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Description

BACKGROUND

[0001] Capillary aerosol technology and capillary aer-
osol generators have been described in US 5 743 251.

SUMMARY

[0002] In accordance with the invention, there is pro-
vided an aerosol generation system comprising an aer-
osol generation unit comprising a capillary passage and
a heater operable to heat the capillary passage, wherein
a liquid formulation is at least partially vaporized in the
capillary passage and discharged from the capillary pas-
sage to form an aerosol, and a pumping unit adapted to
supply a liquid formulation to the aerosol generation unit,
characterised in that the aerosol generation system in-
cludes a backpressure inducing fluidic element located
between the pumping unit and the inlet of the capillary
passage of the aerosol generation unit, wherein the back-
pressure inducing fluidic element is adapted to introduce
additional backpressure to the aerosol generating sys-
tem, such that the pressure of the liquid at an inlet to the
capillary passage is at least 7 MPa, and in that the fluidic
element is a coiled tubular element of a helical shape or
a plate-like element having a non-linear channel therein.
[0003] Also in accordance with the invention, there is
provided a method of producing an aerosol comprising
supplying a liquid material to a heated capillary passage
and generating an aerosol with the heated capillary pas-
sage, characterised in that the liquid is pumped to the
capillary passage through a fluidic element in the form
of a coiled tubular element of a helical shape or a plate-
like element having a non-linear channel therein so that
the pressure of the liquid at an inlet to the capillary pas-
sage is at least 7 MPa (1000 psi).
[0004] In an embodiment, the method of producing an
aerosol comprises: supplying a liquid material to a heated
capillary passage at a flow rate of 20ml/s (microlitres per
second).

BRIEF DESCRIPTION OF THE DRAWINGS

[0005]

FIG. 1 is a perspective view of an aerosol generation
system in accordance with one embodiment having
a heater in an open position.
FIG. 2 is a perspective view of the aerosol generation
system of FIG. 1 with the heater in a closed position.
FIG. 3 is a perspective view of a disposable assembly
of the aerosol generation system of FIG. 1.
FIG. 4 is a side view of the disposable assembly of
FIG. 3.
FIG. 5 is a schematic diagram of a valving assembly
and a fluidic element in accordance with an embod-
iment.

FIG. 6A is a perspective view of a fluidic element for
use with the aerosol generation system of FIG. 1 in
accordance with an embodiment.
FIG. 6B is a cross-sectional view of a fluidic element
in accordance with an embodiment.
FIG. 7A is a chart of a linear fluidic element showing
the backpressure within the system versus time in
accordance with an embodiment.
FIG. 7B is a chart showing the backpressure within
the system versus time without a fluidic element.
FIG. 8 is a table comparing particle size of the for-
mulation with and without a fluidic element.
FIG. 9 is a perspective view of a fluidic element for
use with an aerosol generation system in accord-
ance with one embodiment.
FIG. 10 is an exploded view of a fluidic element for
use with an aerosol generation system in accord-
ance with another embodiment.
FIG. 11 is an exploded view of a fluidic element for
use with an aerosol generation system in accord-
ance with a further embodiment.
FIG. 12 is an exploded view of a fluidic element for
use with an aerosol generation system in accord-
ance with another embodiment.
FIG. 13 is a diagram of an aerosol generation system
in accordance with one embodiment.

