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Fig. 1

(57) Abrégée/Abstract:
Systems and methods are disclosed for delivering medication to a patient. One such system has an aerosol generator for
aerosolizing medication. The generator Is located outside the airway of a patient. A chamber Is provided for receiving aerosolized
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(57) Abrege(suite)/Abstract(continued):

medication from the generator. The system has a carrier gas supply tube for delivering carrier gas to the chamber, and an aerosol
delivery tube for receiving the aerosolized medication and the carrier gas from the chamber. The aerosol delivery tube delivers the
aerosolized medication to the patient. A distal end of the aerosol delivery tube Is positioned inside the airway of the patient in order
to discharge the aerosolized medication within the patient's airway.
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Fig. 1

(57) Abstract: Systems and methods are disclosed for delivering medication to a patient. One such system has an aerosol generator

for acrosolizing medication. The generator 1s located outside the ai

rway of a patient. A chamber 1s provided for receiving aerosolized

medication from the generator. The system has a carrier gas supply tube for delivering carrier gas to the chamber, and an aerosol de -
livery tube for receiving the aerosolized medication and the carrier gas from the chamber. The aerosol delivery tube delivers the aer -
osolized medication to the patient. A distal end of the aerosol delivery tube 1s positioned mside the airway of the patient in order to
discharge the aerosolized medication within the patient's airway.
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AEROSOL MEDICATION DELIVERY SYSTEM AND METHOD

Cross-Reference to Related Application

[0001] This application claims the benefit of priority to U.S. provisional patent
application serial number 62/097,522, filed on December 29, 2014.

Field of the Invention

[0002] The present invention relates to devices, systems, and methods of delivering

medication to a patient.

Background of the Invention

[0003] Existing systems for delivering aerosolized medication to a patient are
commonly in two forms. In one form, the medication is aerosolized outside the airway of the
patient, and then delivered into a breathing gas delivery system, which mixes the aerosolized
medication with the breathing gas prior to its being inhaled by the patient. For example, see

U.S. Publ. No. US2012/0048264 (Finlay et al.). In another form, the medication is

aerosolized in the patient’s airway at the tip of a multi-lumen cannula, which transports gas
and liquid medication to the tip in separate channels. For example, see U.S. Publ. No.

US2013/0333695 (Dellaca et al.). These systems can be inefficient and potentially unsafe to

use, especially with regard to newborns.

Summary of the Invention

[0004] The invention may be embodied as a system for delivering medication to a

patient. Such a system may include an aerosol generator for aerosolizing medication. The
aerosol generator may be located outside the airway of the patient. The system may include a
chamber for receiving the aerosolized medication from the generator, and a gas supply tube

may be used for delivering a carrier gas to the chamber. The chamber may be located

proximal to the patient.

[00035] An aerosol delivery tube may be provided for receiving the aerosolized

medication and the carrier gas from the chamber, and delivering the aerosolized medication



10

15

20

25

CA 029725%6 2017-06-28

WO 2016/109390 PCT/US2015/067600

and carrier gas to the patient. A distal end of the aerosol delivery tube may be positioned
inside the airway of the patient, for example in the oropharynx of the patient, in order to
discharge the aerosolized medication within the patient’s airway. Alternatively, the distal end
of the aerosol delivery tube may be positioned at or slightly beyond a distal end of an
endotracheal tube that is inserted in the patient. Such an arrangement within an endotracheal
tube may be accomplished by passing the aerosol delivery tube into the endotracheal tube via
a port at a proximal end of the endotracheal tube, or through a port of an endotracheal tube
adapter, or through a port of a patient respiratory support circuit. The distal end of the
aerosol delivery tube may be positioned at or slightly beyond the distal end of the

endotracheal tube.

[0006] As used herein, the phrase “proximal end” and the phrase “distal end” are used
with reference to the generator. As such, the “proximal end” of a tube is closer to the
generator than 1s the “distal end” of that tube. Consequently, with reference to the material to

be carried by a tube, the proximal end ot the tube 1s upstream from the distal end of that tube.

