080] FIG. 6C is a side, perspective, partially schematic
view of a preferred embodiment of the gas-specific insertion
mechanism of the cassette and the body of the therapeutic
drug delivery system shown in FIG. 3;

[0081] FIG. 6D is a top, elevational, schematic representa-
tion of non-limiting examples of arrays of housing position-
ing keys that match the arrays of cassette positioning keys
shown in FIG. 4C;

[0082] FIG. 7A is a side, elevational, partially schematic
view of a rotating disk, assembly bearing member for housing
positioning keys used in accordance with the present inven-
tion;

[0083] FIG. 7B is a side, elevational, partially exploded
schematic view of a preferred embodiment of a rotating disk
assembly bearing member for the housing positioning keys of
the present invention;

[0084] FIG. 7C is a side, elevational, partially schematic
view of preferred embodiment of a rotating disk assembly
bearing member for the housing positioning keys of the
present invention;

[0085] FIG. 8A is a front, elevational, schematic, cross-
sectional view of a preferred embodiment of a gas delivery
and control system in the upper housing of the present inven-
tion;

[0086] FIG. 8B is a side, elevational, partially schematic
view of an input port assembly of the gas delivering control
system in the upper housing in accordance with the present
invention;

[0087] FIG. 8C is a top, elevational, perspective view of the
input port assembly shown in FIG. 8B;
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[0088] FIG.8Disatop,elevational, perspective view of the
input port assembly shown in FIG. 8B.

[0089] FIG. 8E is aside, elevational, schematic view of one
embodiment of a gas output/control system in the upper hous-
ing of the present invention;

[0090] FIG. 9 is a side, elevational, schematic view of a
patient interface assembly of the therapeutic gas administra-
tion system in accordance with a preferred embodiment of the
present invention;

[0091] FIGS. 10A-10D and 11A-11C illustrate the func-
tioning of the therapeutic gas administration system in accor-
dance with another preferred aspect of the invention;

[0092] FIG. 10A is a top, elevational, schematic view of a
lower housing with an inserted cassette in accordance with
one embodiment of the present invention;

[0093] FIG.10B s a top, elevational, schematic view of the
superimposed upper housing and lower housing with the
inserted cassette as shown in FIG. 10A;

[0094] FIG.10C is a front, elevational, cross-sectional par-
tially schematic view of the upper portion of a cassette
inserted into the lower housing as shown in FIG. 10B, show-
ing one of the sliding cannula/needle assemblies aligned with
one of the gas input port assemblies of the upper housing
thereof;

[0095] FIG. 10D is a front, elevational, cross-sectional,
partially schematic view of one of the gas cartridges punc-
tured by a needlepoint of the cannula/needle assembly in
operation of the therapeutic gas delivery system shown in
FIG. 10C;

[0096] FIG. 11A is a front, elevational, cross-sectional,
schematic view of operation of one embodiment of the gas
input system of the upper housing of the present invention;
[0097] FIG. 11B is a side, elevational, cross-sectional,
schematic view of one variant of operation of the gas output/
control system of the upper housing of the present invention;
[0098] FIG. 11C is a side, elevational, cross-sectional,
schematic view of operation of the gas output/control system
shown in FIG. 115;

[0099] FIG. 12 is functional block diagram of an opera-
tional control system of a therapeutic gas administration sys-
tem in accordance with another preferred embodiment of the
present invention;

[0100] FIG. 13A is a side, elevational, partially schematic
view of a cold sink component for the therapeutic gas admin-
istration system in accordance with one embodiment of the
present invention;

[0101] FIG. 13B is a side, elevational, partially schematic
view of a heating component for the therapeutic gas admin-
istration system in accordance with another embodiment of
the present invention.

[0102] FIG.13C is a side, elevational, schematic view of a
heating component for use in accordance with the system of
the present invention;

[0103] FIG. 13D is a top, elevational, perspective view of
another heating component for use in accordance with the
system of the present invention;

[0104] FIG. 13E is a top, elevational, perspective view of
another heating component for use in connection with the
system of the present invention;

[0105] FIG. 13F is a side, elevational, partially cross-sec-
tional, schematic view of a cassette for storing therapeutic
gases in a liquid form in accordance with the present inven-
tion;

Mar. 19, 2009

[0106] FIG. 13G is a side, elevational, partially, cross-sec-
tional, perspective view of a cassette for use in storing thera-
peutic gases in a liquid form in accordance with the present
invention;

[0107] FIG. 14A is a side, perspective, schematic view of
one embodiment of a specialized threaded connection
between the upper housing and lower housing of the system
of the present invention;

[0108] FIG. 14B is a side, elevational, cross-sectional,
schematic view of an embodiment of the specialized threaded
connection shown in FIG. 14A;

[0109] FIG. 14C is a side, elevational, cross-sectional,
schematic view of the embodiment shown in FIG. 14B;
[0110] FIG. 14D is a side, elevational, cross-sectional,
schematic view of another embodiment of the specialized
threaded connection shown in FIG. 14A;

[0111] FIG. 14E is a side, elevational, cross-sectional,
schematic view of the embodiment shown in FIG. 14D;
[0112] FIG. 14F is a top, elevational, schematic view of
another embodiment of the specialized threaded connection
used in the system of the present invention;

[0113] FIG. 14G s atop, elevational, schematic view ofthe
embodiment shown in FIG. 14F;

[0114] FIG. 15A is aside, elevational, schematic view of an
alternative embodiment of the body of the therapeutic gas
administration system in accordance with the present inven-
tion;

[0115] FIG. 15B is a side, elevational, partially cross-sec-
tion, schematic view of the body shown in FIG. 15A;

[0116] FIG. 16A is a side, elevational, cross-sectional,
schematic view of one embodiment of a gas content block of
the gas output/control system used in the system of the
present invention;

[0117] FIG. 16B is a side, elevational, cross-sectional,
schematic view of operation of one embodiment of the gas
content block shown in FIG. 16A;

[0118] FIG. 16C is a side, elevational, cross-sectional,
schematic, partially schematic diagram of one embodiment
of operation of the gas content block in a conservative device
mode of the system of the present invention;

[0119] FIG. 16D is a side, elevational, cross-sectional, par-
tially schematic view of the embodiment shown in FIG. 16C;
[0120] FIG. 16E is a side, elevational, cross-sectional, par-
tially schematic diagram of the embodiment shown in FIG.
16C;

[0121] FIG.17A is aside, elevational, schematic view of an
embodiment of the patient interface of the therapeutic gas
administration system of the present invention;

[0122] FIG. 17B is a side, elevational view of another
embodiment of the patient interface of the therapeutic gas
administration system of the present invention;

[0123] FIG. 17C is a side, elevational view of another
embodiment of the patient interface of the therapeutic gas
administration system of the present invention;

[0124] FIG. 17D is a side, elevational view of another
embodiment of the patient interface of the therapeutic gas
administration system of the present invention;

[0125] FIG. 17E is a side, elevational exploded view of
another embodiment of the patient interface of the therapeutic
gas administration system of the present invention;

[0126] FIG. 18 is a side, elevational view of another
embodiment of the therapeutic gas administration system of
the present invention suitable for administration of gas mix-
tures containing xenon;
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[0127] FIG.19is aside, elevational view of an embodiment
of'a hard case for carrying the therapeutic gas administration
system of the present invention;

[0128] FIG.20A isa front, elevational view of one embodi-
ment of a soft case for carrying the therapeutic gas adminis-
tration system of the present invention;

[0129] FIG. 20B is a front, elevational view of another
embodiment of a soft case for carrying the therapeutic gas
administration system of the present invention;

[0130] FIG. 20C is a front, elevational view of another
embodiment of a soft case for carrying the therapeutic gas
administration system of the present invention;

DETAILED DESCRIPTION

[0131] For the purposes of the present invention, some of
the terms used herein are defined as follows.

[0132] Cardiac arrhythmia is an irregularity of the cardiac
rhythm. The term “cardiac arrhythmias™ refers to several
conditions, examples of which include ventricular tachycar-
dia, ventricular fibrillation and atrial fibrillation.

[0133] Atrial fibrillation is defined as known in the medical
science. Usually, the term “atrial fibrillation™ is used to refer
to atrial arrhythmia characterized by rapid randomized con-
tractions of the atrial myocardium.

[0134] “Cardiac rhythm management devices” are devices
that correct medically unacceptable cardiac arrhythmia
through application of electrical energy, such as electrical
shock. For example, the cardiac rhythm management devices
may be used to correct medically unacceptable atrial or ven-
tricular fibrillation by inducing defibrillation through deliv-
ery of the electrical shock to the heart. The cardiac rhythm
management devices include implantable cardiac rhythm
management devices and external cardiac rhythm manage-
ment devices.

[0135] An “implantable cardiac rhythm management
device” is an example of a medical device implanted into a
patient’s body to treat cardiac arrhythmia. The use of implant-
able medical devices to treat cardiac arrhythmia is described,
for example, in U.S. Pat. Nos. 6,091,989 and 6,298,269, both
of' which are incorporated herein by reference thereto in their
entirety. The implantable cardiac rhythm management device
may be intended for permanent, or temporary implantation.
An “Atrial Fibrillation Implantable Cardioverter Defibrillator
(AF-ICD)” and a “Ventricular Fibrillation Implantable Car-
dioverter Defibrillator (VF-ICD)” are examples of implant-
able cardiac rhythm management devices intended for per-
manent implantation.

[0136] AnAF-ICDisimplantedto treat atrial fibrillation by
delivering electrical shock to the heart (an AF-ICD shock). An
AF-ICD may allow a patient to self-initiate the AF-ICD
shock. An AF-ICD may be a dedicated implant, or the AF-
ICD function may also be incorporated into a device with
other capabilities, including other ventricular and/or atrial
pacing and defibrillation functions. AF-ICDs are described,
for example, in U.S. Pat. Nos. 6,405,084, 6,067,471, 5,893,
881, 5,853,426, and 5,813,999, all of which are incorporated
herein by reference thereto in their entirety.

[0137] A VF-ICD is implanted to treat ventricular fibrilla-
tion. A VF-ICD shock is the electrical shock delivered by the
VF-ICD. A VF-ICD may be a dedicated implant, or the AF-
ICD function may be incorporated into a device with other
capabilities, including other ventricular and/or atrial pacing
and defibrillation functions. VF-ICDs are described, for

Mar. 19, 2009

example, in U.S. Pat. Nos. 6,377,851, 6,067,471, and 5,954,
753, all of which are incorporated herein by reference thereto
in their entirety.

[0138] Temporary catheters with electrodes and other types
of removable implantable leads are implantable cardiac man-
agement devices that are implanted on a temporary basis.
Examples of such devices, used to deliver a shock to address
atrial fibrillation, are described, for example, in U.S. Pat. Nos.
5,849,033 and 5,653,734, both of which are incorporated
herein by reference thereto in their entirety.

[0139] “External cardiac rhythm management devices” are
medical devices used to correct medically unacceptable car-
diac arrhythmia without being implanted into a patient’s
body. Automatic External Defibrillator (AED) is example of
an external cardiac rhythm management device. AEDs are
described, for example, in U.S. Pat. Nos. 6,427,083, 6,134,
479 and 5,897,576, each of which is incorporated herein by
reference thereto in their entirety.

[0140] An “analgesic” is an agent used to effect analgesia,
which is the relief or reduction of pain without loss of con-
sciousness. “Analgesia” is different from anesthesia, which
involves causing a loss of consciousness in a patient.

[0141] Anxiety is a non-specific feeling of apprehension,
worry, uneasiness or dread. “Anxiolysis” is the relief or
reduction of anxiety. An anxiolytic agent is an agent that
relieves or reduces anxiety. Anxiety may result in a patient
treated by application of electrical energy from a cardiac
rhythm management device. Cardiac shock anxiety is the
anxiety associated with the shock from the cardiac rhythm
management device. An example of the cardiac shock anxiety
is AF-ICD anxiety, which is detailed in the medical literature,
and which is associated with the AF-ICD shock in patients
having an implanted AF-ICD. The AF-ICD anxiety may be
observed before initiation of AF-ICD treatment in patients
who previously experienced AF-ICD shock, and can be a
primary reason why they do not use their AF-ICD, visit their
physicians clinic to have their shock administered under
intravenous sedation, or request it be removed and another
potential therapy be pursued. Another example of the cardiac
shock anxiety is a VF-ICD anxiety, which is detailed in the
medical literature, which is associated with anticipation of the
VF-ICD shock and its after effects in patients having an
implanted VF-ICD, where said shock occurs automatically
and without warning on a random and as-needed basis.

[0142] “Amnesia” is partial or total loss of memory. An
amnesic agent is an agent that causes partial or total lost of
memory. AF-ICD amnesia is an anterograde amnesia related
to the period of time prior to and during administration of a
shock from an AF-ICD. The term AF-ICD amnesia shall be
used mostly in reference to partial loss of memory of prior
AF-ICD treatment(s) in patients who experienced the prior
AF-ICD shock. The AF-ICD amnesia may be especially ben-
eficial if present at the time of initiation of new AF-ICD
shock.

[0143] “Phobia™ is a persistent and irrational fear of an
object, activity, situation or other phenomena. AF-ICD pho-
bia is the phobia regarding administration of AF-ICD shock.
AF-ICD phobia may lead a patient having an implanted AF-
ICD to avoid self-administration of the AF-ICD shock.

[0144] “Air” is a mixture of nitrogen (N,) and oxygen (O,)
that contains minimum oxygen concentration level required
by regulatory bodies to sustain life. The required oxygen
concentration in the Air ranges from 19.55 to 23%. Typically,
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the Air is artificially produced by mechanical mixing of con-
stituent gases, or prepared by compression of atmospheric air.

[0145] An inpatient setting (“I”) is a setting at a medical
facility where a patient undergoes diagnostic, therapeutic
and/or other medical procedures that include at least one
overnight stay. A non-limiting example of the inpatient set-
ting is a hospital where patients occupy sleeping accommo-
dation in the normal course of the hospital’s operations. Other
non-limiting examples of inpatient settings include a nursing
home or other institution to which patients are formally
admitted for a minimum of one night. In the inpatient setting,
medical treatment may occur at a patient’s bed, in a surgical
suite, a recovery room, a procedure room, an intensive care
unit or a hospital emergency room after admission. In addi-
tion to regular hospital procedures, a wide range of short
duration procedures may be conducted in the inpatient set-
ting, including but not limited to taking of blood samples,
injections, removal of bandages or dressings, arterial or
venous catheterization, urinary catheterization, dermal or
subcutaneous biopsy punches, insertion of aspiration needles
and drainage tubes, application, removal of casts, and short
term patient movement that involves pain, for example, trans-
fer of'a patient between a bed and a stretcher. A patient under
care at the inpatient setting may be referred to as an in-patient.

[0146] Walk-in outpatient setting (“WIO”) is a setting that
includes a medical facility providing diagnostic, therapeutic
and/or other medical procedures, including regular or spe-
cialty care services, to patients arriving and leaving on the
same day without an overnight stay. The procedures provided
in the walk-in outpatient setting typically take from minutes
to several hours. The medical facility may be a clinic that is
independent from a hospital, or is part of a hospital complex.
Non-limiting examples of the walk-in outpatient settings
include an HMO clinic, an urgent care clinic, a specialty
outpatient clinic, and physicians offices. An emergency room
of a hospital may be considered a walk-in outpatient setting
for patients returning home after treatment and not admitted
to the hospital. A patient under care at the walk-in outpatient
setting may be referred to as a walk-in outpatient.

[0147] Homecare outpatient (“HC-O") setting is a setting
in which a patient is treated outside a medical facility and
without observation or supervision of a medical professional.

[0148] Non-limiting examples of the homecare outpatient
setting are patients’ homes, (the HC in HC-O), a work place,
a hotel, an athletic training facility, arena or playing field, and
other similar locations (the O in HC-O). A patient in the
homecare outpatient setting may be referred to as a homecare
outpatient.

[0149] Emergency Medical Service (“EMS”) setting is a
setting where an individual requires emergency care as a
result of a crime, fire, automobile accident, workplace acci-
dent or at-home accident, the care being delivered on the
scene of the incident or accident and/or during transport to a
medical facility. In the EMS setting, the care is typically
provided by ambulance paramedics, fire department person-
nel or police department personnel. An individual in the EMS
setting may be referred to as an EMS patient.

[0150] A mode of administration of a therapy or a medical
procedure refers to the degree of supervision over the patient
in the course of the therapy or the medical procedure. If the
patient administers the therapy or the medical procedure
without presence and/or direct observation of a physician or
allied health professional (e.g., a nurse, physician’s assistant,
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paramedic or technologist, etc.), the therapy or the medical
procedure is administered in a self-administration mode
“S”).

[0151] Ifthe patient administers the therapy or the medical
procedure under direct observation of a physician, allied
health professional, police or fire emergency personnel, the
therapy or the medical procedure is administered in a self-
administration observed mode (“SAO”).

[0152] Gases, such as nitrous oxide (N,O), xenon (Xe),
helium (He), carbon dioxide (CO,), carbon monoxide (CO),
sulfur hexafluoride (SF), neon (Ne), Air, and oxygen (O,),
have applications in various therapies. Mixtures of gases may
also be used for therapeutic purposes. Examples of therapeu-
tic gas mixtures include N,0O/O, mixture, N,O/O,/N, mix-
ture, N,O/O,/He mixture, Xe/O, mixture, Xe/O,/N, mixture,
Xe/O,/He mixture, He/O, mixture, CO,/O, mixture, CO,/
0,/N, mixture, CO,/O,/He mixture, CO/O, mixture, CO/O,/
N, mixture, and CO/O,/He mixture.

[0153] In the therapeutic gas mixtures, different compo-
nent gases may have different functions. For example, a com-
ponent of a gas mixture may function as an active ingredient
gas, a gas having a secondary physiological function and/or a
diluent gas. Some component gases may function both as
secondary function gases and as diluent gases.

[0154] One or more gases in the gas mixture may act as an
active ingredient(s) to produce the intended primary effect of
the therapy. For example, when the N,O/O, mixture is used
for anesthesia or analgesia depending on the concentration of
N,O employed, nitrous oxide is the active ingredient that
provides the desired effect.

[0155] Sometherapeutic gases may be administered in pure
form. For example, pure oxygen may be used as the active
ingredient for certain indications. Other gases are diluted for
administration. For example, administration of pure (100
mole percent) nitrous oxide is dangerous and can cause
asphyxiation. Instead, nitrous oxide is usually diluted and
administered as a gas mixture. Diluent gases reduce the con-
centration of the active ingredient gases in the therapeutic gas
mixture. For, example, nitrous oxide is most often diluted
with oxygen because oxygen is required to sustain life.
[0156] The gases having secondary functions do not pro-
duce the primary effect of the therapy, but their presence in the
gas mixture does have physiological effect(s) on a patient,
which may be related or unrelated to the primary effect of'the
therapy. For example, in the nitrous oxide/oxygen mixture,
oxygen acts as a life support component in addition to serving
as a diluent gas for nitrous oxide. The presence of oxygen in
nitrous oxide/oxygen mixture allows a patient to breath the
mixture without exposure to the outside air. Another example
of'a gas mixture component having secondary function is the
inclusion of helium in mixtures with active ingredient gases
(e.g., N,O, O,, CO, or CO). The secondary function of
helium is believed to be improvement of the distribution of
the active ingredient gas in the lungs.

[0157] Some components of gas mixtures have no substan-
tial physiological effects. These components function purely
as diluent gases to reduce the concentration of other gaseous
components of the gas mixture. For example, nitrogen or
another suitable physiologically inert gas may be mixed with
nitrous oxide and oxygen. The resulting N,0/O,/N,, ternary
mixture may be used for certain indications instead of the
binary nitrous oxide/oxygen mixture. The inclusion of nitro-
gen may be used to avoid administration of excessive oxygen
concentrations, especially for situations when use of high
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oxygen concentrations is medically undesirable. For
example, for certain indications, 65% N,0/35% O, mixture
may be replaced with 65% N,0/21% 0,/9% N, mixture that
has reduced oxygen concentration without substantial
changes in the intended primary effect.

[0158] The therapeutic gas mixtures and/or gas compo-
nents of such mixtures may also serve as a pre-, peri-, and/or
post-therapy with respect to co-administration with another
drug- or device-based therapy. A non-limiting example of
pre-therapy is the use of the Heliox (He/O, mixture) imme-
diately before administration of inhaled albuterol or corticos-
teroid in asthma patients. Heliox incorporating 80 mole per-
cent of He is believed to facilitate deeper penetration of
albuterol and drugs in micro particle powder form into the
bronchi, in addition to helping to ameliorate an asthma attack
directly, due to the physical properties of He which include
facilitation of laminar flow deep into and throughout the
bronchi.

[0159] Inone ofits preferred aspects, the present invention
provides a method of easing administration of shock from a
cardiac rhythm management device by administering an anal-
gesic gas or gas mixture to a patient subjected to the shock.
The administration of the analgesic gas or gas mixture may be
carried out in conjunction with the administration of shock
from an implantable cardiac rhythm management device
(such as AF-ICD, VF-ICD or temporary catheter), or an exter-
nal cardiac rhythm management device, such as an external
ventricular defibrillator (e.g., AED) or an external atrial
defibrillator. The timing of the gas administration depends on
the nature of the cardiac rhythm management device and/or
the underlying medical condition, as well as other factors. For
example, for use in conjunction with the atrial defibrillating
shock, the analgesic gas or gas mixture is preferably admin-
istered immediately prior to and up to the moment of the
shock; whereas for ventricular defibrillating shock, the anal-
gesic gas or gas mixture is preferably administered immedi-
ately after the shock.

[0160] The easing of administration of the shock from a
cardiac rhythm management device results from the effects of
the analgesic gas or gas mixture on the patient. Preferably,
such effects include relief of pain (analgesia) and reduction of
cardiac shock anxiety (anxiolysis), decrease of the phobia
associated with the shock, and the presence of cardiac shock
amnesia. The administration of the analgesic gas or gas mix-
ture relieves the pain the patient experiences from the shock.
The pain relief results directly from the analgesic character of
the therapeutic gas or gas mixture. The administration of
analgesic gas or gas mixture also reduces the feeling of
unease and apprehension felt by the patient because of the
shock.

[0161] The analgesic gas or gas mixture may be adminis-
tered in the S, SAO, or NS modes, depending on the type of
the cardiac rhythm management device and the setting. In
most circumstances, the S mode of administration is pre-
ferred. Various devices for therapeutic gas administration
may be used with the method of this aspect of the invention,
including devices known to those of skill in the art. Examples
of such devices are disclosed in U.S. Pat. Nos. 5,839,434,
5,732,694, 5,558,083 and 2,185,067, all of which are incor-
porated herein by reference thereto in their entirety. The pre-
ferred devices are portable and suitable for outpatient use,
such as the devices described hereinbelow.

