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The present invention relates to a treatnent for sleep apnea using natural _
or synthetic lung surfactant to coat the pharyngeal nucosa. The invention

thereby provides themapen avD @oMiod 1 IoN HIR CEHERPRN QBB axbREaser i ous

adverse health effects. An apparatus is 10. al so provided for
t herapeutic admnistration of the surfactant. BACKGROUND OF THE | NVENTI ON -
15 AnDRJELDe OFOSHE TOMENTIONR of sleep inpairing ailnents i-s

persistent snoring and associ ated sl eep apnea during which nornmal breathing
Is interrupted for a sufficient-tinme to produce anoxi a. Epi sodes of apnea
occur with suffici enfThier presenr timenthors utslattes st@0a treatepentedoaf t he
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daytime drowsiness, nental fatigue, and weakness. Snori
col | apsi bl e parF°0F°FﬁeFQ%WH%?HﬁQﬂﬁﬁyuﬂqﬁﬂiﬁrntTQ@t%ﬁY?ﬁF%ﬂ%aﬁhérﬁthlV|ng

tEe sof t Palateprbvﬁbgs tmmﬁdpbuﬁﬂi relilesidd &t m&diéﬁﬁtféﬂdltﬂén I I
pharyngeal nuscles.and _nucosa. apn t sage, becones conpletely
occl uded, int erk’ugf‘lnﬁg S5 r?éﬂ" ef{)ﬁﬁ %a}];ﬁb I_'r%%%at | R PRPRF RRYSarle
punct uat @@ mﬁthaésbepmamﬁdadﬂﬁpﬁlthdﬁapeuﬁﬁczadmmqassrmmréndeﬂ thel | oned
by a | oud 30 su %%#§%h&atlve snort which restores breathing and partially

wakes the sl eeper. cases of snoring and apnea are nui sances easily
tol erated, but nore severe cases entail health risks that are only

begi nni ng to bepatwdretNMGEBIHE INAHEFgwod. A pat hol ogical condition
exi sts when apnea epi sodes extend | onger than 10 seconds and occur nore

than 7-10 tinmes in an hour. Wen airflowis reduced to 30% of norma

hypopnealdr a hypopna@mongpithedemoarts taoubliesonerief sﬁeéﬁwﬁmpaﬂﬂﬂnbypopneas

together are tak§Apents is persistent snoring and associated sleep
apnea during which normal breathing is interrupted for
a sufficient time to produce anoxia. Episodes of apnea
occur with sufficient frequency that the subject is

20 deprived of the normal benefits of restful sleep} and
frequently suffers. from profound daytime drowsiness,
mental fatigue, and weakness. Snoring occurs in the
collapsible part of the airway from the epiglottis to

. the choanae involving the soft palate, uvula, tonsils,

25 tonsillar pillars, and the pharyngeal muscles and
mucosa. In apnea, the air passage becomes completely
occluded, interrupting breathing. Typically periods of
loud snoring are punctuated with silent episodes in
which the airway is occluded, followed by a loud

30 resuscitative snort which restores breathing and
partially wakes the sleeper.

Mild cases of snoring and apnea are nuisances
easily tolerated, but more severe cases entail health
risks that are only beginning to be studied and

35  understood. A pathological condition exists when apnea
episodes extend longer than 10 seconds and occur more
than 7-10 times in an hour. When airflow is reduced to
30% of normal, hypopnea or a hypopneic episode ensues.
The number of apneas and hypopneas together are taken
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account wWhepod84€esi ng the severity of the problem. The sum péraRsgessand
hypopneas occurring in an haur is termed the apnea-hypopnea index or the

respiratory disturbance index. 5 Sl eep apnea has been associ at ed
with arterial hypertension, electrocardiographic: changes and arrhyt hm as,
and even sudden death. For a general review of the pat hol ogi es associ at ed

wi th sl eep apnea statistli ti.Q ee Sl d_Breathing, ed. 10
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hi story of severe snorin ep apnea._There I1s a 15 further
correl ation betW@@@Hﬁﬁiqqkﬂd%ﬁ@%ﬁ?%ﬁﬁﬁ%&%ﬁﬁﬁarterlaI hypert ensi on, anot her

condi ti onsassoci gt ed S'}Jééi} Hprdee M@\@ém%%@mde&ﬂh ar€heshl 1990
98: 122s report a | |cant carrel a n_bet.ween noder at € apnea-
hypopnea i ndex %yﬁﬁsﬁﬁhf ?99§¥é&ﬁ$¥ﬁ?%ﬁ%lg %9e?n5E§ val ues
greater than 40aﬂrhyuhn;&qpengiym&hisuddbmy®@athsulFoenaagaaemaabserved
Cushi ng's di sea e | mnth
both sl eep apneg%an%q‘f nsul 1n ?esﬁ%'@éws e‘g%ar‘l éd‘gggﬁ Qiégﬁ %élgr anks,
et al., Snoring %@%s@aah@@b@tmeasegeﬂlsmmgd edew

York: 199% Themﬁma\smmgmw dWdevDicd1 epbiREE, PROPOSEobAr, SAGERI
and sl eep apnea. Over .three hundred devi ces anq$;reatne ods have

recei ved pat ent @5 Ofer cqyrelgtdons, befwesy %ﬂ%nﬁ?ﬁﬁﬁff EalnThese
i ncl ude body appiurfizaretices, andlictias atkutelogkeadl patholbgbesPat ant oies.
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history of severe snoring and sleep apnea. There is a

15 further correlation between habitual sleep apnea and
arterial hyperten51on, another condition associated
with stroke prevalence.

