PORTABLE THERAPEUTI C GAS DI SPENSI NG DEVI CE CROSS- REFERENCE TO RELATED
APPLI CATI ONS [ 0001] This application clains priority to U S. Provisional
Appl i cat iwo 28awiogdo1No. 61/ 310, 117, filed on March 3, 20PQT/uskeiat2d939 her eby
incorporated by reference in its entirety. FIELD [0002] Described here are
portabl e, hand-held devices for dispensing and adm nistration of a

therapeutic gas t pOREABLIATHRIERPRUITCEG ASTISPENSINGRDPAICEN! -
Speci fically, hand-held devices that include a regulator tube for

controlling the flow rate and pressure of a therapeutic gas are descri bed.
Met hods for regulating gas flow and pressure fromthe hand-hel d di spenser
for safe and controlled intranasal delivery of a pressurized therapeutic

gas are also descri befosBAGKGROENDH RORIIL Aty RirsalicAITOKSSSed gas pressure
regul ator incorporates a spring-|oaded di aphragm nechani smthat regul ates

t he operfDOQ]l]anthis lapglicagowtlaang@sordy scbidly. deoasipfidl gplidation Seei@hBni sm can be
cal i brat ally t rovi constant deljvery pressure at .any val ue
wi t hi n ﬁwﬁﬁa%é% 5@%@@ whirh 1y agrbeea@eraiet Yy rﬁfeé%@ﬁﬁ%lt?sntgsw; t he

regul ator opens or closes the gas discharge to maintain constant pressure.
In turn, the flowrate is controlled by the use of a separate restricting

orifice or simlar conponent. The prddgElube regulating and flow rate
controll ipél&]conponents are w de known and practiced in the art. Pressure

del
regul atd holResreibed Berg afeyqﬂr@mebyyawuhlq@ deiersdpdinrgnyiag anaRINHIFREM PEss

than id i -hel d, c d] | -ce.
Consequgdrit'%1 f{?ﬁ &}#ﬁ%'&ﬂg@fg geng{)?am g{l{!f;ﬁg@ éi’\;l(-:EJ aEalg\ﬁsti %%F%lﬁ% Blgirq%dé{% &gﬁg\g?&

r egul at ithg ihdiededd fgensirngbepfoessisiodirgntle flbawateahe pedssire 00 npteegRadc gasaré hat
met the objectives of conpactness, |owcost, reliability and ease of

manuf actdsFeibeduasiedsfoouapiates sasilraganbpressareremdh Bangrhcld diseenserfor
regul at 'sﬁgrakﬁ%oﬂér&ﬁdggﬁ%r&%ﬁ;a%%gl%gagrésaﬁ{z%ﬁﬁt%%p%ygé‘gasf IS afsﬁtgé%ﬁg&ﬁ'

delivery oma por evi ce. a sing nent (the
regul ator tube) regulates both the pressure and flow rate. The conbination
of both aspects in a single el enent #e. ., Instead of using a pressure

regul ator for controlling pressurB gOIUNﬁ’ti ng orifice for controlling

flow, %MOg]el R t§/}91c£rc81¥1ipge%se ngais Iﬂ%rersg‘ur}g%éaglulagg‘irsmcorporates a spring-loaded diaphragm

mechanism that regulates the opening and closing of a gas discharge orifice. This mechanism
can be calibrated manually to provide constant delivery pressure at any value within a
designated range. After the desired delivery pressure is set, the regulator opens or closes the
gas discharge to maintain constant pressure. In turn, the flow rate is controlled by the use of a
separate restricting orifice or similar component. The pressure regulating and flow rate
controlling components are widely known and practiced in the art. Pressure regulators,
however, are typically bulky and expensive, making them less than ideal for use in a compact,
hand-held, low-cost dispensing device. Consequently, it would be beneficial to have a simple
alternative for regulating the dispensing pressure and flow rate of a compressed gas that met

the objectives of compactness, low-cost, reliability and ease of manufacture.

SUMMARY
[0004] Described here are regulator tubes for regulating the flow and pressure of a
therapeutic gas for intranasal delivery from a portable, hand-held device. That is, a single
element (the regulator tube) regulates both the pressure and flow rate. The combination of
both aspects in a single element (e.g., instead of using a pressure regulator for controlling

pressure and a limiting orifice for controlling flow), may help to provide an intranasal gas
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delivery device that is conpact, and which can be manufactured at a

| ow-cost, easily and reliably. As used herein, the terns "tube" and
"regul at owotobetvomie used i nterchangeably. "Regul ator trb@US2&GI102@d9 i n
order to indicate the flow and pressure regul ati on aspect of the tube.
Exenpl ary hand-hel d devices in which the regul ator tubes described here may
be benefdeﬁ'v@xjg delick e istdaRRcH8REWhREGah Be MapufabBidkt aNow-cstB4Ril$4dd Whi ch
is co-owned by the assignee, and which is hereby incorporated by reference.
[ 0005] Thikathands heddchediis,gbaems “dbs candyaeiigoeiuhe’ ganesal inter¢haogeatity. a

regul atqr, tube havi,ng an.inlet end, an outlet end, and a.length

t hor ebet BSEHAtCRAPE iy pe 1 Ot foip A thelaabe P Ru RO T dhenser s
al so gengpal E%nﬁﬁ?&ﬂyll'l@lﬁ’d-ﬁelﬁ(H@Pirc@ssfn%iglﬁ%e%’édlﬂgﬁ{ub&%@Eﬁl%drlﬁ:r@m’é? g& apeutic
gas, a valve that Couples the gas cylinder to the inlet end of the

