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DELIVERY DEVICES l◄OR 
NASOPHARYNGEAL MUCOSA TARGETS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001) ll1e present applica tion is a continuation oflnterna­
tional PCT Application No. PCT/US20l 2/046258 (Attorney 
Docket No. 38077-721.601), filed Jul. 11 , 2012, which is a 
PCT of and claims the benefit of U.S. Provisional Patent 
Application No. 61/507,422 (Attorney Docket No. 38077-
721. 101) filed Jul. 13, 2011; theentirecontentsofwhichare 
incorporated herein by reference. 
[0002] 171is application is related to U.S. patent application 
Ser. No. I 1/750.967 (Attorney Docket No. 38077-714.201, 
formerly 020979-003720US) filed May 18, 2008, the entire 
contents of wb.ich are incorporated herein by reference. The 
present application is also related to U.S. Provisional Parent 
Application No. 61/507,417 (Attorney Docket No. 38077-
720.101) filed Jul. 13. 2011, the entire contents of wltich are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

(0003] I. Field of the invention 
(0004] The present disclosure relates generally to medical 
methods and delivery systems. More part icu]arfy, the present 
disclosure relates to methods and systems for delivering 
therapeutic agents such as toxins or non-toxins to mucosa 
targets in a nasopharyngeal space. 
[0005] Rhinitis is commonly referred to as "stufTy nose," 
and results from inflammation and swelling of the mucus 
membranes lining the nasal cavity Rhin.itis falls into two 
major categories- allergic and .non-allergic (or vasomotor). 
Chronic rhinitis can result in chronic inflanuuation of the 
nasal passages resulting in sinusitis. an infection or inflam­
mation of the paranasal sinuses. Rhiititis includes the symp­
toms of rhinorrhea which is commonly referred to as "rulllly 
nose." Rhinorrhea describes the effluence of mucus from the 
lining of ihe nasal passages, nasopharynx, or paranasal 
sinuses. Rhinorrhea can be a symptom of a Ulllllber of dis­
eases such as the common cold, or sinusitis. 
[0006) Allergic rhinitis is an immunologic response modu­
lated by immunoglobulin E (IgE) and characterized predomi­
nantly by sneezing, rhinorrhea, nasal congestion, and pruritus 
of the nose. It may be seasonal (a condition commouly 
referred to as hay fever) or pererutial. The seasonal form is 
caused by allergens released during tree, grass, or weed pol­
lination, whereas the perennial fom1 is caused by allergies to 
animal dander, dust mites, o r mold spores wi th or without 
associated pollinosis. Data also suggest that urban air pollut­
ants from automobiles and other sources may have an adjunc­
tive efrect. 
(00071 Non-allergic rhin.itis may be caused by anatomic 
pathologies such as blockages, as seen in the case of sinusitis. 
Symptoms may include sneezing. itching, nasal congestion, 
and a runny nose. Non-allergic rhinitis is a diagnosis of rhini­
tis without any lgE mediation, as doc1u11ented by allergen 
skin testing. Hence, the rltinorrhea, sneezing. prnritus. and 
congestion do not result from allergy or hypersensitivity and 
continue to persist, whether continuously or sporadically. 
Non-allergic rhinitis affects 5-10% of the population. Non­
allergic rbi1titis has 7 basic subclassifications, including 
infectious rhinitis, non-allergic rhinitis with eosinophilia syn­
drome (NARES). occupational rhi1titis, honuonaJ rhinitis, 
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drng-induced rhi1titis, gustatory rhinitis. and vasomotorrltini­
tis. Patients may or may not present with the same symptoms 
seen in allergic rhirtitis. 
[0008) While numerous treatments for rltinitis have been 
proposed over the years, no single treatment is optimum for 
all patients or all conditions. Most commonly, hay fever and 
otl1er forms of rhinitis are treated with antiltistamines which 
block the inflammatory response. While e!Tective, many anti­
histantines are also undesirable because they can cause 
drowsiness, or they may have a limited duration of effect, and 
they can present the patient with an on-going cost associated 
with continuous purchase ofrbe drngs. 
[0009] Recently, a longer tenn therapy for rhinitis which 
relies on the use of botulinum toxin (BoNT) for blocking 
mucus production by mucus-producing cells in the nasal 
membrane has been proposed. Botulinum toxin and other 
neurotoxins are capable of disabling adrenergic cells, includ­
ing epithelial or goblet cells which are responsible for the 
majority of mucus production in the nasal cavity membrane. 
It has been published in the scientific literature that introduc­
tion ofbotulimun toxin into ihe nasal passages of can.ines can 
reduce mucus secretion by a significant amount. 
(0010] Wltile the use of botulinum toxin appears to hold 
promise for long tenn rhinitis treatment, it faces a mu11ber of 
challenges before it is suitable for wide spread use in humans. 
In particular. botulinum toxin is a neurotoxin which could 
have significant negative c!Tects on a patient if accidentally 
released outside of the targeted nasal passages. Jnadvertent 
distribution oftl1e toxin to muscles of the oropharynx, mouth, 
tongue, or elsewhere could result in serious complications to 
the pat'ient. Injection of the roxin helps to overcome some of 
these issues by directing the toxin to the target area and 
injection can perfonned relatively quickly. However, injec­
tions also have some challenges that could be overcome, 
including the fact that injection of the neurotoxin typically 
requires a local anesthetic to be used, and the fact that many 
patients are uncomfortable when seeing a needle being 
inserted into their nostril. Moreover, the use of a needle to 
inject a toxin deep within the nasal cavity can be very difficult. 
Topical application of toxins also may have short contings, 
particularly in terms of the accuracy of delivery of the toxil1. 
For example, the use of botulinwn-soaked gauze pads for 
delivering the toxin to the nasal cavities, as reported in the 
scienti fic literature, have fintited ability to un.iformly and 
selectively deliver the botulinwn to the regions havit1g high 
concentrations of preferred target ce!Js, such as epithelial or 
goble t cells in the nasopharynx. Sponges inserted into the 
nose can be diJlicult to place, and are bard and uncomfortable 
when dry, and lack rigidity when wet. Jnadvertent compres­
sion of a soaked sponge (e.g. against an obstacle during 
delivery) can result in the drug being squeezed out of the 
sponge too quickly for adjacent mucosa to absorb the drug, 
and often in the wrong location. Loading the sponge with a 
therapeutic agent can also be difficult and tin1e consuming 
Aerosol systems have also been proposed for use in delivering 
a therapeutic agent, but again, precise control of toxin del iv­
ery can be a cha.llenge, especially given the dispersement 
under pressure. Drng eluting balloons have also been sug­
gested for del ivery of a therapeutic agent to the sinuses, but 
require precise position.ing. 
(0011] For these reasons, it would be desirable to provide 
improved methods and systems for delivering the correct 
dose of therapeutic agent iu a controlled manner to a target 
treatment site. Such improved methods and systems are pref-
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erably used to deliver a toxin, such as botulinum toxin to the 
nasal membrane of a patient, particularly in a patient suffer­
ing from rhinitis or other conditions associated with nasal 
inflammation and condiiions, such as sinus headaches and 
migraine headaches. Other therapeutic agents including non­
toxins may also be delivered. Such systems and methods 
preferably allow easy delivery without requiring visualiza­
tion devices such as endoscopes. and preferably do not 
require anesthesia. The devices preferably have a compact 
i.tlitial shape for insertion and may be easily deployed or 
activated to expand and fill the desired area of the nasal cavity. 
The methods and systems should be capable of providing for 
selective and repeatable delivery ofan appropriate dose of the 
toxins lo a defined target areas within the nasal cavities, 
including particular paranasal sinuses, the nasopharynx. and 
in some cases substantially the entire nasal cavity. The sys­
tems and methods should provide for the safe, accurate and 
effective delivery of a proper dose of the toxins, and in par­
ticular should reduce or eliminate the risk of toxin being 
delivered to non-targeted tissues outside of the nasal cavity. 
At least some of these objectives will be met by the inventfons 
described herein below. 
(0012] 2. Description of the Background Art 
[0013] Patents and publications related to delivery of a 
toxin to the nasal cavity include U.S. Pat. Nos. 5,766.605 and 
6,974,578; and U.S. Patent Publication No. 2005/0281751. 
Related scientific literature includes Sharri ct a l. (I 995) Oto­
!aryngo/. Head Neck Surg. 112: 566-571 which further dis­
cusses the work disclosed in U.S. Pat. No. 5.766,605. Dual et 
al. (2002) Acta Otolaryngol 123: 1060-1063 describes the 
injection ofbonilinum toxin A into tl1e turbinates of patients 
suJforing from allergic rhinitis. 'Ibe use of catheters and other 
devices for the energy-mediated delivery ofbonilinum light 
chain is described in commonly owned co-pending U.S. 
patent application Ser. No. 11/750.967 (Attorney Docket No. 
38077-714.20 I formerly 020979-003 720US), the entire con­
tents of which are incorporated herein by reference. 

