US006079413A

United States Patent [ (11] Patent Number: 6,079,413
Baran 451 Date of Patent: Jun. 27, 2000
[54] CATHETER SYSTEM FOR DELIVERY OF 5,438,982  8/1995 Maclntyre 128/207.14
AEROSOLIZED MEDICINE FOR USE WITH 5,480,380 1/1996 MArtin oocvvvevvesnvrieensniiens 604/284
PRESSURIZED PROPELLANT CANISTER 5,515,844  5/1996 Christopher ... 128/207.14
5,606,968  3/1997 Mang ........ceevvieniinnnne 128/207.14
. 5,611,336 3/1997 Page et al. ...cccoevevevininnnes 128/207.14
[75] Inventor:  George Baran, London, Canada 5,964,223  10/1999 Baran ...........cecovevevenenns 128/207.14
[73] Assignee: Trudell Medical Limited, Canada FOREIGN PATENT DOCUMENTS
[21] Appl. No.: 08/770,262 05670 6/1989  WIPO .
[22] Filed: Dec. 20. 1996 Primary Examiner—John G. Weiss
' ’ Assistant Examiner—Joseph F. Weiss, Jr.
Related U.S. Application Data Attorney, Agent, or Firm—Brinks Hofer Gilson & Lione
[62] Division of application No. 08/261,490, Jun. 17, 1994, Pat. [57] ABSTRACT
No. 5,642,730. An improved system for delivery of an aerosolized medicine
[51] Int.CL7 . .. A61M 16/00; A62B 9/06 to a patient’s respiratory system. The system uses a pres-
[52] US.Cl oo 128/207.14; 128/200.23,  surized canister that contains a mixture of a medicine and a
128/200.26; 128/203.12; 128/207.15 propellant which may be in a liquid state. The canister has
[58] Field of Search ................ 128/200.18, 20021, ~ an outlet from which the mixture can exit. The system
128/205.11, 203.12, 200.23 200.26’ 2071 4’ includes an extension catheter that connects at a proximal
’ ’ ,207.15"604 28 4’ end to the outlet of the canister. The extension catheter has
’ a length such that a distal end can be positioned either in an
[56] References Cited endotracheal tube or deep in the respiratory tract of the

U.S. PATENT DOCUMENTS

4,661,110  4/1987 FOItET .cocevveremrcerrccerrencrrceanene 604/284
4,690,138  9/1987 Heyden ... 128/207.15
4,819,664  4/1989 Nazari ............. ... 128/207.15
4,840,172 6/1989 Augustine et al. . ... 128/207.14
4,881,542 11/1989 Schmidt et al. ... o 128/207.14
5,186,167  2/1993 Kolobow ......... ... 128/207.14
5,193,553 3/1993 Body et al. .. ... 128/207.14
5,197,463  3/1993 lJeshuran ...... ... 128/207.14
5,217,005  6/1993 Weinstein ........ceeeeeeveueuencne 128/207.14
5,231,983  8/1993 Matson et al. .....cceeeueenee.n.. 128/207.14
5,255,675 10/1993 Kolobow ......... ... 128/204.18
5,291,882 3/1994 Makhoul et al. .................. 128/207.14

patient while the proximal end of the extension catheter is
connected to the canister which is located outside the
patient’s body. The extension catheter includes at least one
lumen extending therethrough for conveying the medicine
and liquid propellant mixture from the canister to a distal
exit orifice where an aerosol can be generated as the pro-
pellant evaporates. The aerosolized medicine is carried by
the patient’s inhalation and delivered to the lungs. The
extension catheter may be positioned in an endotracheal tube
or alternatively may be used with a patient who is not
intubated.
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CATHETER SYSTEM FOR DELIVERY OF
AEROSOLIZED MEDICINE FOR USE WITH
PRESSURIZED PROPELLANT CANISTER

The present application is a division of Ser. No. 08/261,
490, filed Jun. 17, 1994 and now U.S. Pat. No. 5,642,730.

REFERENCE TO RELATED APPLICATION

The present application incorporates by reference the
copending application entitled “Nebulizing Catheter System
and Methods of Use and Manufacture” filed by the same
inventor of the present application and on even date here-
with and assigned Ser. No. 08/261,866.

BACKGROUND OF THE INVENTION

The present invention relates to the delivery of medication
to the lungs and more particularly, the present invention
relates to a delivery system for the application of an aero-
solized medication to the lungs or to a specific region within
the lungs with improved delivery rates, efficiencies, and
control.

Many types of medication can be administered to a patient
via the respiratory tract. Medication delivered through the
respiratory tract may be carried with a patient’s inhalation
breath as airborne particles (e.g. an aerosol or nebula) into
the lungs where the medication can cross through the thin
membrane of the lungs and enter the patient’s bloodstream.
Delivery of medication via the respiratory tract is preferred
in many circumstances because medication delivered this
way enters the bloodstream very rapidly. Delivery of medi-
cation to the lungs may also be preferred when the medi-
cation is used in a treatment of a disease or condition
affecting the lungs in order to apply or target the medication
as close as physically possible to the diseased area.

