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devices and kits for perfarming long
vyolume rednstion in patiznts suffsring from
vuonic bstruetive pulionary  disease
or other eondifens where jeslation of a
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invasive with instroments being introduced
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laolation 35 achieved by deploying an
obstmictive. device in a ling presageway
leading 1o the target Tang tissue segment.
Onge the chstruetive devies is anchored in
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the device, This may be achisved by a
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aspiration catheter to an inlet port on the
obstruction device and aspirating through
the porl  Or, providing lhe porl with 1
valve which aliows outflow of zas from
the isolated Jung Besue segment during
cxpiration of the teapiratory cycle it
prevems inflow of air dering inspiration.
In addivion, a pumber of ether methods
may be vsed. The obshmetive deviee may
Temain as an implant, to maintain isolation

and uptionally allow subsequent aspiration, or the devics may e remuved sl auy Line.

JP 2004-512893 A 2004.4.30



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 |

(23) JP

WO 02/380.

QU CL UM, GA, UGN, GG W, ML, MK, NE, SN UL, Fer two-letier eodes amd othizr abbreviaiions, refer to the "Guid-
T, ance Nores on Cades and Abbyrevtations” appearing m the begin-
ning of each reguler issue of the PCT Gazetre.
Published:
—  withows internonional search repori and to be republished
wpon receipt of that report

2004-512893 A 2004.4.30



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 |

30

(24)

WO 02/38038 PCT/USO1/51092

METHODS AND BEVICES FOR OBSTRUCTING AND ASPIRATING
LUNG TISSUE SEGMENTS
CROSS-REFERENCES TO RELATED APPLICATIONS
The disclesure of this application is related {o copendmg application no.
(19/699,313, filed on the same day, the thll disclosure of which is incorporated herein by

reference.

BACKGROUND OF THE INVENTION
1. Lisld of Vet .

The present invention relates generally to medical methods, systems, and
Kkits. More particularly, the present invention relates to methods and apparatus for
cffecting lung volume reduction by sspirsling lsolated ssgments of hung tissue,

Chronic obstructive pulmonary diseasc is & significant medical problem
affecting 16 millian people or abont 6% of the US population. Specific diseases in this
group include chronic bronchitis, asthmatic bronchitis, and emphysema. While 2 number
of therapeutic interventions are used and have been proposed, none are completaly
effective, and chvonic abstructive pulmanary diseasc remsins the fourih most common
cause of death in the United States. Thus, improved and alternative ireatments and
iherapies would be of significant benefit,

Of pardicular interest to the present invention, Jung finetion in patients
suffering from some forms of chronic obsiruciive pulmonary discase can be improved by
reducing the effective hing volurns, typisally by resecting diseased portions of' the lung.
Rescction of diseased portions of the lungs both prometes expansion of the non-diseased
regions of the lung aml decreases the poriion of inhaled air which gues into the lungs but
is unable to transfer oxygen to the blood. Lung reduction is conventionally performed in
apen chest or ﬂloraoogmpin pracedures where the ung is resected, fypically using
stapling devives having integral cutiing blades.

‘While effective in nrany eases, conventional Jung reduction surgery is
significantly traumatic to the patient, even when thoracoscopic procedures are employed.
Such procedures often result in the unintentional removal of healthy lung tissue, and
frequently leave perforations or ether discontimuities in the lung which result fn air
leakage [tora the remaining ting. Bven technically suceessful provedures can cause
respiratory failure, pneumonie, and death. In addition, many older or compromised

patients are not able to be candidates for these procedures. For thesc reasons, it would be
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desirable to provide improved methads, systams, and kits for performing hung volume

reduction which overcome at least some of the shortcomings noted ahove.

2. Deseription of the Bacleground Art )

WO 99401076 and corresponding U.S. Patent No. 5,957,219 describes
devices and methods for reducing the size of lung tissne by applying heat energy to shrink
collagen in the tissne. In one embodiment, air may be removed from a bleb in the hng to
reduce ils size. Alr passages to the bleb may then be sealsd, ©.g., by heating, to fix the
size of the blch., WO 98/48705 describes a plug-like device for placement in a fung air
passage to isolate a region of lung tissue, where air is not removed from ihc tissuc prior to
plugging. WO 98/49181 describes the use of surfactants in hng lavages for treating
respiratory distress syndrome. U.S, Patent No, 5,925,060 may also be of interest.

Patents and applications relating to lung access, diagnosis, and treatment
include U.S. Patent Nos, 5,957,949; 5,840,064; 5,830,222; 5,752,921; 5,707,352;
5,682,880, 5,660,175; 5,653,231; 5,645,519, 5,642,730; 5,598,840; 5,499,625; 5.477,851;
5,361,753; 5,331,947, 5,309,903; 5,285,778, 5,146,916, 5,143,062; 5,056,529; 4,976,710;
4,953,375; 4,961,738; 4,958,932; 4,949,716; 4,896,941; 4,862,874; 4,850,371; 4,846,153;
4,819,604, 4,784,1 33>; 4,742,819; 4,716,896, 4,567,882; 4,453,545, 4,468,216; 4,327,721
4,327,720, 4,041,936, 3,913,568 3,866,599; 3,776,222, 3,677,262; 3,665,098; 3,542,026,
3,498,286, 3,322,126, WO 95/33506, and WO 92/10971.

Lung volume reduction surgery is described in many publications,
including Becker et al. (1998) Am. I Respir. Crit. Care Med. 157:1593-1599;

Criner et al. (1998) Am. T, Respir. Crit. Care Meod. 157:1578-1585; Kothoffet a). (1598)
Chest 113:890-895; and Oje et al. (1997) Chest 112:1494-1500.

The use of mucolytic agents for clearing hung obsiruciions is described in
Sclafant (1999) AARC Times, January, 69-97. Use of a balloon-cuffed
bronchefiberscopes to reinflate a Jung segment suffering from reftactory atelectasis is
described m Harada et al, {1933) Chest 84:725-728.

SUMMARY OF THE INVENTION
The present invention provides improved methods, systems, devices and
kits for perforting lng volume reduction w patieats suffeciug fom chronic ebstructive
pulmenary diseuse or oiher conditions where isolation of a lung ssgment or reduction of

lung volume is desired. The present invention is likewise suitable for the treattnent of
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bronchoplenral fistula. The methods are minimally invasive with instruments being
introduced through the mouth (endotracheally) and rely on isclating the target lung tissue
segment from other regions of the lung. Isolation is achicved by deploying an obstructive
device in a lung passageway leading to the target lung tissue segment. Once the
obstructive device is anchored in place, the segment can be aspirated through the device.
This may be achieved by a number of methods, including coupling an aspiration cathefer
to an inlet port on the obsiruction device and aspirating through the port. Or, providing
the port with a valve which allows outflow of gas frem the isolated lung tissue segment
during expiration of the respiratory cycle but prevents inflow of air during juspiration. In
addition, a number of other methods may be used. The obatructive device may remain as
am implant, to maintuain isolation and optionally allow subsequent aspiration, or the deviee
may be removed at any time. Likewise, the device may biodegrade over a period of time.

The obstruction devies may tefte a variety of forms to allow delivery,
deployment and anchoring in a hing passageway. Delivery is commonly performed with
the use of a minimally invasive device, such as a flexiblc bronchoscope or an access
catheter. The flexible bronchoscope may be utilized with 2 sheath having an inflatable
cufl disposed near its distal end, o full descripfion of which is provided In co-pending
application [Attorney Docket No. 017534-001300], assigned io the assignee of the
present invention and incorporated by reference for all purposes. When using such a
sheath, the scope is intraduced inie a Tumen in the sheath to form an assembly which is
then intreduced to the lung passageway. The coff may then be inflated to occlude the
passagoway. Similarly, an access catheter may be used which may be steerdble or
articulating, may include at inflatable bailoon cuff near its distal cad and may include a
number of lumens for balloon inflation, tracking over a guidewire, and optical imaging, to
name a few. The obstinetion devios is typically housed within a Tumen of the access
catheter, bronchoscope, sheath or suitable device, mounted near the distal tip of the
catheter or carried by any method to the desired lung passageway leading io the target
lung tissue segment. Therefore, the obstruction device must be sized appropriately for
such delivery and is typically designed to expand upon deployment to anchor within the
lung passageway. Hereinaficr the present invention is depicted in relation to use with an
access cathetoer, however it may he appreciated that any suitable device may be used.

In a first aspect of the present irvention, fhe obstruction device comprises
a structural support which expands and thereby anchors the device in the lung

passageway. Such supports may comprise & number of configurations for a variety of

3
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expansion techniques. For example, the struatoral support-s may allow the cbstruction
device to coil, roll, bend, straighteir or fold i 2 cone, rod, oylinder or other shape for
delivery, Then, once positioned in 2 desired location, the obstruction device may be
released and expanded to anchor the device in the passageway. Such expansion may be
tmaided, such as in the release of a conmpressed stroctre to a pre-formed expanded
positien, Or, such expaosion may be aided, such as with the use of an inflatable balloon
or cuft. In some cascs, a balloon or inflatable member may be incorporated inta the
obstruction device and may remain inflated to occlude the passageway. This may be
provided fn combination with structugal suppotts or an inflatable balloon or similar device
may be used without such support.

The structural supports may be comprised of any type of wire, particulatly
superelastic, shape-memery or spring tempered wire, or any type of polymer or a suifable
malerial. The balloon or inflatable member may be comprised of any flexible, polymeric
material suitable for such a L.)urpose‘ The member may be inflated with gas or liquid as
desired, or it may be inflated with an expanding foam or similar material. Likewise, it
may be inflated or injected with an adhesive. Such an adhesive may expand the member
and/or rigidify the member to reduce the fikelihood of collupse. Further, the adhesive
may additionally serve to bond the device to the walls of the lung passageway to increase
anchorage. In addition, the device may be impregnated or coated with an antibiotic agent;
such a3 aflver nitrate, orsimilar agent for delivery of the agent to the lung passageway.,
Such delivery may vecur by any uppliceble meuns.

‘When structural supports arc present, such swpports may comprise a
vartety of designs. [n a first embodiment, the structural suppotts comyprise radial
sepments which expand to fill the passageway and longitudinal sepments which rest
against the walls of the passageway 1o help anchor the device. In a second embodiment,
ThE structurat supports comprise a mesh which expands to 1ill the passageway. In a third
embodiment, the stractural supports somprise a helically or spivally wound wire which
also expands to nontact the walls of the passageway and anchor the device. Ineach of
these embodiments, the structural support may bo commecled with or encapsulated ina
sack comprised of a thin polymeric film, open or closed cell foam or other suitable
material to provide a seal against walls of the lung passapeway and obstroot airflow
through the device. The sack material may also be infused with an adhesive, sealant or
other materia] to impiove obstruction of the airway and possibly improve adhesion to the
umway walls,

JP 2004-512893 A 2004.4.30



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

25

30

(28)

WO 02/38038 PCT/USO1/51092

In 2 second aspect of the present invenﬁon,. the obstruction device may
fizther comprise ports for aspiration through the device. This may allow access to the
collapsed lung segment at a later time, for example, in the case of an infection. Typically,
the obstruction device will have an inlet port located near the proximal end of the device,
away from the isolated lnng tissue segment, Such a port is thus accessible by minfoally
invasive devices, such as an aspiration catheter, which may be advanced through the
bronchial passageways. Optionaily, an outlet port may be located near the distal end of
the obsiruction device, The ports may comprise a variety of designs for a number of
PULPOSES.

In 2 first embodiment, the port comprises a self-sealing sepium. Sucha
septum may comprise a solid membrane or a pre-cut membrane. Aspiration through the
port may be achieved with the use of an aspiration catheter having an access tube or
penetrating element at its distal end. Such a catheter may be advanced to the site of the
obstruction device itsclf or with the use of an access catheter. The septur may be
penetrated, either plerced through a solid membrane or passed through the cufs of a pre-
cul membrane, by the access tube. Depending on the design of the obstruction device, the
inlet port and optionally the outlel port may be penetrated in this fashion. Aspiration may
be achieved throngh the access tiube and aspiration catheter to withdraw gases and/or
liguids from the isolated hing tissue segment and passageway. Opiionally, prior o
aspitation, a 100% axygen, Helium-Oxygen mixturs or low molecular weight gas
washout of ke hmg segment may be performed by introducing such gas through the
access fube, such as by a high frequency jet ventilation process. In this cuse, aspiration
would remove both the introduced gas and any remaining gas. Sitnilarly, liquid
perfluorocarbon or certain drugs, such as antibiotics, retinoic acid and hyaluronic acid,
may be infroduced prior to aspiration. Inmost cases, aspitation will at least partially
collapse the lung segment, Upon removal of the aspiration catheler from the pord, the
septurn may self-seal or it may be further sealed with a sealant or ofher sealing means for
later access or permanent closure.

When the self-sealing septum comprises & pre-cot membrane, uspiration
through the port may aliematively be achieved by coupling an uspiration catheter fo the
ohstructive device. Coupling may comprise engaging the aspiration catheter to the port or
sliding a coupling member ot the aspiration catheter over the port to form a seal. In cither
case, suction through the aspiration catheter may allow gases andfor Hguids to pass

through the cuts in the membrane to be withdrawn from the jsolated lung tissue segment

5
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and passagcway. Agatn, this will at [east partially collapsé: the lung scgment. Likewise,
upon removal of the aspiration catbeter from the port, the septum may self-seal or it may
be fusther sealed with a ssalant or other sealing means for later acoess or petmanent
closure.

Tn a second embodiment, the port comprises a unidirectional valve. Sucha
valve may compiise a port covered by a flexible layer which is attached to the port by at
least one point of cornection. Movement of the fayer away from the port opens the valve
and movement against the port ¢loses the valve. Whereln the flexible layer is solid,
movement of the Jayer away from the port allows gas to flow between the points of
connection and around the edges of the flexible layer. Ahernatively, the flexible layer
may bave holes therethrough. In this casc, the port may also comprise a partition having
holes which are not aligned with the holes in the flexible layer, Movement of the layer
away from the port allows gas to flow through the holes in the partition and out through
the holes in the flexible layer, When the layer moves against the partition, the holes will
be covered closing the valve, Other valve designs include a spring-loaded ball vulveor a
biased pre-loaded diaphragm valve. l

Aspiration through a unidirectional valve may be achicved by a number of
methods. Again, the port may be accessed by advancing an aspivation catheter or simikar
device through the bronchial passageways o the site of the obstzuction device. This may
optionally be achieved with the use of an access cathoter. The aspiration catheter may be
placed near the valve or engaged to the valve, wherein suction or vacuam applied through
the catheter opens the valve. If the aspiration catheter is not engaged to the valve,
udequate suction to opei the valve may be achisved by nocluding the passugeway
proximal to the point of suction which is typicaily the distal end of the aspiration catheter.
Such occlusion may be achieved by inflating a balloon or ocelusion device mounted on
the distal end of the aspiration catheter or mounted on an access catheter. In either case,
the vacuum may draw the flexible layer away from the port, allowing gases and/or liquids
to flow out from the isolated lung segment, through the valve and infe the aspiration
catheter. Alternatively, aspiration through a unidirectional valve may be achisved
naturally during respiration. Pressure changes muy open the valve during expiration as
gases flow out from the isolated lung seginent. Reverse pressure chenges, during
inspiration, may close the valve prevonting gases from flowing into the isolated segment.
This may reduce the amount of gas trapped in the terminal segment over time and thus at

least partially collapse the lung segment. Similarly, aspiration through the unidirectional
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valve may be achieved by external mechanical pressure on the hung lo foree out of the
lung segment and through the valve, Again, reverse pressure changes upon recoif of the
lung would close the valve preventing gases from flowing into the isolated segment.

