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the distal end. The connection member is configured for releasably
engaging a heat and moisture exchanger so that the catheter may
be advanced through the distal end into the heat and moisture ex-
changer.



w0 03/072175 A2 NN 00 0 0O T O

European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, Published:

ES, FL, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, SE, SI, —  without international search report and to be republished
SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, upon receipt of that report

GQ, GW, ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17: For two-letter codes and other abbreviations, refer to the "Guid-
— as to the applicant’s entitlement to claim the priority of the  ance Notes on Codes and Abbreviations"” appearing at the begin-
earlier application (Rule 4.17(iii)) for all designations ning of each regular issue of the PCT Gazette.



10

15

20

25

WO 03/072175 PCT/US03/02265

HEAT AND MOISTURE EXCHANGER ADAPTER FOR CLOSED SUCTION
CATHETER ASSEMBLY AND SYSTEM HAVING IMPROVED CATHETER
CLEANING

Background

There are a number of different circumstances in which it is necessary for a
person to have an artificial airway, such as a tracheostomy tube, placed in his or
her respiratory tract. As used herein, the phrase "artificial airway" includes devices
such as tracheostomy tubes, endotracheal tubes and the like. Artificial airways
keep the patient's natural airway open so that adequate lung ventilation can be
maintained. In particular situations, the artificial airway must be left in the patient
for a prolonged period of time. For example, many persons suffering severe neck
or head trauma use a tracheostomy tube in conjunction with mechanical ventilation
during extended recovery and rehabilitation periods.

Additionally, certain tracheostomy tube patients have tracheostomy tubes
but are not mechanically ventilated. A number of these patients use heat and
moisture exchangers in order to assist in heat and moisture control of the inhaled
air. Many of these patients, like those being only mechanically ventilated, require
mechanical secretion removal by use of a suction catheter.

Secretion removal is typically accomplished by a respiratory suction
catheter that is advanced into and through the tracheostomy tube. As the suction
catheter is withdrawn, a negative bressure or vacuum is applied to draw mucus
and other secretions from the patient's airway interior of the artificial airway. While
a substantial amount of mucus and other secretions will be withdrawn through the
lumen of the suction catheter, a portion of the mucus and other secretions will
remain as a film on the outside of the catheter.

With conventional closed suction catheter assemblies, for example as the
one set forth in U.S. Patent No. 4,569,344, which is assigned to the assignee of
the present invention and is incorporated herein in its entirety for all purposes, the
catheter tube is enveloped by a protective sleeve. The catheter assembly includes
a valve mechanism in communication with a vacuum source to control the
suctioning process. At its distal or patient end, the closed suction catheter
assembly is attached to the artificial airway via a manifold, connector, adapter, or
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the like. When it is desired to remove secretions and mucus from the patient's
respiratory tract, the catheter is advanced through the protective sleeve and into
the patient's respiratory system through the artificial airway. Negative pressure is
then applied to the proximal or clinician end of the catheter tube to evacuate the
secretions and mucus. The tube is then withdrawn from the artificial airway and,
as the catheter tube is pulled back into the protective sleeve, :':1 wiper or seal strips
or scrapes a substantial portion of any mucus or secretions from the outside of the
catheter tube. However, the distal tip portion of the catheter tube may not pass
through the seal or wiper and thus any secretions or mucus on the distal end must
be removed by other means.

Some closed suction catheter assemblies include a lavage port for injecting
a cleaning/lavage solution into a chamber at the distal end of the catheter
assembly as suction is applied through the catheter tube for loosening and
removing the secretions and mucus scraped from the exterior of the catheter tube.
This procedure may be done with the catheter attached to or removed from the
artificial airway and the ventilation circuit.

In certain situations, the lavage injection and suctioning process may not
adequately remove the secretions and mucus adhering to the distal tip of the
catheter tube and the clinician may repeat the cleaning process a number of times
in an attempt to clean the catheter tip. If the mucus and secretions accumulate or
dry on the catheter tip, they can cause infections or interfere with the suction
efficiency of the catheter and necessitate premature replacement of the entire
closed catheter suction assembly.

While a substantial amount of the mucus and other secretions may be
withdrawn through the catheter, a portion of the mucus and other secretions
remain on the outside of the catheter. Because patient's secretions can contain
infectious agents, such as streptococcus, pseudonomas, staphylococcus, and HIV,
it is important to shield clinicians from contact with the catheter. Likewise, it is
important to shield patients from communicable pathogens in the environment and
those that may be carried by the clinician. This is particularly important because
patients using artificial airways often have compromised immune systems.

In normal breathing, the structures of the nose and sinus passages serve to
heat and moisturize inhaled air. In situations where a patient may require
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mechanical ventilation on a periodic basis, it is common to place a heat and
moisture exchanger (HME) on the proximal end of the artificial airway after
removal of the mechanical ventilator. This type of placement is commonly done
with patients who are able to breathe on their own for an extended period of time.
In such systems and as used herein "proximal" refers to the direction towards the
clinician and "distal" refers to the direction towards the patient.

The HME is intended to replicate the functions of heating and moisturizing
air in patients having artificial airways. The HME is adapted to reduce heat and
moisture loss from the respiratory system of the patient as the patient breathes.
This is done by retaining the heat and moisture from air which is exhaled through
the HME, and by warming and moisturizing air that is inhaled through the HME.
The HME typically includes a material, such as porous foam, that is enclosed
within a housing or other structure.

