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METHODS AND DEVICES FOR USE IN
PERFORMING PULMONARY PROCEDURES

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation-in-part of Application No. 09/519,735 filed
March 4, 2000 entitled “Methods and Devices for use in Performing Pulmonary Procedures”

by inventors Deem et al., the fult disclosure of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION
i. Field of the Invention
The present invention relates generally to methods and devices for use in
performing pulmonary procedures, and more particularly, procedures for treating various

diseases of the lungs.

2. Description of the Background Art

Pulmonary diseases such as emphysema and chronic obstructive pulmonary
disease (COPD) reduce the ability of one or both Iungs to fully expel air during the exhalation
phase of the breathing cycle. The diseased lung tissue is less elastic than healthy lung tissue,
which is one factor that prevents full exhatation of air. During breathing, the diseased portion
of the lung does not fully recoi! due to the tissue being less elastic. Consequently, the
diseased (e.g., emphysematic) lung tissue exerts a relatively low driving force, which results
in the discased lung expelling less air volume than a healthy lung. The reduced air volume
exerts less force on the airway which allows the airway to close before all air has been
expelled, another factor that prevents full exhalation.

The problem is further compounded by the diseased, less elastic tissue that
surrounds the very narrow airways that lead to the alveoli (the air sacs where oxygen-carbon
dioxide exchange occurs). This tissue has less tone than healthy tissue and is typically unable
to maintain the narrow airways open until the end of the exhalation cycle. This traps air in
the lungs and exacerbates the already-inefficient breathing cycle. The trapped air causes the
tissue to become hyper-expanded and no longer able to effect efficient oxygeu-carbon
dioxide exchange. Applying suction to these narrow airways (a procedure proposed in the
literature for deflating the diseased portion of the lung) may collapse the airways due to the
surrounding diseased tissue, thereby preventing successful fluid removal.

In addition, hyper-expanded lung tissue occupies more of the pleural space

than healthy lung tissue. In most cases, a portion of the lung is diseased while the remaining

JP 2004-504867 A 2004.2.19



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

27)

WO 01/66190 PCT/US01/06958

part is healthy and therefore still able to efficiently carry out oxygen exchange. By taking up
more of the pleural space, the hyper-expanded lung tissue reduces the amount of space
available to accommodate the heaithy, functioning lung tissue. As a result, the hyper-
expanded lung tissue causes inefficient breathing due to its own reduced functionality and
because it adversely affects the functionality of adjacent healthy tissue.

Lung reduction surgery is a conventional method of treating lung diseases
such as emphysema. A diseased portion of the lung is surgically removed which makes more
of the pleural space available to accommodate the functioning, healthy portions of the lung.
The lung is typically accessed through a median sternotomy or small Jateral thoracotomy. A
portion of the lung, typically the upper lobe of each lung, is freed from the chest wall and
then resected, e.g., by a stapler lined with bovine pericardium to reinforce the lung tissue
adjacent the cut line and also to prevent air or blood leakage. The chest is then closed and
tubes are inserted to remove air and fluid from the pleural cavity. The conventional surgical
approach is relatively traumatic and invasive, and, like most surgical procedures, is not a
viable option for all patients.

More recently proposed treatments include the use of devices that employ RF
or laser energy to cut, shrink or fuse diseased lung tissue. Another lung volume reduction
device utilizes a mechanical structure that is used to roll the tung tissue into a deflated, lower
profile mass that is permanently maintained in a compressed condition. As for the type of
procedure used, open surgical, minimally invasive and endobronchial approaches have all
been proposed. Another proposed device (disclosed in publication no. WO 98/48706) is
positioned at a location in the lung to block airflow and isolate a part of the lung. The
publication states that the occlusion device is introduced through an endobronchial delivery
device, and is resiliently deformable in order to provide a complete seal against airflow.

The search for new and better treatments underscores the drawbacks
associated with existing pulmonary procedures. Accerdingly, there is a need in the art for
improved methods and devices for performing pulmonary procedures, and in particular,

treating lung diseases such as emphysema.

SUMMARY OF THE INVENTION
In one embodiment thé invention provides a method for treating a patient’s
lung. The method includes steps of selecting a hollow structure in a patient’s lung, the

hollow structure defining a pathway for conducting fluid flow in at least first and second

JP 2004-504867 A 2004.2.19
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directions, and allowing fluid flow within the pathway in the first direction while controlling
fluid flow in the second direction.

In another embodiment the invention provides a method for treating a patient’s
fung. This method includes steps of providing a valve which atlows fluid flow in a first
direction and limits fluid flow in a second direction, and positioning the valve at a desired
location in a lung of a patient with the first ditection corresponding to an exhalation direction
and the second direction corresponding to an inhalation direction.

In another embodiment the invention provides a method for treating a patient’s
lung that includes steps of providing a flow control element that limits fluid flow in at least
one direction, positioning the flow control element at a location in a lung of a patient with the
one direction substantially corresponding to an inhalation direction, and removing the flow
control element after a period of time.

In another embodiment the invention provides a method for treating a patient’s
tung, the method comprising steps of selecting a hollow structure in a patient’s lung, the
hollow structure defining a pathway for conducting fluid flow in at Jeast first and second
directions, applying suction to draw fluid through the pathway in the first direction, and
substantially preventing fluid flow through the pathway in the second direction.

In another embodiment the invention provides a system for treating a patient’s
lung. The system includes a flow control element sized and configured to be positioned in a
hollow structure located in a patient’s tung, the flow control element including a valve
member that permits fluid flow in a first direction while substantially preventing fluid flow in
asecond direction. A delivery device is sized and configured to be guided to and positioned
in or adjacent the hollow sirucrure, and the flow control element is removably mounted on the
delivery device. This valve may be a poppet, ball, duckbill, heimlick, flap or leaflet valve.

In another embodiment the invention provides a system for treating a patient’s
lung. The system includes a measuring device for determining the approximate size of a
hollow structure in a patient’s lung, and a flow control element sized and configured to be
positioned in a hollow structure located in a patient’s [ung, wherein the flow control element
allows fluid flow in a first direction but substantially prevents flnid flow in a second
direction.

In another embodiment the invention provides a system for treating a patient’s
lung. This system includes a flow control element sized and configured to be positioned in a
hollow structure located in a patient’s lung, wherein the flow control element allows fluid

flow in a first direction but substantially prevents fluid flow in a second direction, and a

JP 2004-504867 A 2004.2.19
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remavaj device for removing the flow control element from the hollow structure subsequent
to positioning the flow control element in the hollow structure.

In another embodiment, a blocking element is coupled to a delivery element.
The blocking element is advanced to a location in a patient’s lung. An expandable member is
expanded to occlude a pulmonary passageway and air is then withdrawn from the lung. The
biocking element is released to block air flow into the isolated portion of the lung. The
blocking element may also be a valve. The expandable member may be carried by the
delivery element or by a separate element.

In still another embodiment, a device is advanced through the blocking
element after implantation of the blocking element. A procedure, such as delivery or
evacuation of fluids or liquids, may then be performed with the device. The device is then
removed with the blocking element again preventing air from passing in the inhalation
direction. The blocking element may also be a valve which permits air flow in an expiratory

direction.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. | is an elevation view schematically showing a system constructed
according to one embodiment of the invention, the system being used to perform a pulmonary
procedure on a patient;

Fig. 2 is an enlarged elevation view of the lungs of the patient shown in Fig. 1
along with the system of the invention;

Fig. 3 is an enlarged elevation view, in section, of a flow control element
forming part of the system shown in Fig. 2, wherein the flow control element allows fluid
flow in a first direction but blocks fluid flow in a second direction;

Fig. 4 is an enlarged elevation view, in section, of an alternative flow control
clement that allows fluid flow in a first direction but blocks fluid flow in a second direction;

Fig. 5 is an enlarged elevation view, in section, of another alternative flow
control element;

Fig. 6 is an enlarged elevation view, in section, of still another alternative flow
control ¢lement;

Fig. 7 is a perspective view of an introducer constructed according to another
embodiment of the invention;

Fig. 8 is an enlarged perspective view of a portion of the introducer shown in

Fig. 7;

JP 2004-504867 A 2004.2.19
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. 9 is a perspective view of a delivery device constructed according to

another embodiment of the invention for delivering a flow control element to a selected

location in a patient’s lung;

Fig,

. 10 is a perspective view of a measuring device constructed according to

another embodiment of the invention for determining the size of a hollow structure prior to

disposing a flow c

Fig.

ontrol element in the structure; and

. 11 is a perspective view of a removal device constructed according to

another embodiment of the invention for removing a flow control element that has already

been positioned in
Fig.
Fig
Fig
Fig,
Fig. 12.
Fig
have a tapered shape.
17 shows another flow control element.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

position.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

a hollow structure.

. 12 is a side view of another flow control element.

. 13 is another side view of the flow control element of Fig. 12.

. 14 is a cross-sectional view of the flow control element of Fig. 12.