Cahan, et al., Chest, 1990; 98: 122s reported a
significant correlation between a moderate apnea-

20 hypopnea index (>15) and elevation in insulin levels.
At index values greater than 40, fasting hyperglycemia
and hyperinsulinemia were observed. Cushing’s disease
and acromegaly are two further diseases associated with
both sleep apnea and insulin resistance, as described

25 in Fairbanks, et al., Snoring and Obstructive Sleep
Apnea, 2ed., Raven Press, Ltd., New York: 1994.

There have been many modes of treatment proposed
for snoring and sleep apnea. Over three hundred
devices and treatment methods have received patents in

30 the U.S. Patent and Trademark Office. These include
body appurtenances as disclosed, for example, in U.S.
Patent Nos. 1,216,679 (a snore ball designed to
discourage sleeping on the back), 2,339,998 (a chin
strap}, 3,696,377 (a snore activated microphone}, —-—

35 3,998,209 (a snore trainer delivering an electric
shock), 5,284,829 (a mouth held appliance), and 5,154,
184 (adjustable snore device). One device of interest
is a tongue-retaining device, which pulls the superior




strap), 3,696,377 (a snore activated m crophone), 35 3,998, 209 &a snore
trainer deMOASA465 an-el ectric shock), 5,284,829 (a mouth hePGTﬂﬁﬁ Hite) ,
and 5,154, 184 (adjustable snore device). One device of interest is a
tongue-retaining device, which pulls the superior - WD 98/46245

PCT/ US98/ 07735 -3 - aspect of the tongue fa¥ward, thereby keeping the
tongue away fromthe posterior wall of the pharynx. Mst of these devices
have |inited va&apecasOﬁh&%eombwgnﬂxﬁdﬁWQndlythguebYStheiagtmhe '
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However, gery feM/%atlen aredllipr‘?]i rant of ithe device gecaus ggbﬁﬁé?1
conti nuou? presBARE?T ed ) AREHRA PR and® pFAPFHRGe FRCS s a
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i ntervention has been ut xtenS|veI , elt ypassing t
obstructive areHSByoﬁré@m@éﬂﬂﬂﬂF(ﬂoﬁﬂq#ﬁ%aﬁ%ﬁ@aYh§r§§§Pﬁﬁutﬁ@h by

exci sion. The | gbkeri®ed SHOBHRbHd) Vel eTO¥RESE,, 2984; 3%xces8§g ve
oropharyngeal issues such as 3ne£ edenat ous uvul a, redundant H osq f ol ds of

Uhe. phat Jfgeal WRFEVEZyc¥eTw, d oM SARLGHET IRTSoFPLBERREEOL
tonsils, and rebepdase mﬂIﬁhenﬁuntmnudﬁgmpmbsgnoe biffe tpdels edltdrin the

ctrateq os have BUEy AReEbREIIEN PansnsdE” (o8 rotrsl deRli This
strategi es, seeappjoegh 'hlatmgmgm St ergides for some patients, but
‘ is often poorly tolerated and compliance may be
15 difficult.
Surgical intervention has been utilized
extensively, either by by?assing the obstructive ared
" by tracheostomy or eliminating the obstruction by
excision. The latter excision can involve removal of
. 20 excessive oropharyngeal issues such as an edematous
uvula, redundant mucosal folds of the pharyngeal wall,
excessive tissue in the soft palate, overly large
tonsils, and redundant pillar mucosa. Depending on the
particular structures implicated in the airway
25 obstruction, many surgical strategies have been
developed. For a genexal description of such
strategies, see Fujita, "Pharyngeal Surgery for
Obstructive Sleep Apnea and Snoring," in Snoring and
Obstructive Sleep Apnea, 2ed., supra. The drawbacks to
30 surgical intervention include the usual risks of
invagsive procedures in addition to creating problems
with swallowing, speaking, and other daytime activities
without relieving the snoring and apnea. The observed
anatomical defects usually do not deviate much from
35 normal, so that the benefits of surgery are often
insignificant.
Good medical practice also recommends reducing
known risk factors for sleep apnea, which are sometimes

A




ostructive Sl eep Apnea and Snoring," in Snoring and Qbstructive Sleep
Apnea, 2edwo seMstss The drawbacks to 30 surgi-cal i nt'er verdT/0s980723sude
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drugs kndwn tC)NawmelbaNeurbsuggostgghuamrgs19Bana26pam5amjAﬁéuuldlng

benzodi azepi nes a sl.ee f devi ces
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not ed above ref sTan constrain a posture
whi ch reduces oﬁltéraaenamegnén@thng benzodiegepines. ﬁnéalma}nnuﬂea@rme

been efforts togy CﬁoQit%hm Nghe e’ b@m@?@r HeRBRAPIRA LY dhtve
adm ni stration of erapeutic agents. In several studies protriptyline, a

nonsedat i ng, t rIFRGLEFES AR AEFEEBSakP £HnStrajys thenbodyt dfed® PO$HMERIgh
sonme redugti on whighneadapesodes ediminated, shderitigiamda s:mqfsa;smh ng

