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TORQUE ALLEVIATING INTRA-AIRWAY LUNG VOLUME
REDUCTION COMPRESSIVE IMPLANT STRUCTURES

CROSS-REFERENCES TO RELATED APPLICATIONS
[0061] The present application claims the benefit onder 35 USC §119(e) of US
Provisional Application No. 61/791,517 filed March 15, 2013, The full disclosure of which is

incorporated herein by reference in its entirety for all purposes.

{0002] This application is gencrally related to ULS. Patent Application No. 12/782,515
filed on May 1&, 2010 (Allowed), entitled Cross-Sectional Modification During Deplovment of
an Elongate Lung Volume Reduction Device, which claims the beoefit under 35 USC 119¢e) of
.S, Provisional Application No. 61/179,306 filed May 18, 2009, cach of which are incorporated

herein by reference in their entirety.

{00831 This application is also generally related to U.S. Patent Application No.
12/167.167 tiled on July 2, 2008 (now US Patent No. §,282,660), entitled Minimally nvasive
Lung Volume Reduction Devices, Methods, and Systems, which is a continuation application of
PCT Patent Application No. PCT/US07/06339 filed internationally on March 13, 2007, which is
a continuation-in-part of U.S. Patent Application No. 11/422 047 filed June 2, 2006 (now US
Patent No. 8,137,837, entitled Minimally Invasive Lung YVolume Reduction Device and Method,
cach of which are incorporated herein by reference in their entirety.

10864} This application is also generally related to U.S. Provisional Patent Applications
60/743,471 filed on March 13, 2000; entitled Minimally fnvasive Lung Volume Reduction Device
and Method; 60/884,804 filed January 12, 2007 entitled Mininially Invasive Lung Volumsz
Reduction Devices, Methods and Systems; and 60/885,305 filed Jarwary 17, 2007, entitled
Minimally Invasive Lung Volume Reduction Devices, Methods and Systems, cach of which are

incorporated herein in their entirety.

| 0805} This application is also generally related to ULS. Patent Applications Nos.
12/209,631 {(now US Patent No. 8,142,4553), entitled Delivery of Minimally fnvasive Lung
Volume Reduction Devices; 127209,662 (now US Patent No. §8,157,823), entitied Improved Lung
Volume Reduction Devices, Methods and Svstenis, both of which were filed September 12, 200Z;

and to 12/558,206, cniitled Improved andsor Longer Lung Volume Reduciion Devices, Methods,
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and Systems; and 12/558,197 {(now US Patent No. 8,632,605), entitled Elorngated Lung Volume
Reduction Devices, Methods, and Systems, each of which were filed September 11, 2009, all of

which are incorporated herein by reference in their entirety.

[GoGs] All publications and patent applications mentioned in this specification are

herein incorporated by reference to the same exient as if cach individual publication or patent

application was specifically and individually indicated to be incorporated by reference.
BACKGROUND OF THE INVENTION

[0087] Ficld of the Invention: Devices, systems and methods arce described for treating

fungs, The cxemplary deviees, systems and methods may, for example, improve the quality of
life and restore tung function for patients suffering from emphysema. Embodiments of the
systems may include an implant and a delivery catheter, The implant may be advanced through
tortuous anatomy and actuated to retain a pre-determined shape and rigidity. Additionally, the
implant may comprise a shape-memory material or spring material, which may be constrained to
a first configuration during delivery through tortuous anatomy and then allowed fo return to a
sceond configuration during deployment, The deployed implant moditics the shape of the
arrways and focally compresses hung parenchyma to cause volume reduction and thereby
tensions the lung parcnchyma to restore clastic recoil, Systems and devices are also included that
deploy and actuate the implantable devices, as well as systems and devices designed for

recapture of the implanted device.

[G088] Current medical Hterature describes cmphysema as a chronic (Jong-termy) lung
disease that can get worse over me. lt's uspally cansed by smoking, Having emphysema means
some of the atr sacs in vour fungs are damaged, making it hard to breathe, Some reports indicats
that cmphyscma s the fourth largest cause of mortality in the U.S., affecting an cstimated 16-30
matllion U.S. citizens. Each vear approximately 100,000 sufferers dic of the disease. Smoking bas
been identificd as a major canse, but with ever inercasing air polhution and other environmental
factors that negatively affect pulmonary patients; the number of people affecied by emphysema

15 on the nsc.

[6049) A currently available solution for patients suffering from emphysema is a surgical
proeedure calied Lung Volume Reduction (LVR) surgery whereby diseased Jung s resected and
the volume of the Jung s reduced. This allows heaithier lung tissue o expand inte the volume
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previously occupicd by the diseased tissue and allows the diaphragm to recover, High mortality
and morbidity may be associated with this invasive procedure. Several minimally invasive
investigational therapics exist that aim at improving the quality of life and restoring lung
function for patients suffering from emphysema. These potential therapics include mechanical
devices and biological treatments. The Zephyr™ device by Emphasys (Redwood City CA) and
the IBV™ device by Spiration (Redmond WA) are mechanical one way valve devices. The
underlying theory behind these devices is to achieve absorptive atelectasis by preventing air from
entering diseased portion of the Jung, while aliowing air and mucous to pass through the device
out of the discased regions. The Watanabe spigot is another mechanical device that can seek to
completely occlude the airway, thercby preventing air from entering and exiting the lung.
Collateral ventilation (interlobar and intralobar — porous flow paths that prevent complete
occlusion) may prevent atelectasis for such devices. The lack of atelectasis or lung volume
reduction can drasticaily reduee the effectiveness of such devices, Other mechanical devices
include means of deploying anchors into airways and physically deforming aivways by drawing

the anchors together via cables.

{6010] Biological treatments utilize tissue engineering aimed at causing scarring at
specific iocations. Unfortunately, it can be difficult to control the scarring and to prevent

uncontrolted proliferation of scarring,.
SUMMARY OF THE INVENTION

{0011} The present invention generally provides improved medical devices, systems, and
mcthaods, particularly for treating onc or both lungs of a paticnt. Embodiments of the invention
often make use of elongate implant structures which can be introduced into an airway system to a
target airway axial region. The target axial region may or may not include branches, and the
implants can be deployed within the airway by bending or allowing the implant to bend so that
the implant compresses adjacent Jung tissue. Many embodiments may apply lateral bending
and/or compression forces against the lung tissue from within the airways for an extended period
of time. Exemplary embodiments may be placed in the Jung to increase gas filling resistance in
the portion of the lung. Optionally, embodiments may be deployed within the lung to uncollapse
previousiy collapsed airways or blood vessels. Embodiments may comprise a spring or shape
memory material which is delivered within a catheter in a delivery configuration to the target
atrway and then released from the catherter to return to a deployed configuration within the
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airway. Excmplary cmbodiments may have a configuration which provides a more controlled
transition: from the delivery configuration to the deploved configuration during the refease of the
device from the catheter. In some embodiments, a proximal end of the device may be configured
to facilitate recapture of the device after the deviee is deployed within the hung. This may be
beneficial when the device is deployed in a less than ideal position or orientation or when the

impiant is no longer deamed necessary.

[0012] Exemplary embodiments include structures or features which may inhibit fissue
reactions that might otherwise allow portions of the device to eventually traverse through the
wall of the airway., Many embodiments of the clongate devices may enhance the support area
bearing laterally on the tissue of a surrounding airway lumen wall, particularly along a length of
the device between a proximal end of the device and a distal end of the device. Embodiments
may have features which increase the device friction with the airway to allow the device to grip
the surrounding wivway as the device 1s deployed. This may help prevent the device from
longitudinally sliding within the airway and may increase gathering of the damaged fung tissue
together 1o compression. Maintaining the device within the airway may facilitate recapture of
the device (either in the delivery catheter or after full deployment and the device has been
implanted, optionally using a scparvate device to capture the implant with a separate grasper} and
suceessfully pull the device out of the tung. By infusing an appropriate adhesive around the
device in the lung, ideally by nfusing a PocuScal™ albumin-ghutaraldchvde adbesive, the deviee
may be recaptured by pulling the device out of the sealant. To minimize or inhibit inflammation
to the tissue, the device should comprisc materials that are biocompatible and generally rounded
such that micro motion between the device and airway don't cause an acceleration of tissue
degradation. Centact with the device may advantageously induce beneficial tissuc thickening.
Features which induce some tissue ingrowth {stimlation of tissue growth) so the tissue

foundation is thickened and the device is better supported can also be beneficial.

j0013] in embodiments of the present invention, a lung volume reduction system for
cnhancing a breathing efficiency of a patient with an airway is provided. The system may inchude
an implantable device configured to impart a compression force on lung tissue. The implantable
device may include a proximal end and a distal end and may further have a first configuration
and a sccond configuration. The sccond configuration of the implantable device may correspond

to a configuration of the implantable device pre-implantation or post-implantation. The sceond
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configuration may comprise at least two helical sections (sometimes referred to hercin as coil
sections) with a transition scction disposed between the at least two helical sections. Optionally,
the at least two helical sections comprise a right-handed helical section and a lefi-handed helical
section. Further the transition section disposed between the at least two helical sections may
comprises a switchback transition section when the implantable device is in the second
configuration. In some embodiments, at least one of the at least two helical sections comprise a
circular helical section when the implantable device is in the second configuration. Optionally,
both of the at teast two helical sections comprise circular belical sections when the implantable

device 1s in the sccond configuration,

[6014] In some embodiments, the implantable device may further comprise a jacket
which covers a portion of the implantable device. The jacket may be configured to reduce
erosion into the ajrway by a deployed implantable device. The jacket may cover the at least two

helical sections and the transition section disposed between the at Jeast two helical seetions, The

jacket may also cover the distal end of the implantable device. Optionally, the jacket may

comprise a polycarbonate urethane rpaterial. The polycarbonate material may have at least 53D

hardness.

[6015] In some embodiments, the distal end of the implantable device may include an
anchor for coupling with the airway, Optionally, the proximal end of the implantable device may
be atraumatic. Preferably, the proximal end of the implantable device comprises a stand-oft
proximal tail which extends away from cach axis of the at least two helical sections when the
unplant s in the second eonfiguration. In some embodiments, the at least two helical sections
have a first and second axis, respectively, and the first and second axes are different when the
implantable device is in the second configuration. The first and second axes may form an angle
ranging between 190° and 230° when the implantable device is in the second configuration.
Optionally, the impiantable device comprises a spring clement. The implantable device may
comprise a metal including nickel and titanium. In some embodiments, the distal helical section
may comprise mmore loops (i.c., complete helix turns) than the proximal helical section when the
implantable device is jo the second configuration. In some embodiments the proximal helical
section may comprise less than two loops when the implantable device is in the secenid
configuration. Optionally, the distal helical scetion comprises at least onc loop when the

implantable device is n the second configuration. In some embodiments. the distal helical
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section may comprise at least four loops when the implantable device is in the second

configuration.
10016} Some embodiments of the present invention provide a lung volume reduction

device for cnbancing a breathing cfficiency of a patient with an airway. The device may include
a proximal end and a distal end; and the device may include a first configuration and a second
configuration where the first configuration corresponds to a dehivery configuration and the
second configuration corresponds to a pre-iroplantation configuration or a post-implantation
configuration. The second configuration of the device may comprise a first belical section with
an axis and the first belical seetion may be disposed between the proximal end and the distal end
of the device. The proximal end may extend away from the axis of the first helical section when
the device is in the second configuration. The second configuration may further comprise a
second helieal section coupled with the first helical section, The fivst helical section and second
helical section may comprise a night-handed hehical section and a left-handed belical seciion
when the device is in the sccond configuration. The proximal end may extend away from the axis

of the second heheal section when the device 1s in the second configuration.