[0007]  To facilitate proper positioning of the distal end of the aerosol delivery tube,
the system may include a patient interface. The patient interface may take the form of an
infant pacifier. The aerosol delivery tube may pass through the patient interface. The
position of the aerosol delivery tube relative to the patient interface may be fixed, for

example by a friction fit between that tube and interface.

[0008] The invention may be embodied as a method for delivering medication to a
patient. Such a method may include:
(a) generating an aerosol from a medication to provide an aerosolized medication;
(b) providing a flow of carrier gas;
(¢) using the carrier gas, conveying the aerosolized medication via an aerosol delivery
tube that has been positioned inside the patient’s airway in order to discharge the

aerosolized medication inside the patient’s airway.

Generation of the aerosol may occur outside the patient’s airway.
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[0009] A patient interface, which may be shaped like an infant pacifier, may be used
to position a distal end of the aerosol delivery tube in the patient’s airway. In particular, the

distal end of the aerosol delivery tube may be positioned in the oropharynx of the patient.

[0010] The distal end of the aerosol delivery tube may be positioned at or slightly
beyond a distal end of an endotracheal tube. In that arrangement, the aerosol delivery tube
may be passed into the endotracheal tube via a port at a proximal end of the endotracheal
tube, or through a port of an endotracheal tube adapter, or through a port of a patient
respiratory support circuit. The distal end of the aerosol delivery tube may be positioned at
or slightly beyond the distal end of the endotracheal tube.

Brief Description Of The Drawings

[0011] For a fuller understanding of the nature and objects of the invention, reference
should be made to the accompanying drawings and the subsequent description. Briefly, the
drawings are:
Figure 1 i1s a schematic of a system that is in keeping with the invention;
Figure 2 1s an exploded side view depicting a portion of the system depicted in Figure
1;
Figure 3 is an oblique view of the portion depicted in Figure 2 and which shows some
of the components assembled together;
Figures 4A, 4B, and 4C are schematics of other systems that are in keeping with the

invention; and.

Figure 5 1s a flow chart depicting a method.

Further Description of the Invention

[0012] A method and system according to embodiments of the present invention
foster improved efficiency and safety in administering medications. The invention
acrosolizes medication outside the airway of a patient, such as an infant, who may
simultaneously require supplemental oxygen and/or application of positive pressure to assist
with breathing. The invention is superior to current systems where the medication 1s

aerosolized outside the patient airway because in the invention, the dose of medication is not
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diluted by the flow of breathing gas and is delivered directly to the airway of the patient. The
invention 1s particularly superior to current systems where the aerosol is generated in the
patient airway because the invention allows control of aerosol particle size and offers

protection against airway tissue injury from a multi-lumen catheter.

(0013] Figure 1 1s a schematic of a system for delivering an aerosol to a patient’s
oropharynx 10. According to an embodiment of the present invention, the medication may be
aerosolized by an aerosol generator 13 (e.g. by a vibrating mesh), which is located outside the
patient 16. Aerosolized medicament 19 from the generator 13 may be provided to a chamber
22. The chamber 22 may be located proximal to the patient 16, for example within twelve
inches, and preferably within six inches, of the patient 16. The chamber 22 has an outlet port
25 that connects to an aerosol delivery tube 28. The chamber 22 has an inlet port 31 that
permits a carrier gas supply tube 34 to provide a carrier gas to the chamber 22. The carrier
gas supply tube 34 facilitates a flow of the carrier gas from a gas blender 37 to the chamber
22. The flow rate of the carrier gas through the supply tube 34 may be set by a flow
controller 40. It 1s believed that for many implementations of the invention, the carrier gas
flow rate may be between 0.1 and 2.0 liters per minute. The carrier gas flow provided by the
gas supply tube 34 propels the aerosolized medication through the aerosol delivery tube 28
and into the patient 16 at the optimal rate for an individual patient 16. The quantity of
medication can be adjusted by turning the generator on or off, as desired Also, the quantity
of medication can be limited by supplying a specified amount of medication to the reservoir
14 — when the supply of medication is depleted from the reservoir 14, delivery of the
medication to the patient ultimately ceases. The density of the aerosolized medication can be
adjusted by setting the flow rate of the carrier gas using the flow controller 40. As such, the
aerosol density and the quantity of medication may be independently adjusted to meet
individual needs of the patient 16. Also shown in Figure 1 is a nasal cannula 43, which may
be used to deliver bias flow to the nasopharynx 46 for a variety of respiratory support

techniques.