In a thizd aspect of the present invention, the obstruction device may
comprise a bloekage device which is deployed in a hng passageway to close the airway.
Such a blockage device may be of similar design as previously described obstruction
devices ag it may be sintilarly delivered, deplayed and anchored within a lung‘
passageway, Thus, ambodiments of the blockage device typically comprise expandable
support structures. For example, in one embodiment the suppert structure compriscs a
coil. And, in a second embodiment, the support structure comprises 2 mesh. Apgain, the
support structures may be connected to or encased in a polymer film or sack to provide a
seal against the walls of the lung passageway and obstruet airflow ihrough the deviee.
Typically the blockage device will be placed in the passageway after the terminal lung
segment has been aspirated by other methads. This will seal off the lung segment and
mainiain hing velume reduction. Alternatively, the blockage device may be placed iu the
passagoway before the terminal lung segment has been aspirated. o this case, uix trapped
in the lung sepment may be absorbed over time and would evenfually collapse, a procrss
lorown as absorption atelectasis. This process may be enhanced by insufflating the ung
segment with 100% oxygen, a Helinm-Oxygen mixture or low molecular weight gas prior
to placing the blockage device. Such enhancement may promote complele collapse of the
lung segmicol. In any case, the blockage device may optionally be later removed if it is
so desired.

Mesthods of the present fnvention include the utilization of an ebstrnetion
device to achieve lung velume reduction. As deseribed above, methods include delivery,
deployment and anchoring of an ebstruction devicein a lung passageway leading to a
target lung tissue segment. At least partial collapse of the terminal lung tissue segment
may be achieved by agpiraiing the segment through the cbstruction device deployed in the
passageway. Aspiration may be accomplishied with the nsc of an aspiration catheter or
similar device through a port on the obstruction device. Also described above, when the
port comprises a unidirectional valve, aspiration and eventual hing volume reduction may
be accomplished by the cpening and closing of the valve in response the respiratory
cycle. In addition, methods of the present invention inclade deployment of 2 blockage
device in a lung passageway lcading fo a terminal lung tissue sogment, &3 previously

described.
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Systers of the present invention may include any of the components
deseribed in relation to the present invention. A particalar emobodiment of a system of the
present invention comprises an access catheter and an obstruction device, as described
above, wherein the obstruction device is introduceable by the accass catheter. For
exmnple, the obstruction device may be houseable within a lumen of the access catheter
for deployment eut the distal end of the catheter, or the obstruction device may be
mountable on the access catheter near its distal end. In cither case, the oi)strucﬁon device
may he deplayed and anchored within a hing passageway.

The methods and apparatuses of the present invention may be provided in
one or moxe kits for sueh use. The kits may comprise an obsiruction deviee deployabic
within a lung passageway and instructions for use. Optionally, such kits may further
include any of the other system components desoribed in relation to the present invention
and any olher materials or ilems relevant to the present inventioa.

QOther objects and advantages of the present invention will become

apparent trom the detafled description to follow, together with the accompanying

. drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Tig. 1 is a perspective fllustration of an access cathetar useful in the
methods, systems, aud kits of the present invention,

Fig. 2 is a cross-sectional view taken along line 2 to a Fig. 1.

Figs. 3A-3F illustrate alternutive cross-sectional views of the access
catheter of Fig. 1. .

Figs. 44-4C illustrate a steerabls imaging guidewire which may be used to
facilitate pusitioning of ihe access calheter used in the methods of fhe present invention,

Fig. 5A illustrates use of the access catheter of Fig. 1 for aceessing a targel
Iung tissue segment according the to the methods of the present invention,

Fig. 5B illustrates use of a visualizing tracheal tube with the access
catheter of Fig. 1 for accessing a target tissue segment according the to the methods of the
prosent invention.

Fig, 6 illustrates a thethod of deployment or delivery of an ohstructive
device.

Figs. 7A-7B are perspeciive views of embodiments of obstrustive devices
having, among other features, radiel and longitudinal struciural supports.

g
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Fig. B is a parspective view of an embodiment of an obstructive device ina
rolled configuration piior to release in a lung passageway.

Fig. 9 is a perspective view of an embediment of a rolled, eylindeical
shaped obstroctive device in an expanded state within a flexible sack.

Fig. 10 illustrates an embodiment of a dauble conical shaped obshmetive
device.

Fig. 11 is a perspective view of an embodiment of an obstructive device
having, among other features, a mesh structural support encased by a polymer film.

Fig. 12 is a perspective view of an ambodiment of an obstructive device
having, smong other features, 4 spiral structural support.

Fig. 13 is a perspective view of an embodiment of an obstructive device
liaving a cone shape with an inlet port at the apex of the cone.

Figs. 14A-14C illustrate enbodiments of self-sealing septums of the
present invention,

Fig. 15 illustrates a method of aspirating through an obstructive device by
inserting an access fube through a septum of an inlet pout.

Fig. 16 iltustrates a method of aspirating through an obstructive device by
contacting an aspiration catheter te an inlet port.

Pig. 17 illustrates a method of aspirating through an obsiractive device by
sliding the distal end of an aspiration catheter over an inlet port.

Figs. [84A-18C illustrate o method of deploying, anchoring and aspirating
through an obstruction device while such a device is connéeted to an aspiration catheter.

Fig, 19A is a front view of an embodiment of 2 unidirectional valve of the
prasent invention. Figs. 19B-19C Iare perspective views of the unidirectional valve of
Fig. 19A in various stages of operation,

Figs. 20-21 illuslrate pesitioning of embodiments of unidirectional vatves
of the present invention in a lung passageway.

Figs. 224-22B are front views of an embodiment of a voaidirestional valve
of the present invention,

Figs. 23A-23B are perspective views of the unidirectional valve of
Figs. 21A-21B in various stages of operation.

Fig. 24 illustrates a method of deployment or delivery of 2 blockage

device.
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Fig. 25 illustrates an embodiment of a blockage device comprising a coil
engased i a polymer film. .

Fig. 26 illustrates an embodiment of a blocl_{age device comprising a mesh
connected to a polymer fibm.

Tig. 27 illusteates an embodiment of a blockage device comprising a barb-
shaped shucture.

Fig. 28 illusirates an embodiment of u blockage deviee having a
cytindrical-type baltoon with textured friction bands.

Fig. 29 depicts an embodiment of a blockage device comprising a mulii-
layer balloon which has an adhesive mraterial hetween an outer kayer and an fmer Jayer of
the balloomn.

Fig. 30 illustrates an embodiment of a blockage device which is similar to
that of Fig. 29, including openings in the outer layer through which adhesive may seep.

Fig. 31 illustrates a kit censtructed in accordance with the prineiples of the

present inveniion.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

Lung volume reduction is performed by collapsing a target lung tissue
segment, usually within lobar or sub-lobular regions of the luug which receive air through
a single lung passage, i.¢., segment of the branching bronchus which deliver to and
receive ait from the alveokar regions of the lupg. Such isolated lung tissue segments arc
first isolated and then collapsed by aspiration of the ajr (or other gases or liquids which
may be present) from the target hng tissue segment. Lung tissue has a very high
percentage of void voluime, so removal of internal gases can reduce the lung tissue fo a
small porcentage of the volume which it has when fully inflated, i.e. inflated at normal
inspiratory pressures. The exemuplary and preferred percentages for the volume reduction
are sel forth ahove.

The methods of the present invention will generally rely on accessing the
target lung tissue segment using an access cathster adaptad to be introduced
endotracheslly into the bronchos of the lung. An excmplary access catheter 10 is
illustrated in Figs. 1 and 2 and comprises a catheter body 12 having a distal end 14, a
proximal end 16, and at least one lurmen therethrough, Optionally, the catheter 10 furthor
conmprises an inflatable occlusion balloon 18 near its distal end. In this case, the cathefer

will have at least two lumens, a central fumen 20 and a balloon inflation lomen 22. As
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shown in Fig, 2, the balloon inflation lnmen 22 may be an aunular lumen defined by inner
body memher 24 and outer body membes 26 which is coaxially disposad about the inner
body member. The hunen 22 opens to port 3¢ on & proxdmal btk 32 and provides for
inflation of balloon 18. The central lurnen 20 opens to port 36 on hub 32 and provides for
multiple finetions, including optional introduction over a guidewire, aspiration,
introduction of secondary catheters, and the like.

The dimensions and materials of access catheter 10 are selected to pexmit
endotracheal infroduction and intraluminal advancement through the hmg bronchus or
passageway, optionally over a guidewire and/or through a primary tracheal tube siructure
(as illustrated in Fig. 4R below). Suitable materials include low and high density
polyethylenes, polyamides, nylons, PTFE, FEEX, and the like, particutarly for the inner
tubular member 24, The euter mentber, including the occlusion balloon, can be mude
from elastomeric materials, such as polyurethane, low density polyethylene,
polyvinyichloride, siticone rubber, fatex, and the like. Optionally, portions of the outer
tubular member 26 proximal fo the inflatable balloon can be made thicker audior
reinforced so that they do not dilate upon pressurization of the balloon. Exemplary

dimensions for the access catheter 1¢) are get forth in the table below,

ACCESS CATHETER DIMENSIONS

Exgmplary Preferred
Innet Tubular | Outer Tubular | Inner Tubular | Outer Tubular
Mentber Member Member *_Member
CQuter Diameter (ran) 044 0.6-4.5 1.5 2-4
—
Wall Thickness (mrm) 0.05-0.25 0.5-0.25 0.1-0.2 9.15.0.25
Length (o) 50-150 some 50-80 same
Balloon Length (inm) 5-50 10-20
Ballaon Diameter (mm) 220 615
(indlated)

The access catheter 10 may be modified in a number of ways, some of
which are fllustrated in Figs. 3A-3F. For example, instead of an inner and outer coaxial
tube construstion, the catheter can be a single extrusion having a catheter body 30 with a
cireular main Jumen 32 and 2 crescent-shaped inflation lunen 34, as illusirated in
Fig. 3A. Alicrnatively, catheter body 40 may be formed as a single exfrusion having
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three lumens, i.e., & primary lumen 42 for receiving a guidewire, applyihg aspiration,
and/or delivering secondary catheters. A second Tumen 44 can be provided for inflating
the occlusion balloon, and a third Jamen. 46 can be provided as an afternative guidewire or
as;ﬁimiion humen, Catheter bedy 50 comprising a meain tubular body 32 having an outer
layer 54 fused thereover to define a imen 56 suitable for balloon inflation as showa in
Fig. 3C. A primary lumen 58 1s formed within the main tubular member 52, As aslight
alternative, cathater body 60 can be formed from a primary tubular member 62, and a
secondary mbular member 64, where the tubular membets are held togsther by an outer
raember 66, such as a layer which fs applisd by heat shrinking. The primary tubular
member 62 provides the main lumen 68 while secondary tube 64 provides a secondary
lumen 70. The secondary Tumen 760 will typically be used for balloon inflation, while the
primary lumen 68 can be used for all other functions of the access catheter.

Optionally, the scoess catheter in the present invention can be provided
with optical imaging capability. As shown in Fig. 3B, catheter body 80 can be formed to
include four lumens, typically by conventional cxtrusion processes. Lumén 82 is suiable
for passage over a puidewire, Lumens 84 and 86 both contain light fibess 88 for
illumination. Lumen 90 curries an optical wave guide or image fiber 92. Lumen 82 can
he used for irrigation and aspiration, typically after the gnidewire is withdrawn., Balloon
inflation can be effected through the space remaining and lumens 84 and 86 surrounding
the light fibets 88, A second catheter body 100 is formed as a coaxial arrangement of a
number sepacate inbes, Outer tube 102 contains a separets guidewire tube 104 defining
tumen 106 which permits introduction over a guidewire as well as perfusion and
aspiration afier the guidewire is removed. Second trmer mbukar joember 110 will carty an
optical image fiber 112 and a plurality of light fibers 112 are passed within the remaining
space 114 within the outer tubular ;ncmber. In both catheler constructions §0 and 106,
forward imaging can be effected by illuminating through the light fibers and detecting an
image through a lens at the distal end of the catheter. The image can be displayed on
conventional cathode-ray or other types of imaging soreens. In particulat, as described
trelaw, forward imaging parmits a wser to seloctively place the guidewire for advancing
the cathcters through a desired route through the branching bronchus.

Usnally, posifioning of a puidewire through the branching bronchus will
be manipulated while viewing through the imaging components of the access vatheter. In
this way, the access catheter san be "inched” along by aliemately advancing the

guidewirs and (he access catheler. As an aliernative to providing the access catheter with
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imaging, positioning could be done solely by fluoroscopy. As a further alternative, a
steerable, Imaging guldewire 300 (Figs. 4A-4C) could be used. The guldewire 300
includes 2 deflectable tip 202 which can be deflected in a single plane using push/pull
ribhon 304, Usually, the tip will comprise a spring 306 to facililaic deflection. In
addition to ste.ergb-ility, the guidewire 300 will include an eptical imaging wave gnide 310
and iluminating optical fibers 312, as best seen in cross-sectional view of Fig, 4C. Thus,
the guidewire 300 can be sicered through the branching bronchus to reach the target tissue
segment using its own in situ imaging capabilify. Once the guidewire 300 is in place, an
acoess catheter ean be introduced to the targef lung tissue segment as well. Since the
guidewire has imagling capability, the access catheter need not incorporate such imaging.
"This can be an advan{age sinc i pornuis the access lumen Lo be made larger since the
catheter need not carry any optical wave guides.