DETAILED DESCRIPTION

[0006] Aerosols are useful in a wide variety of applica-
tions. For example, it is often desirable to treat respiratory
ailments with, or deliver drugs by means of, aerosol
sprays of finely divided particles of liquid and/or solid,
e.g., powder, medicaments, etc., which are inhaled into
a patient’s lungs. Aerosols can be generated from a heat-
ed capillary aerosol generator by feeding a solution or
suspension in a liquid state (i.e., a liquid formulation or
liquid material) to a capillary while heating the capillary
sufficiently such that the solution (or the carrier portion
of the suspension) is volatilized, so that upon discharge
from the heated capillary, the solution (or suspension) is
in the form of an aerosol. The length of the capillary can
depend on heat requirements dictated by, among other
factors, the composition of the aerosol to be generated.
A potential problem associated with directly heated cap-
illary aerosol generators is broad temperature variations
inside the capillary tube that may lead to overheating and
substandard aerosol formation, resulting in clogging of
the capillary tube and/or failure of the capillary aerosol
generator.
[0007] It can be appreciated that an aerosol generation
system can be used to aspirate a liquid material or for-
mulation from a container closure system, and dispense
it through an aerosol generator or capillary tube sub-as-
sembly for delivery of a continuous aerosolization. It
would be desirable to improve the reliability and the ro-
bustness of the capillary aerosol generation system by
having a system and method, which can stabilize the
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nominal operating pressure within the capillary passage
of an aerosol generation unit by increasing the threshold
backpressure for aerosolization (i.e., the minimum pres-
sure needed to keep the flow consistent and capillary
wet) and reduces the pressure oscillation within the sys-
tem as a result of the conversion of the liquid material or
formulation to vapor and large particles within the liquid
material or formulation.
[0008] In accordance with one embodiment, a fluidic
element is located between a pumping unit and a capillary
tube of an aerosol generator, wherein the fluidic element
increases the backpressure of the liquid formulation,
such that the thermally conductive heater maximizes
heat transfer substantially evenly and uniformly from the
thermally conductive heater to the capillary tube.
[0009] In operation, electrical leads transfer power
from a power source to heater cartridges that are inserted
into the thermally conductive heater, thereby heating the
thermally conductive heater. When heated, the thermally
conductive heater transfers heat to the aerosol genera-
tion unit or capillary tube and thus substantially evenly
and uniformly heats the capillary tube to a temperature
sufficient to at least partially volatilize the liquid material
or the liquid formulation that is introduced to the heated
capillary tube. For example, the at least partially volatil-
ized liquid material or liquid formulation can be driven
through a restrictor to atomize the liquid material or for-
mulation. The volatilized material mixes with air supplied
by a heated sheath air source within an aerosol confine-
ment member at a distal end of the heater block and
forms an aerosol.
[0010] Referring to FIG. 1, in accordance with one em-
bodiment, a perspective view of an aerosol generation
system 10 is shown. Liquid formulation or liquid material
is preferably introduced into a capillary tube through an
inlet of the capillary tube connected to a source of liquid
material. The volatilized material is driven out of the cap-
illary tube through the outlet of the capillary tube, i.e.,
pressure of liquid from the source of liquid material, which
causes the liquid to be ejected from the outlet.
[0011] In accordance with one embodiment, as shown
in FIG. 1, an aerosol generation system (or drug delivery
system) 10 having an aerosol generator and a heater,
the temperature of the heater and the thermally conduc-
tive material is heated to and maintained at an operating
temperature (i.e., a temperature at which liquid material
in the capillary tube is volatilized), which can be in the
range of about 250 °C to 400 °C. However, when the
aerosol is generated with this aerosol generation system
10, the system 10 may generate significant backpressure
(i.e., the pressure within the system from the outlet or
reduced orifice at the exit of the capillary or capillary tube
of the aerosol generation unit to the syringe pumps) in
the order of 4 MPa to 6 MPa (600 psi to 900 psi), due to
vaporization of the liquid formulation and the pumping of
the vapor/liquid through the reduced orifice at the exit of
the aerosol generator. In addition, the system 10 may
experience inconsistent flow in the capillary, large parti-