[0162] The analgesic gas or gas mixture may be adminis-
tered in the HCO, WIO, 1, or EMS settings, depending on the
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type of the cardiac rhythm management device and other
factors. In most circumstances, the HCO setting is preferred.

[0163] In one preferred embodiment, the patient is placed
in possession of a portable gas delivery device and a supply of
analgesic gas in a suitable form. The more preferred example
of such device is described hereinbelow. The use of such
device in possession of a patient provides numerous advan-
tages, some of which are described hereinbelow. For
example, the device provides the patient, medical personnel
or EMS personnel with ready availability of analgesia and/or
anxiolysis in the immediate proximity to the patient.

[0164] Preferably, the analgesic gas or gas mixture is
administered to a patient having an implanted cardiac rhythm
management device.

[0165] In apreferred embodiment, the implantable cardiac
rhythm management device is an AF-ICD, and the method
includes easing the administration of an AF-ICD shock by
administering analgesic gas or gas mixture to the patient
having the implanted AF-ICD. The easing of administration
of the AF-ICD shock results from the effects of administra-
tion of the analgesic gas or gas mixture on the patient imme-
diately prior to and as of the moment of the shock. Preferably,
such effects include relief of pain (analgesia), reduction of
AF-ICD anxiety (anxiolysis), decrease of the AF-ICD pho-
bia, and the presence of AF-ICD amnesia. The administration
of analgesic gas or gas mixture relieves the pain the patient
experiences at the time of the AF-ICD shock and immediately
thereafter. The pain relief results directly from the analgesic
character of the therapeutic gas or gas mixture.

[0166] The administration of an analgesic gas or gas mix-
ture also reduces the feeling of unease and apprehension felt
by the patient before AF-ICD shock is administered (AF-ICD
anxiety). The AF-ICD anxiety is likely to be present if the
patient had experienced pain associated with the administra-
tion of the AF-ICD shock in the past. The prior instances of
pain may help produce the feeling of apprehension regarding
the AF-ICD shock administration. The AF-ICD anxiety may
be especially strong before another AF-ICD shock is about to
be administered. Relief of the AF-ICD anxiety provided by
the administration of the analgesic gas before the AF-ICD
shock is initiated facilitates the administration of the shock.
When the patient self-administers the AF-ICD shock, for
example, in an outpatient setting, the relief of the AF-ICD
anxiety makes it more likely than the patient would in fact
initiate the shock.

[0167] Preferably, the administration of the analgesic gas or
gas mixture also produces AF-ICD amnesia so that the period
of'time associated with the AF-ICD shock becomes subject to
reduced recall by the patient. The amnesic function of the
analgesic gas administration is especially important when the
patient may be reluctant to self-initiate the AF-ICD. The
reduced recall of the prior instances of pain and anxiety
associated with the AF-ICD shock facilitates self-initiation of
AF-ICD shocks in the future.

[0168] Preferably, the analgesic gas or gas mixture is
administered immediately prior to and up to the moment of
self-administration of the AF-ICD shock. More preferably,
the analgesic gas or gas mixture is self-administered pursuant
to the self-administration of the AF-ICD shock. However,
self-administration of the analgesic gas or gas mixture in
conjunction with physician-administered AF-ICD shock is
also contemplated. A nurse or other medical professional may
also administer the AF-ICD shock instead of the patient.
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[0169] In a preferred embodiment, a patient having
implanted AF-ICD administers the analgesic gas, to him- or
herself, and after a pre-determined period of time self-ini-
tiates his/her implanted AF-ICD. Preferably, the gas admin-
istration continues up to the moment of the AF-ICD shock.
Preferably, the effect of the analgesic gas administration
extends through the time of the AF-ICD shock. Preferably, at
the time of the AF-ICD shock, the gas administration has
produced sufficient levels of analgesia, anxiolysis, and AF-
ICD amnesia in the patient. Preferably, the levels of analgesia,
anxiolysis and AF-ICD amnesia are sufficient if they allow
routine self-administration of the AF-ICD shock.

[0170] The length of the pre-determined period of time
between the beginning of gas administration and the AF-ICD
shock depends on many factors. Thus, the length of the pre-
determined time period may depend on the nature and dose of
the analgesic gas, among other factors. For example, admin-
istration of a 65% N,0/35% O, mixture is likely to produce
higher levels of analgesia than a 35% N,0/65% O, mixture,
when the analgesic effect is measured at the same time point
after the beginning of gas administration. The dose is deter-
mined by the concentration of the active ingredient gas and
the duration of gas administration.

[0171] The pre-determined time period may also vary from
patient to patient, depending on factors such as age, weight
and pain tolerance. Each patient is likely to respond difter-
ently to AF-ICD shock and/or experience different levels of
the AF-ICD anxiety and phobia concerning future shocks. A
physician may select the length of the pre-determined time
period in practice sessions with a specific patient. The physi-
cian may also select the analgesic gas and the dose.

[0172] In a preferred embodiment, the length of the pre-
determined time period before the AF-ICD shock is 6 minutes
or less, more preferably, 4 minutes or less, yet more prefer-
ably, 2-3 minutes. In a more preferred non-limiting example,
for a nitrous oxide/oxygen mixture in which the concentra-
tion of nitrous oxide varies from 55% to 70%, the maximum
desirable effect of gas administration is achieved in 2 to 3
minutes after the beginning of gas administration.

[0173] Various devices for therapeutic gas administration
in conjunction with the AF-ICD shock may be used, including
devices known to those of skill in the art. Examples of such
devices are disclosed in U.S. Pat. Nos. 5,839,434, 5,732,694,
5,558,083 and 2,185,067, which were previously incorpo-
rated herein by reference thereto. The preferred devices are
portable and suitable for outpatient use, such as the devices
described hereinbelow, which are especially suitable for self-
administration.

[0174] It is believed that self-administration of both the
analgesic gas and the AF-ICD promotes the patient’s freedom
of movement, for example, by allowing the patient to carry
out the AF-ICD shock in an outpatient setting. The reduction
in AF-ICD anxiety and other effects of analgesic gas admin-
istration decreases the patient’s need for medical assistance.
A patient having an implanted AF-ICD may also self-admin-
ister the analgesic gas or gas mixture while visiting a physi-
cian’s office or a clinic. In addition, if a patient is unable to
self-administer the analgesic gas and/or the AF-ICD shock or
travel to a physician’s office or a clinic, the patient may call
EMS for help. The patient’s possession of the analgesic gas
and gas delivery device, and the consequent immediate avail-
ability of the analgesia and anxiolysis may help the EMS
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personnel in treating the patient. The settings suitable for
administration of the analgesic gas or gas mixture are
described in Table 1 below.

[0175] Therapeutic gases that produce analgesic effect in
patients may be used with the methods of the invention,
including analgesic gases known in the art. The preferred
gases suitable for easing the administration of the AF-ICD
shock are N,0/0, mixture, N,0/O,/N, mixture, N,O/O,/He
mixture, Xe/O, mixture, Xe/O,/N, mixture, and Xe/O,/He
mixture.

[0176] The preferred active ingredient gas for relieving
pain and anxiety associated with the AF-ICD shock is nitrous
oxide (N,O). Nitrous oxide is a well-known anesthetic gas, is
readily available and less expensive than other suitable active
ingredient gases. Nitrous oxide is usually administered in a
mixture with other gases. For example, the use of nitrous
oxide-containing gas mixtures for anesthesia is described in
U.S. Pat. Nos. 3,876,773 and 3,192,106, both of which are
incorporated herein by reference thereto in their entirety.
[0177] The preferred analgesic gas mixture for relief of
pain associated with the AF-ICD and the AF-ICD anxiety is
the nitrous oxide/oxygen mixture (N,O/O,). Preferably, the
concentration of N, O in the mixture varies from 35% to 70%,
expressed in mole percent of the component with respect to
molar content of the mixture, with the balance being substan-
tially oxygen. The content of more preferred nitrous oxide/
oxygen mixtures vary from approximately 55% N,0/45% O,
to approximately 65% N,0/35% O,.

[0178] Preferably, the N,O/O, mixture is administered 4
minutes or less before the administration of the AF-ICD
shock. More preferably, the N,O/O, mixture is administered
2.5 to 3.5 minutes prior to the administration of the AF-ICD
shock. It was found that 2.5 to 3.5 minutes after the beginning
of gas administration, the levels of analgesia and anxiolysis
were sufficient to ease patients’ self-administration of AF-
ICD shock. The short period of administration reduces the
likelihood of hypoxia, which was reported to occur in some
instances for substantially greater periods of N,O/O, admin-
istration.

[0179] It was found that nausea and vomiting, which some-
times had been observed in administration of the N,O-con-
taining gas mixtures, were unlikely to occur when the total
duration of administration is less than about 6 minutes and
especially when it is 4 minutes or less. For such duration of
administration, the patients are likely to suffer little or no
nausea, and vomiting was not observed. After the short-term
N,0/O, administration, patients rapidly return to normal sen-
sory perception levels and are able to resume normal daily
routines. For example, within approximately 30 minutes after
gas administration, it is believed that a patient may safely
drive a car or perform other tasks that demand attention. The
accelerated return to normal sensory perception levels is
believed to be associated with rapid elimination of N,O from
the body and short duration of gas administration. For
example, the current standard of care for patients seeking
administration of an AF-ICD shock by a physician in the WIO
setting involves sedation with a drug such as propofol, mida-
zolam or a benzodiazapene, which are injected intravenously,
or in the case of a benzodiazapene may be administered
intramuscularly or orally, in which case the onset of desired
effects is greatly extended. These intravenously injected
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drugs have short onset but relatively long offset times. As a
result, the WIO patients typically remain at the site of shock
administration for 3 hours after the AF-ICD shock to recover
a normal sensory perception, and during this time, based on
guidelines issued by the Joint Commission on Accreditation
of Healthcare Organizations (JCAHO), as well as guidelines
issued by professional medical organizations and societies,
they must be monitored by a medical professional throughout
this period, which is a major cost factor and impacts the
patient’s quality of life. Patients receiving such sedation must
have someone drive them to the WIO setting and then drive
them home, which also impacts patient quality of life and
generates a burden on persons other than the patients. The use
of'a portable gas administration device providing an N,O/O,
mixture may in most situations permit the patient to drive to
the physician’s office without help and to drive back home 30
minutes after the procedure is completed, rendering the entire
procedure and experience equivalent to an office visit of one
hour or less.

[0180]
quential dosing of large numbers of patients in particular for
the applications envisioned, such as those performed by but
not limited to a cardiologist or electro-physiologist, is also
believed to result in a small volume of exhaled nitrous oxide
and its rapid dilution in the circulating room air so that scav-
enging and removal of the exhaled N,O is not required. How-
ever, a scavenging or decomposition system for nitrous oxide
may be used if necessary to meet environmental regulations.
Subject to the room air circulation and the permissible limits
of N,O concentration, a simple system should be sufficient
due to the low volume of N,O.

[0181] Inaccordance with the preferred embodiment of this
aspect of the invention, a patient having AF-ICD is provided
with a device suitable for self-administration of a nitrous
oxide/oxygen mixture in an outpatient setting, e.g., at the
patient’s home, while traveling, and the like. When there is a
need for the AF-ICD shock, the patient first uses the device to
self-administer the nitrous oxide/oxygen mixture. The inha-
lation of the mixture is believed to relax the patient and to
reduce AF-ICD anxiety, decreasing the patient’s psychologi-
cal discomfort associated with self-initiation of the shock.
The patient initiates the AF-ICD shock, preferably less than 4
minutes, more preferably 2 to 3 minutes, after the beginning
of'the N,O/O, administration. Preferably, the effect of the gas
administration fully manifests itself at the time of the AF-ICD
shock. The analgesic effect of the gas administration reduces
the level of pain from the AF-ICD shock. Preferably, the gas
administration ends as of the AF-ICD shock. After the gas
administration has ended and post-AF-ICD shock, the ben-
eficial analgesic and anxiolytic effects of the N,0/O, admin-
istration gradually decrease over several minutes as the N,O
leaves the patients body by exhalation.

[0182] Another suitable N,O-containing gas mixture is
N,0O/O,/He. Preferably, the concentration of N,O in the mix-
ture varies from 35% to 70%, and the concentration of helium
varies from 9% to 44%, both expressed in mole percent of the
component with respect to molar content of the mixture, with
the balance being oxygen. The concentration of oxygen is
usually approximately 21 molar %.

The short duration of administration and nonse-

Mar. 19, 2009

[0183] Another suitable N,O-containing gas mixture is
N,O/O,/N,. Preferably, the concentration of N,O in the mix-
ture varies from 35% to 70%, and the concentration of nitro-
gen varies from 9% to 44%, both expressed in mole percent of
the component with respect to molar content of the mixture,
with the balance being oxygen.

[0184] Xenon is a known therapeutic gas. Thus, the use of
Xenon in treating neurointoxications is disclosed in Interna-
tional Application WO 00/53192, the disclosure of which is
incorporated herein by reference thereto in its entirety.
[0185] U.S. Pat. No. 5,228,434 discloses the use of xenon
mixtures for anesthesia. Xenon at low concentrations may be
used instead of nitrous oxide as the active ingredient gas for
relief of pain and anxiety associated with AF-ICD shock.
[0186] Xenon has the benefit of being a bio-chemically
inert gas, making it especially suitable for pediatric patients
and pregnant women. In addition, xenon is cardiotonic and
thus beneficial for older patients. The drawbacks of xenon
include higher cost and the consequent need for breathing
circuits and recovery mechanisms in devices for administer-
ing xenon and its mixtures.

[0187] Xenon is a heavy gas and can be difficult to breathe
even at low concentrations. It is therefore desirably adminis-
tered in mixtures with oxygen and helium. Preferably, the
mixture has sufficient xenon content to produce the desired
analgesia, anxiolysis and partial amnesia.

[0188] One of the suitable xenon-containing mixtures is
Xe/O, mixture. The preferred concentration of xenon in the
Xe/O, mixture varies from 26% to 50%, expressed in mole
percent of xenon with respect to the total molar content of the
mixture, with the balance being substantially oxygen. The
more preferred composition of the Xe/O, mixture is 33%
Xel/67% O,.

[0189] Another suitable xenon-containing mixture is the
Xe/O,/N, mixture. The preferred concentration of xenon in
the mixture varies from 26% to 50%, the concentration of
nitrogen varying from 29% to 53%, both expressed in mole
percent of the component with respect to the total molar
content of the mixture, with the balance being substantially
oxygen. The concentration of oxygen is usually approxi-
mately 21 molar %. The content of a more preferred mixture
is approximately 33% Xe/21% O,/46% N,. The use 0£26% or
higher concentrations, and in particular 33% of Xe for diag-
nostic purposes in the measurement of cerebral blood flow
with a CT scanner is well known to one versed in the medical
imaging art. The body of work in this area has shown that
apnea may result if 33% to 40% Xenon is inhaled for periods
exceeding 2.5 to 3 minutes. Therefore, the use of such gas
mixtures for purposes of self-administered analgesia espe-
cially by outpatients in the HC-O setting is preferably main-
tained below 2.5 to 3 minutes.

[0190] Nitrogen in the Xe/O,/N, mixture may be substi-
tuted with helium. The suitable composition of the Xe/O,/He
mixture is the same as for the Xe/O,/N, mixture. The Xe/O,/
He mixtures are disclosed in U.S. Pat. No. 5,228,434 (“the
’434 patent”) pertaining to their use in anesthesia. The dis-
closure of the 1434 patent that is related to the composition(s)
of'the Xe/O,/He mixtures is incorporated herein by reference
thereto. The addition of helium to the mixture facilitates
breathing the xenon-containing mixture, with helium acting
as a carrier gas to improve xenon distribution in the breathing
system. The disclosure of the 434 patent that is related to the
use and function of helium in the Xe/O,/He mixtures is also
incorporated herein by reference thereto.

[0191] Table 1 summarizes various methods of use of the
present invention for a number of indications:
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[0192] In another embodiment of the method of the pre-
ferred aspect of the present invention, the implanted cardiac
rhythm management device is a VF-ICD. The method
includes relief of pain and anxiety associated with the admin-
istration of a VF-ICD shock by administering analgesic gas or
gas mixture to the patient having the implanted VF-ICD.

[0193] The VF-ICD shock is automatic. The after-effects of
the VF-ICD shock are both physical and psychological. A
patient having implanted VF-ICD experiences a constant
sense of anxiety about the next shock, in part because the
patients never know when the VF-ICD shock will occur. In
contrast to the administration of analgesic gases in conjunc-
tion with the AF-ICD shock, in which a certain degree of
control exists regarding the choice of the time of gas admin-
istration, the immediate and automatic nature of the VF-ICD
shock will not allow gas administration before the VF-ICD
shock. The typical status of patients during an episode of VF
may also be incompatible with the pre-shock gas administra-
tion as VF can cause loss of consciousness if not immediately
corrected. Therefore, the administration of the analgesic gas
or gas mixture preferably begins immediately after the VF-
ICD shock, rapidly providing analgesia and anxiolysis within
a few minutes thereafter. Preferably, a patient having an
implanted VF-ICD self-administers the analgesic gas or gas
mixture with a portable gas administration device to relieve
pain and anxiety the patient experiences after the VF-ICD
shock. Portability of the gas administration device, its ease of
use, and multiple levels of fail-safe use mechanisms provide
the patient with relief from pain and VF-ICD anxiety coupled
with the ability to self-administer the relief without observa-
tion, in real time, by a medical professional. Preferably, in
addition to relief of pain and reduction of VF-ICD anxiety, the
effects of gas administration also include decrease of the
VF-ICD shock-related phobia and the presence of antero-
grade amnesia. The analgesic gases described in reference to
the method of easing the AF-ICD shock may also be used in
this embodiment.

[0194] Inanother embodiment of the present invention, the
implanted cardiac rhythm management device is a temporary
catheter or other type of easily removable implantable lead
(s), such as, for example, the devices shown in U.S. Pat. Nos.
5,849,033 and 5,653,734, both of which were previously
incorporated herein by reference thereto. A significant per-
centage of patients who undergo cardiac or thoracic surgery
are prone to atrial fibrillation for several days following the
surgery. These post surgery patients often not only have mul-
tiple and often serious medical conditions, but are also being
treated with multiple drugs. The current standard of care for
such patients is sedation by drugs, such as propofol, mida-
zolam and benziodiazapenes, which are injected intrave-
nously. The temporary catheters or other types of implantable
lead(s) are especially useful to deliver atrial defibrillation in
such post-surgery period. In this embodiment, the method of
the invention includes relief of pain and anxiety associated
with the administration of atrial defibrillation shock via the
temporary catheter by administering analgesic gas or gas
mixture. The preferred analgesic gas for use in this embodi-
ment of the present invention is a nitrous oxide-containing
gas mixture because of its lack of interaction with other drugs,
lack of allergenicity, and the rapid return of the patients to
normal sensory perception and a “zero” base regarding the
rapid elimination of nitrous oxide and its effects. The admin-
istration of nitrous oxide results in analgesia and anxiolysis.
Preferably, the analgesic gas or gas mixture is self-adminis-

Mar. 19, 2009

tered by a patient in the presence of a physician prior to the
physician or other medical professional administering the
atrial defibrillating shock via the temporary catheter. Prefer-
ably, the analgesic gas or gas mixture is administered with a
portable gas administration device. Among the benefits is the
portability of the device within the hospital, resulting in easy
storage and easy access to device. It is also preferred to use
gas administration devices that utilize unit dose cassettes,
described in detail below. Due to their trackability, the unit
dose cassettes may be assigned specifically to the patients
record for purposes of medical record keeping and tracking
the cost of care, thereby facilitating compliance with recent
FDA regulations concerning bar coding and desired traceabil -
ity of pharmaceuticals in unit dose form, and helping the
healthcare institution to better assess both the cost of patient
care and the outcomes/benefits ratio. The analgesic gases
described in reference to the method of easing the AF-ICD
shock may also be used in this embodiment.

[0195] The method of a preferred embodiment of the
present invention may also be used in conjunction with the
shock from external cardiac management devices. In one
embodiment, the cardiac rhythm management device is an
Automated External Defibrillator (AED). AEDs are typically
used by first responders such as police officers, fire fighters,
and emergency medical technicians to resuscitate victims of
sudden cardiac arrest. AEDs are often being carried in emer-
gency vehicles such as police cars, paramedic vehicles, and
fire trucks. AEDs are also being widely deployed in areas
where large numbers of people gather, such as at sports sta-
diums and the like.

[0196] Inthis embodiment, the method involves easing the
administration of the shock from the AED by administering
an analgesic gas or gas mixture to a patient with oxygen as
part of the process of preparing the patient for or after they
have undergone the Automated External (Ventricular)
Defibrillation. The analgesic gases described in reference to
the method of easing the AF-ICD shock may also be used in
this embodiment. In addition to providing analgesia and anxi-
olysis, the analgesic gas or gas mixture (e.g., 65% N,0/35%
0O,) also may provide the patient with higher than normal
oxygen levels, which may also be of therapeutic benefit for
such patients. The preferred gas administration devices for
use in conjunction with the AED are portable gas administra-
tion devices that are easy to carry and transport, can be easily
secured, are easy to use and are failsafe such as the devices
utilizing unit dose cassettes described herein below. This is
especially the case during transport of a patient that has
undergone AED in an EMS setting to a hospital Emergency
Room. The benefits of the device in such situations are the
ability to deliver the analgesic and anxiolytic gas mixture
combined with portability, ease of use, and the ability to
control handling and tracking of the unit dose cassettes which
are also misuse, tamper and abuse resistant.

[0197] In accordance with another preferred embodiment
of the present invention, there is provided a system 1 for
delivery of therapeutic gases and gas mixtures to patients
(FIG. 1). Preferably, the system 1 is suitable for self-admin-
istration by a patient. Also, the system 1 is preferably hand-
held and portable. More preferably, the system 1 is suitable
for operation with one hand.

[0198] AsseeninFIG.1,the therapeutic gas administration
system 1 preferably includes a source gas container 2, a body
4, and a patient interface 6.
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[0199] The source gas container 2 stores therapeutic gas or
gas mixture for administration with the system 1. The desired
therapeutic gas or gas mixture may be stored in gaseous,
gas/liquid, or liquid only form. In a preferred embodiment,
the source gas container 2 stores a single dose of the thera-
peutic gas or gas mixture (a unit dose). Generally, the dose is
determined by concentration of the therapeutic gas or gas
mixture and the total duration of administration, which are
required to achieve the desired therapeutic eftect. Preferably,
the volume of the therapeutic gas or gas mixture stored in the
source gas container 2 is sufficient for a single administration
commensurate with the goal of the therapy (e.g., relief of
AF-ICD anxiety). The source gas containers 2 may be manu-
factured in such unit dose form and provided to patients,
physicians, and medical facilities for administration with the
body 2 of the system 1.