Although delivery of medication via the respiratory tract
has been used for delivery of medications for many years,
there are difficulties associated with such prior systems that
have limited their use and application. For example, con-
ventional methods have provided for only limited medica-
tion delivery rates, efficiency, and control. Conventional
methods for aerosol delivery result in a substantial portion of
the medicine failing to be delivered to the lungs, and thereby
possibly being wasted, or possibly being delivered to other
parts of the body, e.g. the trachea.

Aerosols in general are relatively short-lived and can
settle out into larger particles or droplets relatively quickly.
Aerosols can also impact each other or other objects, settle
out as sediment, diffuse, or coalesce. Aerosol particles can
also be subject to hydroscopic growth as they travel. Deliv-
ery of medicine as airborne particles requires conversion of
the medicine, which may be in liquid form, to an aerosol
followed relatively quickly by application of the aerosol to
the respiratory tract. One such device that has been utilized
for this purpose is an inhaler. Inhalers may atomize a liquid
to form an aerosol which a person inhales via the mouth or
nose. Inhalers typically provide only limited delivery of
medication to the alveoli of the lungs since much of the
medication is deposited on the linings of the respiratory
tract. It is estimated that as little as 10-15% of an aerosol
inhaled in this way reaches the alveoli.

Aerosol delivery of a medication to a patient’s respiratory
tract also may be performed while the patient is intubated,
i.e. when an endotracheal tube is positioned in the patient’s
trachea to assist in breathing. When an endotracheal tube is
positioned in a patient, a proximal end of the endotracheal
tube may be connected to a mechanical ventilator and the
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distal end is located in the trachea. An aerosol may be added
to the airflow in the ventilator circuit, conveyed to the
endotracheal tube, and carried by the patient’s inhalation to
the lungs. A significant amount of the aerosolized medica-
tion may be deposited inside the endotracheal tube and the
delivery rate of the medicine to the lungs is also relatively
low and unpredictable.

The low and unpredictable delivery rates of prior aerosol
delivery systems have limited the types of medications that
are delivered via the respiratory tract. For new medications
that are relatively expensive, the amount of wasted medicine
may be a significant cost factor in the price of the therapy.
Therefore, it would be advantageous to increase the delivery
rate or efficiency of a medicine delivered to the lungs.

It may also be advantageous to be able to target medica-
tion to a specific bronchus, or specific groups of bronchia, as
desired, while avoiding delivery of medication to other
portions of the lungs.

Another consideration is that some medications or other
agents that can be delivered as aerosols can have adverse
side effects. Therefore, it would be advantageous to mini-
mize the overall amount of medication or agent delivered
while maintaining the efficacy of the medication by provid-
ing the same or a greater amount of the medication to the
desired treatment site.

Taking into account these and other considerations, it
would be advantageous to improve the delivery rate and
efficiency of aerosolized medicines delivery via the respi-
ratory tract.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, there
are provided an improved system and method for delivery of
an aerosolized medicine to a patient’s respiratory system.
The system uses a pressurized canister that contains a
mixture of fine particles of a medicine and a propellant
which may be in a liquid state. The canister has an outlet
from which the mixture can exit. The system includes an
extension catheter that connects at a proximal end to the
outlet of the canister. The extension catheter has a length
such that a distal end can be positioned either in an endot-
racheal tube or deep in the respiratory tract of the patient
while the proximal end of the extension catheter is con-
nected to the canister which is located outside the patient’s
body. The extension catheter includes at least one lumen
extending therethrough for conveying the medicine/
propellant mixture from the canister to a distal exit orifice
where an aerosol can be generated as the propellant evapo-
rates. The aerosolized medicine is carried by the patient’s
inhalation and delivered to the lungs. The extension catheter
may be positioned in an endotracheal tube or alternatively
may be used with a patient who is not intubated.

Throughout this specification and these claims, the exten-
sion catheter is described as used for the delivery of medi-
cine or medication. It is intended that the terms
“medication”, “medicine”, and “drug” be understood to
include other agents that can be delivered to the lungs for
diagnostic or therapeutic purposes, such as tracers. In
addition, although the extension catheter is discussed as
being placed in the trachea, it should be understood that
unless otherwise noted the extension catheter can be posi-
tioned in any airway of the respiratory tract.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of an embodiment of the present
invention shown in place in the trachea of a patient who is
intubated.
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FIG. 2 is an alternate embodiment of the invention shown
in FIG. 1.

FIG. 3 is a plan view of another embodiment of the
present invention of FIGS. 1 and 2 shown in place in the
trachea of a patient who is not intubated.

FIG. 4 is a sectional view of a distal portion of the
extension catheter shown in FIGS. 1-3.

FIG. 5 is a perspective view of the embodiment shown in
FIG. 4.

FIG. 6 is an alternative embodiment of the embodiment
shown in FIG. 4

FIG. 7 is a perspective view of the embodiment shown in
FIG. 6.

FIG. 8 is an alternative embodiment of the extension
catheter of FIG. 4.

FIG. 9 is another alternative embodiment of the extension
catheter of FIG. 4.

FIG. 10 is a perspective view of the embodiment shown
in FIG. 9.