W th apnea. | h add TBALIE qEREFPobAYen PR S TRE S el BN T ey
hesi t ancy, inpoebhménatashnorﬁng andnelaepxiapnealVixyr dhep reineigtisstoret homt at e
has al so been Uéfdthgyépéhkﬁeuhgéhﬁk'St&%@'BWé?&E“éEdEﬂH@ benefit.
protriptyline, a nonsedating, tricyclic antldepressant
15 ‘'was administered. Although some reduction in apnea
episodes was noted, there was a corresponding increasg'
in hypopneas corresponding.to the shorting of REM sleép
associated with apnea. ' In addition, side effects are
observéd including urinary hesitancy, impotence, rash,
20 and ataxia. Medroxyprotesterone acetate has also been
used, but without statistically significant benefit.

Similarly, administration of tryptophan, a serotonin .

precursor, has shown little efficacy.
Some reduction in snoring utilizing
25 phophocholinamin as a topical lubricant was noted in

human subjects, as described in Am. J. Otolaarvgol., 8:
236 (1987). U.S. Patent No. 5,569,679 discloses
topical use of methylsulfonylethane applied to nasal
passages from a dispenser to relieve snoring.

30 ‘Widdlcombe, et al. Eur. Respir. J., 1:785 (1988)

- reported that Sonarex®, a commercial preparation of
surface active agents, reduced the sound of snoring and
decreased upper airway resistance in dogs. However, to
date no effective drug therapy specifically for sleep

35 apnea has been demonstrated in humans.: '




S|n1larly, adm ni stration of tryptophan, a serotonin precursor has shown
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Another object is to provide a convenient method and

15 apparatus of ﬁsing the therapy which is not invasive or
distracting, or which produces serious discomfort. A
still further object is to provide an effective theréby
for alleviating sleep hypopnea and apnea episodes in a
single pre-sleep treatment without disturbing the

20 sleeper during a normal 7-9 hour period of rest.

In accordance with the present invention, a

pulmonary alveolar surfactant preparation in a
physiologically compatible liguid wvehicle is applied to
the posterior pharyngeal region of a pétient in a

25 pharmacologically effective dose prior to a period of
sleep. Such pharmacologically effective dose may range
from 0.25 to 2.75 mg, generally administered in 0.75 to
1.25 ml, a volume sufficient to coat the affected
region without excessive draining to the throat. The

30 method further provides for such application of a
surfactant substance containing phospholipid-containing
ingredients capable of lowering the surface tension of
water to about 15-50 nM*'. The surfactant preparation

R of the present method may optionally include

35 apoproteins selected from SP-A, SP-B, SP-C, and SP-D in
a pharmacologically effective dose, and further
optionally, neutral lipids. A pharmacologically
effective dose of the apoproteins will be a level from
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the posterior RRAIMIEA the aerosol towards the posterior pharyngeal

region of a subject throat, and a label affixed to the

15 reservoir potion of the vessel giving directions for
use. The nozzle or delivery means may be a
conventional inhaler tip or a pressured flow valve

aperture.
20 DETAILED DESCRIPTION OF THE PREFERRED. EMBODIMENT

In the present invention, application of alveolar
surfactant preparations to the posterior pharyngeal
region in human subjects significantly reduces the

25 sleep disturbance index (sum of hourly hypopneic and
apnoeic episodes during sleep), and decreases fhe
incidence of oxygen desaturation. The surfactant
preparations may be any of those naturally occurring or
artificially compounded compositions commercially

30 available and licensed by the Food & Drug
Administration for use in treating infant respiratory
distress syndrome or its adult counterparts. Table 1
gives the tradename, source, manufacturer, and active
ingredients of the principal commercial products. A

35 preferred composition is Survanta (berectant), a
modified natural bovine lung extract containing
phospholipids, neutral lipids, fatty acids, surfactant-
associated proteins including SP-B and SP-C, and




regi'on of a subject throat, and a | abel affixed to the 15 reservoir
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surfactant- associ proteins including SP-B and SP-C, and WO 98/ 46245

PCT/ US98/ 07735 -7- supplenmented with colfosceril palmtate

(di pal m t oyl phosphati dyl choli ne, DPPC), pgpgt{ic acid, and tripalmtin to
m m c the surface-tension reducing properties of natural |ung surfactant.
The perféPnmance 5 of these productyipetani®atory distress syndrone is
evaluated in Merrit, et al., Pediatric Pul nonol ogy, 14: 1 (1992). TABLE 1

Source Maker Active
components
Exosurf artificial | Glaxo- phospholipid
Wellcome (DPPC)
cetyl'alcohdl
tyloxapol
Infasurf calf lung | phospholipid
15 Curosurft porcine Laboratoire phospholipid.
lung Seron France '
Survanta | adult- . | Ross phospholipids
(berectarit). | bovine Laboratories | (DPPC,others)
lung SP-B
' SP-C
KL4 - artificial | Johnson & synthetic
surfactant Johnson | peptide
phospholipid
_ (DPPC, POPG)
20

Lung surfactant may also be synthetically
compounded of purified phospholipids, fatty acids, and
apoproteins which through their highly hydrophobic

25 properties, aid in anchoring the phospholipid
ingredients to the mucosal surfaces of the pharynx.