[0014] For patients 16 who do not require endotracheal intubation, the system
according to an embodiment of the present invention conveys aerosolized medications 19

(e.g. aerosolized by a vibrating mesh) into the oropharynx 10 through an aerosol delivery
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tube 28 that passes through a patient interface 49. The patient interface 49 may allow for the
patient 16 to exert a holding force via the patient’s lips, gums, or teeth. The optimal position.
of the aerosol delivery tube 28 may be assured ‘by fixing the aerosol delivery tube 28 to the
patient interface 49 so that the distal end of the aerosol delivery tube 28 does not significantly

move relative to the patient interface 49.

[00135] The aerosol delivery tube 28 may be a nasogastric PVC feeding tube, 5 french
or larger. Although such an aerosol delivery tube 28 is normally used for feeding, it is
believed such a tube could be easily repurposed to serve as the aerosol delivery tube 28
described above. In this manner, the aerosol delivery tube 28 may be selected from readily

available, inexpensive items.

[0016] Figures 2 and 3 show a patient interface 49, aerosol delivery tube 28 and lock
collar 52. By using the patient interface 49, the distal orifice 55 of the aerosol delivery tube
28 may be placed in the oropharyngeal cavity 10 while assuring that the distal orifice 55 of
the aerosol delivery tube 28 is not obstructed by the tongue 58, buccal mucosa or pharyngeal
wall, and also preventing that distal end 55 of the aerosol delivery tube 28 from abrading or
piercing the fragile oropharyngeal tissues of the patient 16. Such a method and system is
safer than the prior art methods/systems because the aerosol delivery tube 28 used to deliver

the aerosolized medication may be prevented from contacting the patient’s 16 airway tissue.

[0017] The patient interface 49 may be fashioned from a material that allows the
patient 16 to comfortably bite down on the patient interface 49. For example, the patient
interface 49 may be formed from a semi-flexible material, such as those materials commonly

used for a baby pacifier.

[0018] Figures 2 and 3 show additional details of a portion of the system that is
schematically depicted in Figure 1. In Figures 2 and 3, the patient interface 49 is depicted as
comprising a plurality of ditferent parts, each of which may be selectively engaged and/or
disengaged from the others to provide for easy assembly and/or disassembly. The invention,
however, need not be formed from selectively engagable/disengagable parts, and instead may

be an integrated set of parts that are not selectively engagable/disengagable.
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[0019] Figures 2 and 3 show a ridged tube 61 that serves to fix the position of the
aerosol delivery tube 28 relative to the patient interface 49. A lock collar 52 screws to the
ridged tube 61. At least a portion of an interior passage 67 in the lock collar 52 provides a
close fit with the aerosol delivery tube 28. Once the lock collar 52 is threaded to the ridged
tube 61, the position of the aerosol delivery tube 28 relative to the ridged tube 61 may be held
via the close fit in the passage 67 of the lock collar 52.

[0020] The position of the ridged tube 61 relative to the patient interface 49 may be
held by providing a friction-fit between the patient interface 49 and the ridged tube 61. To
facilitate that friction-fit, ridges 70 may be provided on an exterior surface of the ridged tube
61 (or ridges may be provided on an interior surface of the patient interface 49). When the
ridged tube 61 is inserted into the patient interface 49, the ridges 70 contact an interior
surface of the patient interface 49, and the ridged tube 61 may be thereby held relative to the

patient interface 49.