[0200] Preferably, the source gas containers 2 are not
intended for re-use, whether by the same or different patients.
Since the containers 2 contain gases in amounts substantially
required for a single gas administration, at least the majority
of'the gas stored in the containers is spent during gas admin-
istration. It is preferred that the containers be disposed of after
a single use. In a preferred embodiment, the source gas con-
tainers 2 have a disposable construction.

[0201] The size of the source gas container 2, and the con-
centration and pressure of the gas(es) in the container depends
on the type of the gas or gas mixture and the purpose of gas
administration.

[0202] In one preferred embodiment, the source gas con-
tainers 2 may be provided with gas-specific and/or dose-
specific indicator(s) (e.g., marked and/or equipped with such
indicator(s)), which could be functional and/or non-func-
tional. Non-limiting examples of such indicators include bar
coding, alpha-numeric coding, color indicators, gas-specific
interface configurations between the body 4 and the source
gas container 2, gas-specific and/or dose-specific construc-
tion of the source gas containers 2 and/or the body 4, and the
like.

[0203] Upon actuation, the source gas container 2 delivers
the gas or gas mixture through the body 4 and the patient
interface 6 to a patient (FIG. 1). The body 4 preferably pro-
vides various user controls, as well as gas control and delivery
mechanisms that allow the gases to be supplied to a patient in
adesired manner. Preferably, the body 4 allows easy insertion
and replacement of the source gas containers 2. Preferably,
the body 4 is lightweight, portable, and hand-held. More
preferably, the body 4 allows the user to operate the drug
delivery system with one hand. The body 4 may be con-
structed from materials that include, but are not limited to,
aluminum, carbon steel, stainless steel, fiberglass, ceramics,
PVC, styrene or other plastics, silicone, rubber, or any com-
bination of the above. Preferably, the materials used in the
construction of body 4, as well as other components of the
system 1, are compatible with Food and Drug Administration
regulatory requirements and are capable of operating under
the necessary gas pressures and chemical conditions.

[0204] The patient interface 6 provides the therapeutic gas
or gas mixture directly to a patient, preferably in the form of
a gas stream. It is also possible to deliver the gas to a patient
directly from the body 4 without the patient interface 6.
However, the use of the patient interface 6 is preferred
because it simplifies the use of the system 1, and allows
delivery of gases in a desired manner. The patient interface 6
may be integral with or separate from the body 4.
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[0205] Examples of patient interface components include
breath-activated demand valves, manual demand valves, and
gas conservation devices. The breath-activated demand
valves operate by releasing therapeutic gas or gas mixture
upon inspiration by the patient, typically by generating a
specified negative pressure to activate the demand valve. The
use of manual demand valves typically involves activation of
a lever or a button during inspiration, with the therapeutic gas
or gas mixture being released while the lever or the button is
depressed. A fixed reservoir may be incorporated represent-
ing an average tidal volume of 500 ml to 700 ml of the gas
mixture, which is released by the demand valve and is refilled
by the device between inhalations. The conservation devices
deliver a pre-determined amount of the therapeutic gas or gas
mixture (sometimes referred to as a bolus). For example, a
conservation device may be set to release 25 ml to 200 ml of
gas upon activation, vis-a-vis a normal inspired tidal volume
0t 500 ml to 700 ml. The bolus is delivered at an exact point
in the inspiration cycle so that the gas reaches the deepest and
greatest portion of the lungs and has a greater effect, with the
rest of the inspired gas usually being room air.

[0206] FIGS. 2A-2F show functional block/partial struc-
tural diagrams of preferred arrangements of the major com-
ponents of the system 1. The structural features of the system
1 are not intended to be limiting. As seen best in FIG. 2A, the
body 4 has a top wall 11, a bottom wall 12, and side walls 15.
Together, the top wall 11, the bottom wall 12, and the side
walls 15 enclose an upper chamber area 4a and a lower
chamber area 4b. The lower chamber area 44 includes a
hollow space 4c¢ for insertion of the source gas containers 2
(shown by dotted line dl). The upper chamber area 4a con-
tains a gas delivery and control system 20. The upper chamber
area 4a borders a gas outlet 8 in the side wall 15. The gas
outlet 8 may be connected to the patient interface 6. The gas
outlet 8 may be integral with the body 4 or may be a separate
structural element.

[0207] It should be understood that while the above
arrangement of the structural elements of the system 1 is
preferred, the invention also contemplates other arrange-
ments, including an arrangement wherein the hollow space 4¢
is located in the upper chamber area 4a, and the gas port 8 and
the gas control and delivery system 20 are located in the lower
chamber area 4b.

[0208] Thebody 4 allows placement/insertion and removal
of the source gas containers 2 from the hollow space 4¢. For
this purpose, one or more structural elements of the body 4
is/are releasably connected to each other and/or to the body 4.
The invention contemplates releasable attachment/connec-
tion of any portion or section of the walls 15, the bottom
member 12, or the top member 11 to allow insertion and
replacement of the source gas container 2. FIGS. 2B-2D
illustrate several of the preferred embodiments/constructions
of the body 4, and the corresponding modes of inserting the
source gas containers 2 (shown by arrows A, B, and C).
[0209] FIG. 2B shows one of the preferred embodiments, in
which the walls 15 of the body 4 are separated into upper
walls 154 and lower walls 1554, and the body 4 includes an
upper portion 41 and the lower portion 42 releasably con-
nected to each other. The methods of releasable connection
may be any methods known in the art. Some of the contem-
plated methods will be shown in reference to more preferred
embodiments.

[0210] In the embodiment shown in FIG. 2B, the upper
portion 41 includes substantially the gas delivery and control
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system 20, and the lower portion 42 includes substantially the
lower chamber area 45 and the hollow space 4¢. However, the
walls 15 may be separated in any location commensurate with
the desired use and functioning of the system 1. Thus, in other
aspects of this embodiment, the upper portion 41 may sub-
stantially contain some or most of the lower chamber area 45
and the hollow space 4¢ in addition to the upper chamber area
4a. Likewise, in yet other contemplated embodiments, the
lower portion 42 may substantially contain some or most of
the upper chamber area 4a in addition to the lower chamber
area 4b and the hollow space 4c.

[0211] As shown in FIG. 2B, to load the source gas con-
tainer 2, the upper portion 41 and the lower portion 42 are
released from each other (shown by the dotted line d2), and
the source gas container 2 is inserted into the hollow space 4¢
as shown by the arrow A. After the source gas container 2 is
inserted, the upper portion 41 and the lower portion 42 are
re-attached to each other.

[0212] FIG. 2C illustrates another embodiment of the body
4. In this embodiment, the releasably connected structural
elements of the body 4 are the bottom member 12 and the
walls 15 (dotted line d3). The arrow B shows the insertion of
the source gas container 2.

[0213] Another embodiment is illustrated in the FIG. 2D. In
this embodiment, the walls 15 include a releasable wall mem-
ber 15¢, which may be attached, for example, to the bottom
wall 12 or the remainder of the walls 15. To insert the con-
tainer, the wall member 15¢ is released, the source gas con-
tainer 2 is inserted as shown by arrow C, and the wall member
15c¢ is closed as shown by the dotted line d4.

[0214] Preferably, the reattachment/closure of the releas-
able structural element(s) of the body 4 releases the therapeu-
tic gas or gas mixture from the source gas container 2 into the
body 4. Thus, once the source gas container 2 is inserted, and
the releasable structural element(s) of the body 4 is/are re-
attached, the system 1 is ready for use. Preferably, a user must
actuate the system 1 in some manner before the gas or gas
mixture begins to flow through the patient interface 6. In one
embodiment, the user may actuate the system via controls
(not shown), preferably located on the body 4. In another
embodiment, the user actuates the system 1 by creating nega-
tive air pressure via attempting to inhale through the patient
interface 6.

[0215] Preferably, the system 1 is used for delivery of thera-
peutic gas mixtures. The source gas container 2 may store a
pre-mixed gas mixture or separate gas components of the
desired mixture for mixing in situ. Thus, the source gas con-
tainer 2 may provide a single gas stream (shown as the stream
G in FIG. 2E), or two or more separate gas streams (shown as
the streams G1 and G2 in FIG. 2F).

[0216] After the source gas container 2 releases the gas or
gas mixture, the gas stream(s) enters the gas control and
delivery system 20. The gas control and delivery system 20
controls the composition of the gas, temperature, and other
parameters of the gas or gas mixture, and delivers the gas or
gas mixture to the gas outlet 8. The gas control and delivery
system 20 may contain various sensor devices that monitor
the parameters of the gas or gas mixture. If the source gas
container 2 provides separate gas streams G1 and G2 (FIG.
2F), the gas control and delivery system 20 blends these gas
streams and delivers a mixture stream G3 to the port or outlet
8 at the desired composition, rate, temperature and the like.
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Through the gas outlet 8, the gas stream (e.g., the stream G3)
is supplied to the patient interface 6 and subsequently to a
patient.

[0217] Preferably, the patient uses the system 1 for admin-
istration of a single dose of the therapeutic gas or gas mixture
provided in the source gas container 2. Once the gas or gas
mixture is administered, the used source gas container 2 is
removed from the body 4 and appropriately disposed. Admin-
istration of another dose of the gas requires insertion of a new
gas source container 2.

[0218] The components of the system 1 and/or the system 1
as a whole may include various components, parts, and sub
combinations, some of which will be discussed in reference to
preferred embodiments.

[0219] The therapeutic gas administration system 1 may be
used to administer various therapeutic gases and gas mix-
tures. Non-limiting examples of therapeutic gases include
nitrous oxide (N,0), xenon (Xe), helium (He), carbon diox-
ide (CO,), carbon monoxide (CO), neon (Ne), Air, and oxy-
gen (O,). Non-limiting examples of therapeutic gas mixtures
that may be used with the system 1 include N,O/O, mixture,
N,O/O,/N, mixture, N,O/O,/He mixture, Xe/O, mixture,
Xe/O,/N, mixture, Xe/O,/He mixture, He/O, mixture, CO,/
O, mixture, CO,/0,/N, mixture, CO,/O,/He mixture, CO/O,
mixture, CO/O,/N, mixture, and CO/O,/He mixture.

[0220] The system 1 and its various embodiments and vari-
ants may be used for administration of known therapeutic
gases and gas mixtures, the use of which is commensurate
with the unit dose construction of the source gas container 2.
The size and construction of the source gas container 2, as
well as the pressure of gas and the concentration of active
ingredient gas in the container is determined by identity of the
therapeutic gas or gas mixture and the goal of gas adminis-
tration. Known therapeutic gases or gas mixtures may be
administered in doses known in the prior or future art and for
any duration known in the prior or future art and commensu-
rate with the unit dose construction of the source gas contain-
ers 2.

[0221] The preferred gas mixture for use with the therapeu-
tic gas administration system 1 is nitrous oxide/oxygen mix-
ture. In a preferred example, the amount of N,0/O, in the
source gas container 2 is sufficient for about 6 minutes or less
of total gas mixture administration, more preferably, up to
about 4 minutes or less, yet more preferably, from about 2.5 to
about 3.5 minutes of total gas mixture administration.
[0222] In accordance with another preferred aspect, the
invention provides a number of uses and related methods for
system 1. It should be understood that while system 1 is
exemplified, these uses and methods might also be affected
with other devices having a unit dose construction and/or
hand-held devices that are at present not specifically dis-
closed herein.

[0223] Preferably, the therapeutic gas administration sys-
tem 1 is intended for outpatient use at home, at work and
similar settings, which lack supervision by a health profes-
sional. In the preferred embodiment, the system 1 is hand-
held, portable, and incorporates multiple failsafe mecha-
nisms, simplifying the use of therapeutic gases and gas
mixtures in the outpatient setting and/or unsupervised admin-
istration of therapeutic gases and mixtures. The inclusion in
the system 1 of a radio frequency identification chip (RFID
chip) to track its exact location provides additional levels of
trackability/traceability and control over its use. Further-
more, the incorporation of optional telemetry devices
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whereby only the patient can activate the system 1 with a
device similar to a coded telemetric automobile door lock,
that is hand held, or whereby the physician can activate the
system 1, or whereby the system 1 can be activated by an
external second medical device, or whereby the system 1 can
automatically activate an external second medical device,
also enhances the suitability of system 1 for use with thera-
peutic gases in the unsupervised administration of therapeutic
gases and mixtures by an outpatient. However, the system 1
may also be used under professional supervision and/or
monitoring, for example, by patients visiting a hospital emer-
gency room, a procedure room, a general outpatient clinic, a
cardiac, fertility, cancer, mammography, dermatology, imag-
ing or respiratory care or other specialty outpatient clinic,
urgent care walk-in centers, a doctor’s private office, and the
like. The system 1 may also be used in an in-patient setting,
where its compact size and single dose packaging facilitate
easy storage, easy access and setup, tracking of use by means
of an RFID chip, bar coding and bar code readers allowing
tracking of physical location and assignment of a charge to
the care of or the bill for a specific patient, and easy disposal
of'used gas sources.

[0224] The system 1 may be used for a variety of indica-
tions, disease states, and other medical situations. For
example, the system 1 may be used for administration of
therapeutic gases for any indication and treatment regiment/
methodology known to those of skill in the art. It is especially
useful when the goal of therapeutic gas administration may be
achieved within the dose limits consistent with the unit dose
construction of the source gas containers 2.

[0225] One of the preferred uses of the system 1 is in
effecting analgesia and anxiolysis for a variety of purposes.
The preferred therapeutic agents are N,0/O, mixture, N,O/
0O,/N, mixture, N,O/O,/He mixture, Xe/O, mixture, Xe/O,/
N, mixture, and Xe/O,/He mixture. Thus, the system 1 is
especially useful in connection with the method of easing
administration of shock from cardiac rhythm management
devices, for example the AF-ICDS, by administering analge-
sic gas or gas mixture to patients having implanted AF-ICD.
The method was described above and illustrated in Tables 1
and 2. The system 1 may be used with the methods illustrated
in Tables 1 and 2. In the preferred portable and handheld
embodiment, the therapeutic gas administration system 1 is
especially suitable for self-administration of analgesic gas
mixtures in homecare outpatient setting when the AF-ICD is
self-initiated by the patient. Patients may use the portable
embodiment of the system 1 at home, while traveling, and
other HCO settings without the need for going to a hospital or
clinic.

[0226] The system 1 may also be used to administer thera-
peutic gases or gas mixtures in conjunction with various
diagnostic and/or therapeutic procedures. The non-limiting
examples of suitable procedures include an insertion of a
intravenous catheter prior to same day outpatient surgery or a
radiological contrast procedure, outpatient same day
colonoscopies, outpatient fertility clinic based procedures,
setting a fracture, removing bandages from a wound, re-
setting a dislocation, suturing, dermal biopsy punches, per-
cutaneous needle biopsies, aspiration of a cyst, or, in the case
of an emergency ambulance to provide analgesia and anxi-
olysis at the scene, during transport into the ambulance, and/
or during a portion of the time the patient is actually en-route
to the hospital.
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[0227] The therapeutic gas administration system 1 may be
especially suitable to effect analgesia or anxiolysis in patients
undergoing short therapeutic or diagnostic procedures. Non-
limiting examples of such procedures include insertion of
urinary catheters, removal of bandages from open wounds,
and post cardiac surgery prior to internal cardioversion for
atrial defibrillation using a removable cardioverter defibrilla-
tor catheter, as well as to address specific diseases. In such
context, the system 1 may be used with or without the pres-
ence of a medical or health professional. Non-limiting
examples of possible settings include a hospital emergency
room, a hospital procedure room, an outpatient clinic, a spe-
cialty outpatient clinic such as one dedicated to fertility,
urgent care walk in clinic, physicians office, an emergency
ambulance, and the like. For example, the use of system 1 may
be especially preferred for this purpose to rapidly achieve a
desired peak of pharmacological effect of N,O/O, mixture on
the patient undergoing the procedure just prior to the point in
time that the maximum level of pain is expected to reduce the
build-up of anxiety and the level of pain experienced. The
system 1 may also be used to administer N,O/O, mixture in
an outpatient setting as a smoking cessation aid. The device 1
may also be used to administer to effect analgesia, anxiolysis
and anterograde amnesia in victims of crime, accidents, and/
or fire. Preferably, police and/or fire management personnel
operate the system 1 in the field or provide the system 1 to the
victim and closely monitor its use.

[0228] The therapeutic gas administration system 1 is
believed to have several advantages. One of the advantages
includes portability and low weight of the system 1. Another
advantage is that the system 1 can be rapidly accessed and
setup for use. Yet another advantage of the system 1 is the ease
of use and gas administration, and suitability for one hand
administration. Another advantage is the disposable character
of the source gas containers 2. Yet another advantage is that
the system 1 allows self-administration of the N,O/O, mix-
ture without the presence of medical or allied health profes-
sionals. Yet another advantage is that the system 1 allows the
administration of therapeutic gases, including the N,0/O,
mixture, at home or in similar setting. Yet another advantage
of'the system 1 is that the source gas container 2 has unit dose
construction and may provide a number of misuse- and abuse-
related tamper-prevention features, which are especially
important in the context of administration and self-adminis-
tration of the N,O/O, mixtures. Yet another advantage of the
system 1 is that the unit dose construction of the source gas
container 2 allows traceability and trackability of each con-
tainer by a unique identifier such as but not limited to an RFID
chip, bar coder or alphanumeric designation. Yet another
advantage of the system 1 with respect to the administration
of the N,O/O, mixture is that the unit dose content of the
source gas containers 2 when combined with a demand valve
or conservation device, a patient interface, and means of
administration to the patient reduces or eliminates the need
for a scavenging accessory to remove exhaled N,O from the
room in which the patient is located and provides for
improved safety.

[0229] FIG. 3 shows a portable system 100 for administra-
tion of therapeutic gases or gas mixtures in accordance with
one of the preferred embodiments of the invention. With
respect to the description of the system 100, the term “gas™ is
used to describe pure gases as well as gas mixtures. As seen
from FIG. 3, the major components of the gas administration
system 100 are a cassette 200, a body 300, and a patient
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interface assembly 400. A patient gas outlet 390 is a conduit
for transferring the therapeutic gases from the body 300 to the
patient interface 400. The cassette 200 is a source of thera-
peutic gas. The body 300 includes an upper housing 310 and
a lower housing 320. In use, the cassette 200 is inserted into
the lower housing 320 (arrow A1) and the housings 310 and
320 are attached to each other along the dotted lines (arrows
A2). The gas administration system 100 may then be used to
administer the gas from the cassette 200 to a patient. After
administration of one dose of the therapeutic gas, the hous-
ings 310 and 320 are detached (arrows A3); the used cassette
is removed (arrow A4) and disposed. For next gas adminis-
tration, new cassette is inserted and the cycle is repeated.
[0230] The cassette 200 is a unit dose, disposable source
gas container for storing, transporting and dispensing thera-
peutic gases with the gas administration system 100 (FIGS.
4A-4F). The cassette 200 includes a cassette body 2004, two
gas cartridges 210, two cannula/needle assemblies 205, and
two holding members 207 (one for each cartridge 210) (FIG.
4A). It should be understood that the cassette 200 could
include more than 2 gas cartridges.

[0231] The cassette body 200a encloses the cartridges 210,
the cannula/needle assemblies 205 and the holding members
207. In one variant, the cassette body 2004 is molded together
with the enclosed structural parts of the cassette 200. The
molding material (e.g., plastic or composite) may form the
cassette body 2004 as a temper-resistant layer 219. The cas-
sette body 200a may have various shapes, such as round,
square, octagonal, and others. The round shape is preferred.
The (FIG. 4B).

[0232] With reference to FIG. 4A, the cassette body 200a
has a bottom surface 201 and a top surface 202. The distance
between the surfaces 201 and 202 is the height hl of the
cassette 200. The bottom surface 201 of the cassette defines a
circumference having a diameter d,, (FIG. 4B). The bottom
surface 201 has one or more cassette positioning keys 206
arranged in a pre-determined array 206a. Although not pre-
ferred, a single properly positioned cassette positioning key
206 may constitute an array. The cassette positioning keys
206 may be male or female, round or square, and so on.
Non-limiting examples of the arrays 206a are shown in FIG.
4C. In the preferred variant, the keys 206 are male. The top
surface 202 of'the cassette body 200a has a female interfacing
member 203 and a male interfacing member 204 (FIG. 4D).
Various shapes, quantity, sizes, and arrangements of the inter-
facing members 203 and 204 are contemplated. Although not
preferred, a single interfacing member may be substituted for
the members 203 and 204. Likewise, more than two interfac-
ing members may be present at the top surface 202. As
described in greater detail below, the cassette positioning
keys 206 and the interfacing members 203 and 204 take part
in positioning/interfacing the cassette 200 with the body 300.
[0233] The gas cartridges 210 are pressure vessels contain-
ing therapeutic gases. Preferably, the therapeutic gases are
stored in a compressed gas form at pressures of up to 2200
psig (154 bar); for certain gases and/or applications, up to
about 3000 psig (207 bar). Certain gases when placed in
containers of fixed dimensions under pressure exist in a liquid
or combined liquid/gas phase in some ratio. One example is
N,O. Because of its properties, the maximum pressure for a
pressurized cartridge containing N,O is 750 psig. Of course,
the larger or smaller cartridges would hold proportionately
more or less compressed gas. The preferred size of the car-
tridges 210 and the cassette 200 depends on the goal of gas
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administration and the nature of the therapeutic gas. The
cartridges 210 can be made from a variety of materials com-
mensurate with the pressure requirements. The non-limiting
examples of suitable materials include carbonized steel, alu-
minum, and composite materials, such as materials made of
fiberglass, Kevlar, carbon fiber and/or epoxy and other mate-
rials, including those known to one of skill in the art.

[0234] Preferably, the cartridges 210 are embedded in the
tamper-resistant layer 219 at a pre-determined depth x (FIG.
4A). Each cartridge 210 includes a cartridge body 211, a
cartridge neck 212, and a sealing surface 213. The cartridge
neck 212 may be threaded or smooth, long or short. The short
neck saves space inside the cassette body 200a providing a
wider optimization range of cassettes’ width and/or length,
and is therefore preferred.

[0235] Theholding member 207 rigidly holds the cartridge
neck 212. Preferably, the holding member 207 has a shape
that matches the shape of the cartridge neck 212. The holding
member 207 may be welded or otherwise permanently
attached to the cartridge neck 212.

[0236] FIG. 4E shows a partial, front, cross-sectional view
of an upper portion of the cassette 200, including one of the
cannula/needle assemblies 205 and one of the cartridges 210.
As seen from FIG. 4E, the cannula/needle assembly 205 is
located opposite the sealing surface 213 of the cartridge 210.
A hollow containment area 209 separates the assembly 205
and the sealing surface 213. A containment wall 208 encloses
the hollow containment area 209.