. 15 is an alternative cross-sectional view of the flow control element of

. 16 is an isometric view of the flow control element of Fig. 12 altered to

18 is an end view of the flow contro] element of Fig. 17.

19 shows another flow control elerent.

20 shows still another flow control element.

21 is a side view of another flow control element.

22 is a cross-section of Fig. 21 along line A-A.

23 is a longitudinal cross-section of Fig. 21.

24 is an alternative embodiment of the flow control device of Fig. 21.
25 is a cross-section of Fig. 24 along line B-B.

26 shows another flow control element with a flap valve in a closed

27 shows the flap valve of Fig. 26 in an open position.
. 28 shows a slit valve in a closed position.

29 shows the slit valve in an open position.

30 shows a flow control element with bristles.

31 is a cross-sectional view of a ball valve.

32 is a cross-sectional view of a poppet valve.

33 shows a leaflet valve.
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Fig. 34 is a cross-section of the leaflet valve of Fig. 33.
Fig. 35 shows another flap valve.
Fig. 36 is a cross-sectional view of the flap valve of Fig. 35.
Fig. 37 shows still another flap valve.
Fig. 38 is a cross-sectional view of the flap valve of Fig. 36.
Fig. 39 shows a system for performing pulmonary procedures.
Fig. 40 is a cross-sectional view of the distal end of the system of Fig. 39.
Fig. 41 illustrates access of the isolated portion of the lung through the flow
control element of the present invention.
' Fig. 42 shows a device passing through the flow control element of Figs. 12-

15 with the valve sealing around the device.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention provides methods and devices for performing
pulmonary procedures, for example, treating various lung diseases such as emphysema and
COPD. One preferred embodiment of the invention provides a flow control element that
allows fluid flow in a first direction and controls fluid flow in a second direction. As nsed
herein, fluid means gas, liquid, or 2 combination of a gas(es) and liquid(s). In addition,
controlled fluid flow, as used herein, means that the flow is altered in some manner, i.c., the
flow is not unimpeded in the second direction. The specific manner in which fluid flow is
controlled in the second direction depends on the construction of the flow control element.
The flow control element may, for example, completely block, substantially block, limit,
meter or regulate fluid flow in the second direction by a valve or other suitable structure.

‘As an example, when positioned in a hollow structure in a patient’s body, such
as a bronchiole in one of the fungs, the flow control element is oriented to allow flow in the
exhalation direction but prevent fluid flow in the inhalation direction. The flow control
clement has a valve member that opens during exhalation in order to deflate or decompress
the isofated lung portion distal to the flow control element. This maintains the diseased tissue
in a decompressed state which prevents further hyper-expansion of the tissue. The invention
also permits slow decompression of the Jung tissue over a short or extended period of time.

The invention thus may be used to prevent fluid being drawn into one or more
portions of a patient’s lung. According to another aspect of the invention, a portion of the
tung may be deflated by applying gentle suction (via the flow control element) to the hyper-

expanded tissue without collapsing the walls of the narrow airways surrounded by diseased
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tissue. The suction draws air, liquid, mucous, etc.; out of the lung portion to evacunate the
diseased tissue. It will be recogﬁized that these and other aspects of the invention may be
practiced independently or in conjunction with each other.

Fig. 1 is a schematic view showing a system 10 constructed according to one
embadiment of the invention for carrying out 2 pulmonary procedure on the lung L ofa
patient P. It should initially be noted that suitable systems, methods or devices outside of
those specifically described herein may be used to practice the invention. As such, the
system 10 is exemplary only and includes a bronchoscope 12 having a steering mechanism
schematically indicated at 14, a shaft 16, and a port [8 which pmvidcs.access to one or more
working channels of the bronchoscope.

Fig. [ shows a delivery device 20 constructed according to the invention. The
delivery device 20 is shown positioned in the bronchoscope 12 in order to deliver a flow
control element 22. The bronchoscope 12 has been passed into the patient’s trachea T and
guided into the right bronchus 24, The delivery device 20 is then manipulated with respect to
the bronchoscope 12 via steering mechanism 14 to control placement of the flow control
clement 22. With reference to Figs. | and 7-9, the delivery device 20 is movable within a
bronchoscope working channel 26 (Fig. 8) and is guided into the desired location in the
holiow structure, which in this case is a bronchiole 28. For purposes of explanation, the
bronchiole 28 feeds an upper lobe U of the lung L which represents a diseased lung portion.
The delivery device 20 is placed through the side port 18 and into the working channe) 26,
the distal end 30 of the delivery device 20 is moved out of the working channel, and the flow
control element 22 is secured in position in the bronchiole 28.

Fig. 2 is an enlarged view of the patient’s lungs L shown in Fig. 1 after the
introducer 12 and delivery device 20 have been removed, the flow control element 22 being
left in the bronchiole 28. The flow control element 22, shown in more detail in Fig. 3, is in
the form of a valve with a valve member 32 supported by a ring 34. It should be noted that
Fig. 2 also jllustrates a second flow control element 22A placed in a bronchiole 28A that
feeds a lower lobe LL of the Jung. The flow control element 22A includes a valve member
32A and a support ring 34A and reduces or prevents fluid from being inhaled into the hyper-
expanded tissue of the lower lobe LL. It will be understood that any number of flow control
elements may be used in a given procedure.

Referring to Fig. 3, which shows the flow control element 22 in detail, the
valve member 32 is a duckbill-type valve and has two flaps defining an opening 36. The

valve member 32 is shown in a flow-preventing orientation in Fig. 3 with the opening 36
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closed. The valve member 32 is configured to allow fluid flow in a first direction (along
arrow A) while controlling fluid flow in a second direction (along am)w_B). In this
embodiment, fluid flow in the direction of arrow B is controlled by being completely blocked
by valve member 32. The first and second directions in which fluid flow is allowed and
controlled, respectively, are preferably opposite or substantially opposite each other, for
example, as shown in the Figures. It will be appreciated, though, that the invention may be
practiced with the first and second directions different but not opposite each other.

As noted above, the valve member 32 of the flow control element 22 controls
fluid flow by corpletely blocking such flow in the second direction. As such, the valve
member 32 effectively functions as a one-way valve. Alternative embodiments of the
nvention utilize flow control elements that controls fluid flow in the second direction without
completely blocking such flow,

Fig. 4 shows an exemplary flow control element 38 constructed according to
an alternative embodiment of the invention that limits, but does not block, fluid flow in at
feast one direction. The flow control element 38 comprises a valve member 40 supported by
aring 42. The valve member 40 is preferably a duckbill-type valve having a similar
construction to that of the valve member 32, except that the flaps 44 are formed, secured,
oriented ot otherwise configured to maintain a flow opening 46 when in their flow-
controlling (as opposed to flow-allowing) orientation. The opening 46 is sized and
configured to achieve desired flow characteristics through the flow control element 38.

‘When the flow control element 38 is in its flow-allowing orientation (not
shown), the flaps 44 spread apart and allow essentially unimpeded fluid flow out of the
diseased [ung portion. When the flow control element 38 is in its flow-controlling
orientation, as shown in Fig. 4, the flaps move together to define opening 46 which allows a
predetermined amount of fluid to be inhaled into the lung portion. This is in contrast to flow
control element 22 which blocks fluid flow into the Jung when in a flow-controlling
orientation. It will of course be recognized that Fig. 4 shows only one way to achieve limited
fluid flow in a given direction. The specific manner in which flow control is obtained may
vary according to the invention, e.g., by varying the number, size, shape or position of the
flow openings on the flow control element.

According to another aspect of the invention, the flow control element may be
constructed to provide a pumping action that aids in moving gas or liquid within a hollow
structure, such as a bronchiole. For instance, when the lung distorts during inhalation and/or

exhalation, a mechanical pumping action is produced that may be used to move the gas or
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liquid to further deflate the isolated region of the lung. Fig. 5 shows an exemplary flow
control element 50 constructed according to this embodiment and including a pair of valve
members 52, 54 supported in series by a ring 56. The valve members 52, 54 each include a
pair of flaps defining a valve opening (the valve members being shown in their closed, fluid
flow blocking orientation in Fig. 5). A chamber 58 is defined between the valve members 52,
54 and produces a pumping effect on the fluid flowing through the flow control element 50.
The chamber would collapse and expand with movement of the bronchiole (or other hollow
structure in which it is inserted) to pump fluid from the diseased lung tissue.

The valve member 54 is coupled to a bellows 60 to enhance the pumping
action and/or to control the amount of force needed to open the valve member. The wall 62
defining the chamber 58 is secured to the ring 56 so that the chamber 58 occupies the entire
interior of the ring 56. The flow control element 50 may have a different configuration
wherein the chamber 58 is defined by an air pocket located within the wall 62. This may
prevent fluid collecting in the chamber 58. In addition, a power-driven pump may be used to
draw fluid out of the fungs, e.g., a miniature battery-powered electric pump, or pumps that
use physical or chemical characteristics, e.g., a change in air temperature, presence of an
additional gas ot liguid, change in pH, etc., to generate pumping force that evacuates air and
mucous.