r egul at dentfihd,inende thosrodspiitecan ¢bbpfaceht No. 71865 347 | velticke mecoedwiiddebyrtbgul at or
tube. The val ve . be a %genlvalve. Any_suitabl e gas may be delivered by
the handSHENS: B VEEE T BgPDIRERBPRICINIBEFSF oxi de may bé delivered. [0006]
Met hods for intranasally delivering a therapeutic gas to a user are al so
descri bed herein. In general, the nethod includes inserting a hand-held

di spensdf005icl Tk Ingpdehet e dispatsas desdoibed hemoinggenastly idchak aaegidetor tubadiaving
actuating a valve to selectively discharge the therapeutic gas fromthe

conpr es S8dNGEE% 9P PR g Hing ddAngth dherbgliveen ot iy BB amR N ¢HBAl SUARYFre e The
regul at I Syl l J , nd a |length
therebe?%ggﬁeﬁgﬁﬁﬁgﬁgégg%g?ﬁ%%ﬁﬁgﬁﬁ%?%ﬁgﬁ]F. %ﬁggﬁgﬁgbkg%gﬁgggﬁgnsers

usual | y therapaitie gas,aompreahsteduplastheyhs odadeconk iddétrgd af theee@paut ube.gad; a
val ve that caouples the ggs cylinder to the inlet _end of the regulator tube;
and a nds¥pFRIEE wyplsH ey theutlpeend ff|tha regpgtos fuben d he ¥glye Magrberaitsen vaye:

regul at o r g ) e, of r i -0as

oD enoapt SRRSO LAL R oLl G SO r0lr pheul O e e

del i ver imgy e détiee@deut i c gas descri bed above nmay be enpl oyed to treat

vari ous nedical conditions. For exanple, the therapeutic gases may be
delivered to treat synptons associ ated wth headache (e.g., mgraine
headach ensi.an- cl U d J j . i al
L N T L e e U LT T

i ncl udi n@r&Larogeakrad |themegihod ifulides lifseAaing Jlehemeidadisgnbe igdleding b Rédulfor and
conjunctivitis), asthma, nervous disorders (e.g., epilepsy, Parkinson's
di sease)tubg WEheppstridaruserpadaguatiyg yhyentenalegtypds¢hanss %ﬁ thegypgatic gas

vari atl Ofposmgﬂc é[ohe rerE‘E&i‘ gads eﬂRcli (%Xhl%lqu’pglg I Iu?a)l(t{) t%b??n(} &'1% nogi liéc\éerl“ﬁg rﬁ%ﬁlfatéro
treat seasona aI1erg| rRINiTi S or peré%nla allergic rarnIrtis. anot her

vari ati atibe fybichll¢ineKidd€a®inldttefid varduddt éndl, Sndleleny@riRetebedwtérgahd hise heM
heart disease. In yet further variations, nitric oxide or its variants is
del i ver dateingl diaggterp dherband-Yelé diseenserssisadlly iBRufFa pRESORE 1| gamc DR ITHE

DRAW NGS [ 0008] Fig.. 1 .illustrates an enpl ary hand- hel d .di spenser
ol udi g o apdlsa TR nG R SEE R PRV lRRLi s BublsTeRFRR

i Il ustrat@gatbPRibl] A o RIsEpiB&S doRpRBRE thefdile@endT@hd @b a@di &RNIBE réditditidi Ng
anot her variation of a regulator tube. [0010] Fig. illustrates the flow

rate pertiily iegnlates therflow Regprebraireiofdths ghempenti¢ gasl ralghsed feon thetdeapresagd gasi on of
a regulﬁgﬂﬁdéube.

[0007] The methods for delivering a therapeutic gas described above may be employed to
treat various medical conditions. For example, the therapeutic gases may be delivered to treat
symptoms associated with headache (e.g., migraine headaches, tension-type headaches,
cluster headaches), jaw pain, facial pain (e.g., trigeminal neuralgia), allergic conditions (e.g.,
rhinitis, including seasonal allergic rhinitis and perennial allergic rhinitis, and conjunctivitis),
asthma, nervous disorders (e.g., epilepsy, Parkinson's disease), ischemic heart disease and

pulmonary hypertension. Some variations of the method employ carbon dioxide as the
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DETAI LED DESCRI PTI ON [ 0011] Regul ator tubes for regulating the gas flow and
pressure froma portable, hand-held device for intranasal delivery of a

t her apeutwo 20u%$10939¢ descri bed herein. The regul ator tubesTnsgomepisace t he
typi cal conpressed gas pressure regul ators that incorporate spring-I|oaded
di aphragm nechani sns that regul ate the opening and cl osing of a gas

di schar gR1iQ&kd %Qseto tRAt RagHaPHRIrYic MRLRE or pERYEAT AIRPAGL RHRSS W Sndiggul ators
are typically bul ky and expensive, making them|ess desirable for use in a

conpact ,vahatieh, methid oxidewn eto striaiitsisalabvaregd thetvdat sschgroig it Theasbe hrefdtdurgher
aspects of. the regul ator tubes described here over conventional gas

o b ur SRR GTCOT T O ar e e SRt TR TRV BRBICRE ooy
include: 1. No calibration is required. Pressure and flow rate may be