[0021] When assembled, an end 55 of the aerosol delivery tube 28 may extend
slightly (e.g. 3mm or less, with a preferred range of 1 to 3 mm) from the tip 73 of the patient
interface 49 so that the medication dischargeé from the aerosol delivery tube 28 without
contacting the patient interface 49. To achieve that arrangement, the ridged tube 61 may be
fitted to the patient interface 49. The lock collar 52 may be fitted to the aerosol delivery tube
28. Then, the aerosol delivery tube 28 may be inserted through the ridged tube 61 so that an

end of the aerosol delivery tube 28 is close to but does not extend from the patient interface

49. As the lock collar 52 1s screwed to the ridged tube 61, the aerosol delivery tube 28 is

moved relative to the ridged tube 61 and patient interface 49 until the aerosol delivery tube 28

extends slightly from the tip 73 of the patient interface 49.

[0022] Figures 4A, 4B, and 4C are schematics of other systems that are in keeping

with the invention for delivering aerosolized medication. In the arrangements depicted in
Figures 4A, 4B, and 4C, the patient 16 has been intubated. For patients who require
endotracheal intubation, an endotracheal tube 76 extends into the patient’s 16 airway, and the
acrosol delivery tube 28 may be passed through and connected to a port 79A of the
endotracheal tube 76 (see Figure 4A), or passed through and connected to a port 79B of an
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endotracheal tube adapter 80 (see Figure 4B), such as a suction or pressure monitoring port of
an endotracheal tube adapter 80, or passed through and connected to a port 79C of a patient
respiratory support circuit 81 (see Figure 4C), such as a section or pressure monitoring port of
a CPAP (Continuous Positive Airway Pressure) or ventilator circuit. The distal tip 55 of the
aerosol delivery tube 28 may be sited inside the patient airway at or slightly beyond (e.g.
3mm or less, with a preferred range of 1 to 3 mm) the distal end of the endotracheal tube 76.
Such an arrangement separates respiratory support administration from aerosol medication

delivery, which allows care-providers to optimize each separately.

[0023] Having described systems that are in keeping with the invention, a method
will be described. Figure 5 depicts steps of a method that is in keeping with the invention. In
that method of delivering medication to a patient, an aerosol may be generated 100 from a
liquid medication to provide an aerosolized medication. Generating the aerosol occurs
outside the patient airway. A carrier gas, such as air or an oxygen/air mixture required by the
patient at the time the aerosol is being administered, is provided 103. By flowing 106 the
carrier gas, the aerosolized medication may be conveyed 109 via an aerosol delivery tube to a
distal end of the aerosol delivery tube, which has been positioned in the patient’s airway. The
aerosolized medication and carrier gas are discharged 112 inside the patient’s airway. To
position the distal end of the aerosol delivery tube in the patient’s airway, a patient interface,
which may be shaped like an infant pacifier, may be used. Alternatively, the aerosol delivery
tube may extend through an endotracheal tube so that the distal end of the aerosol delivery
tube may be positioned at or slightly beyond a distal end of the endotracheal tube. Such an
arrangement within an endotracheal tube may be accomplished by passing the aerosol
delivery tube into the endotracheal tube via a port at a proximal end of the endotracheal tube,
or through a port of an endotracheal tube adapter, or through a port of a patient respiratory
support circuit. The distal tip of the aerosol delivery tube may be positioned at the distal end
of the endotracheal tube or just slightly beyond (e.g. 3mm or less, with a preferred range of |

to 3 mm) the distal end of the endotracheal tube.

[0024] Although the present invention has been described with respect to one or more
particular embodiments, it will be understood that other embodiments of the present

invention may be made without departing from the spirit and scope of the present invention.
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Hence, the present invention i1s deemed limited only by the appended claims and the

reasonable interpretation thereof.
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What is claimed is:

1. A system for delivering medication to a patient, comprising:

an aerosol generator for aerosolizing medication, the generator being located outside the
airway of a patient;

a chamber for receiving aerosolized medication from the generator;

a carrier gas supply tube for delivering carrier gas to the chamber;

an aerosol delivery tube for receiving the aerosolized medication and the carrier gas from
the chamber, and delivering the aerosolized medication to the patient, wherein a distal
end of the aerosol delivery tube is positioned inside the airway of the patient in order

to discharge the aerosolized medication within the patient’s airway.
2. The system of claim 1, wherein the chamber is located proximal to the patient.