[0237] The cannula/needle assemblies 205 serve to release
the gases from the gas cartridges 210 for transfer to the upper
housing 310. The cannula/needle assembly 205 includes a
needle cannula 2054 and a sliding plug 205¢ attached to the
needle cannula 205a for movement therewith. The needle
cannula 2054 has a hollow needle cannula portion 2054.1, a
tapered portion 2055 with a needlepoint 2054.1, and a
recessed coupler 205¢. The needlepoint 2055.1 serves to
puncture the sealing surface 213 of'the gas cartridge 210. The
hollow needle cannula portion 2054.1 is defined by a needle
cannula wall 205g. The hollow needle cannula portion 2054.1
conveys the gas from the punctured gas cartridge 210 to the
upper housing 310. The sliding plug 205¢ has a top surface
205¢.1 and a bottom surface 205¢.2. An O-ring 205/ (not
shown) may be placed flat on the top surface 205¢.1 of the
sliding plug 205¢. If a force is applied to the top surface
205¢.1 (shown by arrow B1), the sliding plug 205¢, together
with the needle cannula 2054, slides along the containment
walls 208 and pushes the needlepoint 2055.1 toward the seal-
ing surface 213 of the gas cartridge 210.

[0238] FIG. 4F shows a partial, top, cross-sectional view of
the cannula/needle assembly 205, including the recessed can-
nula coupling point 205e, the containment wall 208, the top
surface 205¢.1 of the sliding plug 205¢, and the flat O-ring
205f: The O-ring 205/ may cover the entire top surface 205¢.1
or a portion thereof. The needle cannula wall 205¢g extends
vertically downward to the tapered portion 20556 of the needle
cannula 2054a. Preferably, the needle cannula wall 205¢g has
sufficient thickness to withstand the pressure of gas exiting
the gas cartridge 210. In one of the embodiments, the needle
cannula wall 205g has an external surface 205g.1 and an
internal surface 205¢.2, with the needle cannula wall 205¢g
having thickness g1 (FIG. 4G).

[0239] The body 300 is the principal structural component
of the therapeutic gas administration system 100 (FIGS.
5A-5C). The body 300 processes the gas from the cassette
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200, delivers the gas from the cassette 200 to the patient
interface assembly 400, seals the gas from the outside envi-
ronment and permits a user to hold and handle the system 100.
The upper housing 310 and the lower housing 320 ofthe body
300 are releasably connected to each other. The system 100
has at least two configurations: a released configuration and a
ready-to-use configuration. In the released configuration, the
housings 310 and 320 are detached from each other. In the
ready-to-use configuration, the housings 310 and 320 are
fully re-attached with the cassette 200 inserted inside the
lower housing 320.

[0240] FIGS. 5A and 5B show the body 300 in the ready-
to-use configuration of the therapeutic gas administration
system 100. Preferably, the body 300 has a non-skid bottom
surface 331 and a gripping surface 335. The gripping surface
335 makes holding the body 300 easier and facilitates use of
the gas administration system 100 with one hand. The grip-
ping surface 335 may reside on the upper housing 310 or the
lower housing 320. The body 300 has a domed top surface
312 thatcover adomed area 3124. The domed shape ofthe top
surface 312 provides additional space inside the body 300.
The domed area 312a may be used, for example, to locate
various electronics components. Thus, the domed area 312a
may contain components of a processor/controller (not
shown) that directs and controls the operation of the system
100 and functioning of its structural parts.

[0241] FIG. 5C shows a front cross-sectional view of the
body 300 in the released configuration. The upper housing
310 has an external surface 310.1 and an internal surface
310.2. Likewise, the lower housing 320 has an external sur-
face 320.1 and an internal surface 320.2. The upper housing
310 has threads 311. The lower housing 320 has threads 321.
In one variant, the threads 311 are located on the external
surface 310.1 of the upper housing 310 and the threads 321
are located on the internal surface 320.2 of the lower housing
320. In another variant, the threads 311 are located on the
internal surface 310.2 of the upper housing 310 and the
threads 321 are located on the external surface 320.2 of the
lower housing 320. The threads 311 and 321 allow attachment
and release of the housings 310 and 320. The attachment of
the housings 310 and 320 transfers the system 100 from the
released configuration to the ready-to-use configuration.
Conversely, the detachment (or release) of the housings 310
and 320 transfers the gas administration system 100 to the
released configuration after gas administration is concluded.
The threads 311 and 321 may be simple continuous threads of
any structure, including those known to those skilled in the
art. In the preferred embodiment, the housings 310 and 320
are connected by a specialized threaded connection, which
shall be described below. The upper housing 310 and the
lower housing 320 also may be connected to each other using
a variety of other methods, for example, a single direction
screw, luer or otherwise threaded method, or a pin and track
thread.

[0242] The lower housing 320 provides a hollow space
320q for the cassette 200 (FIG. 6A). The internal surface
320.2 of the lower housing 320 defines a circular opening
having diameter d;,,. In one variant, the diameter d,, is
smaller than the diameter d,, defined by the bottom surface
201 of the cassette 200 to allow the insertion of the cassette
(shown by arrow C1). The internal surface 320.2 surrounds
the hollow space 320q and includes a horizontal bottom sur-
face 320.2a (FIG. 6B). In reference to FIG. 6A, the hollow
space 320q includes a lower portion 320a.1 containing a
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bearing member 328 with one or more housing positioning
keys 326. The number, shapes, sizes and arrangements of the
housing positioning keys 326 may vary. The keys 326 may be
male or female, round or square, and so on. In the preferred
variant, the keys 326 are female.

[0243] The housing positioning keys 326 are arranged into
apre-determined array 326a (FIGS. 6B and 6C). In a variant,
a single properly positioned housing key 326 may constitute
an array. The pre-determined array 3264 of the one or more
housing positioning keys 326 matches the pre-determined
array 206a of the one or more cassette positioning keys 206
on the bottom surface 201 of the cassette 200. Upon insertion
of' the cassette 200 in the lower housing 320, the arrays 206a
and 3264 must match to allow insertion of the cassette posi-
tioning keys 206 into the housing positioning keys 326, or
visa versa. Unless the arrays 2064 and 326a match, the cas-
sette 200 cannot be fully inserted into the body 300 and the
system 100 cannot be brought to a ready-to-use configuration.
Preferably, the arrangement/shape of the positioning keys
206 and 326, and the corresponding arrays 206a and 3264, is
unique for each therapeutic gas and/or dose. Some of the
non-limiting alternatives of the arrays 326a of the housing
positioning keys 326 are shown in FIG. 6D. The arrays 326a
shown in FIG. 6D match the array 2064 shown in FIG. 4C.
[0244] Inthe preferred variant, the bearing member 328 has
a structure shown in FIG. 7A. The bearing member 328
includes a disk 3284 and a spindle 3286 attached to the disk
328a for rotation therewith. The disk 3284 has a top surface
328aa and a bottom surface 328ab. The spindle 3285 is sup-
porting the disk 328a. The top surface 328aa of the disk 328«
has the positioning keys 326 arranged in the pre-determined
array 326a.

[0245] The disk 3284 is supported, directly or indirectly, by
the horizontal bottom surface 320.2a of the lower housing
320 (FIGS. 7B-7C). The surface 320.2a supports, directly or
indirectly, a washer 329 and a platform 330. Preferably, the
washer 329 is a self-lubricating washer. The platform 330 has
a recess 330a for the spindle 3285. The disk 328a can be
inserted into/removed from the lower housing 320 by insert-
ing/detaching the spindle 3285 from the recess 330a (shown
by arrow D). Thus, a given disk 3284 can be removed from the
platform 330 and replaced with another disc 328« having a
different array 326a. When the spindle 3285 is inserted into
the recess 330aq, the disk 328a may be freely rotated around
the axis of rotation of the spindle (shown by arrow E), while
the platform 330 remains stationary and coupled to the lower
housing 320. The washer 329 facilitates the free rotation of
the spindle 3285 and the disk 328a. When the disk 328aq is
inserted into the recess 330a, a distance Y1 separates the
bottom surface 328ab from the horizontal bottom surface
320a.2 and the distance Y2 separates the top surface 328aa
from the upper housing 310.

[0246] The array 326a of the disk 3284 must match the
array 206q of the cassette 200 to allow proper insertion of the
cassette. For each prescribed dose and/or indication, different
cassettes 200 and disks 3284 may have different and unique
matching arrays 206a and 3264, respectively, with unique and
matching number, pattern and types or shapes of the keys
206/326. Thus, only cassettes having proper gas and/or dose
can be used with the body 300 equipped with a given disc
328a. Likewise, only proper disks 328a can be used with
given cassettes.

[0247] Referring back to FIG. 5C, the upper housing 310
houses a gas control and delivery system 350. The upper
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housing 310 also has a male interfacing key 303 and a female
interfacing key 304, which cooperate with the interfacing
members 203 and 204, respectively, of the cassette 200.
[0248] The gas control and delivery system 350 processes
and delivers gases from the cassette 200 to the patient inter-
face assembly 400 (FIGS. 8A-8D). FIG. 8A shows a block
functional/partial structural diagram of one of the preferred
embodiments of the gas control and delivery system 350 that
includes a gas input system 360, a blender 370, and a gas
output/control system 380.

[0249] The gas input system 360 cooperates with the
needle/cannula assemblies 205 of the cassette 200 to release
the gases from the cartridges 210 and to deliver them to the
blender 370. The gas input system 360 includes two gas input
port assemblies 361 (one for each cartridge 210), two input
cannulas 362, two input pressure sensing blocks 363 contain-
ing pressure sensors 363a, two upper cannulas 364, and a
pre-mixer 365.

[0250] The gas input port assemblies 361 interface with the
cannula/needle assemblies 205 of the cassette 200 in the
lower housing 320. As shown in FIG. 8B, each gas input port
assembly 361 includes a port cannula 361a, an outer port wall
3615, and a stationary plug 361c.

[0251] The port cannula 361a is a conduit for gases exiting
from the gas cartridge 210 via the needle cannula 205a. A port
cannula wall 361g defines the port cannula 361a. The port
cannula 361q includes a hollow port cannula portion 361a.1
and a port coupler 361e that matches the recessed coupler
205¢ of the cannula/needle assembly 205 of the cassette 200.
[0252] The outer port wall 3615 extends downward from
and surrounds the stationary plug 361c¢. The stationary plug
361c has a puncturing surface 361c.1. In operation, the punc-
turing surface 361c¢.1 comes in contact with the top surface
205¢.1 of the sliding plug 205¢. A flat O-ring 361f (not
shown) may cover the puncturing surface 361¢.1. The O-ring
205f'may cover all of the surface 361c¢.1 or a portion thereof.
[0253] FIG. 8C shows the bottom view of the gas input port
assembly 361, including the flat O-ring 361/, the port coupler
361e, and the port cannula wall 361g. Preferably, the thick-
ness of the port cannula wall 361g is sufficient to withstand
the pressure of gases exiting the gas cartridge 210. In one of
the embodiments, the port cannula wall 361g has an external
surface 361¢.1 and an internal surface 361g.2, with the port
cannula wall 361g having thickness g2 (FIG. 8D).

[0254] The input cannulas 362 are conduits for gases that
enter the gas control and delivery system 350 from the car-
tridges 210. The input pressure sensors 363a of the pressure
sensing block 363 measure the pressure of gases entering
from the cartridges 210. The pre-mixer 365 is a small mixing
chamber at the entrance point to the blender 370.

[0255] The blender 370 is an aspiration chamber of pre-
determined volume. One of the functions ofthe blender 370 is
to reduce the pressure of gases stored in the gas cartridges 210
to a level suitable for patient administration. As known to
those of skill in the art, the pressure is reversibly proportional
to the volume. Thus, preferably, the chamber volume of the
blender 370 is substantially greater than the volume of the
cartridges 210 to permit gas expansion and the consequent
desired reduction in gas pressure. If the therapeutic gas
administration system 100 is used for administration of a gas
mixture, the blender 370 also serves to improve content uni-
formity of the gas mixture, especially if the cartridges 210
contain a pre-mixed gas that may develop a certain degree of
content non-uniformity during storage. Finally, the blender
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370 is used to mix the gases and/or to stabilize the composi-
tion of the mixture before it is provided to a patient.

[0256] The gas output/control system 380 delivers the gas
from the blender 370 to the patient interface assembly 400.
The system 380 also controls the quality of the gas. If the
properties (e.g., content) of the gas do not fit pre-determined
parameters, the system 380 may block administration of the
gas to the patient. FIG. 8E shows a block functional/partial
structural diagram of one of the preferred embodiments of the
system 380. As seen from FIG. 8E, the gas output/control
system 380 includes a connective tubing system 381, a pri-
mary control block 382 with a primary control valve 382a, an
air intake block 383 with an air intake valve 383a, an air
intake port 384, and a content sensor block 385 having at least
one gas content sensor 385a.

[0257] The connective tubing system 381 is a conduit for
passage of gases from the blender 370 to the patient gas outlet
390. With reference to FIG. 8E, for the purposes of illustra-
tion, the connective tubing system 381 includes entrance/exit
points 381a, 3815, 381c, and a switching point 381d. The
entrance point 381« is located at the entrance from the blender
370 to the connective tubing system 381 and the primary
control block 382. The entrance point 38156 is located
between the air intake valve 3834a and the air intake port 384.
The exit point 381¢ is located between the patient gas outlet
390 and the gas content sensor 385a. The switching point
3814 is located between the gas content sensor 3854 and the
air intake valve 383a.

[0258] The primary control valve 382a controls the entry of
gases from the blender 370. If the primary valve 382a is open,
the gas flows from the entrance point 381a through the
switching point 3814 to the exit point 381c. If the primary
control valve 3824 is closed, the gas from the blender 370
cannot enter at the point 381a.

[0259] The air intake valve 383a controls the passage of
outside air from the air intake port 384. If the valve 383a is
open, the outside air may flow from the air intake port 383
through the entrance point 3815. The outside air may then be
allowed to flow further through the switching point 381d to
the exit point 381¢ and the patient outlet 390. The air intake
port 384 allows outside air to reach the air intake valve 383.
The air intake port 384 may remain always open.

[0260] Preferably, only one of the valves 3824 and 383a is
open at atime. Ifthe primary control valve 382 is open, the air
intake valve 383 is closed. If the primary control valve 3824
is closed, the air intake valve 383a is open. The primary
control valve 382 may be controlled by signals from the gas
mixture/oxygen content sensor 3854, input pressure sensors
363a or another component(s) of the system 100. In a pre-
ferred variant, the primary control valve 382a is directed by a
processor/controller (not shown) that controls the operation
of the system 100.

[0261] The gas content sensor 385a analyzes the composi-
tion of the gas that flows through the connective tubing sys-
tem 381 before the gas passes through the exit point 381c¢. In
essence, the gas content measured by the sensor 385a is
substantially identical to the composition of the gas to be
inhaled by a patient. In the simpler variant, the sensor 385aq is
an oxygen sensor that measures only the oxygen content of
the gas. The oxygen content may provide information suffi-
cient to control the quality of therapeutic gas and may be
important to measure from the regulatory standpoint. For
example, if the gas administration system 100 is used to
administer nitrous oxide/oxygen mixture, the determination
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of the oxygen content may provide sufficient information
about the binary mixture. Also, Food and Drug Administra-
tion regulations are believed to require that the oxygen con-
tent of the N,0/O, mixture be not lower than required to
sustain life. Preferably, the oxygen content measured by the
sensor 385q is substantially identical (within acceptable pre-
set deviation parameters) to the oxygen content of the mixture
inhaled by a patient. The gas content sensor 385a may also
measure concentration of other gases (e.g., mixture compo-
nents), with or without also measuring the oxygen content, or
other parameters of the gas that reaches the content sensor
block 385.

[0262] The patient gas outlet 390 connects the upper hous-
ing 310 to the patient interface assembly 400. The outlet 390
may be integral with the body 300 or may be a separate
structural element. It should be understood that the patient gas
outlet 390 might also be located partially or entirely within
the body 300.

[0263] The function of the patient interface assembly 400 is
to provide the gas directly to a patient. The important require-
ments to the patient interface assembly 400 are safety and gas
conservation. The assembly 400 includes a demand valve
410, a connector 420 and a facemask 430 (FIG. 9). The
demand valve 410 controls the flow of gases from the body
300 to a patient. The negative pressure generated by patient’s
inspiration activates the demand valve 410. The demand
valve 410 may have any suitable structure, including struc-
tures known to those skilled in the art. The connector 420 may
be any type of tubing or other similar conduit suitable for
transmitting the therapeutic gases. The facemask 430 may be
of any form and material known to those of skill in the art and
would preferably be silicone so as to avoid allergic reactions
from latex, and also desirably impregnated with vanilla or
another pleasing scent. Preferably, the facemask 430 allows
formation of a tight seal between a patient’s face and the
facemask 430 that facilitates creation of negative pressure
upon the patient’s inspiration.

[0264] The system 100 may be used for administering pre
therapeutic gases or therapeutic gas mixtures. For delivery of
mixtures, the gas components may be stored pre-mixed or the
mixing of the gas components may occur in situ inside the
system 100. If the gas components are stored pre-mixed in the
cassette 200, both cartridges 210 may contain the pre-mix-
ture. In the alternative, which is preferred, each cartridge may
store different mixture component(s). For example, if the
system 100 is used for administration of the nitrous oxide/
oxygen mixture, one of the cartridges may store pure nitrous
oxide and another pure oxygen. In another non-limiting
example, if the system 100 is used for administration of
Xe/O,/He mixture, one of the cartridges may store pure
xenon and another helium/oxygen mixture.

[0265] When the therapeutic gas mixture is generated in
situ inside the system 100, the proportions of the mixture
components need to be controlled in mixing. One of the
preferred methodologies for this purpose is metering of the
desired molar amounts of the components into the cartridges
during manufacturing of the cassettes. Since the cassettes are
not re-used, complete release and mixing of the content of the
cartridges provides a mixture of desired composition. As an
example not intended to be self-limiting, in a cassette
intended for 2.5 minutes administration of 65% N,0/35% O,
mixture, assuming the inhalation volume of 700 ml and an
average of 15 breaths per minute (26.25 liters total gas vol-
ume including 17.06 liters of nitrous oxide and 9.19 liters of
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oxygen), one of the cartridges may store 18.2 liters of nitrous
oxide and another 9.8 liters of oxygen. The additional gas
volume provides a margin of safety.

[0266] Inaccordance with one variant, to operate the thera-
peutic gas administration 100, a patient inserts a cassette into
the lower housing and attaches the housings to each other.
When the housings are fully attached, the gas cartridges are
punctured, and the contents are released into the body of the
system 100. The patient needs to actuate the system to begin
gas administration. The patient places the facemask over the
mouth tightly pressing the facemask against the skin and
attempts to inhale. The inhalation creates negative inspiration
pressure in the demand valve, actuating the system 100 that
begin to deliver therapeutic gas to the patient. In one variant,
if at any time the patient is unable to continue pressing the
facemask against the skin, the seal is broken at the interface of
the mask and facial skin and the therapeutic gas flow stops.
After the end of gas administration, the user detaches the
housings, removes the spent cassette, which may then be
disposed.

[0267] Now, the functioning of parts and components of the
system 100 is described.

[0268] Referring back to FIG. 6 A, with the gas administra-
tion system 100 being in the released configuration, the cas-
sette 200 is inserted into the hollow space 320a of the lower
housing 320. The cassette 200 is inserted with the bottom
surface 201 of the cassette facing the top surface 328aa of the
disk 328a. If the arrays 206a and 326a match, the cassette
positioning keys 206 are inserted into the housing positioning
keys 326 of the disk 328a (or visa versa).

[0269] FIG. 10A shows a schematic top view of the lower
housing 320 after matching/insertion of the positioning keys
206/326. The cassette 200 is inserted into the hollow space
320a. The cassette 200 is detachably coupled to and sup-
ported on the disk 328a. The inserted cassette 200 can be
freely rotated inside the hollow space 320a (shown by arrows
F1 and/or F2). Thus, if the lower housing 320 is rotated
circularly (shown by arrow G), the position of cassette 200
may be stationary relative to the housing 320.

[0270] After the cassette is inserted, the upper housing 310
is placed over the lower housing 320 with the upper surface
202 of the cassette 200 facing the gas input port assemblies
361. FIG. 10B shows a schematic top view of the housings
310 and 320 with the upper housing 310 placed over the lower
housing 320 with the inserted cassette. The housings 310 and
320 are rotated circularly relative to each other (arrows G)
until the interfacing members 203 and 204 of the cassette 200
match the corresponding interfacing keys 303 and 304 of the
upper housing 310. Upon match, the male interfacing mem-
ber 204 is partially inserted into the female interfacing key
304 and the male interfacing key 303 is partially inserted into
the female interfacing member 203. The housings 310 and
320 move vertically towards each other, allowing the threads
311 and 321 to establish an initial connection. Unless the
arrays 2064 and 3264 match, the initial connection between
the threads 311 and 321 cannot be established.

[0271] The partial insertion/connection of the interfacing
members 203 and 204 with the interfacing keys 303 and 304
aligns the cannula/needle assemblies 205 of the cassette 200
with the gas input port assemblies 361 of the upper housing
310. FIG. 10C shows one of the input port assemblies 361 and
cannula/needle assemblies 205 after the initial connection of
the housings 310 and 320 is established. As seen from FIG.
10C, the top surface 205¢.1 of the sliding plug 205¢ and the
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puncturing surface 361c.1 of the fixed plug 361c are placed
opposite to each other and are separated by a distance z. The
distance z is commensurate with the traveling distance of the
threads 311 and 321, which in turn preferably depends on the
distance required for substantially complete re-attachment of
the housings 310 and 320. The distance z may be varied, for
example, by varying the depth x at which the cartridges 210
are embedded, or the distances Y1 and/or Y2 that determine
the depth of the disk 328a inside the hollow space 320a. The
hollow needle cannula portion 2054.1 of the needle cannula
205a is aligned with the hollow port cannula portion 361a.1
of'the port cannula 361a. The port coupler 361e is also aligned
with the recessed coupler 205e.

[0272] Theengagement ofthethreads311and 321 involves
lateral, circular movement of the housings 310 and/or 320 in
the opposite directions (e.g., clockwise and counterclock-
wise, as shown by arrows G in FIG. 10B), or one of the
housings moving circularly while the other is held in place.
The circular movement via the threads 311 and 312 is accom-
panied by vertical axial movement of the housings 310 and
320 toward each other (shown by arrows H1 and H2). The
insertion/connection of the interfacing members 203/204
with the interfacing keys 303 and 304 fixes the relative posi-
tion of the cassette 200 with respect to the upper housing 310.
Referring back to FIG. 10B, the circular movement of the
housings 310 and 320 along the threads 311 and 321 (arrows
(3) does not affect the relative position of the cassette and
upper housing. Instead, the cassette 200 coupled to the disk
328a via the positioning keys 206/326 rotates relative to the
lower housing 320 (arrows F1 and/or F2). The vertical align-
ment of the assemblies 205 and 361 is therefore maintained
throughout the circular and vertical/axial movements of the
housings 310 and/or 320.