BRIEF SUMMARY OF' THE INVENTION 

(0014] Briefly and in general terms, the present invention 
provides methods and systems for delivery of a therapeutic 
agent to the nasal cavity. The therapeutic agent may be a toxin 
or a non-toxin. Tbe present disclosure focuses on preferred 
embodiments where the invention provides for the delivery of 
toxin lo and across the nasal membrane tissue to treat various 
conditions and symptoms associated with nasal inflamma­
tion, including, rllinorrhea, rhinitis, sinusitis and hay fever. 
One of skill in the art will appreciate tlJat this is not iutended 
to be limiting and that other therapeutic agents such as non­
toxins may also be used. 
(0015) The region where the toxin is introduced may com­
prise any portion oftbe nasal cavity, such as a single paranasal 
sinus or portion thereof, a main nasal passage, two or more 
paranasaJ sinuses, or in some cases may comprise substan­
tially the entire nasal cavity of the patient. A particular target 
region for the toxin may comprise the nasoplrnrynx which is 
at the back of the nasal passage. 171e nasopharynx comprises 
a cluster of epithelial or goblet cells which are responsible for 
mucus secretion and which are susceptible lo the disabling 
mechanism of the botulinum toxin and other neurotoxins. 
[0016) The therapeutic agent to be delivered may be any 
agent that helps alleviate the symptoms of rhlnitis. Preferred 
therapeutic agents include toxins. and the toxin may comprise 
any neurotoxin capable of disabling mucus secretion in epi-
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thelial or goblet cells and other mucus-producing nasal cells. 
Preferably, the toxin comprises botulinum toxin, although 
other toxins such as ricin, exotoxinA, diphtheria toxin. chol­
era toxin, tetanus toxin, other neu.rotoxins, and active frag­
ments thereof may also find use. 
10017] In addition to the methods described above. the 
present invention further provides systems for de! ivering tox­
ins to epithelial or goblet and other target cells as defined 
above in a nasal membrane. 
[0018] In a first aspect of the present invention, a system for 
delivering a therapeutic agent to nasopharyngeal mucosa tis­
sue comprises a shaft having a proximal end fmd a distal end, 
a porous pad of compliant material, and a drug reservoir. The 
porous pad is coupled to the shaft near the distal end. and is 
configured to expand from a contracted configuration to an 
expanded configuration. The expanded configuration is 
adapted to engage and confom1 to the mucosa tissue in a nasal 
cavity, and the contracted configuration has a size suitable for 
introduction into the nasal cavity. 'TI1e drug reservoir holds a 
therapeutic agent, and is at least partially covered by the 
porous pad. '1l1e drug reservoir is configured to release a fixed 
volume of the therapeutic agent into the porous pad within a 
period ofless than about 120 nlinutes. The dn1g reservoir has 
a wall with a plurality of channels that are fluidly coupled 
with the porous pad. 
(0019) The elongate central member may comprise an 
elongate shaft, and the elongate shaft may comprise a central 
lumen extending therethrough. The elongate shaft may have a 
lumen that extends between the proximal and distal ends, and 
the lumen may be Auidly coupled to the drug reservoir. Con­
trol of fluid pressure appl ied to the lumen may control the 
flow of the therapeutic agent out of the dmg reservoir. A 
sheath may be slidably disposed over the porous pad. The 
sheath may constrain the porous pad in the contracted con­
figuration, and removal of the sheath from the porous pad may 
allow expansion thereof into the expanded configuration 
when the therapeutic agent wets the porous pad. The porous 
pad may expand from tbe contracted configuration to the 
expanded configuration when wetted by the therapeutic 
agent. The porous pad may exert a force against the mucosa 
tissue when in the expanded configuration. The system may 
further comprise a stiffening element extending at least par­
tially from the proximal end to the distal end of the elongate 
central member. The stiffening member may provide a 
desired rigidity and stilfoess to the elongate central member 
so that the elongate central member may be delivered to a 
desired location. 
10020] The porous pad may comprises a sponge or a 
foamed polymer. The porous pad may also comprise a plu­
rality of channels extending radially outward therefrom. The 
channels may be configured to direct the therapeutic agent 
toward an external surface of the porous pad. The porous pad 
may comprise a plurality of fingers extending outward there­
from, or a looped section, or a plurality of protuberances 
spaced axially apart from one another and separated by a gap 
therebetween. The porous pad may comprise a plurality of 
axial elements extending distally of the elongate central 
member. Each axially extending element may have a portion 
of the porous pad disposed thereover, and each axially 
extending element may be in fluid communication with the 
drug reservoir. The porous pad may comprise a plurality of 
radial elements extending laterally from the elongate central 
member. Each radial element may have a portion of the 
porous pad disposed thereover, and each radial element may 
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be in fluid co1nmm1ication witb the drng reservoir. The porous 
pad may comprise a sheet of porous material wrapped around 
the elongate central member. The sheet of porous material 
may be he lically wrapped around the elongate central mem­
ber. The porous pad may comprise a support member dis­
posed therei11. The support member may be configured to 
provide support to the porous pad in the expanded configu­
ration. The porous pad may comprise a plurality of fibers 
extending radially outward from the central member. The 
fibers may be configmed to be loaded into a syringe in the 
contracted configuration. and the fibers may expand into 
engagement witJ1 the mucosa tissue when discharged from the 
syringe and in the expanded configuration. The system may 
further comprise a hydrophobic layer of material disposed 
between the drng reservoir and the porous pad. The hydro­
phobic layer of material may have a plurality of channels 
disposed therein that are configured to direct the therapeutic 
agent from the drug reservoir to the porous pad. 

[0021] The drug reservoir may comprise a plurality of 
pores tJ1at are configured to allow the therapeutic agent lo flow 
from the drug reservoir toward the porous pad. The system 
may further comprise a plurality of valves fluidly coupled 
with the plurality of pores. 1l1e valves may be config11red to 
control flow through the pores. The system may further com­
prise a hydrophilic cover surrounding at least a portion of the 
d.rng reservoir. The hydrophilic cover may be configured to 
facili tate transport of the therapeutic agent from the drng 
reservoir toward an external surface of the porous pad. The 
drng reservoir may comp1·ise a plurality of loops extending 
distally from the elongate central member. 1l1e loops may 
have a central reservoir extending tJ1erethrough. At least some 
of the loops may comprise a stiftening member extending 
therethrough. The stiffening member may be configured to 
maintain patency of the central reservoirs. The drng reservoir 
may comprise an expandable member, and expansion of the 
expandable member may advance the porous pad toward tJ1e 
mucosa tissue. Expansion of the expandable member may 
also force the therapeutic agent out of the drug reservoir. 

[0022] Ju any of the embodiments. the therapeutic agent 
may comprise a therapeutic agent such as a toxin or other 
agent including a non-toxin which is config11red to inhibit 
mucus secretions. The toxin may be bon1linum toxin. 

[0023] In another aspect of the present invention, a system 
for delivering a therapeutic agent to nasophiuyngeal mucosa 
tissue comprises an outer syringe barrel having an elongate 
flexible sheath extending distally therefrom, and an inner 
syringe barrel. The inner syringe barrel is slidably disposed in 
the outer syringe barrel, and the inner syringe barrel has a 
plunger slidably disposed therein. 1l1e i1mer syringe barrel 
contains the therapeutic agent and has a tissue penetrating 
needle extending distally therefrom. Act1iation oft he plunger 
discharges the therapeutic agent from the tissue penetrating 
needle. The tissue penetrating needle is shielded by the outer 
syringe barrel or the elongate flexible sheath during insertion 
tlu·ough the nasal cavity, and distal advancement of the inner 
syringe barrel relative to tJ1e outer syringe barrel slidaby 
advances the tissue penetrating needle through the elongate 
flexible sheath to expose a distal tip of the tissue penetrating 
needle. The system may further comprise an indicator mecha­
nism for indicating quantity of the therapeutic agent dis­
charged from the tissue penetrating needle. The indicator 
mecha11.ism may provide tactile, auditory, or visual feedback 
to an operator oft he quantity of therapeutic agent discharged. 

