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Ventilator circuit aerosol delivery systems used to administer medication to a patient arc disclosed. In one implementation, a
metered dose Inhaler ("MDI") ventilator assembly may include a housing that defines an interior space, an inhalation port that
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(57) Abrege(suite)/Abstract(continued):

defines an Inhalation passageway In communication with the interior space, an exhalation port that defines an exhalation
passageway In communication with the interior space, a patient port that defines a patient passageway in communication with the
Interior space, and a MDI receptacle positioned on the housing and in communication with the interior space. The MDI receptacle
IS operative to recelive a MDI container and dispense an aerosolized medication within the MDI container into the interior space so
that during inhalation, an inhalation flow including the aerosolized medication may flow through the inhalation port, the interior
space, and the patient port. Conversely, during exhalation, gases, moisture, condensation, and/or mucus expelled from the patient
flow through the patient port, the interior space, and the exhalation port.
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Abstract:

Ventilator circuit aerosol delivery systems used to administer medication to a patient are
disclosed. In one implementation, a metered dose inhaler (“MDI’) ventilator assembly may
include a housing that defines an interior space, an inhalation port that defines an inhalation
passageway 1n communication with the interior space, an exhalation port that defines an

exhalation passageway in communication with the interior space, a patient port that defines a

patient passageway in communication with the interior space, and a MDI receptacle positioned

on the housing and 1in communication with the interior space. The MDI receptacle is operative to

receive a MDI container and dispense an aerosolized medication within the MDI container into
the interior space so that during inhalation, an inhalation flow including the aerosolized

medication may tlow through the inhalation port, the interior space, and the patient port.

Conversely, during exhalation, gases, moisture, condensation, and/or mucus .expelled from the

patient flow through the patient port, the interior space, and the exhalation port.
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AEROSOL DELIVERY SYSTEM
[0001]

" BACKGROUND

[0002] Patients with respiratoty insufficiency often require continuous
mechanical ventilation with a positive-pressure ventilator. In such patients,
an endotracheal breathing tube, or a trachedtomy tube, is positioned in the
patient's main aifway. An internal end of the endotracheal breathing tube
is positioned for exchange of air within the lungs and an externally
protruding end of the endotracheal breathing tube is connected with a
ventilator circuit of a ventilator system. The ventilator system provides
heated. humidified, filtered breathable air at a prescribed respirable rate,

tidal volume or pressure, and FiO2 to. a patient in repetitive respiration

- cycles.

[0003] Itis frequently necessary to use a Metered Dose Inhaler (‘;MD'I’*)
td deliver a prescribed amount of an aerosolized drug into an air stream
that is forced through an inspiratory phr’ése of a ventilator system. In the
present practice, to engage a MDI! ventilator assembly with a ventilator
circuit, an inspiratory hose is disconnected from a ventilator at a Wye
cohnector, and the MDI ventilator assembly is used to reconnect the .
inspiratory hose to the Wye 'connéctOr. The aerosolized drug Is disp'enSed |
into an inspiratory stream, and upon completion of the therapy, the MDI |

ventilator assembly is removed from the inspiratory side of the ve'ntilaf[Or

circult.

[0004] There are a number of problems with this practice. For example,

due to the distance from an inspired limb of a ventilation circuit to an end of

an endotracheal tube leading to a patient, loss of the aerosolized drug

- dispensed in the inspired limb often occurs before reaching the patient.
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[0005] Another problem with present MDI ventilator assemblies is that
they may not be attached directly to an endotracheal fube and left in
connection to a main ventilator circuit because it presents a “dead space
area” where gases exhaled from a patient remain between each breath
such that the same gases are inhaled by the patieht upon their next breath.
For example, neonates often require aerosol medication, which can be
diffic;ult to administer due to the small airway size and because ventilation

is required immediately after birth.

[0006] In additioh, it is desirable to provide for aerosol medication
- delivery in conjunction with a r‘esus'citatioh bag, which may be connected

to an oxygen supply. Im‘portantly, such systems must maintain a positive-
end expiratory pressure (PEEP) for patients that have been intubated.

[0007] For at least these reasons, impraved MDI ventilator assemblies

are desirable.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Figure 1 is a perspective view of one embodiment of a MDI

- ventilator assembly;

[0009] Figure 2 is a side view of the MDI ventilator assembly of Figure
1;

[0010] F igure 3a is a front view of the MDI ventilator assembly of F igure
13 | |

[0011]  Figure 3b is an illustration of a cross-section of the MDI ventilator
assembly cut at line A of Figure 3a; ' |

[0012] Figure 4 is a side view of the MDI ventilator assembly of Figure 1
iHuStrating an 'inhalation ‘path from an inhélation limb of a ventilator to a
pattent; '