controll ed precisely ba%p%émmg%?ﬁ%ﬁﬁgwﬂ@mt er. 2. Pressure
e ac t t

and flow rate regul ati on may ieve roug e use of a sinple

el enent [0008]. , Fig. t uhsjrateSan Beamtbly/hane hatdydidpenddr Mdidigda epopedratbd 0 a
conventional pressure regulator. Dead volunme refers to the air space that a
gas nustacePingds ong Vaidiedi t s t hrough a regulating el enent. If the air space
is large, then nore gas is consuned per dispense conpared to a small air
space since the gas that fills the air space is generally wasted. 4. Low

cost of [08en]f aBigU? @lustrhiewiR\RIvatdte PafdrmamtsTor a hand-RAeUBPEdsyr BRfudil Nce a
significant pressure spike that woul d pose a danger to the user nmay not
occur . Spether yartioy of a seppbatetitebal regul ators can potentially fail in such a
way that high pressure gas can be delivered without effective regulation
(e.g., the diaphragm can break or the regulator can be mscalibrated). The

regul at qootojberigny iinRtralauR fdW fatd YR r@bndeol ¥hendRele dhpeusmclldtgtdibe
strength is sufficient to hold the pressure of the delivered gas. Further,

t he gas friBer vadateeysedrd tfegulptosde. t hr ough the tube, and thus, be regul at ed.
6. Conpact ness.

DETAILED DESCRIPTION
[0011] Regulator tubes for regulating the gas flow and pressure from a portable, hand-held
device for intranasal delivery of a therapeutic gas are described herein. The regulator tubes
may replace the typical compressed gas pressure regulators that incorporate spring-loaded
diaphragm mechanisms that regulate the opening and closing of a gas discharge orifice. As
previously noted, conventional pressure regulators are typically bulky and expensive, making

them less desirable for use in a compact, hand-held, low-cost dispensing device.

[0012] The beneficial aspects of the regulator tubes described here over conventional gas
pressure regulators for a hand-held dispenser of a therapeutic gas may include:
1. No calibration is required. Pressure and flow rate may be controlled precisely
based on tube length and tube diameter.
2. Pressure and flow rate regulation may be achieved through the use of a simple
element (i.e., a tube).
3. Dead volume may be minimized compared to a conventional pressure regulator.
Dead volume refers to the air space that a gas must fill as it transits through a
regulating element. If the air space is large, then more gas is consumed per
dispense compared to a small air space since the gas that fills the air space is

generally wasted.



7. Sinmple manufacture / less risk of manufacturing error or tolerance

| ssues. 8. Narrow tube may have hi gh burst pressure and | ow hoop stress
(i.e., hiyb2euafwpipifactor). [0013] The inventors have diPSTaseriaa2¢nat
utilizing a regulator tube nay be a reliable and cost effective apparatus
for inplenenting a hand-hel d di spenser of a therapeutic gas to a user. By

varying the lengbl B0 Ghaieictlie Plowt HRriIpgit @ik, tube, the flow rate of he
t herapeutic gas may be controlled. Flow through the regulator tube nay be

based on t he HaldwreRdy safeuinct e segifaaniopressure spikertpat, woddpoesidanger, toithe t er ns
gir g ; gsts E[)g: d =useh Hély&%ﬁﬂécgér Spgcflfgc%dly,vc\:ho%ﬁfgnti%ngl rfezlgu \é\{o;sacan potentlalﬁ)y Fasl yre drop
such a way that high pressure gas can be delivered without effective regulation
(e.g., the diaphragm can break or the regulator can be miscalibrated). The
regulator tube may not have this type of failure mode because the tube strength is
sufficient to hold the pressure of the delivered gas. Further, the gas must
necessarily travel through the tube, and thus, be regulated.
6. Compactness.
7. Simple manufacture / less risk of manufacturing error or tolerance issues.

8. Narrow tube may have high burst pressure and low hoop stress (i.e., high safety

factor).

[0013] The inventors have discovered that utilizing a regulator tube may be a reliable and
cost effective apparatus for implementing a hand-held dispenser of a therapeutic gas to a user.
By varying the length and diameter of the regulator tube, the flow rate of the therapeutic gas
may be controlled. Flow through the regulator tube may be based on the Hagen-Poisseuille
equation:

P! Ap 128A10

128ul or, in terms of pressure: wid*

=

Where Q = flow rate

AP = pressure drop across tube

d = tube diameter

[ = tube length

p=dynamic viscosity of the fluid
[0014] The equation describes the relationship between the tube diameter and tube length
and their respective contributions to pressure drop and fluid flow rate. (The tube diameter d
refers to the internal diameter of the tube.) If the tube diameter is cut in half, for example, the
fluid flow will be reduced to 1/16™ of the original rate. If the tube length, on the other hand,
is doubled, the flow rate will be halved. Consequently, for a specific pressure condition, the
tube diameter and tube length define the resulting pressure drop and flow rate. Further, these

two parameters, diameter and length, can be paired in a variety of ways to accomplish the

same result. Equivalent performance could be achieved, for instance, by using either a small

