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Multi-dose ocular fluid delivery system

FIELD OF THE INVENTION

This invention relates to delivery of liquids to the

eye of a patient.

BACKGROUND

There are many instances where eye drops are employed
in the treatment of ocular and other conditions. Depending
on the condition being treated, eye drops may contain a
variety of different active agents, including but not
limited to: steroids, antihistamines, sympathomimetics,
beta receptor blockers, parasympathomimetics,
parasympatholytics, prostaglandins, nonsteroidal anti-
inflammatory drugs (NSAIDs), antibiotics, antifungal, or
topical anesthetics. Eye drops sometimes do not have
medications in them and are only lubricating and tear-

replacing solutions.

Generally, eye droppers are employed in the delivery
of eye drops. Current eye drop devices often either require
the head to be tilted back, the subject to lie down or
provide downward traction on the lower eyelid, or a
combination of traction and tilting, since the delivery
mechanism typically relies on gravity for applying the
medication. This is not only awkward, but involves a fair
amount of coordination, flexibility and cooperation on the
part of the subject to ensure that the medication gets into

the eye while avoiding poking the eye with the dropper tip.
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Current eye dropper bottles also pose the risk of
poking the user in the eye, potentially causing physical
damage to the eye, and further, exposing the tip to
bacterial contamination due to contact with the eye. As
such, the subject runs the risk of contaminating the
medication in the eye drop bottle and subsequently

infecting the eye.

A typical medical eye dropper dispenses single drops,
typically of about 50uL in volume. However, since the human
eye can typically retain only 7ulL of fluid on the corneal
surface, larger deposited volumes result in overflow and
loss of most of the medication from the eye surface. In
addition, a large volume of a single drop, such as 30 or
50uL, causes a blinking reflex which removes a majority of
the delivered fluid from the cornea as well as discomfort
which leads to poor compliance. As a result, this method of
administration is also inaccurate and wasteful. Moreover,
the technology does not provide a satisfactory way of
controlling the amount of medication that is dispensed, nor
does 1t provide a way of ensuring that the medication that
is dispensed actually lands on the eye and remains on the

eve.

To date, most multi-dose containers for ophthalmic
formulations generally include a preservative, which
provides a number of functions, such as antimicrobial
activity in the bottle and inhibition of decomposition of
the active agent in the formulation. Examples of
preservatives found in ophthalmic formulations include
benzalkonium chloride (BAK), chlorobutanol, sodium
perborate, and stabilized oxychloro complex (S0C). However,
while providing benefits preservatives can also results in
significant cytotoxic effects in the patient to whom the

formulation is being administered.
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As such, there continues to be a need for improved
ophthalmic formulation delivery devices. The present
inventors have discovered that of particular interest would
be the development of a multi-dose delivery device that is
capable of precisely administering to the eye small volumes
of ophthalmic formulations, including preservative-free

ophthalmic formulations.

SUMMARY

Multi-dose ocular fluid delivery devices are provided.
Aspects of the fluid delivery devices include a fluid
package and an actuator. The fluid package includes a
reservoir of an ophthalmic formulation, an aperture and a
valve member for sealing the aperture when fluid is not
being ejected therethrough. The actuator is configured to
operate the valve member so as to at least reduce, if not
prevent, ingress of outside materials or contaminants into
the reservoir, such that the ophthalmic formulation present
in the reservoir does not require a preservative (e.g.,
where a preservative-free ophthalmic formulation is present
in the reservoir). Also provided are methods of using the
devices in fluid delivery applications, as well as a kit

that includes components of the devices.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a perspective view of an embodiment

of the invention.

FIG. 2 illustrates a side view of the example of

FIG. 1, as well as the electronic circuit thereof.
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FIG. 3 illustrates an exploded view of the example of
FIG. 1 and FIG. 2 showing the ampule and the magnetic

transducer separately.

FIG. 4 is an enlarged cross section view of an
aperture configuration suitable for use in embodiments of

the invention.

FIGs. 5A-B schematically show operating principles of

the aperture configuration of FIG. 4.

DETAILED DESCRIPTION

Multi-dose ocular fluid delivery devices are provided.
Aspects of the fluid delivery devices include a fluid
package and an actuator. The fluid package includes a
reservoir of an ophthalmic formulation, an aperture and a
valve member for sealing the aperture when fluid is not
being ejected therethrough. The actuator is configured to
eject the ophthalmic formulation through the aperture by
providing a mechanical vibration to the vale member and/or

to a wall of the reservoir.

This approach can at least reduce, 1f not prevent,
ingress of outside materials or contaminants into the
reservoir, such that the ophthalmic formulation present in
the reservoir does not require a preservative (e.g., where
a preservative-free ophthalmic formulation is present in
the reservoir). Also provided are methods of using the
devices in fluid delivery applications, as well as a kit

that includes components of the devices.

In further describing various embodiments of the
invention, the fluid delivery devices will be described

first in greater detail, followed by a review of various
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methods of using the devices as well as kits that include

the devices or components thereof.