[0273] Afterthe initial connection between the threads 311
and 321, the user continues to engage the threads 311 and 321.
As a result, the housings 310 and 320 continue to move
axially toward each other (arrows H1 and H2). The port
coupler 361e is inserted into the recessed coupler 205¢. The
engagement of the couplers 205¢ and 361e, if necessary,
corrects the alignment between the port cannula 361a and the
needle cannula 2054. The puncturing surface 361c¢.1 of the
fixed plug 361c¢ comes in contact with the top surface 205¢.1
of the sliding plug 205¢, and the surfaces 205¢.1 and 361c¢.1
exert forces on each other. The position of the puncturing
surface 361c.1 is fixed. The force exerted onto the surface
205c¢.1 causes the sliding plug 205¢, together with the needle
cannula 2054, to move toward the sealing surface 213 of the
cartridge 210 (shown by arrow K). The needlepoint 2055.1
comes in contact with and ruptures the sealing surface 213 of
the cartridge 210 (FIG. 10D).

[0274] The gas stored in the cartridges 210 is released. The
gas pressure in the cartridges 210 causes the gas to move
through the needle cannula 2054 and the port cannula 361a
into the upper housing 310 (shown by arrow IV). The O-rings
205/ and 3611 (not shown) form a gas-tight seal at the inter-
face between the surfaces 205¢.1 and 361c¢.1 that reduces or
eliminates gas leaks during the transfer of the gases from the
cartridges 210 to the upper housing 310. The containment
wall 208 and the port wall 3615 may provide additional gas
containment.

[0275] FIG. 11A illustrates the movement of gas through
the gas input system 360 to the blender 370. The gas streams
from the cartridges 210 move through the needle cannulas
205a and the port cannulas 361a (arrows la and Ib), pass
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through the input cannulas 362 and enter the pressure sensing
blocks 363. The pressure sensors 363a measure the pressure
of the incoming gas. If the pressure measured by one and/or
both of the sensors 363a is lower than a pre-determined
desired pressure(s) (e.g., if the pressure is insufficient to pro-
duce the intended gas mixture in the expected dose), the gas
delivery and control system 350 may prevent administration
of'the gas to a patient. For example, the gas may be prevented
from reaching the patient gas outlet 390. Thus, if the pressure
is insufficient, the primary control valve 382q is closed and
the air intake valve 383a is opened, providing the patient with
an outside air through the air intake port 384. If the pressure
measured by the pressure sensors 363a corresponds with the
pre-determined value(s), the gas flow through the pressure
sensing blocks 363 and the upper cannulas 364 into the pre-
mixer 365 and then into the blender 370 (shown by arrow II).
The gas, which is stored under substantial pressure in the
cartridges 210, possesses substantial kinetic energy after the
cartridges are punctured. The kinetic energy of the expanding
gas and the internal shape of the blending vessel help to
facilitate a thorough mixing of gases in the blender 370. The
release of gases from the cartridges 210 into the blender 370
brings the gas administration system 100 to the ready-to-use
configuration. In this configuration, the gas output and con-
trols system 380 and/or the demand valve 410 prevent flow of
the gas from the blender 370 to the patient outlet 390 and/or
from the patient outlet 390 to the facemask 430.

[0276] From the ready-to-use configuration, the system
100 is actuated to deliver the gas to the patient. The actuation
begins gas administration to a patient. In the preferred variant,
to actuate the gas administration system 100, the patient
creates negative inspiration pressure in the demand valve 410.
The demand valve 410 opens when the inspiration pressure
reaches a pre-determined threshold level (in a non-limiting
example, the threshold negative or crack pressure may be 0.5
to 2.5 cm H,O and the flow rate pressure may be 140 to 160
liters per minute peak inspiration for an adult and 40 liters per
minute for a child. Alternatively, the demand valve measures
the inspiration pressure and after the threshold pressure is
reached, provide a signal to a processor/controller (not
shown) that directs the demand valve to open. When the
demand valve 410 is open, the gas can flow from the outlet
port 390 through the demand valve 410 and the connector 420
to the facemask 430 (where the gas is inhaled by the patient).

[0277] The demand valve 410 also provides a signal to the
gas output/control system 380 to allow the gas flow from the
blender 370 to the patient outlet 390. The actuation signal
may be provided directly or through a processor/controller.
FIGS. 11B and 11C illustrate one of the preferred variants of
operation of the gas output/control system 380. Upon an
actuation signal from the demand valve 410, the system 380
opens the primary control valve 382a and closes the air intake
valve 383a. In the ready-to-use configuration of the system
100, the air intake valve 383a may have been closed before
the signal from the demand valve 410. If so, the valve 383a is
directed to remain closed. The gas from the blender 370 enters
the connective tubing system 381 at the entrance point 381a
and flows through the switching point 3814 to the content
sensor 385a (shown by arrow 111a). The gas content sensor
3854 determines the composition of the gas (in the simpler
variant, the sensor 3854 measures only the oxygen content of
the gas). If the composition of the gas is in line with pre-
determined desired value or range of values, the primary
control valve 382a remains open. The gas continues to flow
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from the blender 370 through the points 3814, 3814 and the
exit point 381c¢ to the patient outlet 390 and further to the
patient (shown by the arrow IIIb). The patient inhales the
therapeutic gas.

[0278] If the composition of the gas determined by the gas
content sensor 385« is not in the pre-determined range of the
measured parameter(s) (e.g., if the oxygen content is below
the pre-determined desired value), the primary control valve
382a is closed and the air intake valve 383a is opened (FIG.
11C). The closure of the primary control valve 3824 prevents
entry of therapeutic gas from the blender 370 at the entrance
point 381a. The opening of the air intake valve 3834 permits
the outside air to flow from the air intake port 384, through the
entrance point 3815 and the switching point 381d to the exit
point 381c¢ (shown by arrow IVa) and further to the patient
(arrow IVD). The opening of the air intake valve 3834 purges
the connective tubing system 381. The patient inhales the
outside air rather than the therapeutic gas having undesired
composition.

[0279] In other preferred aspects, the invention provides
numerous additional, preferred and/or alternative features of
the system 100.

[0280] The system 100 may include various electronic
components. The electronic components may be included in
structural parts and components of the system 100, such as the
gas control and delivery system 350, the patient interface
assembly 400, and others. For example, electronic compo-
nents may be used in the input pressure sensing blocks 363,
the gas content sensing block 385, the demand valve 410, and
others. The electronic components may also direct the overall
operation of the system 100. The suitable electronic compo-
nents may be located in the domed area 312a and/or in other
locations. Power for the electronic components of system 100
may include self-contained sources of power, as in the case of
an RFID, other components which require external sources of
electrical power provided by a small replaceable battery or
rechargeable battery system incorporated into the device (nei-
ther of which is shown), or further yet, as in the case of the
disposable unit dose cassette, a one-time use battery incorpo-
rated as part of the structure to provide the electrical energy
necessary to heat the cartridge and gas-warming components.
[0281] In a preferred embodiment, the gas administration
system 100 includes an operational control system 500 that
directs the overall operations of the system 100 and affects the
operation of and the communication between its various
structural blocks and components, such as valves, sensors,
and the like. FIG. 12 shows a block functional diagram of one
embodiments of the system 500. It should be understood that
some of the functional blocks and/or system components
shown in FIG. 12 may be absent and that additional functional
blocks and/or system components may be present.

[0282] The operational control system 500 includes a pro-
cessor/controller 510 and a memory 520. The processor/con-
troller 510 and the memory 520 may be parts of the same
structural part or may be located in different structural parts.
The processor/controller 510 may be a microprocessor, a
CPU of a personal computer or a PDA, and so on. Preferably,
the processor/controller 510 is a microprocessor located
inside the system 100. Preferably, the processor/controller
510 is located inside the domed area 3124 of the body 300.
[0283] The processor/controller 510 processes data and
signals received from the components and parts of the system
100. For example, the controller 510 may receive and process
signals from the blocks 363 and 385, the demand valve 410,
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the cassette 200, and others. The processor/controller 510
also may direct functioning of components and parts of the
system 100. For example, the processor/controller 510 may
direct the valves 382a and 383a to open or close, control and
operate components of the patient interface assembly 400
(e.g., thedemand valve 410 or a conservation device), activate
aural or visual alarms, operate a timer, and so on.

[0284] The memory 520 includes an instructions block 522
and a data block 524. It should be understood that the instruc-
tions block 522 and the data block 524 might be part of the
same program. The program may be stored in the memory
520 as software, firmware or in any other form.

[0285] The instructions block 522 stores various instruc-
tions for operation of the therapeutic gas administration sys-
tem 100. The instructions may include, for example, pre-
determined modes of operation for components and parts of
the system 100. The data block 524 stores data relevant to the
operation of the system 100. The data stored in the data block
524 may include pre-set values, such as levels of various
operational parameters, pre-determined desired values of
measured gas parameters, pre-set timer data and the like; as
well as data collected in the course of use of the therapeutic
gas administration system 100. For example, the data block
524 may store pre-set values for pressure, oxygen content,
and the like, and the information regarding the number of
times the system 100 was used.

[0286] The processor/controller 510 addresses the instruc-
tions block 522 and receives instructions therefrom for pro-
cessing. The processor/controller 510 also retrieves data from
the data block 524 and causes the acquired/collected data to
be stored in the memory 520 in accordance with instructions
provided by the instructions block 522.

[0287] The processor/controller 510 may communicate
with the structural parts and components of the therapeutic
gas administration system 100, such as the input pressure
sensing blocks 363, the primary control block 382, the air
intake block 383, the gas content block 385, and the demand
valve 410. The controller 510 may receive signals from the
demand valve 410, the input pressure sensing blocks 363 and
the gas content block 385. The processor/controller 510 may
issue commands to the primary control block 382, the air
intake block 383, and the demand valve 410. The blocks 363,
382, 383, 385, and the valve 410 may include mechanical
components as well as structures for communicating with the
processor/controller 510. The communication structures in
the blocks 363, 382, 383, 385, and the valve 410 may include
electrical components that provide and receive analog sig-
nals. If the blocks 363, 382, 383, 385, and the valve 410
provide and receive analog signals, the operational control
system 500 may include a signal interface 530 for converting
the analog signals into digital signals readable by the proces-
sor/controller 510 and for converting the digital signal from
the processor/controller 510 into analog signals. The signal
interface 530 may have any structure that permits communi-
cation between a processor and electromechanical compo-
nents, including structures known in the art.

[0288] Instead of electrical components, the communica-
tion structures in the blocks 363, 382, 383, 385, and the valve
410 may include electronic components that provide and
receive digital signals. In such case, the presence of the signal
interface 530 may not be necessary.

[0289] The following non-limiting example illustrates
some aspect of functioning of the therapeutic gas administra-
tion system 100 having the operational control system 500.
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Suppose, a patient has the system 100 equipped for adminis-
tration of nitrous oxide/oxygen mixture. The memory 520 is
programmed with pre-set data and instructions particular to
the gas mixture, the dose, and the patient. The patient wants to
administer the nitrous oxide/oxygen mixture stored in the
cassette 200. The patient inserts the cassette and fully attaches
the housings 310 and 320 to each other. The cartridges 210 are
punctured. The pressure sensors 363a determine the pressure
of oxygen and/or nitrous oxide released from the cartridges.
The input pressure sensing blocks 363 forward the pressure
measurement data to the processor/controller 510. The pro-
cessor/controller 510 retrieves the pre-set values of desired
pressure from the data block 524 of the memory 520. If the
data from the input pressure sensing blocks 363 indicate that
the pressure of the incoming gases is insufficient, the proces-
sor/controller 510 directs the primary control block 382 to
close the primary control valve 382a. The patient is unable to
actuate the system 100 and to begin gas administration. If the
gas pressure is sufficient (e.g., equal to the stored pre-deter-
mined value or within the permitted range of predetermined
pressure values), the processor/controller 510 directs the pri-
mary control block 382 to open the primary control valve
382a or to maintain the valve 382a open. In essence, if the
input pressure is sufficient, the processor/controller 510 does
not prevent opening of the primary control valve 3824 on the
basis of the input pressure data.

[0290] The system 100 is in the ready-to-use configuration.
The patient attempts to inhale through the facemask 430,
creating negative pressure at the demand valve 410. The
demand valve 410 provides information about the inspiration
pressure to the processor/controller 510, which compares the
information with a pre-determined threshold value or range of
values stored in the data block 524. When the pre-determined
threshold inspiration pressure is reached, the processor/con-
troller 510 signals the demand valve 410 to open. Alterna-
tively, the demand valve 410 may have an independent elec-
tronic or mechanical mechanism for opening once the
inspiration pressure reaches the threshold value. Also, once
the threshold pressure reaches the threshold value, the pro-
cessor/controller 510 opens the primary control valve 382a
(depending on programming in the memory 520, the valve
382a may be kept open unless acommand to close is received,
or may remain closed unless it receives a command to open).
The gas flows to the gas content block 385. The oxygen sensor
385a determines the oxygen concentration in the mixture that
flows through the block 385 and forwards the data to the
processor/controller 510. Ifthe oxygen concentration is in the
desired range, the controller 510 directs the primary control
valve 382a to remain open (or provides no command to
close). If the oxygen concentration is outside the desired
range, the controller 510 closes the valve 3824 and opens the
air intake valve 383a.

[0291] A timer may be incorporated as one of the preferred
features of the therapeutic gas administration system 100.
Any suitable timer mechanism, including those known in the
art, may be used. Preferably, the system 100 includes a timer
based on microelectronic component(s). A battery located in
the cassette 200, in the upper housing 310 or elsewhere may
power the timer.

[0292] Referring to FIG. 12, in the preferred embodiment,
the operational control system 500 includes a timer block
540. The timer block 540 stores pre-set instructions regarding
the timing and/or duration of certain operations of the system
100 and/or associated devices or therapies. The timer 540
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may be part of the instructions block 522, data block 524 or an
independent component. The instructions stored in the timer
block 540 may include, for example, the total duration of
administration for a given gas or gas mixture, the length of a
pre-set time period before the end of gas administration for
activation of an alarm, the lengths of various relevant pre-set
time periods after the beginning of administration when the
patient is advised to take a given action, and on. For example,
the timer block 540 may store data on the length of a pre-set
time period after the beginning of gas administration when
the patient should initiate AF-ICD, administer co-therapy,
and so on. The timer block 540 may also store instruction for
the type of warning or alarm to be given to the patient. Pref-
erably, the timer block 540 is pre-set by the patient’s physi-
cian or in the factory. The instructions stored in the timer
block 540 may correspond to the prescribed therapeutic gas
and dose. The processor 510 executes the instructions from
the timer block 540. The timer block 540 may also issue a
hardwire or telemetric signal to an external medical device to
activate a timer or on switch for an external device delivering
a secondary or co-therapy as described in further detail herein
below.

[0293] The system 100 may include an alarm 550. Gener-
ally, the alarm 550 provides certain information to a patient
and/or informs the patient that a certain action is required or
suggested. Preferably, the alarm 550 is activated by a com-
mand from the processor/controller 510. The processor/con-
troller 510 may activate the alarm 550 on the basis of instruc-
tions from the timer 540. The controller 510 may also activate
the alarm 550 based on signals from other components of the
system 100, such as the primary control block 382, the air
intake block 383 and the input pressure sensing block 363.

[0294] The alarm 550 may include visual and/or aural indi-
cators. A non-limiting example of the visual indicators is a
light source (not shown) located on a frontal external surface
of'the body 300. The light source may display bright flashes
of light immediately visible to the patient who holds the body
300. The visual and/or aural indicators of the alarm 550 may
be different for different instructions provided by the timer
block 540. For example, at a given time after the beginning of
gas administration, the alarm 550 may give two flashes and
sound twice; after a cassette is empty, the alarm 550 may give
3 flashes and one long audible signal, and so on. For example,
the alarm 550 may let the patient know that it is time to cease
gas administration. In another non-limiting example, the
alarm 550 may inform the patient that an amount of gas
remaining in the cassette is sufficient for a specific remaining
inhalation time known to the patient. The information about
the remaining inhalation time may be based on data from the
input pressure sensing block(s) 363.

[0295] The following non-limiting example is helpful to
illustrate the operation of the alarm 550. Suppose, a physician
has conducted practice sessions with a patient having AF-
ICD. The purpose of the sessions was to determine the opti-
mal length for administration of nitrous oxide/oxygen mix-
ture (e.g., 65% N,0/35% O,) to achieve the desired
analgesia, anxiolysis and AF-ICD amnesia. The practice ses-
sions showed that the optimal time for AF-ICD shock for the
patient is 3 minutes after the beginning of gas administration.
The physician may then set the timer 540 to activate the alarm
550 at 2 minutes and 40 seconds after the beginning of gas
administration. As the system 100 is brought into the ready-
to-use configuration, the input sensing block 363 signals to
the controller 510 that the gas pressure is sufficient. The
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controller 510 opens the primary control valve 382a. The
patient attempts to inhale, creating negative pressure at the
demand valve 410. The demand valve 410 provides informa-
tion about the inspiration pressure to the controller 510,
which compares the information with the threshold value
stored in the data block 524. When the threshold pressure is
reached, the controller 510 signals the demand valve 410 to
open. The time of opening of the demand valve 410 signals
the time of beginning of gas administration. The controller
510 compares this time with the information stored in the
timer block 540. 2 minutes and 40 seconds later, the controller
510 activates the alarm 550. The alarm 550 suggests to the
patient that it is time to activate the AF-ICD timer so that the
AF-ICD shock coincides with the peak effect from the nitrous
oxide/oxygen mixture at 3 minutes. Similarly, the timer 540
may be utilized with other devices or co-therapies used with
the system 100.

[0296] In another preferred additional feature, the system
100 may communicate with an external medical device via a
wired connection or telemetry. To conduct the communica-
tion with the external device, the operational control system
500 may include a hardwire communication block 560 and/or
a telemetry communication block 570 (FIG. 12). The system
100 may receive signals from an external medical device. The
system 100 may also direct operation of the external medical
devices. The signals are received by the hardwire communi-
cation block 560 and/or the telemetry communication block
570, and communicated to the controller 510. The hardwire
communication block 560 has structural and/or data compo-
nents necessary for wired interface with the external medical
device, including components and structures known in the art.
Likewise, the telemetry communication block 570 includes
structural and/or data components necessary for wireless
interface with the external medical device, including compo-
nents and structures known in the art.

[0297] In one of the preferred embodiments, the therapeu-
tic gas administration system 100 may be interfaced with an
implanted AF-ICD. The system 100 can communicate with
the interfaced AF-ICD through the hardwire communication
block 560 and/or the telemetry communication block 570 of
the operational control system 500. The interfaced AF-ICD
also should have components and structures necessary for
wired or wireless communication with the system 100. For
the purpose of illustration, it is assumed that the interfaced
AF-ICD has its own timer and is capable of detecting patient’s
atrial fibrillation.

[0298] The following non-limiting example illustrates one
variant of the interaction between interfaced system 100 and
AF-ICD. The instructions block 522 stores instructions for
the controller 510 to prevent opening of the primary control
valve 382a without a signal from an AF-ICD. The nature of
the expected AF-ICD signal is pre-determined and stored in
the data block 524. Unless the system 100 receives the pre-
determined AF-ICD signal, the primary control valve remains
closed and the gas administration is precluded. The system
100 is unavailable for use.

[0299] Ifthe hardwire communication block 560 and/or the
telemetry communication block 570 receives a signal from
the interfaced implanted AF-ICD, the processor/controller
510 compares the signal with the pre-determined signal
stored in the data block 524 to verify the authenticity of the
signal. If the received signal is identical to the pre-set signal
stored in the data block 524, the processor/controller 510
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recognizes the received signal as authentic and directs the
primary control valve 382a to open. The system 100 is
released for use.

[0300] The authentication mechanism can reduce the risk
of misuse or abuse of analgesic gases, such as the N,0/O,
mixture. The authentication may be premised on a model
and/or a manufacturer of AF-ICDs. For example, all AF-ICDs
of'a given model would be recognized as authentic.

[0301] The authentication also may be based on the unique
AF-ICDs of each patient. In a non-limiting example, only
patient X having AF-ICD with unique identifier U34GDF3
may use body 300 with identifier 7Y W345. A patientY hav-
ing AF-ICD with different identifier would not be able to use
X’s body 300. The mechanism of authentication may involve,
for example, a specified frequency or amplitude modulation
pattern, a series of separate signals broken by intervals of
time, and so on.

[0302] Inanother non-limiting example, the interfaced sys-
tem 100 and AF-ICD may cooperate to alert a patient of an
atrial fibrillation incident and to encourage the patient to use
the system 100. Suppose, the AF-ICD determines that the
patient is in atrial fibrillation. The AF-ICD sends a pre-deter-
mined signal to the hardwire communication block 560 and/
or the telemetry communication block 570. The block(s) 560
and/or 570 forward the signal from the interfaced AF-ICD to
the processor 510. The signal contains information about the
identity of the interfaced AF-ICD and the fact that the patient
is in atrial fibrillation. The processor/controller 510 authen-
ticates the signal with the memory 520 and recognizes that the
patient is in atrial fibrillation. The processor/controller directs
the primary control block 382 to open the primary valve 382a
and activates the alarm 550. The alarm 550 alerts the patient.
The type of the alarm indicates to the patient that the system
100 is released and ready for use and that the patient has atrial
fibrillation.

[0303] In another non-limiting example, suppose a physi-
cian has determined in practice sessions with the patient that
the optimal time for the AF-ICD shock is 3 minutes after the
beginning of administration. In accordance with physician’s
directions, the patient’s AF-ICD and system 100 are pro-
grammed on the basis of the information obtained in the
practice sessions. The timer 540 is set to provide a pre-deter-
mined signal to the interfaced AF-ICD two minutes and 40
seconds after the beginning of gas administration. The timer
of the interfaced AF-ICD is set to initiate AF-ICD shock 20
seconds after receipt of the pre-determined signal from the
system 100.

[0304] The patient wants to administer nitrous oxide/oxy-
gen mixture. The patient inserts the cassette 200 and fully
attaches the housings 310 and 320 to each other. As the
system 100 is brought into the ready-to-use configuration, the
input pressure sensing block(s) 363 determines the pressure
of the gas released from the cartridges 210 and forwards the
pressure measurement to the processor/controller 510, with
the pre-determined value of the desired pressure from the data
block 524 of the memory 520.

[0305] If the gas pressure is sufficient (e.g., equal to the
stored pre-determined value or within the permitted range of
predetermined pressure values), the processor/controller 510
directs the primary control block 382 to open the primary
control valve 3824 or to maintain the valve 3824 open. The
patient attempts to inhale, creating negative pressure at the
demand valve 410. The demand valve 410 provides informa-
tion about the inspiration pressure to the controller 510,
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which compares the information with a pre-determined
threshold value or range of values stored in the instructions
block 522. When the desired threshold pressure is reached,
the controller 510 signals the demand valve 410 to open. The
time of opening of the demand valve 410 is the time when gas
administration began.