3. The system of claim 1 or claim 2, further comprising a patient interface through which the

aerosol delivery tube passes.

4. The system of claim 1, claim 2, or claim 3, wherein the distal end of the aerosol delivery

tube is positioned in an oropharynx of the patient.

5. The system of claim 1, claim 2, or claim 3 wherein the distal end of the aerosol delivery

tube 1s positioned at or slightly beyond a distal end of an endotracheal tube.

6. The system of claim 5, wherein the aerosol delivery tube passes into the endotracheal tube

via a port of the endotracheal tube.

7. The system of claim 5, wherein the aerosol delivery tube passes into the endotracheal tube

via a port of an endotracheal tube adapter.

8. The system of claim 5, wherein the aerosol delivery tube passes into the endotracheal tube

via a port of a patient respiratory support circuit.

9. A method of delivering medication to a patient, comprising:
generating an aerosol from a medication to provide an aerosolized medication, wherein

generating the aerosol occurs outside a patient airway;
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providing a flow of carrier gas;
using the carrier gas, conveying the aerosolized medication via an aerosol delivery tube,
wherein a distal end of the aerosol delivery tube is positioned inside the patient
airway; and
S discharging the aerosolized medication from the distal end of the aerosol delivery tube to

the patient airway.

10. The method claim 9, wherein a patient interface is used to position a distal end of the

acrosol delivery tube in the patient’s airway.
11. The method of claim 10, wherein the patient interface is shaped like an infant pacifier.

10  12. The method of claim 9, wherein the distal end of the aerosol delivery tube is positioned

in an oropharynx of the patient.

13. The method of claim 9, wherein the distal end of the aerosol delivery tube is positioned

at or slightly beyond a distal end of an endotracheal tube.

14. The method of claim 13, wherein the aerosol delivery tube passes into the endotracheal
15 tube via a port of the endotracheal tube.
15. The method of claim 13, wherein the aerosol delivery tube passes into the endotracheal
tube via a port of an endotracheal tube adapter.
16. The method of claim 13, wherein the aerosol delivery tube passes into the endotracheal

tube via a port of a patient respiratory support circuit.
20

10



CA 029725%6 2017-06-28

PCT/US2015/067600

WO 2016/109390

[ 31




CA 029725%6 2017-06-28

PCT/US2015/067600

WO 2016/109390

¢ 31

¢ L

3%

GG



CA 029725%6 2017-06-28

WO 2016/109390 | PCT/US2015/067600

3/7

28

6/

49

Fig. 3



CA 029725%6 2017-06-28

WO 2016/109390 | PCT/US2015/067600

4/7

(i —

T ].
o~ T
Qs |

-

J
2Ny,

40

57

Fig. 4A

28

16

O
<



CA 029725%6 2017-06-28

WO 2016/109390 | PCT/US2015/067600

[mnhbnnnmn

40

Fig. 4B

28

/98B

46



CA 029725%6 2017-06-28

PCT/US2015/067600

WO 2016/109390

o/7

29

)%

DP "3

GC

0bL

¢l

| 8

91

A%



CA 029725%6 2017-06-28

WO 2016/109390 PCT/US2015/067600

717

GENERATE AN AEROSOL FROM A LIQUID
MEDICATION TO PROVIDE AN AEROSOLIZED

MEDICATION.
100
I PROVIDE A CARRIER GAS.
103
FLOW THE CARRIER GAS.
106
CONVEY THE AEROSOLIZED MEDICATION USING
. THE CARRIER GAS VIA A DELIVERY TUBE TO A
| DISTAL END OF THE DELIVERY TUBE, WHICH HAS
BEEN PLACED IN THE PATIENT'S AIRWAY.
109

.
DISCHARGE THE AEROSOLIZED

MEDICATION AND CARRIER GAS IN THE
PATIENT'S AIRWAY.

112

Fig. 5
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