Fluid Delivery Devices

As summarized above, aspects of the invention include
multi-dose fluid delivery devices configured to eject an
ophthalmic formulation, such as a preservative-free
ophthalmic formulation, onto a target location of an eye of
a subject, i.e., a target ocular location. The fluid
delivery devices are, in some instances, configured to
provide for self-administration of a fluid by a user to a
target location of the user, e.g., a target ocular
location. As such, the devices of such embodiments to allow
the user to administer a volume of fluid to a target
location of the user without any assistance from another

individual, such as a health care practitioner.

While the nature of the fluid delivery devices may
vary, in some instances the devices are handheld devices.
By handheld device is meant that the device is dimensioned
and has a weight such that it may be comfortably held by an
average adult human hand. In some instances of handheld
devices. By handheld device is meant that the device is
dimensioned and has a weight such that it may be
comfortably held by an average adult human hand. In some
instances of handheld devices, the device has a longest
dimension ranging from 10 to 500 mm, such as 20 to 250 mm,
including 50 to 100 mm, such as 70 to 85 mm, and a weight
ranging from 10 to 1000 g, such as 25 to 500 g, e.g., 40 to
100 g.

The fluid delivery devices described herein may
include a fluid package having a reservoir and an aperture,

an actuator component configured to eject fluid from the
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reservolir through the aperture and a valve member
configured to seal the aperture when fluid is not being
ejected therethrough. Additional components may also be
present. Each of these components is now reviewed in

greater detail.

Fluid Package

The fluid package component of devices of the
invention is a fluid container that is configured to hold
an amount of fluid and be operably coupled to an actuator,
e.g., as described in greater detail below. The container
may have any convenient configuration, and may be made of
any convenient material, e.g., glass or plastic. The
container may be configured to hold a single delivered
dosage or multiple deliver delivered dosages, e.g., where
the container comprises a volume of the ligquid formulation
sufficient to provide multiple delivered dosages, such that
the reservoir is a multi-dose reservoir. As such, the
volume of liquid formulation that the container is
configured to hold may vary, ranging in some instances from
100 pl to 10 ml, such as 100 to 2000 nl, including 120 to
800 nul.

The container includes a reservoir component
configured to hold an amount of a fluid, e.g., as described
above, and one or more apertures through which fluid from
the reservoir component may be ejected during use. While
the number of apertures that a given fluid package has may
vary, 1in some instances the number of apertures ranges from
1 to 20, such as 1 to 10, including 1 to 5, e.g., 1 to 4, 1
to 3, and 1 to 2. In some instances, the fluid package
includes a single aperture. In some instances, the fluid

package includes more than one aperture. The dimensions of
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a given aperture may vary, as desired. In some instances,
the apertures have a longest dimension, e.g., diameter,
ranging from 10 to 500 p, such as 50 to 450 p, e.g., 75 to
350 p, where in some instances the apertures have a
diameter ranging from 80 to 120 p (such as 80 to 100 u), or
150 to 350 p (such as 200 to 350 p, e.g., 250 to 300 n).
Where desired, the aperture may include an antimicrobial
material associated with at least a portion thereof, such
as a portion or all of the internal surface of the aperture
that is configured to mate with the valve member when in
the sealed configuration. Examples of antimicrobial
materials that may be present include, but are not limited
to, antimicrobial metals, e.g., silver, copper, etc.,
antimicrobial coatings, e.g., parylene polymers,
chlorhexidine and protamine sulfate compositions, and the

like.

While the container may have any convenient
configuration, in some instances the container includes an
expanded, e.g., bulb, portion that includes the reservoir
and a neck portion, e.g., that is configured to operably
couple to an actuator and includes the one or more
apertures. The fluid package is, in some instances,

configured to be disposable.

As summarized above, the fluid package also includes a
valve member configured to seal the aperture when fluid is
not being ejected therethrough. As such, the valve member
is configured to seal the aperture when fluid is not being
ejected through the aperture, but not seal the aperture
when fluid is being ejected through the aperture. The wvalve
member is configured such to prevent ingress of outside
materials or contaminants into the reservoir via the

aperture when fluid is not being ejected through the



10

15

20

25

30

CA 03128133 2021-07-27

WO 2020/181238 PCT/US2020/021504

aperture, allowing for the presences of the preservative-

free ophthalmic formulation in the reservoir.

In some instances, the valve member includes a tip
configured to mate with the aperture in a sealing
relationship. The tip may have any convenient
configuration. In some instances, the tip has a conical
structure. In such instances, the conical tip may have a
height ranging from 0.5 to 5.0 mm, such as 0.75 to 1.5 mm
and a bottom diameter ranging from 0.4 to 4.0 mm, such as
1.5 to 2.5 mm. In other embodiments, the tip may be a
rounded sealing structure, which in some instances may have
a half-spherical structure, with a bottom diameter ranging

from 0.4 to 4.0 mm, such as 1.5 to 2.5 mm.