{0013] | Figure 5 is a side view of the MDI ventilator assembly of Figure 1

illustration an exhalation path from a patent to an exhalation limb of a

ventilator:
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[0014] Figure 6 is a perspective view of another embodiment of a MDI
ventilator assembly;

[0015] Figure7is a pers—peétive view of yet another embodiment of a
MD1{ ventilator assembly;

[0016] Figure 8 is a perspective view of the MDI ventilator asSembly of
Figure 7,

[0017] Figure 9ais a front view of the MDI ventilator assembly of Figure
7. | . |

[0018] Figure 9b is an illustration of a cross-section of the MDI ventilator

assembly cut at line A of Figure 9a;

{0019} Figure 10a is a front view of the MDI ventilator assembly of

Figure 7;

[0020] Figure 10b is an illustration of a cross-section of the MDI
ventilator assembly cut at line A of Figure 10a;

[0021] Figure 11a is a side view of the MDI ventilator assembly of

Figure 7;
[0022] Figure 11b is an illustration .of a cross-section of the MDI

ventilator assembly cut at line A of Figure 11a;
[0023] Figure 12 is a perspective view of another embodiment of a MDI

ventilator assembly;
[0024] Figure 13is a perspectiVe view of the MDI ventilator assembly of

~ Figure 12,
[0025] Figure 14a is a side view of the MDI ventilator assembly of

Figure 12, |

[0026] Figure 14b is an illustration of a cross-section of the MDI
ventilator assembly cut at line A of Figure 14a;

[0027] Figure 15a is a side view of the MDI ventilator assembly of

~ Figure 12; and

[0028] Figure 15b is an illustration of a cross-section of the MDI

 ventilator assembly cut at line A of Figure 15a
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[0029] Figure 16 is a perspective view of another embodiment of an

aerosol delivery system configured with an endofracheal tube and a

resuscitation bag.

[0030] Figures 17A-D are cut-away views of the embodiment shown in
Figure 16 without the endotracheal tube or resuscitation pag in different
phases of a breathing cycle.

[0031] Figure 18 is an exploded, perspective view of the aerosol
delivery system shown in Figure 16 without the endotracheal tube or

resuscitation bag.

[0032] Figure 19 is a perspective view of the aerosol delivéry system

shown in Figure 16 without the endotracheal tube or resuscitation bag.

[0033] Figure 20 is a top view of the aerosol delivery system shown in
Figure 19. .

[0034] Figure 21 is a side view of the aerosol delivery system shown in
Figure 19.

[0035] Figure 22 is a paﬁent-s'ide end view of the aerosol delivery
system shown in Figure 19.

[0036] Figure 23 is a cross-sectional view of the aerosol delivery system
taken along line 23-23 of Figure 22.

[0037] Figure 24 is a perspective view of a connector component.

[0038] Figure 25 is an end view of the connector component shown in

Figure 24.

[0039] FIGURE 26 is a tross-sectional view of another embodiment of
an aerosol delivery system. |

[0040] FIGURE 27 is a perspective view of another ehbodiment of an
aerosol delivery system.

[0041] FIGURE 28 is a cross-sectional view of the aerosol delivery
system shown in Figure 27.

[0042] FIGURE 29 is a cross-sectional view of an alternative

embodiment of an aerosol delivery system.

PCT/US2008/061203
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[0043] FIGURE 30 is a perspective view of a'n'othe.r embodiment of an

aerosol delivery system.

- [0044] FIGURE 31isa cross-sectional view of the aerosol delivery

- system shown in Figure 30.

[0'04‘5] FIGURE 32 is a cross-sectional view of the aerosol delivery

system taken along line 32-32 of Figure 31.
[0046] FIGURE 33 is a cross-sectional view of the aerosol delivery

system taken along line 33-33 of Figure 32.

[0047] Figure 34 is a cross-sectional view of the aerosol 'delivery system
taken along line 34-34 of Figure 33. |

[0048] FIGURE 35 is a cross-sectional view of the aerosol delivery

system taken along line 35-35 of Figure 31.

‘DETAILED DESCRIPTION OF THE DRAWINGS

[0049] The present disclosure is directed to ventilator cifcuit aerosol
d.eliver,y systems. The disclosed ventilator circuit aerosol delivery systems
include implemenfation‘s to be used With intermittent flow ventilators and
implementations to be used with continuous flow ventilators. As desctibed
in more detail below, by implementing systems to separate an inspired gas
flow from an expired gas flow at the entrance to an endotracheal tube, or a
tracheotomy tube, and integrating a Wye connecfor into an MD! ventilator
assembly, the MDI ventilator assembly may be moved from the inspired
limb and connected directly to the endotracheal tube, or a tracheotomy

'tube. By connecting the MDI ventilator assembly directly to the

endotracheal tube, or tracheotomy tube, aerosolize'd drugs may be more
effectively administered to a patient without “dead space area” where
gases exhaled from a patient remain between each breath such that the
same gases are inhaled by the patient upon their next breath