cles in the formulation, and sub-optimal vaporization,
which can cause sudden pressure spikes in the system
10 in the order of 15 MPa to 20 MPa (2000 psi to 3000 psi).
[0012] The system 10 can also experience variations
in nominal pressure within the capillary or capillary pas-
sage from run to run (within a unit), oscillations in pres-
sure profiles, clogging of the exit orifice with nominal pres-
sures below 7 Mpa (1000 psi), and particles with sizes
that are greater than the diameter of the exit orifice in the
capillary system 10. For example, when the nominal
pressure is below 7 MPa (1000 psi), the system 10 may
experience a pulsating aerosol, which results in capillary
operating pressure spikes. In addition, when these pres-
sure spikes occur, the aerosol generation system 10 may
not be capable of withstanding such high pressures and
results in a clogging of the capillary. The disposable de-
livery packet components and the fittings that are in the
delivery packet fail when a failure occurs, which results
in non-operation of the unit. Accordingly, it would be de-
sirable to provide a system and method for improving the
reliability and the robustness of the capillary aerosol gen-
erator, wherein a liquid formulation is partially vaporized
to form an aerosol for inhalation.
[0013] As shown in FIG. 1, the aerosol generation (or
drug delivery) system 10 comprises a base unit 20, which
is adapted to receive a disposable assembly 40 in the
form of a sterile disposable fluid system. The base unit
20 is comprised of a housing 22, a disposable assembly
housing 30 adapted to receive the disposable assembly
40, and a compact reconfigurable input/output (I/O) con-
troller assembly (not shown) and user interface 24. The
user interface 24 can be a touch screen panel as shown
in FIG. 1, or other suitable interface system for input of
information and receiving of operational data from the
system 10. The disposable assembly housing 30 is pref-
erably comprised of a clam-shell like housing, which is
adapted to receive the disposable assembly 40 having
an aerosol generation unit (or aerosol generator) 90 and
a fluidic element 100. As shown in FIG. 1, the disposable
assembly housing 30 in the base unit 20 is comprised of
an upper or first half and a lower or second half, which
is adapted to surround the disposable assembly 40 in a
clam-shell configuration, including a handle for ease of
opening and closing of the housing 30. The disposable
assembly 40 fits within the lower or second half of the
housing 30, and ensures that the components of the dis-
posable assembly 40 are matched to their respective
connections within the base unit 20.
[0014] In use, the aerosol generation unit 90 can in-
clude an indirect heating block assembly (not shown),
which encases a heated capillary tube, heats a liquid
material or liquid formulation 26, which is pumped
through the aerosol generation unit at a constant and
continuous rate by a pumping unit 50. The pumping unit
50 preferably includes two syringe pumps 52, 54 and a
valving arrangement or assembly 60 (FIG. 3) operable
to supply liquid formulation into an inlet of one syringe
pump 52, 54 during delivery of liquid formulation to the
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aerosol generation unit by the other syringe pump 52,
54. In accordance with one embodiment, the pumping
unit 50 and valving arrangement 60 continuously deliver
the liquid formulation 26 to the capillary at approximately
15ml/s to 25ml/s), and more preferably about 18ml/s to
22ml/s, and most preferably about 20ml/s.
[0015] FIG. 2 is a perspective view of the aerosol gen-
eration system 10 of FIG. 1 with the disposable assembly
housing 30 in a closed position. The disposable assembly
40 is attachable to a source of liquid material or liquid
formulation 26, which is partially vaporized to form an
aerosol. The capillary aerosol generation system 10 is
adapted to continuously deliver a liquid material or liquid
formulation as an aerosol, wherein the liquid material or
formulation 26 is heated in an aerosol generation unit 90
to partially vaporize at least some of the liquid material
or liquid formulation 26. The aerosol generation system
10 can be comprised of a base unit 20 and wetted com-
ponents including a sterile disposable fluid system or dis-
posable assembly 40.
[0016] Referring to FIGS. 3 and 5, the disposable as-
sembly 40 preferably includes a valve assembly (or valv-
ing arrangement) 60, an input fluid tube assembly 80, an
aerosol generation unit 90, and a fluidic element 100.
The valve assembly 60 preferably includes a plurality of
valves 62, 64, 66, 68. The fluidic element 100 is located
between valves 64, 68 and a heated capillary passage
70 of the aerosol generation unit 90. The heated capillary
passage 70 and a heater or heating unit 72 are preferably
located within the aerosol generation unit 90. The first
and second syringe pumps 52 and 54 are alternately
communicated with the capillary passage 70 and the flu-
idic element 100 during their respective delivery strokes
and alternately are communicated with the fluid (formu-
lation) source during their respective drawing (aspirating)
stokes, with all such actions being executed in coopera-
tion with valves 62, 64, 66, 68. For example, as shown
in FIG. 5, when the first syringe pump 52 is discharging,
its output is directed along a flow path "X1" from the first
syringe pump 52 to the capillary passage 70. The flow
path X1 is established by closure of the valve 62 and the
opening of valve 64. At the same time, the second syringe
pump 54 is executing its aspirating stroke to draw fluid
from the source through flow 110 along a path designated
"X2". In order to establish this flow path X2, the valve 66
is opened and the valve 68 is closed.
[0017] FIG. 4 is a side view of the disposable assembly
40 as shown in FIG. 3. As shown in FIG. 4, the disposable
assembly 40 includes a 4-valve assembly 60, an input
fluid tube assembly 80, an aerosol generation unit 90,
and a fluidic element 100. The syringe pumps 52, 54
preferably include drive trains and control electronics to
allow simultaneous operation of the dual syringe pumps
52, 54 in order to dispense liquid material or liquid for-
mulation continuously. The syringe pumps 52, 54 will also
preferably generate the signals for opening and closing
of the valves 62, 64, 66, 68, and communicate to the
programmable automation controller.

