CONNECTION SYSTEM

BACKGROUND OF THE INVENTION

[0001] Electronic vaporizer systems can allow the user to set a desired concentration of
volatile anesthetic gas to be delivered from a gas controller and through a breathing filter
system to a patient. However, there is a need for improved connectors between the gas

controller and the breathing filter system communicating with the patient.
BRIEF SUMMARY OF THE INVENTION

[0002] An embodiment of the invention provides a connector for use in an electronic
vaporizer system comprising (a) a first portion comprising an conduit manifold, the conduit
manifold comprising a plurality of separate conduits, each conduit having an internal lumen;
and, (b) a second portion comprising (i) an interface plug comprising an interface plug end;
and, (i1) an external surface comprising a plurality of ribs and grooves, the second portion
further comprising isolated openings in fluid communication with the internal lumens of the
separate conduits, each lumen communicating with a single isolated opening, the openings

being arranged in the grooves.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

[0003] Figure 1 shows a perspective view of an embodiment of the connector of the
present invention, the connector comprising a first portion and a second portion, as well as a
rigid section and an outer shell.

[0004] Figure 2 shows several views of the rigid section shown in Figure 1, including two
longitudinal cross-sectional views (Figures 2A and 2B, wherein the rigid section has been
rotated to show different isolated openings in the second portion, and section of the fluid flow
paths communicating with the openings; the Figures also showing several conduits), a top
view (Figure 2C), and perspective views from the interface plug end (Figure 2D) and the
conduit manifold end (Figure 2E).

[0005] Figure 3 shows the rigid sections shown in Figure 2 as well as the outer shell.
Figure 3A shows a longitudinal cross-sectional view, Figure 3B shows a top view, and Figure

3C shows a lateral cross-sectional view, also showing 6 ports, wherein 3 ports have larger



internal diameters than the other 3 ports. Figures 3D and 3E perspective views from the
interface plug end, and the conduit manifold end, respectively.

[0006] Figure 4 diagrammatically illustrates an interface plug end of the second portion
connected to a receiving portion of a gas controller, also showing fluid communication
between the 6 openings in the second portion and the respective 6 ports of the controller,
wherein each opening is separate and independent of the other openings, and each port is
separate and independent from the other ports, and the respective pair of an opening and a
port do not communicate with any other opening or port.

[0007] Figure 5 shows various views illustrating the connection of the 6 conduits to a
breathing filter system assembly comprising a housing, a breathing filter, and a gas reflector.
Figure 5A shows connections to a portion of the breathing filter system assembly housing;
Figure 5B shows a cross-sectional view of the breathing filter assembly including the
housing, a breathing filter, and the gas reflector, wherein the gas reflector comprises a flow
detection mesh and a carbon pack.

[0008] Figure 6 diagrammatically illustrates an electronic vaporizer system, including a
connector according to the invention, in communication with an electronic gas controller, and
a breathing filter assembly, wherein the breathing filter assembly is in communication with a

ventilator and a patient.
DETAILED DESCRIPTION OF THE INVENTION

[0009] Advantageously, connectors according to the invention can be used without a
specific user- or device-based orientation, and the connection can be freely rotatable. It is
especially useful in a system including a gas controller, wherein the system measures a
patient’s breathing activities and lung volumes, and, based on the measured volumes, patient
characteristics (e.g., weight) and on the desired concentration of volatile anesthetic gas,
calculates the necessary amount of volatile anesthetic gas to be added to the breathing gas of
the patient, resulting in delivery of the desired concentration of volatile anesthetic gas to a
patient to provide anaesthesis, analgesia and/or sedation.

[0010] Connectors can include any suitable number of conduits, with any combination of
internal and external diameters, without cross contamination from the internal lumen of one
conduit to the internal lumen of another conduit.

[0011] In an embodiment according to the invention, a connector for use in an electronic

vaporizer system is provided comprising (a) a first portion comprising an conduit manifold,



the conduit manifold comprising a plurality of separate conduits, each conduit having an
internal lumen; and (b) a second portion comprising (i) an interface plug comprising an
interface plug end; and, (ii) an external surface comprising a plurality of ribs and grooves, the
second portion further comprising isolated openings in fluid communication with the internal
lumens of the separate conduits, each lumen communicating with a single isolated opening,
the openings being arranged in the grooves. Typically, the conduit manifold comprises at
least 4 conduits, preferably at least 6 conduits. For example, in an embodiment of the
connector, the conduit manifold comprises a conduit for passage of volatile anesthetic (VA)
to the patient, a conduit for sampling VA (and preferably, CO, sampling; typically, also for
returning some VA back to the reflector), a conduit for purging VA (typically, also for
returning some VA back to the reflector), and at least one conduit for pressure sensing (e.g.,
measuring pressure drop). Preferably, the connector manifold comprises at least three
conduits for pressure sensing (e.g., for respiratory monitoring), for example, a pair of
conduits for measuring pressure drop across the flow detection mesh of the gas reflector (e.g.,
for respiratory monitoring) and a pair of conduits for measuring pressure drop across another
component of the gas reflector (e.g., the carbon pack), wherein one of the conduits is used
both in measuring pressure drop across the flow detection mesh and measuring pressure drop
across another component of the gas reflector (e.g., the conduit is arranged upstream of the
other component(s) of the gas reflector and downstream of the flow detection mesh). More
preferably, the conduits for passage of VA, sampling VA, and for purging VA, have larger
internal diameters than the conduit(s) for pressure sensing.