3 
Aug. 28, 2014 

[0024] ln yet another aspect of the present invention, a 
patch for delivering a therapeutic agent to nasopharyngeal 
mucosa tissue comprises a substrate, a porous reservoir hold­
iog the therapeutic ageot and coupled to the substrate, and an 
adhesive layer coupled to the substrate. 111e adhesive layer is 
configured to adhere the patch to the mucosa tissue, and the 
therapeutic agent is released from the porous reservoir into 
the mucosa tissue when the patch is adhesively engaged 
therewith. The patch may be flexible and configured to con­
form to the anatomy of the nasal cavity. 
[0025] ln still another aspect of the present invention, a 
system for delivering a therapeutic agent to a nasopharyngeal 
mucosa target comprises a therapeutic agent disposed in a 
reservoir and a spray device fluidly coupled to the reservoir. 
The spray device is config11red to discharge the therapeutic 
agent under pressure. The pressure may be high enough so 
that the therapeutic agent penetrates a mucus blanket dis­
posed over the mucosa tissue. The spray device may be con­
figiired to control droplet size of the therapeutic agent dis­
charged therefrom. 
[0026] Jn another aspect of the present invention. a system 
for delivering a therapeutic agent to a nasopharyngeal mucosa 
target comprises a therapeutic agent disposed in a reservoir, 
and an applicator having a sofi wicking applicator tip. The 
soft wicking applicator tip is fluidly coupled with the reser­
vofr such that the therapeutic agent is wicked from the reser­
voir to the wicking applicator tip without applying pressure 
thereto. The system may further comprise a pressure applica­
tion member. Acn1ation of the pressure application member 
compresses the reservoir and applies a pressure thereto, 
thereby increasing the flow of therapeutic agent therefrom to 
the wicking applicator tip. 1l1e pressure application member 
may comprises a plunger. 
[0027] In still another aspect of the present invention, a 
method for delivering a therapeutic agent to a nasopharyngeal 
mucosa tissue comprises inserting a porous pad i11 a collapsed 
configuration into a nasal cavity. and with the pad of material 
inserted in the nasal cavity, wetting the porous pad with a 
therapeutic agent disposed in a drng reservoir thereby 
expanding the porous pad into an expanded configuration that 
engages the mucosa tissue. ll1e method a lso comprises deliv­
ering the therapeutic agent from tJ1e porous pad to tJ1e mucosa 
tissue. 
[0028] Tue porous pad may be substantially dry during the 
insertion. A sheath may remain disposed over the porous pad 
during the insertion. The sheath constrains the porous pad in 
the collapsed configuration. Wetting the porous pad may 
comprise opening at least one valve fluidly coupled with the 
dnig reservoir to allow the therapeutic agent to flow therefrom 
to the porous pad. Pressure may be applied to the drug reser­
voir thereby pushing the therapeutic agent out oft he reservoir. 
Applying pressure may comprise inflating an expandable 
member against the drug reservoir. The constraining sheath 
may be removed from the porous pad, thereby allowing the 
porous pad to expand into the expanded configuration. The 
method may further comprise reducing or e liminating the 
symptoms associated with rhinitis. 
[0029] In still another aspect of the present invention, a 
method for delivering a therapeutic agent to nasopharyngeal 
mucosa tissue comprises advancing an elongate fleKible 
sheath into a nasal cavity with a tissue penetrating needle 
thereon enclosed within the elongate sheath, and slidably 
advancing the tissue penetrating needle distally relative to the 
elongate flexible sheath. TI1e tissue penetrating needle 
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advances through the elongate flexible sheath so that a tissue 
penetrating tip of the tissue penetrating needle is exposed. 
The method also comprises piercing the nasopharyngeal 
mucosa tissue with the piercing needle, and delivering a 
therapeutic agent from the tissue penetrating needle to the 
nasopharyngeal mucosa tissue. 
10030) The elongate flexible sheath may be coupled to and 
extend distally from an outer syringe barrel. Advancing the 
elongate flexible sbeat11 may comprise moving the outer 
syringe barrel toward the nasal cavity. The tissue penetrating 
needle may be coupled 10 and extend distally from an irn1er 
syringe barrel. Slidably advancing the tissue penetrating 
needle may comprise distally moving the irn1cr syringe barrel 
relative to outer syringe barrel. 
(0031) Piercing may comprise distally advancing the iru1er 
syringe barrel relative to the outer syringe barrel such that the 
inner syringe barrel slides through the outer syringe barrel. 
Delivering the therapeutic agent may comprise discharging 
the tl1erapcu1ic agent from an inner syringe barrel. Delivering 
the thcnipeutic agent may comprise controlling the quantity 
of the therapeutic agent delivered by monitoring a visual, 
tactile. or auditory indicator mechanism. The method may 
further comprise reducing or eliminating the symptoms asso­
ciated with rhinitis. 
[0032) In another aspect of the present invention, a method 
for delivering a thcrapemic agent to nasopharyngcal mucosa 
tissue comprises inserting a patch carrying a therapeutic 
agent into a nasal cavity, and attaching the patch to the 
nasopharyngeal mucosa tissue. TI1e method also comprises 
delivering the therapeutic agent from the patch to the 
nasopharyngeaJ mucosa tissue. 
10033] The patch may be flexible and may be ina collapsed 
configuration during insertion. Adhering the patch may com­
prise expanding the patch from the collapsed configuration 
into an expanded configuration so that the patch may confom1 
to the anatomy of the nasal cavity. At1aching the patch may 
compriseadl1esively bonding the patch to the nasopbaryageal 
mucosa tissue. The patch may comprise a porous reservoir 
holding the therapeutic agent. and delivering the therapeutic 
agent may comprise discharging the therapeutic agent from 
the porous reservoir to an outer surface of the patch. 11,e 
method may comprise reducing or eliminating symptoms 
associated with rhinitis. 
I 0034) In another aspect of the present invention, a method 
for delivering a therapeutic agent to nasopbaryngeal mucosa 
tissue comprises providing a spray device having a reservoir 
that holds a therapeutic agent, pressurizing the reservoir, and 
spraying the tl1erapeutic agent onto the nasopharyngeal 
mucosa tissue. Pressurizing may comprise pressurizing the 
reservoir to a pressure sufficient enough such that when 
sprayed. the therapeutic agent penetrates a mucus blanket 
disposed over the mucosa tissue. The method may further 
comprise controlling droplet size of the sprayed therapeutic 
agent. The method may further comprise reducing or elimi­
nating symptoms associated with rhinitis. 
10035) In yet another aspect of the present invention. a 
method for delivering a t11erapeutic agent to nasopharyngeal 
mucosa tissue comprises providing an applicator having a 
reservoir that holds a therapeutic agent, and advancing a soft 
wicking tip disposed on a distal portion of the applicator into 
a nasal cavity. TI1e method also includes painting the 
nasopharyngeal mucosa tissue with the soft wicking tip 
wherein the therapeutic agent is wicked from the reservoir to 
the soft wicking tip thereby applying a layer of the therapeutic 
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agent to tbe nasopharyngeal mucosa tissue. The method may 
farther comprise applying pressure to the reservoir thereby 
increasing flow of the therapeutic agent from the reservoir to 
the soft wicking tip and onto the nasopharyngeal mucosa 
tissue. The method may reduce or eliminate symptoms asso­
ciated with rhinitis. 
10036) In another aspect of the present invention, a system 
for delivering a therapeutic agent to nasopharyngeal mucosa 
tissue comprises an elongate shaft having a proximal end and 
a distal end, an iru1er expandable member and an outer 
expandable member. The inuer expandable member is dis­
posed near t11c distal end and has a contracted configuration 
sized for introduction into the nasal cavity and an expanded 
volume configuration adapted to engage and conform to the 
mucosa tissue ina uasal cavity. The outer expandable member 
is disposed over the inner expandable member and has a 
contracted configuration sized for introduction into the nasal 
cavity and an expanded volume configuration adapted to fill 
the nasal cavity. The system also has a therapeutic ageu1 
carried by the outer expandable member and that is adapted to 
inhibit mucus secretions. 
[0037] The inner expandable member may comprise a bal­
loon. The outer expandable member may also comprise a 
balloon or a sponge. The inner or outer expandable member 
may comprise a plurality of pores that are configured 10 allow 
the therapeutic agent to pass theret11rough. The therapeutic 
agent may comprise a toxin such as botulinum toxin. 
10038) In yet another aspect of the present invention, a 
method for delivering a therapeutic agent to nasopharyngeal 
mucosa tissue comprises providing a delivery system having 
a first expandable member and a second expandable member 
disposed thereover. The first and second expandable mem­
bers each have a collapsed configuration and an expanded 
configuration. TI1e first expandable member is inserted in the 
collapsed con.figuration into a nasal cavity and the expanded 
from the collapsed configuration to the expanded configura­
tion thereby filling up the nasal cavity. The second expand­
able member is expanded from the collapsed configuration to 
the expanded configuration so as to engage the mucosa tissue 
in the nasal cavity. The therapeutic agent is then delivered 
from the expandable member 10 the mucosa tissue. 
10039] Expanding the first or second expandable member 
may comprise inflating a balloon. Expanding the second 
expandable member may comprise expanding a sponge. The 
expanded configuration of the first expandable member may 
have a larger volume than the expanded configuration of the 
second expandable member. Delivering the therapeutic agent 
may comprise delivering a toxin such as botulinum toxin. 
10040] These aud other embodiments are described in fur­
tberdetail in the following description related to the appended 
drawing figures. 