In some instances, the fluid package may include a
vent, e.g., to provide for introduction of gas into the
reservoir as fluid is ejected from the fluid package and
provide for consistent fluid ejection. The vent may be
configured to provide entry of microbial free air into the
reservoir from outside of the package. Any convenient wvent
configuration may be employed. An example of such a vent
includes a lumen that extends from an opening in the neck
region to a location in the reservoir, such as near the end
of the fluid package furthest from the neck region. The
dimensions of the lumen may vary, where in some instances
the lumen has a length ranging from 5.0 to 20 mm, such as
12 to 18 mm and an inner diameter ranging from 0.5 to 2.0
mm, such as 0.7 to 1.0 mm. The opening of the lumen in the
neck region may be covered, e.g., to prevent ingress from
microbial, e.g., bacteria, and other undesired agents into
the fluid package. In such instances, the covering may have
antimicrobial properties, e.g., where covering is a porous
membrane having a pore size configured to prevent passage

of microbes, e.g., bacteria, such as pore sizes of 0.22 um
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or less, such as 0.2 um or less, e.g., 0.15 pm or less.
Alternatively or in addition, the cover may include one or
more antimicrobial agents, including but not limited to,
antimicrobial metals, e.g., silver, copper, etc.,
antimicrobial coatings, e.g., parylene polymers,
chlorhexidine and protamin sulfate compositions, and the

like.

In some instances, the expanded region of the fluid
package is separable from the neck region, e.g., where the
two components are not fabricated as single, integrated
structure. In such instances, the expanded region may be a
standard ophthalmic bottle. In such instances, the length
of the standard ophthalmic bottle may range from 25 to 45
mm, such as 30 to 35 mm. The inner diameter of the standard
ophthalmic bottle may range from 5.0 to 30 mm, such as 13
to 20.0 mm. The internal volume of the standard ophthalmic
bottle may range from 2.0 to 14.0 ml, such as 2.0 to 5.0
ml. The diameter of the opening of the standard ophthalmic
bottle may vary, ranging from 4.0 to 13.0 mm, such as 8.0
to 11.0 mm. The bottle may be fabricated from any
convenient material, including glass and polymeric

materials.

In such instances, the neck region may be mated to the
standard ophthalmic bottle, where the neck region includes
the aperture, valve member and vent, e.g., as described
above. The neck region may be mated to the bottle using any

convenient configuration, e.g., press-fit, screw on, etc.

Actuator

In addition to the fluid package, the device further
includes an actuator component configured to operably

couple to the fluid package and eject fluid from the
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reservoir of the fluid package through the one or more
apertures to the target location. In some instances, the
actuator is a component that is configured to impart
vibration to the contents of the container, where the
oscillation frequency of the vibration may vary. In some
instances, the frequency is in the audible range, such as
from 20 to 20000 Hz, e.g., 50 to 10000 Hz, including 500 to
1000 Hz. In some instances, the oscillation frequency 1is an
ultrasonic frequency, ranging in some instances from 10 to
1000 KHz, such as 20 to 800 KHz, and including 20 to 35
KHz.

In some instances, the actuator is configured to
produce pressure fluctuations in the fluid inside of the
fluid package so as to eject fluid from the reservoir
through the aperture. In some instances, the actuator
produces pressure fluctuations in the fluid by displacement
induced on an external surface of the fluid package. The
oscillations, e.g., of audible or ultrasonic frequency
(such as described above) imparted by the actuator on the
fluid package, and in some instances the outer surface of
the fluid package, produces cycles of acoustic pressure in
the fluid held by the fluid package, resulting in ejection
of fluid from the one or more apertures. In some
instances, the fluid is ejected from the fluid package by
the actuator as a stream, where the stream may be a
continuous stream of liquid (i.e., a stream that is not
made up of individual droplets) or a discontinuous stream
of liquid, e.g., a collimated stream of individual
droplets. A discontinuous fluid stream can also be a
succession of elongated fluid blobs separated by relatively
short intervals. Also, 1t is possible for the
configuration of the stream to vary as the distance between

the ejected fluid and the aperture increases. Where the
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stream is a continuous stream of liquid, the stream
diameter may vary, and in some instances ranges from 0.05
to .3 mm, such as from 0.05 to .2 mm, including 0.05 to
0.15 mm, such as 0.070 to 0.130 mm. Where the stream is a
discontinuous stream of individual droplets, the volume of
the individual droplets may vary, ranging in some instances
from 50 to 1500 pl, such as 100 to 1000 pl. In some
instances, the width of the stream, which may be
continuous, discontinuous, or have a component that is
continuous and a component that is discontinuous, may by
substantially constant along the length of the stream, such
that any variation in the width of the stream from the one
or more apertures to the target location wvaries by 5% or
less, such as 2% or less. The duration of stream delivery
during a given administration event may vary and is
selected so as to provide the desired delivered dosage
volume. In some instances, the duration of stream delivery,
i.e., the duration of administration, ranges from 10 to
3000 msec, such as 100 to 2000 msec, such as 250 to 1000
msec, 1ncluding 400 to 600 msec. Other feasable dose
durations are durations of 300 ms or less, and more

preferably 150 ms or less.

While the nature of the actuator component may vary,
in some instances the actuator component is an
electromagnetic actuator. In such embodiments, an
electromagnetic actuator imparts an oscillation amplitude
at low frequency, which in some instances is within the
audible range (e.g., 20 to 20,000 Hz). In some instances,
the electromagnetic actuator operates in the audio range of
frequencies, but produces low audible tone, generally 30dB
or lower. At the same time, the device emits fluid from a

sufficiently large nozzle at sufficiently low velocity to
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minimize the discomfort associated with topical delivery to

the eye.