Fig. 6 shows yet another alternative flow control element 70 including a valve
member 72 comprising a pair of flaps defining an opening, and ring 74 supporting the valve
member 72. The valve member 72 is a duckbill-type valve that permits fluid flow in a first
direction but prevents flow in a second direction. The ring 74 in this embodiment comprises
a stent 76 having struts 78 to enhance fixatjon of the flow control element 70 in the hollow
body structure (not shown). The valve member 72 may be attached to the stent 76 by any
suitable means, e.g., molded to the stent, suture, fasteners, adhesives, etc. The stent 76 is
movable between collapsed and expanded (Fig. 6) orientations to enable easy delivery and
deployment. That is, the flow control element 70 including stent 76 may be collapsed and
held in a sheath for delivery through a relatively small space, for example, the working
channel of a bronchoscope. (A typical bronchoscope has a diameter of about 6 or 7 mm,
while the working channel has a diameter of about 2 or 3 mm.} Utilizing a collapsible flow
control element may also be useful in introducing the flow control element through an small
apening formed in the patient’s thorax.

Figs. 7 and 8 show in detail the bronchoscope 12 and the flow control element

delivery device 20 described above in connection with Fig. 1. The bronchoscope 12 has an
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eyepicce 80 which is used to visualize the trachea and the various pathways of the lung
during deployment of the flow control element 22, The bronchoscope 12 may be provided
with a camera/recorder, an aspiration/irrigation system, or other auxiliary features. The
steering mechanism 14 may comprise cables that move the distal tip of the bronchoscope
shaft 16 over a desired angular range, for example, 0° throngh 180°. Fig. 8 shows the distal
portion 30 of the branchoscope 12 including the working channel 26 (which communicates
with the side port 18), one or more fiber optic light guides 81, and a lens 82 for transmitting
images to the eyepiece 80.

Fig. 9 shows the delivery device 20 to include a handle 84, an actﬁator 86,a
support shaft 87 and a sheath 88. For purposes of illustration, the delivery device 20 will be
described in connection with delivering the flow control element 70 of Fig. 6, although it will
be understood that it may be used to deliver alternative flow control elements. The flow
control element 70, and in particular the stent 76, is collapsed to a low profile orientation and
then mounted on the shaft 87. The sheath 88 is moved distally from the position shown in
Fig. 9 until it covers the stent body 76 (and the valve member 72, if desired) to maintain the
flow control element 70 collapsed. (This position of the sheath is omitted for clarity.) The
shaft 87 and sheath 88 are then passed into the side port 18 and working channel 26 of the
bronchoscope 12 and guided to a desired location in the lung. The actuator 86 is used to
remove the sheath 88 from the flow control element 70 which allows the stent 76 to expand.
Stent 76 is preferably formed of a self-expanding material, e.g., nitinol. In this case the flow
controf element 70 immediately expands and engages the tissue upon retraction of sheath §8.
Alternatively, the stents could rely on a mechanism such as a balloon or heat activation to
expand in use.

The flow control element of the invention may be guided to and positioned at
adesired location in the pulmonary system, such as the bronchiole 28 shown in Figs. 1 and 2,
by various delivery devices or systems. For example, guidewire-based systems, introducer
sheaths, cannulae or catheters, etc., may be used to deliver the treatment element in a
minimally invasive manner. The above-described method for using a bronchoscope to
introduce the flow control element may be medified by placing an introducer sheath over the
bronchoscope. The sheath provides access should the bronchoscope need to be removed
from patient’s body, for example, in order to place a different size flow control element.

The invention is preferably carried out by first determining the approximate
size of the target lumen, i.e., the hollow structure in which the flow control element will be

placed. Fig. [0 shows somewhat schematically an exemplary device for determining the size

o
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of a hollow structure in a patient’s body, for example, a bronchiole in a lung. The device 90
includes a housing 92, shaft 94, positioning element, 96 and measuring elements 98. The
measuring elements 98 have tips 100 that are moved into contact with the wall of the hollow
structure, such as the inner surface of a bronchiole (not shown). The device 90 is calibrated
so that when tips 100 of measuring elements 98 engage the wall of the bronchiole the
indicator 102 displays the approximate size of the bronchiole. An electrical coupling 104
powers the device 90,

The positioning element 96 is optional and may be used to fix the position of
the measuring elements 98 within the bronchiole so as to obtain more precise measurement.
The illustrated element 96 is an inflatable balloon, although other elements could be used to
center and hold the shaft 96 within the bronchiole. Any suitable means may be used for
ensuring that the measuring elements 98 do in fact contact the bronchiole wall in order to
provide a true reading. The measuring elements 98 may be moved distally (to the right in
Fig. [0) until a visual indicator indicates that the tips 100 are in contact with tissue.
Alternatively, a change in electrical resistance may be used to confirm contact between the
measuring elements 98 and tissue. It should be noted that the device 90 is merely
representative of the various means that may be used to determine the size of a hollow body
structure.

In use, the shaft 94 of the measuring device 90 is passed through the
bronchoscope working channel 26 and delivered to the site. The device 90 is then operated
as described abave to determine the approximate size of the bronchiole. The degree of
precision with which the size of the hollow structure is measured will depend on the
procedure being performed and user preference. After determining the size of the bronchiole
the device 90 is removed from working channel 26, and delivery device 20 is inserted into the
channel to deploy the flow control element in the bronchiole.

It may in some instances be necessary or desirable to remove a flow control
element from a hollow structure in which it has been deployed. As an example, it may be the
case that placement of a flow control element for a given period of time effects beneficiat
results on the diseased lung tissue. The time during which the diseased tissue is deflated and
decompressed may allow the tissue to regain some elasticity as a result of being temporarily
inactive. After the tissue has regained some or all of its elasticity, it would be better to
remove the flow control element and allow the tissue to function efficiently. The flow
control element, however, is preferably not removed before the tissue has a sufficient chance

to recover.

JP 2004-504867 A 2004.2.19



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

30

Q7

WO 01/66190 PCT/US01/06958

Accordingly, the invention also provides methods and devices for removing a
flow control etement from a hollow structure such as a bronchiole in a patient’s body. Fig.

11 shows a device 110 comprising a handle 112, an actuator 114, a shaft 116 and one or more
removal components [18. The components 118 preferably have tips 120 configured to grasp
a flow control element in order to remove the element from surrounding tissue. The shaft
116 of the device [ [0 is passed into a patient’s trachea (not shown) and is gnided to the
previously-deployed flow control element; for example, the shaft 116 may be inn;oduced
through the working channel of a bronchoscope in the same manner as the delivery device 20.
The removal components 118 are preferably collapsed within shaft 116 while the shaft is
guided to the site. The components [18 are then extended into contact with the wall of the
bronchiole. The tips 120 are used to grasp and remove the flow control element from the
brenchiole.

The flow control element of the invention is secured in position in the hollow
structure, such as bronchiole 28, so as to remain in place during breathing. The exterior of the
flow control element may be configured along all or part of its exterior to aid in fixing the
element in place, for instance, as schematically indicated by reference numeral 48 in Figs. 3
and 4. The fixation structure 48 may comprise adhesives, tissue growth-inducing substances,
fasteners, staples, clips, suture, stents, balloons, Dacron® sleeves, sintered, etched,
roughened, barbed or alternatively treated surfaces, etc.

Placement of a flow control element constructed according to the invention in
a patient’s pulmonary system achieves several benefits. With reference to the illustrated flow
control element 22, when deployed in the bronchiole 28 as shown in Figs. 1 and 2, the
element aflows exhalation but prevents inbalation. The flow control element 22 thus limits or
prevents the inhalation of additional fluid into the diseased lung portion. This is beneficial
hecause it prevents further enfargement of the hyper-expanded tissue, which in turn maintains
more room in the pleural space for healthy lung tissue. The flow control element 22 also
allows any air being naturally exhaled by the patient (as well as any liquid, if present) to exit
the lung, thereby deflating or decompressing the tissue. The fluid is preferably permitted to
flow unimpeded from the lung, but it may instead be metered or regulated in order to control
deflation.

Referring to Figs. [2-16, another flow control element 22 is shown. The flow
control element 22 serves as a blocking element 122 which blocks air in the inhalation
direction. The blocking element 122 may also have a valve 124 which permits air flow in an

exhalation direction but prevents air flow in the inhalation direction. The valve 124 may be

2
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any suitable valve such as any of the valves described herein. For example, Figs. 13 and 16
show the valve {24 having a first lip 126 and a second lip 128 which engage one anather in
the closed position. The term valve as used herein may also refer to a check valve which
permits flow in one direction but prevents flow in the other direction. Although the valves
described herein are used with various aspects of the invention, other aspects of the invention
may be practiced by blocking flow in both directions. For example, the devices and methods
for accessing the isolated part of the lung may be used with devices which block air flow in
both directions. Finally, flow in the exhalation direction may be regulated in another manner
as described herein rather than simply with the valve.