BRIEF DESCRIPTION OF THE DRAWJNGS 

10041) FIG. 1 illustrates basic anatomy of the nasal cavity. 
[0042) FIGS. 2A-2B illustrate an exemplary delivery 
device having a covered porous reservoir. 
10043] FIGS. 3A-3E illustrate other exemplary delivery 
devices of a covered porous reservoir with cover configura­
tions. 
[0044) FIG. 4 illustrates still another exemplary embodi­
ment of a delivery device with a porous reservoir and an 
alternative cover con.figuration. 
10045) FIGS. SA-SF illustrate use of a single sheet of mate­
rial to form a portion of a drug delivery device. 
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(0046) FIG. 6 illustrates an alternative embodiment of a 
foam contact element. 
100471 FIGS. 7A-7B illustrate an exemplary method of 
delivering a therapeutic agent 10 a nasal cavity. 
(0048] FIGS. 8A-88 illustrate another exemplary metbod 
of delivering a therapeutic agent to a nasal cavity. 
10049] FIGS. 9A-9B illustrate still another exemplary 
method of delivering a therapeutic agent to a nasal cavity. 
[0050) FJG. 10 illustrates all exemplary embodimeJl t of a 
device for delivering a therapeutic agent to a nasal cavity. 
10051) FIG. 11 illustrates an exemplary embodiment of a 
pressurized drug reservoir. 
(0052) FIGS. 12A-128 illustrate an exemplary method of 
delivering a therapeutic agent co the nasal cavity. 
(0053) FIGS.13A-13Ci1Justratea porous balloon for deliv­
ery of a therapeutic agent to the nasal cavity. 
(0054) FIG. 13D illustrates another balloon embodiment 
for delivery of a therapeutic agent. 
100551 FIGS. 14A-14C illustrate an embodiment of a deliv­
ery device having a tissue penetrating needle. 
(0056) FIGS. 15A-158 illustrate use of the device in FIGS. 
14A-14C to deliver a therapeutic agent to the nasal cavity. 
(0057] FIGS. J6A-16C illustrate use of a nasal patch to 
deliver a therapeutic agent to the nasal cavity. 
[0058) FIG. 17 illustrates a paint on device for delivering a 
therapeutic agent. 
10059) FIG. 18 iJlustrates cilia] transport of a therapeutic 
agent. 

DETAILED DESCRIPTION OF THE INVENTION 

10060) The present invention is preferably directed to meth­
ods and systems for delivering one or more therapeutic agents 
including toxins ornon-toxins to target cells with.in a patient's 
nasal cavity. The toxins may be intact toxins, such as botuli­
num toxin. ricin, exotoxin A, diphtheria toxin, cholera toxin, 
tetanus toxin, other neurotoxins, and active fragments 
thereof. Each of these toxins comprises a heavy chain respon­
sible for cell binding and a light chain having enzyme activity 
responsible for cell toxicity. 
(0061] Bon11inum toxin blocks acetylcholine release from 
cells, such as the epithelial or goblet cells in the nasal mem­
branes responsible for mucus hypersecretion, ru1d can thus be 
effective in accordance with the principles of the present 
invention. The use of energy to pem1eablize o r porate the cell 
membranes of the epithelial or goblet cells or other mucus­
secreting cells of the nasal lining, may facilitate botulinum 
and other toxins to be preferentially delivered to the targeted 
epithelial or goblet and other mucus-producing cells. Addi­
tionally, energy-mediation a llows use of the active or light 
chains of these toxins (having the heavy chains removed or 
inactivated) for treatments. Nom1ally, the light chains when 
separated from the cell-binding heavy chains of bon1linum 
and the other toxins are incapable of entering the cells and 
thus will be free from significant cell toxicity. By using 
energy-mediated protocols the toxin light chains may be 
locally and specifically introduced into the target cells located 
within defined regions of the nasal membrane. Thus, even if 
the toxin fragments are accidentally dispersed beyond the 
desired rarget regions. the fragments will not generally enter 
cells without the additional application of cell permeablizing 
or porating energy. For that reason, toxin delivery methods 
are particularly safe when perfonned with toxin fragments. 
such as the light chain ofbot11linum and other toxins. 
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10062] While the remaining portion of this disclosure will 
be presented with specific reference to the bontlinum toxin, 
one of skill in the art will appreciate that other toxins may also 
be used. including the active fragment of the toxin in combi­
nation with energy-mediated delivery protocols such as those 
disclosed in U.S. Patent Applications previously incorporated 
by reference above. 
(0063] FIG. 1 illustrates lhe basic anatomy of the nasal 
cavity. The entrance to the nasal cavity is via the external 
naris. The anterior-most portion of the nasal cavity is referred 
to as the nasal vestibule and is enclosed by cartilage and lined 
by epithelium. Small hairs in the vestibule help fi lter dust and 
other contaminants in the air that is breathed in. Long, narrow, 
and curled bone shelves line a portion of the nasal cavity. 
These bones are referred to as nasal coucha or turbinates. An 
upper or superior turbinate, a middle nubinate, ru1d an inferior 
turbinate divide the nasal airway into four channel-like air 
passages which direct inha.Ied air 10 flow in a steady, regular 
patlem around the largest possible surface of cilia and climate 
controlling tissue. Various sinus cavities are also disposed 
within the bones of the face and sk1.1ll adjacent the nasal 
cavity. These sinuses, such as the frontal sinus and the sphe­
noid sinus are mucosa lined airspaces that produce mucus. 
The nasal cavity communicates with the throat via the 
nasopharyox. 

Foam Covered Reservoir Embodiments 

(0064] FIGS. 2A-213 illustrate ru1 exemplary embodiment 
of a delivery device having a porous reservoir with a soft 
covered tip. lbe delivery device 22 includes an elongate 
catheter shaft 24 having a lumen 25 therethrough. "The proxi­
mal end of the delivery device 22 includes a srandard connec­
tor 26 such as a Luer connector for fluidly coupling the 
delivery device 22 with a source of the toxin, or other thera­
peutic agem to be delivered therefrom. ln preferred embodi­
ments, the co1mector 26 also bas a one-way valve to prevent 
the therapeutic agent, here a toxin such as bon11inum toxin 
from leaking out of tbe proximal end of the shaft 24. The 
distal portion of the delivery device 22 includes a soft covered 
portion, here a resilient foam contact element 30 that is dis­
posed around the shaft 24. A wire support 28 extends through 
the lumen 25 of elongate shaft 24 ru1d provides stiffness to the 
shaft to facilitate advancement into the nasal cavity. and pre­
vent kinking or unwanted bending. Other support members 
including wires, plastic members, nitinol compooents, 
sutures, foam elements, etc. may also be coupled to various 
portion of the delivery system in order to help provide sup­
port'. 
[0065) FIG. 28 is a cross-section of the resilient foam con­
tact element 30. The elongace shaft 24 extends tmder the foam 
contact element 30, and support wire 28 preferably extends 
through lumen 25 of the eloogate shaft 24 under foam contact 
element 30. One or more pores 38 extend laterally through the 
sidewall of shaft 24 so that they are in fluid communication 
with lumen 25 which serves as a reservoir 34 for the toxin or 
therapeutic agent to be delivered. The reservoir 34 may also 
be a presstue filled bladder. The reservoir 34 may extend only 
under the foam contact element 30. or it may extend proxi­
mally beyond the foam contact element 30 into shaft 24. 
Foam contact element 30 may be a hydrophilic material to 
help bold and distribute the therapeutic agent. The foam con­
tact element 32 also may include channels 36, perforations. or 
slits which help d irect the therapeutic agent to flow 40 from 
the lumen 25 which acts as reservoir 34, through the pores 38 
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in the shaft sidewall, through the foam contact element 30 to 
a surface of the foam contact element for delivery to the target 
tissue which in this embodiment is preferably nasopharyn­
geal mucosa tissue. Thus, in 1l1is embodiment, a syringe or 
othe r device may be coupled to the connector 26 and the 
lumen may be filled with a therapeutic agent. Thus the lumen 
25 acts as a reservoir for the therapeutic agent. The therapeu­
tic agent will be absorbed by the foam contact element for 
delivery to the tissue. Additional actuation of the syringe may 
be used to pressurize the therapeutic agent within the reser­
voir to help it flow outward into the foam contact element. 
Thus, tl1e foam contact element acts as an absorbent and 
porous pad. Additionally, the foam contact element. which 
may be made from any number of polymeric foam materials 
or woven or non woven materials iucludingfabrics or synthet­
ics, is preferably resilient so that it may have a collapsed low 
profile configuration suitable for delivery through the con­
ffoed space of the nostrils and uasal cavity, and also have au 
expanded larger profile for maximum tissue coutact. ·n1e 
foam contact element may be constrained in the low profile 
collapsed configuration with a sheath, cannula, or other con­
straining element (not illustrated), and it may expand once the 
sheath or constraining element is removed. In preferred 
embodiments. tl1e foam contact element in the collapsed con­
figuration has a cross-section less than or equal to a 6 nu11 
diameter cylindrical shaft. Additionally, weniug of the foam 
contact e lement with the therapeutic agent may further facil i­
tate expansion iliereof. 
[00661 The embodiment ofFIGS. 2A-2B has a cylindrical 
shaped body with a tapered nosecone. Any number of other 
geometries for t he foam contact element are a lso possible. For 
example, FIGS. 3A-3E illustrate other exemplary embodi­
ments of foam contact elements that can be used as a porous 
pad co deliver a 1herapeutic agent to the target tissue. Other 
aspects of the delivery device may generally take Ille same 
form as device 22 previously described above. 
(0067) FIG. 3A illustrates a del ivery device having an elon­
gate shaft 24 with a foam contact element 30a adj acent a 
distal portion of the elongate shaft 24. The foam contact 
e lement 30a has a plurality of wings 42 extending therefrom. 
The wings 42 may be sized and shaped in order to acconuno­
date various sizes and anatomies in lhe nasal cavity. The 
wings 42 may be fabrica ted from any of the materials previ­
ously discussed with reference to device 22 in FIGS. 2A-2B. 
A porous reservoir 34a similar to reservoir 34 in FlG. 2B may 
extend under each wing 42 in order to ensure even distribution 
of therapeutic agent to each wing 42. The wings 42 may also 
be collapsed for deliveiy, and expanded into engagement with 
targel tissue. 
(0068) FIG. 3B illustrates another exemplary embodiment 
ofa delivery device that generally takes the same fonu as the 
device in FIG. 3A, with the major difference being that the 
foam contact element 30b on a distal portion of the elongate 
shaft 24 has a plurality of fingers 34b which extend distally 
from elongate shaft 24. Jn this embodiment, three fingers 34b 
form a pattern similar to a bird footprint. One of skill in the art 
will appreciate that the length. thickness, and number of 
fingers may be adjusted to fit the nasal cavity being treated. A 
porous reservoir 34b similar to the reservoirs previously 
described may be disposed in each finger 34b of tl1e foam 
contact element 30b. 
(00691 FIG. JC illustrates yet another exemplary embodi­
ment of a delivery device that generally take the same fonn as 
previous del ivery devices discussed above, with the major 
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difference being that the foam contact element 30c includes a 
looped element 46 extending distally from the elongate shaft 
24. A porous reservoir 34c similar to those described above 
extends through the loop 46 so that the therapeutic agent is 
evenly distributed along the loop. The loop 46 may be 
retracted into the shaft 24 for delivery, or a constraining 
sheath (not shown) may be passed over the loop to compress 
it into the collapsed configuration for delivery into the nasal 
cavity. Upon reaching a desired target treatment site, the 
sheath may be retracted. or Ille loop 46 may be advanced from 
the shaft 24 so that the loop is unconstrained and expands into 
its folly expanded configurat ion 10 engage the tissue. The loop 
46 may be a foam, a foam-wrapped structural element, or any 
of the o ther materials previously described above witl1 refer­
ence to device 22 in FIGS. 2A-2B. 