Referring now to Fig. 5A, a cathefer 10 can be advanced to a hing tissue
scgment, specifically & disensed region DR, within 2 lung L throngh a patient's trachea T.
Advancement through the irachea T is relatively simple and will optionally employ an
endotracheal tube and/or a guidewire to select the advancement route through the
branching bronchus. The endotracheal tube ntay have a thin-walled design wherein the
inver diameter is larger than in standard endotracheal tubes. Standard endotracheal tubes
have & 7.0 mumn 1D with a 10 mm OD. The tom-walled design would have a 9.0 mm ID
with a 10 mm O, the larger I allows the insertion of a larger fnstruntent while
providing adequate ventilation. Steering can be effecied under real time imaging using
the imaging access catheters {llustrated in Figs. 38 and 3F. Optionally, the access
catheter 10 may be ntroduced thiough a visualizing wachesl tube, such as that described
in (LS. Patent Mo. 5,285,778, licensed to the assignee of the present application. As
shown in Fig. 5B, the visualizing endetracheal tube 120 includes an ooclusion enff 122
which may be inflaied within the iraches just above the branch of the left bronchus and
right bronchus LB and RB, respectively. Fhe visvalizing endotzacheul tube 12¢ ingludes
a forward-viewing optical system, typically including both illumination fibers and an
image fiber to permit direct viewing of the main branch between the left bronclws LB amd
right bronchns RB. Thus, initial placement of the accoss catheter 10 cun be mude under
visualization of the visualizing endotracheal tnbe 120 and optionally the access
catheter 10 itself. It may be appreciated that the access catheter may be positioned with
or without the use of a trachea tabe or similar device. When such a device is used, it may

take a number of forms and may be positioned in a number of locations. For example, the
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trachea tube or device may be positioncd as shown in Fig, SA, or it may he positioned to
achieve “one lung ventilation” wlerein the side of the Jung not involved in the corrective
procedure will be propexly ventilated. Likewise, the access catheter may be positioned
under local anesthesia without intubation. In any case, referring again in particular to
Tig. 5A, the acoess catheter 10 15 advanced unti] ils distal end 14 reaches a region in the
brouchus or hung passageway which leads directly into the diseased region DR,

Cngee the distul end 14 of the access catheter 10 is positioned in a desired
location within the lunig passageway, an obstructive device may be deployed in the
passageway. The method of deplayment or delivery of the obstructive device is
dependent on 4 qumber of factors, particularly the design of the obstructive devies itself,
Typically, the obstructive doviee is housed within the accoss cathcter 10 or within a
catheter that may be passed through the access catheter 10. As depicted in Fig. 6, the
obstroctive device 150 may be compressed or collapsed within ag interjor lumen of the
aceess catheter 10, The obstructive device 130 depicted js one of many designs which
may be utilized. The obstructive device 150 may then be pushed out of the distal end 14
of the catheter 10, in the direction of the arrow, into the lung passageway 152. {ffhe
device 150 s self-expanding, for example by tension or shape-memory, the device 150
will expand and anchor itself in the passageway 152. If the device 150 is not self-
expanding, it may be expanded with the use of a bajloou or other mechanism provided by
the access catheter 10, a catheter or device delivered through the aceess catheter 10, or
another device, Similarly, the obstructive device 150 may be mountesd or critped over
the access catheter 10 (ot shovn) or a delivery catheter and delivered to the desired
location. A sheath may then be placed over the device 150 during fnservion. Deployment
of the device 150 may be achieved by withdrawing the sheath and allowing the
device 150 to self-expand or expanding the device 150 with the use of a halloon c;r ofher
mechanism.

A variety of crubodiments of obstructive devices 130 are provided. To

begin, a mumber of embodiments of the obstructive device 150 are comprised of structural

supports which expand to anchor the device 150 in the passageway 152, Referring to Fig.
TA, the supports 154 may be comprised of radial segments 160 and longitudinal
segments 162. The radial segments 160 allow the device 150 10 expand to fill the
passageway 152 and the longitudinal segments 162 rest against the walls of the
passageway 152 to help anchor the device 150, The supports 154 may be individual, as

shown in fig 7A, or may be connested te ons apother, as shown in Fig. 7B, for oxample.
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In addition, the supports 154 may continue along a proximat end 164 and distal cnd 166
of the device 150, as shown in Fig. 7A, or the suppotts 134 may not be present at such
ends 164, 166, s shown. in Fig. 7B.

Referring to Figs. 8-11, the supports 154 way be comprised of a mesh 17¢
or similar interlocking structure. As shown in Fig. 8, the mesh 170 may be coiled or
rolled inte a cylindrical shape fo £it within an inner lumen of 2 delivary ox access catheter
or to be mounted on the end of « such 2 delivery or access cailieter. In either case, the
device 150 may be released within the lung passageway 152 where the mesh 170
expands, uneoils and/or nnrolls to £ill the passageway 152, Such release may allow seit-
expansion or may nvolve the use of mechanical means to expand the mesh 170. The
expanded device 150 muy fill the passageway 152 in @ generally oylindrical shape, as
shown in Fig. 9, in single or double conical shape, as shown in Fig. 10, or it may form a
variety of other shapes, an example of which is shown in Fig. 11,

Referring pow to Fig, 12, the supporis 154 may be a helix or spiral 171
comprised of helically wound or spiral wound wire. The spiral 171 may ’66 compressed
in a numiber of ways o load the spiral 171 within a lamen or on a distal end of a delivery
catheter. For example, the spfral 171 may be warnd tightly, simitar 1o a watch spring, to
reduce the cross-section of the spiral and provide spring tension. Upon release of the
spiral 171, the coils 173 expand to contact the walls of the passageway 152 and anchor
tﬁe device 150.

In any of the above embodiments, the supports 154 may be connected to,
encapsulated in, couted or impregnated with a material to preveut flow of gases or liquids
through the structural supports 154, thercby providing an obstruction. In addition, the
material may inclede an antibiotic agent for releass into the lung passageway, Examples
of obstrctive materials inchide a thin polymer fitm 156, such as webbing between the
structural supporls 154, which may be used to seal against the surface of the hing
passageway 152. Such a design is depicted in Figs, 7A-7B, 10 and 12. Similarly, fhe
structural supports 154 may be filled with an adhesive or sealant which will adhers the
struotnral sepport members together and prevent flow or gasses or liquids fhrough the
devies 150. This is particulatly useful in coiled or mesh designs fn where the structural
support members are relatively close together. Alternatively, as shown in Fig. 9 and Fig.
11, the supports 154 may be encased in a sack 158 comprised of a thin polymer, foam or
other material. Expansion of the supparts 154 within the sack 158 presses the sack 158
against the walls of the passageway 152 forming a seal, InFig. 9, the sack 158 has been
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extended beyond the ends of the rolled support structure 154 for illustration purposes o
differentiate between the sack 158 and support structure 154. However, typically, the
support structure 154 will Sl the sack 158, Again, the preseoce of the sack 158 prevents
flow of gases or liquids throogh the supports 154, thorchy providing an obstruction. It
may be appreciated that the stroctral supports may comptise a variety of designs,
creating devices 130 of varlous lengths and shapes. Altematively, the sack 158 may be
utifized without structural supports 154, The sack may expand to fill the passageway by a
variely of methods and may be held in position by impregnation with an adhesive or other
material. Such impragnation may rigidify or support the sack to provide obstruction of
the lung passageway.

Tn addition and alse shown in Figs, 7A, 7B, 9, 11-13, a number of
embodiments of the abstructive device 156 include an inlet port 172, located near the
proximal end 164, and an outlet port 174, located near the distal end 166, Such ports 172,
174 may be of any size or shupe but are typically round or oval and are often located near
the center of the passageway 512 lumen lor sase of aceessibility. Some devices 130 may
only include an inlet port 172 neat the proxiinzl end 164, a5 shown in Fig, 13, In this
case, the distal end 166 is expanded to contact the walls of the lung passageway 152 and
anchor the devies 150, Thus, the ebstruction devies 150 appears (o huve & cone shupe
with the inlet port 172 at the apex of the cone. To ensure concentric placement of the
obstruction device 150, the device 150 should contact the walls of the passageway 152 for
a length of at least 1.0 to 1.5 times the hiternal diameter of the passageway that the
device 150 oooupies.

‘The mlei part 172, outlet part 174 or hoth may comprise a membrane or
septurn, 176 covering the opening of the port. The septum 176 will typically be self-
sealing. One type of self-sealing septum 176 comprises a solid mentbrane 178, illustrated
inFig. 144. Other types cormprise pre-cul membranes in which the septum 176 includes
euts 180 or slits, as shown in Figs. 14B and 14C. Such cuts 180 may allow case of
penstration through the septum 176 by an access tbe or penetrating element, as will be
Jater described, while preventing flow through the septum whea the penstrating element
is removed.

After the obstruetion dovice 150 is deployed and anchored within 2 Tung
passageway 152 [eading to a lung tissue scgment, the device 150 may be left as an
implant to obstrust the passageway 152 from subsequent airflow. Airflow may include

air and/or any other gas or combination of gases, such as carbon dioxide. Howsver,
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immsediately after placement or at any time thereafier, the above described embodiments
of the device 150 miay be acoessed to aspirate the lung tissue segment through the
obstructive device 150, This will cause the segment 1o af lsust partially collapse as part of
amethod for lung voiume reduction. Aspirating through the obstructive device 150 may
be accomplished by a variety of methods. For example, referring to Fig. 15, aspiration
may be achieved by first inserting a peﬁeh’aﬁion element, needle or access tube 200
through the septum 176 of the inlet port 172, Positioning of the sceess tube 200 for such
insertion may he achieved by any method, however, the aceess tube 200 i3 typically
positioned by inserting the access tube 200, or a catheter carrying the access tube 200,
through a lumen in the access catheter 10 wntil it passes out of the distal end 14. Inflating
the balloon 18 o the access catheter 10 may center the distal end 14 of the cathster in the
lung passageway 152, 1f the inlet port 172 is similarly centercd, the access fube 200 may
be passed directly out of the catheter 10 and through the septum 176 of the inlet port 172,
If the septum 176 i3 a solid membrane 178, the access tube 200 may be
sharp etough to puncture or pierce the membrane 178, If the scptwm 176 has cuts 180 or
shits, the access tube 200 may be pushed throngh the cuts 180. In either case, the
membrane or septum. 176 will seal around the access tube 200. 1f the obstruction
device 150 alsc has an outlet port 174, the aceass tube 200 may optionally be passed
through both the inlet and outlet ports 172, 174. Once the acccss fube Z00 is serted,
gases andfar liquids may be aspirated through the access tube 200 from the lung tissue
segment and associated lung passageways. Opticnally, prior fo aspiration, & 100%
oxygen, Helium-Oxygen mixiure or low molecnlar weight gas washout of the tung
segment may be performeil by introducing such gas through (he access (ube 200. In this
case, aspiration would removed both the introduced gas and any remaining gas.
Similarly, liquid perfluorocarbon or certain drugs, such as antibiotics, may be introduced

prior to aspiration. This may allow access to the collapsed Jung segment at a later time,

- for example, in the case of an infection. In most cases, aspiration will at least partially

collapse the lang segment, 2s previously described. The access tube 200 may then be
withdrawn, The septum 176 of the falet port 172 and/or outlet port 174 will then
automatically seal, wither by closing of the punciure site of by closure of the cuts.
Opticnally, the ports may be additionally scaled with a sealant or by use of a heat sonrce
or radicfrequency source,

Referring to Figs. 16 and 17, aspiration through the obstructive device 150
may be achieved by contacting the obstiuctive dsvies 150 with a suction tube or
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aspiration catheter 202 and aspirating gas or liquids throngh the device 150. As shown in
Fig. 16, the distal end 204 of the aspiration catheter 202 may be held against the inlet
port 172, Positioning of the aspiration catheter 202 for suck contact may be achieved by
any method, however the catheter 202 is typically positioned in a manmer similar to the
asoess tube described above. By holding the aspiration catheter 202 against theport 172,
a seal may be created and gases and/or liquids may be aspirated from the lung tissue
segrent through the device 150, In this casc, the inlet port 172 and the cutlet port 174, if
present, must not he covered by a solid membrane 178. If cuts 180 are present, the gas or
liquid may flow through the port doe to the pressure of the suction. As shown in Fig. 17,
the distal end 204 of the aspiration catheter 202 may be slid over the nlet port 172 to
form a seal. Again, gases mnd/or liguids may {hen be aspirated through the device 150
a similay manner. The aspiration catheter 202 may then be withdrawn. The scptum 176
of the inlst part 172 end/or outlet port 174 will then astomatically seal, typically by
elosure of the cuts, Optionally, the ports raay be additionally sealed with 2 sealant or by
use of a heat sovrce or radiofrequency source.

Referring to Figs. 18A~18C, the obstruction device 150 may be deployed,
anchored and aspirated therethrongh while connected {o an aspiration catheier 210. In
this case, the access catheter 10 is positioned within the hing passageway 152 at a desired
location. Uf the catheter 10 has an inflatable occlusion balloon 13 near its distal end 14,
the balloon 18 may be inflated to secure and center the cathater 10 within the
passageway 152; however, this step is optional. As shown in Fig. 184, an aspirafion
catheler 210 camying an obstrueton device 150 is then introduced through a lumen in the
access catheter 10, As shawn in Fig. 18B, the aspiration catheter 219 is advanced so that
the obstruetion device 150 emerges from the distal end 14 of the aceess catheter 10 and
deploys within the [ung passageway 152. Bxpansion and anchoring of the obstruetion.
device 150 witlin the passageway 152 may be achieved by self-expansion ot by
cxpansion with the aid of & balloon, for exarmple, The lung tissue segment fsolated by the
devicc 150 is then aspirated through the device 150 and the attached aspiration
catheter 210. Such aspiration may remove air, gases, or liqnids from the segment and
lung passageway 132 to at least partially collapse the fung segment. As shown in Fig.
15C, the chsiruetion device 150 is then detached from the aspiration catheter 210 and left
behind in the passageway 152. The proximal end 164 of the obstruction device 150 may
comprise an inlet port 172 which would allow subsequent access to the isolated hung

tigsue segment at a later time. Alternatively, the proximal end 164 way comprise a sealsd
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end, wherein the obstruction device 150 may not b subseqnently accessed and may
provide long-terns isolation of the terminal hing tissue segment.

It may be apprecinted that the above described method may be similarly
achieved without the use of an aspiration catheter 210, In this case, the obstruction
davice 150 may be carried directly by the access catheter 10 and may be deployed while
remaining attached to the access catheter 10. Aspiration may be achieved fhrough the
obstruction device 150 and the aceess catheter 10 to remove gases from the isolated lung
tissue segment and passageway 152. The obstructive device 150 may then be dstached
from the access catheter 10 and left behind in the passageway 152 for subsequent aceess
or simple occlusion,

Al this point, alt catheters and inslruments may be withdrawn from the
patient and the obstruction device 150 may remain in its anchored position, as deseribed.
The obstruction device 150 will essentlally occluds the lung passageway 152 and prevent
the inflow or outflow of air or gases to the isolated lung tissue segment or diseused region
DR. This may be effective in maintaining the desired level of collapse of the lung tissue
segment to achieve lung volume reduction. However, at any point, the lung tissue
segment may be reaccessed and/or reaspirated by repeating the steps described above. In
addition, at any polnt, the obstruction device 150 may be removed from the lung
passageway 152, either by collapse of the expandable stuciure or by other means.