The flow control element 22 has an expandable support structure 130. The
support structure [30 is metallic and preferably a superelastic material such as nitinol. The
support structure 130 is formed by cutting, etching or otherwise removing material from a
tube to form openings 132 as is generally known in the art of forming small, metallic tubes
such as stents. Of course, the support structure 130 may be made in any other suitable
manner and with other suitable materials. As an example, the support structure 130 may be a
nitinol tube which is laser cut to have six diamond-shaped openings 132.

The flow control element 22 has a body 134 coupled to the support structure.
130. The body is preferably molded silicone or urethane but may be any other suitable
material. The vaive 124 is mounted to the body 134 and may be integrally formed with the
body {34 as described below. The body 134 may be attached to the support structure 130 in
any suitable manner. For example, the body 134 may be positioned in the support structure
130 and an end 136 everted over an end 138 of the support structure 130. The everted end
136 is attached to the rest of the body 134 through the openings 132 in the support structure
130 at connections 140 with an adhesive, adhesive rivet, heat weld or any other suitable
method. An advantage of coupling the body 134 to the support structure 130 with the
connections 140 is that the support structure 130 and body 134 may collapse and expand
somewhat independently since the connections 140 are free to move in the openings 132.

The flow control element 22 may also have a sealing portion 142 which forms
a seal with the wall of the pulmonary passage. The sealing portion 142 may be attached to
the body (34 separately (Fig. 14) or may be integrally formed with the body 134 and valve
124 (Fig. 15). An advantage of the flow control element 22 is that a substantial portion of the
element 22, such as the body 134 and valve 124, arc integrally formed. In the embodiment of
Fig. 1S, the valve 124, valve body 134 and sealing portion 142 are all integrally formed. The

sealing portion 142 extends around the valve 124 but is not coupled directly to the valve 124
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so that the valve 124 is not subjected to forces exerted on or by the sealing portion 142. The
sealing portion 142 extends from a tube 144 positioned around the valve 124.

The sealing portion (42 forms a ring 146 around the body 134. The ring 146
is made of a resilient, clastoreric material which improves sealing with the wall of the
pulmonary passage. The ring 146 may have any suitable shape such as straight, tapered,
angled or could have frustoconical surface 143 which angles the ring 146. The sealing
portion 142 preferably has at least two sealing portions 142, and preferably three, which each
have a different diameter to seal with different size passages. In this manner, the device may
be used within a given size range. The ring 142 also may be designed to deflect to permit
exhalation air to pass. During coughing, for example, the vaive 124 will, of course, open to
permit air to escape, however, the pressure force on the valve 124 can be reduced if the
sealing portion 142 also opens to permit further venting of the isolated portion of the lung.
As will be explained beJow, various other structures may also be used to provide valves
which cooperate with the wall of the pulmonary passageway to permit venting of the isolated
area.

The body 134 is coupled to the support structure 130 to provide an exposed
part [35 of the support structure 130 which helps to anchor the device. The term exposed
part shall mean a part of the support structure 130 not covered by the body 134. Of course,
the exposed part 135 may be covered by another material so long as it is not covered by the
body 134. The exposed part 135 of the support structure 130 may form anchoring elements
148 which anchor the support structure 130. The anchoring elements 148 are preferably v-
shaped to improve anchoring. Of course, the anchoring elements 148 may also be barbs or
the like. Referring to Fig. 16, the flow control device 22 may also be angled, tapered or
flared so that one end 151 is larger than the other 149. Of course, any other shape, such as a
cylinder or tube flared at both ends, may be used without departing from many aspects of the
invention.

Referring to Figs. 17 and 18, another flow control element 22 is shown
wherein the same or similar reference numbers refer to the same or similar structure. The
element 22 has a valve 150 which has first and second lips 152, 154 which engage one
another in a clased position. The first lip 152 is preferably stiffer than the second lip 154 so
that the first lip 152 biases the second lip 154 closed. The first lip 152 may be made stiffer
than the second lip [54 in any manner such as by using a thicker layer of the same material, a
stiffer material for the first lip, or by simply adhering or attaching a stiffener 156 to the first
lip 152. The first and second lips 152, 154 are preferably formed by a tube of material with
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the stiffener 156 attached to one side to form the first lip 152. The first and second lips 152,
154 are also preferably curved as shown in Fig. 18. The element 22 is preferably made of
molded silicone or urethane although any other suitable material may be used. The valve 150
also has reinforcing elements 155 at the lateral edges to further support the lips 152, 154.

The valve 150 may, of course, have either the elements 155 or stiffener 156. Although the
sealing portion 142 is not shown for clarity, the sealing portion 142 may also be provided.

Referring to Fig. 19, another flow control element 22 is shown wherein the
same or similar reference numbers show the same or similar structure. The flow control
element 22 has the valve 124 and a number of sealing portions 142. The valve 124, sealing
portion 142 and body 134 are integrally formed of a resilient material such as molded silicone
or urethane. Of course, various other constructions may be used with the flow control
element 22 without departing from the scope of the invention. The flow control element 22
may also have reinforcing element 158 such as a helical coil 160.

Referring to Fig. 20, still another flow control element 22 is shown wherein
the same or similar reference numbers refer to the same or similar structure. The flow control
element 22 has a sealing portion 142 which has a helical shape. In one method of implanting
the device, the element 22 js rotated so that the helical shape of the sealing portion 142
engages the wall to anchor the element 22.

Any of the flow control elements of the present invention may also be used
with a sealant 162, such as an adhesive, which seals and/or anchors the device. Referring to
Fig. 20, the sealant 162 is positioned on the exterior of the device between the sealing
portions 142. The sealant 162 is preferably a viscous substance which is applied to the
exterior surface of the device before introduction. The sealant 162 may be an adhesive which
also helps to anchor the device. The use of the sealant 162 may be used with any of the
devices described herein.

Referring to Figs. 21-23, still another flow control element 22 is shown
wherein the same or similar reference numbers refer to the same or similar structure. The
flow control element 22 has a support structure 164 which anchors a valve 166. The
structure [64 has anchoring elements 168, preferably two, on each side of the valve 166. The
anchoring elements 168 preferably pierce the wall to anchor the device. The anchoring
element 168 are formed by two wires attached together. Of course, any other snitable
structure may be used for the structure 164 such as a stent-like structure or an expandable
ring with barbs.

The valve 164 cooperates with the wall of the pulmonary passageway to vent

5
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the isolated area. The valve 164 is generally conical, however, any other shape may be used.
The valve 164 may engage the pulmonary wall with a number of different configurations
without departing from the scope of the invention, thus, the following preferred embodiments
do not limit the scope of the inveation. The valve 164 is elastic and yields to permit
expiratory air to pass between the valve and the wall of the passageway. Referring to Fig. 22,
the valve 164 is thinner near an end engaging the wall W so that the end of the valve 164 is
more flexible.

Referring to Figs. 24 and 25, still another device is shown wherein the same or
similar reference numbers refer to the same or similar structure. The device has a valve 170
with a number of sections 172 with each section 172 forming a seal with the wall of the
pulmonary passage. The sections 172 are separated by wires 174 which provide a resilient
structure. The device may be formed with any number of the sections 172 forming a valve
structure 173 with the wall of the pulmonary passage.

Referring to Figs. 26 and 27, still another flow control clement 22 is shown
wherein the same or similar reference numbers refer to the same or similar structure. The
element 22 has a flap valve 174 which opens to permit expiratory air to pass. The valve 174
is also generally conical. The term generally conical as used herein means that the cone may
diverge from a cone in that the walls may be slightly curved, have a number of sections, or a
seam, tlap or fold while still being generally cone-shaped.

Referring to Figs. 28 and 29, still another valve is shown having a slit or seam
178 which opens to permit expiratory air to pass. The slit or seam 178 may also be ortented
and configured like a slit valve without departing from the scope of the invention.

Referring to Fig. 30, still another flow control element 22 is shown in which
the same or similar reference numbers refer to the same or similar strocture. The device has
the valve 124 but may have any other suitable valve. The device has flexible bristles180,
preferably more than 10, 20 or even 30 bristles 180, which anchor the device in the
pulmonary passageway. The bristles 180 are preferably angled to resist forces in the
expiratory direction so that pressure forces, such as forces developed during coughing, cannot
dislodge the device. The bristles 180 may be used with the sealant 162 to provide an airtight
seal.

Referring to Fig. 31, still another flow control element 22 is shown which
includes a sealing element 182, such as a ball 184, biased toward the closed position to form
a ball valve 183, The sealing element 182 is biased with a spring 186 although any other
biasing element may be used. The device has a body 188 with the sealing portion 142. The
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body 188 has an opening 190 through which air may pass when the sealing element 182
opens. Referring to Fig. 32, still another device is shown which has a blocking element 185
rather than the ball 184 of Fig. 31 to form a poppet valve [87.