To date, most HMEs have not been used in conjunction with a closed
suction catheter assembly. Thus, prior to suctioning respiratory secretions from a
patient, it may be necessary to remove the HME from the proximal end of the
artificial airway so that a suctioning catheter may be advanced to the patient's
natural airways. Removal and attachment of the HME often causes discomfort to
the patient and, during the period in which the HME has been removed, the patient
is deprived of heat and moisture exchange and may be deprived of supplemental
oxygen, if used. |

Thus, there is a need for an inexpensive adapter that enables a closed
suction catheter assembly that is configured to adequately remove secretions from
the catheter to be easily and quickly attached to and removed from an HME that is
mounted to an artificial airway while minimizing patient discomfort.

Summary

Various features and advantages of the invention will be set forth in part in
the following description, or may be obvious from the description, or may be
learned from practice of the present invention.

The present invention provides for an endotracheal suction catheter
apparatus that has a distal end. The distal end may be configured for allowing a
catheter to be moved through the distal end and into the respiratory tract of a
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patient. The distal end defines a cleaning chamber where the catheter may be
cleaned. A flap is located in the distal end and is located on one end of the
cleaning chamber. The flap effects fluid flow within the cleaning chamber during
cleaning of the catheter. Also, a connection member is present and is attached to
the distal end. The connection member is configured for releasably engaging a
heat and moisture exchanger so that the catheter may be advanced through the
distal end into the heat and moisture exchanger.

Also provided according to the present invention is an embodiment of the
endotracheal suction catheter apparatus as immediately discussed where an
opening member is present and is disposed on the distal end or on the connection
member. The opening member is configured for opening the heat and moisture
exchanger when the opening member engages the heat and moisture exchanger.

The present invention also provides for a shipping plug that is used with the
endotracheal suction catheter apparatus. The shipping plug has a body with an
end that is configured to engage and limit the movement of the flap valve located
within the endotracheal suction catheter apparatus. The body has at least one
projection, and preferably four projections in an exemplary embodiment, for
engaging a ridge in the endotracheal suction catheter apparatus to retain the
shipping plug therein. An insertion and removal tab may be attached to the body.
In a further exemplary embodiment of the present invention, the body may have a
flange thereon which is used for limiting the extension of the body into the
endotracheal suction catheter apparatus.

In a further exemplary embodiment of the present invention, the connection
members may be a pair of arms that are pivotably attached to the distal end. Each
of the arms may be provided with at least one projection for aiding engagement
between the arms and the heat and moisture exchanger. In another exemplary
embodiment of the present invention, each arm has two projections on one end
thereof. The arms are pivotable by a user in order to engage and disengage the
distal end from the heat and moisture exchanger.

Another exemplary embodiment of the present invention includes an
endotracheal suction catheter apparatus as discussed above which further has a
cap. The cap is engageable with the opening member when the distal end is
disengaged from the heat and moisture exchanger. The cap is configured to
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cover at least a portion of the opening member and prevent dust and other
contaminants from entering. The cap may be provided with a tether that is used
for connecting the cap to the distal end. Additionally, the cap may be provided with
a pull tab located on one end that is used for aiding a user in removing the cap
from the opening member when the cap is engaged with the opening member.
The present invention also encompasses other exemplary embodiments
that comprise combinations of features as previously mentioned. In addition, other
exemplary embodiments of the present invention are defined in the claims.

Brief Description of the Drawings

Fig. 1 is a perspective view of an exemplary embodiment of a catheter
apparatus in accordance with the present invention. The catheter apparatus is
shown having a shipping plug inserted into a distal end of the catheter apparatus.

Fig. 2 is a perspective view of an exemplary embodiment of a catheter
apparatus in accordance with the present invention. A heat and moisture
exchanger is shown being connected to the distal end of the catheter apparatus.

Fig. 3 is a perspective view of the catheter apparatus shown in Fig. 2. Here,
another side of the catheter apparatus is shown from that shown in Fig. 2.

Fig. 4 is a close-up perspective view of an exemplary embodiment of a
catheter apparatus in accordance with the present invention. The distal end of the
catheter apparatus is shown having the shipping plug inserted therein.

Fig. 5 is an exploded assembly view of the catheter apparatus shown in Fig.
4. The view shows a valve, a shipping plug, a wiper seal, and other components
that are on the distal end of the catheter apparatus.

Fig. 6 is a front elevation view of a catheter apparatus in accordance with an
exemplary embodiment of the present invention. The view shows a close-up of the
distal end of the catheter apparatus having a shipping plug.

Fig. 7 is a cross-sectional view of an exemplary embodiment of a catheter
apparatus in accordance with the present invention. The view shows a shipping
plug being inserted into the distal end of the catheter apparatus and limiting

forward movement of a valve hingedly attached within the distal end.
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Fig. 8 is a front view of an exemplary embodiment of a catheter apparatus in
accordance with the present invention. Here, the distal end is connected to a heat
and moisture exchanger by a connection member.

Fig. O is a cross-sectional view of an exemplary embodiment of a catheter
apparatus in accordance with the present invention. An opening member of a
connection member is shown being inserted into a heat and moisture exchanger in
order to open a passageway between the heat and moisture exchanger and the
distal end of the catheter apparatus.

Fig. 10 is a front elevation view of a catheter apparatus in accordance with
an exemplary embodiment of the present invention. Here, the catheter apparatus
is not connected to a heat and moisture exchanger and a cap is placed over the
distal end.

Fig. 11A is a perspective view of a shipping plug in accordance with one
exemplary embodiment of the present invention.

Fig. 11B is a top plan view of the shipping plug shown in Fig. 11A.

Fig. 11C is a front elevation view of the shipping plug shown in Fig. 11A.

Fig. 11D is a side elevation view of the shipping plug shown in Fig. 11A.

Fig. 11E is a bottom view of the shipping plug shown in Fig. 11A.