{0017} tn some erobodiments of the lung volume reduction device, the more disin] helical
section may comprise mwore joops than the more proximal helical section when the device is in
the secound configuration. Optionally, the axis of the sccond helical section may be different than
the axis of the {irst helical section when the device is in the second configuration. The device

may further comprise a jacket covering at least the distal end and the first helical section. The

jacket may comprise polycarbonate wethane material having a hardness of at teast 55D,

{00 18] in yet another embodiment of the present invention, 2 method of enhancing a
breathing efficiency of a patient with a hung having an airway is provided. The method may
comprisc advancing an implant distally through the airway to a portion of the lung of the patient
while the implant is in a deliverv configuration; the implant having a proximal end and a distal
eud. Thereafter, the deviee may be deployed in the portion of the hung by transitioning the
implant from the delivery configuration to a deployed configuration; the deployed configuration
of the implant comprising at least two helical sections with a transition section disposed between
the at fcast two helical sections. The at least two helical sections may comprise a right-handed
helical section and a {eft-handed helical section and the transition section disposed between the at
least two helical scetions may comprise a switchback trunsition section when the implant is in
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the deployed configuration. At least one of the at lcast two helical sections may comprise a
circular helical section when the implantable device is in the deployed configuration. Optionally,
both of the at least two helical sections comprise circular helical sections when the implant is in
the deployed configuration. In some embodiments, the implant may further comprise a jacket
which covers a portion of the implant, The jacket may be configured to reduce implant erosion
into the airway after the implant is deployed within the lung. The jacket may cover the at least
two helical sections and the transition section disposed between the at least two helical sections.
The jacket may also cover the distal end of the implant. Preferably, the jacket comprises a

polycarbonate urcthane material having at least S5 hardness.

[0019] The distal end of the implant may include an anchor for coupling with the airway.
The implant may be deployved in the portion of the lung by coupling the distal end of the implant
to the hung tissue with the anchor before or during the transition of the implant from the dehvery
configuration to the deployed configuration, The proximal end of the implant may be atrawmatic,
The proximal end of the implant may also comprise a stand-off proximal tail. The stand-off
proximal tail may extend away from each axis of the at Jeast two helical sections when the
implant is in the deployed configuration. The at least two helical sections may have a first and
second axis, respectively, and the first and second axes may be different when the impiant is in
the deployed configuration. For example, the first and second axes may form an angle ranging
between 190° and 230° when the iraplant is in the deployed configuration. The implant may
comprise a spring element and the implant may be constrained to the delivery configuration
during delivery. Optionally, the implant may be configured to naturally recover trom the
constrained delivery configuration to the deployed configuration during deployment. The
implant may comprisc a metal including nickel and titanium. The distal helical section may
comprise more toops than the proximal helical scetion when the implant is in the deployed
configuration. In some cmbodiments, the proximal helical section comprises less than two loops
when the implant is in the deployed configuration. The distal helical section muy comprise at
lcast one loop when the implant is in the deploved configuration. In some cmbodiments, the
distal helical section may comprise at least four loops when the implant is in the deploved

configuration.

{0028} fn yet another embodiment of the present invention, another method of enhancing

a breathing cfficiency of a patient with a lung having an airway 1s provided. The method may
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comprise advancing an implant distally through the airway to a portion of the lung of the patient
while the implant is in a delivery configuration; the implant having a proximal end and a distal
end. Thercafier, the method may include deploying the implant in the portion of the lung by
transitioning the implant from the delivery configuration to a deployed configuration, the
deployed configuration of the implant comprising a first helical section with an axis, the first
helical section disposed between the proximal end and the distal end of the device, and whercin
the proximal end extends away from the axis of the first helical section when the device is in the

deployed configuration.

[0021] The deployed configuration may further comprise a second helical seetion with an
axis and the second helical section may be coupled with the first helical section. The first helical

section and second helical section may comprise a right-handed helical section and a left-handed
helical section when the implant is in the deployed configuration. The proximal end may extend

away from the axis of the second helical section when the iraplant is 1n the deployed

configuration,

[¢022] The more distal helical section may comprise more loops than the more proximal
helical section wheo the implant is in the deployed configaration. Optionally, the axis of the
second helical section is different than the axis of the first helical section when the device is in
the deployed configuration. The implant may further comprise a jacket covering at least the
distal end and the first helical section. The jacket may comprise a polycarbonate urethane

material baving a hardness of at least 55D.
BRIEF DESCRIPTION OF THE DRAWINGS
{0023] A better understanding of the features and advantages of the present invention

will be obtained by reference to the atached documents that set forth illustrative embodiments,

in which the principles of the invention are utilized, and the accompanying drawings of which:

{0024] FIGS, [ A-1C illustrates the anatomy of the respiratory system;
{0025] FI1GS. 2A-2D iflustrate a bronchoscope:
G026} FIG. 3 iltustrates a bronchoscope in combination with a delivery device for a lung

volume reduction device according to the invention;
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{06027] FIGS. 4A-4F illustrate a lung volume reduction device according to an aspect of
the invention;
{0028] FIGS. 5A-5D illustrate a lung volume reduction device according to another
aspect of the tvention;
{0029] F1G. 6 illustrates a lung volume reduction device according to another aspect of
the invention;
{0030] FIG. 7 illustrates a lung volume reduction device encased in a sheath;

{0031} FI1GS. 8A-8D illustrate a lung volume reduction device according to another
aspect of the invention;
{0032] FIGS. 9A-9B illustrate scgments suitablc for use in configuring a lung volume

reduction device according to an aspect of the invention;

{6033 FIG. 10 illustrates an exemplary device in a pre-deployed condition according to

aspects of the invention;

{0034) FIGS. 11A-11B illustrate a lung volume reduction device accerding to another

aspeet of the invention;

[G035] FIGS, 12A-12C illustrate a variety of device configurations with atraumatic tips;
|6036] FI1GS. 13A-13F illustrate a plurality of individual wires formed of shape memaory

material that can be deployed to form a lung volume reduction device and a delivery device;

{0037] FI1G. 14 illustrates a device configuration;

[6038] FIG. 15 illustrates a device in a loading cartridge;

[0039] FIG. 16 ithustrates a long device configuration,

[0048) FIG. 17 illustrates a device configuration with a wire support frame;

{0041] FIG. 18 illustrates a device configuration with a covering;

[0042] F1G. 19 ilustrates a device configuration with a perforated covering;

{6043] FIG. 20 illustrates a device configuration with an attached wire support frame;
{0044] FI1G. 21 iltustrates a device configuration with an attached frame andd covering;

9
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{8045] F1G. 22 illustrates a device configuration that is coupled to a second device;
[0046] F1G. 23 illustrates a device configuration in a coil shape;

{0047] FIGS. 24A-24F illustrate a device with two helical sections and a transition
section;

{0048] FIGS. 25A-25D illustrate the device of FIGS. 24A-E further comprising a jacket;
[0049] FIGS. 26A-26E illustrate another embodiment of the device with two helical

sections and a transition section;

{0050] FIGS. 27A-27D illustrate the device of FIGS. 26 A-E further comprising a jacket;
[0051] FIG. 28 illustrates a device in a delivery configuration during delivery within an
airway;

{0052] FIG. 22 illustrates the device of FIG. 28 deployed to the deployved configuration

within the airway;

[6053] FIGS. 30 and 31 are images of human lung tissue before and after a portion of the

lung tissue is compressed from within an airway by an embodiment of an implant;

{0054] FIGS. 32A-32C illustrate a device implanted within the lungs;

{0055] FIG. 33A llustrates a method steps for implanting the device;

[8056] FIG. 33B illustrates ¢ method sieps for implanting the deviee;

[00537] FIG. 34 ilfostrates a system in an airway with device ready to deliver,

{G058] FIG. 35 illustrates a system in an airway delivering the device;

{6039] FIG. 36 illustrates a system in an airway with the device delivered;

{0060} F1G. 37 llustrates a system with a bronchoscope, catheter, dilator, and guidewire;
{0061] FI1GS. 38A-38B illustrate the delivery of the device;

{6062] FiG. 39 schematically illustrates selection from among a plurality of alternative

devices with different lengths, and loading of a device into a cartridge so that the device can be

advanced into a delivery catheter; and
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{0063} FIGS. 40A-40C illustrate the delivery of a lung volume reduction device

according to embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION

j0064] By way of background and to provide context for the invention, FIG. 1A
illustrates the respiratory system 10 focated primarily within a thoracie cavity 11. This
description of anatomy and physiology is provided in order to tacilitate an understanding of the
invention. Persons of skill in the art will appreciate that the scope and nature of the invention is
not limited by the anatomy discussion provided. Further, it will be appreciated there can be
variations in anatomical characteristics of an individual, as a result of a varicty of factors, which
are not described herein. The respiratory system 10 includes the trachea 12, which brings air
from the nose & or mouth 9 into the right primary bronchus 14 and the left primary bronchus 16,
From the right primary bronchus {4 the air enters the right lung 18; from the left primary
bronchus 16 the air enters the left lung 20. The right fung 18 and the left lung 20 together
comprise the lungs 19. The left lung 20 is comprised of only two lobes while the right fung 18 is
comprised of three lobes, in part to provide space for the heart typically located in the left side of

the thoracic cavity 11, also referred to as the chest cavity.

{0065] As shown in more detail in FIG. 1B, the primary bronchus, ¢.g. Icft primary
bronchus 16, that Jeads into the lung, c.¢. left lung 20, branches into secondary brouchus 22, and
then further into tertiary bronchus 24, and stifl further into bronchioles 26, the terminal
bronchiole 28 and finally the alvecli 30. The pleural cavity 38 is the space between the fungs and
the chest wall. The pleural cavity 38, shown in FIG. 1C, protects the lungs 19 and allows the
lungs to move during breathing. Also shown in FIG. 1C, the pleura 40 defines the pleural cavity
38 and consists of two layers, the visceral pleurac 42 and the parictal pleurac 44, with a thin layer
of pleural fluid therebetween. The space occupied by the pleural fluid is referred to as the pleural
space 46, Each of the two pleurae layers 42, 44, are comprised of very porous mesenchymal
serous mernbrancs through which small amounts of interstitial fluid transude continually into the
plearal space 46. The total amount of fluid in the pleural space 46 s typically shght. Under
normal conditions, excess fluid is typically pomped oot of the pleural space 46 by the tymphatic

vessels,

{6066} The tungs 9 arc described 1o current literature as an elastic stracture that fleats

within the thoracic cavity |1, The thin layer of plearal fluid that surrounds the lungs 19
11
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lubricates the movement of the lungs within the thoracic cavity 11, Suction of excess fluid from
the plevral space 46 into the lymphatic channels maintains a slight suction between the visceral
pleural surfuce of the lung pleura 42 and the parictal pleural surface of the thoracic cavity 44,

This slight suction creates a negative pressurce that keeps the fungs 19 inflated and floating within

5
=
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the thoracie cavity 11, Without the negative pressure, the lungs 19 collapse Hike a balloon and
expel air through the trachea 12, Thus, the natural process of breathing out s almost entirely
passive because of the clastic recoil of the hings 19 and chest cage structures. As a resull of this
physiological arrangement, when the pleura 42, 44 is breached, the negative pressure that keeps
the lungs 19 n a suspeuded condition disappears and the lungs 19 collapse from the clastic recoil

10 effect.