(0070) FJG. 3D illustrates an exemplary embodiment of a 
delivery device having valves. Other features of the device 
generally take t11e same form as the previous delivery devices 
described above. Elongate shaft 24 extends under the foam 
contact element 30d. A lumen 25d extends through shaft 24, 
and a plurality of ports 38d pass through a sidewall of the shaH 
24 such that they are fluidly coupled to lumen 25d which 
when filled with a therapeutic agent such ,is botulinum toxin 
serves as a drug reservoir 34d. Valves 48 cover each port 38d 
and they are resiliently biased to close and rest against ports 
38d tl1creby fluidly closing the ports 38d. However, when the 
reservoir is pressurized with a therapeutic agent, the valves 48 
open up allowing the therapeutic agent to flow 50 and be 
discharged from the reservoir into the foam contact element 
30d. 
[0071) In still another exemplary embodiment, the foam 
contact element 30e may comprise a plurality of axially 
spaced apart bumps 52 which form fins a long the elongate 
shafl 24. In this embodiment, four rows of fins are evenly 
spaced ninety degrees apart around Ille circumference of shaft 
24. Each row is axially staggered relative to an adjacent row. 
The number of fins. number of rows, axial offset, circumfer­
ential offset, as well as other aspects of the fin arrangement 
may be varied according to the anatomy or other relative 
design criteria. Other aspects of the delivery device in FIG. 3E 
generally take the same form as those previously described 
above. 
(0072) FIG. 4 illustrates anot11er exemplary embodiment of 
a delivery device used to deliver a therapeutic agent such as a 
toxin like bonilimun toxin to tissue. The delivery device 
includes an elongate central shaft 62 and having a lumen 70 
extending therethrough. A plurality of fingers 64 extend radi­
ally outward from shaft 62. Each finger has a central channel 
that is fluidly coupled with lumen 70, and each finger 64 has 
one or more ports 68 through a sidewall that allow fluid to 
egress from the finger into a foam contact element 66. Thus, 
a therapeutic agent such as bo111linw11 toxin may be intro­
duced into lumen 70 and the lumen acts as a drug reservoir. 
The drug may then be discharged from lumen 70, into the 
fingers and out ports 68 until the therapeutic agent wets foam 
contact element 66. The fingers 64 preferably extend perpen­
dicularly from shaft 62, however. the fingers may extend at 
any desired angle. In this embodiment, four rows of fingers 
are distributed around tbecircumferenceofsbafl 62, each row 
spaced ninety degrees apart from one another. Additionally, 
adjacent rows are axially offset from one another, or stag­
gered. The distal end of shaft 62 may also include a finger 
with ports 68 and foam contact e lement 66. Thus. the delivery 
device in FIG. 4 may appear to be similar to the pattern used 
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for bottle brnshes. One of skill in the art will appreciate that 
the number of rows of fingers, axial spacing between adjacent 
rows, as well as circumferential spacing of rows of fingers, 
and other aspects of geometry may be modified depending on 
usage. 
[0073) FIGS. SA-SF illustrate how a single sheet of lami­
nated material may be used to fom1 a drng reservoir aud foam 
coutact element ofa delivery device similar to those described 
above. In FIG. SA. a single sheet of material. comprising a 
laminate of a support stn1cture 82 such as a wire frame or 
other substrate material laminated to au inner liner 88a having 
a plurality of ports 88 extending through the liner wall, aud a 
foam material or other porous pad 86 laminated to the liner. 
The laminated sheet of material may then be formed into 
various configurations to fom1 the drng reservoir portion and 
tissue engaging portion of a drng delivery device. For 
example, in FIG. SA, the laminated sheet of material may be 
folded over itself with the edges sealed to fonn a llllllen 84 
which holds the therapeutic agent and thus functions as a drug 
reservoir 89. The proximal end of the folded laminated sheet 
may then be coupled to an elongated shaft similar to those 
discussed above. Thus, in FIG. SA, the drug is introduced via 
a lumen in an elongated shaft into lumen 84 where it is stored 
in reservoir 89. The device may be advanced through a nostril 
into the nasal cavity, and the drng flows 90 through ports 88 
into foam contact element 86. The drug wets the foam contact 
e lement 86, and then the drug is delivered to the nasopharyn­
geal mucosa tissue. 
10074] FIG. SR illustrates another exemplary embodiment 
where the laminated sheet 94 similar to that i11 FIG. SA is 
rolled up on itself like a cinnamon roll and coupled to an 
elongate shaft 92 to fonn the drng delivery device. FIG. SC 
illustrates tbe laminated sheet 96 in a flat unrolled configura­
tion. It may include structural support features 98 such as ribs, 
support wires, or other structural clements that help it to fonn 
cylindrical rolls such as in FIG. SD. FIG. SE illustrates 
another possible co11figuratiou that may be formed by rolliug 
the laminated sheet 96. It includes lower profile proximal and 
distal ends 106 which may be attached to an elongate shaft 
(not illustrated), as well as proximal and distal enlarged pro­
file collars and a smaller middle profile region 110. Thus 
different portions of the length of the device can expand to 
different diameters based on the surrounding anatomy. This 
configuration may be useful for accommodating and treating 
various anatomical areas of the nasal cavity. 
[0075] FIG. SF illustrates still another exemplary embodi­
ment of how the laminated sheet may be formed into a drug 
delivery device. An elongate shaft or pt1sh wire 110 may be 
used to wrap the laminated sheet 112 arorn1d the shaft to fom1 
a helix or corkscrew pattern. Rotation and/or linear advance­
ment of the push wire relative to the laminated sheet 112 may 
expand or contract the helix, thereby increasing or decreasing 
its profile. Tilis may be advantageous since it allows the 
device to be delivered into the nasal cavity in a low profile 
configuration, and then it may be easily expanded to engage 
the nasopbaryngcal mucosa !'issue. 
(0076] FIG. 6 illustrates an alternative embodiment of a 
foam contact element or porous pad material that may be used 
with any oft he foam contact element embodiments described 
herein. The foam contact element 212 may be coupled to an 
elongate shaft as previously described above, or it may be 
coupled to orher delivery instrnments, or used alone. The 
foam contact element 212 inclt1des an outer foan1 layer 202 
that surrounds the porous reservoir 208 having a central 
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lumen 214 for holding a therapeutic agent, and pores 216 that 
allow the therapeutic agent to be released therefrom. A layer 
of hydrophobic foam 206 is disposed between the outer foam 
layer 202 and the porot1s reservoir 208. Channels 204 are 
dispose-xi in the hydrophobic foam layer 206 ru1d they help 
direct the tberapeutic agent to the outer foam layer 202. This 
configuration provides a large outer surface area for contact 
with tissue for delivering the therapeutic agent, while mini­
nlizing the volume of therapeutic agent that is absorbed into 
the foam due to the hydrophobic layer. 