Fig. 12A is a perspective view of a cap having a tether in accordance with
one exemplary embodiment of the present invention.

Fig. 12B is a front elevation view of the cap and tether shown in Fig. 12A.

Fig. 12C is a top plan view of the cap and tether shown in Fig. 12A.

Fig. 12D is a side elevation view of the cap and tether shown in Fig. 12A.

Fig. 12E is a bottom view of the cap and tether shown in Fig. 12A.

Fig. 13A is a perspective view of a connection member in accordance with
one exemplary embodiment of the present invention.

Fig. 13B is a top plan view of the connection member shown in Fig. 13A.

Fig. 13C is a side elevation of the connection member shown in Fig. 13A.

Fig. 13D is a front elevation view of the connection member shown in Fig.
13A.

Fig. 14 is a perspective view of an exemplary embodiment of a catheter

apparatus in accordance with the present invention. The catheter apparatus is
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disengaged from a heat and moisture exchanger that has a plurality of heat and
moisture exchanger flaps which form a valve.

Detailed Description

Reference will now be made in detail to embodiments of the invention, one
or more examples of which are illustrated in the drawings. Each example is
provided by way of explanation of the invention, and not meant as a limitation of
the invention. For example, features illustrated or described as part of one
embodiment can be used with another embodiment to yield still a third
embodiment. It is intended that the present invention include these and other
modifications and variations.

Referring now to the drawings, an embodiment of a catheter apparatus 10
according to the invention is shown in Fig. 1. The catheter apparatus 10 includes
a catheter 12 that is used for removing secretions that build up within the
respiratory tract of a patient. Additionally, the catheter 12 may be used for other
medical procedures in other exemplary embodiments of the present invention.
The catheter 12 is surrounded by a flexible sheath 54. In one exemplary
embodiment, the flexible sheath 54 is made of a flexible plastic material. The
catheter 12 is made of a flexible material in order to allow for the catheter 12 to
bend upon insertion and removal from the patient. Likewise, the sheath 54 may
also be flexible in order to accommodate the movement of the catheter 12. The
sheath 54 and the catheter 12 are sealingly and fixedly connected to a second
fitting 56. The sheath 54 is fixedly attached to a first fitting 52, but the catheter 12
is slidingly engaged with the first fitting 52. The arrangement of the first fitting 52,
second fitting 56, catheter 12, and sheath 54 may be as that disclosed in U.S.
Patent No. 5, 715,815 which is assigned on its face to Ballard Medical Products,
Inc. and is owned by the assignee of the present invention and is incorporated by
reference in its entirety for all purposes. One use of sheath 54 is to protect the
medical caregiver from secretions which remain on the outside of catheter 12 upon
the completion of the procedure of removing secretions from a patient. Any extra
secretions ‘on catheter 12 will be contained within the sheath 54, hence isolated
from the medical caregiver and also protecting the catheter 12 from outside

contamination.
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The catheter apparatus 10 may be provided with a pressure valve 58 that is
attached to the second fitting 56. The pressure valve 58 may be configured as that
shown in U.S. Patent No. 5,664,564 which is owned by the assignee of the present
invention and is incorporated herein in its entirety for all purposes. The pressure
valve 58 is connected to a vacuum source (not shown) which upon actuation of
both causes a vacuum to be present within the catheter 12 and hence facilitate the
removal of contaminates and secretions from the patient's respiratory tract. The
pressure valve 58 is in a normally closed position and can be opened by a medical
caregiver when vacuum pressure is desired.

Fig. 1 shows the catheter 12 in a position in which it is not inserted into the
respiratory tract of a patient. In fact, Fig. 1 shows the catheter apparatus 10
having a shipping plug 46 being inserted into the distal end 16 of the catheter
apparatus 10. The shipping plug 46 is present in order to protect the interior of the
catheter apparatus 10 from dirt and other contaminants before being used, and is
also present in order to prevent a valve (flapper valve 20) from remaining open as
will be explained in greater detail below. The catheter apparatus 10 may also be
provided with a cap 42 that is connected to the distal end 16 of the catheter
apparatus 10. Again, the function of the cap 42 will be explained in greater detail
below.

The catheter apparatus 10 is also provided with a connection member 32.
The connection member 32 is configured on the distal end 16 of the catheter
apparatus 10. The connection member 32 may be used to attach the distal end 16
to a heat and moisture exchanger 38 as shown in Fig. 2. The connection member
32 has a plurality of projections 34 which engage a receiving ridge 94 on the heat
and moisture exchanger 38 in order to retain the heat and moisture exchanger
thereon. In effect, the connection member 32 allows the connection of the catheter
apparatus 10 to the heat and moisture exchanger 38 such that the two
components are now part of the same respiratory circuit.

Fig. 9 is a cross-sectional view of a portion of the catheter apparatus 10
shown in Fig. 2 and in Fig. 8. More specifically, Fig. 9 is a cross-sectional view of
the distal end 16 of the catheter apparatus 10 as the heat and moisture exchanger
38 is connected thereto. The heat and moisture exchanger 38 may be configured
as the one disclosed in U.S. Patent Application Serial No. 09/702,376 filed on

8



10

15

20

25

30

WO 03/072175 PCT/US03/02265

October 31, 2000 and entitled "Heat and Moisture Exchanger Adaptor for Closed
Suction Catheter Assembly and System Containing the Same", which is co-
pending and owned by the assignee of the present invention and is incorporated
herein in its entirety for all purposes. The heat and moisture exchanger 38
contains a porous material 106 that is designed to reduce heat and moisture loss
as the patient breathes. Heat and moisture within exhaled air from the patient is
retained within the porous material 106. The inhaled air by the patient is warmed
and humidified as the inhaled air passes through and next to the porous material
106. The porous material 106 is typically made of a foam material that has
sufficient porosity to reduce the loss of heat and moisture from the patient. The
material may sometimes be treated with a hydroscopic salt to enhance
performance. In order to effect a closed circuit, the respiratory tract of the patient
is typically connected by a tube or other member to an opening in the heat and
moisture exchanger passageway 92.