{0067} When fully expanded, the lungs 19 completely fill the pleural cavity 38 and the
parictal plearac 44 and visceral pleurae 42 come into contact. During the process of expansion
and contraction with the inhaling and exhaling of air, the Jungs 19 slide back and forth within the
pleural cavity 38. The movement within the pleural cavity 38 is facilitated by the thin layer of

{5 mucoid fluid that lies i the pleural space 46 between the parietal plevrae 44 and visceral pleurae
42. As discussed above, when the air sacs jo the lungs are damaged 32, sueh as is the case with
emphysema, it is hard to breathe. Thas, tsolating the damaged air sacs to improve the elastic
structure of the tung improves breathing. Similarly, locally compressing regions of the hung
tissue while maintaining an overall volume of the lung increases tension in other portions of the

20 lung tissue, which can increase the overall lung function.

{6G68] A conventional flexible bronchoscope is deseribed in .S, Pat. No., 4,880,015 to
Nicrman for Biopsy Foreeps. As shown in FIGS. ZA-D, bronchoscope 50 can be configured to
be of any suitable length, for example, measuring 790 mm in length. The bronchoscope 50 can

5 ]

further be configured frem fwo main parts, a working head 52 and an insertion tube 54, The

o
Lh

working head 52 contains an cyepicee 36; an ocular lens with a diopter adjusting ring 58;
attachiments for the suction tubing 60 and a suction valve 61 and for the cold halogen light source
62 and 63; and an access port or biopsy inlet 64, through which various devices and fluids can be
passed into the working channel 66 and out the distal end of the bronchoscope. The working

ad

head is attached to the inscrtion tube, which typically measures 580 mm in length and 6.3 mumn in

(Y]
=

diameter. The inscrtion tube can be configured to contain fiberoptic bundles (which terminate in

the objective fens 38 at the distal up 68). two light guides 70, 70 and the working channgl 66,
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The distal end of the bronchoscope has the ability to bend 72 anterior and posterior, with the
exact angle of deflection depending on the instrument used. A common range of bending is from
160 degrees forward to 90 degrees backward, for a total of 250 degrees. Bending may be
controlled by the operator by adjusting an angle tock lever and angulation lever on the working
head. Sce also, ULS. Patent Pub, US 2005/0288550 Al to Mathis for Lung Access Device and US
2005/0288549 Al to Mathis for Guided Access to Lung Tissue, the entirety of which s

incorporated herein by reference.

{6669] FIG. 3 illustrates the use of a lung volume reduction delivery device 80 for
delivering a lung volume reduction device comprising an implantable device with the
bronchoscope 50. The long volume reduction system, as described in further detail below, is
adapted and configured to be delivered to a lung atrway of a patient o a delivery
configuration and then transitioned to a deployed configuration. By deploving the deviee,
tension can be applicd to the surrounding tissuc which can facilitate restoration of the clastic

recoil of the Jung. The device is designed to be used by an interventionalist or surgeon.

{0076] FIGS. 4A-F illustrate a shaft or tubular member of a lung veolume reduction
device 110 which may be inclided in an implant according to an aspect of the invention,
with FIGS. 4B-F being cross-sections taken along the tines B-B, C-C, D-D, E-E, and F-F of
FIG. 4A, vespectively, The lung volume reduction device 110 includes a member, such as
tubular member 112, which has ¢-cuts 114, or notches, along its length to provide flexibility
such that the device can be deflected off a longitudinal axis A when deployed. In other
words, the longitudinal axis of the implant shatt or body may be changed from a gencrally
straight configuration suitabie for distal insertion along axis A to a bent or deployed
configuration, The bent or deployed implant may bend or reconfigure a surrounding airway
s0 as to locally compress fung tissue. For example, where the cuts are oriented parailel to one
another along the length of the tubular member and are of the same or similar depth D, the
device will tend to uniformly curve around an axis point when deployed. As a result, the
device preferentially curls or bends in a direction as determined by the shape of the slots.
Differcnt types {width, depth, oricntation, cte.) of notches or siots can be used to achicve
dilferent operational ¢ft) cis and configurations of the deployed device without departing

from the scope of the rovention.
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10071] Positioned within a lumen 113 of the tubular member 112, is an actuation
clement 116 or pull-wire. The actuation element can have a circular circumference in cross-
section, as depicted, or can have any other suitable cross-section. The actuation element 6
may be anchored at one end of the device 1106, ¢.g. the distal end, by a cap 119. The cap 119
can be bonded to the device and a distal crimp can be provided to crump the cap 119 into the
pull-wire 116. The cap 119 may be rounded as depicted to make the dip of the device
atraumatic. Alternatively, cap 119 may be configured to include an anchor configured to
grasp the adjacent airway during the device deployment within the airway. The anchor may
increase the amount of tissuc compression by a deployed device and thereby increase the
amount of beneficial tension in the lung. Such optional anchors are discussed further below.
The opposing end, ¢.g. proximal end, may be adapted and configured to engage a mechanism
120, The mechanism 120 may be adapted deploy the device. Further mechanism 120 may be
configured to lock the device into a deployed configuration once the device 110 is deployed
or to unlock the device to facilitate retricval of the device from an airway. The device 110
may be configured to be detachable from a delivery catheter adapted to deliver the lung
volume reduction device. The delivery catheter and delivery of the device are discussed

further below.,

{6072] Mechanism 120, at the proximal end of the device may be adapted to include a
retainer ring 122 that engages a ratchet 124 that can be used to lock the device in place. The
coupler {26 retains the ratehet 124 such that the ratchet Jocks the device in place once
deployed. At the proximal end, a retricval adapter 130 is provided, such as a pull-wire eyelid.
The retricval adapter 130 may be adapted and configured to enable the device to be retrieved
at a later point during the procedure or during a subsequent procedure. The ratchet device
may include flanges that extend away from a central axis when deployed to lock the device

in place.

{6073] FIGS. 5A-C illustrate yet another lung volume reduction device according to
another aspect of the invention, with FIGS. SB-C being cross-sections taken along the lines
B-B, and C-C of FIG. 3A, respectively. As depicted in this embodiment, the fung volume
reduction device 310 includes a member, such as tubular member 312, which has c-cuts 314,

314", or notches, along its iength to provide flexibility such that the device can be deflected
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in more than one direction off a longitudinal axis A when deployed. In this embodiment, the
notches are positioned on the member 312 on opposing sides of the member when the
member is lying within a plane. For example, where the cuts are oriented parallel each other
along the length of the tubular member and are of the same or similar depth D, the device
will tend to uniformly curve around an axis point when deployed. In this embodivoent, when
deployed, the configuration of the notches would result in a deployed configuration that is "s-

shaped"” when the actuator element 316 is pulled proximally (i.e., toward the user).

{6074 FIG. 6 itlustrates vet another lung volume reduction device 410 according to
another aspect of the invention. In this embodiment, the tubular member 412 has notches
414, 414', 414" configurcd in a spiral pattern along its length. As a result, when the actuation
element 416 1s pulled proximally toward the user, the device bends to form a spiral as

illustrated below.

[0075] FIG. 7 tHustrates a hung volume reduction device 510 encased in a sheath 535,
The sheath can be a polymeric elastic membrane, such as silicone. The sheath can prevent
material from a body cavity from entering the lumen 513 of the tubular member 512, An

actuation member 516 is provided within the lumen 513 of the tubular member 512.

{0076} FIGS. 8A-D tllustrate yet another lung volume reduction device 610 according
to another aspect of the invention, with FIGS. 8B-D being cross-sections taken along the
lines B-B, C-C, and D-D of F1G. 8A, respectively. The lung volume reduction device 610 in
this embodiment is comprised of individual segments 612, 612", 612", The segiments can be
configured, for example, to have identical asymmetrical configurations such that a
compressible space 614 is between each segment before the device is actuated by activating
the actuator element 616. Each of the segments can further comprise a detent on a first
surface which opposes a mating indentation on a surface of an opposing segment. As will be
appreciated, a variety of components of devices disclosed herein can be configured to
provide locking or mating mechanisms te facilitate actuation and operation. When the
actuation element 616 is activated, the compressible space is reduced and the opposing
surfaces of two adjacent segments come together to reduce or eliminate the space between
them, depending upon the desired outcome. Where the scgments have identical or nearly

identical configurations, the device will evenly arc around an axis point. Where the segments
1
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do not have identical configurations, a variety of configurations can be achieved upon
deployment depending on the configurations of the segments selected and the organization of
the segments in the device. As with previous embodiments, the actuator element 616 is
secured at one end, ¢.g., the distal end, by a cap 619. The segments can be formed as
hypotubes or can be formed as injection molded or solid pieces. Use of segments can avoid
fatigue on the device because the surfaces come in contact with one another during
compression. Material selection can alse prevent blometallic corrosion. Further, the scgment
design is conducive for mass production and maintenance of consistence for final shape and

operation.

{6077] FIGS. 9A-B illustrate segments 712, 712" suitable for use in configuring a lung
volume reduction device according to an aspect of the invention. The segments, as depicted,
can be generally cylindrical with a pair of surfaces that are either parallel or nou-parallel
cach other at either end. To achieve the operation described above, a first surface 713 could
be perpendicular to the elongated tubular sides 715 of the element, while the opposing
surface 717 is not perpendicular to the sides of the clement (or paraliel to the opposing first
surface). A detent 721 can be provided on one surface that is configured to mate with an
indentation 723 the second surface of another. Other configurations, such as a key: keyway
combination, can be vsed without departing from the scope of the invention. A central lumen

725 is provided through which an actuator element (described above) passes through, 1

{0078} FIG. 18 illustrates devices 2510 uecording to the invention in a pre-deployed
configuration. FIG. 10 llustrates the device 2510 having a longitudinal configuration, such as the
configuration assumed prior to deployment. When the device is implanted and placed in
compression or tension axially, the device will preferentially bend. The actual preferential
bending will vary depending upon the configuration of the device. For example, the location,
depth, and orientation of the slots depicted in FIGS. 4-7; or the orientation of the walls of the
segments of FIG, 8. As will be appreciated by those skilled o the art upon reviewing this
disclosure, other configurations can be achieved by, for example, altering the size and tocation of
the c-cuts on the tubular member, or by altering the configuration of the segments illustrated in
FIGS. 8-9. Once the device preferentially bends, the device finparts a bending force on the fung
tissue which results jn a redoction of lung volume. As is appreciated, the implant, once re-

shaped, is shorter in length thao the deliverable implant configuration, The shortening occurs
16
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when for example, the distance between the proximal end and the distal end is reduced.
Typically, the deliverable shape of the dovice 1s such that it fits within a cylindrical spacc that is
I Smm in diameter or smaller. Thus, the implant can come into contact with tissue that is larger
than 10 square inches per linear inch of the implant kength. The re-shaped or deployed implant
can be conligured in a variety of shapes to lie within a single plane, or to adopt any other sutlable
configuration, such that it does not lie within a single plane. Additionally, the device can have

arving rates of curvature along s fength.