[0018] In accordance with one embodiment, the pump-
ing unit 50 should be able to support backpressures of
up to at least 2,000 psi, and more preferably up to 20MPa
to 30MPa (3000 psi to 4000 psi). In addition, the syringe
pumps 52, 54 are preferably mounted in a fluid resistant
enclosure, and can include a force sensor on each sy-
ringe-mounting bracket to monitor the plunger force dur-
ing fluid delivery. The pumping capacity of the syringe
pumps 52, 54 facilitate handling of highly viscous formu-
lations such as a lung surfactant.
[0019] The aerosol generation unit 90 can include a
heater or heating unit 72 in the form of a heater block
assembly comprised of an upper or top assembly and a
lower or bottom assembly, a thermocouple, and an aer-
osol generator in the form of a capillary passage or tube
70. The aerosol generation unit 90 includes a capillary
passage 70 in which the liquid formulation 26 (FIG. 3) is
at least partially vaporized, a heater body or block oper-
able to heat the capillary passage 70 to a temperature
range effective to at least partially volatilize liquid formu-
lation in the capillary passage or tube 70. The capillary
tube 70 can include a feed tube end or proximal end, and
a domed capillary end or distal end. The capillary tube
70 preferably has an inside diameter in the range of about
0.05mm to 0.53mm, and more preferably in the range of
about 0.1 mm to 0.2 mm. A particularly preferred inside
diameter of the capillary tube 70 is approximately 0.1905
mm (or 0.0075 inches). In accordance with one embod-
iment, the capillary tube 70 has a length of approximately
90mm to 120mm, and more preferably 100mm to
110mm. However, it can be appreciated that the length
of the capillary tube 70 is based on the flow rate of the
liquid formulation or liquid material 26 within the capillary
tube 70. In accordance with one embodiment, the capil-
lary tube 70 is a tipped capillary as described in US Patent
Application No. 20050235991.
[0020] In accordance with one embodiment, a back-
pressure inducing fluidic element 100 can be introduced
between the valve assembly 60 of the pumping unit 50
and the inlet of the capillary system of the aerosol gen-
eration unit 90. The fluidic element 100 introduces addi-
tional backpressure to the system 10, such that the nom-
inal pressure or backpressure is increased above a de-
sired threshold pressure (e.g., greater than 8 MPa (1200
psi)). It can be appreciated that by increasing the back-
pressure of the system 10 above a desired threshold
pressure, the fluidic element 100 provides the system 10
with a method to dampen the pressure oscillations within
the system 10. In addition, the increased pressure within
the system 10 provides a means to shear the liquid for-
mulation 26 (or liquid material) prior to entering the heat-
ed capillary tube 70, which prevents the exit orifice from
becoming clogged with particles of the liquid formulation
26 having a greater diameter than the tipped capillary
end.
[0021] As shown in FIGS. 6A and 6B, the fluidic ele-
ment 100 is preferably a tubular member 102 having an
internal diameter (ID) 120 of between approximately 0.05
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mm to 0.25 mm (0.002 inches to 0.010 inches), and more
preferably 0.13 mm (0.005 inches), and a length 122 of
between about 100 mm (4 inches) to 300 mm (12 inches
long), and more preferably about 150 mm (6 inches). In
accordance with one embodiment, the fluidic element
100 preferably has a length 122 of about 100 mm to 300
mm (4 inches to 12 inches), and an internal diameter of
0.05 mm to 0.25 mm (0.002 to 0.010 inches). The fluidic
element 100 preferably introduces additional backpres-
sure into the aerosol generation system 10 from about 1
MPa to 7 MPa (150 psi to 1000 psi), and more preferably
about 2 MPa to about 2.4 MPa (about 300 psi to about
350 psi) and which increases the overall operating pres-
sure or backpressure in the system 10 during heating to
about 7.9 MPa to about 10 MPa (about 1150 psi to about
1450 psi) as shown in FIG. 7A.
[0022] For example, in accordance with one embodi-
ment, fluidic elements 100 comprised of tubular members
102 having an internal diameter 120 of 0.13 mm and 0.25
mm (0.005 inches and 0.010 inches) were implemented
between the pumping unit 50 and the aerosol generation
unit 90. As shown in FIG. 7A, an increase in backpressure
in the system 10 of 7.9 MPa (1150 psi) was obtained with
the addition of a fluidic element 100. With aerosolization
run times of 90 minutes or more, as shown in FIG. 7A,
the data suggested that increasing the backpressure in
the system 10 improves the overall success of the system
10 as a result of increased nominal pressure within the
system and the minimization of pressure oscillations.
[0023] On the contrary as shown in FIG. 7B, with no
additional backpressure added to system 10, the system
10 showed increased failure and the oscillations were
significantly higher with the nominal operating pressure
(i.e., operating pressure of the system based on the spe-
cific capillary size, including the size or diameter of the
tipped capillary) or backpressure in the system being low-
er and more variable.
[0024] In accordance with another embodiment, as
shown in FIG. 8, the fluidic element 100 can also control
the particle size of the liquid formulation or liquid material
26 by shearing particles within the liquid formulation 26.
For example, liquid formulations 26 having particles
therein such as lung surfactant formulations can include
particles of medicaments, which can exceed the size of
the capillary outlet or tipped end of the capillary. Accord-
ingly, by introducing a fluidic element 100, particles within
the liquid formulation or liquid material 26 can be sheered
to a particle size, which is preferably less than the diam-
eter of the outlet, prior to the liquid formulation 26 entering
the capillary passage.
[0025] It can be appreciated that the fluidic element
100 can be a linear tubular member 102 as shown in FIG.
6A, or in an alternative embodiment, the fluidic element
100 is a coiled tubular member 102, which is adapted to
fit within a self-contained housing 130. As shown in FIG.
9, the fluidic element 100 can be a coiled tubular member
102, which is designed to fit within the complete delivery
packet. The coiling of the tubular member 102 also in-