Additional embodiments of the obstructive device 150 are comprised of a
uaidirectional valve, The valve may be operated upon access or it may operste in
response to respiration. For example, when the valve is positioned in the lung
passageway, the valve may be accessed by engaging an aspiration catheter or a coupling
member to the valve. Aspiration through the aspiration catheter or coupling member then
opens the valve to remove gases and/or Hquids from the isolated lung segment.
Alternatively, the valve may open automaticatly in response to respiration. The valve
may open during expiration to allow outflow of gas from the lung segment and the close
during inspiration to prevent inflow of gas to the hing segment. In either case, the
unidirectional valves may take & mumber of forms,

One emboediment of such a unidirectional valve is illustrated in Figs. 19A-
19C. In this embodiment, the unidireciional vulve 230, front-view shown in Fig. 194, 1s
comprised of a port 232 and a flexible layer 233 which is atiached to the part 232 by at
least one point of connection 234, As shown, the fexible layer 233 may be attached to

the front surface of the port 232 at four symumelrical points of comection 234, In
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preferred embodiments, edges 236 of the layer 233 are positioned outside of the opening
of the port 232 (indicated by dashed Lings). This provides a desived seal when the valve is
in the closed position.

Side-views shown in Figs. 19B and 19C depict the valve 230 during
different stages of Lhe respiratory cyele. During expirution, ihe valve 230 opens, as
depicted in Fig. 19B. Here, expiration of gases is itlusteated by arrows. Gascs exiting
through the lung passageway, within which the valve 230 is positioned, apply force to the
backside of the flexible tayer 233 causing the layer 233 to expand outwardly away from
the surface of the port 232 2s shown. This sllows the gases to flow through the spaces
hetween the paints of connection 234. During inspiration, the valve 230 closes, as
depioted in Fig. 19C. Ilere, inspiration of air is iltustrated by an atrow, Air entering the
Jung passageway applies force to the front side of the flexible layer 233 causing the
layer 233 to scal against the surface of the port 232 us shown. This prevents gases from
flowing through the vabve 230.

Uttidirectional valves 230 may be positioned in the hung passageway 152
by methods similar to these previously described for other types of obstruction
devices 150, Asshown in Fig 26, the valve 230 may be positioned in the
passageway 152 so that the outside perimeter of the port 232 contacts the walls of the
passageway 152. Tn this way, the valve 230 is essentjally the size of the passageway
lumen and provides the maximum area for potential flow-through of gas. The valve 230
is depicted in ifs open stale, with gas flow raveling from an isolated lung tissue segment,
through the valve aud out of the patient’s airways. As shown in Fig. 21, the valve 230
may alternatively be attached o or part of tructural supports 154 which expand radially
to ancher the deviee 150 In the passageway 152. Such supports 154 are similar to those
previously described. Again, the valve 230 is depicted in its open state. It may be
appreciated that the valve 23¢ may be of any size or shape and may substituted for ény of
the inlet and/or outlet ports previously described.

Another embodiment of a tuidirsctional valve is lhesteated jn Figs. 224~
22B. In this embodiment, the valve 230 is comprised of'a port 232 and a flexible
layer 233 as in the previous embodiment. However, here the flexible layer 233 hasa
series of holes 250 through the layer. Tn addition, the valve 230 is comprised ofa
partition 252 which also has holes 250. The holes 250 may be of any size, shape or
arrangement throughout the entive or a portion of the layer 233 and partition 252, The
partition 252 covers the port 232 and the layer 233 is positioned over the partition 252, as
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Hlustrated in Fig, 22A and depicted by srrows, so that the holes 250 are substantially
misaligned and therefore blocked, The assembled valve, illustraled in Fig, 22B, does not
have any through holes 250 in the closed position. The holes 250 in the layer 233 are
blocked by the underlying partition 252. Likewise, the holes 250 in the partition 252 ave
blocked by the overlying layer 233. The layer 233 is aituched to the partition 252 and/or
port 232 along its perimeter; it may be a continuous aftachment or may have discrete
points of connection with spaccs therebetween.

Side-views shown in Figs. 23B and 23C depict the valve 230 during
different siages of the respiratory cycle. During expiration, the valve 230 opens, a3
depicted in Fig. 23B. Here, expiration of gases is llustrated by amows. Gascs cxiting
through the Tung passageway, within which the valve 230 is positioned, pass through the
holes 250 in the partition 252 and apply force to the backside of the flexible layer 233,
This causes the layer 233 to expand outwardly away from the partition 252 as showa.
This allows the gascs to flow through the holes 250 in the layer 233. During inspiration,
the valve 230 closes, as depicted in Fig. 23C. Here, inspiration of air is illustrated by an
amow. Alr eptering the Tung passageway applies force te the front side of the flexible
layer 233 vausing the layer 233 1o seal against the surface of the partition 252 as shown.
This prevents gases from ftowing throngh the valve 230, This embodiment of a
unidirestional valve 230 may be positioned in 2 lung passageway 152 by methods similar
Lo those previously described for other types of obstruction deviees 159, particularly as
shown in Figs, 20 und 21,

Although the unidirectional valves described above are shown as opcrafing
during different stages of the respiratory cycle, the valves may additionally or
alternatively be aperated manually. Valves positioncd in a lung passageway, as depicted
in Figs 20-21, may be accessed by coupling an aspiration catheter to Lhe valve. Coupling
may comprise engaging the aspiration catheter, a suitable catheter or 2 coupling member
to the valve. In some cases, particularly when the valve 230 comprises a port 232 which
is smaller in dfameser than the lumen of the ung passageway, as depicted in Fig. 21, the
distal end of the aspiration cathster or coupling member may be slid over the port to form
aseal. This was previously depicted In Fiz. 17 in relation to sealing of the aspiration
catheter 202 around an inlet port 172 of 2 non-valved obstruction device, When a valve is
present in this case, aspiration through the aspiration catheter will open the valve and
draw gases andfor liquids from the lung tissue segment. With the deseribed unidirectional
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valves 230, the suetion force of the aspiration will draw the flexible layer 233 away from
the port 232 or the partition 252 to open the valve.

Further embodiments of the obstructive device 150 are comprised of 2
blockage device 280 having no ports through which aspiration of the isolated lung tissue
segment may be achieved. After the blockage device 280 is deployed and anchored |
within a lung passal,gcway 152 leading to a lung tissue segment, the devies 280 is fo be
left as an imaplant to obstruct the passageway 152 from subsequent airflow. Although the
previously described embediments of obstmetive devices 150 having inlet and/or outlet
ports 172, 174 may be ufilized in a similar manner, the blockage device 280 may not be
later accessed to aspirate the Tung tissue segment through the device. An example of such
a blockage device 280 is {linstrated in Figs, 24 and 25,

As with the previeus obsiructive deviess, the blockage deviee 280 may be
houscd within the access catheter 10 or within a catheter that may be passed through the
aocess catheter 10. As depicted in Fig. 24, the obstructive device 150 may be compressed
or collapsed within an interior lunen of the aceess cathefer 10, The blockage device 280
depicted is one of many designs which may be uiilized. The blockage device 280 may
then be pushed out of the distal end 14 of the catheter 10, in the direction of the arrow,
into the lung passageway 152. The device 280 is to be self-expanding hy tension or
shape-meniory so that it will expand and anchor iiself io the passageway 152.

Relerming to Fig. 25, one embodiment of the blockage deviee 280
compriscs a coil 282, The coil 282 may be comprised of any type of wire, particularly
superelastic or shape-memery wite, polymer or suitable material. The tension in the
coil 282 allows the device 280 to expand to fill the passageway 152 and rest against the
walls of the passageway 152 to anchor the device 280, In addition, the coil 282 may be
conneeted to a thin polymer film 284, such as wobbing between the coils, to seal against
the surface of the lung passageway 152. Such a film 284 prevents flow of gases or liquids
through the coils, thereby providing an obstruction. Alternatively, as depicted in Fig. 25,
the coil 282 may be cncased in a sack 286. Expansion of the coil 282 within the sack 280
presses the sack 286 against the walls of the passapeway 152 forming a seal. Again, this
prevents flow of gases or ligmids, depieted by arxows, throwgh the coil 282, thersby
praviding an ebstruction. Similarly, as depicted in Fig. 26, another embodiment of the
blocKage device 280 corprises a mesh 283. The mesh 283 may be comprised of any type
of wite, particularly superelastic or shape~memory wire, polymer or suitable material.

The tension in the mesh 283 allows the device 280 to expand to fill the passageway 152
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and rest against the walls of the passageway 152 to anchor the deviee 280. In addifion,
the mesh 283 may be connected to a thin polymer film 284, such as webbing between the
lattios of the mesh, to seal against the swrface of the lung passageway 152. Sucha

film 284 prevents flow of gases or liquids through the mesh, thereby providing an
obstruction,

Referring now to Fig. 27, another embodiment of the blockage device 280
cormprises a barb-shaped stoucture 304 designed to be wedged into 2 lung passageway 152
as shown. Such 4 structtre 204 may be comprised of a solid material, ar inflatable
balloon material, or any matcrial suitable to provide z blockage function. The structure
304 may be inflated before, during or after wedging to provide sutficient anchoring m the
lung passageway. Similarly, the structure 304 may he impreguated or infused witht an
adhesive or sealant before, during or after wedging to also improve anchoring er
resistance to flow of liquids or gasses through the passageway 152,

Referring to Fig, 28, another embodiment of the blackage device 280
comprises an inflated balloos. Such a balloon may take a mumber of forms, For exauple,
the balloon may have take a variety of shapes, such 2s round, eylindrical, conical,
dogbousd, or multi-sectional, to name 5 fow, Or, 4 series of distinet or intersonneeted
balloons may be utilized. Further, the surface of the balloon may be cnhanccd by, for
sxample, corrugation or fexturing to improve anchoring of the balloon within the hung
passageway. Fig 28 illustrates a cylindrical-type balloon 300 with textured friction bands
302 which contact the walls of the lung passageway 152 when the balloon 300 is inflated
as shown, -

It may be appreciated that such balloons may be inflated with an number
of materials, including saline, gas, suitable liquids, expanding foam, and adhesive, to
name a few. Further, a multi-layer bulleon 310 may be utilized, as shown in Fig, 25,
which allows the Wjection of adhesive 312 or suitable material between an outer layer
314 and an inner layer 316-0f the balloon 310, Such adhesive 312 may pravide a
hardened shell on the obstruction device 280 (o improve ifs vbstruction abifities. As
shown, the balloon 310 may be inflated within the inner layer 316 with a foam 318 or
other material, Similarly, as shown in Fig. 30, the outer layer 314 of the blockage deviee
280 may contain holes, pares, slits ar openings 320 which allow the adhesive 312 io
cmierge through the outer [ayer 314 to the outside surface of the multi-layer balloon 310.
When the balloon 310 is inflated within a lung passageway 152, the outer layer 314 of the
balloon 310 will press against the walls of the passageway 152 and the adbesive 312 will
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bond with the walls in which it contacts. Such adhesion is designed lo improve
anchorage and obstmctive abilitics of the blockage device 280,

Tt may alse be appreciated that the above described blockage devices may
be impregnated, coated or otherwise deliver an antibiotic agent, such as silver nitrate,
Such incorporation may be by ay means appropxiste for delivery of the agent 1o the lung
passageway. In particular, a multi-layer balloon may be provided which allows the
injection of zn antibiotic agent between an outer layer and an inmer layer of the balloon
310. As previously described and depicted in Fig. 30, the outer layer 314 of the blockage
device 280 may contain holcs, porcs, slits or openings 320 which allow the agent to
emerge through the outer layer 314 to the ontside surface of the multi-layer balloon 310.
Thus, the ageut may be delivered to the walls and’or the lung passageway.

It ruay further be appreciated that the blockage device 280 may comprise a
variely of designs having various lengths and shapes. [n addition, many of the designs
illustrated for use as a blockage device 280 may also be adapted with an aspiration port
for use as deseribed in relation 1o the previonsly ilkustrated embodiments of obgtruction
devices 150. For example, such a port 172 having a seplum 176 is shown ﬁ Fig. 30. If
the pori is not accessed, the device simply serves as a blockage device 280, Thus,
some cases, hlockage devices 280 and obstructive devices 150 are synonymous.

Referring now to Fig. 31, kits 400 according 1o the present invention
comprise al least an obstruction or blockage device 500 and instructions for use [FU,
Optionally, the kits may further include any of the other system corapeonents deseribed
above, such as an access catheter [0, gnidewire 402, access tube 204, aspiration
catheter 202 or other components. The instruetions for use IFU will set forth any of the
methods as deseribed above, and 2l kit components will usually be packeged together in
s pouch 450 or other conventional medical device packaging. Usnally, those kit
components which will be used in performing the procedure on the patfent will be
sterilized and maintained sterilsly within the kit. Optionally, separate pouches, bags,
tuays, or other packeging may be provided within a latger package, where the smaller
packs may be opened separately and separately maintain the components in a sterile
fashion.

While the above iz a complete description of the preferred embodiments of
the invention, various alternatives, madifeations, and equivalents may be used,
Therefore, the above description should not be taken as limiting the scope of the
invention which is defined by the ai:;psﬂded claims.
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WHAT IS CLAIMED IS:

[, A device for obstructing and bleeding gas from a lung tissue
segment, said device comprising:

an expandable stracturs which is deployable within a lung passageway;
and

nieans for the expandable structure for blocking airflow in one direction

therethrongh and permitting airflow in the other direction therefirough.

2. A device a3 ip ¢laim 1, wherein the blocking means comprises a

valve.

3 A device as in claim 2, whereint the valve is biased to open in

response to expiration and remain closed in responss to inspiration.

4. A devies s in ¢laim 2, wherein the valve is biased (o open in

responise to an aspiration vacuum applicd by an aspiration cathetor.

5. A device as in claim 4, further comprising a port for selectively

coupling to an aspiration catheter,

6. A device a3 in claiv 4, wherein the blocking means comprises a
self-scaling scplum, wherein a penefrating clement on an aspiration catheter can be
selectively penetrated through the septum to draw air therethrough.

7. A device as in anty of the precesding claims, wherein the
expandable structuce contprises superslastic, shape-memory or spring tempered wire so
thal the expandable structure is self-expaoding.

8. A dovice as in cluim 7, wherein the expandable structure comoprises

a coil.

9. A device as in claim 7, wherein the expandable structure comprises
radial segments which ailow the device to expand and fongitudinal segments which rest

against the lung passageway,

10, A systcm for obstructing a hung pussageway to = lung tissue
segment, sajd system comprising: '
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an access catheter having u proximal end, a distal end, and at least one
Tumen extending therethrough, and
an obstryction a3 in uny of claims 1-10, wherein the obstruction device is

infroduceable by the access catheter,

11. A system as in claim 10, wherein the obstruction deviee is

houseable within a lumen of the access catheter for deployment out of its distal end.