[0077) FIGS. 7A-7B illustrate an exemplary method of 
delivering a thcrdpeutic agent to the nasal cavity with a foam 
contact element. ·n1e delivery device 230 includes an elon­
gate shaft 240 having a foam contact e lement 234 sinlilar to 
those described above, adjacent a distal portion of the elon­
gate shaft 240. Disposed under tbe foam contact element 240 
lies a porous reservoir 236 similar to those previously 
described above. A colll1ector 238 coupled to the proxinial 
end of the elongate shaft 240 allows a syringe or other device 
to be fluidly coupled to the elongate shaft and the porous 
reservoir. An optional sheath 232 may be slidably disposed 
over the foam contact element 234 to constrain the foam 
contact element into a collapsed configuration that facilitates 
insertion into the nasal cavity via a nostril. In FIG. 7B, the 
delivery device 230 has been advanced into the nasal cavity 
via a nostril, and sheath 232 has been proximally retracted, 
thereby allowing the foam contact element to expand into 
engagement with nasopharyngeal mucosa tissue. The shape 
of the foam contact element may be varied as discussed above 
in order to engage specific regions of the oasal cavity. Pos­
sible targets include any of the n1rbinates as well as the nasal 
septum, uncinate process, inferior, superior, and lateral 
extents of the nasopharynx. The therapeutic agent, such as 
botulinum toxin may then be released from the reservoir 236 
into the foam contact element 234 and del ivered to the tissue. 
The reservoir may be pre-filled, or a syringe or other device 
may also be coupled to co1mector 238 to deliver the therapeu­
tic agent to the reservoir and/or to pressurize the reservoir to 
facilitate its delivery. Wetting of the foam contact element 
may further result in expansion of the foam contact element 
so that it contacts an even larger surface area. 111e size of the 
foam contact clement may be selected depending on the size 
of the nasal cavity, or the size of the target area to treat. Ju 
alternative embodiments, multiple delivery devices may be 
used to treat a larger area. 

[0078) The delivery device in FIGS. 7A-7B may be used to 
treat symptoms associated with rhinitis. A toxin may be used 
such as bon1linum toxin that reduces or inhibits mucus pro­
duction. In au exemplary embodiment, 50 U of botulinum 
toxin A may be hydrated wi th saline per manufacrurer's rec­
ommendations to a concentration of25 UhuJ. Each side of the 
nose may then be treated with 1 ml of the therapeutic agent, 
resulting in delivery of 25 U to the tissue. Dosage may vary, 
and can beas little as JOU oras large as 200U. Concentration 
can vary and may be as great as 100 U/ml. In preferred 
embodiments the delivery device is configured to deliver the 
full dosage of the therapeutic agent to the tissue within 30 
minutes, however depending on concentration of the sub­
stance, it may be preferable to deliver more slowly (e.g. over 
60 minutes), or more rapidly (e.g. in one to two minutes). 
Delivery may also occur over a time period somewhere in 
between these slower and faster time periods. Also, in this as 
well as other embodiments, the therapeutic agent may be 
chemically modified to help with absorption through the skin, 
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such as by forming salts of the dn1g having increased solu­
bility, or by fonning esters of the dmg that help increase 
permeability of the mucus membranes. The use of surfactants 
may also help modify mucosa pem1eabil ity. Drngs may also 
be modified to l1ave increased hydrogen bonding thereby 
allowing increased mucoadhesiveness to prevent the thera­
peutic agent from migrating to undesirable areas. Other modi­
fications to the therapeutic agent include the use ofbioadhe­
sive polymers such as polyacrylic acid to form a gel-like layer 
that enhances contact behveen the drng and the tissue, result­
ing in increased residence time of the agent. Microspheres, 
nanoparricles, and liposomes may also be used to help with 
mucoadhesiveness. 

(0079] FIGS. 8A-8B illustrate another exemplary embodi­
ment of delivering a therapeutic agent to the nasal cavity. The 
delivery device includes a plurality of flexible shafts 254, 
each having a foam contact element 256 disposed on a distal 
portion of the flexible shaft 254. A porous reservoir (not 
illustrated) similar to those previously described is disposed 
under the foam contact element. An outer sheath 252 is slid­
ably d isposed over the plurality of shafts 254, and the sheath 
252 may partially cover the shafts 254 or entirely cover the 
shafts 254 and foam contact elements 256. Thus sheath 252 
helps constrain the shafts 254 into a lower profile for ease of 
insertion into the nasal cavity. In FIG. 8B, the delivery device 
has been advanced into the nasal cavity via a nostril. The 
sheath 252 has been retracted relative to the plurality of flex­
ible shafts 254 allowing the foam contact elemenrs 256 to fan 
out and contact a la[l!;er area of tissue. The therapeutic agent 
may then be discharged from the porous reservoir into to the 
foam and to the tissue, as described previously. Use of mul­
tiple flexible shafts and contact elements allow the device to 
reach smaller, harder to reach areas within the nasal cavity, as 
well as to more easily navigate around obstmctions or 
through narrow gaps. A delivery device may be used in each 
side of the nose, andmultiple delivery devices may be used on 
a single side. 

[0080] FIGS. 9A-9B illustrate still another exemplary 
embodiment of a mer hod for delivering a therapeutic agent to 
the nasal cavity. A porous reservoir (not illustrated, but simi­
lar to that previously described above) may include a small 
diameter flexible rnbe covered with foam or another exp~md­
able and absorbable pad of material. Pores in the reservoir 
a llow a therapeutic agent ro be released therefrom into the 
foam cover for delivery 10 the tissue. The foam covered flex­
ible tube 280 may be loaded into a syringe 276 for advance­
ment through a nostril into the nasal cavity as seen in FIG. 9A. 
Once the syringe is advanced into the nasal cavity, the syringe 
plunger may be actuated and the foam covered flexible tube 
280 is pushed out of the syringe into the nasal cavity as seen 
in FIG. 9B. Once unconstrained by the syringe. the foam 
expands to fill the nasal cavity. A string 278 is coupled to the 
foam covered flexible tube, and a free end of the string 278 
remains outside of the nostril. The free end of the string may 
be pulled in order to remove the foam covered flexible tube. 
Multiple foam covered n1bes may be inserted into the nasal 
cavity in order to deliver the therapeutic agent to a larger 
surface area. 

(0081) Additional Delivery Device Embodiments 

(0082) In addition to the embodiments previously 
described, other exemplary embodiments are possible. For 
example, the dn1g delivery device may include looped ele­
ments for delivering the therapeutic agent, a pressurized dmg 
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reservoir, porous balloons, retractable needles, patches. and 
paint brnsh-like embodiments. 
(0083) FIG. IO illustrates a delivery device having a plural­
ity of looped distal elements 302 coupled to shaft 304. A 
connector 306 sucb as a Luer co1rnector allows a syringe or 
other device to be fluidly coupled to the device to pre-fill the 
device with the therapeutic agent, or to fill and deliver the 
drng during use. A lumen in each loop forms a drug reservoir 
similar to those previously described above. Each loop may 
have a foam contact element disposed thereover, or as illus­
trated, the loops may be foamless. Each loop has a plurality of 
pores (no t illustrated) to allow the therapeutic agent to be 
released therefrom. An optional stiffening member (not illus­
trated) such as a wire may be disposed in each loop in order to 
help maintain shape and patency of the loop. lu alternative 
embodiments. the dmg reservoir may include au inflatable 
inner chamber that can help push the outer surface of the 
loops against the target tissue, and that will help push the 
therapeutic agent out of the reservoir. FlG. 11 shows a cross­
section of a porous drug reservoir 310 with an inflatable inner 
chamber 312 for faciJitating release of the therapei1tic agent 
314 through the pores oft he reservoir. In addition to loops, the 
delivery device may have a single porous balloon, an array of 
balloon fingers, or corkscrew-like elements for delivering 
drug to the target tissue. 
[0084] FIGS. 12A-12B illustrate an exemplary method of 
advancing a drug delivery device having looped elements into 
the nasal cavity. TI1e dn1g delivery device in FIGS. 12A-12B 
only has a single looped element, but one of skill in the art will 
appreciate that it may also have multiple looped elements, 
similar to the embodiment in FIG. 10. The loop element 344 
having the porous drug reservoir is retracted into and con­
strained by sheath 342 for minimum profile that can be 
advanced into the nasal cavity via a nostril. Once the device 
has been introduced into the nasal cavity, t:he sheath may be 
retracted (or the loop may be advanced) so that the loop 
becomes unconstrained and it expands into its full shape as 
seen in FIG. 12B. TI1e therapeutic agent may then be deliv­
ered from the loop into the target tissue. Once the dn1g has 
been delivered, the loop may be resheathed. and the device 
removed from the patient's nose. 
(0085] FIGS. l3A-13C illustrate use of a porous balloon to 
deliver a therapeutic agent to the nasal cavity. A catheter 372 
includes an elongate flexible shaft 374 having a porous bal­
loon 376 disposed at the distal end of the shaft 374. The 
balloon 376 includes a plurality of micropores 382 in the 
balloon wall which allow a therapeutic agent to be delivered 
therefrom when the balloon is pressurized. An optional foam 
contact clement (not illustrated) similar to those previously 
disclosed above may be disposed over the porous balloon 
376. A collJlector 378, such as a Luer connector is coupled to 
a proximal end of the elongate shaft 374 in order to allow a 
syringe or other component to be fluidly coupled to the cath­
eter 372. In FIG. 13B, thecatheter372 is advanced toward the 
patient's nasal cavity, and the distal tip is inserted into the 
nostril. An optional valve member 380 may be coupled to 
connector378 to prevent backflow of the therapeutic agent. In 
FIG. 13C. the balloon 376 is advanced into a desired portion 
of the nasal cavity, and a syringe or other reservoir device (not 
illustrated) is coupled to valve 380, and the therapeutic agent 
is then transferred from the syringe or reservoir to the porous 
balloon 376. As the balloon inflates, the therapeutic agent 
passes through the micropores 382 in the balloon wall, and 
the therapeutic agent is then delivered to the desired target 
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tissue. In one embodiment, the volume of the balloon is abou1 
0.3 ml, and it is filled multiple times during placement and use 
in order to deliver I ml of drng solution (such as a toxin like 
botulinum toxin) to one s ide, or both sides of the nose. Place­
ment of the balloon may be adjusted between fills so that the 
drng is delivered to different areas of the anatomy. Also, in 
some embodiments, multiple balloons may be inserted into 
the nasal cavity for simultaneous delivery of a larger quantity 
of drng to a larger surface area. A final ftlli11g of the balloon 
with water or a saline solution may be used to flush the 
remaining drug solution out of the balloon, and the device 
may be removed from the patient's nose. 