[0306] The demand valve 410 forwards the opening/begin-
ning time to the processor/controller 510. The controller 510
compares the opening/beginning time with the information
stored in the timer block 540. In accordance with instructions
and data stored in the memory 520, the processor controller
510 activates the hardwire communication block 560 or the
telemetry communication block 570 two minutes and 40 sec-
onds after the beginning of gas administration. The block(s)
560 and/or 570 sends a signal to the AF-ICD. The signal from
the blocks 560 and/or 570 causes the patient’s AF-ICD to
activate the AF-ICD timer (set for 20 seconds). AF-ICD ini-
tiates the AF-ICD shock 20 seconds after receiving the pre-
determined signal from the system 100 without any addi-
tional actions by the patient. In effect, instead of separately
actuating the system 100 and the AF-ICD, the patient self-
administers the AF-ICD shock by beginning the gas admin-
istration.

[0307] If the input pressure sensor block(s) 363 signals to
the controller 510 that the pressure of the incoming gas is
insufficient, the controller 510 signals the primary control
block 382 to close the primary control valve 382a. Depending
on the programming, the controller 510 may also provide no
signal to the blocks 560 and/or the block 570, or may cause
the blocks 560 and/or the block 570 to signal to the AF-ICD
not to administer the shock.

[0308] Suppose, for example, that the patient deviates from
the instructions of a physician and continues the administra-
tion of the gas after an AF-ICD shock is administered at 3.5
minutes. Suppose also that the cassette stored gas amount
sufficient for 4 minutes of gas administration. After 3 and half
minutes of gas administration, the appropriately pre-set timer
540 may cause the alarm 550 to warn the patient that only 30
seconds of gas administration is remaining in the cassette.
[0309] The telemetry communication block 570 may also
be used to remotely communicate with a physician, paramed-
ics, fire or police personnel and other authorized persons. For
example, a physician may monitor a patient from a remote
location. Any location that does not involve direct physical
contact with a patient may be considered remote. Such remote
monitoring may involve, for example, periodical downloads
of data from the patient’s AF-ICD and system 100, including
numbers of occurrences of atrial fibrillation events, AF-ICD
shock administrations and therapeutic gas administrations.
The physician may use the downloaded data to evaluate the
patient’s use of the system 100. The downloaded data may be
used for medical purposes, for example, to compile the
patient’s medical history for future treatment. Also, the data
may be used to monitor whether the analgesic gas cassettes
provided to the patient are used as intended.

[0310] The remote communication between the patient’s
AF-ICD and system 100 and the physician may also allow the
physician to administer or affect therapy from the remote
location. For example, the physician may remotely initiate the
AF-ICD shock (e.g., if the patient is unable or anxious to
self-administer the shock) while the patient is self-adminis-
tering the analgesic gas mixture with the system 100. Also, a
physician, paramedic, fire or police personnel or other autho-
rized persons may remotely release the system 100 for use.
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[0311] The cassette 200 may have various additional fea-
tures, variants and alternatives. In one embodiment, both
cartridges 210 may contain the same gas or gas mixture.
Non-limiting examples of therapeutic gases that may be dis-
pensed with the cartridges having the same gas include pure
oxygen, heliun/oxygen mixture (e.g., 80% He/20% O,),
nitrous oxide/oxygen mixture (e.g., 50% N,O/50% O,) at
pressures and temperatures that assure mixture stability, and
carbon dioxide/oxygen mixture (e.g., 10% CO,/90% O,).
One of the benefits of this embodiment for certain applica-
tions is the increased maximum duration of gas administra-
tion using the unit dose cassette 200. The maximum pressure
in the cartridges 210 and the dimensions of the cassette 200
control the maximal duration of administration for the unit
dose cassettes. For example, if oxygen and carbon dioxide
(for the 10% CO,/90% O, mixture) were placed in separate
cartridges, the total maximal duration of administration
would be smaller due to the constrains in regards to the
pressure and size of the cartridge containing the oxygen.
[0312] One of the preferred applications of the system 100
is the administration of nitrous oxide/oxygen mixture in an
outpatient setting. As known to those of skill in the art, the
prevention of nitrous oxide abuse is an important consider-
ation. For this reason, the cassette 200 may have features
designed to minimize the opportunity for misuse of the gases
contained in the cassettes. Thus, preferably, the cartridges
210 are permanently fixed and rigidly attached to body 200a
of'the cassette 200, and the holding members 207 are attached
to the cartridge necks 212 in a manner that makes it difficult
to puncture and/or to remove the cartridges without posses-
sion of the body 300. The body 2004 may be a unitary molded
structure in which the cartridges 210 and the needle/cannula
assemblies 205 are firmly embedded. In reference to FIG.4A,
the depth x at which the cartridges 210 are embedded is
selected to make removal and puncturing of the cartridge 210
as difficult as possible. Deep embedding of the cartridges 210
minimizes opportunities for recreational abuse. Furthermore,
inclusion of an RFID chip within or permanently attached to
the outer body allows real time physical tracking of the loca-
tion of a specific cassette. In the case of cassettes containing
gases such as nitrous oxide or xenon, which may be the
subject of potential theft for recreational abuse, the inclusion
of an RFID chip provides an additional level of control,
trackability and traceability.

[0313] Inanother embodiment, the cassette body 200a may
include two or more sections (more preferably, two sections)
permanently attached to each other. The sectional structure
provides improved integral strength.

[0314] In a preferred non-limiting example, the cartridges
210 have a nominal volume of 50 ml (based on water fill
volume). At the pressure of 3000 psig (207 bar), the 50 ml
cartridge holds a nominal fill volume of up to 15 liters for
oxygen and up to 18.57 liters for nitrous oxide. The cartridge
may be smaller or larger then 50 ml dependent on application.
Other suitable preferred sizes of the cartridge 210 are 25 ml,
75 ml, and 100 ml. Cartridges larger than 100 ml are also
contemplated.

[0315] Yet another preferred feature(s) relates to various
temperature control devices. As described, compressed gas
cartridges 210 are filled with gases at high pressures. Venting
of gas, which is stored in a closed vessel under high pressure,
in a short period of time leads to rapid decrease in tempera-
ture. With respect to the operation of the system 100, the rapid
venting of gas from the cartridges 210 may result in a rapid
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decrease of the temperature of walls of the gas cartridges, the
cooling of the gas itself, and a rapid decrease in the tempera-
ture of materials/components of the system 100 that come in
contact with the venting gases. The ultra cold gas exiting the
cartridges 210 may be further cooled by the effect of high-
pressure gas flowing through small orifices/passages at the
exit from the cartridges 210.

[0316] Potentially, the cooling can lead to several undesir-
able effects. A portion of the gas may be converted to solid
(e.g., crystal) or liquid form. In some cases, the ultra cold
gases may form crystals and block various gas passage ele-
ments of the system 100, or may cause malfunctioning of the
mechanical components (e.g., valves). Such blockage and/or
malfunctioning may partially or completely prevent effective
use of the system 100. It should also be kept in mind that
mixtures of gases pre-mixed in a single container, for
example, nitrous oxide/oxygen mixtures containing 50% or
more of nitrous oxide, are unstable when compressed and
exposed to temperatures of minus 5 to minus 7 degrees Cen-
tigrade. The gas cartridges may be exposed to such tempera-
tures for a number of reasons, such as an external temperature
on the metal of the cartridge transferred to the cartridge con-
tents and/or the cooling effect on the small surface area of the
cartridge metal during rapid venting of the cartridge contents
through a small orifice under pressure further decreasing the
temperature of the remaining contents and gas exiting from
the cartridge inside the system 100. The result may be the
liquefaction of the nitrous oxide that leads to sequential exit
of gases from the cartridge, with the gaseous oxygen exiting
the cartridge first, followed by pure nitrous oxide.

[0317] One of the methods of dealing with the cooling is to
incorporate cold sink material into the cassette 200 (FIG.
13A). A non-limiting example of suitable cold sink materials
is aluminum. As shown in FIG. 13A, the cassette 200 may
include a cold sink structure 218, surrounding and in close
contact with the surface of the cartridges 210. For example,
the cold sink structure 218 may be in a form of'a layer. As the
gas is vented from the cartridge, the cold sink structure 218
absorbs some of the temperature decrease, thus minimizing
the cooling effect on the operation of the system 100.

[0318] Another method of counteracting the gas-induced
cooling is to heat the gas and/or the components of the gas
administration system 100 that come in contact with the gas.
Preferably, the heat is provided by a suitable energy element
incorporated into the system 100, for example, disposable or
rechargeable battery. The battery may be located in the cas-
sette 200 or the body 300.

[0319] The use of rechargeable batteries is contemplated,
but is believed to be less desirable. It is not feasible to equip
cassettes with rechargeable batteries since preferably the cas-
settes are disposed after a single use. The rechargeable battery
may be located in the body 300. However, a patient may
forget to recharge the battery. The disposable battery may be
also located in the body 300, butis also less desirable since the
patient may forget to replace the disposable battery. It is
important to have the system 100 immediately available and
therefore, if possible, reliance on patients’ memory should be
avoided.

[0320] The preferred form of energy element is a dispos-
ablebattery located in the disposable cassette 200. With a new
cassette for administration of each dose of therapeutic gas, the
use of disposable battery in each cassette increases the like-
lihood that fully charged battery is available for each gas
administration. This provides a measure of assurance to a
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patient that the system 100 will function correctly. The dis-
posable battery in the cassette 200 may also be used to power
other operations of the system 100. It should be understood
that an energy element might be used with the system 100
regardless of whether or not the system 100 includes any
heating structures.

[0321] A choice of structure and locations of heating struc-
tures for the therapeutic gas administration system 100
depends, at least in part, on the desired timing for gas heating.
The methodology and structures for heating may vary, and
may include methodologies and structures known in the art.
An example of a portable medical gas warming system is
disclosed in U.S. Pat. No. 4,597,917, which is incorporated
herein by reference in its entirety.

[0322] The gas may be heated as the system 100 is brought
to a ready-to-use configuration, and/or before/when it is actu-
ated to begin gas administration. Referring back to FIG. 8A,
it is desired to stabilize the temperature of the gas before it
reaches the input pressure sensing blocks 363. The pressure
of gases depends on their temperature. Therefore, if the gas
temperature changes after the pressure was measured, the
pressure measurement may not be sufficiently reliable. In a
system with a manual demand valve, the initial pressing on
the demand valve lever or button by the patient would activate
the flow of current from the battery to the heating elements.
When the required temperature was achieved and the patient
notified by the alarm, the patient would be able to press the
manual demand valve lever fully to activate the flow of gas.
As another alternative not meant to be self limiting, upon
initial pressing of a startup button prior to actual use, power
from the battery would sufficiently warm heating elements
incorporated in the variant of the system 100, and a green light
would flash on top of the unit to indicate it is ready for use. At
that time, the patient would firmly bring together the two
halves of system 100 so as to puncture the cartridges in
cassette 200 releasing their gas contents.

[0323] One of the preferred locations for the heating the gas
is the cassette 200. The cassette 200 may include a cassette
heating system 217. In one preferred variant, the cassette
heating system 217 includes cartridge heaters 217a, an
energy element 2175, and activation connectors 217¢ and
217d (FIG. 13B). The cartridge heaters 2174 separately heat
the cartridges 210. Alternatively, the cassette heater may
include a single heating element for all cartridges in the
cassette. The cartridge heater 217a (one for each cartridge
210) includes a heating element 217aa and an energy con-
nector 217ab. The heating element 217aa surrounds the car-
tridge 210, for example, as shown in FIG. 13B. The heating
element 217aa is preferably an electrically conductive/heat-
producing layer. It can be made from such materials as metal
and metal-coated plastic. For example, the heating element
217aa may include heat-conducting plastic material contain-
ing metallic structural elements in the form of metal plates or
metal wires set in a parallel or grid formation. The energy
connector 217ab connects the heating element 217aa to the
energy element 2175. The energy connector 217ab may be,
for example, a metallic wire or other electrically conductive
structure.

[0324] The energy element 2175 serves to provide heat to
the cassette 200 at a desired time. The energy element 2175
has to last only for a short period of time (while the gas is
released from the cartridge 210). Therefore, the energy can be
rapidly drawn down and provided to the heating elements
217aato effect rapid heating of the cartridges 210. Preferably,
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the energy element 2175 is a disposable battery. Various
shapes, makes and types of energy sources, including batter-
ies, are contemplated. Thus, the battery may be flat, coin
shaped, elongated such as standard AAA or AA batteries).
The battery may be placed in various locations in the cassette
200, for example, at the bottom of the cassette and/or hori-
zontally (as shown in FIG. 13B), or vertically and parallel to
the length of the cartridges 210.

[0325] The activation connectors 217¢ and 2174 serve to
deliver a signal to the cartridge heaters 217« and the energy
source 2175 to begin heating. The connectors 217¢ and 2174
may be, for example, metallic wires or other electrically
conductive structures. The connector 217¢ is connected to the
female interfacing key 203 and the connector 2174 is con-
nected to the male interfacing key 204. The keys 203 and 204
of the cassette 200, as well as the corresponding interfacing
members 303 and 304 of the upper housing 310, may be
coated with a suitable conducting material (e.g., a metallic
coating).

[0326] Describing the operation of the cassette heating sys-
tem 217, a closed circuit is created when the interfacing keys
203 and 204 contact the interfacing members 303 and 304 as
the housings 310 and 320 are attached. In one variant, the
establishment of the closed circuit itself activates the battery
2175 that begins heating immediately after the circuit is
established. In this variant, the timing of heating may be
varied via a number of methods, including for example proper
placement of locations of the conductive coatings on the
interfacing members and keys. In another variant, the estab-
lishment of the circuit allows the controller 510 to signal the
cassette heating system 217 to begin heating. The signal
causes the battery 2176 to provide heating energy to the
cartridge heaters 217aa via the energy connectors 217ab.
Preferably, the controller 510 provides the heating signal at a
pre-determined time, for example, as the system 100 is
brought to the ready to use configuration or as/before the
system 100 is actuated.

[0327] Yet another method of counteracting the gas-in-
duced cooling is the use of various heating structures for the
input cannula 3614 of the gas input port assembly 361 of the
upper housing 310. FIGS. 13C-13E illustrate contemplated
structures of heating elements for the input cannula 361a. In
FIG. 13C, an electrical wire is wrapped around the cannula
361a. InFIG. 13D, a wire grid is placed inside the cannula. In
FIG. 13E, a network of parallel electrical wires is placed
inside the gas input cannula 361a. In the variants shown in
FIGS. 13C-13E, the wires may be supplied with an electrical
current upon the closing of the closed circuit and/or a signal
from the processor/controller 510 as described in reference to
FIG. 13B. In a preferred example, the cannula heater provides
rapid warming of the gas stream, building up to a maximum
heat output within 1-2 minutes. Various heating structures
may be combined. For example, the use of one of the heating
structures for the input cannula 361a may be combined with
the cassette heating system 217 and/or a cold sink 218.
[0328] In yet another preferred specific feature, the system
100 may use cassettes containing therapeutic gas stored sub-
stantially or entirely in a liquid form. An example of a device
for gasifying liquid is disclosed in U.S. Pat. No. 5,978,548,
which is incorporated herein by reference. Liquefied gases
may also contain some ultra cold gaseous fraction, or be
initially converted into the ultra cold gas upon heating. Non-
limiting examples of gases that may be stored in a liquid form
include N,O, CO, and O,— Liquefied gases occupy substan-
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tially smaller volume than compressed gases. Therefore, the
size of a cartridge or other storage container, as well as the
unit dose cassette, can be smaller, which is a substantial
advantage.

[0329] The liquefied/ultra cold gas should be converted to
gas at a desired temperature before it can be administered to
apatient. Preferably, the heating of the gas is completed prior
to the pressure sensor block(s) 363 to obtain reliable pressure
measurements.

[0330] Thus, the use of liquid phase storage for therapeutic
gases may require incorporation of vaporizer component(s)
in the system 100. The vaporizer heats the liquefied gas,
converting it to a gaseous form. The vaporizer component(s)
may also be used to raise the temperature of the ultra cold gas
to a level suitable for the gas control and delivery system 350.
The vaporizer component(s) may be powered by a disposable
battery or re-chargeable battery.

[0331] The vaporizer components suitable for use in the
system 100 may have various structures. For example, a cas-
sette heater similar to one described in reference to FIGS.
13A-13B may be used to vaporize the liquefied gas. FIG. 13F
shows a modified cassette 600 for storing and dispensing
liquefied/ultra cold gases with the system 100 in accordance
with an embodiment of the invention. FIG. 13G shows the
cassette 600 after the cartridges had been punctured. Gener-
ally, the cassette 600 is similar to the cassette 200 described
above. The description of components and functioning of the
cassette 200 is applicable to the cassette 600 with the excep-
tion of certain structural and functional aspects, which are
described briefly below.

[0332] The cassette 600 includes a cassette body 600a, two
cannula/needle assemblies 605 and two cartridges 610. Simi-
larly to the cassette 200, the cassette body 6004 has a bottom
surface 601 with cassette positioning keys 606 and a top
surface 602 with a female interfacing member 603 and a male
interfacing member 604.

[0333] The cartridges 610 contain therapeutic gases in lig-
uefied/ultra cold gas form. Each cartridge 610 includes a
cartridge body 611 and a sealing surface 613. The cartridge
body 611 has walls 611a and a hollow interior 6115 (FIG.
13G). The hollow interior 611a is filled with liquefied gas up
to the level h, and may be divided into a liquid portion 61156.1
and a head volume 6115.2. In the sealed cartridge, the head
volume 6115.2 is filled with gas.

[0334] The cannula/needle assemblies 605 are located
opposite the sealing surface 613 of the cartridge 610, and
include a needle cannula 6054 and a sliding plug 605¢
attached to the needle cannula 6054 for movement therewith.
The needle cannula 605a has a hollow needle cannula portion
605a.1 with micro holes 6054.2, a tapered portion 6055 with
aneedlepoint 6055.1, and a recessed coupler 605¢. As shown
in FIG. 13F, the relative proportions of the needle cannula
605a and the cartridge 610 of the cassette 600 are modified in
comparison with the cassette 200. The hollow needle cannula
portion 605a.1 of the needle cannula 605¢ is elongated rela-
tive to the cartridge body 611. Gases occupy substantially
smaller space in liquid form, permitting the reduction in the
length of the cartridge body 611 without substantial loss in
molar content of the stored gas.

[0335] The cassette 600 also includes a cassette heater/
vaporizer 617 having cartridge heaters 6174, a battery 6175,
and activation connectors 617¢ and 6174 (FIG. 13F). The
connector 617¢is connected to the female interfacing key 603
and the connector 6174 is connected to the male interfacing
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key 604. The cartridge heaters 617a, one for each cartridge in
the cassette, each include a heating element 617aa and an
energy connector 617ab. The heating element 617aa sur-
rounds the cartridge 610. The energy connector 617ab con-
nects the heating element 617aa to the battery 6175.

[0336] The closed circuit is created when the interfacing
keys 603 and 604 contact the interfacing members 603 and
604 as the housings 310 and 320 are attached. In comparison
with the cassette 200, after the sealing surface 613 is punc-
tured by the needlepoint 6055.1, the longer cannula needle
6054 penetrates deeper into the cartridge 610 and increases
the travel length for the exiting gases (FIG. 13G). Through the
established closed circuit, the battery 6175 is drawn down
heating and vaporizing the liquefied/ultra cold gas in the
cassette 600. The elongation of the heated hollow needle
cannula portion 605a.1 results in a more efficient heating of
the cartridge contents. The liquid phase is drawn upwards into
the hollow needle cannula portion 6054.1 through the needle-
point 6055.1 while gases are drawn from the upper part of the
cartridge 610 through the micro holes 6054.2. The vaporized
gases travel upwards through the hollow needle cannula por-
tion 605a.1 into the input cannula 3614 of the gas input port
assembly 361.

[0337] The gas heating components shown in FIGS. 13C-
13E may also perform the functions of the vaporizer compo-
nents. Also, to use the cassettes 600, the input cannula 361a
may have a coiled shape to maximize the heating efficiency
and expansion volume of the gas before it enters the pressure
sensing block(s) 363.

[0338] The heating of the cassette 600 may be initiated
when the cartridges are punctured and/or when the system
100 is actuated. The timing procedures described in reference
to the FIGS. 13A-13E may be also applicable for activation of
the vaporizer component(s). In one variant, the vaporizer
component(s) are activated just prior to or simultaneously
with actuation of the system 100 that initiates gas adminis-
tration to a patient. The actuation of the system 100 and the
activation of the vaporizer components may be affected
together. For example, if the demand valve 410 is used to
actuate the system 100, the signals providing the inspiration
pressure may cause the processor/controller 510 both to begin
gas administration and to activate the vaporizer component
(s). For example, to activate the vaporizer components before
apatient takes a first breath, the processor/controller 510 may
activate the vaporizer component(s) at the inspiration pres-
sure lower than the threshold pressure for opening the
demand valve 410. Likewise, if the actuation is carried out
manually, the press of the button or the pull of the lever may
signal the processor/controller 510 to begin gas administra-
tion and to activate the vaporizer component(s). For separate
actuation/activation, the first press of the button may activate
the vaporizer component(s), while the second would begin
gas administration. The actuation of the system 100 and the
activation of the vaporizer components may also be affected
separately. For example, a dedicated button for activating the
vaporizer component(s) may be located on the body 300.
[0339] A preferred specialized connection between the
housings 310 and 320 is also provided. It should be under-
stood that the specialized connection disclosed herein may be
used for any structural components of gas administration
systems that have functions similar to the housings 310 and
320, for example, the function of allowing a gas administra-
tion system to provide for inserting a gas source and reattach-
ing with the inserted gas source inside the reattached compo-
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nents. A non-limiting example of such structural components
is shown in reference the embodiment of the body 300 shown
in FIGS. 15A and 15B and described below.

[0340] Ingeneral, the connection between the housings 310
and 320 presents a number of issues. First, the movement of
the housings 310 and 320 toward each other should be prop-
erly coordinated with the puncture of the cartridges 210. If the
cartridges are punctured prematurely, the gas-seal integrity of
the system 100 may be compromised. Ifthe cartridges are not
punctured after the housings 310 and 320 are fully re-at-
tached, the movement of the housings is no longer available to
affect the puncturing and the system 100 cannot be actuated.
Further, referring back to FIGS. 10A and 10B, the vertical
alignment between the gas input port assemblies 361 and the
cannula/needle assemblies 205 is preferably maintained
while the housings 310 and 320 move toward each other
axially with the circular movement associated with the
engagement of the connection mechanism (e.g., the threads).
These goals may be achieved by using the continuous
threaded connection already described.