Referring to Figs. 33 and 34, still another flow control element 22 is shown.
The device has a valve 186 which has at least three leaflets 188 which engage one another in
the closed position. Referring to Fig. 35 and 36, still another device is shown having a flap
valve [90. The flap valve 190 deflects to permit expiratory air to pass. The flap 190 is
preferably made of an elastomeric material. The flap 190 is attached to a support strut 192
extending across an open end 194 of the body 196. The body 196 has the sealing portion 142
which is preferably formed by ribs extending around the body 196. Referring to Figs. 37 and
38, another flap valve 198 is shown. The flap valve 198 is attached to the body at hinge 199.

Referring to Figs. 39 and 40, another system 200 for deploying a device to a
pulmenary Jocation is shown. The system 200 is, of course, usefu} for delivering any of the
devices described herein or any other suitable device. The system 200 includes a delivery
clement 202 having a first lumen 204 and a second lumen 206. The delivery element 202
also has an expandable member 208, such as a batloon 210, which is coupled to the second
lumen 206 for inflating the balloon 210 with a source of inflation fluid or gas 212.- The
device is Joaded into the end of the delivery element 202 and a pusher 214 may be used to
move the device, such as the device of Figs. 12-16, out of the delivery element 202. The first
lumen 204 has an enlarged end which forms a capsule 215 which contains the device. The
element 202 may also be advanced over a guidewire 217 or the like in a conventional
manner.

The delivery element 202 may also be used to remove air, and even fluid if
necessary, from the isolated portion of the lung. The expandable member 208 is expanded to
isolate a portion of the lung and suction is applied to deflate the lung. The isolated portion of
the lung may be deflated with the device contained within the delivery element 202 or may be
deflated after delivery of the device. An advantage of using the valves of the present
invention is that air can be drawn through the valve even after the valve has been deployed.
Referring to Fig. 40, the valve 124 also may remain operational even when in the collapsed
position. Thus, the isolated portion of the lung may also be suctioned when the device is
conlained o the first tumen. The second lumen 206 of the delivery element 202 may be
substantially independent of the outer wall of the delivery element 202 so that the stiffness of
the device is reduced as compared to an integrally formed multi-lumen device. The second

lumen 206 is formed by a separate tube 209 passing through the first lumen 204. In another
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aspect of the invention, the delivery element 202 has an outer diameter which is 80-120%,
more preferably 90-110%, of the minimum placement size of the device.

Referring now to Figs. 39, 41 and 42, the isolated portion of the lung may be
accessed after implantation.of a device for s.ubsequent medical treatments. For example, the
valve may be penetrated with the delivery device 202, or similar device, to deliver and/or
evacuate gas or liquid. The device is coupled to a source of fluid 211, such as an antibiotic or
antisurfactant, which is delivered and, if necessary, evacuated from the lung. A gas, such as
an antibiotic gas, may also be delivered from a source of gas 213 to the isolated area to reach
distal portions of the isolated area. Finally, the device 202 may be coupled to a vacuum
source 215 for deflating the isolated portion or evacuating mucous or other fluids from the
isolated pertion of the lung. A valve 216 is provided for selectively coupling the first lnmen
204 to any of the source of fluid 211, gas 213 or vacuum 215.

Referring to Fig. 42, the device 202 may form a tight seal with the valve 124
50 that the isolated portion remains deflated during the procedure. Alternatively, the device
202 may have the expandable element 208, suéh as the balloon 210, for occluding the
pulmonary passageway on either side of the valve 124 to achieve isolation at any particular
location in the pumonary passageway distal or proximal to the valve 124.

An advantage of the present invention is that the isolated portion may be
deflated after implantation of the valve without penetrating the valve. The device may be
positioned proximal to the valve and the expandable element expanded to occlude the
pulmonary passageway. Suction is then applied through the device so that a low pressure
area develops between the valve and occluding member. When the pressure differential is
large enough, the valve will open to vent and deflate the isolated portion of the lung. This
process can be continued in a controlled manner until the desired amount of deflation is
achieved or when a target pressure has been reached. When suction is stopped, the valve will
close to isolate part of the lung.

After deployment of the valve, the delivery device, or other suitable device,
may also be used as a diagnostic tool. For example, the balloon may be deflated momentarily
s0 that the isolated area between the balloon and valve increases in pressure. If the pressure
decreases after the balloon is inflated again it may indicate that the valve is not sealing
properly since the air may be passing around or through the valve and into the isolated
portion. An alternative diagnostic would be to pressurize the space between the valve and
expandable member. The pressure response can then be monitored to determine if the valve

provides an adequate seal.
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The devices and valves of the present invention provide the ability to prevent
inflation of diseased areas of the lung while alse permitting venting of these portions of the
tung. The valves preferably open with a relatively small pressure differentia) across the
valve. For example, the valves preferably open with a pressure differential of no more than
10 inches water more preferably no more than 5 inches water and most preferably no more
than [ inch water. Although the valves and valve elements of the present invention may open
with relatively small pressure differentials, the valves and valve elements may also have
higher opening pressures. For example, the valves may also be designed to open only for
high pressure events such as coughing. For such valves, the opening pressure, or differential
pressure, is at least 25 inches water but still no more than 120 inches water. In accordance
with a method of the present invention, coughing may be induced to increase the driving
force and expiratory pressure to vent the isolated portions of the lung.

The flow control elements of the invention permit the diseased tissve to
gradually deflate, cither under the patient’s own power or by applying relatively gentle
suction for a given period of time. The suction may be applied intermittently or continuously
by any suitable means. For example, a suction catheter could be passed through the flow
cantrol element in the bronchiole and into the distal tissue. The flow control element, for
example, a valve member, would preferably seal around the catheter in order to prevent fluid
moving distally past the valve.

The.invention thus provides significant benefits as it permits fluid to be
evacuated from the alveoli without collapsing the floppy walls of the narrow airways leading
to them, problem with common lung diseases such as emphysema and COPD, as discussed
above. Accordingly, the invention facilitates removal of more fluid from the diseased lung
tissue than prior art approaches, the effect of which is more plural space available to the
healthy lung tissue.

In addition, as noted above, using the invention to deflate the diseased lung
tissue for a selected period of time, e.g., one month, may have beneficial results on the tissue
by temporarily removing it from the respiratory circuit. The flow control element is
preferably removed before the tissue begins to necfose, but is Jeft in place a sufficiently long
enough time that the tissue will not revert to its floppy, toneless state when the element is
removed. Stated otherwise, it may be possible to use the invention as # means for repairing
(rather than removing or obliterating) diseased Iung tissue, either by controlling the fluid flow
in the lung tissue or by controlling the fluid flow in combination with delivering one or more

substances.
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For example, some possible substances with which the invention may be used
include gene therapy or angiogenesis factors for lung repair or re-establishment of tissue
elasticity; growth factors; anti-growth or anti-angiogenesis factors (or substances to canse
necrosis or apoptosis) to prevent re-establishment of air and blood flow; antibiotics to prevent
infection; anti-inflammatory agents including steroids and cortisones; sclerosing drugs or
materials to promote rapid healing, for example, to allow earlier removal of the flow control
element; agents for absorbing remaining fluids; and sealing substances for enhancing
isolation of the diseased tissue.

The portion of the lung being treated may be deflated over time throngh
repealed natural inhalation and exhalation with the flow control element in place.
Alternatively or additionally, a vacuum source may be coupled to the flow control element to
draw fluid out of the diseased tissue in the manner discussed above. This deflation of the
diseased portion may be performed alone or in conjunction with delivering biological
substances. The pressures used to suction the lung portion are preferably low to avoid
collapsing the walls of the narrow airways.

In the embodiments in which the flow control element comprises a valve, it
may be formed of various materials and may be conslructed in varions manners. As an
example, the valve may comprise an annulus or support ring formed of any suitable metal or
synthetic material, with the valve member being formed of silicone, natural rubber, latex,
polyurcthane, polytetraftuoroethylene, a thermoplastic elastomer, tissue, etc. The valve
member may be integral with the support ring or it may be a separate member attached
thereto by suitable means, e.g., suture, adhesives, mechanical fasteners, etc. If the flow
control element comprises a stent with a valve, prior art attachment methods may be used.
For example, see U.S. Pat. No. 5,954,766, the content of which is incorporated herein by
reference.

The specific characteristics of the flow control element may be varied
depending on the particular application. It may be desirable to provide multiple flow control
elements with valve members that require different exhale pressures to open, for example, in
order to allow treatment of patients who generate different exhalation pressures. The
different flow control elements could be provided in a kit and be distinguished from each
other based on required opening force, size, material, etc. The kit could include a color or
other coding system to indicate these factors.

The flow control elements of the invention are preferably constructed so as to

require a relatively low opening force in order to allow fluid flow in the first direction.
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Emphysema patients typically exhale a small quantity of low-pressure fluid. The invention
preferably allows any such fluid to escape via the flow control element in the hollow
structure. As such, the flow control element is designed to open and allow flow in the first
direction in response to any positive pressure generated by the patient. Put another way, as
long as some pressure differential exists between the distal Jung tissue and the proximal
portion of the bronchiole, the flow control element will open to allow fluid to escape the
tissue. Tt will nonetheless be recognized that the particular force required to open the flow
control element may be varied depending on exhalation pressures associated with the
intended patient population.