[0086) In an alternative embodiment as seen in FIG. 13D, 
the delivery system 382 includes an elongate shail 384 having 
inner balloon 386 and au outer balloon 388 or outer spongy 
layer 388 disposed near the distal portion of the elongate shaft 
384. The outer balloon 388 may be disposed over the inner 
balloon 386 or the spongy outer layer 388 may be disposed on 
top of the inner balloon 386. In this embodiment, the inner 
balloon 386 does not act as the drug reservoir and is not 
inflated for the purpose of pushing drug out of the outer 
balloon or spongy layer. Instead. the space 387 of the inner 
balloon 386 is inflated with a fluid such as a gas (e.g. air or 
nitrogen) or saline in order to reduce the remaining volume of 
the nasal cavity. Thus, the small remaining volume of the 
nasal cavity can easily be filled with the inflated outer balloon 
or spongy layer 388. Therefore the expanded volume of the 
inner balloon is preferably greater than the expanded volume 
of !he outer halloon or spongy layer. Recause the volume of 
the nasal cavity has been reduced, the 1herapeutic agenr may 
be delivered in a higher concentration and lower volume and 
it will be more precisely delivered to a smaller volume. Using 
a higher concentration achieves a better therapeutic effect 
with a smaller and less dangerous amount of the drug 
required. TI1e therapeutic agent may be a toxin such as those 
described in this specification or it may be other drugs includ­
ing non-toxins. TI1e therapeutic agent may be delivered via a 
lumen in shaft 384 to the space 389 between the ill.Iler and 
outer balloons and the outer balloon may be porous to allow 
the drug to be delivered to the tissue, or the drng may be 
delivered via a lumen in the shaft 384 to exit ports (not 
illustrated) on tl1e shaft 384. In otl1er embodiments, the drug 
may be held in the spongy layer 388 and delivered to the tissue 
upon contact thereagainst. 

(0087] FIGS. J4A-14C illustrate an exemplary embodi­
ment of a drng delivery device having a tissue penetrating 
needle that may be used to deliver a therapeutic agent to nasal 
cavity. The delivery device includes an outer syringe barrel 
404 and an i1mer syringe barrel 408. In preferred embodi­
ments, tl1e i1mer syringe barrel is a 3 ml syringe holding a l ml 
volume of therapeutic agent, and tl1e outer syringe barrel is a 
5 ml syringe, although this is not intended to be limiting. An 
elongate flexible sleeve 402 is coupled to tl1e distal end of the 
outer syringe barrel 404, and a tissue penetrating needle 406 
is coupled to the distal end of the inner syringe barrel 408. The 
inne r syringe barrel 408 is slidably disposed in the outer 
syringe barrel 404. The irmer syringe barrel serves as a drug 
reservoir 412 for holding a therapeutic agent. Actuation of 
plunger 410 by distal advancement forces the therapeutic 
agent out of the reservoir 412 and through needle 406. In 
preferred embodiments, the inner syringe barrel 408 is dis­
posed in a retracted position relative to the outer syringe 
barrel 404 such that needle 406 remains in outer syringe 
barrel 404, unexposed, as illustrated in FIG. 14A. Dista l 
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advancement of the illller syringe barrel relative to the outer 
syringe barrel advances the needle distally through sleeve 402 
until the distal tissue piercing tip of the needle 406 is exposed, 
as seen in FIG. 148 . An optional spring 414 may be disposed 
between a distal end of the inner syringe barrel and a distal 
portion of tl1e outer syringe barrel. This spring 414 is biased 
to retract the inner syringe barrel away from the outer syringe 
barrel. thus the tissue piercing needle will be biased to remain 
unexposed in the outer syringe barrel. Once the needle is 
exposed. the plunger 410 may be dista lly advanced to force 
the therapeutic agent ou1 of the reservoir 412 and out the 
needle 406 into tl1e target tissue. 
(0088] "Ole device in FIGS. 14A-14C may be used to inject 
a therapeutic agent such as a toxin like botulinum toxin into 
specific regions of tissue such as the tmbinates. One injection, 
or multiple injections may be used. Also, because the needle 
is covered during illitial delivery, this may help reduce patient 
anxiety associated with seeing a needle. Also, the sleeve is 
flexible. and therefore can navigate the nasal anatomy easier 
than a more rigid needle. And once the device has been 
positioned in a desired area oftbe nasal cavity. the sleeve wil l 
act as a guide to help the needle smoothly advance through the 
anatomy to the target. This may help reduce patient discom­
fort and also reduce trauma to the tissue. Also, the amount of 
needle that is exposed from the sleeve may be controlled or 
fixed. thereby controlling the penetration depth which helps 
to prevent overly deep delivery of the therapeutic agent. ln 
some embodiments, an indicator mechanism such as tactile, 
visual. or auditory mechanisms allow the operator to know 
when the needle is exposed and bow far it is exposed, and how 
much drug is delivered. An anesthetic such as Lidocaine may 
also be used to help alleviate patienr discomfort. The 
Lidocaine may be injected separately, or it may be mixed with 
some compatible therapeutic agents and injected simulta­
neously. 

(0089) FIGS. lSA-158 illustrate exemplary usage of the 
device in FIGS. 14A-14C. The sleeve 402 is advanced 
through a nostril into the nasal cavity as seen in FIG. ISA. 
Advancement oftl1e sleeve is perfonned while the needle is 
retracted into the outer syringe barrel 404. Once the sleeve bas 
been delivered to the target treatment site, the needle 406 is 
advanced distally so that it is exposed from the sleeve 402 as 
illustrated in FIG. 158. The needle may then be advanced into 
the tissue and the therapeutic agent delivered therefrom. 

[0090) FIGS.16A-16C illustrate the use of a patch to deliv­
ery a therapeutic agent roa nasal cavity. The patch422 may be 
similar to transdermal drng delivery patches, and it may 
include a porous reservoir for holding and delivering the 
therapeutic agent 428, and that is joined to a flexible adhesive 
srn1ct11re for temporary attachment to 1he rarge1 tissue, such as 
a nasal twbinate 420. The adhesive areas 424 of the patch 422 
maybe arranged to ensure that the patch wi ll stick to the tissue 
(e.g. mucosa tissue) with or without requiring removal of 
mucosa prior to application of the patch. Additionally, the 
adhesive areas 424 may be arranged in order to work in 
concert with the cil ia! transport mechanism of the underlying 
mucosa. as indicated by arrow 426. Cilia! transport will be 
temporarily interrnpted in the adhesive locations yet continue 
to function in other areas. Th.is can act to slow the cilia! 
transport of the drng solution and increase its residence time, 
o r steer the drng solution away to affect a broader area. The 
patch 430 may be flexible such that it can be folded and the 
adl1esive side 432 a-flixed to the anterior surface of a rurbinate 
420 as seen in FJG.16B, or the patch 430 may be folded in the 
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opposite direction to be placed in the meatus between a tur­
binate 420 and the nasal septum or another turbinate as seen 
in FIG. 16C. 