{66791 Turning to FIGS. 11 A-B, a lung volume reduction device 210 according to
another aspect of the invention 1s depicted, with f1G. 1 1B being a cross section taken along
the Hines B-B of FIG. 1A, Positioned within a fumen 213 of the tubular member 212 15 an
actuation ¢lement 216 o a pull wire. As described above, the actuation clement can have a
ciretttay circumference tn cross-section, as depicted, or can have any other suitable cross-
section. The actuation clement 216 may be anchored at one ¢nd of the device 210, e.g. the
distal cnd, by acap 219, In this embodiment, the rotainer ring 222 is configured to provide
anchors 223, 223" or teeth that are adapted to deploy by retracting the retaining sheath of @
delivery catheter. When deployed, the anchors 223 contact the awway and affix the device in

place. The anchor 223 can be configured to be self-expanding such that the anchors approach

or extend through (c.g., hook) the airway, The amount of expansion of the auchors will be

‘_- 9
controlied by the design and the materials used. For example, where a shape memory

wall of

material is used, the anchors can be configured to extend away from the longitudinad
the tubular member by a predetermined angle o, as depicted 10 degrees. The design of the
anrchor can further be driven by the lengih of the device. The anchors can be configured 1o
catch on the airway when deploved in a manner similar to the way a sient catches within the
vasculature, or the anchor can be designed to canse friction. Prior to deployrent, the anchors

may be retained by a retaining sheath (illustrated below).

{0086} FIGS. 12A-C iilustrares devices 2710 according to the invention implanted

within, for example, a bronchiole 26, The deviee 2710 depicted i FIG. 124 is configured to

he device. When the device 2710 1s activaied

provide an atraumatic Hip 2711 on either end of
within the bronchiole 26 the device curves and imparts a bending foree on the lung tissue. As o
result of the bending pressure, the Ussue curves and compresses upon its self to reduce Tung

vohume, Additioually, deployment of the device can result in the atrway hecoming bent. As
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illustrated in FIG. 33C the device can also be configured with a single atraumatic tip so that the
deployment mechanism 2720 can casily interface with the proximal end of the device.
Alternatively, atraumatic tip 2711 may be comprise a rounded tip similar to the tip illustrated in

FIG. 4A.

{60381] In another embodiment of the invention, as ilfustrated in FIGS. 13A-F, the
device 10 is comprised of a plurality of individual wires formied of shape memory material
that resume their shape when implanted. The wires can be heat treated to assume a specific
shape, such as a C shape as described above. The wires are then individually implanted
through a delivery system 850 such that when the first wire is implanted the diameter of the
wire may be small enough that the wire cannot overcome the force applied by the
surrounding tissue to assume its pre-configured shape. However, upon implantation of
additional wires, the amount of strength available cumulatively among the wires does
overcome the force applied by the tissue and the wires, together, achieve the desired shape
(sce. FIG. 13F). As will be apparent to those of skill in the art, the strength of a shaped wirce
can vary depending on how much material is used. For example, & shaped wire with a farger
cross-section will have higher strength than a shaped wire with a smoaller cross-section.
However, a [arger diameter wire way be harder to implant because it would be harder to
straighten into a shape suitable for deployment. Where many small wires are used, each wire
individually is more flexible and can be deployed easier, but as a larger number of wires are
implanted the combined strength increases. In some embodiments, it may be useful to
configure the devices 810 such that the use of, for example, S0-100 wires will have the
strength to overcome pressure applied by the tissue. The wires 810 can be deployed within a

flexible polymer tube to keep the wires in proximity to each other.

{0082} FIG. 14 shows an cxample of an implantable device 3703 made from Nitinol
metal wire 3701, Nickel- Titanium, Titanium, stainless steel or other biocompatible metals with
memory shape properties or materials with capabilities to recover after being strained 1% or
more may be used to make such an implant. Additionally, plastics, carbon based composites or a
combination of these materials would be suitable, The device 1s shaped like « French horn and
can generally lic in a single plane. The ends are formed nto a shape that maximizes surface area

shown in the form of balls 3702 1o miminize scraping or gouging Jung tissue, The balls may be
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made by melting back a portion of the wire, however, they may be additional components that

arc welded, pressed or glued onto the ends of wire 3701,

{6083} A Nitinol metallic implant, such as the one tllustrated in FIG. 14, may be
configured to be elastic to recover to a desired shape in the body as any other type of spring
would or it can be made in a configuration that may be thermally actuated to recover to a desired
shape. Nitinol can be cooled to a martensite phase or warmed to an austenite phase. in the
austenite phase, the metal recovers to s programmed shape. The temperature at which the metal
has fully converted to an austenite phasc is known as the Af temperature (austenite final). I the
metal is tuned so that the Af temperature is at body temperature or lower than body temperature,
the matenial is considered to be elastic in the body and it will perform as a simple spring. The
device can be cooled to induce a mariensite phase in the metal that will make the device flexible
and very casy to deliver. As the device ts altowed to heat, typically doe to body heat, the device
will naturally recover its shape because the metal s making a transition back to an austenite
phase. If the device is strained to fit through a delivery system, it may be strained enough to
induce a martensiie phase also. This transformation can take place with as little as 0.1% strain. A
device that is strain induced into a martensite phase will still recover to its original shape and
convert back to austenite after the constraints are removed, 1f the device is confignured with an Ar
temperature that is above body temperature, the device may be heated to convert it to austenite
and thermally activate its shape recovery inside the body. All of these configurations will work
well to actuate the device i the patient's Jung tissue. The huoman body temperature is considered

to be 37 degrees C in the typical human body.

[00384] FIG. 15 illustrates a cutaway view of a delivery cartridge system 3800 that
constrains the implant device 3703 in a deliverable shape. The device 3801 may be shipped to
the intended user in such a system or it may be used as a toel to more easily load the implant into
a desired shape before being installed into the patient, bronchoscope or a catheter delivery
device. The cartridge may be sealed or terminated with open ends or one or more hubs such as
the Luer lock hub 3802 that is shown. The implant should be constrained to a diameter that is the
same or less than 1 8mm diameter because anything larger than that will be difficult to advance
past the vocal cord opening.

{0085] FIG. 16 illustrates another implant device 3901 that is shaped in a three
dimensional shape similar to the scam of a baseball. The wire is shaped so that proximal end
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3902 extends somewhat straight and slightly longer than the other end. This proximal end will be
the cnd closest to the user and the straight section will make recapture casier. If it were bemnt, it

may be driven into the tissuc making it hard to access.

{0086} FIG. 17 is an illustration of another implant system 4001. It is similar to that
shown in FIG. 16 with the addition of a wire frame 4002 surrounding the device. The wire frame
may be used, for cxample, to increase the bearing arca that is applied to the lung tissuc. By
increasing the bearing area, the pressure born by the tissue is reduced along with a reduction in
the propeunsity for the device to grow through lung structures or cause inflammatory issues.
Small wires that apply loads in the body tend to migrate so we believe that the device should be
configured to possess more than 0000001 (1 in®) square inches of surface area per linear inch
of the length of the device. The frame is one of reany ways to provide a larger surface area to

bear on the tissue.

[0087] FIG. 18 shows yet another example of a device 4101 according to the invention.
The deviee 4101 features a covering to increase bearing arca 4102, In this example, the main
wire 3902 is covered by a wire frame and a polymeric covering 4102, The covering may be made
of any biocompatible plastic, thermoplastic, fluoropolymer, Teflon®, urethane, metal mesh,
coating, silicone or other resilient material that will reduce the bearing pressure ou the hung
tissue. The ends of the covering 4103 may remain scaled or open as shown to allow the user to

flush antibiotics into and ot of the covering.

fHO8RB] FIG. 19 illustrates another configuration of the implant device 4201 showing a
covering 4205 with perforations 4203 adapted and configured to allow the device to be flushed.
The ends 4202 of the covering are sealed to the ends of the device to keep the two components
fixed and prevent shiding of one or the other during deployment. The covering may be thermally
bonded, ghied or shrunk to a tight fit.

{6089 FI1G. 20 itustrates a device 4301 that has the wire frame 4902 joined to the ball
ends 3702 at a junction 4302, The balls mmay be melted from the wire stock and the wire frame
may be incorporated into the ball at that time. It may also be glued, pressed together, welded or
mechanically locked together.

{0098] F1G. 21 illustrates another implant device 4401 with an attached wire frame
4302, main wire 4103 and a covering 4102, The complete implant may include additional
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structures or materials which enhance the ability of the implant to provide therapeutic
benefits during long-term implantation, with many of these additional structures or materials
providing a bearing surface or interface between the compression-inducing shaft of the
device and the surrounding tissue lumen wall of an airway. These additional structures or
materials may be any of the structures or materials which are disclosed in related U.S, Patent
Application No, 12/782,515 filed on May 18, 2010, entitled Cross-Sectional Modification
During Deployment of an Elongate Lung Volume Reduction Device, the application of which

is incorporated herein by reference.

[6081] FIG. 22 illustrates a system of one or more devices that can be hooked together
4501. The device 3703 1s configured such that it terminates on both ends, for example, with blunt
ball shaped ends 3702. The device 4502 is terminated on one end with an open cup and slot
shape 4503 that allows the devices to be coupled together. These devices may be debivered
together or coupled in-sitn, Devices may be installed into a single duct v the hung or 1o different

locations that may be linked together,

{0092] FIG. 23 illustrates another three dimensional device 4601 made in the form of a

coil with atraumatic ball iermunations 3702,

{0053] FIGS. 24A-24E illustrate another 100 mm long device 900 i a pre-implantation
or a post-implantation configuration, In this configuration, deviee 900 includes two helical
sections 902, 904 with a transition/intermediate section 906 disposed between the two helical
scetions 902, 904, Similar to the devices deseribed above, device 900 may have another
configuration which corresponds to a delivery configuration in which the deviee assumes during
delivery to a treatment region within an aivway. Each helical section 902, 904 ncludes a
respective helical axis 906, 90&. In the embodiment shown in FIGS. 24A-24E, helical axis 906 is
at an angle with helical axis 908. The angle between the helical axis 906 and helical axis 908
may be between 190° and 230° in some embodiments. In alternative embodiments, helical
section 902, 904 may sharc a helical axis.