It will be appreciated that features of the various preferred embodiments of the
invention may be used independently or in conjunction with one another, while the illustrated
methods and devices may be modified or combined in whole or in part. The inventive
devices may include removable or detachable components, and may comprise disposable or
reusable components, or a combination of d‘isposable and reusable components. Likewise, it
will be understood that the invention may be practiced with one or more of the steps
specifically illustrated and described herein modified or omitted.

1t should also be recognized that the invention is not limited to treating lung
diseases as is shown in the Figures, although that is a preferred application. The invention
may be used in any pulmonary or non-pulmonary procedure in which it is desirable to allow
fluid flow in a first direction and control fluid flow in a second, different direction within a
hollow structure. Finally, it will be understood that afthongh a minimally invasive,
endobronchial approach is shown in the Figures, other approaches may used, for example, an
open surgical procedure using a median sternotomy, a minimally invasive procedure using a
mini thoracotomy, or a still less invasive procedure using one or more ports or openings in
the thorax, etc.

The preferred embodiments of the invention are described above in detail for
the purpose of setting forth a complete disclosure and for sake of explanation and clarity. It
will be readily understood that the scope of the invention defined by the appended claims will

encompass numerous changes and modifications,
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WHAT IS CLAIMED IS:

1. A method of controlling air flow in a pulmonary passageway,
comprising the steps of:

providing a flow control element having a valve;

advancing the flow control element throngh a patient’s pulmonary system;

releasing the flow control element at a pulmonary site to isolate a portion of
the patient’s lung, the valve permitting air flow in an expiratory direction and preventing air

flow in an inspiratory direction.

2. The method of claim 1, wherein:
the providing step is carried out with the valve having first and second lips

which engage one another when the valve is in a closed position.

3. The method of claim 2, wherein:
the providing step is carried out with the first 1ip being stiffer than the second

lip, the first lip biasing the second lip toward the closed position.

4. The method of claim 2, wherein:
the providing step is carried out with the first and second lips being curved

when viewed from an end of the lips

5. The method of claim 2, wherein:
the providing step is carried out with the first and second lips forming a

duckbill valve.

6. The method of claim 2, wherein:
the providing step is carried out with the first and second lips forming a

heimlich valve.

7. The method of claim 1, wherein:
the providing step is carried out with the flow control element having a valve

body with a sealing portion which seals against the wall of the pulmonary passageway.

8. The method of claim 7, wherein:
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the releasing step is carried out with the sealing portion sealing against the
walt of the pulmonary passageway until an opening pressure differential is achieved wherein

the sealing portion opens to permit air to pass in the same direction as the valve.

9. The method of claim 7, wherein:
- the providing step is carried out with the sealing portion being made of a

resilient material.

10. The method of claim 7, wherein:

the providing step is carried out with the sealing portion being a ring.

1. The method of claim 10, wherein:

the providing step is carried out with at Jeast two rings.

12. The method of claim 11, wherein:

the rings have different sizes to seal different size locations.

13. The method of claim 7, wherein:

the providing step is carried out with the ring having a helical shape.

14, The method of claim 13, further comprising the step of:

rotating the valve so that the ring anchors the device.

5. The method of claim 1, wherein: .
the providing step is carried out with flow control element having a body

mounted to an expandable support structure.

16.  The method of claim 15, wherein:
the providing step is carried out with the support structure having an exposed

portion not covered by the body.

7. The method of claim 1, wherein:

the providing step is carried out with the flow control element having a
plurality of flexible bristles extending from the outer surface;

the releasing step is carried out with the bristles engaging the wall of the

pulmonary passageway.

18. The method of claim 17, wherein:
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the releasing step is carried out with the bristles being angled to preferentially

anchor the valve relative to forces exerted in an expiratory direction.

19. The method of claim 17, wherein:

the providing step is carried out with at least 10 bristles.

20. The method of claim 1, wherein:

the advancing step is carried out with the flow control element being in a
collapsed condition; and

the releasing step ts carried out with the flow control clement expanding

toward an expanded condition.

21. The method of claim [, wherein:
the providing step is carried out with the valve being a valve selected from the group

consisting of poppet, ball, duckbill, heimlich, flap and leaflet.

22. The methad of claim I, wherein:

the providing step is carried out with the valve having a valve structure;

the releasing step being carried out so that the valve structure cooperates with
a portion of the wall of the passageway, the valve structure being positioned against the
portion of the wall in a closed position and being spaced apart from the wall when in an open

position.

23. The method of claim 22, wherein:
the providing step is carried out with the valve structure being a resilient

portion positioned against the wall.

24. The method of claim 22, wherein:

the providing step is carried out with the valve structure being a ring.

25.  The method of claim 22, wherein:
the providing step is carried out with the valve structure being formed by a

number of independent sections which each have an open position and a closed position.

26. The method of claim 1, wherein:

the providing step is carried out with the valve being generally conical.
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27. The method of claim 1, wherein:
the providing step is carried out with the flow control element having a body,

the body being integrally formed with the valve.

28.  The method of claim 1, wherein:
the providing step is carried out with the body being made of a resilient

material.

29.  The method of claim 1, wherein:
the providing step is carried out with the valve having a support structure with

the valve mounted to the support structure.

30. The method of claim 1, wherein:
the providing step is carried out with the flow control element having a large

end and a small end.

31. The method of claim 1, wherein:

the providing step is carried out with the valve being a slit valve.

32.  The method of claim 31, wherein:

the providing step is carried out with the valve being generally conical.

33, The method of claim 1, wherein:
the providing step is carried out with a sealant on an exterior surface of the

flow control element.

34. The method of claim 33, wherein:
the providing step is carried out with the sealant being an adhesive which seals

a space between the flow control element and pulmonary wall.

35. The method of claim 33, wherein:
the providing step is carried out with the sealant being a flowable substance

which conforms to the shape of the pulmonary site.

36. The method of claim 1, wherein:
the providing step is carried out with the valve having first and second lips and

reinforcing elements extending along lateral edges of the lips.
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37.  The method of claim 1, wherein:
the providing step is carried out with the valve opening upon a pressure

differential of no more than 10 inches water.

38. The method of claim 1, wherein:
the providing step is carried out with the valve opening upon a pressure

differential of no more than 5 inches water.

39.  The method of claim 1, wherein:
the providing step is carried out with the valve opening upon a pressure

differential of no more than [ inch water.

40. A device for controlling air flow in a pulmonary passageway,
comprising:

a body;

a valve coupled to the body, the valve configured to prevent air from entering
an isolated portion of the patient’s [ung but permitting expiratory air to pass through the

valve.

41. The device of claim 40, wherein:

the body is expandable from a collapsed position to an expanded position

42. The device of claim 40, wherein:

the valve opens upon a pressure differential of no more than 10 inch water.

43. The device of claim 40, wherein:

the valve opens upen a pressure differential of no more than 5 inch water.

44. The device of claim 40, wherein:

the valve opens upon a pressure differential of no more than 1 inch water.

45.  The device of claim 40, wherein:
the valve has a first lip and a second lip, the first and second lips engaging one

another when the valve is in a closed position.

46.  The device of claim 45, wherein:
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the first lip being stiffer than the second lip, the first )ip biasing the second lip

toward the closed position.

passageway.

47 .  The device of claim 45, wherein:

the first and second lips form a duckbill valve.

48. The device of claim 45, wherein:

the first and second lips form a heimlich valve.

49, The device of claim 40, wherein:

the body has a sealing portion which seals against the wall of the pulmonary

50. The device of claim 49, wherein:

the sealing portion seals against the wall of the pulmonary passageway until an

opening pressure differential is achieved wherein the sealing portion becomes spaced apart

fror the wall to permit air to pass in the same direction as the valve,

5t. The device of claim 49, wherein:

the sealing portion is made of a resilient material.

52.  The device of claim 49, wherein:

the scaling portion is a ring.

53. The device of claim 52, wherein:

the sealing portion has a plurality of rings.

54. The device of claim 53, wherein:

the rings have different sizes so that they seal different size Jocations.

55. The device of claim 52, wherein:

the sealing portion has a helical ring.

56. The device of claim 52, wherein:

the sealing portion has a frustoconical surface.

57.  The device of claim 40, wherein:

the body includes an expandable support structure.
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58. The device of claim 40, wherein:

the body is made of an elastomeric material.

59. The device of claim 57, wherein:

the body covers only part of the expandable support structure.

60. The device of claim 40, wherein:

the valve is integrally formed with the body.
61. The device of claim 40, wherein the body has at least 10 bristles.

62, The device of claim 49, wherein;

the sealing portion is deflectable to permit the passage of air in an expiratory

63. The device of claim 40, wherein:

the valve is selected from the group consisting of poppet, ball, duckbil,

heimlich, flap and leaflet.

64, The device of claim 40, wherein:

the valve is formed by a number of independent sections which each have an

open position and a closed position.