The heat and moisture exchanger 38 also includes a side port 104 that may
be connected to an oxygen supply line in order to administer oxygen to the patient.
It may be the case that oxygen is required by patients with emphysema or other
ailments. Of course, in other exemplary embodiments of the present invention, the
use of the side port 104 is not necessary.

As can be seen in Fig. 9, an opening member 40 that is part of the
connection member 32 engages and extends into the heat and moisture
exchanger passageway 92. As can be seen in Fig. 14, the heat and moisture
exchanger 38 is typically provided with a plurality of heat and moisture exchanger
flaps 108. The heat and moisture exchanger flaps 108 form a valve whereby the
heat and moisture exchanger 38 directs flow through the porous material 106
during periods when it is not engaged with the catheter apparatus 10. As can be
seen in Fig. 9, the opening member 40 engages the heat and moisture exchanger
flaps 108 and compresses them inward in order to create an open passageway
between the catheter apparatus 10 and the heat and moisture exchanger 38.
Once removed, the heat and moisture exchanger flaps 108 will return to their
position shown in Fig. 14 due to the resiliency of the material from which the heat
and moisture exchanger flaps 108 is constructed. Therefore, Fig. 14 shows the
catheter apparatus 10 as being in a situation immediately prior to engaging or
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immediately after disengaging from the heat and moisture exchanger 38. The
attachment of the heat and moisture exchanger 38 to the catheter apparatus 10
may be seen in Figs. 2 and 3 which show different views of the attachment
between these two components.

Fig. 7 is a cross-sectional view of the catheter apparatus 10 which has the
shipping plug 46 inserted into the distal end 16. Fig. 6 is a front view of the
catheter apparatus 10 with the shipping plug 46. Fig. 5 is an exploded assembly
view of the catheter apparatus 10 shown in Figs. 4 and 7. As can be seen in Figs.
5 and 7, the catheter apparatus 10 is provided with a valve 20 in the distal end 16.
In one exemplary embodiment of the present invention, valve 20 may be in the
form of a flap 60. However, it is to be understood that other configurations of the
valve 20 are possible in other exemplary embodiments of the present invention.
The flap 60 may be connected to an annular ring 22 by one or more hinges 24.
The annular ring 22 is in-turn rigidly connected to a portion of the distal end 16.
Again, in other exemplary embodiments of the present invention the flap 60 may
be connected immediately to the distal end 16 without the use of the annular ring
22. Also, the valve 20 may be configured as disclosed in U.S. Patent No.
6,227,200 B1 which is owned by the assignee of the present invention and is
incorporated herein in its entirety for all purposes.

The valve 20 forms an end of a cleaning chamber 18 that is located within
the distal end 16. The cleaning chamber 18 may be defined as being located
between the valve 20 on one end and a second wiper seal 110 on the other in one
exemplary embodiment of the present invention. The cleaning chamber 18 may
be in communication with a port 28 as shown in Figs. 5 and 2. Port 28 may be
attached to a lavage connection member 86. Cleaning solution may be injected
through the lavage connection member 86 and enter the cleaning chamber 18
through port 28. The lavage connection member 86 is connected to a cap 88 by a
tether 90. The purpose of the cap 88 is to cover an opening in the lavage
connection member 86 when the lavage connection member 86 is not being used.
This coverage protects the catheter apparatus 10 and in particular the lavage
connection member 86 from dirt and other contaminants.

The port 28 is not present in Fig. 7 due to the fact that Fig. 7 is a cross-
sectional view. However, it can be appreciated from study of at least Figs. 2 and 5
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that the cleaning chamber 18 may be in fluid communication with the port 28 in

Fig. 7. As such, the catheter 12 may be advanced into the cleaning chamber 18
such that a distal tip 100 of the catheter 12 is proximate to but not in contact with
wiper seal 30. The catheter 12 may also be provided with a pair of side apertures
102 as shown in Fig. 7. As previously mentioned, the catheter 12 will be in need of
periodic cleaning due to its contact with the respiratory tract of the patient.
Cleaning solution may be injected into the cleaning chamber 18 and suction may
be applied to a lumen 14 of the catheter 12 such that secretions and other
contamination are drawn through the lumen 14 and out of the catheter apparatus
10.

As such, the catheter apparatus 10 may be designed to be intermittently
attached to the tracheal path of a patient when cleaning is required. The catheter
apparatus 10 is specifically designed to be in communication with the heat and
moisture exchanger 38. Once suctioning of the patient is completed, the catheter
12 may be cleaned. The catheter apparatus 10 may be used to remove secretions
from patients that are not mechanically ventilated and are using a tracheal heat
and moisture exchanger 38. The catheter 12 may be cleaned in the cleaning
chamber 18 either before or after the distal end 16 has been disconnected from
the heat and moisture exchanger 38.