creases the backpressure at the operating flow rate so
that the length 120 of the tubular member 102 in a coiled
format can produce different backpressure as compared
to a linear tubular member 102. In accordance with an-
other embodiment, the length 110 of the coiled tubular
member 102 as compared to the linear tubular member
102 will vary to obtain a desired or optimum backpressure
within the system 10.
[0026] FIG. 10 is an exploded perspective view of a
fluidic element 100 comprised of a coiled tubular member
102 contained within a housing 130. As shown in FIG.
10, the fluidic element 100 includes a housing 130 com-
prised of a base unit 132 having a cavity 133 therein
adapted to receive the tubular member 102, a removable
cap 134 and a fastener 136 for attaching the removable
cap 134 to the base unit 132. The tubular member 102
preferably includes an inlet portion 104, a coiled portion
106, and an outlet portion 108. The inlet portion 104 and
the outlet portion 108 are preferably linear, however, it
can be appreciated that the inlet and outlet portions 104,
108, can be angled or have a slight curve therein.
[0027] In accordance with one embodiment as shown
in FIG. 10, the coiled portion 106 of the fluidic element
100 lies generally in the same plane as the inlet and outlet
portions 104, 108. The length of the inlet portion 104, the
coiled portion 106 and the outlet portion 108 will vary
depending on the optimized backpressure desired within
the system 10. The inlet portion 104 of the tubular mem-
ber 102 is preferably attached to an inlet fitting assembly
140, which receives the liquid formulation 26 from the
pumping unit 50 and the valve assembly 60. An outlet
fitting assembly 142 connects the fluidic element 100 to
the aerosol generation unit 90.
[0028] In accordance with another embodiment, as
shown in FIG. 11, the coiled portion 106 of the tubular
member 102 has a helical shape. The tubular member
102 also includes a generally linear inlet portion 104 and
a generally linear outlet portion 108. The fluidic element
100 also has a housing 146 for the fluidic element 100
in the form of an inlet fitting assembly 142, which is adapt-
ed to fit within the housing 146. The housing 146 connects
at one end to the pumping unit 50 and the valve assembly
60, and at the other end to the aerosol generation unit
90. The inlet fitting assembly 140 can include an outer
ring or flange to assist with the fitting of the inlet fitting
assembly 142 within the housing 146. An outlet fitting
assembly 142 receives the fluidic element 100 and con-
nects the fluidic element 100 to the aerosol generation
unit 90. The housing 146 also preferably includes a
threaded fastener or other suitable ring element 144 at-
tached to the outlet fitting assembly 142.
[0029] In accordance with a further embodiment, as
shown in FIG. 12, the fluidic element 100 can include a
circular disk or plate-like element 160 having a channel
164 therein. The channel 164 is preferably in the form of
a spiral having an inlet 162 adapted to receive the liquid
formulation from the pumping unit 50 and the valve as-
sembly 60. The channel 164 preferably extends from an
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outer portion of the circular disk or plate-like element 160
to an inner portion having an outlet 166 therein. The outlet
166 preferably extends through the circular disk or plate-
like element 160 to an entrance to the capillary of the
aerosol generation unit 90.
[0030] The fluidic element 100 also preferably includes
a fluidic element housing 170 comprised of an outer cas-
ing member 172 and a base unit 174 having an outer
distal surface 176 adapted to receive the circular disk or
plate-like element 160. An O-ring or sealant ring 180 fits
around an outer edge of the circular disk or plate-like
element 160. The O-ring 180 is preferably an elastomeric
material with a round (O-shaped) cross-section, which
forms a mechanical seal for the fluidic element 100, which
fits within the outer casing member 172 and the base unit
174 of the fluidic element housing 170.
[0031] FIG. 13 is a diagram of the aerosol generation
system 10. As shown in FIG. 13, the aerosol generation
system 10 comprises a formulation or dose packet 350,
a hot plate/stirrer 300, a pumping unit 50, valve assembly
60, an aerosol generation unit 90 having a capillary tube
therein, a fluidic element 100, a transition adaptor 190,
and a condensate trap 200. The system 10 also can in-
clude a CPAP adaptor 310 for delivering an aerosol to a
patient, an air filter 330 (such as a HEPA filter), a source
of air (CPAP) 320, and a control unit 340. The source of
air 320 is preferably from a hospital compressed airline
or pressurized air source, such as a tank of compressed
air with a suitable valve arrangement to achieve a desired
air flow.
[0032] In accordance with one embodiment, the liquid
material or liquid formulation 26, such as a lung sur-
factant, which is contained within a formulation or dose
packet 350 is prepared for delivery to a patient by initially
heating the packet 350 on the hot plate/stirrer 300 to liq-
uefy the formulation 26 to a desired viscosity (i.e., a highly
viscous formulation) for delivery to the pumping unit 50.
The pumping unit 50 and the valve assembly 60 supplies
the formulation 26 at a constant and continuous rate to
the aerosol generator (or aerosol generation unit) 90,
which includes a capillary passage in which the liquid
formulation is at least partially vaporized. The heater
heats the capillary passage to a temperature range ef-
fective to at least partially volatilize liquid formulation in
the capillary passage or tube into an aerosol. The aerosol
generator 90 also preferably includes at least one air pas-
sage arranged such that the source of air is heated by
the heater body or block, and wherein the heated or
warmed air is admixed with the aerosol produced by the
aerosol generator 90. It can be appreciated that the sys-
tem 10 can include a separate air heater 312 in the form
of a discrete air heater that is remote to the capillary tube,
in lieu of or in addition to the use of the heat generated
at or about the capillary tube.
[0033] The transition adaptor or aerosol confinement
member 190 captures the aerosols produced by the aer-
osol generator 90 and the capillary tube and directs the
aerosol into a flow tube for delivery to the patient via a