65.  The device of claim 64, wherein:

the independent sections are configured to form a valve with a portion of the

wall of the pulmonary passageway, the independent sections engaging the wall in a closed

position and being spaced apart from the wall in an open position.

structure.

66, The device of claim 40, wherein:

the valve is generally conical.

67. The device of claim 40, wherein:

the valve has a slit.

68.  The device of claim 40, wherein:

the body has a support structure with the valve mounted to the support
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69.  The device of claim 68, wherein:
the body is coupled to the support structure with at Jeast one connection, the
connection being contained within an opening in the support structure so that the connection

is free to move within the opening,.

70. The device of claim 68, wherein:

the support structure is tapered to be larger at one end.

71.  The device of claim 40, further comprising:

a sealant on an exterior surface of the device.

72. The device of claim 71, wherein:

the sealant is an adhesive.

73.  The device of claim 71, wherein:

the sealant is a flowable substance which conforms to the pulmonary site.

74. A method of delivering a blocking element into the pulmonary system,
the method comprising the steps of:

providing a blocking clement coupled to a defivery element;

advancing the blocking element through a patient’s lungs to a location in a
patient’s pulmonary system;

expanding an expandable member to occlude a pulmonary passageway;

withdrawing air from the patient’s lungs after the expanding step; and

releasing the blocking element from the delivery element at a puimonary site
to isolate a portion of the patient’s lungs, the blocking element preventing air from entering

the isolated portion of the lung through the pulmonary site.

7s. The method of claim 74, wherein:

the releasing step is carried out with the expandable member expanded.

76. The method of claim 74, wherein:

the providing step is carried out with the blocking element permitting air flow
in the opposite direction so that the blocking element acts like a valve; and

the releasing step is carried out with the blocking element preventing air flow

in an inhalation direction but permitting air flow in an exhalation direction.
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71. The method of claim 74, wherein:
the expanding step is carried out with the expapdable member being part of

the delivery element.

78. The method of claim 74, wherein:
the withdrawing step is carried out by withdrawing air through the delivery

clement to remove air from the isolated part of the patient’s lung.

79. The method of claim 74, wherein:

the releasing step is carried out before the withdrawing step.

80, The method of claim 74, wherein;

the releasing step is carried out after the withdrawing step.

81. A system for delivering an element into the pulmonary system,
comprising:

a delivery element having a first Jumen; and

a pulmonary element releasably coupled to the delivery element, the
pulmonary element and delivery element being configured for intrapulmonary delivery, the

pulmonary element at least blocking air flow into an isolated portion of a patient’s lung.

82.  The system of claim 81, further comprising:

a source of vacuum coupled to the first lumen.

83. The system of claim 81, wherein:
the delivery element has an expandable member mounted thereto for

occluding a pulmonary passageway.

84. The system of claim 81, wherein:
the delivery element has a second lumen, the expandable member being a

balloon which is coupled to the second Jumen for inflating the balloon.

85. The system of claim 81, wherein:
the pulmonary element is a valve which permits air flow in one direction and

blocks air flow in the other direction.

86. The system of claim 81, wherein:
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the pulmonary element is mounted within the first lumen.
87.  The system of claim 86, wherein:

the first lumen has an enlarged distal end, the pulmonary element being

positioned in the enlarged portion of the first [umen.

88.  The system of claim 81, further comprising:

a source of fluid coupled to the first lumen.

89. The system of claim 88, wherein:
the source of fluid contains a fluid selected from the group consisting of

therapeutic agent, antibiotic, saline, sealant and adhesive.

90. A method éf treating the lung, comprising the steps of:

advancing a device through an intrapulmonary path to a blocking element, the
blacking element being previously implanted in a patient’s lung for isolating a portion of a
patient’s lung;

performing a procedure with the device on the isolated portion of the patient’s
lung, the device extending through the previously implanted blocking element; and

removing the device after the performing step, wherein the blocking element

prevents air flow in the inhalation direction after the device has been removed.

91. The method of claim 90, wherein:
the advancing, performing and removing steps are carried out with the
blocking element preventing air flow in an inspiratory direction but permitting air flow in an

expiratory direction.

92. The method of claim 90, wherein:
the performing step is carried out by applying suction through a lumen in the

device.

93, The method of claim 92, wherein:
the performing step is carried out to remove air from the isolated portion of the

tung.

94. The method of claim 90, wherein:
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the performing step is carried out by delivering a therapeutic substance to the

isolated portion of the lung through a lumen in the device.

95. The methad of claim 94, further comprising the step of:
removing material from the isolated portion of the lung after the performing

step.

96.  The method of claim 90, further comprising the step of:

expanding an expandable member to occlude a pulmonary location.

97. The method of claim 90, wherein:
the advancing step is carried out with the blocking element sealing around the

device when the device is positioned therein.

98. A device for blocking flow in one direction through a pulmonary
passageway, comprising:

a valve body having an expandable metal structure, the expandable metal
structure having a covered portion and an exposed portion, the exposed portion forming
anchoring elements which anchor the valve body to a location in a patient’s pulmonary
passageway: and

at least one valve coupled to the valve body for permitting air flow in one

direction and at least substantially preventing air flow in the other direction.

99. The valve structure of claim 98, wherein:

the exposed portion of the metal structure forms v-shaped anchoring elements.

JP 2004-504867 A 2004.2.19



JP 2004-504867 A 2004.2.19

(58)

PCT/US01/06958

126

WO 01/66190

L T T T T S N T T T (|



JP 2004-504867 A 2004.2.19

(59)

PCT/US01/06958
226

WO 01/66190

L T T T T S N T T T (|



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 01/66190

Fig. 5

3126

Fla. G

(60)

PCT/US01/06958

JP 2004-504867 A 2004.2.19



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 01/66190

4126

(61)

PCT/US01/06958

1G

JP 2004-504867 A 2004.2.19



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 01/66190

5126

(62)

PCT/US01/06958

JP

2004-504867 A 2004.2.19



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

a0

WO 01/66190

(63) JP 2004-504867 A 2004.2.19

PCT/US01/06958
6/26

Q
N3

P

194



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(64) JP 2004-504867 A 2004.2.19

WO 01/66190 PCT/US01/06958
7126

120

18

/H&

A Il




L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 01/66190
8/26

e

4

Hl 17
e el 1%
=
4o

\J/

A

o 13

135

L4

(65)

PCT/US01/06958

2z
g 43
] 24
7
de !dz
2
1947%

JP 2004-504867 A 2004.2.19



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 01/66190

9126

18

(66)

PCT/US01/06958

/)
M/ -

\z4
<
O AN \‘} ] ?""l"/b
132 CTCE
Flta o
(1%
3o
(S ir
ke
< NN J @ é_w
[y / MM 4
134
<[ V2w
(B
- \
Y
vz, \48
Fle. Is

JP 2004-504867 A 2004.2.19



JP 2004-504867 A 2004.2.19

(67)

PCT/US01/06958

10126

I s\
/ 9%

WO 01/66190

ht

L T T T T S N T T T (|



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 01/66190

(68)

PCT/US01/06958

&

11726

/6. 18

JP 2004-504867

A 2004.2.19



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 01/66190
12126

t24

\
-
\“rlbo
W
Y

(69) JP 2004-504867

PCT/US01/06958

9

16,

T

1

)

N

{4y

178

|

14

1

A 2004.2.19



JP 2004-504867 A 2004.2.19

(70)

PCT/US01/06958

13126

bz)

WO 01/66190

L T T T T S N T T T (|



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 01/66190

14126

(71)

PCT/US01/06958

(g

JP

2004-504867 A 2004.2.19



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 01/66190

15126

A

(72)

PCT/US01/06958

leg

JP

2004-504867 A 2004.2.19



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(73)

‘WO 01/66190 PCT/US01/06958
16126
L
(o8
130 13
2
1oy

(F
P
® /68

Fle 2y

JP

2004-504867

A 2004.2.19



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 01/66190

\
\

(74)

PCT/US01/06958
17126

A
| /
l“uf \ \
6. 26
////// fes
\‘ {68

JP

2004-504867 A 2004.2.19



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 01/66190

18126

FlG.28

(75)

PCT/US01/06958

JP

2004-504867 A 2004.2.19



|

ez
— ] ¢
o

:

—WHI .
Tmﬂl c
Y

L T T T T S N T T T (|



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

a7

WO 01/66190 PCT/US01/06958
20126

- {872

N

4 18y

Ao

S\
. ;;: N
AN
L2

JP 2004-504867 A 2004.2.19



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(78)
WO 01/66190 PCT/US01/06958
21126
20—
138
e Fr.3%
4
27
{
l42
w A
/

T

Fl= 349

JP 2004-504867 A 2004.2.19



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

f M a

(79)

WO 01/66190 PCT/US01/06958
22126

/ 2z

129

14¢
Fltn 37

19y ! {ii\_\ B\ Bﬁ\

2L

/

Al 26 A 38

JP 2004-504867 A 2004.2.19



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 01/66190

2072

200

Pl

23126

Fl6. 39

(80)