4



1 = tube length ,u=dynam c viscosity of the fluid [0014] The equation
descri bes the relationship between the tube dianeter and tube | ength and
their reswoecviveI®ontri butions to pressure drop and fl uipdTfuses1/24929 ( The
tube dianeter d refers to the internal dianeter of the tube.) If the tube
dianeter is cut in half, for exanple, the fluid floww || be reduced to
1116t h qQfiarh&ier @bé 8f Edhpdratwly dhbortt1Bgsth BPL 1 &R didhet@ubd st 1052 Nen3@ dFhit S
doubled, the flowrate will "be hal ved. Consequently, for a specific

pr essur epecoitgliheidesignarite spagife thli e taradierdsticsi e albepagk ianghedfi desigh perametar t i ng

pressure drop and flow rate. Further, these two parapeters, dianeter and
Penoth, OB bt Rraveeti Mot e soROHART &R miwsbieHie thasar s
Equi val ggf.. per formance coul d be achieved, for instance, by using either a
smal | dianeter tube of conparatively short length or a | arger dianeter
tube of longer length. This permts the designer to specify the tube

characterjstics for broad range of design paraneters d constraints and
r educese[phié]ov g&Pf’raﬂ& atgk tuggmag bF&mc?hf%iﬂfl&F aﬁ’FFésﬂaéanBB%fsr&tFéo%ﬁ%iﬂ% ow
rate. [ Q@dndn iiaeses @nweﬁi&n%%%h% rebHRRr TRY rdbEcRIRNEHifRS (8 Pressure and
flowrate controlling element 1n lieu”of a conventional” pressure regul ator
and r at eqoomatenl [Tihagegmidtdn tobes(descrégdihesd remt he cotiguredgaldeli e atthdygseudescri bed

here may be configured. to. deliver her apeuti ¢ _gas at a flow rate ranging
f r om abd@ 2R ﬁeWSEtpmw%ﬁ%@aﬁaowi o & éL%WSW%& @?er% Beréﬁlauteg o @@usfﬁm from

about 0. FraARAbud. AP1oToBM 0.88 SLPRIToAROHapBuD38 B HRAHD.6H SBBARLAM 1 0
sonme varl ations, the regulator tubes are conaflgured to deliver a

t her apeubie wgastiats, thefrégatoaibesafre atrdigurdl toQleHldPM th¢@pdblc gv¥ him flespaet t o
initial gas pressures (inlet pressures), the regulator tubes may be

conf i gurddbey GtV i nitial pressures (at the inlet end) ranging from
about 300 psi (pounds per square inch) to about 1800 psi, from about 600
psi to about 1200 psi, or from about 750 psi to about 900 psi. In one

vari at i q0016]heWimi resprbt @asitipr &6 useures (iAlROpilkesBiDdd), Nhé reghfaein tulseks RghytHae

regul ator tubes described here, the outlet pressure (at the outlet end) may
be aboutconfigyred &g proyidgtimgalnetsates (helgtend) pnggfram abeut 300 @sif(gpunds

i ntrana j Any i i tyered
by ¢ he- Tana e ey Al Sho s ol Bl o SEFARRHE LS00HAT bR R rsd

l'i mi t at igno HatbI00 wi.oMi @R, vaflhbidt, ehetxitdegaspyger,is hysht 856 psis Whdndaingcenon,

i socapnic m xtures of gaseous acids and heliu their variants, and

m xt ur eshe Fraplabr tubps degaiibpa periat the ogaeiasesiuy (Mehageirt epdamaybrsabent 147 Py pur e
formw t *ﬂ%%‘r%?s%h@r%; ije%alel[%’a apf}gts{lr‘éesuﬁ%ﬁé‘%&’int%na%’&l'&%{ives“bSt ances that dilute
I'c gds of th r 0g

t he ther(apeu ave other bio FcalVactivities. In other
i nstances, the therapeutic gases nmay be conbined with ot her gases, such as

inert carrier gases, active gases, solids to formaerosols, liquid droplets
to forml88¥ds oggy swjblpytherapaigegas mag be dakvargdby the haad-aeldidgyisey: M@y
their effects.. In so ariatigns., the treat.nent S. 1.5, carbon di oxi de.
o016 IhEGPEesR S AR baro b B auiel wr BT T g B0 BHURD. M¥idnge
from abautfid, RéhoaMsbdapfici Mikkred 6 @bk adidd add BNuln® AndiNeRSds, add ARc@oUt
2.54 cmto about 127 c¢m (50 inches), fromabout 2.54 cmto about 101.6 cm

(40 i nchbgyof. fhgrtherbpavtic 2a%4 nean bearsedb g substaptigin (LB farmciglgut ofthepgasabout

2.54 cmto about 50.8 c 20 inch . 4 romabout 2.5 t o about 25.4 cm
(101 noHedyS Sty Posthatohrases Fa five te s pasteag ar faf P ety Bilodicile
var Ihat ') Odtativfftigﬁ itn%ggér?-nﬁinc%?ghd' ﬁgﬂﬁba%tﬁrga%é’st}ﬁaf B@RsbihéPMRBMEEF gdds, bustn (5
I ncnes O abou . cm I ncnes) .
as inert carrier gases, active gases, solids to form aerosols, liquid droplets to form aerosols,

sprays, powders, or the like to potentiate (enhance) their effects. In some variations, the

treatment gas is carbon dioxide.

[0018] In view of the above, the length of the regulator tubes may range from about 2.54
cm (1.0 inch) to about 152.4 cm (60 inches), from about 2.54 cm to about 127 cm (50 inches),

from about 2.54 c¢cm to about 101.6 cm (40 inches), from about 2.54 cm to about 76.2 cm (30
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[0019] The internal dianeter (I1D) of the regul ator tubes described here may
range from about 0.00254 cm (0.001 inches) to about 0.0127 cm (0. 005

i nches) . Sormelwv@pivat i ons of the tube are about 0.00254 ecT(B2@00269Mches) to
about 0.00508 cm (0.002 inches). [0020] Regul ator tubes that are about 91.4
cm (36 inches) long and have an I D of about 0.0102 cm (0.004 inches) may be
benef i Cijathel P floRFAIIROD Bl @ 1B abbt JENENed theh&h FsAaBbutdId MR kY atiRY DSBS, |t
may al so be useful to include regulator tubes that are about 12.7 cm (5

i nches) dnofl§ wehels), anfriom about®odemio @bGutd { On 0D incherdh&syne Yapioday, the