The distal end 16 may also be provided with a wiper seal 30 as shown in
Fig. 7. The purpose of wiper seal 30 is to remove secretions from the outer
surface of catheter 12 as the catheter 12 is advanced back through the wiper seal
30. The wiper seal 30 may be made of a flexible material that sealingly engages
the catheter 12 as the catheter 12 is retracted from the distal end 16 of the
catheter apparatus 10. However, it may be the case that secretions remain on the
catheter 12 even after passing through the wiper seal 30 and remain on the
catheter 12 after passing through the first fitting 52. These secretions are
prevented from contacting the clinician or the environment due to the presence of
the sheath 54. The distal end 16 may be provided with the second wiper seal 110
that functions similarly to the wiper seal 30. In addition, this second wiper seal 110
may be located in the first fitting 52 to form a double positive and expiratory
pressure seal along with the flap 60.
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As can be seen in Fig. 7, the catheter 12 is present within the cleaning
chamber 18, as in this exemplary embodiment the cleaning chamber 18 is defined
as being between the flap 20 and the second wiper seal 110. A cleaning
procedure may be commenced. In order to clean the catheter 12, cleaning
solution is injected into the cleaning chamber and suction is applied to the lumen
14 of the catheter 12. The cleaning solution will act to break up secretions that are
present on the distal tip 100 of the catheter 12 and also on the outside of the
catheter 12 walls. In-turn, the suctioning imparted on the lumen 14 will draw these
secretions into the catheter 12 and remove them from the catheter apparatus 10.
Once suction is applied to the lumen 14, the valve 20 which consists of the flap 60
will be drawn towards the catheter 12 and away from the patient. The flap 60 may
be provided with an aperture 26. As discussed in U.S. Patent Serial No.
09/741,769 filed on December 19, 2000 and entitled "Turbulent Air Cleaning
Method and Apparatus for Catheter Assemblies” which is co-pending and owned
by the assignee of the present invention and is incorporated herein in its entirety
for all purposes, a turbulent airflow may be created within the cleaning chamber
18.

The suction force applied to the lumen 14 serves to draw the cleaning
solution into the opening of the distal tip 100 and establish the turbulent airflow
path. When suction is applied, a fluid medium other than the cleaning solution (in
this case air) is drawn through the aperture 26 and into the distal tip 100 with the
cleaning solution. Although not wishing to be bound by any theory of operation,
the Applicants believe that in this type of turbulent flow cleaning method, a portion
of the air and cleaning solution mixture is then directed out of the side apertures
102 and travels along the outer circumferential surface of the catheter 12 and is
drawn back into the distal tip 100. Thus, a continuous circular flow path or pattern
is established. It has been found that this pattern causes a significant turbulence
in the cleaning solution around the outer circumference of the catheter 12. This
turbulence greatly enhances the cleaning effect of the cleaning solution.

The aperture 26 may be axially aligned with the catheter 12 during cleaning
procedures. Additionally, flap projections 72 may be provided so that a planar
surface 74 of the flap 60 does not seal against the catheter 12 as suction is
applied. Preferably, the distal tip 100 of the catheter 12 is placed a slight distance
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below the wiper seal 30 during cleaning procedures. The port 28 may be located
below wiper seal 30 such that cleaning solution is directed onto the outer
circumference of the catheter 12 to assist in cleaning. Suctioning may be applied
to the lumen 14 of the catheter 12 until all of the saline has been evacuated from
the cleaning chamber 18 and the catheter 12 is cleaned. The cap 42 may be
placed over the opening member 40 in the connection member 32 and the catheter
apparatus 10 may be stored until another suctioning is required.

A turbulent airflow may be created within the cleaning chamber 18 by use of
the aperture 26 along with the side apertures 102 of the catheter 12. By having
such an arrangement, a more effective cleaning process will be realized in the
catheter apparatus 10. However, it is to be understood that in other exemplary
embodiments of the p\resent invention, the cleaning process need not be carried
out as previously mentioned. For instance, in other exemplary embodiments of the
present invention the aperture 26 may not be present in the flap 60. Additionally,
the side apertures 102 need not be present in the catheter 12 in other exemplary
embodiments. Further, the size and shape of the cleaning chamber 18 may be
modified in other exemplary embodiments of the present invention, along with the
presence or non-presence of the wiper seal 30.

The flap 60 may be provided with a pair of flap projections 72. Insertion of
the catheter 12 through the distal end 16 will cause the flap 60 to open due to the
force of the distal tip 100. In order to prevent the distal tip 100 from transferring
secretions or other contaminations onto the flap 60, the flap 60 is provided with the
flap projection 72 in order to engage the catheter 12. As such, when inserted
through the distal end 16, the catheter 12 will engage the flap projection 72 and not
contact a planar surface 74 of the flap 60. The use of projection 72 therefore
reduces the risk of contamination in the catheter apparatus 10. However, in other
exemplary embodiments of the present invention, the flap 60 is not provided with
the flap projections 72. .

It may be the case that during periods of non-use, especially during periods
of shipment from the manufacturer to eventual use by the clinician, the catheter 12
may move into the distal end 16 such that the valve 20 is opened. The valve 20
and the hinge 24 are constructed of a flexible plastic material. If this material were
to remain in one position for an extended period of time, it may be the case that
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the material will set and hence the valve 20 will remain in the open position even
when the catheter 12 is removed from the distal end 16. If the plastic forming the
hinge 24 were to set due to a prolonged period of being open, there is a potential
that the valve 20 will not close when cleaning of the catheter 12 is performed.
Obviously, such a situation is not desired when the catheter 12 is withdrawn and
the catheter apparatus 10 is or is not connected to the respiratory tract of a patient.
In order to keep the valve 20 closed during periods of non-use, and especially
during shipment to the end user, the catheter apparatus 10 is provided with the
shipping plug 46. The shipping plug 46 is shown in detail in Figs. 11A through
11E. Although stated in the drawings section as having a top, front, side, and
bottom, it is to be understood that fhese descriptions are being made for ease of
convenience. In fact, all such descriptions in the drawings section concerning
other figures are also made for sake of convenience. Here, the shipping plug 46 is
provided with a body 76 that has four projections 48 extending therefrom. On one
end of the body 76 is an end 78. End 78 is shown in Fig. 11A as being a
substantially circular disk. On another end of the body 76 an insertion and removal
tab 70 may be placed. A flange 68 is proximate to the insertion and removal tab
70.