12, Asystew ag in claim 10, wherein the olstruction. device is

mountable on the acoess catheter near its distal ond.

13.  Alkitcomprising:

a1 obstruction device deployable within a lung passageway; and

instructions for use according to a methad of lung volume reduction
comprising:

deploying an obstructive device in a lung passageway 1o a hing fissue
segment; and

uspiruling the segment through the deployed abstructive device to at least
pardally collapse the lung segment.

14, Akit as in claim 13, further comprising an aceess catheter having &

proximal end, a distal end, and at least onc lumen cxicnding therethrough.
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METHODS AND DEVICES FOR OBSTRUCTING AND ASPIRATING
LUNG TISSUE SEGMENTS
CROSS-REFERENCHS 10 RELATED APPLICATIONS
The disclosure of this application is related to copending application no.
05/699,313, filed on the same day, tha full disclosure of which is Incorporated herein by

reference.

BACKGROUND QI TLE INVENTION
1. Field of the Invention

The present invention relates generally to medical methods, systems, and
kits. More particularty, the prasent invention relates to methods and apparatus for
effecting lung valume reduction by aspirating isolated segments of lung tissue.

Chrenie obstructive pulmonary diseass is a significant modical problem
alfecting 16 million people or about 6% of the U.S. population. Specific diseases in this
group inclnde chronic bronchitis, asthmatic bronchitis, and emphysema. 'While a number
of therapeutic inferventions are used and have been proposed, none are completely
effective, and chronic obstructive pulmonary disease remaing the fourth most common
cause of death in the United States. Thus, improved and alternative treatments and
therapies would be of significant bensfit.

Of pariicular interest to the present invention, lung function in paticnts
suttcring from some forms of chronic obstruetive pulmonary disease can be improved by
reducing the effective lung volume, typically by resecting diseased porticns ef the lung.
Reseviion of diseased portions of the lungs both promotes cxpansion of the non-discased
regions of the ung and decreases the portion of inhaled air which goes into the lungs but
is unable to transfer oxygen to the blood. Lung reduction is conventionally performed in
open chest or thoracoscopie procedures where the lung is Tesected, Lypically using
sluphng devices having integral cutting blades.

While effective in many cases, cenventional lung reduction surgery is
significantly traumatic to the patient, even when thoracoscopic procedures arc cmployed.
Such procedures ofien resull in the unintentional removal of healthy lung tissue, and
frequently leave perforations or other discontinuities in the lung which result in air
leakage from the remaining lung. Bven technically snecessful procedures can cause
respiratory failure, pnenmonia, and deuth. In addition, many older or compromiscd

patients are not able to bo candidules for these procedures. For these reasons, it would be
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desirsble to provide improved msthods, systems, and kits for performing lung volume

roduction which overcome at Icast some of the shortcomings noted ubove.

2. Description of the Backeround Art

WO 59/01076 and corresponding U.S. Patent Ne. 5,957,919 describes
devices and methods for reducing the size of lung tissue by applying heat encray to shrink
collagen in the tisswe, In one cmbodiment, air may be removed from a bleb in the lung to
reduce ils size. Afr passages to the bleb may ther b sealed, e. 2., by heating, to fix the
sizc of the bleb. WO 08/48706 describes a plug-like device for placement in a lung air
passage to isolate a region of lung tissue, where air is not removed from the tissue prior to
plugging. ‘WO 98/49191 describes the use of surfactants in lung lavage for troating
rcspiratory distress syndrome. .8, Patent No. 5,925,060 may also be of intersst,

Patenis and applications relating to lung ancess, diagrosis, zud treatment
include U.S. Patent Nos. 5,957,049; 5,840,064; 5,830,222; 5,752,921; 5,707,352,
5,682,880; 5,660,175; 5,653,231, 5,645,519, 5,642,730; 5,508,840, 5,499,625; 5,477,851;
5.361,753; 5,331,947; 5,309,903, 5,283,778; 5,146,916; 5,143,062; 5,056,529; 4,976,710
4,955,375, 4,561,738, 4,958,932; 4,949,716; 4,896,041; 4,862,874; 4,850,371 4,846,153;
4,819,604; 4,784,133; 4,742 819; 4,716,806; 4,567,882; 4,453,545: 4,468.216; 4,327,721;
4,327,720; 4,041,936; 3,913,568 3,866,399, 3,776,222; 3,677,262; 3,669,098; 3,542,026,
3,498,286; 3,322,126; WO 95/33506, and WO 92/10971,

Lung volume reduction surgery is deseribed in many publications,
including Becker et al. (1998) Am. I. Respir. Crit. Care Med. 157:1593-1599;
Criner et al. (1998) Am, J, Respir. Crit. Care Med. 157:1578-1585; Kotloff et al. (1998)
Chest 113:890-893; and Ojo et al. (1997) Chest 112:1484-1500.

The use of imucolylic agenis for clearing [ung obstructions is described in
Sciafani (1999) AARC Timcs, January, 69-97. Use of a balloon-cuffed
bronehofiberseope to reinflate a lung segment suffering from reftactory atelectasis 1s
described in Harada et al. (1983) Chest 84:725-728.

SUMMARY OF THE INVENTION
The present inventien provides improved methods, systems, devices and
kits for petforming lung volume reduction in patients suffering from chromic ohstructive
pulmonary disease or other conditions where isolation of 4 lung segment or reduction of

lung volume is desired. The present invention is Hkewise suitahle for the treatment of
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bronchoplenral fistula. The methods are minimally invasive with instruments being
intreduced through the mouth (endotracheally) and rely on isolating the target Tung tissue
segment from other tegions of the lung. Tsolation is achieved by deploying an obstructive
device in a kung passageway leading to the target lung tissue segment. Oncc the
ohstructive device is anchored in place, the segmeni can bo aspirated through the device.
This may be achicved by a number of methods, including coupling an aspiration catheter
to an inlct port on the chatruction devics and aspirating through the port. O, providing
the port with a valve which allows outflow of gas from the isolated lung tissuc scgment
during expiration of the respiratory eyele but prevents inflow of air during inspiration. Tn
addition, 2 number of other methods may be used. The cbstructive device 1nay remain us
an implant, to matntain jsclation and optionally allow subsequent aspiration, or the device
may be removed at any time. Likewisc, the device may biodegrade over a period of time.

The obstruction device may take a variety of forms to allow delivery,
deployment and anchoring in a lung passageway. Delivery is commonly performed with
the use of & minimally invasive device, such us a flexible brenchoscope or an access
catheter. The flexible bronchoscope may be utilized with a sheath having an inflatable
cuff disposed near its distal end, a firll description of which is provided in co-pending
application [Alivmey Docket No. 017534-001.300], assigned to the assignee of the
prasent invention and incorporated by reference for all purposes. When using such a
sheath, the scope is introduced into a humen in the sheath to form an assembly which is
then ntroduced to the Inng passageway, The cullimuy then be inflated fo occlude the
passagcway, Similarly, an access catheter may be used which may he stzerahle or
articulating, may inchide an inflatable balloon cuff near its distal end and may include a
number of lenens for balloon inflation, tracking vver a guidewire, and optical imaging, to
name a few. The obsiruction device is typically honsed within 4 lumen of the access
catheter, bronchoscope, sheath or suitable device, mounted near the distal tip of the
catheter or carried by any method to the desived lung passageway leading to the target
lung tissue segment. Thercfore, the vbstruction device must be sized appropriately for
such delivery and is typically designed to expand upon deployment to anchor within the
tung passageway. Hereinafter the present invention is depicted in relation to use with an
access catheter, however it may be spprecialed (hat any suitable device may be used.

In a first aspect of the present invention, the ohstruction device coniprises
a structural support which cxpands and thereby anchors the device in the lung

passageway. Such supports may comprise n number of configurations for a variety of
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expansion techniques, For example, the slructural supports may allow the obstruction
device to coil, roll, hend, straighten or fold in a cone, rod, cylinder or other shape for
delivery. ‘Then, once positioncd in a desired location, the obstruction device may be
released and expanded to anchor the device iiL the passageway. Such expunsion may he
unaided, such as in the release of a comnpressed structure to a pre-formed expanded
position. Ot, such expunsion may be aided, such as with the use of an inflatable balloon
or cuff. Tn some cages, a ballaon or inflatable member may be incorporated inlo the
obstruction device and may remain inflated to occlude the passagewuy, This may be
provided in combination with structural supports or an inflatable balloon or similar deviee
may be used without such support.

The structural supports may be comprised of any type of wire, partieudarly
superelastic, shape-memory or spring tempered wire, or any type of polymer or a suifable
material. The balloon or inflatable member may bu comprised of any flesible, polymeric
inaterial suitable for such a purpose, The member may he inflated with gas or Kquid as
desired, or it may be inflated wilh an cxpanding fosm or similar muterial, Likewise, it
may be inflated or injected with an adhesive. Such un adhesive may expand the rember
and/or rigidify the member to reduce the likelilood of collapse. Further, the adhesive
may additionally serve to bond the device to the walls of the lung passageway to increasc
ancharage. Tn addition, the device may be impregnated or coated with an antibiotic agent,
such as silver nitrate, orsimilar agent for delivery of the agent to the lung passageway.
Such delivery may oceur by any applicable means.

When struetural suppotts ate present, such supports may compriss a
varlety of desiyng. In a first emhodiment, the structural supports comprise radial
seguicnls which expand to fill the pussagoway and longitudinal segments whick rest
against the walls of the passageway to help anchor the device. In a second embodiment,
the stiuctural supports comprise 2 mesh which expands to fill the passagewuy. In a third
smbediment, the structueal supports comprise a helically or spirally wound wire which
also expands to contact the walls of the passageway and anchor the device. In sach of
these embodiments, the structural support may be connected with or encapsulated in &
sack comprised of a thin polymeric film, open or closed cell foam or other suitable

material to provide a seal against walls of the lung passageway and obsiruct airflow
through the device. The sack material may also be infused with an adhesive, sealant or
other material to improve obstruction of the uirway and passibly improve adhesion to the

airway walls,
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In 4 second aspeet of the present invention, the obstruction device may
[urther comprise ports for aspiration through the device. This may allow aceess © the
collapsed [ung segment at a Jater time, for example, in the case of an infection. Typically,
the obstruction device will have an inlet port located near the proximal end of the device,
wway from the isolated lung tissue segment. Such a port is thus uceessible by minimafly
invasive devices, such as an aspiration catheter, which may be advanced through the
bronehial passageways. Optionally, an outlel porl may be lacated near the distat end of
the obstruction doviee. The ports may comprise a varicty of designs for a pumber of
purposes.
1nn u first embodiment, the port comprises a self-sealing septum. Such a
septum may comprise a solid membrane or a pre-cut membrane. Aspiration through the
porl may be achieved with the use of i aspiration catheter having an access tube or
penelrating element at its distal end. Such « catheter may be advanced to the site of the
obstruction device itselF or with the use of an accoss catheter, The septum may be
penotrated, sither pierced through 4 solid membrane or passed through the cuts of a pre-
cut membrane, by the access tube. Depending on (he design of the obstruction device, ihe
inlet port and optionally the outlet port may he penetrated in this fashion, Aspiration may
be achieved fhrongh the access tube und aspiration catheter to withdraw gases and/or
liquids from the isolated lung tissue segment and passageway. Optionally, prior to
aspiration, a 100% oxygen, Helium-Oxygen mixiure or low molecnlar weight gas
washout of the lung segment may be performad by introducing such gas through the
acocss tube, such as by a Wgh frequency jet ventilation process. In this cuse, aspiration
would remove both the introduced gas and any remuining gas. Similarly, liquid
perflucrocarbon or certain drugs, such as antibiotics, retinoic acid and hyaluronic acid,
muy be introduced prior to aspiration. In most cases, aspiration will at least portially
collapsc the kmg ssgment. Upon removal of the uspiration catheter from the port, the
septum may self-scal ot it may be further sealed with a scalant or other sealing means for
laier aoess or permanent closurc.

When the self-sealing septum comprises a pre-cut membrane, aspiration
threugh the port may alternatively be achieved by coupling en aspiration catheter to the
obstructive device, Coupling may comprise engaging the aspiration catheter to the port or
sliding a coupling member or the aspiration catheter over the port to form a seal. In either
cuse, suction throngh the aspiration catheter may allow gases and/or liquids to pass

through the culs in the membrane to be withdrawn from (he isolated lung tissne segment
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and passageway. Again, this will at least partially collapse the lung segment. Likewi se,
upon removal of the aspiration cathcter from the port, (he scptam may self-seal or it may
be furlher scaled with a scalant or other sealing means for later access or permanent
closure,

In a second embodiment, the port comprises 4 umidirectional vitve, Sucha
valve may comprise a purt covered by a flexible layer which is attached to the port by at
least one point of connection. Movement of the layer away from the port opens the valve
and movement ugainst the port eloses the valve. Wherein the Hexible layer is solid,
movemenl of the layer away from the port allows gos to flow hetween the points of
connection and around the edges of the flexible layer. Altematively, the flexible layer
may have holes thercthrough. In this cuse, the port may also comprise & partition having
holes which are not aligned with the holes in the fexible layer. Movemenl of the layer
away from the port allows gas to flow through the holes in the partition and out through
the holes in the flexible layer, When the layer moves against the partition, the hoies will
be covered ¢losing the valve, Other valve designs include a spring-loaded ball vaive ot a
biased pre-loaded diaphragm valve.

Aspiration through a unidircctional valve may be achicved by 2 number of
methods. Again, the port may be accessed by advanuing an aspiration cathelor ar similar
deviee through the bronchiu! passageways to the site of the obstruction device. This may
optionally be achieved with the use of an access catherer. The uspiration cathster may be
Dlaced near the valve or engaged {v the valve, whetein suclion or vacuum applied through
the callicter apens the valve. Ifthe aspiration catheter is not engaged to the vaive,
adequate suction 1o open the valve may be achicved by occluding the passageway
proximal to the point of suction which is typically the distul end of the aspiration cathetar.
Such occlusion may be achieved by inflating a balloen ot ecchusion device mounted on
the distal end of the aspiration catheter o mounied on an acoess catheter. In either case,
the vacuum may drew the flexible layer away from the pott, allowing gases and/or liquids
to flow out frem the isolated lung segment, through the valve and into the uspiration
catheter. Alternatively, aspiration throngh a unidirectional valve may be achieved

naturally during respiration. Pressure changos may open the valve duting expiration as
gases flow out [rom the isolated hing segment. Reverse pressure changes, during
inspiration, may close the valve preventing gases from flowing into the isolated segment.
This may reduce the amount of gas trapped in the terminal segment over time and thus af

Ieast partially collapse the ung segmen, Similarly, aspiration through the unidirectional

6

JP 2004-512893 A 2004.4.30



L T e T e T e Y e B e |
L T e T e T e T e T e T e Y e, T e T s O e, O e O e O e, T e B e O e R e e T e R e R e |
—

20

30

(80)

WO 021038038 PCT/USOL/51092

valve may be achieved by extemal mechanical pressure on the lung to force out of the
Iomg segmient and through the valve. Again, reverse pressurc changes upon recoil of the
lung would close the valve preventing guses from flowin, g into the isolaed segment.