CPAP adaptor 310. The CPAP adaptor 310 preferably
delivers aerosols to the patient at about 35 °C to 38 °C
and more preferably about 37 °C for infants. It can be
appreciated that by varying the length of a delivery hose
or tubing 104, the delivery temperature of the aerosols
can be delivered at a suitable or desirable temperature.
The aerosol confinement member 190 is preferably
sealed to the capillary tube of the aerosol generation unit
90, which prevents ambient air (in contrast to heated air
delivered to the transition adaptor) from admixing with
the aerosol produced by the aerosol generator or capil-
lary tube. The transition adaptor or aerosol confinement
member 190 can include a condensate trap 200 having
at least one baffle therein and/or a drainage port at a
lower end thereof adapted to attach to a condensate col-
lection device or drain tube assembly. The admixing of
the heated or warm air with the aerosol produced by the
formulation reduces the amount of condensation from
the capillary tube to be able to deliver an aerosol to the
patient located at a remote location from the system 10
and the aerosol generation unit 90.
[0034] The system 10 preferably in drug delivery ap-
plications is adapted to provide an aerosol having aver-
age mass median particle diameters of less than 2 mi-
crons to facilitate deep lung penetration. It is also desir-
able, in certain drug delivery applications, to deliver med-
icaments at high flow rates, e.g., above 1 milligram per
second. It can be appreciated that the source of liquid
formulation preferably contains a lung surfactant adapted
for delivery as an aerosol to an infant’s lungs.
[0035] While various embodiments have been de-
scribed, it is to be understood that variations and modi-
fications may be resorted to as will be apparent to those
skilled in the art. Such variations and modifications are
to be considered within the purview and scope of the
claims appended hereto.

Claims

1. An aerosol generation system (10) comprising:

an aerosol generation unit (90) comprising a
capillary passage (70) and a heater (72) opera-
ble to heat the capillary passage (70), wherein
a liquid formulation is at least partially vaporized
in the capillary passage (70) and discharged
from the capillary passage to form an aerosol;
and
a pumping unit (50) adapted to supply a liquid
formulation to the aerosol generation unit (90),

characterised in that:

the aerosol generation system (10) includes a
backpressure inducing fluidic element (100) lo-
cated between the pumping unit (50) and the
inlet of the capillary passage (70) of the aerosol
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generation unit (90), wherein the backpressure
inducing fluidic element (100) is adapted to in-
troduce additional backpressure to the aerosol
generating system (10), such that the pressure
of the liquid at an inlet to the capillary passage
is at least 7 MPa; and in that
the fluidic element (100) is a coiled tubular ele-
ment (106) of a helical shape or a plate-like el-
ement (160) having a non-linear channel (164)
therein.

2. A system according to claim 1 wherein the pressure
of the liquid at an inlet to the capillary passage is at
least 8 MPa.

3. A system (10) according to claim 1 or 2 in which the
fluidic element (100) is a coiled tubular element (106)
of a helical shape having a length (122) of 100 mm
to 300 mm (4 inches to 12 inches).

4. A system (10) according to claim 1, 2 or 3 wherein
the capillary passage (70) is a capillary tube, and
wherein the fluidic element (100) is a coiled tubular
element (106) of a helical shape, an inner diameter
(120) of the tubular element (102) being smaller than
an inner diameter of the capillary tube.

5. A system (10) according to any preceding claim
wherein the fluidic element (100) increases the pres-
sure between the pumping unit (50) and the outlet
of the capillary passage (70) by 1 MPa to 7 MPa (150
psi to 1000 psi) at a liquid flow rate of 20 microliters
per second (ml/s).

6. A system (10) according to any preceding claim
wherein the capillary passage (70) is a capillary tube
having an outlet smaller in size than an inner diam-
eter of the capillary passage and wherein the liquid
formulation is at least partially vaporized by a heater
(72).

7. A system (10) according to any preceding claim fur-
ther comprising a source of liquid formulation con-
taining a lung surfactant adapted for delivery as an
aerosol to an infant’s lungs.

8. A method of producing an aerosol comprising:

supplying a liquid material to a heated capillary
passage (70); and
generating an aerosol with the heated capillary
passage,

characterised in that

the liquid is pumped to the capillary passage
through a fluidic element (100) in the form of a
coiled tubular element (106) of a helical shape

or a plate-like element (160) having a non-linear
channel (164) therein so that the pressure of the
liquid at an inlet to the capillary passage (70) is
at least 7 MPa (1000 psi).

9. A method according to claim 8 further comprising
admixing heated air with the generated aerosol so
as to produce a heated aerosol of increased flow
rate.

10. A method according to claim 8 or 9 wherein the liquid
material enters the inlet of the capillary passage (70)
at a pressure of about 7.9 MPa to 10 MPa (1150 psi
to 1450 psi).

11. A method according to any of claims 8, 9 or 10 where-
in the fluidic element is a coiled tubular element (106)
of a helical shape of internal diameter less than the
internal diameter of the capillary passage (70).

12. A method according to any of claims 8 to 11 wherein
the liquid material is at least partially volatilized in
the capillary passage (70) and the volatilized liquid
passes out of an outlet of the capillary passage, the
capillary passage having a uniform cross section
along the length thereof and the outlet is smaller than
the inlet.

13. A method according to any of claims 8 to 12 wherein
the liquid material is pumped continuously to the inlet
of the capillary passage (70) at a flow rate of 18 to
22 microliters per second (ml/s).