[6084] In this particolar embodiment, device 900 comprises a shape-memory material,
however a person of ordinary skill would recogmze that many of the methods deseribed above
may be used to contigure a device such that it may be mechanically actuated and locked into a

simifar configuration. Device 900 as shown in the figures includes a right-handed helical scction
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and a lefi-handed helical section and the transition section 910 between the two helical sections
comprises a switchback transition section when the device is in the pre-implantation or post-
implantation configuration. The switchback transition section may be defined as the intermediate
section where the clongate body of the implant transitions between oppositely handed helical
configurations. Tn some embodiments, the switchback transition section may reduce the recoil
forces daring device 900 deploymcut therehy providing greater control of device 900 during
deployment, Additionally, the switchback transition may reduce migration of the implant after
deployment and thus mamntain the device's tissue compression advantages, As shown in FIGS.
24A-24E, the helical scetions do not have to include the same number of loops or complete helix
turns. In this embodiment the distal helix 304 comprises more loops than the proximal helix 902.
Alternatively, device 900 may be configured such that the proximal helix 902 includes more
loops than distal helix 9906, The helical sections may be configured to include a piich gap of
0.078:0.0251n. In this particalar embodiment, the two helical sections are circular helical
seetions. Other embodiments of the present invention may be configured to inchude spherical or

conical helieal sections when in a pre-implantation or post-implantation configuration,

{B035] FIGS. 25A-25D illustrate device 900 further comprising a jacket 916, Jacket 916
may increase the diameter of deviee 9040 so as to provide wore area per unit force when deployed
in the airway. For example, the jacket may increase the device diameter by 3.25X to provide
more arca per anit force. Accordingly, the increase in diameter may reduce crosion into an
airway wall once deviee 960 is deployed. Jacket 916 may comprise SSD polycarbonate urethane
{PCU). PCU may reduce biofilms that promote bacterial growth thereby limiting incidents of
infeetion. The jacket may cover the proximal helix, the distal helix, and the transition scetion
disposed between the helices. Additionally, the jacket may cover the distal portion of the device

as shown in FIGS. 25A-25D. In some embodiments, the proximal end is also covered by the

jacket. Alternatively, the jacket may cover only certain portions of the device. The jacket may be

fustened to device 900 by an adhiesive such as Loetite 3311,

{0096} The proximal end 912 and distal end 914 of device 900 may be configured to be
atraumatic. In the depicted embodiment, proximal end 912 and distal end 214 comprises a ball
with a diamcter of about 0.055:0.005in which may be made by melting back a portion of the
wire or may be additional components that arc welded, pressed or glued onto the ends of the

wirce. The atraumatic bali may have a smaller surface arca to allow a low catheter friendly profile
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or a larger ball which reduces the tissue stress with the larger surface arca. In other erobodiments,
a tigsue penctrating anchor may be used to couple the proximal end or distal end of device 909 to

an airway wall during the deployment of the device,

{00971 Proximal end 912 s also configurcd as a stand-off preximal tail which may
extend past an outer boundary defined by the proximal coil. For example, as shown in FIG, 248,
angle §§ may be 76°£20°. {n some cmbodiments the stand-off proximal tail may extend away
from the axis of a helical scetion when the device is 1o the pre-implantation or post-implantation
configuration as shown in FIG. 24D, The stand-off proximal tail may include a steeper bead 915
at the proximal end which may allow more length to be used in conypression. Additionally, the
standoff proximal tail provides for better device retricvability once depleyed by reducing the
chances that the proximal tadd will impinge against or penctrate through the aivway wall once the

device is deployed. Accordingly, device repositioning and/or temoval mway be facilitated by a

device with a standoff proximal ratl configuration. The stand-off proximal tail may be used with

other device configurations. [n one embodiment, the stand-off proximal tail may be utilized with

a device confhguration comprising « single helical section,

[§098; FIGS. 26A-26F iHustrate devige 000 which s sumilar to deviee 900, Device
1000 incledes a proximal helical section 1002 and a distal helical seetion 1004, A transition 1006
is disposed between the two helical sections 1002, 1004, The proximal end 1012 and distal end
1014 comprise atrawmatic balls. Erstal helical section 1804 inchides 4.25 foops but may
comprise more, FIGS. 27A-27D itiustrate device 1000 furtber comprising jacket 1016, The dissal

helical sections may further compress portions of the lungs when deviee 1086 is deployed within

an airway. Similar to device 900, other configurations of deviee 1000 are possible. For exampic,

N

device 1000 may be configured to include two vight handed helical sections or two left handed

helical sections. Optionally, the helical sections yuay share the same helical axis.

16699} FIGS. 28 and 29 tihustrate how the device fength s reduced when the device s
deploved in-site. The device shown in the delivery configuration 4802 i FIG. 28 is also shown
in the deploved configuration 4803 in FIG. 29. The distance A between the device ends 3702 is
large while the device is constrained by the constraining cartridge device 3801, Distance A is

simifar when the device 1s constrained by a loading cartridec, catheter or bronchoscope. FIG. 29
J 4 i

shows the same device in a deployed configurazion 4203 in an airway 4801 that has been

deformed by the shape recovery of the impiant device. FIG. 29 shows that the distance B
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between the device ends 3702 is substantially shorter after the device is deploved. Similarly,
FIG. 30 illustraies the device of FIGS. 26A-E deployed within an airway. As can be scen, the
airway lining may be pinched between adjacent helix loops thereby providing beneficial tissue
compression. it some embaodiments, a 70% improvemsent in volume reduction over current

LVRC can be obtained.

[0166] FIGS. 30 and 31 show two phetos of g human lung in a chest cavity simulator.
The tungs were explanted from a persen who expired due to chronic obstructive pulmonary
discase (COPD}. The cavity is sealed with the fung's maiv stem bronchi protruding through a
hole in the cavity wall. The bronchi has been scaled to the bole so a vacuwn can be applied to
aspirate the aiv from the space between the cavity interior and the lung, This allows the lung to
be drawn to a larger expanded condition with vacuum levels that are physiologic (such as 0.1 to
0.3 psi, stnular to that of the typical human chest cavity). FIG. 30 ilhustrates a 175num long
impiant that has been delivered to a distal end of o delivery catbeter as desceribed above. The

catheter s substantially constraining the implant in a straightened delivery configuration.

[6101] FIG. 31 shows the implaut after the catheter bas been retracted fromw the implant
to allow the implant to return toward its relaxed cenfiguration. The implant has recovered fo its
original shape by means of elastic recoil and possibly a Nitivol metal compositional phase
change substantially back to austentie. The delivery grasper has been uniocked to release the
implant in the airway. By comparing the fung tissue in FIGS. 30 and 31, the regions of the fung
that are compressed by the implant during the process of shape recovery (changing from a
delivered shape to a deployed shape) can be wdentificd. The compressed regions are visualized in
the fluoroscopie images by distivet increases in darkpess or darker grey shades of the images.
Darker regions tdentify more dense regions and lighter identify less dense regions. The implant
can be seen to compress regions as it recovers to canse arcas of the lung to become darker. Other
regions can be seen to be strained or stretehed and this can also be seen as regions that are

converted to a lighter region.

{6102] The implant can be placed in pathologic regions in the lung that provide limited or
no exchange of gas to and from the blood stream because the alveolar walls used to do 8o have
been degraded and destroyed by discase. These wre typically the most degraded regions that have
jost mechanical strength and elasticity. In an inhaling COPD patient these degraded arcas fill
with air first, at the expense of gas filling in regions that could better help the patient, because the
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weakened tissue presents little to no resistance to gas filling. By implanting the devices in these
arcas, resistance is provided so the gas is filled in regions that still can effectively exchange
elements to and from the blood stream. Viable regions have structure remaining so resistance to
gas filling 1s present as this is a normal physiologic property. The implant advantageously
provides more gas filling resistance in the destroyed regions than the normal physiologic
resistance in the viable regions so gas flows to viable tissue. This eliminates or reduces the
counterproductive "preferential filling” phenomenon of the most discased Tung tissue prior to
treatment. The implantable device may alse delay collapse of airways during a breathing cycle
thereby limiting the amount of air trapping in a fung. Accordingly, paticnts with small airway
disease or with alpha [-antitrypsin deficiency may also be treated with such a device.
Additionally, the implantable device may be configured to provide enbanced breathing efficacy

immediatcly after implasntation while still allowing pas exchange distal to the deployed implant

thereby reducing the chance of atelectasis of Tung tissue distal to the umplant.

10163] As with previous embodiments, the cmbodiments depicted in FIGS. 14-31 age
adapted and configured to be delivered to a hung airway of 4 patient in a delivery configuration
and to change to a deployed configuration to bend the fung airway. The deviees are characterized
in that the devices have a delivery configuration that is resifiently bendable into a plarality of
shapes, such as the ones depicted in the Figures. The design of the devices can be such that strain
relicf s facilitated on both ends of the deviee. Further the ends of the device in cither the

delivery or deployed state are maore resilient.

{064 The devices can have any suitabic length for treating target tissue. However, the
length typically range from, for example, 2 ¢ to 20 cm, usually 3 cor. The diameter of the
device can range from .00 mm to 3.0 mm, preferably 2.4 mum. The device is used with a

catheter which has a working fength of 60 em 1o 200 cm, preferably 30 cm.

[{6185) In operation the devices shown in FIGS. 14-31 are adapted and configured to be
minimally invasive which facilitates casy use with a broschoscope procedure. Typically, there is
no incision and no violation of the plcural space of the fung during deployment. Furthermore,
cotlateral ventilation in the fung docs not aituct the effectiveness of the implanted device. As a

result, the devices are suitable for use with both homoygencous and heterogencous emphysema

10146} Each of the devices depicted in FIGS. 14-31 are adapted and configured to impart

bending foree on tung tissue. For examnle, a spring element can be provided, as itlustrated in
o o x 7 A feel
e
i)
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FIG. 14 that imparts beading force on lung tssue, The implantable spring element that can be
constrained into a shape that can be delivered to a lung airway and unconstrained to allow the

clement to impart bending foree on the airway to cause the atrway to be bent.

{¢187] Embodiments of the lung volume reduction system can be adapted to provide an
implant that is constrained in a first configuration to a relatively straighter delivery configuration
and allowed to recover in situ to a second configuration that is less straight configuration.
Deviges and implants can be made, at least parttally, of spring material that will fully recover
after having been strained at least 1%, suitable material includes a metal, such as metals
comprising Nicke! and Titanium. To some embodiments, the inoplant of the lung volume
reduction system is cooled below body temperature in the delivered configuration, n such an
embodiment, the cooling system can be controlicd by a temperature seosing feedback toop and a
feedback signal can be provided by a teraperature transducer o the system. The device can be
configured o bave an Af temperature adjusted to 37 degrees Celsius or colder. Additionally, at
least a portion of the metal of the device can be transformed to the martensite phase in the
delivery configuration and/or can be in an austenite phase condition in the deployed

configuration.