In a third aspect of the present invention, the obsiryction device may
comptise a blockage device which is deployed in 2 tung pagsageway (o close the alrway.
Such a blockage device may be of similar design as previcusly described obstruction
devices as it may be similarly delivered, deployed and anchored within a lung‘
passageway. Thus, embodiments of the blockage device Lypically comprise expandable
Support structures. Hor example, in one embodiment the support structure comprises a
coil. And, in a second smboditnent, the support structurs comprises 4 mesh, Again, the
suppott structures may be cormucted to or encased in a polymer film or sack 1o provide a
seal against the walls of the lung passageway and obstruct airflow through the device,
Typically the blockage device will be placed in the passageway after the terminal lung
segment has been aspirated by other methods. This will seal off the lunp segment and
maintain lung volume reduction. Alteratively, the blockage device may be placed in the
passageway before the terminal lung segment has been aspirated. In this case, air trapped
inthe lung segment may be absorbed over time and would evenlually collapse, a process
known as absorption ateleclasis. This process may be enhanced by insufflating the lung
segiuent with 100% oxygen, a Helium-Oxygen mixtute or low molecular weight gas prior
to placing the hlackage device. Such cnhancement may promote conplete collapse of the
lung segment. In auy casc, the biockage device may oplionzlly be later removed ifit is
s0 desired.

Methads of the present invention include the utilization of an obstruction
device to achieve Inng volume reduction. As described above, methods include delivery,
deployment and anchoring of an obstruction device in a lung passageway leading (v a
target huny tissue segment. At least purtial collapse of the tenminal lung fissuc segment
may be achieved by aspirating lhe segment through the obstruction device d eployed in the
passageway. Aspiration may be acconplished with the use of an aspiration calheler or
similar device through a port on the obstruction device. Also described above, when the
port comprises a unidirectional valve, aspiration and eventual hung volume reduction may
be accomplished by the opening and closing of the valve in response the respiratory
cycle. In addition, methods of the present invention include deploymert of a blockage
device in a lung passageway leading (o a terminal Tumgs tissue segment, as previously
described.

JP 2004-512893 A 2004.4.30
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Systems of the present invention may include any of the componeats
described in relation to the present invention. A particular embodiment of 2 system of the
present invendion comprises an acuess catheter and an obstruction device, as desctibed
above, wherein the obstruction device is introducesble by the access catheter. For
example, the obsiuclion device may be houseable within a Jumen of the access catheter
for deployment out the distal end of the catheter, or the obstruction device may be
moumtable on the access eatheler near its distal end. Tu either vase, the ohstruction device
may be deployed and unchorcd within a lung passageway.

The methods and apparatuses of the present invention may bc provided in
one or more kits for such use. The kits may comptise an obsiruction device deployable
within a lung passageway and instructions for use. Optionally, such kits may forther
include any of the othet system components desetibed in relation to the present invention
and any other materials or ifems rolevant to the present invention.

Other objects and advantages of the present invention will become
apparent from the delailed description to follow, together with the accompunying

drawings,

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective illustration ot an access catheter useful in the
methods, systems, and kits of the present invention.

Fig. 2 is a cross-scotional view taken along line 2 to a Fig. 1.

Figs. 3A-3F illustrats alternative cross-sectional views of the acccss
catheter of Fig. 1.

Figs. 4A-4C illustrate a steerable imaging guidewire which may be used to
facilitate positioning of the access catheter used in the methods of the Ppresent invention.

Fig. SA fltusteates use of the access catheter of Fig. 1 for accessing a target
lung tissuc segment according the lo the methods of the present invention.

Fig. 5B illustrarcs use of a visualizing tracheal tube with the aveess
catheter of Fig. 1 for accessing a target tissuc segment according the to the methods of the
present invention.

Fig. 6 illuslrates a method of deployment or delivery of an vbslructive
device.

Figs. 7A-TB are perspeclive views of conboditments of obstructive devicss

having, snong olher featires, radiel and Ion gitudinal structural supports.

8
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Fig. 8 is a perspective view of an embadiment of an ahstructive device in &

rolled configuration prior Lo release in a lung passageway.

Fig. 9 is a perspective view of an embodiment of & roiled, cylindrical

shaped obstructive device in an expanded state within a flexible sack.

device.

Fig. 10 illustrates an embodiment of a donble conical shaped cbstructive

Fig. 11 is a perspective view of an embodiment of an chstructive device

having, zmong other features, 2 mesh structural support encased by a polymer film.

Fig. 12 s y perspective view of an smbodiment of an obstruciive device

haviuy, among other features, a spiral stractural support,

Fig. 13 is a perepective view of an embodiment of an obstructive device

having 2 cone shape with an inlet port at the apex of the cone,

Figs. 14A-14C illustrate emhodiments of self-sealing scptums of the

presend nvention,

Fig. 15 fllustrales » method of aspirating through an obstructive device by

inserting an access twbe through a septum of an inlet poct,

Fig. 16 fitustrates a method of aspirating through an obstmctive device by

contacting an aspiration catheter to an inlet port.

Fig. 17 illusrates a method of aspirating through an obstructive device by

sliding the distal end of an aspiration catheter over an inlet pott.

Figs. 18A-18C illustrate a methed of deploying, anchoring and aspirating

through an obstruction device while such a device is connected to an aspiration catheter.

Fig. 19A is a front view of an embodiment of a unidirectional valve of the

present invention. Figs, 19B-19C are perspeciive vicws of the unidirectional valve of

Fig. 19A in varicus stages of aperation,

Figs, 20-21 illustrate positioning of embodimenls of unidirectional valves

of the prescat invention in a Tong passagewuy.

Figs. 22A-22B arc front views of an embodiment of a unidircetional valve

of the present invention.

Figs. 23A-23B are perspective views of the unidirectional valve of

Figs. 21A4-21B in various stages of oprralion,

device.

Fig, 24 illustrales a method of deployment or delivery of a blockage
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Fig, 25 illustrates an embodiment of & blockage device comprising u ¢eil
encused in a polymer filn,

Fig. 26 illustrates an embodiment of a blockage device comprising a mesh
connected to a polymer film.

Big. 27 illustrates an embediment of a blockage device cotmprising & barh-
shaped structure.

Fig, 28 llustrates an embodiment of u blockage device having a
cylindrival-lype balloon with textured friction, bands.

Fig. 26 depicts un cmbodiment of a blockage device comprising a multi-
layer balloon which has an adhesive material belween an outer tayer and an inner layer of
the balloon.

Fig. 30 illustratcs an embodiment of a hlockage deviee which is similar to
that of Fig. 29, including epenings in the onter layer through which adhesive may seep.

Fig. 31 illustrates a kit constructad in accordance with the principles of the

pruseni invention.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

Lung volume reduction is performed by collapsing a target lung tissuc
segment, usually within lobar or sub-lobular reginns of the lung which reccive air through
a single lung passage, i.c., scgment of the branching bronchus which deliver to and
receive air from the alveolar regions of the lung. Such isolated Tung tissue segments arc
first isolated and then collapsed by aspiration of the air (or other gases or liguids which
may be present) from the target lung tissue segment. Lung tissue has a very high
pereentage of void velume, se removul of internal gases can reducs the lung tissue to u
small percentage of the volume wlhich it has when fully inflated, {.e. inflated at normal
inspiratory pressures. The cxemplary and preferred percentages for the valume reduction
are set fortl ubove,

The methods of the present invention will generally rely on accessing the
target lung tissue segment using an access catheter adapted to be infroduced
endotracheully into the bronchus of the Tung. An, sxemplary access catheter 10 is
illustrated in Figs. 1 and 2 and comprises a cathcter body 12 having a distal end (4,
proximal end 16, and at leasl onc lamen therethrough. Optionally, the catheter 10 further
comprises an inflatable occlusion balloon 18 near its distal end. In this case, the catheter

will have at least two lumcns, a central lumen 20 and 4 balloon, inflation lunen 22, As
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shown in Fig. 2, the balloon inflation lumen 22 may se an annular lunen defined by inner
body member 24 and outer body member 26 which is coaxially disposed about the inner
body member. The lumen 22 opens to port 30 on a proximal hub 32 and provides for
inflation of balleen 18, The central lumen 20 opens fo part 36 on b 32 und provides for
mulliple functions, ineluding optional introduction ever a guidewire, aspiration,
introduetion of secondary catheters, and the like.

The dirnensions and matcrials of access cathoter 10 ate selected to permit
endotracheai introduction and intralumingl advancement through the lung bronchus or
passageway, optionally over a guidewire und/or (hrough a primary tracheal tube structure
(as Mustrated in Fig. 4B below). Suitable materials include low and high density
polyethyloncs, polyamides, nylons, PTFE, PEEK, and the Like, parlicularly for the inner
tubular member 24. The outer member, iucluding the occlusion balloon, can be made
from elastoreric materials, such as polyvrethane, low density polysthylene,
polyvinylchloride, stlicone ruhber, latex, and the like. Opticnally, portions uf the outer
tubular member 26 proximal to the inflatable balloon can be made thicker and/or
reinforced so that they do not dilate upon pressarization of the balloon. Exemplary

dimensions for the access catheter 10 are set forth in the table below.

ACCESS CATHETER DIMENSIONS
Exemplary Preferred
Inner Tubular | Quter Tubular | Inper Tubulur | Ouier Tubular
Member M Memb. Member
Outer Diatnsier (mm) 044 0.6-4.5 1-15 24
Wall Thickness (mm) 0.05-D.25 0.5-0.25 0.1-0.2 0.15-0.25
Length (cm) 50-150 same 50-80 same
Balloon Lenpth (mny} 5-50 16-20
Balloon Diamcter (mm) 220 6-13
(inflated) _

The access catheter 10 may be modified in a number of ways, some of
which are illustrated in Figs. 3A-3F. For example, instead of an funer and onter vouxial
tube construction, the eathcter can be a singls extrusion having a catheter body 30 wilh a
circular main lumen 32 and a crescent-shaped inflation lumen 34, as illustrated in

Fig. 3A. Alternatively, catheter body 40 may be formed as 2 single extrusion having
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thres lumens, i.e., a primary lumen 42 for receiving a goidewire, applying aspiration,
and/or delivering secondary cathelers. A second lumen 44 can be provided for inflating
the occlusion halloon, and a third lumen 46 can be provided as an alicrmative guidewire or
aspiration lumen. Catheter body 50 comprising a main tubular body 52 having an outer
layer 54 fused thereover to define a lumen 56 suitable for balloon inflation as shown in
Fip. 3C. A primary lumen 38 is formed within the main tubular member 52, As a slight
alternative, catheter body 60 can be formed from a primary tubular member 62, and a
scoondary tubular member 64, where the tubular members ars held together by an outer
member 66, such as a layer which is applied by heat shrinking, The primary tubular
member 62 provides the main lumen 68 while secondary tube 64 provides a secondary
lumen 70, The sceondary luinen 70 will typically be used for balloon inflation, while the
primary Tumen 68 can be used for all other tunctions of the acecss catheter,

Qptionally, the access catheter in the present invention can be provided
wiih oplical imuging capability. As shown in Fig. 3E, catheter body 80 can be formed to
include four humens, typically by conventional extrusion processes. Lumen 82 is suitabls
for passage over a guidewire. Lumens 84 and 86 both contain light fibers 88 for
lunipation, Lumen 90 carries an optical wave gnide or image fiber 92. Lumen 82 can
he used for irrigation and aspiration, typically after the guidewire is withdrawn, Balloon
inflation can be effected through the space remaining and lumens 84 and 86 surrounding
the light fibers 83. A second catheter body 100 is formed as a coaxial arrangement of a
numbcr separate tubes, Quter tube 102 contains a separate guidewirs tube 104 defining
lurnen 106 which permits introduction over a guidewire as well as perfusion and
aspiration after the guidewirs is removed. Second inmer tubular member 110 will carry an
optical image fber 112 und « pluralily of light fibers 112 are passed witlur: the remaining
space 114 within the outer tubular member. In both catheter constructions 80 and 100,
forward imaging can e effected by illuminating through the light fibers and detecting an
image (hrough a lens at the distal end of the catheter. The image can be displayed on
conventional cathode-ray or other types of imaging screens. In parlicular, as described
below, forward imaging pertnits a user to selectively place the guidewire for advancing
the catheters through a desired route through the branching bronchus.

Usuaily, positioning of a guidewire through the branching bronehus will
be manipulated while viewing through the imaging components of the access catheter. In
this way, the access catheter can be "inched" along by alternately advancing the

guidewire and the access catheter. As an alternative to providing the access catheter with
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imaging, positioning could he done solely by fluoroscopy. As a further alternative, a
steerable, imaging guidewire 300 (Figs. 24A-4C) could be used. The guidewire 300
includes a deflectabic tip 302 which can he deflected in a single plane nsing push/pull
ribbon 304, Usually, the tip will comprise a spring 306 to facilitate deflection, In
addition to siearability, the gnidewire 300 will include au oplical imaging wave guide 310
and illuminating cptical fibers 312, as best seen in cross-sectional view of Fig, 4C. Thus,
the guidewirc 300 can be steared through the branching bronchus to reach the targel tissuc
segment using its own in sifu imaging capability. Once the guidewiro 300 is in place, an
access catheler cun be introduced to the target lung tissue segment as well. Since the
guidewirc has imaging capability, the access catheter need not incorporate such imaging.
This can be an advantage since it pennits the access lumen W be made larger since the
catheter nged nol carry any optical wave goides.