SUBSTITUTE SHEET (RULE 26)
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synthetic surfactant composition useful in the practice
. of the present invention is disclosed in U.S. Patent

No. 4,826,821, and comprises dipalmitoyl phosphatidyl
choline, a C-14 to C-18 fatty alcohol and a nonionic
surface active agent, preferably tyloxapol.

15 Analysis of the phospholipid fraction of naturally
occurring surfactant reveals a complex composition
containing plasmenylcholine, phosphatidylcholine,

. choline glycerophospholipids, sphingomyelin,
phosphatidylinositol, phosphatidylserine and
20 lysophophatidylethanoiamine, frequently appearing in
difficult to separate pairs. See Dugan, et al., J.
Chromatography, 378: 317 (1986) and U.S. Patent No.
4,826,821, hereby incorporated by reference. The use
of any of these phospholipids in purified. form in low
25 percentage amounts (about 0.5 to about 15 percent w/w)
in combination with the major suxrfactant component,
dipalmitoyl phosphatidyl choline (about 28 to 53
percent (w/w), and including or omitting SP-A, SP-B or
SP-C is a synthetic form of surfactant applicable to -
30 the present invention. Preparation of the purified
-hydrophobid protein, as SP-C; may be carried out
according to the procedures disclosed in WO87/06943,
hereby incorporated by reference. Use of surfactant
'protein fragments is also efficacious, as-the fragments
35 exhibit unusual surface tension properties, as
disclosed in U.S. Patent No. 5,547,937 Sarin), and
other patents in the related series. A
pharmacologically effective dose of a hydrophillical
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noni oni ¢ surface active agent, preferably tyloxapol-. 15 Anal ysi s
of the phospholipid fraction of naturally-gccurring surfactant

synthetic surfactant conposition useful in the practice of the

phosphatidyl choline, a C14 to C-18 fatty al cohol and a

conpl ex conposition containing plasnenyl choline, phosphatidylcholine,
choline gl ycer@ﬁw:mmﬂémitﬂie 5 pdndh gl ehy drophobpkatipdy lproawitro | SP-B,

phosphatldylse
appearing in d|

R LR TN ég@&wg&@%t dgéeﬁhgna' grrit@,%ﬁlf rceogtuoe-nggg

0 Sep ar alrs

Chr omat ogr aphy pegz@&ntaige (qﬁ;sﬁ-)G W@EJS‘- Pakawt cmbmaaz@rszaﬁ the eby
i ncor por at ed bxfaﬂg%ﬁgfemgfff@di@&@fwﬁm Rivthese gl Q-Szpfﬁ! 'U‘Hedspfé'sent

purified formin | ow 2

ercenta anpunt s- (abouyt 5 to about

percent Ww i -BHRRIRR %M HPRH 2Rt +S§H?f§€f"‘5ﬁtngc@ﬁ’;5’or?éﬁfesn’e

di pal m t oyl
i ncl udi ng or onlttln SP-
applicable to Jpst

ph

Uit e s ®B|ﬂ1&1ﬁ1fﬂboslﬁr28ctﬁn53 acrtecmtm:(dadea,, aandl
r SP-Cis a nt etlc form.of surfactant
s tanilye Shet: foran eRERGEAves ] HeRiNg | 1 ed

hydr ophobi c prawmﬁaceﬁtéﬁbibnnnﬁ ke chilmetoovalaesod NP to the

brocedur es_di sqhosedd - JOBTL06P4T, ISEEPUCLASO ROLA St lerance. Use

of surfactant pr
exhlblt16husuaﬂ“%kk#&ﬁ%¥@%ﬁk+on properties, as disclosed in U S. Patent No.

agnen s 1S al |ca i ous, fragnen

5,547,937 Sarin), anghotdgdr @mé ﬁQetBE eaégbeguwdaefceshs in

pharnacologlcall effective se of

d[o hillic
PCT/ US98/ 07735 CRLLRRE phrdt Rt %%Sﬁda%ﬂ ¥he H§8ro ﬁ’d‘tﬁhc haye Gidein SP-B, C

WO 98/ 46245

is 0.25 to 2.5 gfaentinfrededingdsaotdhgl sachi aed phespticigs iaig,

percent .
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35

Any C%m%rggééglﬁgméhfor a mixture of lecithin complexed with

a light hydrocarbon fraction, described in Hoffstein,
et al., Am. J. Otolarvgol., 8:236 (1987). The present
method is also in contrast to other human therapeutick
approaches to reduce snoring specifically, such as the
use of methysulfonylmethane in combination with a mild
anesthetic, as‘téught'in U.S. Patent No. 5,569,679.