ITllustrative Embodiments

An embodiment of the invention is illustrated in
FIGs. 1-3. Referring to FIG. 1, which illustrates the
electromagnetic dispensing device (100) of the present
invention. Device (100) includes an ampoule (103)
containing a fluid to be dispensed and further includes an
electromagnetic transducer (113) that is configured to
oscillate the ampoule such that the fluid is dispensed

through aperture (116) at the lower part of the ampoule.

Transducer (113) comprises a base plate (101),
electromagnet (115) and a permanent magnet (109).
Electromagnet (115) comprises a ferromagnetic core pin
(110) and a coil (108) that is wound around the core pin.
Permanent magnet (109) is positioned in a close proximity
to the electromagnet core pin (110) and is suspended by a
flexible cantilever beam (106). Alternating magnetic
field generated by coil (108) produces magnetic force and
mechanical oscillations of permanent magnet (109) and the
flexible cantilever beam (106) that supports it.

Cantilever beam includes an anchor (107) which supports and
transmits the oscillation of the cantilever beam to the
ampoule. The device further includes a standoff support pin
(102) that extends from the base plate (101) and provides a
support to the cantilever beam (106).

In the illustrated embodiment, permanent magnet (109)
is positioned at the free end of cantilever beam at a
distance of (d2) from the cantilever beam support (102)
while the ampoule support anchor (107) is at a distance of

(d1) from the beam support (102). In this way a mechanical
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advantage is obtained, and the force applied to the ampule
is amplified by the ratio of the distances d2/dl relative
to the force applied to the permanent magnet. In the
illustrated embodiment the ampoule contains 1mL of aqueous
solution and has a mass of approx. lgm. Accordingly, the
force that is required to oscillate the ampoule at an
amplitude of approximately 20-60mm is about 0.2N to IN. In
the illustrated embodiment, the distance d2 is 13.5 mm and
distance dl is 1.35 mm. The ratio d2/dl is about 10, and
the oscillation amplitude is between 20 um to 60 pum,
depending on the input voltage. In the illustrated
embodiment, the diameter of the dispensing aperture ranges
between 200 and 350 um, and such a large aperture dispenses

only at high oscillation amplitude.

In the illustrated embodiment the ferromagnetic core
(110), base plate (101) and support pin (102) are made of a
soft magnetic material, such as 4750 alloy, or other alloys
that have low corrective force and minimal magnetic

hysteresis can be used.

Ampoule (103) is oriented such that the dispensing
nozzle (116) is aligned with the oscillation amplitude of
the cantilever beam (106). The oscillations generate
pressure fluctuation inside the ampoule and fluid is

ejected from nozzle (116) as illustrated by the arrow (105)

Permanent magnet (109) may be made of a rare-earth
magnetic material, such as Neodymium N35, N38, N42,
Samarium Cobalt or the like. Non-rare-earth alloy such as

iron, nickel and cobalt may also be used.

Referring now to FIG. 2, this figure shows magnetic
transducer (100) and further includes a diagram of the
electrical circuit that generates alternating electrical

signal from a DC source, such as a battery cell.
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Electromagnetic transducer (100) includes a circuit
(1002) which produces alternating current which is fed to
the coil (108) to generate a magnetic force which
oscillates permanent magnet (109). Coil (108) defines two
separate magnetic coils, the first is primary coil (108A)
and the second is detection coil (108B). Both coils (108a)
and (108B) are wound around the iron core (110). When DC
voltage is connected to the primary coil (108A) current
flows and the electromagnetic force that is developed pulls
permanent magnet (109) toward core (110). At the same time
the current in the primary coil (108A) produces transient,
time-dependent electromagnetic induction, which induces
electromotive force (EMF) and electrical current in the
detection coil (108B), the current is fed to a bipolar
transistor (Tr) which switches off the current from the
primary coil (108A) by pulling it to the ground (130). As
a result, magnetic force returns to zero and magnet (109)
return to its normal position. Subsequently, primary coil
(108A) turns on again and pulls back the magnet. In this
way the alternating magnetic field is generated using a DC
input voltage from a DC battery. In this example,
transistor (Tr) is an NPN general purpose amplifier, such
as Fairchild model 2N3904. The circuit further includes a
Zener diode (D1l) that regulates the voltage. Magnetic coil
(108A) and (108B) have an inductance that ranges from 1-
10mH and are configured to generate a magnetic field to
oscillate the magnet (109). Generally, the mass of magnet
(109) is small to reduce the inertial load and increase the
oscillation amplitude. In one embodiment, the mass of
permanent magnet (109) is 0.075 gm. Beam (106) 1is made of
stainless steel alloy 304 having a thickness of 0.2mm, a
width of 5mm and a free length of 13.5 mm. In the

illustrated embodiment, the beam has a natural frequency of
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about 523Hz while the driving frequency of magnetic

oscillator is about 1100Hz.