Fig. 7 shows the shipping plug 46 being inserted into the distal end 16 of the
catheter apparatus 10. The end 78 is positioned such that the valve 20 may not
open due to the contact of the flap projection 72 on the valve 20 with the end 78.

In other exemplary embodiments of the present invention, the end 78 may contact
portions of the valve 20 other than the flap projection 72. Because the end 78
impedes movement of the valve 20, the valve 20 will not become opened during
shipment of the catheter apparatus 10 due to the presence of the shipping plug 46.

In order to retain the shipping plug 46 in the distal end 16, the shipping plug
46 may be provided with the four projections 48. These projections 48 are resilient
members which will compress upon the insertion of the shipping plug 46 into the
distal end 16. Once the projections 48 pass a ridge 50 that is formed on the inside
of the distal end 16, the projections 48 will spring back and secure the shipping
plug 46 within the distal end 16 with a determined amount of force. The
projections 48 of the shipping plug 46 are specifically designed to lock the shipping
plug 46 into the distal end 16 with enough retention force to prevent the valve 20
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from opening. Fig. 7 shows the ridge 50 being formed on an inside portion of the
connection member 32. However, it is to be understood that in other exemplary
embodiments of the present invention, the ridge 50 may be formed on other
portions of the distal end 16 besides the connection member 32. In an exemplary
embodiment of the present invention, the shipping plug 46 has four projections 48.
However, it is to be understood that the shipping plug 46 may be provided with any
number of projections 48. In addition, other configurations of retaining the shipping
plug 46 within the distal end 16 are envisioned under the present invention. For
instance, an interference fit between the body 76 of the shipping plug 46 and the
inner passageway of the distal end 16 is possible.

The shipping plug 46 may be provided with the flange 68 in order to limit the
inward movement of the shipping plug 46 into the distal end 16. Also, the flange
68 may be sized such that it prevents a user from inadvertently inserting the
shipping plug 46 into the heat and moisture exchanger 38. The shipping plug 46 is
provided with the insertion and removal tab 70 in order to aid a user in inserting the
shipping plug 46 into the distal end 16 and for removing the shipping plug 46 from
the distal end 16. Once the catheter apparatus 10 is purchased by a user and
ready for use, the shipping plug 46 may be removed from the distal end 16 and
discarded, unless the catheter apparatus 10 is to be stored for a long period of
time between uses.

The catheter apparatus 10 shown in Fig. 5 is provided with a cap 42. The
purpose of cap 42 is to cover the opening member 40 when the catheter apparatus
10 is not being used. This covering prevents the opening member 40 from being
subjected to dirt and other contaminants which can enter the catheter apparatus
10. Although shown as part of the connection member 32 in Fig. 5, opening
member 40 may be connected to or formed on other portions of the distal end 16
in other exemplary embodiments of the present invention. Fig. 10 shows the cap
42 being placed on the catheter apparatus 10 during a period of non-use of the
catheter apparatus 10. As such, the distal end 16 is protected from dirt and other
contaminants. The cap 42 is connected to the distal end 16 by a loop 98. Figs.
12A through 12E show the cap 42 in greater detail. The cap 42 is connected to
the loop 98 by way of a flexible tether 44. However, it is to be understood that in
other exemplary embodiments of the present invention, the tether 44 is not
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present, and the cap 42 is simply a member that is not connected to the distal end
16. Additionally, other ways of connecting the tether 44 to the distal end 16 may
be envisioned which do not require the use of the loop 98. For instance, the tether
44 can be pinned or bolted to the distal end 16. In addition, in other exemplary
embodiments of the present invention, the cap 42 may be connected to the
catheter apparatus 10 at a location other than the distal end 16. The cap 42 is
provided with a pull tab 66 that aids a user in placing the cap 42 on the opening
member 40 and removing the cap 42 from the opening member 40.

As shown in Fig. 8, the connection member 32 is used to connect the
catheter apparatus 10 to the heat and moisture exchanger 38 so that a flow path
therethrough is created. The opening member 40 as seen in Fig. 9 is provided in
order to open a passageway through the heat and moisture exchanger flaps 108.
This type of an arrangement is advantageous in that if the heat and moisture
exchanger flaps 108 were opened by insertion of the catheter 12, mucus and other
secretions on the catheter 12 would be deposited onto the heat and moisture
exchanger flaps 108 upon the withdrawal of the catheter 12 from the respiratory
tract. By providing the opening member 40 that can open the heat and moisture
exchanger flaps 108, a reduced risk of contamination is present because the
catheter 12 does not have to contact any portion of the heat and moisture
exchanger 38. It is to be understood that in other exemplary embodiments of the
present invention, the heat and moisture exchanger 38 may be placed in
communication with the catheter apparatus 10 where the heat and moisture
exchanger flaps 108 are not opened by the opening member 40.

The connection member 32 engages the heat and moisture exchanger 38
and holds the heat and moisture exchanger 38 onto the distal end 16. The
connection member 32 is shown in greater detail in Figs. 13A through 13D. The
references to the connection member 32 having a front, top, and side view in the
drawings section were made for ease of convenience. The connection member 32
is provided with a pair of arms 62. The projections 34 are present on one end of
the arms 62. In other exemplary embodiments of the present invention, the
projections 34 may be a barb 82. Further, a surface member 80 may be present
on one end of an arm 62 and is configured for grasping the heat and moisture
exchanger 38. In one exemplary embodiment, the surface member 80 is a flange

16



10

15

20

25

30

WO 03/072175 PCT/US03/02265

84 that is used to help retain or retain by itself the distal end 16 to the heat and
moisture exchanger 38. As such, the present invention includes exemplary
embodiments where the connection is effected by members other than the
projections 34 as shown in the drawings.