[0050] Figures 1-6 illustrate embodiments of a MDI ventilator assembly

100 used in intermittent flow ventilator systems. The MDI ventilator
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assembly 100 includes a housihg 102 that defines an interior space 104. In
one implémentation, the interior space 104 may taper out as shown in
Figures 1-6 {o allow an aerosolized dn;tg to expand within the interibr
space 104 before being inhaled by a-patient.
[0051] Preferably, the housing 102 is made of a clear plastic, although it
can be non—trénsparent In certain embodiments. In one implementation,
the housing 102 may be made from an antis;catic material such that a
surfa‘ce resistivity of the-housing 102 is less than about 10E12 ochm/sq.,
-and preferably between about 10E10 and about 10E12 ohm/sq. Exa;mble's B

of antistatic housing are disclosed in U.S. Patent No. 7,360,537 dated April 22,
2008, the entirety of whic-h may be reférred to herein. Further examples of housings
used In MDI ventilator assemblies are disclosed in U.S. Patent No. 7,849,853 dated
December 14, 2010 and U.S. Patent No. 8,028,697, dated October 4, 2011, the

entirety of each of which may be referred to herein.

- [0052] The housing 102 additionally defines an inhalation port 106, an

exhalation port 108, a batie*nt port 110, and a MDI receptaclé 112. It
should be understood that the term port is meant to include connectors
that insert into a limb-or tube of a ventilation system (a male connecto.,r)'é's
well as connectors that receive a limb or tube of a ventilation system/ta
fémale connector).

[0053] The inhalation port 106 is typically locatéd on a first distal end
114 of the housing 102, but the inhalation port 106 may be located at other
positions or the housing 102. The inhalation port 106 definesan =~
i.n'halation passageway into the interior space 104 of the housing 102. .In'f
one implementaﬁon,\the inhalation port 106 may be annular in shape with
a radius such as 22mm so that the inhalation port 106 may be inserted
into, and coupled with, an inhalation limb of‘a ventilator system to form an

airtight seal. However, the Inhalation port 106 may be other shapes and

“s1zes such. For example, the inhalation port 106 may be shapes such és a

triangular port or a square port.
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[0054] The exhalation port 108 is typically located on a bottom 116 of
the housing 102, but the exhalation port 108 may be located at other

positions on the housing 102. The exhalation 'port 108. defines an

exhalation passageway from the interior space 104 of the housing 102. In
one implementation,. the exhalation port 108 may be shaped in an annular
manner with é radius such as 22mm so that the exhalation port 108 may
be inserted into, and coupled with, an exhalation limb of a ventilator
system to form an aright seal. However, the exhalation port 108 may be
other sizes and shapes. For example, the exhalation port 108 may be
shapes such as a triangular port‘ or a square port.

[0055] The patient port 110 is typically located on a second distal end
118 of fhe housing 102 that d'pposes the first distal end 114 of the housing
102 that includes the inhalation port 106, but the patient port 110 may be
located at other positions on the housing 102. The patient port 110 may

be shaped in an annular manner with a radius such as 15mm so that the

patient port 110 may be inserted into, and coupled with, an endotracheal
breathing tube, or a tracheotomy tube, of a patient to fo‘rm_' an airtight seal.
However, the patient port 110 may be other sizes and shapes. For

~ example, the patient port 110 may be shapes such as a triangular port or a

square port. |
[0056] The MDI receptacle 112 is typically located on a top 120 of the

housing 102, but the MDI receptaclé 112 may be located at other positions
on the housing 102. The MDI receptacle 112 is p“ct)“’sitionéd‘away from the.
patient port 110 such that, as explained in more detail below, when an

- aerosolized drug is dispensed into the interior space 104 via the MDI

receptacle 112, the aerosolized drug may expand before being inhaled by
a patient via the pétient port 110. |

[0057] The MDI receptacle 112 may define a socket or-recess to receive
an end of a MDI container 122 such that when the MDI container 122 is
placed in the MDI receptacle 112, an actuator nozzle 124 in the recess of
the MDI receptacle 112 engages a stem 126 extending from the MDI

PCT/US2008/061203
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container 122 and causes the aerosolized drug within the MDi container
122 to be dispensed into the interior space 104 of the housing 102. It
should be-understood that the receptacle can be configured to connect to
and support medication containers, aerosol dispersal dévices, or systems
other than the disclosed MDI containers 122.