Al ternative reqgul at or . t ubes havi ratio_of |ength tq,internal

G anet orBEh T i TPl fheButan Ou G h 35 Gishes 1 bl RBGHR (B 000: 1 to
about 17,000 1, from about 5,000:1 to about 12,000:1, or from about

10, 000:1 to about 12,000:1 may be used. For exanple, the ratio of length to
internal dianeter nmay be about 9,000:1. In sone instances, the ratio of
length to jnternal diagneter is about 5 000:1. In oth i nstances, the ratio
of | engtlﬁﬂﬁi i ﬁﬁf‘eﬁnﬁé?ﬁ@il%‘%réb%%ﬁﬁ%Eﬁgﬁgé%{tt‘é?estdﬁ%‘ﬁltbfg ,516@6?3:1?. rAPgHBI The
regul at ofoh PGS ST RE0dBES QMLBRY0 617 AR 00 nehds]! SoR0 vhitbndss tHRey can
wi thstand the pressure of the delivered therapeutic gas. For exanple, the

r egul at anbd arb@bouté)00264 tor (08D 1 finades ato pbowytrPed(508 wat @rd0&linches)y. , from

fl uoropol yners, polyetheretherketone (PEEK), polyethylene, polyethylene
terepht hal ate, silicone, polyam des, Pebax(r) polyether block am de, and
the lik S I I . FRde fir al .
[0023] AP, TREFIBEMBRGGS arl Mook DO Ple hRRE R Grd R PR AR,

regul at d.0102aen @.0@Vinclg:samay bk benefiathl o mockparnteintthehareliittl@irandaqat operti es

as described in the prior paragraphs is shown. The size of hand-held

di spenselelitgryidgvisee rﬁ) gy lsp e pggfubte ingludg spepatoy tyhgs thag pgabauthznticmi@nd- hel d
di spens - FESSE l.inder 5 containing a therapeutic
gas aff ﬁ&%%g%lgﬁgﬁé&%gﬁgonfﬁgwa pi eérilég?gﬁ)ﬁ%ﬁ*%gk 4. Assenbly of these two

el enents causes the pierce pin to rupture a thin netal cap on the head of
the conpressed gas cylinder 5 and, thus, allows the free flow of the

conpr es s[@@ith]heAgﬁ@attlYe'éy,qwl%tﬁrr wherhhaviie ijaEp & lopeth tadrfeinat dameter emgigl ve 3.
A porou i ha.ql kNt ot he in . Q..f ve any
part1 curihabel B BARI2ROB, kBhLNEY BUGH FaRR 086, ol P

coupl ed 3,600t he 2Lt DNDEU: 1, 2orFEoRirmbalk ¥6,080: 1 Theb&it e m0oved1eaydbd sseanFen/ of f

val ve that couples the conpressed gas cylinder to the inlet end 7 of the

r egul at sxamglsethsgatinet lepgth e é\v@mlsg%m«;ﬁerd@mb@ oD §98: 1f T wpmip lstanies, thel ve
is closed.an ermts the.free flow n i.t .is open, . .Th is, the

st em vargdd SRS T ol EE: bR MG SRR aud B snefite
conpressﬁ@ng@amgwwrmeb&gwggﬁmhﬂtgmmﬁgulator tube 2. Here the stem may be
fastened to a ball valve, poppet valve, and the like. The valve is normally
closed and in this variation, caused to open by manual depression of the

on/ of f utton 6.. The .top of the stemvalve is coupled to,one end of a
Fegul at GP08be 5 reiaaisS Bl he s s HER ey BB A eELRthe st em
val ve 3 aightdnQtiRe pRSubESUhaHOIvelddBerdpeutiReadt PEex@RfpIQthet B uIEBHHIAS Ryt ube
2 is coupled to a nosepiece 1. The regul ator tube 2 down-regul ates the gas

pr essur eedptnednigomlagwlyradrie mafetiflee.de Sioneduarapalpmers, pdlgetherstherkaioaiet s t he

tube, fi it th [ 1..Here, the. | at 2
coi ed PR TRl BURH RS RSB PS pali Ry SR B rebtfler  ubo
conf i gurbdkonsidEBNd IR MI&E dn tsOmb iidstdndes, RiORSIS@: AM¥E &:@ RRRTRIN ¥ nitgl. Vol une

constraints. [0024] In one variation, a regulator tube having the

di nensi ons of 0.004" ID x 36" long (.0101 cmID x 91.4 cmlong) is enployed
in the -hel d intranasal delivery deyice. .The flow.rate perfor ce of
thisredMailorRelshiia @ b gwat rervgy hnd heivmast AP SuteereRatar Rite was 0. 5
st andar thol IS SnRPEnd™ M 1 duHPYle 8 B SropetficCAl dRGIRA if Bl dick BIRSEBRULE Of
21 centigrade and an initial gas pressure in the conpressed gas cyli nder of
850 psi .shdtwe. dbepize stkahdelatddnpeisexi (s swasthdek magbe daditydrildincosivgahammha

m niature cylinder (12 grans, CO2). The data indicates that the flowrate is
r easonadidndchsid digpanseiel Bgampsiseha eprapiesiedees eflingensd epntnning2 thyyaritisgdber i ng
1 through i - ESH1.egi0 |t (o) ate is
R L o (A o S e S L T ool
gas i s igiaué pinab eiptuiteq thii Méal dhptdhahé AE@f thd @mpradsed gdddysindad o, afust he
operation is considered the gas depletion region. [0025] In another