{0188} Lung volume reduction systems, such as those depicted in FIGS. 14-31, comprise
an implantable device that is configured to be deliverable into a patient’s {ung and which is also
configured o be reshaped to make the lung tissue that is in contact with the device more corved.
Increasing the curvature of the tissue assists in reducing the Jung volume of discased tissue,
which in trn inereases the Jung volume of healthier tissue. In some instances, the devices are
configured to be reshaped w a permanent second configuration. However, as will be appreciated
by those skilted in the art, the devices can also be adapted and configured to have a first shape

and is configured to be strained elastically to a deliverable shape.

{0E89] As will be appreciated by those skilled in the axt, the devices iltustrated in FI1GS.
14-31 are can be configured to be dehiverable into a patient's lung and configured to reshape hung
tissue while allowing fluid to flow both directions past the implant. A number of additional
features described in related U.S. patent application [2/358.2006 entitied Enfranced Efficacy Lung
Volume Reduction Devices, Methods, and Systems, such as lock features, decoupler systems,
activation systems, and retrieval systems may be uscd with aspects of the present invention. The

full disclosure of U.S. patent application 12/558.206 is incorporated herein by reference.

26
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[6119]) FIGS. 32A-C illustrates the process of implanting the device within a lung. As is
cvidence, the device 2810 is advanced 1s a configuration where the device adapts to the anatomy
of the lungs through the airways and into, for example, the bronchioles until it reaches a desired
location relative to the damaged tissue 32. The device is then activated by engaging the actuation
device, causing the device to curve and pull the lung tissue toward the activated device (see, FIG.
32B). The device continues to be activated until the lung tissue is withdrawn a desired amount,
such as depicted in FIG. 32C. As will be appreciated by those skilied in the art, withdrawing the
tissue can be achieved by, for example, curving and compressing a target section of lung tissue
upon deployment of one of the configurable devices disclosed herein. Onee activated

sufficiently, the deployment device is withdrawn from the lung cavity.

fo111] A variety of sleps for performing a method according to the invention would be
appreciated by those skilled in the art apon review of this disclosure. However, for purposes of
Ulusteation, FIG, 33A illustrates the steps including, insertion of the device 3610, activating the
device 3620, such as by activating an actuator; bending the device into a desired configuration
3630 and locking the device into a deployed condition. As will be appreciated the step of
bending the device can be achieved by activating the actuator, as described above, or by the

impiant being restored into a preconfigured shape.

j0112) In one embodiment, the device operation includes the step of inserting a
bronchoscope into a patient's fungs and then inserting an intra-bronchial device or lung volume
reduction device into the bronchoscope. The intrabronchial device is then allowed to exit the
distal end of the bronchoscope where it is pushed into the airway. A variety of methods can then
be used to verify the positioning of the device to determine if the device is in the desired
location, Suitable methods of verification include, for example, visualization via visualization
equipment, such as fluorescopy, CT scanning, etc. Thereafter the device is activated by pulling
the pull wire proximally (i.e., toward the user and toward the extericr of the patient's body). At
this point, another visual check can be made to determine whether the deviee has been positioned
and deployed desirably. Thereafter, the device can be fully actuated and the ratchet can be
allowed to lock and hold the device in place. Thereafter, the implant is decoupled from the
delivery catheter and the delivery catheter is removed.

j0113] Another method of tensioning the lung is shown in FIG. 33B which illustrates
steps that include, applying bending loads or foree to strain u device from a first shape into a

4
i
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dehiverable shape without plastically or permanently bending the device 364€, delivering the
device into the patient vsing the bronchoscope or other delivery system components to hold the
deviee mn a deliverable shupe while it is being introduced 3630 and then removing the constraint
used to hold the device to allow it to recover back to its first shape 3660, Elastic recovery of the
device will drive the deviee to a more bent condition thai wili apply force to nearby Tung tissue.
The bending forces locally compress tissue near the implant and apply tension on hung tissuc in
surrounding regions to restore hung recoil and enhance breathing efficiency. The first shape is
adapted to be elastically constrained by a delivery device to a deliverable configuration whereby

removal of the delivery deviee allows the imiplant to receil and be veshaped closer to its first

shape.
HOSEH FIG. 34 iltustrates a systam 4901 that may be used (o deliver the implant device.

The roany components of the systent may be needed to guide the bronchoscope 4902 to a s
that is appropriate for unplant debivery, The airway guide wire kas a distal floppy section 4913
that can be steered into any desired airway by rotating the slight curve at the distal tip to the
appropriate trajectory at airway bifurcations. To apply torque to the wire, devices such as a
locking proximal handle 4915 may be attached to the proximal end of the wire 4912, The wire
tip may be blunt such as the ball up shown 4914, In some embodiments, the wire may be adapted
and configured 1o pass throngh a difator catheter 4909 that is shaped to provide a smooth
diameter transition from the wire diamceter to the delvery catheter 4906 diameter. The distal tip
of the dilator 4910 should be tapered 4911 as shown. The dilstor prevents the open end of the
delivery catheter 4906 to dig into lung tissuc in ar unintended way, The dilator hub 4916 may be
made as a Y-fitting to allow the user to couple a syringe and injeet radiopaque dye through the
ditator fumen to increase the visibility of the airways, which facilitates the use of an x-ray
guidance system, sueh as fluoroscopy or computed tomography. The delivery catheter may be
used without the wire and dilator. The catheter 4906 is designed to constrain the device i a
defiverable shupe while it is advanced through the system and inte the patient. The distal end

4907 may be configured from a foppicr polymer or braid than the proximal end 4906 and the

distal tip may further include a radiopuague material assosiated with the tip, citl

erintegral or
adjacent, to identity the pesition of the tip relative to other anstomical locations. such as bones.
Providing one or more radiopaque markers facilitaies using x-ray guidance system to position the

distal end of the device in situ relative 10 a ta anatomy. The proximal termination of the

dehivery catheter 4908 may further be adupted to incorporaie a lockable hub 1o secure the loading
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cartridge 3801 with a smooth continuous lumen. The delivery catheter 4900 1s shown introduced
into the bronchoscope side port 4905 and out the distal end of the scope 4917, A camera 4903 i
shown attached to the end of the scope with a cable 4904, or other delivery mechanism, to
transmit the image signal to a processor and monitor, The loading cartridge, delivery catheter,
dilator, guide wire and wire nut may be made from any material identified in this specification or
materials well known to be nsed for sinuilar products used in the human vascular tract by

radiologists,

{0115] FI1G. 35 illustrates a dehivery system 5001 that has been placed into a human lung.
The bronchoscope 4902 is in an airway 5002, The scope camera 4903 15 coupled to a video
processer 53004 via a cable 4904, The image is processed and sent through a cable 50605 to a
moenitor 5006, The monitor shows a typical visueal oricntation on the screen 5007 of a dehivery
catheter image SO0R just ahead of the optical clement 1o the scope. The distal end of the delivery
catheier 4907 protrudes out of the seope in an airway 5002 where the user will place an tmplant
device 3703, The implant 3703 is {oaded into a foading cartridge 3801 that is coupled to the
proximal end of the delivery catheter via focking hub connection 3802, A pusher grasper device
5009 1s coupled to the proximal end of the implant 3703 with a grasper coupler 5010 that is
locked to the impiant using an actaation phanger 5012, handle 5011 and pull wire that runs
throwugh the central Twmen in the pusher catheter. By releasably coupling the pusher to the
implant device and advancing pusher/grasper device 5809, the uscr may advance the implant to a
position in the lung in a deployved configuration. The user can survey the implant placement
position and still be able to retricve the implant back into the delivery catheter, with case, if the
delivery position is less than ideal. The device has not been delivered and the bottom surface of
the lung 3003 is shown as generally flat and the airway is shown as gencrally straight. These may
both be anatomically correct for a tung with no implant devices, If the delivery position is

correct, the user may actuate the plunger 3012 to release the implant into the patient.

0116} F1G. 36 illustrates generally the same system after the implant has been deployed
into the airway 5103, The implant 5102 and pusher 5101 has been advanced throngh the delivery
catheter 4907 to a location distal to the scope 4902, The pusher grasping jaws 5010 are still
locked onto the proximal end of the implant 5102 but the implant has recovered to a pre-
programimed shape that has alsc bent the airway 5103 into a folded configuration. By folding the

alrway, the airway structure has been cffectively shortened within the lung and lung tissuc

b
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between portions of the implant has been lateraily compressed. Since the atrways are well
anchored inte the lung tissug, the airway provides iension on the surrounding lung tissue which 1s
graphically depicted by showing the pulled (curved inward) floor of the lung 5104, The image
from the camera 4903 is transmitied through the signal processor 5604 to the monitor 5006 to
show the distal tip of the delivery catheter STO1, distal grasper of the pusher 5810 and proximal
end of the implant 3703, The grasper may be used 1o locate, coupic to and retricve devices that
have been released in the patient. The implant performs work on the atrways and lung tissuc
without hlocking the entive hunen of the aivway. This is a benefii in that fluid or air may pass

cither way through the airway past the implant device,

{6117} Fig. 37 illostrates delivery systom 5200 as placed into a patient hody, and
particularly into a heman fung. Delivery sysicm 5200 may be gencrally similar to system 4901
3001 deseribed above. The distal end 524G of bronchoscope 4202 extends info an airway
systeot toward an airway portion or axial region 3802, sometiroes referved o as an axial segnent.
The scope camera 4803 s coupled to a video processor 3004 via a cable 4904, The image is
processed and sent through a cable 53805 (o a monitor 5006, Monitor 3806 shows on screen 5007
a portion of a defivery catheter image 5008 just ahead of the optical image capture element in the
scope. In some cmbodiments, the scope may be constrained by a relatively jarge cross-section to
advancement only to a "near” region of the fung adjscent the wajor airways  Hence, the optical
tmage has a viewficld that oxtends only a limited distance slong the aivway systery, and it will
often be desirable to implant some, most, o alf of the implant bevend a field of vicw 5242 of

scope 4902,

B8] Chndewire 5203 is threaded through bronchoscope 4902 and through the airway
systemn to (und through) airway S002. As described above, guidewire 5203 may uptionally have

a cross-secion signiﬁcan'&:]y smalter than that of the scope and/or the delivery catheter,

Alternative embodiments may use a relatively large dismeter guidewive, For example, rather

than relying on a wpering difator between the guidowire and the delivery catheter, the guidewire

may insteud be larg

D

e encugh to mostly or substantially fill the lumen of the delivery catheter,

,:g LT D H - - it S Y e e ,
while still sllowing sliding motion of the guidewire through the lumen. Suitable guidewires may
i

have cross-scction in a rangc from about 5 Fr to about 7 Fr, ideally being about 3 1/2 Fr, while

the dehivery catheter may be between abour 5 Frand 9 Fr, ideally being about 7 Fr. A distal end

209 of the guidewire 5203 may be angled as deseribed above 1o factlitate steering. Sull further

9]
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vurtations are alse pessible, cluding delivery of the implant deeetly thra a working lumere of wn
endoscope (with use of & sceparsie delivery catheter). In particolar, where a cross-sectional sive
of'a bronchoscope allows the scope 1o be advanced to a distal ond of the target airway region, the

bronchoscope iself mav thon boe nsed as o delivery cathutor apuenatly without remote imagine.