FIG. 3 illustrates an exploded prospective view of the
dispensing device (100), showing the ampoule (103) and the
electromagnetic transducer (113) separately. It can be seen
that ampule (103) includes a pin member (301) that is
inserted into anchor member (107) in a tight interference
fit. In this way the oscillations that are generated by

the transducer are transmitted to the ampoule.

In the views of FIGs. 1-3, the scale is such that the
valve member that seals the aperture when fluid is not
being dispensed is too small to be shown. Accordingly,
FIG. 4 is an enlarged cross section view of a fluid
dispenser (400) operating according to the above described
principles and showing the valve member. The example of
FIG. 4 has the same principles of operation as described

above, but differs in some details of its configuration.

Here (402) is the aperture, (404) is the valve member,
liquid being dispensed is present in reservoir (406) (only
partially shown here), (408) is a flexible diaphragm to
which valve member (404) is affixed, (410) is a solenoid
for the electromagnetic actuator, and (412) is a metal
cylinder with a conical end. Metal cylinder (412) 1is
composed of a magnetic ferrous alloy so that it can be
attracted by the magnetic flux generated by solenoid (410).
Member (414) connects (412) to valve member (404)/diaphragm
(408) . The combination of solenoid (410) and (412)
provides an electromagnetic actuator having operating
principles as described above. From FIG. 4 it 1s apparent
that the resulting motions in the fluid dispenser from this
actuator are vibration of valve member (404) into and out
of engagement with aperture (402), and a vibration of

diaphragm (408). More generally, this can be regarded as a
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mechanical vibration of the valve member and/or a
mechanical vibration of part of the wall of the reservoir.
As described generally above, the valve member and/or

aperture may include an antimicrobial material.

Diaphragm (408) holds valve member (404) in engagement
with aperture (402) such that aperture (402) is sealed
except when fluid is being ejected. 1In detailed designs,
the mechanical stiffness of diaphragm (408) can be selected
to provide an appropriate degree of mechanical force for

this engagement.

Fluid can be ejected by vibrating valve member (404)
and/or by setting up pressure fluctuations in the fluid
sufficient to overcome the seal. As in this example, both
physical effects can result from a single vibrating
actuator. FIGs. HA-B schematically show these two physical
effects. 1In the example of FIG. 5A, a first process for
fluid ejection from aperture (502) (left-facing block
arrow) results from vibrating the tip of valve member (504)
into and out of engagement with aperture (502). This
vibration of the valve member is schematically shown with
an open double headed block arrow. A second process for
fluid ejection from aperture (502) is due to forces exerted
as a result of pressure fluctuations in the fluid that are
sufficient to eject the fluid past the valve member.

Forces resulting from these pressure fluctuations in the
fluid are schematically shown with solid black double
headed block arrows. In the example of FIG. 4, such
pressure fluctuations can be due to vibration of diaphragm
(408) and/or motion of valve member (404). The example of
FIG. 5B is similar, except that valve member (508) has a
rounded tip as described above that engages with aperture
(506) to seal the aperture except when fluid is being

dispensed. It is expected that valve member vibration and
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fluid pressure fluctuations can contribute to fluid

ejection individually or in any combination.

Methods

As summarized above, aspects of the present disclosure
include methods of administering an active agent to a
target location, such as an ocular location, of a subject.
By target ocular location is meant a region (i.e., area or
domain) of an eye surface, such a region of a cornea, a
region of a conjunctiva, a region that includes both
corneal and conjunctival components, etc. In some
instances, the target ocular location is an area or region
that is offset relative to the optical axis of the eye. 1In
some instances, the target location is on either the bulbar
or tarsal conjunctiva, or in the conjunctival fornix. 1In
other words, the target topical ocular location is one that
is displaced from the center of the pupil or the center of
the iris. While the magnitude of the distance of the
offset/displacement may vary, in some instances the
magnitude ranges from 1 to 20 mm, such as 2 to 20 mm, e.g.,
5 to 15 mm, including 5 to 10 mm. While the target topical
ocular location may vary in size, in some instances the
size of the target topical ocular region is 15 mm? or less,
ranging in some instances from 1 to 15 mm?, such as from 2.5

to 12 mm?, including from 3 to 9 mm?.

Aspects of embodiments of the methods include
delivering to the target location a dosage of a liguid
formulation of the active agent. In some instances, the
delivered dosage 1is a dosage having a volume that can be
wholly accommodated by the tear film of the target topical
ocular location. The tear film of the target topical ocular

location is the film that is associated with the target
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topical ocular location. As such, the tear film is the film
or layer of tear liquid that is present on the eye surface
on which the target topical ocular location, e.g., as
described above, is located. As the delivered dosage has a
volume that may be wholly accommodated by the tear film of
the target topical ocular location, it may also be a volume
that may be wholly accommodated by the ocular surface that
includes the target topical ocular location. By "wholly
accommodated by the ocular surface" 1s meant that, upon
delivery, the delivered dosage has a volume that can be
held on the surface of the eye to which it is administered
without any excess liquid running off of the surface of the
eye and over the eyelid, e.g., in the form of tears. While
the volume of a given delivered dosage may vary, 1in some
instances the volume ranges from 1 to 15 ul, such as 5 to

10 nl.