Patentansprüche

1. Aerosolerzeugungssystem (10), umfassend:

eine Aerosolerzeugungseinheit (90), die einen
Kapillardurchgang (70) und eine Heizung (72)
umfasst, die betriebsfähig ist, den Kapillardurch-
gang (70) zu erwärmen, wobei eine flüssige For-
mulierung mindestens teilweise in dem Kapillar-
durchgang (70) verdampft und von dem Kapil-
lardurchgang abgegeben wird, um ein Aerosol
zu bilden; und
eine Pumpeneinheit (50), die ausgeführt ist, ei-
ne flüssige Formulierung an die Aerosolerzeu-
gungseinheit (90) bereitzustellen, dadurch ge-
kennzeichnet, dass:

das Aerosolerzeugungssystem (10) ein Ge-
gendruck induzierendes Fluidikelement
(100) einschließt, das sich zwischen der
Pumpeneinheit (50) und dem Einlass des
Kapillardurchgangs (70) der Aerosolerzeu-
gungseinheit (90) befindet, wobei das Ge-
gendruck induzierende Fluidikelement
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(100) ausgeführt ist, zusätzlichen Gegen-
druck zu dem Aerosolerzeugungssystem
(10) einzuführen, sodass der Druck der
Flüssigkeit an einem Einlass zu dem Kapil-
lardurchgang mindestens 7 MPa beträgt;
und dadurch, dass
das Fluidikelement (100) ein gewickeltes
Rohrelement (106) einer spiralförmigen
Form oder ein plattenförmiges Element
(160) mit einem nicht linearen Kanal (164)
darin ist.

2. System nach Anspruch 1, wobei der Druck der Flüs-
sigkeit an einem Einlass zum Kapillardurchgang
mindestens 8 MPa beträgt.

3. System (10) nach Anspruch 1 oder 2, wobei das Flu-
idikelement (100) ein gewickeltes Rohrelement
(106) einer spiralförmigen Form mit einer Länge
(122) von 100 mm bis 300 mm (4 Zoll bis 12 Zoll) ist.

4. System (10) nach Anspruch 1, 2 oder 3, wobei der
Kapillardurchgang (70) ein Kapillarröhrchen ist, und
wobei das Fluidikelement (100) ein gewickeltes
Rohrelement (106) einer spiralförmigen Form ist und
ein Innendurchmesser (120) des Rohrelements
(102) kleiner ist als ein Innendurchmesser des Ka-
pillarröhrchens.

5. System (10) nach einem der vorstehenden Ansprü-
che, wobei das Fluidikelement (100) den Druck zwi-
schen der Pumpeneinheit (50) und dem Auslass des
Kapillardurchgangs (70) um 1 MPa bis 7 MPa (150
psi bis 1000 psi) erhöht bei einem Flüssigkeitsvolu-
menstrom von 20 Mikrolitern pro Sekunde (ml/s).

6. System (10) nach einem der vorstehenden Ansprü-
che, wobei der Kapillardurchgang (70) ein Kapillar-
röhrchen mit einem Auslass ist, der in der Größe
kleiner ist als ein Innendurchmesser des Kapillar-
durchgangs, und wobei die flüssige Formulierung
mindestens teilweise durch eine Heizung (72) ver-
dampft wird.

7. System (10) nach einem der vorstehenden Ansprü-
che, weiter umfassend eine Flüssigkeitsquellenfor-
mulierung, die ein Lungensurfactant enthält, das für
die Abgabe als ein Aerosol an die Lungen eines
Kleinkindes angepasst ist.

8. Verfahren zur Herstellung eines Aerosols, umfas-
send:

Bereitstellen eines Flüssigmaterials an einen er-
wärmten Kapillardurchgang (70); und
Erzeugen eines Aerosols mit dem erwärmten
Kapillardurchgang, dadurch gekennzeichnet,
dass

die Flüssigkeit in den Kapillardurchgang durch
ein Fluidikelement (100) in der Form eines ge-
wickelten Rohrelements (106) einer spiralförmi-
gen Form oder eines plattenförmigen Elements
(160) mit einem nicht linearen Kanal (164) darin
gepumpt wird, sodass der Druck der Flüssigkeit
an einem Einlass zu dem Kapillardurchgang
(70) mindestens 7 MPa (1000 psi) beträgt.

9. Verfahren nach Anspruch 8, weiter umfassend, das
Beimischen von erwärmter Luft zu dem erzeugten
Aerosol, um ein erwärmtes Aerosol mit erhöhtem Vo-
lumenstrom herzustellen.

10. Verfahren nach Anspruch 8 oder 9, wobei das Flüs-
sigmaterial in den Einlass des Kapillardurchgangs
(70) bei einem Druck von ungefähr 7,9 MPa bis 10
MPa (1150 psi bis 1450 psi) eintritt.

11. Verfahren nach einem der Ansprüche 8, 9 oder 10,
wobei das Fluidikelement ein gewickeltes Rohrele-
ment (106) einer spiralförmigen Form mit einem In-
nendurchmesser kleiner als der Innendurchmesser
des Kapillardurchgangs (70) ist.

12. Verfahren nach einem der Ansprüche 8 bis 11, wobei
das Flüssigmaterial mindestens teilweise in dem Ka-
pillardurchgang (70) verflüchtigt wird und die ver-
flüchtigte Flüssigkeit aus einem Auslass des Kapil-
lardurchgangs hinausströmt und der Kapillardurch-
gang einen gleichförmigen Querschnitt entlang der
Länge davon aufweist und der Auslass kleiner als
der Einlass ist.