The arm 62 is displaceable with respect to a portion of the connection
member 32 proximate to the opening member 40. In one exemplary embodiment,
the arm 62 is pivotably attached to the connection member 32. This pivotable
connection is effected by a pivot attachment 36. The pivot attachment 36 is a
flexible piece of material that allows for the arms 62 to flex away from and towards
the opening member 40. As such, the projections 34 will also flex away from or
towards the opening member 40. The pivotable attachment 36 may be a material
that is rigid yet flexible enough to allow for this pivoting action to occur. In order to
aid a user in pivoting the arms 62, the arms 62 may each be provided with a
curved finger tab 64. Therefore, a user may place his or her thumb and index
finger against the curved finger tab 64 and pivot the arms 62 such that the
projections 34 are away from the opening member 40. At this point, the
connection member 32 may be advanced over the heat and moisture exchanger
38 as shown in Fig. 9. Upon removing pressure from the arms 62, they will move
back into their natural position which causes the projections 34 to engage the
receiving ridge 94 of the heat and moisture exchanger 38 and retain the catheter
apparatus 10 thereon. In addition, the arms 62 may be biased towards one
another such that when placed over the heat and moisture exchanger 38, they
more securely engage the heat and moisture exchanger 38. As shown in Fig. 14,
the heat and moisture exchanger 38 may also be provided with a series of
receiving projections 96. As such, the arms 62 of the connection member 32 may
be connected to the receiving projections 96 instead of the receiving ridge 94 in
other exemplary embodiments of the present invention. In addition, the receiving
projections 96 may be used to engage a connection member 32 that has a locking
slot onto which the heat and moisture exchanger 38 may be retained. Such an
arrangement is shown in the aforementioned Patent Application "Entitled Heat and
Moisture Exchanger Adaptor for Closed Suction Catheter Assembly and System
Containing the Same" having Serial No. 09/702,376.
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In order to remove the distal end 16 from the heat and moisture exchanger
38, a user may again place his or her thumb and index finger on the curved finger
tabs 64 and depress them inwards. This will again cause the projections 34 to
pivot outwards with respect to the pivotable attachments 36. Clearance of the
projections 34 from the receiving ridge 94 will be attained and the connection
member 32 may be successfully disengaged from the heat and moisture
exchanger 38.

It should be understood that the present invention includes various
modifications that can be made to exemplary embodiments of the catheter
apparatus described herein as come within the scope of the appended claims and
their equivalents.
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Claims

What is claimed is:

1. An endotracheal suction catheter apparatus comprising:

a catheter configured for removing fluids from a respiratory tract of a patient
by applying negative pressure to a lumen of said catheter;

a distal end configured to allow said catheter to be moved through said
distal end and into the respiratory tract of a patient, said distal end having a
cleaning chamber in which said catheter may be cleaned;

a valve disposed in said distal end and proximate to said cleaning chamber
so as to pivot with respect to an annular ring, said valve being a flap attached to
said annular ring, said flap having an aperture therein;

a port in fluid communication with said cleaning chamber for introducing a
cleaning solution into said cleaning chamber;

a wiper seal located in said cleaning chamber, said wiper seal configured
for removing secretions on said catheter as said catheter is advanced past said
wiper seal;

a connection member being a pair of arms attached to said distal end, each
of said arms having at least one projection, said arms configured for engaging and
securing said distal end to a heat and moisture exchanger;

an opening member disposed on one end of said distal end, said opening
member configured for opening the heat and moisture exchanger when said distal
end is engaged and secured to the heat and moisture exchanger,

a cap attached to said distal end by a tether, said cap configured for
engaging said opening member and covering said opening member when said
endotracheal suction catheter is not being used,;

a shipping plug configured for engaging said opening member and
extending into said distal end such that said shipping plug limits movement of said
valve, said shipping plug having a plurality of projections which engage a ridge in
said distal end and act to lock said shipping plug on said distal end,;

a first fitting connected to said distal end and immediately adjacent to said
wiper seal, said first fitting slidably joined to said catheter;
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a sheath connected on one end to said first fitting and forming a single
enclosed area that concentrically surrounds said catheter, said sheath being
collapsible when said catheter is inserted into the respiratory tract of a patient;

a second fitting attached to said sheath on an opposite end of said sheath
from said first fitting, said second fitting non-slidably joined to said catheter; and

a normally closed pressure valve connected to said second fitting, actuation
of said pressure valve allowing negative pressure to be supplied to said catheter.

2. An endotracheal suction catheter apparatus comprising:

a catheter configured for removing fluids from a respiratory tract of a patient
by applying negative pressure to a lumen of said catheter;

a distal end configured to allow said catheter to be moved through said
distal end and into the respiratory tract of a patient, said distal end having a
cleaning chamber disposed therein;

a flap disposed proximate to said cleaning chamber wherein when a distal
tip of said catheter is in said cleaning chamber and negative pressure is applied to
said catheter said flap is urged towards said catheter and secretions on said
catheter are removed in said cleaning chamber;

a connection member attached to said distal end and configured for
engaging said distal end to a heat and moisture exchanger; and

an opening member disposed on said distal end and configured for opening
the heat and moisture exchanger when said opening member engages the heat

and moisture exchanger.
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3. The endotracheal suction catheter apparatus of claim 2, wherein said
connection member is a pair of arms pivotally attached to said distal end, each of
said arms having at least one projection for aiding engagement between said arms
and the heat and moisture exchanger, said arms pivotable by a user to engage
said distal end to the heat and moisture exchanger and pivotable by a user to
disengage said distal end from the heat and moisture exchanger.