vari ation, a regulator tube having the @i nensions of 0.001" ID x 5" |ong
(0.003 cmx 12.7 cmlong) is used in the hand-held intranasal delivery
device. The flow rate performance of this tube is shown in Fig. 3. Here the
targeted flowrate is 0.6 standard liters per mnute (SLPM . Data was
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pressure in the conpressed gas cylinder of 850 psi. The data indicates that
the flowrate is reasonably constant relative to the target of 0.6 SLPM for
doses nurmbornnglodsdt hr ough approxi mately 46. [0026] Met h@ds/uSeo110be79
intranasal delivery of therapeutic gases to a user are al so descri bed
herein. In sone variations, the nmethod conprises the steps of obtaining a

hand- hel giodis sReR&ENoR S HRIGHIpREG PRV BeutRAAD itH}Gu% the ?{Brééaﬂiﬂ and@ b aklepiv gas
to flow froma conpressed gas cylinder through the stemvalve to a

r egul at orlveubeA poads diltagisamcbrpagtad attd thy gease pindvio¢hd temosgahypatictlatee, and
all owi ng. the reduced and requl ated gas flaow,to fl ow t nosepi ece. [0027]
" ot hor R I S AEe FEARGEF RS P s i geyplels ol taninapeut |
gas 10 3,.U3ey TIRCGhAHSSIVE @%?51? blg/fgffa«ahr%rlﬂétf&%hﬂeéj{h%F&S@?ﬁe&sségr%lg:égﬁﬂlﬁrt% the

regul ator tube 1nto a nostri a user, and actua eto
sel ect i ieleyerdi 3 ofhthe geyul her tubes@ghevit pevg@s afiy dowtdaeam@ap flesseltenghs vayt isnder
t hrough the regul ator tube _and the nosepi ece. Here the dis?enser‘conprises

a regul Aoedepheerryithgiramilowobeaewben i sy dhatdndhe stam wiveehgpisally

t her ebet ) ' i , ' r
conpri sia\ril\lggvg’t}tl%e%?eggg%?ﬁsc gr;%ésq&e%lg?}lg veggﬁgﬁ feg%up%% gg& E;ﬁ?%&&%&h&#g&fﬁ%ﬁo t he
i nl et endbol. Hbe thegumahaybd fabenednd RIINASPpEHRt el laad tHedikehdhewhlvet end
of the regul ator tube. The regul ator tube regulates the flow and pressure
of the tihBpapelyiclesedard indhisaaBation. spyseh &0 e@mgwe@%rwl depsessipniof gheron/pih0 28]

Th f ; ; . ) L
{reat vt Bk tiNSE b e bl B ARSI oo SRORK e BURUF 1EBE, SB0iEey e

del i ver aHe temtvaBat3 i8)ppi, s 1365 afbadtedle Weht Aeasl ashgitd @e Jeguldtbigibé DE
headaches, tension-type headaches, cluster headaches), jaw pain, facial
pai n ( e.The othariegd of Higlregidatprniuge 3)is cauplagrtgiagosemetictli regulgfor tubp2rgomins

i ncludin easgnal allergic rhinitis and perenni.al allergic rhinitis, and
conj unctTETRFEe 28 PO et Oo 8 rEsP s &5 ped gite apthr Epehmspatititlion o
di sease)finall§ cRRINL ¢hibE: ﬁos@bi%@@f.eH@ﬁdtHél%%gmﬂ_@f MbEZREESIRAT AlinimP e
variations of thé method enploy carbon di oxide as the delivered gas to

treat sewsulalizeaif|ter dispensingrlevics. Othep arbermnaguratidnsmgdycberdvedia fisthe | n anot her
vari ation nicti(rii c oxide or its variants is delivered to treat ischemc
heart diR&REE dpvieqesonetyand volns SNPEHRS nitric oxide or its variants is
delivered to treat pul nonary hypertension. CLAIMS 1. A hand-held

di spenser conpri sing: a regul ator tube having an inlet end, an outlet
end, and0624]enbtdnetvhsntide hwepigtoambe haviohee dasnshgnsant Oi0fdeidal36dilenget er; a

CP e 28, L, FRIPLLS0 o MERRE L 85 Bt G SR L2,
coupl ed gy Pajf'@p%ﬂnﬁﬁcee&Qh@ fregtuli'zﬁof a8t sAhBHvn it P% 2. Here the targeted flow rate
was 0.5 standard liters per minute (SLPM). Data was collected for a temperature of 21°
centigrade and an initial gas pressure in the compressed gas cylinder of 850 psi. The
compressed carbon dioxide was delivered from a conventional miniature cylinder (12 grams
CO,). The data indicates that the flow rate is reasonably constant relative to the target of 0.5
SLPM for doses numbering 1 through approximately 67. This region of relative constant
flow rate is termed the operating region. After dose 67, the pressure of the compressed gas is
insufficient to maintain the target flow rate. This region of the operation is considered the gas

depletion region.