SRR B0 A fluoroscopic system, an ultrasound tmaging svstens an MR1 svatom, @

computed wmography (C1) systom, or some other remote inaging modality havin

inage capture device 3211 allows gutdance of the gutdewire so that the guidewire and/or
dehivery catheter 5201 can be advanced beyond the viewmny ficld of bronchoscope 4902, In
some embodinents, the guidewre may be advanced under semote mage guidance without the

FO) ase of a scope. Regardiess, the guidewire can gencrally be advanced well boyond the near lung,

wiih the distal end of the puidewire often betng advanced s and/or through the nud-lang,

optionaliv toward ov to the sl arways of the for Jung, When e eelusivelv Jarge gusdewire is

used fvprcally bemg over S frosuck e 502 Froguidewrey the cross-ageton of the guidewing

+

may it advancernent 1o a reyion of the aleway havi S1Z¢ apprepriate for recely iy

t5  the nnplants described above. The gudewire maey bave an atrmenahie end, with exemplary
cthodiments having @ guidowire structre which inchudes & corowire affixed 1o a surrounding

cofl with a vestlient or low-columy strength bamper extending from ibe coil, the bumper ideally

Formed

N

3y additional loeps of the coil with separation botween adjacent foops so as to allow the

dUTPCY 10 inily and mbebit tssue damage. A roanded gusfiee or ball at the divtal end of

20 the baoper alse inbibis teng fnjuny, A felivery catherer

o

3201 can then be advanced through the lum bronchoscope 4902 and ovor guldewirg

fehe imaging system, ideatly G ihe distal ond of the delivery catherer is

hoe

20} The disiad portion of mdewire 5203 15 provided with mdicia of length 3200,

T

abend S200. The indicla may comprise

indicta indicating distances alony the guidewire from dis

ol

scatbe members or simpic seale morkings, and distal

e of cadbetor 8201 may have one o

maere correspending high cone the nuidowire and the muarker of

]

catly visibic ‘a\z"“ the vromate im RN CHenee Tomg

2HE can rdenttfy, track o mmisee indicta 3206 and thuy provide the fongth of the gutdewire

A DOrLON exXiendn

r"'

en gaad the rotative position of) the distsl ond of the bro ‘.ilh(ﬁ):‘«CO;‘&f s

the distal o of gusdewire 3263, Indicia « , Comprise
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radiopaque or sonographic markers and the remote imaging modality may comprisce, for

example, an x-ray or fluoroscopic guidance systeny, a computed tomography {CT) system, an
MR system, or the like. Exemplary indicia comprise markers i the form of bands of high-
contrast metal crimped at regular axial intervals to the corewire with the coil disposed over the
bands, the metal typically comprising gold, platinum, tantalum, indiom, tungsicn, and/or the like.
Note that some of the indicia of the guidewire are schematically shown threugh the distal portion
of the catheter in ¥Fig. 37, Indicia of length 5206 thus facilitate using a guidance systero (o
yoeasure a fength of airway 5002 or other portion of the airway system beyond the field of view

of the scope, thereby allowing an implant of appropriate length to be selected.

(121} Remote imaging modality 3221 is coupled to imaging processor 5224 via csble

5215, Imaging processor 3224 8 coupled to a monitor 5226 which displays an image 5228 on

-

AN
AR
by

sereen 5227, Tmage 5228 shows the indicia of lengths 5205 and 5206 of delivery catheter S201
and guidewire 5203, respectvely, As descnibed sbove, when a smull-diameter guidewire is used
a difator 3217 may be advanced through the tmuen of the catheter so that the distal end of the
dilator extends from the distal end of delivery catheter S201 when the catheter is beiny advanced.
Dilator 5217 atraumatically expands openings of the atrway system as delivery catheter 5201
advances distatly, Dilator 3217 tapers radially ovtwardly proximal of the distal tip of guidewire
203, facititating advancement of the catheter distally 1o or through the mid-ung toward the far
lung, Once the cathoter has beon advanced to the diatal end of airway portion 3002 trgeted for
delivery {optionally being advanced over the guidewire to the distat end of the guidewire when a
large diameter puidewire 1s used to identify a distal end of a target region for an implant, or as far
as the cross-section of the catheter atlows the catheter to be safily extonded over a smaller
diameter guidewire), the length of the airway (optionally between the distal end of the guidewire
and the distal end of the bronchoscope) is measured. The dilator 3217 (if used) and guidewire
5203 arc typically withdrawn proximally from deliver catheter S281 so as to provide an open
lumen of the delivery catheter from which a fung volume reduciion deviee or implant can be

deployed.

3122} Ggs. 38A and 388 show an implant 5300 for reating aivway 5002 of & lung. As

deseribed above, uirway S002 compriscs s portion of & branching airway systenm, and the airway
targeted for deployment will typically define an airway axis 3340, Implant 5300 cornprises an

clongate body 53301, a distal end 5303, and a proximal end 5305, Elongete body 5301 1< biased

ey
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to bend to & bent deployed configuration as ribed above and as shown in Fig. 38B. A pushe
grasper device 5009 is coupled to the proximal end 5305 with a grasper coupler 5418 that is
locked to implant 3300 using an actuation plunder 5012, handle 5011, and pull wire that run
through the central lumen in the pusher catheter. Prior to deplovment, implant 5308 may be
loaded into a tubular Joading cartridge, for example, cartridge 3801, and advauced from the
loading cartridge into the lumen of catheter 5301, Pusher grasper device 5009 can advance
unpiant 5300 through delivery catheter 5201, As shown in Fig. 384, when restrained within
delivery catheter 5201, clongate body 5307 s maintained in a strajightencd configuration which
defines a fong axis behween the distal end 5303 and proximal end 3308, As shown in Fig. 388,

when pusher grasper device 5009 axially restraing in‘:plzu:-.t S300 and catheter 3201 is pulled

proximally from arway axial region 3002, unplant 5300 resihently returns to a bent deployed
configuration to bend the atrway 5002, More specifically, the airway axis 5348 gocs from &
relatively straight configuration to & highly bent configuration, with lateral movement of the
clongate body and surrounding atrway stracture thereby compressing adincent tissue. Onee
catheter 520 has been withdrawn from over clongate body 5301, the deployment can be
cvaluated. The user may axially restrain the implant 5300 while catheter 5201 s advanced
axially so as to recapture the buplant if the deployment docs not appear satisfactory, or the aser
toay actuate plongey 5012 w relcase implant 5300, Tmpland 5300 mway be touded inte a tubudar
loading cartridge, for example, cartridge 3801, and advanced from the loading cartridge inte the

lurnen of catheter §301

{61231 FIG. 39 shows a plurality of implants including implant 53004, 33008, and
300C  Fach of these implants may have different sizes, fengths, and shapes from each other.
When using delivery system 5200, guidewire S203 may be advanced to a target region near the
distal end of the airway system. Guidewire 5203 may be advanced distally until further distal

advancement is limited by the distal end of the guidewire being sufficiently cngaged by the

surrounding humen of the airwuay system. Dielivery catheter 5201 can then be advanced so that a

distal end of catheter 3201 is adjacent u distal end of the guidewire. The distance slong the
indiciu of length 5205 from the bronchosceope to the distal end of guidewire 5203 may be used to
select an tmplant having an clongate body 3301 with & desired length, The desired length may
be lesser, greater or about the same as the distance between the distal end of delivery catheter
5201 and distal end of the bronchoscope as indicated by the indicia 3200, The clongate body
5301 having the sclected fength may be advanced and deployed mito the tung via the atrway

el
D
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system and using pusher grasper 5009 as deseribed above. To provide a desirable implant shelf
fife and/or a desirable deployment force for compressing tissues using self-deploving clongate
bodies (including those using resilient materials and/or using superelastic materials such as
Nitinol™ or the like), it may be advantageous to store the various implants of various sizes ina
refaxed siate. Once the desired 1mplant geometry or other characteristics have been identified,
the selected implant 5300 may be loaded nto a loading cartmidge 5401 (and subseguently into the
lumen of delivery catheter 5201) using pusher grasper deviee 3009, Pusher grasper device 5009
may be tensioned proximally aud/or loading cartridge 5401 may be pushed distally so that
clongate body 5301 straightens axially. The loading cartridge 5401 and implant 3300 can theo
be coupled to the other components of the delivery system, and the ioplant advanced into the

ajrway as described above.

16124] In exemplary einbodiments, the pusher grasper S009 moves distally while the
cathewer 5207 is retracted proxvually from over the implant during deployment. The selected
implant may have a length greater than the measwred distance between the distal end of the
gundewire {and hence the end of the delivery eathetery and the distal end of the scope. This can
help accommodate recotl or moventent of the ends of the implant toward cach during delivery so
as to avoid hnposing cxeessive axial foads between the implant and tissue. Distal movement of
the pusher grasper 5809 and proximal end of the nmplant during deployment also helps keep the
proximal cod of the implant within the field of view of the bronchoscope, and enhanees the
volume of tissue compressed by the implant. Excrplary implants may be more than 149 longer
than the mcasured target airway axial region length, typically being from 10% to about 30%
longer, and ideally being about 20% longer. Suitable implants may, for example, have total arc

lenpths of 125, 130, 175, and 200mm.

{0525} Related LS. patent application 12/358,206 describes exemplary methods for

cating a patient and evaluating the treatment, cach of which may be used with aspeets of the

present invention. For exampile, the treatment method may comprise delivering an fmplant within
the lung snd then ovaluating the patient's breathing thereafter to determine whether more
implants arc needed. Alternatively, a plurality of implants may be delivered within the patient's
fungs before an evaluation. The paticnt's langs may be cvaluated by measuring a foreed

expiratory volume (FEV) of the patient, measuring/visualizing a change in tissue density ai the
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implantation region, measuring/visualizing displacement of the diaphragm or of the lung

fissures, ctc.

0126} In some embodiments, an implant is deployed in a straight configuration with the
of a cathcter, ¢.g., catheter 5201, to contain it in a gencrally straight shape. Alternative
embodiments may use the working lumen of the bronchoscope directly so that the bronchoscope
is used as a delivery catheter. Upon removal of the constraining catheter, the implant recoils to a
deployed shape that can be casily identified by the fact that the distance from one end to the
second 15 reduced. The proximal end of the implant may be grasped, ¢.g., with pusher grasper
device 5009, and held so that the distal end of the implant remains engaged against the desired
airway tissue as the iength of the implant is progressively unsheathed (by withdrawing the
catheter proximally). High tensile forces might be generated between the distal portion of the
implant and the airway tissue if the proximal end of the implant is held at a fixed location
throughout deployment, ag the implant is biased to vecoil aor bring the ends together when
rcefeased. Hence, it can be advantagecus to allow the proximal end of the iroplant to advance
distally during release, rather than holding the implant from recoiling, as these forees may be
deleterious. For cxample, the distance and tissue thickness between the distal end of the implant
and the lung surface is short, there may be little strain relief on the tssuc and the risk of rupture
may be excessive. Additionally, the implant might otherwise tond to foreshortened after it is
released by the grasper. When forcshortening oceurs, the proximal end of the implant may travel
distally beyond the viewing field of the bronchoscope and the user can have difficulty retrieving

the tmplant reliably.