[0058] During operation, gases for inhalation and exhalation flow
thirough the MDI ventilator assembly 100. Referring to Figure 4, during
inhalation, gases flow from the inhalation limb into the interior space 104
via the inhalation port 106, and flow from the interior space 104 to the

' endotracheal breathing tube, or tracheotomy tube, via the patient port 110

As described above, when a MDI container 122 is inserted into the MDI
receptacle 112, the actuator nozzle 118 of the MD} receptacie 112
engages a stem 126 extending from the MDI container 122 and causes an
aerosolized drug to be dispensed into the interior space 104. Therefore, it
will be appreciated that during inhalation, when gases flow from the interior
space 104 to the endotracheal breathing tube, or tracheotomy tube, the
aerosolized drug expands and flows to the patient. Further, if any portion
of the aerosolized drug is hot iInhaled during an initial breath, the remaining
aerosolized drug is inhaled‘durin'g subsequent breaths.

[0059] Referring to Figure 5, during exhalation, gases, moisture,
condensation, and/or mucus flow from the endotracheal breathing tube, or
tracheotomy tube, to the interior space 104 via the patient port 110, and
flow from the interior space 104 to the exhalation limb via the exhalation
port 108, the axis of which forms an acute angle (between 0 and 90
degrees) relative to the axis of the patient port 110 or the axis of the

~inhalatioh port 106. In one implementation, the interior space and

exhalation port are angled down from the patient port 110 to the exhalation
port 108 to assist in removing moisture, condensation, and/or mucus from

the Interior space 104.
[0060] Because most of the gases, moisture, condensation, and/or

mucus expelled by a patient flow out of the interior space 104 to the
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exhalation limb during exhalation, during subsequent inhalation, the

amount of gases, moisture, condensation, and/or mucus that are

rebreathed by the patient is reduced.
[0061] As seen in Figures 1 and 6, the housing may additionally define a
5 ‘temperature probe port 128, a pressure port 130, and a holder 132. In one
implementation, both the temperature probe port 128 and the pressure port
130 are positioned on the inhalation port 106. However, in other
‘implementations, one or both of the temperature probe port 128 and the
préssure port 130 may be positioned on other p.ort,ions‘o'f the housing such
10 as the exhalation port 108. It should be understood that the ports,
' including without limitation the temperature and pressure ports, can be
- used to monitor other parameters, such as the presence of CO, or other -
gases. |
[0062] Figures 7-15 illustrate embodiments of a MDI ventilator assembly
15 ,_100 used in continuous flow ventilator systems. The DMI ventilator
assembly 200 includes a housing 202 that defines an inhalation interior
space 204 and an exhalation interior space 206. The inhalation interior
space 204 andekhalation interior space 206 may be cylindrical in shape,
with at least a portion of the exhalation interior space 206 running paraliel
20 to the inhalation interior spaoe' 204. However, the inhalation interior space
204 and exhalation interior space 206 may be other shapes.
[0063] Referring to Figures 7-11 and 26, the housing 202 additionally
defines an inhalation port 208, an exhalation port 2-10, a patient port 212,
- and a MD| receptacle 214. The inhalation port 208 is typically located on a
25 | first distal end 216 of the housi‘ng 202, but the inhalation port 208 may be
located at other positions on the housing 202. The inhalation port 208
defines an inhalation passageway into the inhalation ihte'rior space 204. In
the embodiment of FIGS. 7-1 1 a one-way inhalation valve 218 is
positioned in the inhalation passageway adjacent the inhalation port to
30 permit one-way flow from the inhalation port 208 to the inhalation interior-

space 204. The one-way inhalation valve 218 may be a center post valve,
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a flap valve, a duckbill valve, an annular valve, or any other type of one-
way valve known in the art. In the alternative embodiment of FIG. 26, the

inhalation valve 218 is located adjacent the patient port at the second end

 of the housing.

[0064] Referring to FIGS. 1-11 and 26, the inhalation port 208 may be
shaped in an annular manner with a radius such as 22mm so that the
inhalation port 208 may be inserted into, and coupled with, an inhalation

~ limb of a ventilator system to form an airtight seal. However, the inhalation

port 208 may be other sizes and shapes. For example, the inhalation port
208 may be shapes such as a triangular port or a square port.

[0065] The exhalation port 210 is typically also located on the first distal
end 216 of the housing 202, but the exhalation port 210 may be located at
other positions on the housing 202. The exhalation port 210 defines an
exhalation ba‘ssageway into the exhalation interior space 206. The
exhalation port 210 may be shaped in an annufar manner with a radius
such as 22mm so that the exhalation port 210 may be insérted into; and
coupled with, an exhalation limb of the ventilétor system to form an airtight
seal. However, the exhalation port 210 may be other sizes and shapes.
For example, the exhalation port 210 may be shapes such as a tnangular
porf or a square poft. |

[0066] The patient port 212 is typically located on a second distal end
220 of the housing 202 that opposes the first distal end 216 including the

inhalation port 208 and the exhalation poit 210. However, the patient port

212 may be located at other positions on the housing 202. The patient
port 212 defines a patient passageway that is in communication with both
the inhalation interior space 204 and the exhalation interior space 206. In

some implementations, the patient port 212 may be positioned on the
second distal end 220 of the housing 202 so that the patient port 212
substantially aligns with the inhalation port 208 to assist in the inhalation of

gases and aerosolized drugs from the inhalation interior space 204, as

explained in moré detail below.