[0025] In another variation, a regulator tube having the dimensions of 0.001” ID x 5” long
(0.003 cm x 12.7 cm long) is used in the hand-held intranasal delivery device. The flow rate
performance of this tube is shown in Fig. 3. Here the targeted flow rate is 0.6 standard liters
per minute (SLPM). Data was collected for a temperature of 21° centigrade and an initial gas
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2. The hand-hel d di spenser of claim1, wherein the valve is a stemval ve.
3. The hand-hel d di spenser of claim1, wherein the therapeutic gas

conpri seswoanhtionoidiioxi de. 4. The hand-hel d di spenser ofPCElts2omD269%ner ei n
the regulator tube is coiled. 5. The hand-held di spenser of claiml1,
wherein the length of the regulator tube ranges fromabout 2.54 cm (1.0

i nch) t gyrékeitin BRZedhpieRsédBas dYER&S Jof 856 psiT NBe IaAdndeAes GhsShe NS raRfis Cl ai m
5, wherein the length of the regul ator Fube is about 91.4 cm (36 inches).

7. The hazrdniidy domtanpetatere tothecthigehofl).6 Wh&Mefan dpses nuerbgting dthrohgh r egul at or
tube ran es fronfé% ut 12.7cm (5.0 inches) to about 38.1 cm (15 inches).
8. The HEKHB?SY spenser of claim7, wherein the length of the regul ator
tube is about 12.7 cm (5 inches). 9. The hand-held di spenser of claim1,
wherein the internal dianeter of the regul ator tube ranges from about

0. 00254 [062€]0. BRethodm tdrakg iIltI@n%Sbbdﬂliv@l:yO)ffZHerapnu(i@ 20@5 to mosee sje alsBlescribed
2011/ 109591PCT/ US2011/ 026979 The hand- hel d enser_ of claim?9,

wher ei n Cﬁ‘[S@P}‘Fa‘faﬂ&P%{@ mehod RMpIEGyf S&PSPgB@E‘}“énga%%Xd Tyl (803 cm

(0.001 i(ﬂﬁﬁﬁ&)r as described above, opening a stem valve and allow gas to flow from a compressed
gas cylinder through the stem valve to a regulator tube, reducing and regulating gas flow in

the regulator tube, and allowing the reduced and regulated gas flow to flow to a nosepiece.

[0027] In other variations, the method for intranasally delivering a therapeutic gas to a user
includes inserting a hand-held dispenser including a regulator tube into a nostril of a user, and
actuating a valve to selectively discharge the therapeutic gas from the compressed gas
cylinder through the regulator tube and the nosepiece. Here the dispenser comprises a
regulator tube having an inlet end, an outlet end, and a length therebetween, and also an
internal diameter; a compressed gas cylinder comprising a therapeutic gas; a valve that
couples the gas cylinder to the inlet end of the regulator tube; and a nosepiece coupled to the
outlet end of the regulator tube. The regulator tube regulates the flow and pressure of the

therapeutic gas released from the compressed gas cylinder.

[0028] The methods for delivering a therapeutic gas described above may be used to treat
various medical conditions. For example, the therapeutic gases may be delivered to treat
symptoms associated with headache (e.g., migraine headaches, tension-type headaches,
cluster headaches), jaw pain, facial pain (e.g., trigeminal neuralgia), allergic conditions (e.g.,
rhinitis, including seasonal allergic rhinitis and perennial allergic rhinitis, and conjunctivitis),
asthma, nervous disorders (e.g., epilepsy, Parkinson's disease), ischemic heart disease and
pulmonary hypertension. Some variations of the method employ carbon dioxide as the
delivered gas to treat seasonal allergic rhinitis or perennial allergic rhinitis. In another
variation, nitric oxide or its variants is delivered to treat ischemic heart disease. In yet further

variations, nitric oxide or its variants is delivered to treat pulmonary hypertension.



11. The hand-hel d di spenser of claim9, wherein the internal dianmeter of
the regul ator tube is about 0.0102 cm (0.004 inches). 12. The hand-held

di spenserwof2oc/@mpiml, wherein the ratio of the | ength t@cCirnisesnakesdd anet er
of the regul ator tube ranges from about 500:1 to about 12,000:1. 13. The
hand- hel d di spenser of claim 12, wherein the ratio of the length to

i nternal dianmeter of the regulator tube is about 5000:1. 14. The hand- hel d
di spenser of claim 12, wherein the ratio of the length to internal dianeter
of the regul ator tube is about 9000:QLAIMIS. A nethod for intranas ally
delivering a therapeutic gas to user conprising: inserting a hand-held

di spenser into a nostril of a user, the di spenser conprising a regul ator
tube havi ng afnhhf-Rild @RdensRPcOHpliglgend, and a length therebetween, and
further having an internal dianeter; a conpressed gas cylinder conprising a
t her apeut i ¢ gasgulatov albedaziogph edet andf freowfbes ends land ddengndhetchetwenh.etndend of

t he regtijuf:&lor t ube; .and

er having an internal diameter;
a compressed gas cylinder comprising a therapeutic gas;
a valve coupled to the gas cylinder and the inlet end of the regulator tube; and

a nosepiece coupled to the outlet end of the regulator tube.

2. The hand-held dispenser of claim 1, wherein the valve is a stem valve.

3. The hand-held dispenser of claim 1, wherein the therapeutic gas comprises carbon
dioxide.

4. The hand-held dispenser of claim 1, wherein the regulator tube is coiled.

5. The hand-held dispenser of claim 1, wherein the length of the regulator tube ranges

from about 2.54 cm (1.0 inch) to about 152.4 cm (60 inches).

6. The hand-held dispenser of claim 5, wherein the length of the regulator tube is about
91.4 cm (36 inches).

7. The hand-held dispenser of claim 1, wherein the length of the regulator tube ranges

from about 12.7cm (5.0 inches) to about 38.1 cm (15 inches).