The surfactant solution is delivered in a
convenient dose volume of about 0.5 to 1.5 ml. If a
fine aerosol spray is used, the volume may be decreased
to as little és 0.2 ml. Any-amount will be effective
so long as there is uniform continuous coating of the
posterior pharyngeal surfaces. Volumes greater than
about 1.5 ml are to be avoided as the excess will pool
or drain off and be swallowed. The concentration of
various ingredients generally simulates the natural
surfactant, in that dipalmitoyl phosphatidyl choline is
the predominant ingredient at 37 to 48 percent, in a
preferred embodiment. A pharmacologically effective
dose is an amount of surfactant containing 0.25 to 2.75
mg total ingredients dispersed in 0.75 to 1.5 ml
solution. The composition is not diluted.

In one embodiment of the present invention, the
surfactant composition is contained in a vessel adapted
to deliver a surfactant aeroscl to the posterior

reveals a



foregoing ingredients will have efficacy in the present 5 I nvention so

| ong as t h@ddspeagad coating and adhesive propert I es.of nat ur g¢ouddsAacizgnt
are mimcked, and nost inportantly, there is an effective |owering of

surface tension of the filmto val ues of 10 mllinewtons or |ess
(preferably fromabout 0.5 to 7 10 %gnemﬁons). The therapeutic use
of these substances is in contrast to 0|I- sed lubricants, which have sone

mxture of |l PRUEYRGRRIoReY iy Toe VAR VR of Aol Sy BRRE nor @

descri bed i n Hopreesumized slerosmh c&n.aaolsaimﬁe b@*:zl%, (q@ﬁ)pumpe

present nmethod Le+gha0 | AheORh sl totian rbé f@@roaches to
reduce snori ng s eCIfk"dal ly, li;:h as, the _use rA hane in
conbi nati on w t RRECHE oral, Cavityti &’utas‘tt é’ﬁf@ﬁt e’?%t ent No.

5,569, 6795 The ﬁaéha.myammgipluna @mbjédﬁlmywmnm a mmpmsertbfdose vol une
of about 0.5 to

AN aerqQ r sed he vol may be
decreased to as %h?ﬁl@e %thrﬁriﬁe ef’oé(r?floausn aa/?]lil &}éﬁxé%:tge gg&
| ong as there i¥.8ni PatentodNd n150155690c§é7tﬂ @@QWMthmfmyﬁgeal

surfaces. Vol unpgrg[:, tler &"Lle Lie ioh O ;S 4P Hfudvpd @Pel Nagxcess

w Il pool or drain o owed. The concentratlon of various

i ngredi ents genEFaPHVlﬁpﬁﬂ Figd ane siangajeddarerad ezttt (threenke
di pal mi t oyl phoamhatmdmescfiei |1réhgtﬂ'1)t fteaﬂorlets&sm} r&i&et}:tlﬂgiﬁé%t:;ﬂé&tﬁénggfto 48
percent, in a pr col ogi ca effectiyv ose is
an anount of suFFﬁ% EPHS:O tﬁ’? Jﬁ%"tot%{a‘? Y‘?‘@%’aﬁ:iﬂt ghe
di spersed in 0. 8pray bdttile %ntalrsaigjta (pre tﬁwsmqboq;mamtontysoﬁot
diluted. In oneggpka gggg; ﬁgg . ng,
conposition is ggnt a:(i'lrtl-'e i’n vess&{ ptﬂxgl de |?/ie:]&é§és%ttr'$8 ?
aerosol to the gggpgpﬂormay be distributed as an article of commerce.
15 When packed under sterile conditions, the surfactant
may be stored refrlgerated or at room temperature. )
Further advantages. of the present invention will
"be apparent from the Example which follows.

20 S EXAMPLE

Six individuals with varying degrees of sleep apnea
were studied on two different nights at least 5 days
apart under a research protocol approved by the

25 University of Wisconsin Human Subjects Committee. These
volunteer subjects were given saline (control) on one
night and berectant (Survanta; natural bovine surfactant)
on the other night.  Once the subjects had fallen asleep

' as demonstrated by their EEG, they were monitored for 60

30 minutes without any intervention. One ml volumes of
either saline or berectant were then delivered into the
posterior pharynx via a small catheter (2.5 mm outer
diameter and placed transnasally) after the subjects had
fallen asleep as verified by electroencephalic (EEG)

35 monitoring. For the 60 minutes prior to instillation of
saline or berectant and the subsequent 60 minutes
following instillation, sleep stage (I, iI, ITI, IV, or
REM) was monitored via EEG, inspiratory and expiratory