PCT/US2008/061203
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[0067] A one-way exhalation valve 222 is positioned at an end 224 of
the exhalation interior space 206, adjacent the patient port 212, to permit
one-way flow from the patient port 212 to the exhalation interior space 206
while not affecting the flow of gases from the inhalation interior space 204
S to the patient port 212. The one-way exhalation valve 222 may be a center
post valve, a flap valve, a duckbill valve, an annular valve, or any other
type of one-way valve known in-the art.
[0068] The patient port 212 may be shaped in an annular manner with a
radius such as 15mm so that the patient port 110 may be inserted into, and
10 coupled with, an endotracheal breathing tube, or a tracheotomy tube, of a
patient to form an airtight seal. However, the patient port 212 may be
other sizes and shapes. For example, the patient port 212 may be shapes
such as a triangular poit or a square port.
| [0069] The MDI receptacle 214 is typically located on a top 222 of the
15 housing 202, but the MDI receptacle 214 may be located at other positions
on the housing 202. The MDI receptacle 214 is posttioned ‘away from the
patient port 212 such that, as explained in more detail below, when an
aerosblized drug is dispensed. into the inhalation interior space 204 via the
MDI receptacle 214, the aerosolized drug may expand before being |
20 inhaled by a patient via the patient port 212.
[0070] The MDI receptacle may define a socket or recess to receive an
end of a MDI container 225 such that when the MDI container 225 is
placed in the MDI receptécle 214, an actuator nozzle 226 in the recess of
the MDI receptacle 214 engages a stem 228 extending from the MDI
25 container 225 and causes the aerosolized drug within the MDI container
224 to be dispensed into the inhalation interior space 204 of the housing
202. It should be understood that the receptacle can be configured to
connect to and support medication containers, aerosolized dispersion |
devices, or systems other than the disclosed MDI containers 225.
30 [Ob71] During operation, gases for inhalation and exhalation flow
through the MDI ventilator assembly 200. Referring to Figures 9b and
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11B, during inhalation, gases flow from the inhalation limb into the
inhalation interior space 204 via the inhalation port 208 and the one-way
inhalation valve 218, and flow from the inhalation interior 'space 204 to the
endotracheal breathing tube, or tracheotomy tube, via the patient port 212.
5 Likewise, referring to FIG. 26, gasses flow from the inhalation port 208
through the interior space 204 and through the one-way inhalation valve
218, to the patient port 212. In either embodiment, during inhalation, the
one-way exhalation valve 222 blocks the flow of gasses from the
| exhalation interior space 206 to the endotracheal breathing tube, or
10 ~ tracheotomy tube, via the patient port 212.
' [0072] As described above, when an MDI container 225 is inserted into
‘the MDI receptacle 214, the actuator nozzle 226 of the MDI receptacle 214
engages a stem 228 extending from the MDI container 225 and causes an
aerosolized drug to be dispensed into the inhalation interior space 204.

15 - Therefore, it will be appreciated that during inhalation, when gases flow
from the inhalation interior space 204 to the endotracheal breathing tube,
or tracheotomy tube, the aerosolized drug expand and flows to the patient.

~ Further, if any portion of the aerosolized drug is not inhaled during an Initial
breath, the remaining aerosolized drug is inhaled during subsequent

20. breaths.

[0073] Referring to Figure 10b, 11b and 26, during exhalation, gases,
moisture, condensation, and/or mucus flow from the enddtra’chéal
breathing tube, or tracheotonmy tube, to the exhalation ihté'fior sbaCe 206
via the patient port 212 and the one-way exhalation valve 222, and flow

25 | from the exhalation interior space 206 to the exhalation limb via the
exhalation port 210.. During exhalation, the one-way inhalation valve 218
blocks the flow of gasés from the inhalation interior space 204 to the
inhalation limb via the inhalafion port 208. Because most of the gases,

| moisture, condensation, and/or mucus expelled by a patient flow out of into
30 the exhalation interior space 206 and is blocked from being rebreathed by

a patient due to the one-way exhalation valve 222 blocking flow from the
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exhalation interior space 206 to the patient port 212, the amount of gases,

moisture, condensaticin, and/or mucus that are rebreathed by the patieiit is

reduced. |
[0074] As seenin Figures 7 and 12, the housing may additionally define
a temperature probe port 230, a pressure monitoring port 232, and a

moisture removal port 234. In one implementation, the iemperature probe

port 230 is positioned on the inhalation port 208 and the pressure

- monitoring port is positioned on the exhalation port 210. However, in other

implementations, the temperature probe port 230 and/or pressure
monitoring port 232 may be positiohed at other locations on the housing
202.