8. The hand-held dispenser of claim 7, wherein the length of the regulator tube is about
12.7 ecm (5 inches).
9. The hand-held dispenser of claim 1, wherein the internal diameter of the regulator

tube ranges from about 0.00254 cm (0.001 inches) to about 0.0127 cm (0.005 inches).



a nosepi ece coupled to the outlet end of the regulator tube; and actuating
the valve to selectively discharge the therapeutic gas fromthe conpressed
gas cyl i mderotimedsgh t he regul at or tube and the nosepi e®€T/US2011/0268%€r ei n
the regul ator tube regulates the flow and pressure of the therapeutic gas
rel eased fromthe conpressed gas cylinder. 16. The nmethod of claim 15,

wher ei n fighe tHRIMAREHKEIIiGRAsG VM BLIM OS whde RO tHi@khidBametdrof hOfegiBidr0d Of
claim15, wherein the pressure of the therapeutic gas at the inlet end of

t he reguhbx israbowde0G3amy €500 imohesbout 300 psi to about 1800 psi. WO
2011/ 109591PCT/ US2011/ 026979 18. The nethod of claim 17, wherein the
pressure of the therapeutic gas at the inlet end of the regul ator tube

ranges fyrjom afRufan8PR1dREpehQrdPetdim H2QHe R the inkdnalligme®t bade afgutkd m 18,
wherein the pressure of the therapeutic gas at the inlet end of the

r egul at dnbd whboutdh@éR chr hOCdbockes¥50 psi to about 900 psi.

12. The hand-held dispenser of claim 1, wherein the ratio of the length to internal

diameter of the regulator tube ranges from about 500:1 to about 12,000:1.

13. The hand-held dispenser of claim 12, wherein the ratio of the length to internal

diameter of the regulator tube is about 5000:1.

14. The hand-held dispenser of claim 12, wherein the ratio of the length to internal

diameter of the regulator tube is about 9000:1.

15. A method for intranasally delivering a therapeutic gas to user comprising:
inserting a hand-held dispenser into a nostril of a user, the dispenser comprising
a regulator tube having an inlet end, an outlet end, and a length therebetween,
and further having an internal diameter;
a compressed gas cylinder comprising a therapeutic gas;
a valve coupled to the gas cylinder and the inlet end of the regulator tube; and
a nosepiece coupled to the outlet end of the regulator tube; and
actuating the valve to selectively discharge the therapeutic gas from the compressed
gas cylinder through the regulator tube and the nosepiece,
wherein the regulator tube regulates the flow and pressure of the therapeutic gas

released from the compressed gas cylinder.
16. The method of claim 15, wherein the therapeutic gas comprises carbon dioxide.

17. The method of claim 15, wherein the pressure of the therapeutic gas at the inlet end of

the regulator tube ranges from about 300 psi to about 1800 psi.
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20. The nethod of claim 15, wherein the pressure of the therapeutic gas at
the inlet end of the regulator tube is about 850 psi. 21. The nethod of

cl ai m 15, woherigiopsdsthe pressure of the therapeutic gas arcrhs2aabk@vs end of
the regul ator tube is about 14.7 psi. 22. The nmethod of claim15, wherein
the regul ator tube delivers the therapeutic gas at a flow rate ranging from

about 0.180 SLRM h&nébetdlail P7, SHRMin (1#3resbhiR JTRhNBErapéuti! ?\is M & .in¥hetn the

regul ator tube delivers the therapeutic gas at a flow rate of about 0.50
SLPM ke reghatargutrodngss finaplout 500 pkide ebonttlBE0 pier apeutic gas i s delivered
to treat a medical condition. 25. The nmethod of claim 24, wherein the

medi cal condition is selected fromthe group consisting of headache, |aw

pai n, fae al TRIRethéd besISht 16 Mdih aRSreRdteITRhe RBApARIVAY S Bk $AECASIDT  26.
The nethod of claim 25, wherein the nedical condition is headache. 27. The

met hod dhe sigalamr2he mhgasdiam tbweit 780 podd abarnd@0ipen i s an all ergic condition.
28. The nethod of claim27, wherein the allergic condition is an allergic
rhinitis. 29. The method of claim28, wherein the allergic rhinitis is

seasonalyal | efQli fehbd Bt &1hith 15, wherein the pressure of the therapeutic gas at the inlet end of

the regulator tube is about 850 psi.

21. The method of claim 15, wherein the pressure of the therapeutic gas at the outlet end of

the regulator tube is about 14.7 psi.

22. The method of claim 15, wherein the regulator tube delivers the therapeutic gas at a

flow rate ranging from about 0.10 SLPM to about 1.0 SLPM.

23. The method of claim 22, wherein the regulator tube delivers the therapeutic gas at a

flow rate of about 0.50 SLPM.

24. The method of claim 15, wherein the therapeutic gas is delivered to treat a medical
condition.
25. The method of claim 24, wherein the medical condition is selected from the group

consisting of headache, jaw pain, facial pain, allergic conditions, asthma, and nervous

disorders.

26. The method of claim 25, wherein the medical condition is headache.

27. The method of claim 25, wherein the medical condition is an allergic condition.
28. The method of claim 27, wherein the allergic condition is an allergic rhinitis.

29. The method of claim 28, wherein the allergic rhinitis is seasonal allergic rhinitis.
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WO 2011/ 109591PCT/ US2011/ 026979 30. The met hod of claim 28, wherein the
allergic rhinitis is perennial allergic rhinitis.
WO 2011/109591 PCT/US2011/026979

30. The method of claim 28, wherein the allergic rhinitis is perennial allergic rhinitis.
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