Referring now to Fig. SA, a catheter 10 can be advanced to a lung tissue
segment, specifically a diseased region DR, within a lung L through a palient’s trachea 'I'.
Advancsment throngh the trachea T is relatively simple and will optionally emplay an
endotracheal tabe and/or a guidewire to select the advancement route through the
branching bronchus. The endotracheal tube may have a thin-walled design wherein the
inner diameter is larger than in standard endotracheal tubes. Standard cndotracheal tubes
huve u 7.0 mm [D with a 10 mm OD. The thin-walled desigh would have 2 9.0 mm ID
with a 10 mm OD; the larger ID allows the insertion of a larger instrument while
providing adequate ventilation, Steering can be cffceted under real time imaging using
the imaging aceess valhelers illustrated in Figs. 3E and 3F. Optionally, the access
catheter 10 may be introduced through a visualizing tracheal tube, such as that described
in U.S. Patent No. 5,285,778, licensed to the assignee of the presenl upphication, As
shown in Fig. 5B, the visualizing endoiracheal fube 120 includes an occlusion cuff 122
wlich may be inflated within the trachea just above the branch of the left bronchus and
right bronchus 1.B and RB, respectively. The visualicing endotrachesi tube 120 includes
a forward-viewing optical systemn, typically including both illumination fibers and an
image fiber to permit dirsol viewing of the main branch between the left bronchus LB and
right brenchius RB. Thus, initial placement of the access catheter 10 can be made under
visualization of the visnalizing endotracheal tube 120 and optivnally the access
catheter 10 itseIf. Tt may be uppreciuled that the access catheter may be positioned with
ar without the use of a trachea tube or similar device. When such a device is vsed, it may

talee 4 number of forms and may be positioned in a number of loeations. For cxample, the
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trachea tube or device may be positioned as shawn in Tig. 5A, or it may be positioned to
achieve “one lung venlilation” wherein the side of the lung not involved n the corrective
pracedure will be properly ventilated. Likewise, the access catheter may ba positioned
under local anesthesia without intubation. In any case, referring again in particular to
Fig. 5A, the access catheter 10 is advanced untilits distal end 14 reaches a region in the
bronchus or lung passageway which Icads dircetly into the discased region DR,

Ongee the distal end 14 of the access catheter 10 is positioned in a desired
location within the lung passageway, an. obstiuctive device may be deployed in the
passageway, The mothod of deployment or delivery of the obstructive deviee is
dependent on a number of factors, particularly the design of the obsttuctive device itself.
Typically, the obstructive device is housed within the access catheter 10 or within a
cathcter that may be passed through the access cutheter 10, As depicted n Fig. 6, the
obstructive device 150 may be compressed or collapsed within an interior lJumen of the
access catheter 10. The obstuctive device 150 depicted is one of many designs which
may be utilized. The obstructive device 150 may then be pushed out of the distal end 14
ofthe catheter 10, in the direction of the arrow, into the lung passageway 152, Ifthe
devics 150 is self-expanding, for example by tension or shape-memory. the device 150
will expand and anchor itsclf in the passageway 152, If the deviee 150 is not self-
expanding, it may be expanded with the usc of a balloon or other mechanism provided by
the access catheter 10, a catheter or device delivered throngh the access catheter 10, or
another device. Similarly, the obstructive device 150 may be mounted or crimped over
the access catheter 10 (not shown) or & delivery catheter and delivered to the desired
tocation. A sheath may then be placed over the device 150 during insertion. Deployment
ofthe device 150 may be achieved by withdrawing the sheath and allowing the
device 150 to self-expand or expanding the device 150 wiih the usc of a balloon or other
mechanism.

A variety of embodiments of obstructive devices 150 are provided. To
begin, a number of embodiments of the obsiruclive device 150 are comprised of structaral
supports which expand to anchor the device 150 in the passageway 152. Referring to Fig.
7A, the supports 154 may be comprised of radial segments 160 and longitudinal
segments 162. The radin] ssgments 160 allow the device 150 o expund (o fill the
passageway 152 and the longiludinal segments 162 rest against the walls of the
passageway 132 1o help anchor the device 150. The supports 154 may be individual, as

shown in Fig. 7A, or may be connected to one another, as shown in Fig, 7B, for example.
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In addition, the supports 154 may continue along a proximal end 164 and distal end 166
of the device 150, as shown in [ip. 7A, or the supports 154 may not he present at such
ends 164, 166, as shown in Fig, 7B.

Refurring to Figs. 8-11, the supports 154 muy be comprised of u mesh 170
or similar interlocking structure. As shown in Fig. 8, the mesh 170 may be ceiled or
rolled into a eylindrical shape to £it within an inner Juteen of a delivery or access catheter
or to be mounted on the end of a such a delivery or access catheter. In either case, the
device 150 may be released within the lung passageway 152 where the mesh 170
expands, uncoils and/or unrolls o fill the passageway 152. Such release may allow self-
expansion or may involve tha use of mechanical means to expand the mesh 170, The
expanded devics 150 muy fill the pussageway 152 in & gensrally cylindrical shape, us
shown in Fig. 9, in single or double conical shape, az shown in Tig, 10, or it may form a
variety of other shapes, an example of which is shown in Fig, 11,

Referring now Lo Fig. 12, (he supporls 154 may be a helix or spiral 171
comprised of helically wound or spiral wound wire. The spiral 171 may be compressed
in a number of ways to load the spiral 171 within a ltmen or on a distal end of a delivery
cutheler. For exumple, (he spiral 171 may be wound tightly, similar lo a walch spring, to
reduce the cross-section of the spiral and provide spring tension. Upon release of the
spiral 171, the coils 173 expand to contact the walls of the passageway 152 and anchor
the device 150,

in any of the above cmbodiments, the supports 154 may be conneceted to,
encapsulated in, coated or impregnated with a material to prevent flow of gases or liquids
through the structural supports 154, thereby providing an ebstruction. In addition, the
malerial may melude an anubiotic agenl for release into the lung passagewny. Examples
of obstructive materials include a thin polymer film 156, such as webbing between the
structural supports 154, which may be used to seal against the surface of the lung
passageway 152, Such a design is depicied in Figs. 7A-7B, 10 and 12. Similutly, the
structural supports 154 may he filled with an adhesive or sealant which will adhere the
structiral support members together and prevent flow or gasses or liquids through the
device 150. This is particularly useful in coiled or mesh designs in where the structural
supporl manbers are relatively ¢losc legether. Allemalively, as shown in Fig, 9 and Fig,
11, the supports 154 may be encased in a sack 158 comprised of a thin polymer, foam or
other material. Expansion of the supperts 154 within the sack 158 presses the sack 158

against ihe walls of the passageway 152 forming a scal. In Fig. 9, tho sack 158 has boen
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extended boyond the ends of the rolled support structure 154 for illustralion purposes tﬂ‘
differentiate borween the sack 158 and support structure 154. Howover, typically, the
support structure 154 will fill the sack 158, Again, the presence of the sack 158 prevents
Aow of gases or liquids threugh the supporls 154, (hereby providing im obstruetion. It
may b appreciated that the structural supports may comprise a variety of designs,
creafing devices 150 of various lenpths and shapes. Alternatively, the sack 158 may be
utilized without structural supports 154. The sack may expand to fill the passageway by a
variety of methods ind may be held in position by impregnation with an adhesive or other
matetial. Such impregnation may rigidify or support the sack to provide abstruction of
the lung passageway.

In addition and also shown in Figa. 74, 7B, 9, 11-13, a numbcr of
embediments of the obstructive device 150 include an inlet port 172, located near the
proximal end 164, and an outlet poit 174, located near the distal end 166. Such ports 172,
174 may be of any size or shape but arc typically round or oval und arc ofien localed near
the center of the passageway 512 lumen tor ease of accessibility. Seme devices 150 may
only inclnde an inlet patt 172 near the proximal end 164, as shown in Fig. 13. Tn this
case, lhe dislal end 106 15 expunded (o conlact Lhe walls of the lung passageway 152 and
anchor the device 150. Thus, the chstrmetion device 150 appears to have a cone shape
with the inlet port 172 at the apex of the cane. To ensuwre cancentric placement of the
obstruction device 150, the device 150 should contact the walls of (he passageway 152 for
2 lengih of al least 1.0 to 1.5 times the internal diamcter of the passageway that the
device 150 occupies.

The inlet port 172, outlet port 174 or both may comprise a membrane or
septum 176 covering the opening of the port. The septum 176 will typically be self-
sealing. One type of self-sealing septum 176 comprises a solid membrane 178, illustrated
in Fig. 144, Other types comprise pre-cut membranes in which the septum 176 includes
cuts 180 vr slits, as shown in Figs. 14B and [4C. Such cuts 180 may allow casc of
penctration through the septumn 176 by an access tube or penetrating slement, as will be
later described, while preventing flow through the septum when the pene{rating element
is removed.

Adier (he obslruction device 150 is deployed and anchored within a lung
passageway 152 lcading to a lung tissue segment, the device 150 may be left as an
fmplant to obstruct the passageway 152 from subsequent airflow. Airflow may include

air and/or any other gas or combinalion of gases, such as carbon dioxide. However,
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immediately after placement or at any time thercaficr, the above described embodiments
of the device 150 may be accessed to aspirate the hing tissue segment through the
obstructive device 150. This will cause the segment to al least partially collapse as part of
amethod for lung volume reduction. Aspirating through the obstructive device 150 may
be accomplished hy a variety of methods. For example, referring to Fig. 15, aspiration
may be achieved by [rst inserting a peneteation element, needle or access tube 200
through the septum 176 of the inlet port 172, Vositioning of the access tube 200 for such
insertion may be achisved by any method, however, the acesss tube 200 is typically
positioned by inserting the access tube 200, or a catheter carrying the acoess tube 200,
through a lumen in the access catheter 10 until it passes out of the distal end 14. Inflating
the halloon 18 on the access catheter 10 may center the distal end 14 of the catheter in the
lung passageway 152, If the inlet port 172 is similarly centered, the aceess tube 200 may
be passed directly out of the catheter 10 and through the septum 176 of the inlet port 172.

If the septum 176 is a solid membrane 178, the access tube 200 may be
sharp enough to puneture or pierce the membrane 178, If the septum 176 has cuts 180 or
slils, Lhe access lube 200 may be pushed through the culs 180, In cither case, the
membrane or septum 176 will scal around the access tube 200, If the obstruection
devica 150 also has an outlet port 174, the access tube 200 may optionally be passed
{hrough buth the inlet and outlet ports 172, 174. Once the access tube 200 is inserted,
gases and/or liquids may be aspirated through the access tube 200 from the lung tissue
segiment and associated lung passageways. Optionally, prior to aspiration, a 100%
oxygen, Helium-Oxygen mixture or low molecnlar weight gas washout of the lung
segment may be performed by mtroducing such gas through the access tube 200. In this
case, aspiration would removed both the introdnced gas and any remaining gas.
Similasty, liquid perflnorocarbon or certain drugs, such as antibiotics, may be infroduced
prior to sspiration. This may allow sevess to the collupsed lung segment vl v later Hme,
for example, in the case of an infection. In most cases, aspiration will at least partially
collapse the lung segment, as previously described, The access tube 200 may then be
withdrawn. The sepium 176 of (he inlet port 172 and/or outlet port 174 will then
antomatically seal, either by closing of the puncture site or by closure of the ents.
Optionally, the ports may be additionally sealed with a sealant or hy use of a heat source
or radiofrequency source.

Referring to Figs. 16 and 17, aspiration through the obstructive device 150

may be achieved by vonfacting the obstructive device 150 with a snction tabe or
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aspiration catheter 202 and aspirating gas or liguids through the device 150, As shown in
Fig. LG, the distal end 204 of the aspiration catheter 202 may be held against the inlst
port 172. Positioning of the aspiration catheter 202 for such contael may be achieved by
any method, however the catheter 202 is typically positioned in 2 manner similar to the
access tube described above. By holding the aspiration catheter 202 against the port 172,
a seal may be created and gascs and/or liquids may be aspirated from the lung lissue
segment through the device 150. In this case, the inlet port 172 and the outlet port 174, if
present, must not be covered by a solid membrane 178, If cuts 180 are present, the gas or
liquid may flow (hrough the porl due (o te pressure of the suction. As shown in Fig. 17,
ths distal end 204 of the aspiration catheter 202 may be slid over the inlet port 172 to
{onn a seal. Again, gases and/or liquids may then be aspirated through the devics 150 in
a gimilar marmmer. The aspiration catheter 202 muy then be wilhdrawn, The seplum 176
of the inlet port 172 and/or outlet port 174 will then automatically scal, typically by
closure of the cuts. Cptionally, the ports may e additionally sealed with a scalant or by
use of a heat source or radiofrequency source.

Referring to Figs. 18A-18C, (he abstruction device 150 may be deployed,
anchored and aspirated therethrough while connected to an aspiration catheter 210. In
this casc, the access catheter 10 is positioned within the lung passngeway 152 at a desired
location. If the catheter 10 has an intlatable ocelusion balloon 18 near its distul end 14,
the balloon 18 may be inflated to secure and center the catheter 10 within the
pussageway 152; however, this step is optional. As shown in Fig. 18A, an aspiration
catheter 210 carrying an obstruction device 150 is then introduced through a lumen in the
access catheter 10. As shown in Fig. 18B, the aspiration catheter 210 is advanced so that
the obstruction device 150 emerges fiom the distal end 14 of the access catheter 10 and
deploys within the lung passageway 152. Expansion and anchoring of the obstruction
device 150 within the passageway 152 may be achicved by scli-expamsion or by
expansion with the aid of a balloon, for example. The ling tissue segment isolated by the
device 150 is then aspirated through the device 150 and the attached aspication
catheter 210. Such aspiration may remove air, gases, or liquids from the segment and
lung passageway 152 to at least partially cellapse the lung segment. As shown in Fig.
15C, the vbstruction device 150 is then delached from the aspiration catheter 210 and left
behind in the passageway 152. The proximal ond 164 of the vbslruction device 150 may
comprisc an inlet port 172 which would allow subsequent access to the isolated lung

tissue segment at a later time. Alternatively, the proximal end 164 may comptise a sealed
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end, wherein the obstruction devics 150 may not be subsequently accessed and may
provide long-term isolation of the lerminal lung tissue segment.

Tt may be appreciated that the above described method may be similarly
achieved without the use of an aspiration cathetet 210, In this case, the obstruction
device 130 may be carried directly by the access catheter 10 and may be deployed while
remaining attached to the access catheter [0, Aspiralion may be achieved through the
obstruction device 150 and the access catheter 10 to remove gases from the isolated lung
tissue segment and passageway 152. The obstructive device 150 may then be detached
trom the access catheter 10 and left behind m the passagoway 152 for subsequent access
or simple occlusion.

At this point, all catheters and instruments may be withdrawn from the
paticnt and the obstruction device 150 may remain in its anchored position, as described.
The obstruction device 150 will essentially occlude the lung passageway 152 and prevent
the inflow or oulflow vl air or gases to the isolated lung tissus segment or discased region
DR. 'L'his may be offoctive in maintaining the desired level of collapse of the Tung tissus
segment to achieve lung volume reduction. However, at any poinl, the lung tssuc
segment may be reaccessed and/or reaspirated by repeating the steps described above. In
addition, ai any point, the obstruction device 150 may be removed from the hung
passageway 152, cither by collapsc of the expandable siruclure or by viher ineans.

Additional embodiments of the obstructive device 150 are comprised of a
unidirections] valye, The valve may be operated upon access or it may operate in
response to respiration. For example, when the valve is positioned in the lung
passageway, the valve may be accessed by engaging an aspiration catheter or a coupling
member to the valve. Aspiration through the aspiration catheter or coupling member then
opens the valve to remove gases and/or liquids from the isolated lung segment.
Alternatively, the valve may npen automatically in response to respiration. The valve
1may opett during expiration to allow outflow of gas from the lung segment and the close
during ingpiration to prevent inflow of gas io the lung sewnent. In either case, the
unidirectional valves may take a number of forms.