[0075] Typically, the moisture removal port 234 is positioned on the
same side of the housing 202 as the patient pbrt 212, the second distal
end 220 of the housing 202. However, the moisture removal port 234 may

be positioned at other locations on the housing 202. The moisture removal

port 234 provides for the removal of moisture, condensation, and/or mucus
that may be expelled from the patient.

[0076] While the implementations described above with respect to
Figures 7-11 have a distinct inhalation port 208 and exhalation port 210, as
seen in Figures 12-25 and 27-35, in other implementations, the inhalation
port and exhalation port may be combined into one ventilator port 236.

The ventilator port 236 may be shaped in an annular manner with a radius

~such as 22mm so that the ventilator port 208 may be inserted into a Wye

connector in communication with an inhalation limb and an exhalation limb

of a ventilator system. However, the ventilator port 236 may be other sizes

“and shapes. For example, the ventilator port 236 may be shapes such as

a triangular port or a square port.

[0077] In this im‘plem'entation with respect to the embodiment of F 1GS.
12-15, during inhalétion, gases flow from the inhalation limb through the
Wye connector and into the inhalation interior space 204 vi_a-thé ventilator

port 236 and the one-way inhalation valve 218, which is located adjacent

PCT/US2008/061203
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the ventilator port 236. The gases then flow through the inhalation interior
space 204 to the endotracheal breathing tube, or tracheotomy tube, via the
patient port 212. Alternatively, and referring to the embodiments of FIGS.
27-35, the gases flow from the ventilator port 236 into the interior space
-5 204 and then through the one-way valve 218, which is located adjacent the
patient port 212. In either embodiment, as described above, wh'eh an MDI
container 225 is placed in the MDI receptacle 214, an aerosolized drug is
- dispensed into the inhalation interior‘space 204. Therefore, it will be ‘
- appréciated that durihg inhalation, when gases flow from the inhalati‘on
10 interior space 204 to the 'patient, the aerosolized dfug also flows to the
patient. | o
[0078] During exhalation, and referring to the embodiment of FIGS. 12-
25 and 27-35, gases flow from the endotracheal br'eathin‘g tube, or
tracheotomy tube, to the exhalation interior Spéce 206 via the patient port
15 212 and the one-way exhalation valve 222, and from the exhalation interior
space 206 to the exhalation limb via the ventilator port 236.
10079] | Referring to the embodiments of FIGS. 27-25, the housing is
- formed from three components 300, 302, 304 that are snap-fit, or |
- otherwise connected. The first housing component 300 includes the
20 ventilator port 236, a receptacle 306 having a well 350 with an orifice 352
' that communicates with a generally open chamber 308 defihing in part the
inhalation interior space 204. The second housing component 302
includes the patient port 212 and a generally open chamber 310. The third
component 304 inctudes a chamber portion 312 déﬁnihg a portion of the
25 | inhalation interior space 204 in combination with the interior space of the
first housing component 300, and a tube 314 disposed in and extending
upstream towards the ventilator port 236, with the tube 314 defining the
exhalation interior space 206. The third component 304 is secured
beMeen the first and second housing componénts 300, 302 and includes
.30 the inhalation and exhalation valves 21 8, 222. When assembled, the

exhalation tube 314 has an outlet 316 that can be aligned with the
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ventilator port as shown-in FIGS. 29, or offset therefrom. .The outlet 316
can be tapered or otherwise shaped to fit or conform to the first component
300 as shown in FIG. 28, or the first housing component can include an

- additional bump 318 defining an interior pocket 320, which channels the

5 gases from the outlet to the ventilator port while permitting the outlet to bé
offset from the ventilator pbrt.'
[0080] Now referring to the embodiment of FIGS. 16-25, the housing

again includes three primary components as shown in FIG. 18, for
example. The first housing component 400 Includes the patient' port 236.

10 It should be understood that the first housing components 300, 400 can be
configured with different patient ports to~éccommodate various patient
interface components, including for example and without limitation ET
tubes, masks, mouthpieces, etc. The second housing componént 402
includes an exterior wall 404 and an interior wall 406, or shelf, which -

15 separates the chamber into the inhalation and exhalation interior spaces
204, 206. In one embodiment, the spaces 204, 206 communicate with
each other at a vestibule area formed in front of and communicating with
the patient port. A receptacle 408 is formed on the housing and in‘clud'eé a
well having an orifice that communicates directly with the inhalation interior

20 space 204.

[0081] The third housing compoﬁen't 410 is formed as a connector and
defines the ventilator port 212. The connector has firstand second
passageways 412, 414 separated by a wall. Additional walls 416 form a
valve seat for the inhalation valve 418. The first and third components

25 400, 410 are se'cured',to respective ends of the second component 402 'to _
form the housing. An integrally formed inhalation/exhalation valve 418,
420 is dispdsed between the connector 410 and the second componént
402. The second component 402 has a valve seat 422 for the exhalation

_ valve. The valve includes a base portion 424, and inhalation/exhalation

30 flaps 418, 420 extending in opposite directions from the base portion 422.