[0341] However, it is also desirable to enable a patient to
store the cassette 200 inside the body 300 so that the system
100 is always ready for immediate use by the patient. To begin
using the system 100 from the released configuration, a
patient must insert a cassette, align the interfacing members
and keys, and attach the housings. These actions take time,
which may be in short supply in certain medical situations,
especially for patients with implanted AF-ICD. On the other
hand, storing the system 100 in the ready-to-use configuration
may raise other issues. In the ready-to-use configuration, the
cartridges had already been punctured and the system 100 is
under internal gas pressure. The storage of the body 300 under
internal gas pressure may raise issues of safety, pressure
integrity of the body 300, and excessive wear and tear of the
components. Also, in the ready-to-use configuration, the sys-
tem 100 may be actuated incidentally, which is undesirable.
Therefore, while the continuous threaded connection may be
adequate and desirable for many situations and/or indica-
tions, it is desired to address the above issues. It is also
desirable to utilize a connection mechanism unique to the
system 100 to minimize the likelihood of misuse.

[0342] Oneofthe preferred embodiments of the specialized
threaded connection between the housings 310 and 320 is
illustrated in FIG. 14A. As seen in FIG. 14A, the external
surface 310.1 of the upper housing 310 defines a circumfer-
ence with external diameter dl. The internal surface 320.2 of
the housing 320 defines a circumferential opening with inter-
nal diameter d2. In one embodiment, the internal diameter d2
of the lower housing 320 is larger than the external diameter
dl of the upper housing 310. It should be understood that in
other embodiments, the internal diameter d2 of the lower
housing 320 may be smaller than the external diameter dl of
the upper housing 310.

[0343] As seen from FIG. 14A, the external surface 310.1
of the upper housing 310 has a threaded area 310.1a that
includes lower threads 311a and upper threads 3115. The
threads 311a and 3115 are separated by a non-threaded area
311c. The internal surface 320.2 of the lower housing 320 has
a threaded area 320.2q that includes upper threads 3214 and
lower threads 3215.

[0344] FIG. 14B shows a side cross-sectional view of the
threaded areas 310.1a and 320.2a in one of the variants of the
embodiment shown in FIG. 14A. As seen in FIG. 14B, the
threads 311a have a larger diameter than the threads 3115
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(d1la>d1b). Likewise, the threads 321a have a larger diameter
than the threads 3215 (d2a>d2b). The upper threads 311qa are
adopted for engaging the upper threads 3214, and the lower
threads 3116 are adopted for engaging the lower threads
3215

[0345] As the user begins to attach the housings 310 and
320, the external surface 310.1 of the upper housing 310 fits
inside the external surface 320.2 of the lower housing 320
(d1<d2). The threaded areas 310.1a and 320.2a are moving
toward each other vertically along the axis Z (FIG. 14B). The
diameter d2a of the threads 3214 is too large to permit inter-
action between the threads 3115 and 321a. Therefore, the
threads 3115 clear the threads 3214, and than come in contact
and engage the threads 3215. The user continues to attach the
housings 310 and 320 until the threads 3215 clear the threads
31154 so that the threads 3215 are above the threads 3115
(FIG. 14C). In this position of the housings 310 and 320, the
gas input port assemblies 361 and the cannula/needle assem-
blies 205 are vertically aligned, but not yet in direct contact.
The threads 321a are not yet engaged to the threads 311a,
being separated by a distance p. The threads 3115 prevent
loose detachment ofthe housings 310 and 320. The cartridges
210 have not yet being punctured. If desired, the system 100
may be brought back to the released configuration with the
cassette 200 intact. However, the cassette 200 is inside the
body 300. The system 100 is on stand-by for immediate use.
For example, a patient having AF-ICD does not have to spend
time to insert the cassette, align the housings, etc. Such con-
figuration of the system 100 may be referred to as a stand-by
configuration.

[0346] To bring the system 100 to the ready-to-use configu-
ration from the stand-by configuration, the user pushes the
housings 310 and 320 toward each other along the axis Z
(passing the distance p). The axial movement brings the
threads 321qa and 311« in contact and permits their engage-
ment. The user continues to attach the housings via the
threads 311a and 321a. As the housings move toward each
other via the threads 311a/321a, the gas input port assemblies
361 and the cannula/needle assemblies 205 cooperate to
puncture the cartridges 210. The system 100 is in the ready-
to-use configuration.

[0347] The diameters of the threads, the order of engage-
ment, and other connection elements may be varied as would
be understood by one of skill in the art. In one of the preferred
embodiments, the threads may be in a form a wide channel
and corresponding channel guide. Any combinations of the
two threads are contemplated. The threads that are engaged
are preferably the same type of threads. For example, if the
upper threads 311a are right threads, the upper threads 321a
are also right threads. However, the pairs of upper and the
lower threads may be same or different, right threads or left
threads, the upper threads may be right threads and the lower
threads may be left threads and visa versa and so on. For
example, in reference to the variant shown in FIG. 14B, the
threads 311a and 321a may be right threads or left threads,
and the threads 3115 and 3215 may be right threads or left
threads, and so on. Preferably, the direction of the upper
threads and the lower threads is different.

[0348] Also, in a different embodiment, the internal diam-
eter of circumferential opening of the lower housing 320 may
be smaller than the external diameter of the upper housing
310, with the external surface of the lower housing 320 and
the internal surface of'the lower housing 310 each having a set
of upper and lower threads. In this embodiment, the connec-
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tion mechanism is similar to the mechanism in the embodi-
ment shown in reference to FIG. 14A.

[0349] Referringto FIG. 14C, the relative lateral stability of
the housings 310 and 320 may be improved by incorporating
a directional channel or stop/slot arrangement between the
upper and lower threads. FIG. 14D shows a side cross-sec-
tional view of the threaded areas 310.1 and 320.1 in one ofthe
preferred variants of the embodiment shown in FIG. 14A. As
seen in FIG. 14D, the threaded area 310.1a includes at least
one raised extension 311e located in the area 311¢ between
the threads 311a and 3115. The extension 311e may have
various shapes, such as convex, round, square and rectangular
shapes. The threaded area 320.2a¢ has a corresponding
recessed slot 321e located at the threads 3215. The shape of
the slot 321e matches the shape of the extension 311e. Pref-
erably, the extension 311e and the slot 321e extend vertically
along the axis Z. More preferably, the extension 311le, if
inserted into the slot 321, can be moved up and down along
the slot 321e. The locations of the extension 311e and the
corresponding slot 321e may be indicated on the external
surfaces 310.1 and 320.1 of the housings 310 and 320.
[0350] The housings 310 and 320, which have the special-
ized threaded connection showed in F1IG. 14D, are transferred
to a standby configuration in the same manner as shown in
reference to FIG. 14B. The threads 3115 clear the threads
321a, and then come in contact and engage the threads 3215.
The threads 3215 are engaged via the threads 3115 until the
threads 3215 are above the threads 3115. FIG. 14E shows the
locations of the threaded areas 310.1 and 320.1 in the stand-
by configuration of the system 100. The threads 3214 are not
yet engaged to the threads 311a, being separated by the dis-
tance p. The threads 3115 prevent loose detachment of the
housings 310 and 320. The extension 311e and the slot 321e
are aligned. The extension 311e and the slot 321e may be
aligned by virtue of their positions on the respective housings.
In another variant, the alignment is achieved by preventing
further circular movement along the threads 3115 and 3215.
In another variant, after the housings 310 and 320 clear the
lower threads 3115 and 32154, the user may manually align the
extension 311e and the slot 321e on the basis of the alignment
indicators on the external surfaces 310.1 and 320.1.

[0351] To transfer the system 100 to the ready-to-use con-
figuration, the user pushes the housings 310 and 320 toward
each other. The extension 311e engages the slot 321e, guiding
the housings 310 and 320 toward each other in the course of
the axial movement. After the extension 31le travels the
distance p in the slot 321e, the threads 321a engage the
threads 311a.

[0352] In the preferred variant, the upper threads 311a/
321a and the lower threads 3115/3215 have different thread
direction. Thus, the upper threads may be right threads and
the lower threads may be left threads, or visa versa.

[0353] In use, the patient inserts the cassette 200 into the
lower housing, places the upper housing 310 over the lower
housing 320 until the initial connection between the interfac-
ing members/keys is achieved and the lower threads 3115 are
in contact with the lower threads 3215. Then, holding the
upper housing still, the patient turns the lower housing 320 in
a first circular direction (e.g., clockwise) until the lower
threads clear each other and/or the extension 311e prevents
further engagement of the lower threads. The extension 311e/
slot 321e may be positioned to align at the point the lower
threads are cleared. Alternatively, the arrangement of the
extension 311e/slot 321e may involve the extension 311e
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stopping further clockwise movement of the lower housing
320. The patient pushes the housings 310 and 320 together via
the extension 311e/slot 321e and the upper threads 311a and
321a come in contact. The direction of the upper threads is
reversed, and the patient must now turn the housing 320 in a
second circular direction (e.g., counterclockwise).

[0354] In another embodiment, there may be two raised
extensions 311e.1 and 311e.2 and two corresponding slots
321e1 and 321e.2 (FIGS. 14F and 14G). The use of two
extension/slot pairs provides additional strength to the
threaded connection. The locations of the extensions, slots
and threads may vary, including any variation known to those
of skill in the art. For example, the upper housing 310 may
have the slot(s) and the lower housing 320 may have the
extension(s).

[0355] An alternative embodiment of the body of the thera-
peutic gas administration system 100 is shown in FIGS. 15A
and 15B. In this embodiment, the body 300x includes an
upper housing 310x and a bottom cap 320x. All other features
of the system 100, the cassette 200 and the cartridges 210,
with the exception of the different structural division of the
body 300x, have been described in reference to the system
100 and may be present with respect to this embodiment.
[0356] The gas control and delivery system 350 may
include a number of preferred, additional, and/or alternative
features some of which are briefly described below. The com-
ponents of the system 350, such as valves and sensors, may
have various structures, including those known in the art.
[0357] In reference to FIG. 11A, the gas input system 360
may include one input pressure-sensing block 363. Also, the
structure of the block 363 may include elements and compo-
nents known to those skilled in the art. For example, a min-
iature pressure sensor for a metered dose inhaler is disclosed
in U.S. Pat. No. 6,138,669, which is incorporated herein by
reference. Although such inhalers greatly differ from the sys-
tem 100, some of the structures, components and operations
of'the pressure sensor may be suitable for use with the system
100 and the description of such structures, components and
operations in the *669 patent are incorporated herein by ref-
erence.

[0358] Inreference to FIG. 8 A, the natural pressure-driven
movement of gases from the cartridges 210 into the blender
370 may be insufficient to effect good mixing. In another
embodiment, the interior shape of the blender 370 may be
modified to increase gas turbulence. The inclusion of appro-
priately placed gas baffles is one of the possible modifica-
tions. In another modification, the blender 370 may include a
mixing fan. The mixing fan may be powered by a battery or
may be driven by the flow of the incoming gas. Also, the
structure of the blender 370, as well as the mixing structures
of the system 350 as a whole, may include elements and
components known to those skilled in the art. For example,
various gas mixing devices and structures are disclosed in
U.S. Pat. Nos. 5,887,611, 5,727,545, 4,722,333 and 5,159,
924. Although such devices and structures greatly differ,
some of the structures, components and operations of these
devices and structures may be suitable for use with the system
100 and the description of such structures, components and
operations inthe *611, °545, 333, and *924 patents are incor-
porated herein by reference.

[0359] The gas output and control system 380 may include
various structures and components, including those known to
those skilled in the art. For example, U.S. Pat. No. 5,034,107
discloses a method of identifying nitrous oxide and determin-
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ing its concentration. Although the devices and structures of
the *107 patent greatly, some of the structures, components
and operations of these devices and structures may be suitable
for use with the system 100 and the description of such
structures, components and operations in the *107 patent is
incorporated herein by reference.

[0360] FIG. 16A shows an embodiment of the gas content
block 385. In addition to the content sensor 3854, the block
385 may include a holding chamber 3855, a holding chamber
entry valve 385¢, a pressure sensor 3854, a holding chamber
exit valve 385¢, a non-oxygen gas content sensor 385/, and a
temperature sensor 385g. Each of the sensors and valves may
be present or absent. The sensors may be separate devices or
may be part of the same structural component. The holding
chamber 3855 has a pre-determined volume. It serves to
accumulate the gas before it is provided to a patient. The
holding chamber entry valve 385¢ control entry of gases from
the connective tubing system 381 into the holding chamber
385b. The pressure sensor 3854 measures pressure of gases in
the holding chamber 3855. The holding chamber exit valve
385¢ controls exit of gases from the holding chamber 3855 to
the patient outlet 390. The non-oxygen gas content sensor
385/ measures concentration of gases other than oxygen, such
as N,O or CO,. The temperature sensor 385g measures the
temperature inside the holding chamber 38554. The sensors
and valves of the gas content block 385 may contain other
component, including electronic components that communi-
cate with the processor/controller 510 in the domed area
312a.

[0361] One mode of operation of the sensing block 385 is
illustrated in FIG. 16B. Upon a signal from the patient inter-
face assembly (e.g., from the demand valve 410), the proces-
sor/controller 510 opens the primary control valve 382a and
the sensor chamber entry valve 385¢ (position 1). The gas
enters the holding chamber 3855 from the blender 370. The
pressure sensor 3854 measures the pressure in the holding
chamber 38556. The volume of the holding chamber 3855 is
pre-determined, known and stored in the data block 524. The
combination of known volume and pressure measured by the
pressure sensor 385d provides information about the molar
amount of the gas. Once the desired amount of gas is in the
holding chamber 3855, the holding chamber entry valve 385¢
is closed (position 2). The gas accumulated in the holding
chamber 3855 is provided to a patient via the patient outlet
390. The timing of closing of the valve 385¢ may be selected
to accumulate the gas in the holding chamber 385¢ prior to
each breath by the patient.

[0362] The gas content block 385 may function as a gas
conservation device. A conserving device for use with admin-
istration of oxygen is disclosed in U.S. Pat. No. 6,220,244, the
disclosure of which is incorporated herein by reference in its
entirety. A gas conservation device may conserve gas by
providing the gas to a patient at a proper time in the inspiration
cycle. The conservation device may provide a patient with a
properly timed tidal volume of therapeutic gas that is smaller
then the total volume of gases the patient inhales. The tidal
volume of the gas is delivered as a bolus at the appropriate
point in the inhalation cycle, followed by inhalation of room
air. The total inhaled volume includes both the therapeutic gas
and the room air.

[0363] With reference to FIG. 16A, timely opening of the
valves 382a,383a, 385¢, and/or 385¢ may allow the use of the
gas content block 385 in a conservation device mode. The
room air may be provided via the air intake port 384. The
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operation of the gas content block 385 in the conservation
device mode may be controlled by the processor/controller
510 on the basis of instructions and data stored in the memory
520. The gas content block 385 may function in a conserva-
tion device mode with or without the holding chamber exit
valve 385e.

[0364] One variant of the conservation device mode opera-
tion of the block 385, which includes the valve 385e, is
illustrated in FIGS. 16C-16E. As shown in FIG. 16C, in the
position (1), the valves 385¢ and 382a are open. The gas flows
from the blender 370 into the holding chamber 385¢. Once the
pressure in the holding chamber 385¢ reaches the desired
value (e.g., as measured by the pressure sensor 3854), the
valve 385c¢ is closed and the valve 385¢ is opened (FIG. 16D,
position (2)). The therapeutic gas flows from the holding
chamber 38554 through the patient outlet 390. The amount of
gas in the holding chamber 385c¢ is selected to provide a
patient with smaller volume of gas than the total inhaled
volume. The timing of the opening of the valve 385¢ is
selected to provide the patient with therapeutic gas at the
desired point in the inhalation cycle. Next, at the desired time
in the inhalation cycle, the primary valve 382a is closed, and
the holding chamber valve 385¢ and the air intake valve 3834
are opened (FIG. 16E, position (3)). Air flows from the air
intake port to the patient outlet valve 390. After the desired
amount of air is provided, the system returns back to the
position (1) (FIG. 16C).

[0365] Ingeneral, itis important to minimize the possibility
that a wrong gas or gas mixture is used. It is also important to
prevent misuse of the system 100, such as in using unautho-
rized gases or gas mixtures. For this purpose, the cassette 200
and the body 300 may have various gas-specific structural
features or elements. Some of such features had been already
described (e.g., the matching of arrays 2064 and 326a). Other
gas- and/or dose-specific features may include, for example,
varying the distance Y1 from the bottom surface 328ab of the
disk 3284 to the horizontal bottom surface 320.2a of the lower
housing and/or the distance Y2 from the top surface 328aa of
the disk 328a to the gas input port assemblies 361 (FIG. 7C).
Unless the height hl of the cassette 200 (FIG. 4A) and the
distances Y1 and Y2 are correct, the cassette 200 cannot be
used with a given body 300. Thus, the height hl and the
distances Y1 and Y2 may be made different for different gases
and doses, providing additional gas- and dose-specificity. The
embedding depth X of the cartridges 210 may also be used in
this manner if desired. Also, the cassettes 200 and/or the disk
328a may have different colors for different doses and/or
indicated gas mixtures.

[0366] Inyetanother specific preferred feature, the cassette
200 may be identified with a unique identifier for each indi-
vidual cassette. The unique identifier, such as a serial number
or the like, may be embedded, imprinted or otherwise perma-
nently affixed to the exterior surface of the cassette. An alter-
native unique identifier is an RFID chip. In addition to pro-
viding information about the gas or gas mixture and the dose
contained in the identified cassette, the identifier allows trac-
ing and/or tracking the origin, distribution route and use of the
cassettes. Since each cassette represents a single dose, the
unique identifiers assigned to each cassette can be used to
track distribution and use of each cassette.

[0367] The following non-limiting example is useful. 12
unit dose cassettes containing 65% N,0/35% O, mixture for
4 minutes of gas administration are shipped to a patient with
an AF-ICD. The patient claims to have used each of the 12
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cassettes in connection with AF-ICD use. The patient’s phy-
sician determines, upon routinely downloading data from the
patient’s AF-ICD, that the patient’s AF-ICD was used only 8
times. The physician may request an explanation for the dis-
crepancy.

[0368] In another non-limiting example, a physician based
in an office or a small clinic orders 32 unit dose cassettes of
N,0 and O, for use during dermal biopsy punches. The serial
numbers of the cassettes are noted on shipping and receiving
records. The use of each cassette might therefore be
accounted for by keeping records of which patient each cas-
sette was used for. In addition to the permanently affixed
unique identifiers, the cassette may be labeled by tear-off
label strip that covers the top surfaces of the cannula/needle
assemblies. The tear-off strip may list the contents and the
serial number of the cassette. The strip may be removed from
the cassette and placed in a logbook by the patient or medical
staff member after the cassette is used, providing an addi-
tional method of controlling the use of the cassettes. The
physician may later review the log to confirm that the cas-
settes were used as intended.

[0369] Various features, additions and alternatives of the
patient interface assembly 400 are also provided. The assem-
bly 400 may include any demand valve 410, including those
known in the art. The demand valve 410 is a component that
controls the flow of gas from the patient outlet 390 to a patient
upon the action/demand by the patient. The patient can exer-
cise control in various ways, for example, by creating nega-
tive inspiration pressure inside the demand valve 410 or by
manually pressing a button or a lever. In one embodiment, the
demand valve 410 may include, for example, a demand-
controlled valve 411, an inspiration pressure sensor 412, and
a communication block 413 (FIG. 17A). The demand-con-
trolled valve 411 opens and closes the flow of gases from the
patient outlet 390. The valve 411 may be directed by the
processor/controller 510. Alternatively, the valve 411 is con-
trolled directly by the inspiration pressure sensor 412. The
inspiration pressure sensor 412 measured the inspiration
pressure created by the patient at the facemask 430. The
communication block 413 includes electronic components
for communicating with the processor/controller 510. For
example, the block 413 may inform the processor/controller
510 of the inspiration pressure measured by the sensor 412,
provide the controller 510 with the time of the beginning of
gas administration, and so on. Also, the communication block
413 may receive signals from the processor/controller 510.
For example, the processor/controller 510 may signal to the
block 413 to close the demand-controlled valve 411 regard-
less of the inspiration pressure. Such closing signal may be
communicated, for example, if the processor/controller 510
received a signal from the input pressure sensing block(s) 363
that the pressure of incoming gas is outside the pre-deter-
mined range. The closing of the valve 411 may provide an
added measure of safety.

[0370] In another variant, a patient manually activates the
demand-controlled valve 411, for example, by pressing a
button or pulling a lever.

[0371] Alternative embodiments of the patient interface
assembly 400 are also provided (FIGS. 17B-17E). Also, the
patient interface assembly 400 may include elements and
components known to those skilled in the art. For example,
demand-activated gas control components are disclosed in
U.S.Pat.Nos. 5,839,436 and 5,692,492. Although the devices
disclosed in these patents greatly differ from the system 100,
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some of the structures, components and operations may be
suitable for use with the system 100 and the description of
such structures, components and operations in the *436 patent
and 492 patent are incorporated herein by reference.

[0372] In the embodiment shown in FIG. 17B, the patient
interface assembly 400 does not include an inspirationally
activated demand valve. Instead, a lever 413 initiates the flow
of therapeutic gas to a patient functioning as a manually
activated demand valve. Once the lever 413 is pulled, the gas
begins to flow through the connector 420 into the facemask
430. In one of the preferred variants, the flow is stopped upon
an expiration of a pre-determined period of time or upon flow
of'apre-determined volume of gas through the gas control and
delivery system 350. A non-limiting example of such pre-
determined volume is about 500 ml to 700 ml. The interrup-
tion of the flow may be effected for example by a signal from
the processor/controller 510 to the primary control valve
382a. In another embodiment, shown in FIG. 17C, the lever
may be replaced with a button 414.

[0373] A normal tidal volume inspired by a patient is
believed to be approximately 500 ml to 700 ml. To conserve
therapeutic gas, it may be desired to provide the patient with
therapeutic gas that comprises only a portion of the tidal
volume (e.g., 25 ml to 200 ml) at a point in the inspiration
cycle when the inhaled gas reaches deeper and greater portion
of'the lungs so it has greater eftect. The outside air is usually
provided as the rest of the inspired tidal volume. The thera-
peutic gas portion delivered in such a manner is sometimes
referred to as a bolus.

[0374] In general, the demand valve 410 and the gas con-
servation device may be completely outside the body 300,
partially inside/outside the body 300, or completely internal.
An example of internal gas conservation device was
described in reference to FIGS. 16C-16E. The demand valve
410 may replaced by an external gas conservation device 450
(FIG. 17D). The structure and operation of the gas conserva-
tion demand 450 may vary, including structures known to
those of skill in the art. The description of the variant of the
internal conservation device (FIGS. 16C-16E) provides good
illustration of the suitable structure and operation of the
device 450.