In some instances, the delivered dosage is one that
has an efficacy comparable to a reference dosage having a
volume that exceeds the capacity of the tear film of the
target topical ocular location. The reference dosage in
such instances, apart from volume, is otherwise identical
to that of the delivered dosage. As such, the concentration
of the active agent in the reference dosage i1s the same as
the concentration of the active agent in the delivered
dosage. The volume of the reference dosage exceeds that of
the delivered dosage, e.g., by 2 fold or greater, such as 3
fold or greater. In some instances, the reference dosage
has a volume ranging from 25 to 60 nl, such as 30 to 50 ul.
In some instances, the reference dosage is a dosage that is

delivered by a standard eye dropper device.

The delivered dosage of the liquid formulation of the
active agent may be administered to the target topical

ocular location as a stream, where the stream may be a
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continuous stream of liquid (i.e., a stream that is not
made up of individual droplets) or a discontinuous stream
of liquid, e.g., a collimated stream of individual
droplets, or include both continuous and discontinuous
components. Where the stream is a continuous stream of
liquid, the stream diameter may vary, and in some instances
ranges from 0.05 to 0.15 mm, such as 0.070 to 0.130 mm.
Where the stream is a discontinuous stream of individual
droplets, the volume of the individual droplets may vary,
ranging in some instances from 50 to 1500 pl, such as 100
to 1000 pl. The velocity of the stream may vary, ranging in
some instances from a value generally above the minimum
exit velocity of the fluid from the aperture. The minimum
exit velocity is defined in a scientific article titled
“Production of uniform-size liquid droplets” N.R. Lindblad
and J.M Scheider equation 2. This article is incorporated
herein by reference. In some instances, the exit velocity
is 20% or more above the minimum exit velocity and in some
instances is 300% or less above the minimum exit velocity.
For example, for an aperture size of 125 micron the minimum
velocity is 194cm/sec but the selected velocity would at
least 30% higher i.e., 252 cm/sec. The duration of stream
delivery during a given administration event may vary and
is selected so as to provide the desired delivered dosage
volume, e.g., as described above. Ideally, duration of
stream delivery should be below the blink response time,
i.e., below 150ms. If necessary, the duration of
administration could be extended for 250ms or even up to
1000 msec. In some instances, the duration is 100 ms or

longer.

The delivered dosage may be administered to the target
topical ocular location using any convenient protocol. In

some instances, the delivered dosage is administered to the
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target topical ocular location by an individual other than
the subject, e.g., where the delivered dosage is
administered by a health care professional, such as a
physician or nurse. In other instances, the delivered
dosage is self-administered by the subject, e.g., where the
subject administers the dosage to a target topical ocular

location of one of the subject's own eyes.

The fluid present in the fluid package may vary, as
desired. In some instances, the fluid present in the fluid
delivery package is a liquid formulation of an active
agent. The terms "agent," "compound," and "drug" are used
interchangeably herein to refer to a molecule or molecular
combination that has a physioclogical effect upon contact
with a subject via administration to the target topical
location of the subject. Examples of active agents that may
present in the liquid formulation include, but are not
limited to: anti-infectives (including but not limited to
antibiotics, antivirals, etc.), anti-inflammatories
(including but not limited to steroids and non-steroidal
anti-inflammatory drugs (NSAIDS), etc.), anti-allergy
agents (including but not limited to anti-histamines and
mast cell stabilizers, etc.), anti-fungals, cholinergic
agents, anti-cholinergic agents including both long acting
and short acting agents (e.g., atropine, tropicamide,
etc.), vasoconstrictors, biologics (e.g. proteins,
engineered proteins, etc.), small molecules, anesthetics,
analgesics, intraocular pressure lowering agents (including
but not limited to prostaglandin analogs, ROK inhibitors,
beta blockers, carbonic anhydrase inhibitors, and alpha
agonists, etc.), lubricants (including but not limited to
saline, polymer solutions, proteoglycans,
glycosaminoglycans, carbohydrates, etc.), mydriatic (pupil

dilating) agents, miotic agents (pupil constricting
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agents), iodine derivatives, etc.; and/or various
combinations thereof. The concentration of the cholinergic
agent in a given ligquid formulation of a micro-dose may
vary. In some embodiments, the concentration of cholinergic
agent in the liquid formulation of the micro-dose ranges

from 50 ng/ml to 100 mg/ml.

In addition to the active agent, the liquid
formulation may include an aqueous delivery vehicle, e.g.,
a pharmaceutically acceptable aqueous vehicle. In addition
to water the aqueous delivery vehicle may include one or
more additional components, including but not limited to:
salts, buffers, preservatives, solubility enhancers,
viscosity modulators, colorants, etc. Suitable aqueous
vehicles include sterile distilled or purified water,
isotonic solutions such as isotonic sodium chloride or
boric acid solutions, phosphate buffered saline (PRBS),
propylene glycol and butylene glycol. Other suitable
vehicular constituents include phenylmercuric nitrate,
sodium sulfate, sodium sulfite, sodium phosphate and
monosodium phosphate. Additional examples of other suitable
vehicle ingredients include alcohols, fats and oils,
polymers, surfactants, fatty acids, silicone oils,
humectants, moisturizers, viscosity modifiers, emulsifiers
and stabilizers. The compositions may also contain
auxiliary substances, e.g., pH adjusting agents such as
sodium hydroxide, hydrochloric acid or sulfuric acid; and

viscosity increasing agents such as methylcellulose.