One embodiment of such a upidirectional valve is illustrated in Figs. 19A-
19C. Iu this emhodiment, the unidirectional valve 230, front-view shown in Fig. 194, is
compriscd of a port 232 and a flexible layer 233 which is allached to the pori 232 by at
icast one point of commection 234, As shown, the flexible layer 233 may be attached to

the front surface of tha port 232 at four symuuetrical points of copnection 234, In
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preferred embodiments, cdges 236 of the layer 233 are positionsd outside of the opening
of the port 232 (indicated by daghed lines). This provides a desired scal when the valve is
in the closed position.

Side-views shown in Figs. 9B and 19C depict the valve 230 during
different stages of the respiratory eyele. During expiration, the valve 230 opens, as
depicled in Fig., 19B, Here, expiration of gases is illustrated by arrows. (ases exiting
through the lung passageway, withiu which the valve 230 is positionsd, apply force to the
backside of the flexible layer 233 causing the layer 233 to expand outwardly away from
the surface of the port 232 as shown, This allows the gases to flow throngh the spaces
between the points of connection 234, During inspiration, the valve 230 closes, as
depicted in Fig. 19C. lers, inspiration of air is illustrated by an arrow. Air endering ihe
lung pussageway applies force to the fronr side of the flexible layer 233 causing the
layer 233 to seal against the surface of the port 232 as shown, This prevents gases from
flowing through the valve 230.

Unidirectional valves 230 may be positioned in the lung passageway 152
by methods similar (o thosc previously desoribed for other types of obstruction
devices 150. As shown in Fig. 20, the valve 230 may be posilioned in {he
passageway 152 so that the eutside perimeter of the pert 232 contacts the walls of the
passugewdy 152, In (his way, the valve 230 is essentially the size of the passageway
lumnen and provides the maximum ares for potential flow-through of gas. The valve 230
is depicted in its apen state, with gas flow traveling from an isolated lung tissue segment,
through the valve and out of the patient’s airways. As shown in Fig. 21, the valve 230
may alternatively be attached to or part of structural supports 154 which sxpand radially
to anchor the device 150 in the passageway 152. Such supporls 154 are similar to those
previcusly described. Again, the valve 230 is depicted in its open state. ltmay be
appraciated lhal (he valve 230 may be of any size or shape and may substituted for any of
the inlet and/or outlet ports previously deseribed,

Another embodiment of a umidirectional valve is illnstrated in Figs. 22 A-
22B. In this embodiment, the valve 230 is comprised of a port 232 and a flexible
Tayer 233 as in the previons embodiment. Howover, here the flexible layer 233 has a
series of holes 250 through the layer. In addition, the valve 230 is comprised of &
partition 252 which also has holes 250. The heles 250 may be of any size, shape or
arrangement throughout the entire or a portion of the layer 233 and partition 252. The
partition 252 eevers the port 232 and the layer 233 is positioned over {he purtition 252, as
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illustrated in Fig, 22A and depicted by arrows, so that the holes 250 are substantially
misaligied and therefore blocked. “Ihe assembled valve, illustrated in Fig. 22B, does not
have any through holes 250 in the closed position. The holes 250 in the layer 233 are
blocked by the undexlying purlition 252, Likewlise, the holes 250 in the partition 252 are
hlocked hy the overlying layer 233, The layer 233 is allached to the partition 252 and/or
port 232 along its perimeter; it may be a continuous attachment or may have discrete
points of connection wilh spaces therebetween.

Side-views shown in Figs. 23B and 23C depict the vulve 230 during
different stages of the respiratory cycle. During expiration, the valve 230 opens, as
depicted in Fig. 238, Here, expiration of gases is illustrated by arrows, Gases exiting
through the lung passagewsy, within which (he vulve 230 is positioned, pass through the
heles 250 in the partition 252 and apply force to the backside of the flexible layer 233.
This causes the layer 233 to expand outwardly away from the partition 252 as shown.
This allows the gases to flow through the holes 250 in the layer 233. During inspiration,
the valve 230 clases, as depicted in Fig. 23C. Tere, inspiration of air is illustrated by an
arcow, Alr entering the lung passageway applies force to the front side of the flaxible
laycr 232 cansing the layer 233 o seal against the surface of the partition 252 as shown.
This prevents gases from flowing through the valve 230, This embodiment of a
unidirectional valve 230 may be positioned in a lung passageway 152 by methods similar
to those previously described for other types of obstruction devices 150, particularly as
showm in Figs, 20 and 21,

Although the unidirectional valves described above are shown as operating
during different stages of the respiratory cycle, the valves may additionally or
alternatively be operated mannally. Valves pusitioned in a lung passageway, as depicted
in Figs 20-21, may he accessed by coupling an aspiration catheter to the valve, Coupling
muy comprise sngaging (e aspiration catheter, a suitable catheter ar a coupling member
to the valve. In some cascs, particularly when the valve 230 comprises 1 port 232 which
is smaller in diameter than fhe Tumen ofthe lung passageway, as depicted in Fig. 21, the
distal end of the aspiration catheter or coupling member may be slid over the port to form
ascal. This was previously depicted in Fig. 17 in relation to sealing of the aspiration
catheter 202 around an inlet poxt 172 of a non-valved obsiruction device, When a valve is
prosent in this ease, aspiration through the aspiration eatheter will apen the valve and

draw gases andfor liquids from the lung tissue segment. With the described unidirectional
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valves 230, the suction force of the aspiration will draw the flexible layer 233 away rom
tﬁc port 232 or the partition 252 to open the valve.

Further embodiments of the obstructive device 150 are comprised of a
blockage device 280 having no ports through which uspiration of the isolated lung tissue
segment may be achieved. After the biockage device 280 is deployed and anchored
within a lung passeigaway 152 leading to a luing tissue segment, the device 280 is to be
left as an implant to obstruct the passageway 152 from subsequent airflow. Although the
previously desoribed embodiments of obstructive devices 150 having inlet and/or outlet
ports 172, 174 may he utilized in a similar manter, the hlockage device 280 may nat be
later accessed to aspirate the lung tissue segment through the device, An example of such
ablockage device 280 i3 illustrated in Figs. 24 and 25.

As with the previous obstructive devices, the biockage device 280 may be
housed within the access cathster 10 or within a catheter that may be passed through the
access cathoter 10, As dopicted in Fig. 24, the obstruetive device 150 may be compressed
or collapsed within an interior lumen of the access catheter 10. The blockage device 280
depicted is one of many designs which may be utilized. The blockage device 280 may
then be pushed out of the distul end 14 of the catheter 10, in lke direction of the arrow,
into the hing passageway 152. The device 28() is to be selt-expanding by tension or
shape-memeory so that it will expand and anchor itself in the passageway 152.

Referring to Fig. 25, one embodiment ol the blockage device 280
compriscs a coil 282, The coil 282 may be comprised of any &ype of wire, particularly
superelastic or shape-memory wire, polymer or suitable material. The tension in the
coil 282 allows the device 280 to expand to fill the passageway 152 and rest against the
walls of the passageway 152 to anchor the deviee 280. 1n addition, the coil 282 may be
connected to a thin polymer film 284, such as webhing between the coils, to seal against
the surface of the lung passageway 152. Such a tilm 284 prevents flow of gases or ligquids
through the coils, thereby providing un obsiruction. Altcmatively, as depicted in Fig. 25,
the coil 282 may be encased in a sack 286. Fxpansion of the coil 282 within the sack 286
presses the sack 280 against the walls of the passageway 152 forming a seal. Again, this
prevents flow of gasés or liquids, depicted by atrows, through the coil 282, thereby
providing an obsiruclion, Similarly, as depicted in ig. 26, anothar embodiment of the
blockage dovice 280 comprises a mesh 283, The mesh 283 may be comprised of any type
of wire, particnlarly superelastic or shape-memory wire, polymer or suitsble material.

The tension in the mesh 283 ullows Lhe deviee 280 o expand to fill the passageway 152
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and rest against the walls of the passageway 152 to anchor the device 280, In addition,
the mesh 283 may be connected to 4 thin polymer film 284, such as wcbbing between the
lattice of the mesh, to seal against the surface of the lung passageway 152. Such a

film 284 prevents flow of gases or bquids through the mesh, thereby providing an
obstruction.

Refoming now to Fig, 27, another embodiment of the blockage device 280
comprises a barb-shaped structure 304 designed to be wedged into 4 lung passageway 152
as shown, Such a structure 304 may be comprised of a solid material, an inflatable
balloon material, or any material suitable to provide a blockage function. The stucture
304 may be inflated before, during or atter wedging te provide sufficient anchoring in the
lung passageway. Similarly, the structure 304 may be impreguated or infused with an
adhesive or sealant before, during or after wedging to also improve anchoring or
resistance to flow of liquids ot gastes through the passageway 152.

Referring te Fig. 28, another embodiment of the blockage devies 280
comprises an inflated ballovn. Such 4 balloon may lake a number of forms, For example,
the balloon may have lake a varicty of shapes, such as round, eylindrical, conical,
doghoned, or multi-sectional, to name a few. Or, a series of distinet or interconmscted
balloons may be utilized. Further, the surface of the balloon may be enhanced by, for
cxample, corrigation ot texturing to improve anchoting of the balloon within the lung
passageway. Fig 28 illustrates a cylindrical-type balloon 300 with textured friction bands
302 which contact the walls of the lung passageway 152 when the balloon 300 is inflated
us shown.

It may be appreciated that such balloons may be inflated with an number
of materials, including saline, gas, suitable liquids, expanding foam, and adhesive, to
name a few. Further, a multi-layer batloon 3 (0 may be utilized, as shown in Fig, 29,
which allows the injection af adhesive 312 or suitable material between an outer layer
314 and an inner layer 316 of the Lalloon 310, Such adbesive 312 may provide a
hardened shell on the abstruction device 280 to improve its obstruction abilitics. As
shown, the bulloon 310 may be inflated within the inner layer 316 with a foam 318 or
cther material, Similarly, as shown in Fig. 30, the outer layer 314 of the blockage device
280 may contain holes, pores, slits or openings 32¢ which allow the adhcsive 312 to
emnerge trough the outer layer 314 to the outside surface of the multi-layer balloon 310.
When the balloon 310 is inflated within a Tung passageway 1352, the outer layer 314 of the

balloon 310 will press against the walls of the passageway 152 and the adhesive 312 will
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boud with the walls in which it contacts, Such adhesion is designed to improve
anchorage and obstructive abilities of the hlockage device 280.

It may also be appreciated that the above described blockage devices may
be impregnaled, couted or otherwise deliver an mtibiotic agent, such as silver nitrate.
Such incorperation may be by any means appropriate for delivery of the agent to the lung
passageway. Tn particular, a multi-layer balloon may be provided which allows the
injection of an sutibiotic agent between an outer layer and an inner layer of the balloon
310. Aspreviously described and depicted in Fig. 30, the outer layer 314 of the blockage
device 280 may contain holes, pores, slits or openings 320 which allow the agent to
emerge through the outer layer 314 1o the outside surface of the multi-layer balloon 310,
Thus, the agent may be delivered to the walls and/or the lung passageway.

Tt may further be appreciated that the blockage doviee 280 may comprise a
variety of designs having various lengths and shapes. In addition, many of the designs
illustratcd for use as a blockage dovice 280 may ulso be adaptod with an aspiralion port
for use as described in relation to the previously illustrated embodiments of obstruction
devices 150. For example, such a port 172 having a septum 176 is shown in Fig, 30, If
the port is not uccessed, the deviee simply serves as & blockage dovice 280, Thus, in
some cases, blockage devices 280 and ohstructive devices 150 are synomymons.

Referring now to Fig, 31, kits 400 according to the present invention
comptise at least an obstruction or blockage device 500 and instructions for use IFU,
Optionally, the kits may further include any of the other system components described
abave, such as an access catheter 10, guidewire 402, aceess tube 200, aspiration
cathster 202 or other components. The instructions for use IFU will sef forth any of the
mcthods as described above, and all kit components will usually be packaged together in
a pouch 450 or other conventional medical device packaging. Usually, those kit
components which will be used in performing the procedire on the patient will be
sterilized and muiniuined sierilely within the kit, Optionally, separatc pouches, bags,
trays, or other packaging may he provided within a larger package, where the stnaller
packs may be opened separately and separately maintain the components in a sterile
fashion.

While (he above is a complete description of the preferred embodiments of
the invention, various alternatives, modifications, and equivalents may be used.
Therefore, the above deseription shonld not be talken a5 limiting the scope of the
invention which is defined by the appended claims.
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WHAT I8 CLAIMED 1S:
I A device for obstructing and bleeding gas trom a lung tissue

segment, said device comprising:

an expandable structure which is deployable within a lung passageway;
and

means for the expandable structure for blocking airflow in one direction

therethrough aud penniiting alrflow in the other direclion theretloough.

2, A device as in claim 1, wherein the blocking means conipriscs a

valve.

3. A device as in claim 2, wherein the valve is biased to open in

responsc to expiration and remain elosed in response to inspiration.

4. A device as in claim 2, wherein the valve is biased to open in

response to an aspiration vacoum applied by an aspiration catheter.

5. A device as in claim 4, further comprising a port for selectively

coupling lo an aspiration catholer.

6. A device as in claim 4, wherein the blocking means comptises a
sellsealing seplum, wherein a penstrating element on an aspiration catheter can be

solectively penetrated through the scptum to draw air therethrough.

7. A device as in any of the preceeding claims, wherein the
expandable strusture somprises superelastic, shape-memeory or spring tempered wire so

that the expandable structure is self~expanding.

8. A device as in claim 7, wherein the expandable structure comprises

acoil.

9. A device as in claim 7, whersin the expandables structure comprises
radial segments which allow the device to expand and longiludinal scgments which rest

against the ling pussageway.

10, Asystem for obstructing 2 Tung passageway 1o a lung tissue

segment, said system comprising:
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an aceess catheter having a proximal end, a distal end, and at least one
Tumen extending (herelbsough, and

an obstruction as in any of claims 1-10, whereiil the obstruction device is

introduceable by the access cathetet.

11, Asystem as in claim 10, wherein (he obstrction device is

houseabls within a lumen of the access catheter for deployment out of its distal end.

12. A system as in claim 10, wherein the obstruction device is

mountablc on the nccess catheter near its distal cnd.

13, Akilcomprising:

an ohstruction device deployable within a lung passageway; and

instructions for use according to u method of lung volume reduction
comprising:

deploying an obstructive device in 2 lung passageway o 4 hing tissue
segment; and

aspirating the segment through the deployed obstructive devies to at least

partiaily collapse the lung scgment.

14, A Kit as in ¢laim 13, further comprising an access catheter baving a

proximal end, a distal end, and at least onc lumen extending therethrough.
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