13. Verfahren nach einem der Ansprüche 8 bis 12, wobei
das Flüssigmaterial mit einem Volumenstrom von 18
bis 22 Mikroliter pro Sekunde (ml/s) kontinuierlich zu
dem Einlass des Kapillardurchgangs (70) gepumpt
wird.

Revendications

1. Système de génération d’aérosol (10) comprenant :

une unité de génération d’aérosol (90) compre-
nant un passage capillaire (70) et un dispositif
de chauffage (72) fonctionnant pour chauffer le
passage capillaire (70), où une formulation liqui-
de est au moins partiellement vaporisée dans le
passage capillaire (70) et libérée du passage
capillaire pour former un aérosol ; et
une unité de pompage (50) conçue pour fournir
une formulation liquide à l’unité de génération
d’aérosol (90), caractérisé en ce que :

le système de génération d’aérosol (10)
comporte un élément fluidique induisant
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une contre-pression (100), situé entre l’uni-
té de pompage (50) et l’entrée du passage
capillaire (70) de l’unité de génération d’aé-
rosol (90), où l’élément fluidique induisant
une contre-pression (100) est conçu pour
introduire une contre-pression additionnelle
au système de génération d’aérosol (10),
de sorte que la pression du liquide à une
entrée du passage capillaire est d’au moins
7 MPa ; et en ce que
l’élément fluidique (100) est un élément tu-
bulaire enroulé (106) en forme d’hélice ou
un élément semblable à une plaque (160)
ayant une canalisation non linéaire (164) à
l’intérieur.

2. Système selon la revendication 1, dans lequel la
pression du liquide à une entrée du passage capil-
laire est d’au moins 8 MPa.

3. Système (10) selon la revendication 1 ou 2, dans
lequel l’élément fluidique (100) est un élément tubu-
laire enroulé (106) en forme d’hélice ayant une lon-
gueur (122) de 100 mm à 300 mm (4 pouces à 12
pouces).

4. Système (10) selon la revendication 1, 2 ou 3, dans
lequel le passage capillaire (70) est un tube capillai-
re, et dans lequel l’élément fluidique (100) est un
élément tubulaire enroulé (106) en forme d’hélice,
un diamètre intérieur (120) de l’élément tubulaire
(102) étant inférieur à un diamètre intérieur du tube
capillaire.

5. Système (10) selon l’une quelconque des revendi-
cations précédentes, dans lequel l’élément fluidique
(100) augmente la pression entre l’unité de pompage
(50) et la sortie du passage capillaire (70) de 1 MPa
à 7 MPa (150 psi à 1000 psi) pour un débit de liquide
de 20 micro-litres par seconde (ml/s).

6. Système (10) selon l’une quelconque des revendi-
cations précédentes, dans lequel le passage capil-
laire (70) est un tube capillaire ayant une sortie plus
petite en taille qu’un diamètre intérieur du passage
capillaire et dans lequel la formulation liquide est au
moins partiellement vaporisée par un dispositif de
chauffage (72).

7. Système (10) selon l’une quelconque des revendi-
cations précédentes, comprenant en outre une sour-
ce de formulation liquide contenant un tensioactif
pour les bronches conçu pour une libération sous
forme d’un aérosol dans les poumons d’un enfant.

8. Procédé de production d’un aérosol comprenant :

l’alimentation d’une substance liquide dans un

passage capillaire (70) chauffé ; et
la génération d’un aérosol avec le passage ca-
pillaire chauffé, caractérisé en ce que
le liquide est pompé dans le passage capillaire
à travers un élément fluidique (100) sous la for-
me d’un élément tubulaire enroulé (106) en for-
me d’hélice ou d’un élément semblable à une
plaque (160) ayant une canalisation non linéaire
(164) à l’intérieur, de sorte que la pression du
liquide à une entrée du passage capillaire (70)
est d’au moins 7 MPa (1000 psi).

9. Procédé selon la revendication 8, comprenant en
outre un mélange d’air chauffé avec l’aérosol généré
de sorte à produire un aérosol chauffé avec un débit
augmenté.

10. Procédé selon la revendication 8 ou 9, dans lequel
la substance liquide entre par l’entrée du passage
capillaire (70) à une pression d’environ 7,9 MPa à
10 MPa (1150 psi à 1450 psi).

11. Procédé selon l’une quelconque des revendications
8, 9 ou 10, dans lequel l’élément fluidique est un
élément tubulaire enroulé (106) en forme d’hélice
avec un diamètre intérieur inférieur au diamètre in-
térieur du passage capillaire (70).

12. Procédé selon l’une quelconque des revendications
8 à 11, dans lequel la substance liquide est au moins
partiellement volatilisée dans le passage capillaire
(70) et le liquide volatilisé sort d’une sortie du pas-
sage capillaire, le passage capillaire ayant une sec-
tion transversale uniforme le long de sa longueur et
la sortie est plus petite que l’entrée.

13. Procédé selon l’une quelconque des revendications
8 à 12, dans lequel la substance liquide est pompée
continuellement vers l’entrée du passage capillaire
(70) à un débit de 18 à 22 micro-litres par seconde
(ml/s).
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