As summarized above, ophthalmic formulations present
in the reservoir may be preservative-free. By
"preservative-free" is meant that the formulations do not
include any preservative agents, such as but not limited
to, antimicrobial agents such as benzalkonium chloride

(BAK), chlorobutanol, sodium perborate, and stabilized
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oxychloro complex (SOC), parabans and organic mercurial

compounds.

An exemplary final composition is sterile,
preservative-free, essentially free of foreign particles,
and has a pH that allows for patient comfort and
acceptability balanced with a pH that is desirable for
optimum drug stability. An exemplary "pharmaceutically
acceptable vehicle” is an "ophthalmically acceptable
vehicle" as used herein refers to any substance or
combination of substances which are non-reactive with the
compounds and suitable for administration to patient. In an
exemplary embodiment, the vehicle is an aqueous vehicle
suitable for topical application to the patient's eyes. In
various embodiments, the vehicle further includes other
ingredients which may be desirable to use in the ophthalmic
compositions of the present invention include
antimicrobials, preservatives, co-solvents, surfactants and

viscosity building agents.

As used herein, the terms “host”, “subject”,
“individual” and “patient” are used interchangeably and
refer to any mammal in need of such treatment according to
the disclosed methods. Such mammals include, e.g., humans,
ovines, bovines, equines, porcines, canines, felines, non-
human primate, mice, and rats. In certain embodiments, the
subject is a non-human mammal. In some embodiments, the
subject is a farm animal. In other embodiments, the subject
is a pet. In some embodiments, the subject is mammalian. In
certain instances, the subject is human. Other subjects can
include domestic pets (e.g., dogs and cats), livestock
(e.g., cows, pigs, goats, horses, and the like), rodents
(e.g., mice, guinea pigs, and rats, e.g., as in animal
models of disease), as well as non-human primates (e.g.,

chimpanzees, and monkeys).
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In some aspects of the subject methods, the method
further comprises the step of measuring efficacy of a given
condition, e.g., of a disease condition in the subject. In
some such instances, the determination is made by comparing
the results to the results performed on the same individual
at an earlier time, e.g., 2 weeks earlier, 1 month earlier,
2 months earlier, 3 months earlier, 6 months earlier, 1
year earlier, 2 years earlier, 5 years earlier, or 10 years
earlier, or more. The evaluation may vary depending on the
nature of the condition being treated. In some embodiments,
the subject methods further include diagnosing an

individual as having a given condition.

The above methods find use in a variety of different
applications. Certain applications are reviewed in greater

detail in the Utility section, below.

Utility

The subject devices and methods find use in a variety
of different applications, including both treatment and
diagnostic/examination applications. The term “treating” or
“treatment” as used herein means the treating or treatment
of a disease or medical condition in a subject or patient,
such as a mammal (such as a human), where the term
includes: (a) preventing the disease or medical condition
from occurring, such as, prophylactic treatment of a
subject; (b) ameliorating the disease or medical condition,
such as, eliminating or causing regression of the disease
or medical condition in a patient; (c) suppressing the
disease or medical condition, for example by, slowing or
arresting the development of the disease or medical
condition in a patient; or (d) alleviating a symptom of the

disease or medical condition in a patient.
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An example of a condition that may be treated using
methods/devices of the invention is glaucoma. Glaucoma is a
collection of disorders characterized by progressive visual
field loss due to optic nerve damage. It is the leading
cause of blindness in the United States, affecting 1-2% of
individuals aged 60 and over. Although there are many risk
factors associated with the development of glaucoma (age,
race, myopia, family history, and injury), elevated
intraocular pressure, also known as ocular hypertension, is
the only risk factor successfully manipulated and
correlated with the reduction of glaucomatous optic
neuropathy. In glaucoma associated with an elevation in eye
pressure the source of resistance to outflow is in the
trabecular meshwork. The tissue of the trabecular meshwork
allows the "agqueous" to enter Schlemm's canal, which then
empties into aqueous collector channels in the posterior
wall of Schlemm's canal and then into aqueous veins. The
aqgueous Or agueous humor 1s a transparent liquid that fills
the region between the cornea at the front of the eye and
the lens. The agqueous humor is constantly secreted by the
ciliary body around the lens, so there is a continuous flow
of the aqueous humor from the ciliary body to the eye's
front chamber. The eye's pressure is determined by a
balance between the production of aqueous and its exit
through the trabecular meshwork (major route) or via uveal
scleral outflow (minor route). The trabecular meshwork is
located between the outer rim of the iris and the internal
periphery of the cornea. The portion of the trabecular
meshwork adjacent to Schlemm's canal causes most of the

resistance to aqueous outflow (juxtacanilicular meshwork).