[0012] In some embodiments of the connector, the external surface of the second portion
comprises an outside diameter, wherein the outside diameter increases in a direction from the
interface plug end toward the first portion, e.g., the second portion includes a taper.

[0013] Embodiments of the connector can further comprise an outer cover or sleeve for
the plurality of conduits, the outer cover having one end bound to the first portion. In an
embodiment, the first portion includes a slot, and the end of the outer cover bound to the first
portion is contained in the slot.

[0014] Each of the components of the invention will now be described in more detail
below, wherein like components have like reference numbers.

[0015] In the illustrated embodiments, the connector 1000 comprises (e.g., as shown in
Figures 2-4) a rigid section or skeleton 500 partially covered with a flexible (preferably soft)

shell or overmold 600, wherein the materials used for making the rigid section and shell



section are chemically compatible with each other. For example, the rigid section can
comprise an insert-molded styrene-based plastic and the outer shell can comprise an
elastomeric overmold, wherein the rigid section and shell form a direct physical bond when
processed together to form the connector. The rigid section and shell can be prepared by
processes known in the art, e.g., insert molding followed by overmolding, or by 2-shot
molding, or by co-injection molding.

[0016] In the embodiments illustrated in Figures 2-4, the rigid section 500 and the outer
shell 600 (having an external surface 601) extend from part of the first portion 100 through at
least most of the length of the second portion 200 (in the illustrated embodiments, the rigid
section extends from at least the conduit manifold 101 of the first portion through the entire
length of the second portion). The external surface 601 comprises the first portion outer
surface 601 A and the second portion outer surface 601B. The external surfaces 601A and
601B can be continuous.

[0017] As shown in more detail in Figures 2-4, the illustrated first portion 100 comprises
an external surface 601A, a conduit manifold 101, and separate conduits 110, 120, 130, 140,
150, 160 communicating with, preferably bonded to, the conduit manifold (in Figure 2A,
conduits 110, 120, and 130 are shown in dotted lines for ease in showing other structures in
the first portion). The conduits 110, 120, 130, 140, 150, 160 respectively have internal
lumens 110A, 120A, 130A, 140A, 150A, 160A, and internal diameters 110B, 120B, 130B,
140B, 150B, 160B. The illustrated first portion further comprises fluid flow channels 111,
121, 131, 141, 151, 161 in fluid communication with respective conduits. There is no
“crosstalk” between the conduits and between the fluid flow channels, e.g., conduit 110 is
only in fluid communication with fluid flow channel 111, and neither conduit 110, nor fluid
flow channel 111, communicates with another conduit or fluid flow channel. In some
embodiments, the conduits and fluid flow channels do not all have the same internal
diameters. For example, as shown in Figures 2A, 2B, and 3C, internal diameters 110B,
120B, and 130B are larger than internal diameters 140B, 150B, and 160B. A variety of
combinations of internal diameters are encompassed in accordance with embodiments of the
invention.

[0018] As shown in more detail in Figures 3A and 3B, the illustrated second portion 200
comprises an external surface 601B, an interface plug 201 having an interface plug end 202,

ribs 270, 271, 272, 273, 274, 275, and 276, grooves 280, 281, 282, 283, 284, and 285 (located



in separate grooves), isolated openings 210, 220, 230, 240, 250, and 260, and fluid flow
channels 211, 221, 231, 241, 251, and 261.

[0019] There is no “crosstalk” between the conduits and between the fluid flow channels,
e.g., opening 210 is only in fluid communication with fluid flow channel 211, and neither
opening 210, nor fluid flow channel 211, communicates with another opening or fluid flow
channel. In the illustrated embodiments, first portion fluid flow channels 111, 121, 131, 141,
151, 161 are in fluid communication with second portion fluid flow channels 211, 221, 231,
241, 251, 261, and thus, there is fluid communication between conduits 110, 120, 130, 140,
150, 160 and isolated openings 210, 220, 230, 240, 250, 260 (via internal lumens 110A,
120A, 130A, 140A, 150A, 160A, fluid flow channels 111, 121, 131, 141, 151, 161, and fluid
flow channels 211, 221, 231, 241, 251, 261. In the illustrated embodiments, second portion
fluid flow channels 211, 221, 231, 241, 251, 261 extend (via rigid section 500) into the first
portion 100, but in other embodiments, the fluid flow channels do not extend that far, or the
first portion fluid flow channels can extend into the second portion, or a single set of fluid
flow channels extends through the first and second portions. Alternatively, either or both sets
of fluid flow channels can be replaced by conduits, e.g., conduits 110, 120, 130, 140, 150,
and 160 can extend into the first portion, and if desired, to the openings 210, 220, 230, 240,
250, and 260.