The inhalation valve 418 moves off of the first seat 416 of the connector
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during inhalation, while the exhalation valve 420 moves off of the second
seat 422 during exhalation. In one embodiment, the surface area of the
inhalation valve 418 is greater than the surface area of the exhalation
valve 420, although it should be understood that the surface areas can be
the same, or that the surface area of the inhalation valve is less than the
area of the exhalation valve. It should be understood that the inhalation

~and exhalation valves 418; 420 can be formed separately, again with the

same or differential surface areas. |
[0082] In oheration, as shown in FIGS. 16 and 17A-D, the system is
pressurized to inflate the lungs of the patient, such as neonate. The
poéitive pressure comes from an oxygen supply 430 connected to a
resuscitation bag 428. Manual resuscitation, for example and without
limitation bagging, begins immediately to ma'infain the neonate’s breathing.
The pressurized metered dose inhaler (pMDI) 122 is actuated or fired in

- between breaths as shown in FIG. 17B, with the drug being held in the

inhalation interior space 204 of the chamber until the next breath. As
shown in FIG. 17C, as the resuscitation bag is squeezed, the flow through
the inhalation valve 418 and increase in pressure forces the drug from the
inhalation intérior space 204 of the chamber through the patient port 236 to
the patient, for example through the endotracheal tube 434. As shown in
FIG. 17d, as the resuscitation bag 428 reinflates, it creates a negative
pressure that pulls air through the exhalation interior space 206 as the
exhalation valve 420 is opened, with any drug remaining in thie inhalation
interior space 204 staying there due to the separation of the inhalation and

-exhalation interior spaces 204, 206. The next breath forces the remaining

drug through the patient port 236 to the patient through the patient

interface component.

[0083] While the embodiments of Figure 12-25 and 27-35 may still be

used with a Wye connector, it should be understood that because inspired

- gas flow and expired gas flow are separated at the entrance to the

endotracheal breathing tube, or tracheotomy tube, the MDI ventilator

PCT/US2008/061203
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‘assembly may be moved from the inspired limb and connected direcily to
the endotracheal breathing tube or tracheotomy tube.
[0084] Figurejs 1-35 disclose ventilator circuif aerosol delivery systems
for use with intermittent flow ventilators and continuous flow ve’n’tilétors,
and including without limitation both méchanical and manual ventilators
such as resuscitation bags. As used herein throughout, the term
“including” does nbt means limited to, but rather is without lirhitation.
Implementations of the disclosed ventilator circuit aerosol delivery systems
prb_vide the ability o connect the MDI véntilator assembly directly to thé
endotracheal tube, or a tracheotomy tube, due to an integrated Wye
connector or the ability fo separate inhalation flow and exhalation flow at
the entrance to an endotracheal breéthing‘ tubs or a tfacheofamy tube.
Connecting the MDI ventilator assemblies directly to the endotracheal
tube, or tragh'eotbmy tube, provides the ability to more effi'cien'ﬂy
administer aerosolized drugs to a patient-without “dead space area” where
gases exhaled from a patient remain between each breath such that the
same gases are inhaled by the patient upon their next breath. For this
reason, the MDI ventilator assembly may be safely left in a ventilator circuit
even when the MDI ventilator assembly is not béing used to administer an
aerosolized drug to a patient so that it is no !onger necessary to break a

ventilator circuit each time an aerosolized drug is administered to a patient.

[0085] Although the present invention has been described with reference
to its preferred embodiments, it will be understood that the scope of the
claims should not be limited by the preferred embodiments. but should be

given the broadest interpretation consistent with the description as a
whole.
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THE INVENTION CLAIMED IS:

1. A ventilator assembly for use in a ventilator circuit for aaministering
medication to a patient, the ventilator assembly comprising:

a housing defining an inhalation interior space and an exhalation interior
space separate from the inhalation interior space;

a ventilator port positioned at a first location of the housing, the ventilator
port defining a first passageway in communication with the inhalation

Interior space and the exhalation interior space;

a patient port positioned at a second location of the housing, the patient
port defining a second passageway In communication with the
inhalation interior space and the exhalation interior space;

a one-way inhalation valve positioned in the housing adjacent one of the
first or second locations to permit one-way flow from the ventilator port
to the patient port through the inhalation interior space;

a one-way exhalation valve positioned in the housing adjacent the one of
the first or second locations adjacent the position of the one-way
inhalation valve to permit one-way flow from the patient port to the
ventilator port through the exhalation interior space; and

a receptacle positioned on the housing and in communication with the
inhalation interior space, the receptacle operative to receive a

container comprising an aerosolized medication.