In embodiments where the methods and devices are used
in treating glaucoma, the delivered dosage may include an

intraocular pressure modulatory agent. An "intraocular
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pressure modulatory agent" can comprise a drug and may be
any of the following or their equivalents, derivatives or
analogs, including anti-glaucoma medications (e.qg.
adrenergic agonists, adrenergic antagonists (beta
blockers), carbonic anhydrase inhibitors (CAIs, systemic
and topical), therapeutic agent(s) such as prostaglandins,
prostaglandin precursors, including antiglaucoma drugs
including beta-blockers such as timolol, betaxolol,
levobunolol, atenolol (e.g., as described in U.S. Pat. No.
4,952,581); adrenergic agonists including clonidine
derivatives, such as apraclonidine or brimonidine (e.g., as
described in U.S. Pat. No. 5,811,443); and prostaglandin
analogues such as bimatoprost, travoprost, tafluprost,
latanoprost, etc. In some instances, the therapeutic agent
is already marketed for glaucoma, and commercially
available preparations thereof can be used. Further
therapeutic agents include carbonic anhydrase inhibitors
such as acetazolamide, dorzolamide, brinzolamide,

methazolamide, dichlorphenamide, diamox; and the like.

Diagnostic/examination applications include, but are
not limited to, mydriasis applications where the pupil is
dilated, e.g., to permit examination of the retina and
other deep structures of the eye. Mydriatic agents that
may be employed in such applications include, but are not
limited to: atropine, atropine sulfate, atropine
hydrochloride, atropine methylbromide, atropine
methylnitrate, atropine hyperduric, atropine N-oxide,
phenylephrine, phenylephrine hydrochloride,
hydroxyamphetamine, hydroxyamphetamine hydrobromide,
hydroxyamphetamine hydrochloride, hydroxyamphetamine
iodide, cyclopentolate, cyclopentolate hydrochloride,
homatropine, homatropine hydrobromide, homatropine

hydrochloride, homatropine methylbromide, scopolamine,
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scopolamine hydrobromide, scopolamine hydrochloride,
scopolamine methylbromide, scopolamine methylnitrate,
scopolamine N-oxide, tropicamide, tropicamide hydrobromide,

and tropicamide hydrochloride.

Kits

Also provided are kits that find use in practicing
embodiments of the methods, such as those described as
described above. The term "kit" refers to a packaged
delivery device or component thereof, e.g., ampule, such as
described above. In addition to the above-mentioned
components, kits may further include instructions for using
the components of the kit, e.g., to practice the subject
method. The instructions are generally recorded on a
suilitable recording medium. For example, the instructions
may be printed on a substrate, such as paper or plastic,
etc. As such, the instructions may be present in the kits
as a package insert, in the labeling of the container of
the kit or components thereof (i.e., associated with the
packaging or sub-packaging) etc. In other embodiments, the
instructions are present as an electronic storage data file
present on a suitable computer readable storage medium,
e.g. CD-ROM, diskette, Hard Disk Drive (HDD), portable
flash drive, etc. In yet other embodiments, the actual
instructions are not present in the kit, but means for
obtaining the instructions from a remote source, e.g. via
the internet, are provided. An example of this embodiment
is a kit that includes a web address where the instructions
can be viewed and/or from which the instructions can be
downloaded. As with the instructions, this means for
obtaining the instructions is recorded on a suitable

substrate.
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CLAIMS

1. An apparatus for delivering a fluid to an eye of a

patient, the apparatus comprising:

a fluid package comprising a reservoir configured to
hold a fluid, an aperture, and a valve member configured to
seal the aperture when fluid is not being ejected through

the aperture;

an actuator configured to eject the fluid through the
aperture by providing a mechanical vibration to the wvalve

member and/or to a wall of the reservoir.

2. The apparatus of claim 1, wherein the actuator is
configured to eject the fluid from the aperture by
vibrating the tip of the valve member into and out of

engagement with the aperture.

3. The apparatus of claim 1, wherein the actuator is
configured to generate pressure fluctuations in the fluid
sufficient to eject the fluid through the aperture and past

the valve member.

4. The apparatus of claim 1, wherein the fluid is a

preservative-free ophthalmic solution.

5. The apparatus of claim 1, wherein the reservoir is a

multi-dose reservoir.
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6. The apparatus of claim 1, wherein the valve member has a

conical tip that engages with the aperture.

7. The apparatus of claim 1, wherein the valve member has a

rounded tip that engages with the aperture.

8. The apparatus of claim 1, wherein the valve member has a
tip that engages with the aperture, and wherein the tip

comprises an anti-microbial material.

9. The apparatus of claim 1, wherein the aperture comprises

an anti-microbial material.

10. The apparatus of claim 1, wherein the actuator
comprises an electromagnetic transducer disposed on an
external surface of the reservoir and configured to induce

vibration of at least part of a wall of the reservoir.

11. The apparatus of claim 10, wherein the actuator is
configured to eject fluid from the aperture by generating

pressure fluctuations in the fluid due to the wvibration.

12. The apparatus of claim 1, wherein the fluid package
comprises a resilient diaphragm configured to hold a tip of
the valve member in engagement with the aperture when fluid

is not being ejected through the aperture.

13. The apparatus of claim 1, wherein the apparatus is

configured to deliver a dose volume of 1 to 15 pul.
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14. The apparatus of claim 1, wherein the apparatus is

configured to deliver a dose in 150 ms or less.
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