[0020] In a preferred embodiment, as shown in Figures 3A and 3B, the second portion
200 has an outside diameter, wherein the outside diameter increases in a direction from the
interface plug end toward the first portion, e.g., the second portion has a taper.

[0021] Advantageously, as shown in Figure 4, diagrammatically illustrating interface
plug end 202 of the second portion connected to the respective receiving portion opening (or
receptacle) of a gas controller, the ribs, formed by the second portion, 270, 271, 272, 273,
274, 275, and 276, form circumferential seals with the receiving portion, such that grooves
280, 281, 282, 283, 284, and 285 provide isolated and individual annular compartments. As a
result, there is fluid communication between the 6 isolated openings 210, 220, 230, 240, 250,
and 260, and the respective 6 isolated openings in the gas controller receiving portion. There
is no “crosstalk” between openings, e.g., opening 210 is only in fluid communication with the
respective receiving portion opening, and neither opening 210, nor the respective receiving
portion opening, communicates with another opening. Moreover, since the circumferential
seals provide isolated and individual annular compartments, each pair of openings is

encompassed by the same annular compartment, and the plug does not have to have a



particular orientation in the receiving portion, e.g., the invention can be used without a
specific user- or device-based orientation, and the connection can be freely rotatable.

[0022] Optionally, and as shown in Figures 2 and 3, the interface plug end 202 further
comprises at least one locating element 203, e.g., comprising a hollowed out portion or slot in
the rigid portion (preferably, wherein the end of the rigid portion is not covered with an
elastomeric material), for engagement by, for example, a member such as a sprung pin in the
receiving portion, to ensure full engagement between the interface plug end and the receiving
portion. Preferably, the receiving portion includes at least two members engagable with the
end of the interface plug and thus the end of the plug comprises at least two locating
elements. While the interface plug end can include a hollowed out portion or slot, the end is
closed such that there is no communication with the openings 210, 220, 230, 240, 250, and
260. In an additional configuration (not shown), the connector can additionally include, for
example, a radio labeling tag such as an RFID device, which can pass information of interest
(e.g., manufacturing and/or unit identification information), to the gas controller via
interrogating electronics within the gas controller conduit manifold. Advantageously, this
information can be used to prevent re-use of a used gas reflector device to which the plug is
attached.

[0023] In the embodiments illustrated in Figures SA and 5B, the other end of the
connector 1000 is connected to a breathing filter system assembly 2000 which includes a first
main port 2001 and a second main port 2002 defining a bi-directional fluid flow path through
the assembly, and a heat and moisture exchanging (HME) microbial barrier filter 1600 and a
gas reflector device 1700 (preferably, the gas reflector 1700 reflects exhaled volatile
anesthetic back into the next patient inspiration cycle), wherein Figures SA and 5B show
connections of the connector 1000 to a breathing filter system assembly housing 1500.
Figure 6 shows an illustrative system utilizing the connector.

[0024] The illustrated breathing filter system assembly 2000 (shown in more detail in
Figure 5B) comprises a breathing filter system assembly housing 1500 comprising a gas
reflector device 1700 (comprising a flow detection mesh 1701 and a carbon pack 1702), that
is preferably disposed after use with several patients, and a heat and moisture exchanging
(HME) breathing filter 1600 (preferably, a high efficiency hydrophobic porous filter, more
preferably, a pleated high efficiency hydrophobic porous filter), that is disposed after use on a
single patient. Preferably, the breathing filter system assembly housing 1500 comprises a

first section 1501 A and a second section 1501B, wherein the breathing filter is disposed in



the first section and the gas reflector is disposed in the second section, and the first and
second sections are connectable to form a sterilizable single functional unit, while
maintaining ISO port compliance. More preferably, the breathing filter system assembly acts
as a high efficiency heat and moisture exchanger, such that no additional humidification
device is needed. The breathing filter system assembly is positioned between the patient’s
endotracheal tube or catheter mount and the breathing system’s y-piece.

[0025] Suitable breathing filters and/or breathing filter media include those available
from Pall Corporation (Port Washington, NY) such as a PRO-TEC PF 30S filter, a BB100
Breathing System Filter, a BB50T Breathing Circuit Filter, a HME20 Filter, and a HME40
Filter.