[0375] An alternative embodiment of the connector 420 is
also provided (FIG. 17E). In this embodiment, the connector
420 is a flexible tube 421, preferably having sufficient length
to allow a patient to use the system 100 with the body 300
being in the patient’s lap or side, while the facemask is
pressed against the patient’s face.

[0376] The facemask 430 may be replaced with a mouth-
piece. A nose clip can be used with the mouthpiece to prevent
the intake of air through the nose that would dilute the gas
inhaled through the mouthpiece. A nose mask may also
replace the facemask 430. While using the nose mask, the
patient is expected to keep the mouth closed in order to
prevent the dilution of gas inhaled through the nose mask. It
should be noted that use of facemask is preferred for gas
mixtures that produce some relaxation/loss of control in a
patient (e.g., N,O- or Xe-containing mixtures). The relax-
ation and the attendant loss of control may resultin dilution of
intended inhaled gas by outside air if mouthpiece or nose
mask is used.

[0377] Xenon is a rare and expensive noble gas. Xenon is
produced from air via an air liquefaction process. Xenon is
present in the atmosphere at concentrations of less than 1 part
per million, and therefore should be conserved as much as
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possible. Therefore, when using a therapeutic gas mixture
containing xenon, it is desirable to recover all that is used,
such as the Xe-containing exhaled gas mixture (that may also
contain oxygen, carbon dioxide, methane, water vapors, and
other constituents). The exhaled xenon-containing gas mix-
ture may be processed to extract xenon, which may then be
reused after sterilization for the manufacture of a medical gas
product for patient use. Xenon recycling may reduce the
overall cost of xenon therapy and conserve a rare gas.
[0378] In another preferred embodiment, in relation to the
administration of xenon-containing gases or mixtures, the
invention provides a modification of the patient interface 400
designed to conserve xenon and to reduce the cost per dose
related to xenon. In this embodiment, the patient interface
assembly 400 may include a disposable, hollow re-breathing
container 419 having a highly compressible empty balloon
4194 (not shown) within the container 419 (FIG. 18). The
re-breathing container 419 is attached to the demand valve
410. The balloon 4194 can be made of Mylar or other similar
material.

[0379] In operation, the cassette 200 containing for
example Xe/O, mixture is inserted into the body 300 and
system 100 is used in the usual manner. The cassette may
contain separate cartridges of 100% xenon and 100% oxygen
or two cartridges each containing the xenon/oxygen mixture.
The contents of the cassette 200 are blended in the blender
370, flow through the demand valve 410, and are vented into
the re-breathing balloon 4194. The mixture in the re-breath-
ing balloon 419q thus contains a proper composition of the
Xe/O, mixture to achieve the desired therapeutic effect. The
patient breathes in and out of the breathing balloon 4194 via
the demand valve 410. The exhaled mixture is returned to the
balloon 4194. The re-breathing balloon 4194 may be returned
to the vendor for reprocessing and extraction of the remaining
Xenon.

[0380] Preferably, the therapeutic gas administration sys-
tem 100 is portable and may be used in various locations,
including hotels, offices and other locations of work, gymna-
siums, athletic fields, and the like. To facilitate portability and
convenient use, a belt clip may be affixed to the body 300.
Also, a lanyard may be connected to the body 300. The
lanyard may be attached to a wrist strap (e.g., made of Velcro
or similar material). The lanyard may also be connected to a
patient’s belt. The lanyard is useful for certain therapies that
may involve involuntary muscle movement. For example, in
regards to self-administration of nitrous oxide/oxygen mix-
ture together with AF-ICD shock, a patient may experience
involuntary movement during shock initiation. The involun-
tary movement (e.g., an outward fling of an arm) may result in
loss of control and release of grip on the body 300. The
lanyard is intended to prevent the body 300 from flying in the
air and causing damage to the patient, other persons, physical
surroundings or the system 100 itself.

[0381] The therapeutic gas administration system 100 may
be provided with a hard carrying case 700 (FIG. 19). The case
700 facilitates portability and may be used to transport the
system 100. As seen from FIG. 19, the carrying case 700
includes a bottom portion 710 and a top portion 720. The case
is opened and closed by attaching and releasing the portions
710 and 720. In FIG. 19, the case 700 is shown opened.
[0382] The case 700 includes an external covering 700a
(not shown) and an internal area 7005. The external covering
700a may be made of a plastic (e.g., PVC, PET or styrene),
metal (e.g., aluminum), or a combination of plastic and metal.
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The covering 7004 additionally may be coated with a soft,
impact-resistant and skid-resistant substance, for example,
incorporating silicone. The internal area 7004 is the space for
placing the components of the system 100. The internal area
7005 preferably contains a foam layer 702. The foam layer
702 protects the components of the system 100 and is shaped
to firmly hold them inside the case 700. The internal areca 7005
may be used to place several cassettes 200, the body 300 and
the components of the patient interface assembly 400. The
carrying case 700 also may include a handle 750 that is hinged
and folds flat against the external covering 7004 of the carry-
ing case 700.

[0383] In another variant, a soft carrying case 800 may be
provided with the therapeutic gas administration system 100
(FIGS. 20A-20C). The case 800 can be made from sofft,
durable material that allows folding the case (e.g., nylon or
like material). The case 800 includes a pocket portion 810 and
a top closure flap 820. The pocket portion 810 has an attach-
ment member 841 and the top closure flap 820 has matching
attachment member 841a. The members 841 and 8414 may
be any typical attachment structures, such as buttons/button-
hole, snap attachment, etc. Preferably, the members 841 and
841a are Velcro strips. An elasticized strip 831 divides the
portion 810 and the flap 820. The strip 831 allows folding of
the case 800 as shown by arrow Q1. The strip 831 may be
made from a suitable elastic material.

[0384] The pocket portion 810 has a cassette pocket 811, a
body pocket 812, and a patient interface pocket 813 for plac-
ing the cassette 200, the body 300 and the components of the
patient interface assembly, respectively. The pocket portion
810 may also include a belt opening 815 located transversally
to the direction of the pockets. The belt may be threaded
through the opening 815, thus attaching the case 800 to a
person wearing the belt. Alternatively, the case 800 may be
clipped to a belt.

[0385] Elasticized strips 832 and 833 divide the case 800
into a central portion 850 and peripheral portions 851 and
852. The central portion includes the body pocket 812, the
portion 851 includes the cassette pocket 811, and the portion
852 includes the patient interface pocket 813. The elasticized
strips 832 and 833 divide the portions 852/850 and 850/851,
respectively. The strips 832 and 833 allow folding of the case
800 in vertical direction. In reference to F1G. 20B, the central
portion 850 has an attachment member 842, and the periph-
eral portions 851 and 852 have attachment members 842a and
842b, respectively. Preferably, the attachment members 842,
842a, and 8425 are Velcro strips.

[0386] FIG. 20A shows the case 800 in a completely
unfolded configuration. The top closure flap 820 can be
folded along the elasticized strip 831 (shown by arrow Q1).
After folding the attachment member 841a contacts the
attachment member 841, holding the folded closure flap 820
in place. FIG. 20B shows the case 800 after it is folded along
the portion 831. In the configuration shown in FIG. 20B, the
case 800 may be worn by threading a belt through the belt
opening 815. For storage, the case 800 may then be further
folded along the elasticized strip 832 and 833 (shown by
arrows Q2 and Q3), with the attachment members 8424 and
842b coming in contact with the attachment member 842 to
hold the peripheral portions 852 and 853 attached to the
central portion 851. FIG. 20C shows the completely folded
case 800.
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[0387] The inventions described herein are further illus-
trated below in the following non-limiting examples.

EXAMPLE 1

Administration of Nitrous Oxide/Oxygen Mixture to
Healthy Volunteers

[0388] Initially, pilot studies were conducted on 5 healthy
volunteers having medical experience of dealing with
patients with AF-ICDs. Volunteers of different ages and
weights were selected. The volunteers had experience with
N, O ranging from none to some and from long ago to recent.
The volunteers were witnessed and interviewed about their
experience. They were asked to visualize their worse histori-
cal pain. The volunteers were also asked to provide an input
from their patients on how an AF-ICD shock feels, including
information about the anxiety generated by memory of the
prior shocks before the next shock is initiated.

[0389] The volunteers, while being videotaped, were then
asked to breathe 65% N,0/35% O, mixture (expressed in
molar percents) for 4 minutes while periodically pressing an
activator button to simulate pressing of the shock timer button
on an AF-ICD, and to determine the ability to press the timer
button while under the effect of gas administration. In one
case, the gas administration was extended to 5.5 minutes for
the purpose of collection of additional data. The nitrous
oxide/oxygen mixture was administered using a prior art
N,O/0, device using an inspiration-activated demand valve.
The prior art device was a typical gas mixing system with an
external oxygen source. The purpose of the experiment was to
evaluate the volunteers’ responsiveness to commands and the
ability to self-activate an AF-ICD shock timer. In all cases, the
volunteers reported that 2-3 minutes of inhalation were, in
their view, sufficient in terms of reduction of anxiety and to
allow the volunteers’ patients to self-initiate an AF-ICD
shock. According to the interviews with the volunteers, the
observed anxiolysis was at a level that would be needed for
their patients prior the self-initiation of the AF-ICD shock.
Within minutes following the end of the nitrous oxide/oxygen
administration, all volunteers returned to normal sensory per-
ception levels and their normal work routine. Also within
minutes, no residual effects from the administration of nitrous
oxide/oxygen mixture were reported.

EXAMPLE 2

Administration of Nitrous Oxide/Oxygen Mixture to
Actual Patient Volunteers Having an Implanted AF-
ICD

[0390] Eleven patients having an existing implanted AF-
ICD for atrial fibrillation participated in a study that included
self-administration of nitrous oxide/oxygen mixture prior to
administration of an AF-ICD shock. The patients were asked
to breathe 65% N,0/35% O, mixture for 4 minutes. The
nitrous oxide/oxygen mixture was self-administered using
the prior art N,O/O, mixing system described in Example 1
using an inspiration-activated demand valve under observa-
tion. The patients were asked to periodically press an activa-
tor button, which was not connected to the AF-ICD, to evalu-
ate their responsiveness to commands and ability to self-
initiate an AF-ICD shock timer during the short period of
nitrous oxide/oxygen administration. When a patient indi-
cated that he/she was ready to actually self-activate the AF-
ICD timer to administer a shock and pressed a button to
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simulate the self-activation, a physician actually initiated the
shock instead of the patient to facilitate gathering of addi-
tional behavioral and clinical data during the study.

[0391] Physiological data were recorded electro-mechani-
cally and observational data was recorded manually, and the
instructions to the patient, therapy session itself and the ques-
tioning of the patient after the therapy session were video-
taped. All data were collected pre-, peri- and immediately
post-study. Additional information generated by the study
was based on interviews of the patients by medical staff pre
and post study. From baseline starting levels just prior to the
study, 65% N,0/35% O, inhaled by the patients immediately
prior to and up to the moment of shock reduced pre-shock
anxiety by 48%, shock related intensity by 45%, pain by 60%,
and discomfort by 78%, and there were no adverse events. All
patients returned to normal sensory perception within 5 min-
utes after the nitrous oxide/oxygen administration ended. The
study showed that a short-term administration of 65% N,0/
35% O, mixture was effective, safe and allowed a rapid return
to normal sensory perception and activity. Of note was the
fact that the spouses of these patients, who are routine observ-
ers of the patients attitudes before, during, and after self-
administration of an AF-ICD shock, stated that they observed
a marked difference in the attitudes and feelings of the
patients after the AF-ICD shock was administered in conjunc-
tion with administration of nitrous oxide/oxygen in compari-
son with usual circumstances. The patients were also asked to
complete questionnaires over a period extending to 24 hours
post-study. The evaluation of the questionnaires showed
reduced memory of pain and anxiety, providing evidence of
anterograde amnesia.

EXAMPLE 3

Prescription of System 100 and Cassette 200 for
Patients Having Implanted AF-ICD

[0392] A physician wishes to prescribe the 65% N,0/35%
O, mixture to patient X who has an implanted AF-ICD. The
prescribing physician is cardiologist K. The prescription is
intended for self-administration of the nitrous oxide/oxygen
mixture to relieve the pain and anxiety associated with self-
initiation of the patient X’s AF-ICD in outpatient setting. In
practice sessions with the patient X, the cardiologist K had
determined that approximately 4 minutes of gas administra-
tion are sufficient to produce the desired analgesia and anxi-
olysis for the patient X.

[0393] The patient X first obtains the body 300 (as well as
the patient interface assembly 400). The electrophysiologist
or cardiologist K may directly provide the patient X with the
body 300 and the assembly 400. Alternatively, a pharmacist
or a manufacturer provides the body 300 to the patient X on
the basis of the prescription from the electrophysiologist or
cardiologist K. The body 300 is suitable only for administra-
tion of nitrous oxide/oxygen mixture in the prescribed dose.
The body 300 provided to the patient X is equipped with the
freely turning disk 328« having the array 326a that corre-
sponds to the prescribed dose of nitrous oxide/oxygen mix-
ture. The disk 3284 has orange color that indicates that the
array 326a would match cassettes containing the prescribed
nitrous oxide/oxygen dose (65% N,0/35% O, mixture with
maximum administration time of 4 minutes).

[0394] K writes a prescription for the cassettes to be pro-
vided to X. The prescription indicates the type of the pre-
scribed gas mixture (N,0/0,), the dose (65% N,0/35% O,;
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4 minutes of maximum administration), and the quantity. The
cassettes have orange color, matching the color of the disk
328a of the body 300 provided to X. K uses X’s history of
atrial fibrillation to select the quantity of the cassettes to be
provided to X. K determines how many times X will likely
need to administer the AF-ICD shock over a 3 months period
based on X’s frequency of prior atrial fibrillation incidents. X
submits the prescription to a local or mail order pharmacy.
Alternatively, K may forward the prescription directly to the
manufacturer or distributor of the cassettes. If X submitted
the prescription to the mail order pharmacy, the prescribed
quantity of cassettes would be shipped by regular U.S. mail to
X’s home, place of work, or other location indicated by X.
The cassettes are provided in individual packaging or in car-
tons containing from 2 to 48 cassettes.

EXAMPLE 4

Prescription of System 100 and Cassette 200 for
Patients Having a Temporarily Implanted Catheter
with Electrodes Capable of Providing Atrial Defibril-
lation

[0395] A large percentage of patients undergoing cardiac
surgery such as coronary artery bypass grafts and valve
replacements, or other thoracic surgery, experience atrial
fibrillation for several days or weeks after surgery. A new
method to address this is the placement of a temporary cath-
eter with electrodes that provides the same benefit as an
AF-ICD in terms of low energy internal cardioversion vs.
high-energy external cardioversion. In the hospital, AF car-
dioversion shocks using the temporary implanted catheter
electrodes would be activated by a physician, but the patient
would be able to self administer a mixture of nitrous oxide/
oxygen using system 100 in the presence of the physician
prior to being shocked.

EXAMPLE 5

Advantage of Analgesic Gas Administration Over
Intravenous Drugs Used in the Prior Art

[0396] The male patient X with an AF-ICD does not feel
capable of activating a shock for whatever reason. The patient
X drives to see a physician. In an examination room, the
patient X self-administers nitrous oxide/oxygen using the
system 100, while the physician or a properly trained nurse
activates the shock timer onthe patient’s AF-ICD. The patient
X is able to drive home after 30 minutes by which time the
patient has returned to fully normal sensory perception
including additional time that provided a margin of safety. In
contrast, if the patient X would have been given propofol or
midazolam, the patient X would have had to stay at the phy-
sician’s office for 3 hours after the AF-ICD shock and would
have needed someone else to both drive him to the physician’s
office and back home.

[0397] The patient that has undergone cardiac artery bypass
graft also known as CABG surgery generally is suffering
from multiple clinical conditions and is on multiple medica-
tions. It is therefore highly desirable to use an analgesic and
anxiolytic drug that has rapid onset and rapid offset, does not
interact with other therapeutic drugs, and is non-allergenic,
when providing an atrial defibrillation shock using a tempo-
rary catheter with electrodes implanted during surgery. It is
also desirable to have an administration system such as the
system 100 that is easily stored, securely stored, easily used,
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easily held by the patient, contains multiple safeguards and
which incorporates unit doses which can be tracked and
assigned to the specific patients chart and cost account.

EXAMPLE 6
Combination of Nitrous Oxide/Oxygen and Propofol

[0398] A patient X comes to a hospital and requires external
atrial cardioversion. In contrast to the internal atrial cardio-
version, the administration of nitrous oxide/oxygen mixture
by itselfis insufficient to provide sufficient pain relief because
of the higher voltage required for external atrial cardiover-
sion. A combination of nitrous oxide/oxygen and propofol is
provided to the patient X. Propofol is provided in lower-than-
usual dose (e.g., lower amount and/or strength). The patient X
returns to normal sensory perception faster than if a usual
dose of propofol were administered.

EXAMPLE 7

Combination of Nitrous Oxide/Oxygen and Mida-
zolam

[0399] A patient X comes to a hospital and requires external
atrial cardioversion. In contrast to the internal atrial cardio-
version, the administration of nitrous oxide/oxygen mixture
by itselfis insufficient to provide sufficient pain relief because
of the higher voltage required for external atrial cardiover-
sion. A combination of nitrous oxide/oxygen and midazolam
is provided to the patient X. Midazolam is provided in lower-
than-usual dose (e.g., lower amount and/or strength). The
patient X returns to normal sensory perception faster than if a
usual dose of midazolam were administered.

EXAMPLE 8
Matching of Cassette/Freely Rotating Disk

[0400] Suppose, a physician prescribes helium/oxygen
mixture to a patient (80% He/20% O, for a maximum gas
administration of A minutes). The physician or a pharmacy
provides the patient with the system 100, including the body
300 and the disk 328a. Before the system 100 is provided to
the patient, the physician or the pharmacy installs the disc
328a having the array 326a unique to the prescribed gas
mixture (He/O,) and the dose (80% He/20% O for a maxi-
mum gas administration of A minutes). The patient can use
the system 100 only with the cassettes containing the pre-
scribed gas at the prescribed dose. For example, if the patient
obtains a cassette containing nitrous oxide/oxygen mixture
(e.g., 65% N,0/35% O, for a maximum administration
period of 4 minutes), such unauthorized cassette cannot be
used with the system possessed by the patient. Likewise, if an
unauthorized person possesses nitrous oxide/oxygen cas-
settes, such cassette can be used only with the body 300
authorized for nitrous oxide/oxygen use. If the prescribed
therapeutic gas and/or the dose the indicated prescription
changes, the disk 328q is replaced with a disk having the
corresponding array 326a. The gas- and/or dose-specific
matching of the arrays 206a and 3264 minimizes the possi-
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bility that a patient may select a wrong cassette and thus use
the wrong gas or gas mixture, and reduces the risk of unau-
thorized use.

EXAMPLE 9

[0401] AnFDA Submission Quality Phase I, Double Blind,
Randomized, Placebo Controlled, 4-Way Crossover Study to
Investigate the CNS Pharmacodynamics of N,O/O, Mixtures
Administered for Short Periods of Time to Healthy Volun-
teers

[0402] The study was conducted in 2002 on 16 normal
volunteers to evaluate the pharmacodynamic effects of 3 dif-
ferent concentrations of nitrous oxide mixed with oxygen
when administered for 4 minutes, as compared to placebo.
These mixtures fall within the range described within this
application. The subjects underwent a physical examination,
vital sign measurement, blood chemistry, urinalysis and a
host of additional screening and baseline evaluations. Objec-
tive and subjective measures of sedation and levels of con-
sciousness were employed. During administration of the
nitrous oxide in oxygen mixtures and placebo, an EEG was
recorded, cognitive tests were performed, Bond and Lader
questionnaires completed and saccadic eye movements mea-
sured. The study clearly showed that with the concentrations
of' N,O used which are described in this application, the end
tidal N,O and therefore desired effect reached a peak equi-
librium within a 4 minute period regardless of concentration,
with higher concentrations reaching a peak level and there-
fore providing a desired effect at the earliest time periods. The
maximum change in peak saccadic velocity was similar to
that induced by a sedative dose of 10 mg of benzodiazipene,
with the advantage being that the effects of Nitrous Oxide
have a far more rapid offset post administration and desired
effect that is measured in minutes, versus the hours required
to fully offset the effect of benzodiazapenes. This makes
Nitrous oxide a more ideal agent for use in outpatient proce-
dures, as the patients can leave earlier and in fact drive home
by themselves. In addition, memory of events during nitrous
oxide in oxygen administration for such short periods was
shown to decline post administration. To the best of our
knowledge, no such evaluation concerning the short term
administration and beneficial effects of a nitrous oxide in
oxygen mixture have been previously conducted on a formal
Phase I basis or published. The ability of nitrous oxide in
oxygen mixtures as described herein to provide a level of
desirable pain reduction and anxiety relief in the case of
cardiac rthythm shock based therapies, as well as other short
time frame diagnostic and therapeutic procedures involving
anxiety with a peak point of pain, is further supported by this
study, as is the decline in memory of events occurring during
such an event.

[0403] Unless stated to the contrary, any use of the words
such as “including,” “containing,” “comprising,” “having”
and the like, means “including without limitation” and shall
not be construed to limit any general statement that it follows
to the specific or similar items or matters immediately fol-
lowing it. Although the invention herein has been described
with reference to particular embodiments, it is to be under-
stood that these embodiments are merely illustrative of the
principles and applications of the present invention. It is
therefore to be understood that numerous modifications may
be made to the illustrative embodiments and that other
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arrangements may be devised without departing from the
spirit and scope of the present invention as defined by the
appended claims.

1. Apparatus for the administration of a medical gas to a
patient comprising a housing, a cassette mountable within
said housing, said cassette including at least one compressed
gas cartridge sealed therein containing a predetermined
amount of said medical gas, patient supply means for supply-
ing said predetermined amount of said medical gas to said
patient, and gas delivery means for delivering said medical
gas from said cassette to said patient supply means.

2. The apparatus of claim 1 wherein said gas delivery
means includes gas control means for controlling said deliv-
ery of said medical gas to said patient supply means.
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3. The apparatus of claim 2 wherein said gas delivery
means includes a blender chamber for receiving said medical
gas from said at least one compressed gas cartridge at a
predetermined pressure and flow rate.

4. The apparatus of claim 3 wherein said gas control means
comprises a gas control sensor for sensing the content or
pressure of said medical gas, and valve means for terminating
said supply of said medical gas based on said sensed content
or pressure of said medical gas.

5. The apparatus of claim 4 wherein said gas control means
comprises an air inlet port for permitting air to enter said
housing for delivery to said patient supply means and an air
intake valve for controlling said entry of said air into said
housing.