/
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phar yngealW@ 886245 - The vessel - may be of three types: a presReHPSBP7EH: osol
can, a squeeze bottle, or a punp bottle. The surfactant will typically be
applied through the oral cavity, but it may be delivered 5 nasal |y when
t he subject is supine. Exanples of contaknars suitable for nasal delivery
are depicted in U S. Patent No. 5,569,679 incorporated by reference. For
oral adm ni straaiontlawpime wonistpred eviota paewnotirclomepeedattiadthed to

el ongat ed t apergd e s 0 Si X} ' fQry I
direct appli cat%oﬁﬂgé ésgr:L é: tgci?l %ﬁtr%a%céhi hnclaasp)ﬁhr%%gg?gﬁgg?phﬁg%ggl&ﬁlrﬁ ,
the spray bott|¥agorffenrhFayed pfa nektF e PHYRArRPYY of WhtRf defntSunfaei ch
appropri ate | abgledteeaeisopiacea 8f £6X80em MYcRE S Iight Rb AT BMma¥dik! €
of commerce. 15, When packed under. steril.e conditions, the. surfactant
may be stdred r&Prith a‘?ﬁgeﬁ?"’ﬁt ar’i?grgﬁ%hjtl&?ure"’.‘rﬁﬁ’fﬂﬁr oXyhan iy

t he present inveatupation was appariniodsbyn mdeifxsasyl eiahiealr fodilnesry 20
EXAMPLE Si-x i ndiyisdualss . yi r f e studied on
two different nééﬁt &séﬁ%ait twg%\st\é?zdgjg/% g%%rs?%%r‘fgebrx%aaqﬁgs%%%%\?%t ocol
approved by the 25 Hypopnear swag defidnssbnasn aHuzh Sesirease Chnnittidsl

These vol unt eer vg4yfiin@Chis Weh@ i ImSAL | BonsE8ALE L) LRRBAGRS YUdHHa Y to
berectant (Survapta; natural bhovine surfactant) on the other n Once

i ght .
the subjt®ts hablfaPresesinge PreatdeniRisar 8 6§SERELPNERE LlaW SR)F =5
monitored for 68edBnds, Mandt edesdtilipatieny dsit esendeopeaseOnen Moadames

of either saline_or_berectapt were then deliver Into the posteriqr

pharynx via a sﬁﬁlg']'lrggt"l? er P2 g?af‘ﬁﬁkﬁh?%r dignéfﬁp%%t%mcg%setu&ance

transnasal |y) afbdext héRBLDj etz Hedin@ld easadibeepnagbest | 6fediytpopneas,

el ectroencephal LenbBES) iy desaBRHHYdilW ped Hoddl LA LIU! Sl IRl Lo
I nd the su 60 "m nut es

instillation of saline or berectant a sequent
15 of desaturation for each event (ASpO,%) was also
computed. For a detailed discussion of sleep scoring
techniques, see Mitler, et al., "Sleep Scoring

T"echnique“, in Sleep Disturbance . Yancy Press, NY: 1991.
The RDI for Stage II, III, and IV sleep combined, or
20 for Stage II alone, significantly decreased following

- instillation of berectant but not following saline
(Tables 2 and 3). Episodes of desaturation during Stage

II, III, and IV sleep combined, or for Stage II sleep

alone, also decreased (Tables 4 and 5). Additionally,

25 ~ the degree of desaturation for each event (ASpO,%)
diminished with berectant but not with saline, although

this change did not xreach statistical significance

(p=0.09, Table 6). _

Instillation of artificial surfactant into the upper

30 airway of <+volunteer subjects with sléep-disordered
breathing (sleép apnea/hypopnea) was associated with a
modest but statistically significant reduction in RDI.
Mucosal surface factors may modulate upper airway patency

_in patients with sleep apnea/hypopnea, and interventions

35 to reduce mucosal surface tension may serve as an
adjunctive therapy in many patients with =sleep
apnea/hypopnea syndromes. '




following instillation, sleep stage (I, II, IIl, IV, or REM was nonitored
via EEG _iwopsmausdry and expiratory WO 98/ 46245 . : PCT/US98/07735

PCT/ US98/ 07735 air flow was nonitored via a pneunotachoneter attached to a
close-fitting nasal mask, inspiratory nmuscle activity was nonitored via B
el ectromyography with two surface el ectrqq_ S placed 2 to 4 cm above the
right costal margin 5 in the anterior &xillary line, arterial

oxyhenogl obi n saturation was conti nuou nitored via ear oxinmetry, and
end-tidal CJerr] was neasured breath to breath. Hypopnea was defined as a
20% decrease in tidal vol unRespirrieeryrDigtarbansecdnde breat hs conpared

to 10 t he preceding breat fst epr asTEEsSt rongdkephow for [err]5
seconds, and desaturation as [err]2% decrease in oxygeh saturation from
basel i ne. A Respiratory Disturbance Index (RDI) was defined as the
nunber of hypo » ; 3 .

degree 15 f Supdestturlat iR¥e-fof &t~ event R¥eerr] SpO eBdo- wa

al so conputed. || For a detlaidgerigéstusgipinal $|B8PeSESRENY TRGUNHGUAS.