4. The endotracheal suction catheter apparatus of claim 3, wherein each of
said arms has a curved finger tab for use in aiding a user in pivoting said arms to

engage and disengage said distal end to the heat and moisture exchanger.

5. The endotracheal suction catheter apparatus of claim 2, further comprising
a cap engageable with said opening member when said distal end is disengaged
from the heat and moisture exchanger, said cap configured to cover at least a

portion of said opening member.

6. The endotracheal suction catheter apparatus of claim 5, further comprising
a tether for connecting said cap to said distal end.

7. The endotracheal suction catheter apparatus of claim 5, wherein said cap
has a pull tab for aiding a user in removing said cap from said opening member

when said cap is engaged with said opening member.

8. The endotracheal suction catheter apparatus of claim 2, further comprising
a shipping plug configured for extending into said distal end such that said
shipping plug limits movement of said flap.

9. The endotracheal suction catheter apparatus of claim 8, wherein said
shipping plug has a plurality of projections which are configured to engage a ridge

in said distal end such that said shipping plug is secured onto said distal end.

10.  The endotracheal suction catheter apparatus of claim 9, wherein said
shipping plug has four projections.
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11.  The endotracheal suction catheter apparatus of claim 8, wherein said
shipping plug has a flange located thereon, said flange limiting the extension of
said shipping plug into said distal end, said flange sized so as to prevent
accidental insertion of the entire shipping plug into the heat and moisture
exchanger.

12. The endotracheal suction catheter apparatus of claim 8, wherein said
shipping plug has an insertion and removal tab located on one end configured for a

user to grasp in order to insert and remove said shipping plug from said distal end.

13.  The endotracheal suction catheter apparatus of claim 2, wherein said flap
has a flap projection on the proximal side of said flap, said projection configured for
engaging said catheter as said catheter is advanced both into and out of the
respiratory tract of a patient, said projection helping to prevent secretions on said
catheter from contacting a planar surface of said flap when said catheter is
withdrawn from the respiratory tract of a patient.

14.  The endotracheal suction catheter apparatus of claim 13, further comprising
a port in fluid communication with said cleaning chamber for introducing a cleaning

solution into said cleaning chamber.

15. The endotracheal suction catheter apparatus of claim 14, wherein said
planar surface of said flap has an aperture therethrough for inducing a turbulent
fluid flow in said cleaning chamber when said distal tip of said catheter is in said

cleaning chamber and negative pressure is applied to said catheter.

16.  The endotracheal suction catheter apparatus of claim 2, further comprising
a heat and moisture exchanger having a receiving ridge engaged with said
connection member and on said distal end.

17. A shipping plug for use with an endotracheal suction catheter apparatus,
comprising:
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a body having an end configured to engage and limit the movement of a flap
valve located within the endotracheal suction catheter apparatus when said
shipping plug is inserted in the endotracheal suction catheter apparatus, said body
having at least one projection for engaging a ridge in the endotracheal suction
catheter apparatus and acting to retain said shipping plug during engagement
between said shipping plug and the endotracheal suction catheter apparatus; and

an insertion and removal tab attached to said body, said insertion and
removal tab configured for a user to grasp in order to insert and remove said

shipping plug from the endotracheal suction catheter apparatus.

18.  The shipping plug of claim 17, wherein said body has a flange for limiting
the extension of said body into the endotracheal suction catheter apparatus, said
flange sized so as to prevent accidental insertion of the entire shipping plug into a
heat and moisture exchanger.

19.  The shipping plug of claim 18, wherein said body has four projections.

20. An endotracheal suction catheter apparatus, comprising:

a distal end configured for allowing a catheter to be moved through said
distal end and into the respiratory tract of a patient, said distal end defining a
cleaning chamber wherein the catheter may be cleaned;

a flap located in said distal end and located on one end of said cleaning
chamber, said flap affecting fluid flow within said cleaning chamber during cleaning
of the catheter; and

a connection member attached to said distal end and configured for
releasably engaging a heat and moisture exchanger such that the catheter may be

advanced through said distal end into the heat and moisture exchanger.

21.  The endotracheal suction catheter apparatus of claim 20, further comprising
an opening member disposed on said distal end and configured for opening the
heat and moisture exchanger when said opening member engages the heat and

moisture exchanger.
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22.  The endotracheal suction catheter apparatus of claim 20, wherein said
connection member includes at least one arm formed thereon and capable of
engaging the heat and moisture exchanger.

23.  The endotracheal suction catheter apparatus of claim 20, wherein said
connection member comprises at least two arms formed thereon, wherein said
arms are disposed oppositely from each other and each of the at least two arms
are capable of engaging the heat and moisture exchanger.

24.  The endotracheal suction catheter apparatus of claim 23, wherein each of
the at least two arms include a surface member capable of engaging the heat and
moisture exchanger.

25.  The endotracheal suction catheter apparatus of claim 24, wherein the
surface member is a pair of barbs.

26. The endotracheal suction catheter apparatus of claim 24, wherein the

surface member is a flange on an end of each of said arms.

27. The endotracheal suction catheter apparatus of claim 23, wherein each of
said arms has a curved finger tab for use in aiding a user in pivoting said arms to
engage and disengage said connection member to and from the heat and moisture

exchanger.
28. The endotracheal suction catheter apparatus of claim 20, further comprising

a heat and moisture exchanger having a receiving ridge engaged with said

connection member on said distal end.
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