FIG. 11 is a sectional view of a distal portion of another
alternative embodiment of the extension catheter of FIG. 4.

FIG. 12 is a perspective view of the embodiment of FIG.
11.

FIG. 13 is a sectional view of a distal portion of yet
another alternative embodiment of the extension catheter of
FIG. 4.

FIG. 14 is a perspective view of the embodiment of FIG.
11.

FIG. 15 is a side view of another embodiment of the
extension catheter shown in FIG. 1.

FIG. 16 is a side view of another embodiment of the
extension catheter of FIG. 15.

FIG. 17 is a side view of another embodiment of the
extension catheter of FIG. 15.

FIG. 18 is a side view of the embodiment of FIG. 17 with
the outer sheath advanced over the centering device for
installation or withdrawal.

FIG. 19 is a side view of an alternative embodiment of the
extension catheter of FIG. 1.

FIG. 20 is a view of the embodiment of FIG. 19 shown in
place in a trachea of a patient.

FIG. 21 is a perspective view of an embodiment of the
extension catheter incorporated into a suction catheter.

FIG. 22 is a sectional view of the distal end of the suction
catheter of FIG. 21.

FIG. 23 is a perspective view of the embodiment of FIG.
21 used in conjunction with an endotracheal tube inside a
patient’s respiratory tract.

FIG. 24 is a cross sectional view of the embodiment of
FIG. 22 taken along lines a—a'.

FIG. 25 is a perspective view similar to FIG. 24 showing
the suction catheter in another stage of operation.

FIG. 26 is a sectional view of one embodiment of a
connection arrangement between an endotracheal tube, a
suction catheter and an extension catheter.

FIG. 27 is a sectional view similar to FIG. 26 showing
another embodiment of an arrangement for connecting an
endotracheal tube, a suction catheter and an extension cath-
eter.

FIG. 28 is a sectional view similar to FIG. 26 showing
another alternative arrangement for connecting an endotra-
cheal tube and an extension catheter.
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DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

Referring to FIG. 1, there is depicted a first embodiment
of the present invention. An endotracheal tube 10 is posi-
tioned in a patient’s respiratory system 12. The endotracheal
tube may be of a conventional type or may be specially
designed for use with the present invention, as described in
more detail below. The endotracheal tube may have an
inflatable cuff or balloon 14 located close to its distal end. A
proximal end 15 of the endotracheal tube is connected to a
ventilator 16 which may also have a conventional construc-
tion. The ventilator 16 connects to the proximal end of the
endotracheal tube 10 by means of a manifold fitting 18. The
manifold 18 is adapted to provide a connection between the
ventilator 16 and the endotracheal tube 10, and in addition,
the manifold 18 permits the introduction of a separate
catheter into a main ventilation lumen 20 of the endotracheal
tube 10. The manifold 18 may be of the type disclosed in
U.S. Pat. No. 5,078,131 (Foley), the entire disclosure of
which is incorporated herein by reference.

At a location outside of the endotracheal tube 10 and
external of the patient’s respiratory system 12 is a pressur-
ized canister 22. The canister 22 contains a volume of
medicine mixed with a propellant. The medicine may be in
fine particle form or may be in a liquid form mixed with the
liquid propellant. The canister retains the medicine/
propellant mixture under pressure in order to generate an
aerosol of the medicine when the medicine/propellant mix-
ture is expelled from the canister 22 to ambient pressure. The
canister 22 includes an outlet 24 from which the medicine/
propellant mixture can exit. The canister 22 should be
suitably designed to withstand the pressure. The canister 22
is preferably a closed can that is filled with medicine and
propellant, pressurized and then sealed during the manufac-
ture of the canister.

In a preferred embodiment, the canister 22 may be similar
or identical to the type of canister used in a conventional
MDI (metered dose inhaler). An MDI has an actuator
mechanism that uses a pressurized canister as a component.
The canister contains a medicine/propellant mixture that is
sealed under pressure. The MDI expels an aerosol in mea-
sured dosages from the canister to an outlet suitably
designed to conform to a patient’s mouth. The type of
canister used in conjunction with embodiments of the
present invention may differ in some respect from those used
in MDI devices since the present embodiments may be
suitable for delivering a wider variety of medicines than is
possible with MDI devices.

Connected to the outlet 24 of the canister is an extension
catheter 30. The extension catheter 30 extends from the
canister 22 through the manifold 18 and into the endotra-
cheal tube 10. In the embodiment shown in FIG. 1, the
extension catheter 30 extends through the main ventilation
lumen 20 of the endotracheal tube 10 and out the distal end
thereof. The extension catheter 30 may be permanently
attached to the canister 22 during manufacture or alterna-
tively the extension catheter may have a proximal connector
29 that is matable with an exit nozzle of the canister 22 and
to which the extension catheter may be releasibly connected.
If the extension catheter includes a proximal connector 29,
actuation of the canister 22 may be provided by pushing the
proximal end of the extension catheter toward the nozzle. In
a present embodiment, the extension catheter 30 In a present
embodiment, the extension catheter 30 has a length such that
a proximal end can be attached to the pressurized canister 22
while the distal end extends beyond the distal end of the
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