see Mtler, et al " Sl eep oring Techpique” in | ces,
Yancy Press, 1991. The RBly feor |Stags 14, (I, 3 dgl V Iee9_3c10_ i neqd, or
20 for Sta sianjfi g,anily decr east lowing instillatigjon

of berectant blit not, fol l{ow al ifne agles|2 a . Epi sogdgsof
desaturation djri nqr28t age II?ﬂI%I, andi V sl egp_ccr)%‘?)ned, or fgrs'gt age jil |
sl eep al one, aflso degcreasled apleg 4 ).} Addjgipnallly, 2 th
degree of desafjurat |%on 1‘1£r %%E: e\y entlaer(jT%rr Spdd}er'rq?% dli m ni ghgd wi §ih
I
(

berectant but fjot w,th sdi | t houg t?is than | d n$t reagh "
statistical sifnificance p2%708, ablga6. | psti | a"?dlon f al‘?lngCiéﬂ

surfactant intp the_upper| 3 ail r way. f yolu e sybj ect 1 th
sl eep-diasraorder d br &at hi rlg ?‘3I7e‘e1p Jtp\rqga%]hyglpophea) E&gggass ci atc"eag)\/é,v!th

6 83.8 | 91.8 " 120.0 90.3 ll
Meant+SEM 75417 80419 ' 92+22 69423 % "“
15
TABLE 3
Respiratory Disturbance Index
(Stage II sleep)
mﬁ
20 Subject Pre- Post- Pre- Post-
saline saline | berectant berectant
1 115.6 112.1 126.7. 131.4
2 45.7 18.2 26.3 13.0
3 56.5 110.4 - 72.0 15.0
4 . 37.6 -25.8 48 .4 25.6
25 | s 137.1 121.1 157.5 132.9
6 83.3 90.9 120.0 90.3
Mean+SEM 79116 80+19 92+21 68+23
m—_————‘————_—\

SUBSTITUTE SHEET (RULE 26)

o .',s-_'“!!. ,[l-‘




nodest but statistically significant reduction in RD . Micosal surface
factors naWOBMER4&k e upper airway patency in patients wth sPEES98/07735
apneal/ hypopnea; and interventions 35 to reduce nucosal surface tension
may Serve as an adjunctive therapy in many patients wth sleep

apneal/ hypopnea syndrones. WO 98/.46245 -13-

PCT/ US98/ 07735 -12- TABLE 2 Respiratory D sturbance Index (Stage I, IIl, &
IV sleep) 5 Subj ect Pre- TREIE 4 Pre- Post - '
sal i ne sal i ne ber ect ant ber e . 109. 6 112.1 -
133. 9 131.2 2 31.6 ge%t?!“at1°ns 22.7 19.3 3
52.4 110. 4 72.0 (Stage M9.,0 LI, & IB7sleep) 28.0
48. 0 25.3 10 5 137.1 121.1 157.5
132.9 6 8
8019 922 s 1 2943* £p<0.0 BLE 3 iratofy Dysturban
| ndex (St 5age I s?lé%afcgo P Subj e(]:?ogé Fgr e- Rﬁ%g Post - Dbgs'é Pr
Post - saline sal i ne Her ealine iseddoeart bBreCtamll‘P. berectaht?.
126. 7 1 A= 45—7— +8—2 265 +3-6—3
56.5 110. 172.d 1106.1 15.00%8.8 1P 52 25125.6 48: 4
25.6 25 S 4373 e e 3575 3-32—0—G—
83.3 90.9 " 2120.d 17.4 90. 37Mean$EM 177916 804 %4 9221
6823
" 3 8.7 4.8 4.0 5.0
. 4 12.0 17.9 5.5 8.0
10 5 131.4 105.6 132.5 45.7
“ . 6 49.3 711 8l1.6 67.1
u Mean+SEM 54422 52+20 61124 44419 -
_J————__'__—ﬁ
15 TABLE 5
Desaturations
(Stage 1II sleep)
Pre- Post-
berectant berectant
20 126.7 125.7
17.1
3 S.4 4.8 4.0 5.0
4 12.1 16.8 5.5 8.1 n
5 131.4 105.6 132.5 45,7 “
25 6 48.3 71.5 8l1.6 67.1
Meani+SEM 55422 53418 62424 43419

SUBSTITUTE SHEET (RULE 26)
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TABLE 4 Degﬁib‘i/i’éué ons (.Stage I, Ill, &1V sleep). 5 © O PUPURS8/07735

Pr e- ost - Pr e- Post - sal i ne sal i ne ber ect ant
berectant 1 106. 1 105. 8 126. 2 . 125.6 2 17.4
7.4 17.7 12.4 3 8.7 © 4.8 4.0

5.0 4 12.0 17.9 = 5.5 -~l4- 8.0 10 5

131.4 105. 6 132.5 45. 7.6 49. 3 71.1

81.6 . 67.1 MeanSEM -~ 5422  53BLE 6 - gioy 4419. 15
TABLE 5 Desaturat ions (Stage |l sleep) a8plght Pre- Post -

Pre- Post- saline saline berectant berectant 20

1 113.3 105.8 126. 7 125.7 2 17. 1 10.9
22.5 . . 9.