(0091] Therapeutic agents such as toxins like botulinum 
toxin may also be spayed on or painted on to a target tissue. 
Spray applicators may use pressuri7.ed gas to spray the drug 
onto the tissue. Droplet size. viscosity may be controlled. and 
a broad area may be easily treated with the therapeutic agent. 
High pressure spraying may also be used to help ensure that 
the therapeutic agent penetrates the mucus blanket covering 
the mucosa. In other embodiments, lower pressure may be 
used to spray a more viscous solution oftbe therapeutic agent 
onto the target tissue in order to increase its residence time for 
greater drug penetration into the tissue. While spray methods 
are promising, in certain sit11ations, the sprays can be bard to 
control which is undesirable when delivering a toxin. Addi­
tional controls may be implemented to help ensure proper 
delivery oftbe toxin. For example, delivery may be coordi­
nated with the patient's breathing such thatdrng delivery only 
occurs when the patient exhales. Exhalation produces a 
strong airflow out of the lungs and closes the soft palate to seal 
the nasal cavity from the mouth and inferior pharynx. This 
prevents toxins from entering the lungs. Additionally, mul­
tiple smaller doses may be administered in order to limit the 
danger of one large does. Also, viscosity and droplet size may 
be controlled to increase residence time and help prevent 
aspiration into w1wantcd areas. 

(0092] Paint applicators may also be used to deliver a thera­
peutic agent. They allow control over drng appljcation, and 
also allow broad coverage. FJG. 17 illustrates au exemplary 
embodiment of a paint on applicator. The applicator is similar 
to a felt tipped pen. It includes a drug reservoir 452 and a 
wicking tip 454. Aclliation of pressure mechanism 456 moves 
plunger 458 thereby forcing drng out of the reservoir. The 
wicking tip 454 may be used to paint on the therapeutic agent 
to a desired target tissue. For example, in FJG. 18. three 
regions 462 are initially painted on the t1.1rbinate 460 using the 
device ofFIG. 17. Cilia! tra11sport 464 causes the drng to flow 
thereby further spreading the drug in the nasal cavity. 

(0093] While the above is a complete description of the 
preferred embodiments of the invention, various alternatives, 
modifications. and equivalents may be used. Therefore, the 
above dt-scription should not be taken as limiting the scope of 
the invention which is defined by the appended claims. 

1.-51. (canceled) 

52. A method for delivering a therapeutic agent to a 
nasopharyngeal mucosa tissue, said method comprising: 

inserting a porous pad in a collapsed configuration into a 
nasal cavity; 

with the pad of material inserted in the nasal cavity, wetting 
the porous pad with a therapeutic agent disposed in a 
drng reservoir thereby expanding the porous pad into an 
expanded configuration that engages the mucosa tissue; 
and 

delivering the therapeutic agent from the porous pad to the 
mucosa tissue. 

53. The method of claim 52, wherein the porous pad is 
substantially dry during the insertion. 

54. The method of claim 52. wherein a sheath remains 
dispos(.-d over the porous pad during the insertion, constrain­
ing the porous pad in the collapsed configuration. 
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55. The method of claim 52, wherein wetting the porous 
pad comprises opening at least one valve fluidly coupled with 
the drng reservoir to allow tbe therapeutic agent to flow there­
from to the porous pad. 

56. The method of claim 52, forther comprising applying 
pressure to the drug reservoir thereby pushing the therapeutic 
agent out therefrom. 

57. The method of claim 56, wherein applying pressure 
comprises inflating an expandable member against the drug 
reservoir. 

58. The method of claim 52. further comprising removing 
a constraining sheath from the porous pad, thereby allowing 
the porous pad to expand into the expanded configuration. 

59. The method of clain1 52, wherein the therapeutic agent 
comprises a toxin configured to inhibit mucus secretions. 

60. The method of claim 59, wherein the toxin comprises 
bomlinum toxin. 

61. Tbe method of claim 52, further comprising reducing or 
eliminating symptoms associated with rbinitis. 

62. A method for delivering a therapeutic agent to nasopha­
ryngeal mucosa tissue, said method comprising: 

advancing an elongate flexible sheath into a nasal cavity 
with a tissue penetrating needle thereon enclosed with.in 
the elongate sheath; 

s lidably advru1cing the tissue penetrating needle distally 
relat'ive to the elongate flexible sheath, the tissue pen­
etrating needle advancing through the elongate flexible 
sheath so that a tissue penetrating tip of the tissue pen­
etrating needle is exposed: 

p iercing the nasopharyngeal mucosa tissue with the pierc­
ing needle; and 

delivering a therapeutic agent from the tissue penetrating 
needle to the nasopharyngeal mucosa tissue. 

63. The method of claim 62, wherein the elongate flexible 
sheath is coupled to and extends distally from an outer syringe 
barrel. and wherein advancing the elongate flexible sheath 
comprises moving the outer syringe barrel toward the nasal 
cavity. 

64. The method of claim 63, wherein the tissue penetrating 
needle is coupled to and extends distally from ru1 inner 
syringe barrel. and wherein slidably advancing the tissue 
penetrating needle comprises distally moving the inner 
syringe barrel relative to outer syringe barrel. 

65. The method of clain1 64. wherein piercing comprises 
distally advancing the illller syringe barrel relative to the outer 
syringe barrel, the inner syringe barrel sliding through the 
outer syri11ge barrel. 

66. The method of claim 62, wherein delivering the thera­
peutic agent comprises discharging the therapeutic agent 
from an inner syringe barrel. 

67. The method of claim 62, wherein delivering the thera­
peutic agent comprises controlling U1e quantity of the thera­
peutic agent delivered by monitoring a visual, tactile, or audi­
tory indicator mechanism. 

68. T11e method of claim 62, wherein the therapeutic agent 
comprises a toxin configured to inhibit mucus secretions. 

69. The method of claim 68, wherein the toxin comprises 
botulinum toxin. 

70. The method of claim 62, furtbercomprisingreducing or 
eliminating symptoms associated with rhinitis. 

71. A method for delivering a therapeutic agent to nasopha­
ryngeal mucosa tissue, said method comprising: 

inserting a patch carrying a therapeutic agent into a nasal 
cavity; 
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a1taching the patch to the nasopharyngeal mucosa tissue; 
and 

delivering the therapeutic agent from the patch to the 
nasopharyngeal mucosa tissue. 

72. The method of claim 71, wherein the patch is flexible 
and is in a collapsed configuration during insertion. 

73. 111e method of claim 72. wherein the patch is flexible, 
and adhering the patch comprises expanding the patch from 
the collapsed config11ration into an expanded configuration so 
that the patch conforms to the anatomy of the nasal cavity. 

74. ·n1e method of claim 71, wherein attaching the patch 
comprises adhesively bonding the patch to the nasopharyn· 
geal mucosa tissue. 

75. ]be method of claim 71, wherein the patch comprises 
a porous reservoir holding the therapeutic agent, and deliver­
ing the therapeutic agent comprises discharging the therapeu­
tic agent from the porous reservoir to an outer surface of the 
patch. 

76. ·111e method of claim 71, wherein the therapeutic agent 
comprises a toxin configured to inhibit mucus secretions. 

77. The method of claim 76, wherein the toxin comprises 
bot11linum toxin. 

78. The method of claim 71, further comprising reducing or 
eliminating symptoms associated with rhinitis. 

79. A method for delivering a therapeutic agent to nasopha­
ryngeal mucosa tissue, said method comprising: 

providing a spray device having a reservoir that holds a 
th era peu tic agent; 

pressurizing the reservoir; and 
spraying the therapeutic agent onto the nasopharyngeal 

mucosa tissue. 
80. The method of claim 79, wherein pressurizing com­

prises pressuriz ing the reservoir to a pressure sufficient 
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enough such that when sprayed, the thernpeutic agent pen­
etrates a mucus blanket disposed over the mucosa tissue. 

81. The method of claim 79, fort her comp1ising controlling 
droplet size of the sprayed therapeutic agent. 

82.111e me thod of claim 79, wherein the therapeutic agent 
comprises a toxin configured to inhibit secretion of mucus. 

83. The method of claim 79, wherein the toxin comprises 
botulinum toxin. 

84. The method of claim 79, farther comprising reducing or 
eliminating symptoms associated with rhinitis. 

85. A method for delivering a therapeutic agent to nasopha­
ryngea I mucosa tissue, said method comprising: 

providing an applicator having a reservoir that holds a 
therapeutic agent; 

advancing a soft wicking tip disposed on a distal portion of 
the applicator into a nasal cavity; and 

painting the nasopharyngeal mucosa tissue with the sof1 
wicking tip wherein the therapeutic agent is wicked 
from the reservoir 10 the sof1 wicking tip thereby apply­
ing a layer of the therapeutic agent to the nasopharyn­
geal mucosa tissue. 

86. The method of claim 85, further comprising applying 
pressure to the reservoir thereby increasing flow of the thera­
peutic agent from the reservoir to the soft wicking lip and onto 
tbe nasopbaryngeal mucosa tissue. 

87. ll1e method of claim 85, wherein the therapeutic agent 
comprises a toxin configured to reduce mucus secretions. 

88. The method of claim 87, wherein the toxin comprises 
botulinum toxin. 

89. Tile method of claim 85, fmther comprising reducing or 
eliminating symptoms associated with rhinitis . 

90.-103. (canceled) 

* * * * * 