PCT/US01/06958

JP

2004-504867 A 2004.2.19



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 01/66190
24126

AL

R
N

204

208

T 1L
LN

(24

2

/6. 40

(81) JP 2004-504867 A 2004.2.19

PCT/US01/06958



JP 2004-504867 A 2004.2.19

(82)

PCT/US01/06958

25126

WO 01/66190

L T T T T S N T T T (|



JP 2004-504867 A 2004.2.19

(83)

PCT/US01/06958

24+ 9o
%
$h) bt

26/26
—~_
L

WO 01/66190

L T T T T S N T T T (|



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

(84)

uboobooboboobdooboooboooboaoadao

WO 01/066190 A3

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
Tniernational Bureau

{43) International Publication Date
13 September 2001 (13.09.2001)

PCT

(10) International Publication Number

WO 01/066190 A3

(51) Taternational Patent Classification”
AG1F 2/20, 2/04

A6TM 16/00,

{21) International Application Number:  PCT/US01/06958

{22) Taternational Filing Date: 2 March 2001 (02.03.2001)

(25) Filing Language: Linglish

{26) Publication Language: English
{30) Priority Data:

09/519.735 4 March 2000 (04.03.2000) US

(71) Applicant: EMPHASYS MEDICAL, INC. [US/US];
2686 Middlefield Road, Suite A, Redwood City, CA 94063
s).

{72) Inventors: DEEM, Mark; 216B Palo Alto Avenue,
Mountain View, CA 94041 (US). ANDREAS, Bernard;
633 Calilomia Way, Redwood City, CA 94062 (US).
CHEW, Sunmi; 1599 Marlin Avenue, San Jose, CA
95126 (US). FIELDS, Antony;, 87 Vicksburg Street,
San lrancisco, CA 94114 (US). FRENCH, Ronald;
1564 Heatherdale Avenue, Santa Clara, CA 95050 (US).
GTFFORD, Hanson; 3180 Woodside Road, Woodside,
CA 94062 (US). HUNDERTMARK, Ronald; 422 Alder
Lane, San Matco, CA 94403 (US). RAPACKI, Alan;
2725 Hastings Avenue, Redwood City, CA 94061 (US).
SUTTON, Douglas; 1595 Adobe Drive, Pacifica, CA

94044 (US). WILSON, Peter; 1105 Bmerald Bay Tane,
Foster City, CA 94404 (US).

(74) Agent: ANDERSON, William B.,Esq.; Heller Lhrman
White & McAuliffe_[.I.P, 4350 La Jolla Village Drive, 6th
Floor, San Diego. CA 92122.1246 (US).

(81) Designated States (nafional): AE, AG, AL, AM, AT, AU,
AZ,BA. BB, BG. BR, BY, BZ, CA, CH, CN, CR, ClJ, CC
DE, DK, DM, D7, TR, T'S, T, GB, G, GT;, GH, GM, HR,
11U, D, .. TN, IS, JP, KE, KG. KP. KR, K7, ., LK, TR,
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ,
NO, NZ, PL, PI, RO, RU, D, SLi, $G, L SK, SL, 13, TM,
TR, T, T, UA, UG, UZ, VN, YU, ZA, ZW.

(84) Designated States (regional): ARIPO patent (GII, GM,
KE, LS, MW, MZ, SD, SL, §Z, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ,MD, RU, LS, 'TM), Liropean
patent (A1}, BLI, CH, CY, DI, DK, IS, IR, GB, GR, IIi,
IT, 1.U, MC, NI, PT, SE, TR), OATT patent (BE, B, CF,
CG, CIL CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(88) Date of publication of the international search report:
21 August 2003

For two-letter codes and other abbreviations, refer to the "Guid-
ance Noles on Codes and Abbreviations " appearing at the begin-
ning of each regular issue of the PCT Gazelte.

{54) Title: METIIODS AND DEVICES FOR USE IN PERFORMING PULMONARY PROCEDURES

{(57) Abstract: An implantable flow comrol clement (22) is provided which provents air from entering an isolated portion of a
patient’s Tang. ‘The element may permit air to escape from the isolated portion so that the element acts like a valve. Systems for

implanting pulmonary devices are also provided.

JP 2004-504867 A 2004.2.19



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

(85)

gbooogbodaoan

INTERNATIONAL SEARCH REPORT International application No.
PCT/US01/06958

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(7) :AGIM 16/00; AGLF 2/20, 2/04
US CL  :128/200.26, 207.15, 207.16, 912; 638/9, 28.64, 23.65, 28.68
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Mint d

ion searched (classification system followed by classification symbols)

US. :  128/200.26, 207.15, 207.16, 912; 628/9, 28.64, 23.65, 23.68

Documentation searched other than minimum documentation to the extent that such documents are included in the fields

e

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
NONE

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5,954,766 A (ZADNO-AZIZI ET AL.) 21 SEPTEMBER 1999, | 40,41,49-
SEE FIGS. 1,6,7,9, COL.2, LINES 30-32, COL.3, LINES 18- 52,57,58, 60,62-
28,50-52, COL.4, LINES 3-5,45-47. 65,
67,68,70,
81,85,86,
Y . 42-45,47,
48,56,66,
83-85
Y US 4,808,183 A (PANJE) 28 FEBRUARY 1989, SEE FIG.6. 45,66
Y US 4,877,025 A (HANSON) 31 OCTOBER 1989, SEE FIG.4 83-85

D Further documents are listed in the continuation of Box C. D See patent family annex.

. Special categories of cited documents: g later document published after the internatianal filing date or priority
wan . . - dase and not in vonflict with the application but cited to understand
A document defining the general state of the art which is not the principle or theory underlying the invention

considercd ta be of particutar relevance
g carli i uth " e document of particular relevance; the cluimed favention cannot be
E carliee document published on or after the Internutionul filfug date considersd novel or cannot be considered to involve an inventive step
e doeument which may throw doubts an priority slaim(s) or which is when the document js taken alone

sited to establish the publication date of another eitation ar other ) o

special reason (as specificd) o document of particular relevanee; the claimed invention cannot be

considered to involve an inventive step when the document is

0" document referring to an oral disclosure, use, sxhibition or other combined with one or more other such documents, such combination

means being; abvious ta o person skitled in the art
L document published prior to the international filing date Lut later  ugn document ember of the same patent fmily

than the priority date vlsimed
Date of the actual completion of the international search Date of mailing of the international search report

06 MAY 2002 /?(; M !— ‘\'\’ Zﬂ

Name and mailing address of the ISA/US Authufiged offd ,
Commissioner of Patents and Trademarls Z
Box PCT _ AARON J-LEWIS

‘Washington, D.C. 20281

Facsimile No.  (708) 305-3230 ‘Telephone No.  (703) $08-0716

Form PCT/ISA/210 (second sheet) (July 1998)%

JP 2004-504867 A 2004.2.19



(86) JP 2004-504867 A 2004.2.19

goboogoooon

@énHoooooono  AP(GH,GM,KE,LS,Mw,Mz,SD,SL,SZ,TZ,UG,ZW) ,EA(AM, AZ,,BY ,KG,KZ ,MD,RU, TJ, TM) ,EP(AT, BE,
CH,CY,DE,DK,ES,FI,FR,GB,GR, IE, IT,LU,MC,NL,PT,SE, TR) ,0A(BF,BJ,CF,CG,CI ,CM,GA,GN,GW,ML ,MR,NE, SN, TD, TG)
,AE,AG,AL,AM,AT,AU,AZ,BA,BB,BG,BR,BY,BZ,CA,CH,CN,CR,CU,CZ,DE,DK,DM,DZ, EE,ES,FI,GB,GD, GE,GH,GM,HR ,HU,
ID, IL, IN, 1S,JP,KE,KG,KP,KR,KZ,LC,LK,LR,LS,LT,LU,LV,MA,MD,MG,MK,MN ,MW,MX ,MZ ,NO,NZ,PL,PT,RO,RU,SD,SE,S
G,S1,SK,SL, T3, ™™, TR, TT,TZ,UA,UG,UZ,VN, YU, ZA,ZW

(72000 00000000
00000000000000000000000000000000000000000000
0ooo

(72000 000000000000
00000000000000000000000000000000000000000000
0o

(72000 0000000
00000000000000000000000000000000000000000

(72000 00000000000
00000000000000000000000000000000000000000000
O

(72000 000000000
00000000000000000000000000000000000000000000
0

(7000 0000000000
000000000000000000000000000000000000000000

(72000 0000000000000
0000000000000000000000000000000000000000

(72000 00000000
00000000000000000000000000000000000000000000
0o0oooo

(72000 000000000
0000000000000000000000000000000000000000

(72000 0000000000
00000000000000000000000000000000000000000000
000

0000 (@O) 4C060 MMOS  MM24

0000 OO 4C167 AAA2 AAS6 BB26 BB33 BB53 CC21 HHOS



	bibliographic-data
	abstract
	claims
	description
	international-document-image-group
	search-report
	overflow