12.1  16.8 [ thtereention 32.5
45.7 25 8 8. 71,5 . 6 . 1 NMeajpSEM
5522 5319 || Begegrant 4319 W3 98846245 2-_‘**’-}11

PCT/ US98/ 07735 §T4-"TABLE © [ erfr] SpQ_er ri U I'ntervention e
Post Saline 3.542.2 3.7+1.5

SUBSTITUTE SHEET (RULE 26)




5 ) Ber ect ant 3.7[err]2.0 2.41.5* Saline
3.52.2 - WO98/46245 - 3 71.5 SUBSTI TUTE SHEET (RULE 26) WBCTAISH8BA3S
PCT/U898/07735 METHOD AND COVPCSI TI ON FOR TREATI NG SLEEP APNEA CLAI M5 5
What is clainmed is: 1 A method for treating sleep apnea conprising
applying a pulnonary al veol ar surfactant pifgparation in a pharmacol ogically
effective dose to 10 the posterior pharyngeal region of a patient prior
to a period of sl eeMETROD ANDNMEOMPOSITION ¢O@R MREATENG aPeRP CAFRERSI NG
appl yi ng a phospholi pi d-cont ai ni ng surfactant 15 preparati on capabl e of

| owering the surface tension of water to about 15- SG,Lm\.'[m” ln_a

phar macol ogi cal |y effective dose to the @uAINSi or ar ngeal region of a

patient prior to a period of sleep. 20 3. The w{!m“ﬂmrm)
wherein sal d surfactant preparation further incl udes

sel ected ¥rom t‘?’l}éaﬁrbﬁpcgéhﬂ,‘?@t Lhg of SP—A SP-B, SP-C, and SP-D’in'

phar macol ogi cal |y effective doses. . The nmethod of claim2 wherein

sai d phospholipjd i Sa sel gﬁ d.fro g)sou consi sting of sat urat ed
phosphat i dyl choti ne, *2uRE5PEFaERY ﬁS? it CERoIFRE2 FRISREB1RY1 gl ycerol ,
di pal m t oyl phosphat i apptiingne, pabionatiyi adtviealar anefdctat 5. The

nmet hod of cl ai nb%eﬁ‘@fi@ignsﬁhd sg§;%g%?g_c N zi rat I%%keacf r#}i@%@%l gdes

neutral |ipids article manu are Bnea 35
conprisi¥y an iHpdlRpstersier nharvggsalezenioimnr qfora mm:xaam: snbezl o a

portion, said ipéaies ¥essekepei Ng capabl e of

2. A method for treating sleep apnea comprising
applying a phospholipid-containing surfactant
- 15 preparation capable of lowering the surface tension of

water to about 15-50 mN*™* in a pharmacologically
effective dose to the posterior pharyngeal region of a
patient prior to a period of sleep.

20 3. The method of claim 2 wherein said surfactant
preparation further includes a protein portion
selected from the group consisting of SP-A, SP-B, SP-C,
and SP-D in pharmacologically effective doses.

25 4. The method of claim 2 wherein said phospholipid is
selected from the group consisting of saturated
phosphatidylcholine, unsaturated phosphatidylcholine,
phosphatidylglycerol, dipalmitoylphosphatidylchloine,
and combinations thereof.

30
5. The method of claim 2 wherein said surfactant
preparation further includes neutral lipids.
6. An article of manufacture for tréating sleep apnea
35 comprising

an inhaler vessel having a reservoir portion and a
nozzle portion, said inhaler vessel being capable of

propelling a liquid in an aerosol;




propelling a liquid in an éerogbl; WO 98/ 46245

PCT/ US98/ Q6 35/45248- “I ll lmﬂu d in said vessel havi ngcirRgos/o773s
éonpositigﬁ o? a phoﬂ “Fm H“_E ) ant; and a |l abel affixed to said _
i nhal.er vessel providi‘fng®ditectidn for use in treating sleep apnea 5

wher eby when said nozzle portion is aligned to direct said aerosol to
provide a coating of the posterior'pharyﬁgéél region of a patient. 7. An

apparatus-for treating.sle ea_comrising, 10 .an_Jjnhal er
vessel capabl e of p?og'é i gcg’%%lad‘ ed{ri%‘rlf1 asr‘?lgier‘f)%so?‘?l s}éal“ﬁlﬁl%hté Br vessel
conprising: a respredticporcfi en pdumplicl igfid @wifartant guard a nozzle
portion capable of Benhngeal ixg38dGkdd th saidaq{rl{lgaﬁl;fedf N?eé@éf%ﬁi‘o%%@ﬁ the

posterior pharyngeal region of a patient;, havi ng t'he conpo3iti-on
of a phosphol i P&Festirsc taft Usidh YZaaling r93Q8P taPRRA d reservoir

provi di ng 20 di WeRive®y WierlSaid ddAdld o1t B&P BPEPRigned to
direct said aerosol to provide a coating of the
posterior pharyngeal region of a patient.

7. An apparatus for treating sleep apnea comprising:
10 an inhaler vessel capable of propelling a liquid
in an aerosol, said inhaler vessel comprising:
a reservoir portion capable of holding a
liquid; '
a nozzle portion capable of being aligned to
15 direct the aerosol toward the posterior pharyngeal
region of a patient;
a ligquid having the composition of a
phospholipid surfactant; and
a 1abel affixed to said reservoir providing

20 direction for use in treating sleep apnea.