2. The ventilator assembly of claim 1, wherein the receptacle is a metered
dose inhaler ("MDI") receptacle and the container is a MDI container.

3. The ventilator assembly of claim 1, wherein the first location is a first end of
the housing and the second location is a second end of the housing that

opposes the first end of the housing.

4. The ventilator assembly of claim 1 wherein the one-way Inhalation and
exhalation valves are positioned adjacent the first location.

5. The ventilator assembly of claim 1 wherein the one-way inhalation and
exhalation valves are integrally formed.

6. The ventilator assembly of claim 5 wherein the one-way inhalation and
exhalation valves are configured as flexible flaps extending In opposite

directions from a base portion.

7. The ventilator assembly of claim 1 wherein the ventilator port is coupled to
a resuscitation bag.

8. The ventilator assembly of claim 7 wherein the resuscitation bag is coupled
to an oxygen supply.

9. The ventilator assembly of claim 1 wherein the patient port i1s coupled to an
endotracheal tube.
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10. The ventilator assembly of claim 1 wherein the housing comprises a
chamber having an interior wall separating the inhalation interior space from

an exhalation interior space.

11. The ventilator assembly of claim 10 comprising a connector defining the
ventilator port, wherein the connector is releasably connected to the chamber.

12. The ventilator assembly of claim 11 wherein the connector forms a valve
seat for each of the one-way inhalation and exhalation valves.

13. The ventilator assembly of claim 12 wherein the one-way inhalation and
exhalation valves are disposed between the connector and the chamber.

14. The ventilator assembly of claim 1 wherein the ventilator port defines
separate inhalation and exhalation portions of the first passageway.

15. The ventilator assembly of claim 14 wherein the one-way inhalation valve
is disposed so as to operably close the inhalation portion of the first

passageway during an expiratory portion of a breathing cycle and wherein the
one-way exhalation valve is disposed so as to operably close the exhalation

portion of the first passageway during an inspiratory portion of the breathing
cycle.

16. The ventilator assembly of claim 1 wherein the one-way inhalation and
exhalation valves are positioned adjacent the second location.

17. The ventilator assembly of claim 1 wherein the inhalation interior space
comprises a chamber, and wherein the exhalation interior space Is defined by

a tube disposed inside of the chamber.

18. The ventilator assembly of claim 17 wherein the tube has an outlet
adjacent the ventilator port.

19. The ventilator assembly of claim 18 wherein the outlet is substantially
aligned with the ventilator port.

20. The ventilator assembly of claim 18 wherein the outlet 1s offset from the
ventilator port.

21. A ventilator assembly for use in a ventilator circuit for administering
medication to a patient, the ventilator assembly comprising:

a chamber defining an inhalation interior space and an exhalation interior
space separate from said inhalation interior space, said inhalation and
exhalation interior spaces defining first and second pairs of first and
second openings at opposite first and second ends of said chamber;

a connector coupled to said chamber at said first end of said chamber ana
having separate first and second passageways communicating with
sald first pair of said first and second openings of said chamber

respectively;

a patient interface housing positioned at said second end of said chamber
and defining a vestibule in communication with said second pair of said
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first and second openings of said chamber, said patient interface
housing comprising a patient port in communication with said vestibule;

a one-way inhalation valve positioned adjacent said first opening at said
first end of said chamber to permit one-way flow from said connector to

said inhalation interior space;

a one-way exhalation valve positioned adjacent said second opening at
said first end of said chamber to permit one-way flow from said

exhalation interior space to said connector; and

a receptacle positioned on the chamber and in communication with the
inhalation interior space, the receptacle operative to receive a
container comprising an aerosolized medication.

22. The ventilator assembly of claim 21 wherein said chamber is configured
with an exterior circumferential wall defining an interior space and an interior
shelf extending across and separating said interior space into said Inhalation

and exhalation interior spaces.

23. The ventilator assembly of claim 21 wherein said second end of said
chamber and said patient interface housing comprise overlapping annular

flanges.

24. The ventilator assembly of claim 21 wherein said one-way inhalation and
exhalation valves are integrally formed.

25. The ventilator assembly of claim 24 wherein said one-way inhalation and
exhalation valves are configured as flexible flaps extending in opposite

directions from a base portion.

26. The ventilator assembly of claim 21 wherein said connector Is releasably
connected to said first end of said chamber.

27. The ventilator assembly of claim 26 wherein said connector forms a valve
seat for each of the one-way inhalation and exhalation vaives.

28. The ventilator assembly of claim 27 wherein said one-way inhalation and
exhalation valves are disposed between said connector and said first end of

sald chamber.

29. The ventilator assembly of claim 21 wherein said one-way inhalation valve
has a greater surface area than said one-way exhalation valve.
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