[0026] Each of conduits 110, 120, 130, 140, 150, and 160, communicates with, and is
preferably bonded to, a separate port in the breathing filter assembly housing, e.g., as shown
in Figure 5. Preferably, as shown in Figure 1 and 5A, the connector 1000 further comprises a
cover or sleeve 180 surrounding the conduits. In some embodiments, one end of the cover
180 is bound to the first portion 100, and the other end of the cover is bound to the breathing
filter assembly housing. If desired, the first portion can, for example, include a slot, and the
end of the outer cover bound to the first portion is contained in the slot. Alternatively, or
additionally, in some embodiments, the connector further comprises one or more “anti-kink”
protectors, e.g., a soft material covering at least a portion of the cover 180 and a portion of
the first portion 100 of the connector, and/or a soft material covering at least a portion of the
cover 180 and a portion of the breathing filter assembly system housing.

[0027] The conduits and cover, which can be made from a variety of materials (at least
the conduits should be made from a material compatible with the fluid(s) and gas(es) present
in the breathing filter system), including commercially available materials, can be bound to
the connector and breathing filter assembly housing by a variety of processes known in the
art, including, for example, adhesive, solvent bonding, and overmolding. The breathing filter
system assembly housing can be fabricated from any suitable impervious material, including
any impervious thermoplastic material, which is compatible with the fluid(s) and gas(es)
present in the breathing system. For example, the housing can be fabricated from a metal,
such as stainless steel, or from a polymer. In a preferred embodiment, the housing is a
polymer, for example, an acrylic, polypropylene, polystyrene, or a polycarbonated resin.
[0028] As noted above, the interface plug connects to a gas controller. The gas controller

can be used to measure the patient’s breathing activities and volumes and, based on the



measured volumes and on the desired concentration of VA, calculate the necessary amount of
VA to be added to the breathing gas of the patient, resulting in the delivery of the desired
concentration of VA to the patient. Preferably, the controller allows application of the VA
only during the diffusion relevant phase of the inspiratory time (e.g., during the phase of
highest patient uptake), such that no VA is applied during the expiration time. If desired, VA
is delivered without carrier gas into the gas reflector, which acts as a microrebreather, and the
gas reflector reflects exhaled VA back into the next inspiration cycle, allowing for a fast
patient wash-in, while reducing VA wastage. Suitable gas controllers and their operation are

described in, for example, International Publication Nos. 2009/033462 and 2009/115076.

[0029] All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in
its entirety herein.

[0030] The use of the terms “a” and “an” and “the” and “at least one” and similar
referents in the context of describing the invention (especially in the context of the following
claims) are to be construed to cover both the singular and the plural, unless otherwise
indicated herein or clearly contradicted by context. The use of the term “at least one”
followed by a list of one or more items (for example, “at least one of A and B”) is to be
construed to mean one item selected from the listed items (A or B) or any combination of two
or more of the listed items (A and B), unless otherwise indicated herein or clearly
contradicted by context. The terms “comprising,” “having,” “including,” and “containing”
are to be construed as open-ended terms (i.e., meaning “including, but not limited to,”) unless
otherwise noted. Recitation of ranges of values herein are merely intended to serve as a
shorthand method of referring individually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value is incorporated into the
specification as if it were individually recited herein. All methods described herein can be
performed in any suitable order unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples, or exemplary language (e.g., “such
as”) provided herein, is intended merely to better illuminate the invention and does not pose a
limitation on the scope of the invention unless otherwise claimed. No language in the
specification should be construed as indicating any non-claimed element as essential to the

practice of the invention.



[0031] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.
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CLAIM(S):

1. A connector for use in an electronic vaporizer system comprising
(a) a first portion comprising an conduit manifold, the conduit manifold
comprising a plurality of separate conduits, each conduit having an
internal lumen; and,
(b) a second portion comprising

(1) an interface plug comprising an interface plug end; and,

(i1) an external surface comprising a plurality of ribs and grooves,
the second portion further comprising isolated openings in fluid
communication with the internal lumens of the separate
conduits, each lumen communicating with a single isolated

opening, the openings being arranged in the grooves.

2. The connector of claim 1, wherein the conduit manifold comprises at least 4

conduits.

3. The connector of claim 1 or 2, wherein the conduit manifold comprises a
conduit for passage of volatile anesthetic, a conduit for sampling volatile anesthetic, a conduit

for purging volatile anesthetic, and at least one conduit for pressure sensing.

4. The connector of claim 3, wherein the conduits for passage of volatile
anesthetic, sampling volatile anesthetic, and for purging volatile anesthetic, have larger

internal diameters than the conduit(s) for pressure sensing.

5. The connector of any one of claims 1-4, wherein the external surface of the
second portion comprises an outside diameter, wherein the outside diameter increases in a

direction from the interface plug end toward the first portion.

6. The connector of any one of claims 1-5, further comprising an outer cover for

the plurality of conduits.