{0827} Thus, as schematically shown in Figs. 40A-40C, an implant 5300 having a length
longer than that of the target axial region 5505 may be sclecied to be deployed in some cases. As
described above, a guidewire may be advanced distally from the bronchoscope until the

g airway, with the

guidewire advancement is inhibiled by engagement with the surroundin
guidewire apticnally being relatively large in cross-section {such having a size of between about
5 Fand 7 F, ideally having a size of about 5 172 F). This atlows the guidewire to be advanced to
(but pot excessively beyond) a target site for the distal end of the implant (which may have an
atraumatic ball surface with a diamecter from about | to about 3 mm, idecally being about 1.5
mm). As shown in Fig. 40A, catheter 5201 1s advanced distally from the distal end of

ALY

bronchoscope 4902 over the guidewire until the distal end of catheter 5201 is aligned with the
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distal end of the guidewire or 1l the distal end of the catheter Timits further distal advancoement

due to the distal end of cathater 3201 being similarly sufficiently engaged by the surrounding

lumcen of the airway system 5002, A length 55305 of the target axial region of the atrway 18

measared. Length 5505 may be the distance between the distal end of the advanced catheter
5201 and the distal cnd of the bronchoscope 4302, and the guidewire can be withdrawn
} : b3
proximally after the measurament. An tmplant 5300 having a length greater than the measured
length 5505 15 selected and distally advanced through catheter 5201 using pusher grasper 5009 as
& S 5 )
previovsly deseribed. Implants having a length of at least 10% mare, preferably ahout 209%

more, than the measored target axial region may be sclected

{63138] FIG. 408 shows the deployment of fraplant 5300, Buplant 5300 is advanced
threugh the lumen of catheter 5201 to adjacent ity distal end and the catheter 5201, the distal end
of the implant is at Jeast inittally) held axially in place, and the catheter is withdrawn proximally
from over a distal portion of the implant. As catheter 3201 is withdrawn, 1mplant 5300 bends
lateratly and compresses a portion of atrway 5362, As shown in Fig. 408, a larger portion

Iy

300 once catheter 3201 is fully withdrawn such that

airway 3002 can be compressed by implant
it no longer restrains implant 3300, As the eatheter is progressively withdrawn, the proximal end
of the implant moves distally relative to the surrounding bronchoscope and aivtway tissue, The
proximal end of implant 3300 may alse be refeased by pusher grasper 5009 after implant 5300
has foreshortencd (when measured along the axial conter of the airway) gradustly throughout its

releasc.

0i291 By using a longer implant 3300, the proxamal end of implant 5300 can also be fed
i ) b B I ¢ ]

into the auway while the potential energy of the roplant is being freed to apply work on the lung

tissue (while the catheter 1s being pulled off of the implant). The lung airways can be distorted

so the alrway cross section 1s pushed to a more oval shape. Longer implants can tend to zigzag
back and forth across the airway tumen so that implants that are significantly longer than the
b}

measured airway length can be introduced. For cxkampice, a 1 58mm long {are length) implant can

be deploved into a 100mm long ai

vay. The arcater fength of the implant may minimize the
uncontrolted recotl that may causc the proximal end fo be lost in the patient ipon release.

Oreater implant length can alse allow the user to feod the implant into the paticnt while the

catheter is removed withoot over stressing the ung hissue. Additionally, should fos

emain within the viewing

b=

of the Tonger implant oceur, the proximal end of the implant car stili
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field of the bronchoscope and the user can thus retain the ability to retrieve the implant reliably.
It should be understood that the fength of the implant relative to the diameter of the airway may
be much greater than the schematic illustration of Figs. 40A-40C, that the implant may have
more complex three dimensional curvature to effect volumectric compression of the lung tissue,

and the like,

{6138] As will be appreciated by those skilled in the art, the device can be manufactured
and deployed such that it is deliverable through a bronchoscope. When actuated, the device can
be adapted and configured to bend or curl which then distorts lung tissue with which the device
comes in contact, Lung tissues that roay be beneficially distoried by the device are atrways,
blood vessels. faces of tissue that have been dissected for introduction of the device or a
combination of any of these, By compressing the Tung tissue, the device can result in an increase
jn elastic recoil and tension in the lung in at least some cases. Additionally, in some instances,
lung function can be at least partially resiored regardiess of the amount of collateral ventilation.
Further, the disphragm may, in some insiances, move up once greater tension is ercated which

enables the Jung cavity to operate more cffectively.

{0131} Devices according to the invention have a small eross-section, typically less than
LOF. The flexibility of the device prior to deployment facilitates advancement of the device
through the tortuons fung anatomy. Onec deployed, the device can remain rigid (0 hold and
maintain a tissue deforming effect. Further, the device design facilitates recaptore, de-activation

and removal as well as adjostment in place.

0§32} Candidate materials for the devices and components described hercin would be
known by persons skilled in the art and include, for example, suitable biocompatible materials
such as moetals (c.g. stainless steel, shape memory alloys, such a nickel titaninm altoy (nitinol),
titanium, and cobalt) and engincering plasties (c.g. polycarbonate). Sce, for eoxample US Patent
Nos. 5,190,546 to Jervis for Medical Devices Incorporating SIM Memory Alloy Elements and
5,964,770 to Flomenblit for High Strength Medical Devices of Shape Memory Alloy. In some
cmbodiments, other materials may be appropriate for some or all of the components, such as
biocompatible poiymers, including polyetheretherketone (PEEK), polyarylamide, polycthylene,

and polysulphone.

{0133} Polymers and metals uscd to make the implant and delivery system may be coated

with materials to prevent the formation and growth of granular tissue, scar tissue and mucus,

o
2/
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Many of the drugs used with stent products to arrest hyperplasia of smooth musele cells in blood

vessels after deploying metallic stents will work very well for these devices. Slow release drug

cluting polymers or solvents may be used to regulaic the release of drugs that include any
substance capable of exerting a therapeutic or prophylactic effect for a patient. For example, the
drug could be designed to inhibit the activity of smooth muscle cells, it can be dirccied at
inhibiting abnormal or inappropriate migration and/ov proliteration of smooth muscle cells to
whibit tissue mass buildop. The drug may include small melecule drugs, peptides or proteins.

Examples of drugs include antiproliferative substances such as actinomycin D, or derivatives and

analogs thercof (manufactured by Sigma-Aldrich of Miwaukee, Wis,, or COSMEGEN availablce

from Merck). Synonyins of actinomycin D include dactivomycin, activomycin ¥V, actinomnyeing,

actinomycin Xy, and actinomycin Cy. The active agent also fal under the genus of
antincoplastic, anfi-inflammatory, antiplatelet, anticoagulant, antifibrin, antithrombin.

antimitotic, antibiotic, antiallergic and antioxidant substances. Examples of sach antincoplastics

and/or antimitotics include pachiaxel {e.g. TAXOLI by Bristol-Myers Squibb Co. of Stamford,

Conuv.}, docetaxel {e.g. Taxotere®:, from Aventis S, AL of Frankfurt, Germany) methotrexate,

azathioprine, vineristine, vinblastine, fluorouracil, doxorobicin hydrochloride {e.g. Adrianyeir

from Bristol-

from Pharmacia & Upjohn of PeapackN.J1.). and mitomyein (e.g. Mutarmycin®
Myers Squibb), Examples of such antiplatelets, anticoagulunts, antifibrin, and antithrombins
inciude sedium heparin, low molecular weight heparins, heparinoids, hirudin, argatreban,

forskolin, vapiprost, prostacychin und prostacyelin anatogues, dexttran, D-phe-pro-:

chioromethviketone {syntheric antithrombin), dipyridamele, giveoproicin Hh/lfla platelet

membrane receptor antagonist antibody, recombinant hirudin. and thrombin inhibitors such as
Angiomax{(TM) (Biogen, Inc. of Cambridge, Mass ). Examples of such cvtostatic or

antiproliferative agents inchude angiopeptin, sngiotensin converting cnzymge inhibitors such as

e

captoprii {e.g. Capoeten® and Capozide® from Bristol-Myers Squibb), cilazaprii or Hsinoprid

{c.g. Prinivid® and Prinzide® from Merck & Co., Inc. of Whitchouse Station, NJ1.3; caleium
channel biockers {such ag pifedipine), colchicine, tibroblast growth factor (FGF) antagonists, fish

oif (omega 3-fatty acid), histamine antagonists, lovastatin {an inhibttor of HMG-CoA reductase,

a cholesterol fowering drug, brand name Mevac trom Merck & Co.), monoclenal sntibodies

(such as those speeific for Platciet-Derived Growth Factor (FDGE) receptors), mitroprasside,
phosphodiesterase inhibitors, prostaglandin inhibliors, suramin, serotonin blockers, steroids,

thioprotease inhibitors, tazolopyrimidine (2 PDGE antagenisty, and nitric oxide. Ao example of
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an antiallergic agent is permirolast potassium. Other therapeutic substances or agents which jtnay
be appropriate include alpha-interferon, genctically engincered epithelial cells, tacrolimus,
dexamethasone, and rapamycin and structural derivatives or functional analogs thereof, such as
40-0-2- hydroxyethyl-rapamycin (known by the trade name of EVEROLIMUS available from
Novartis of New York, N. Y.), 40-O-(3-hydroxy)propyl-rapamycin, 40-O-[2-(2-

hydroxyjethoxy]|cthyl-rapamycin, and 40-O-tetrazole-rapamycin.

[6134] Other polymers that inay be suitable for use in some embodiments, for example
other grades of PEEK, such as 30% glass-filled or 30% carbon filled, provided such materials are
cleared for use in implantable devices by the FDA, or ather regulatory body. The use of glass
filled PEEK would be desirable where thore was a need to reduce the expansion rate and increase
the flexural wodulas of PEEK for the insirwment Glass-filled PEEK 15 known to be ideal for
improved strength, stiffiness, or stability while carbon filled PEEK. 15 known to enhance the
compressive strength and stiffoess of PEEK and lower its expansion rate. Still other suitable
biocompatible thermoplastic or thermoplastic polycondensate materials may be sintable,
including ynaicrials that have good memory, are flexible, and/or deflectable have very low
moisture absorption, and good wear and/or abraston resistance, can be used without departing
from the scope of the invention. These include polyetherketoneketone (PEKK), polyetherketone
(PEK), polyetherketoneetherketoneketone (PEKEKK), and polyetheretherketoneketone

(PEEK K]}, and generally a polyarvictherctherketone. Farther other polyketones can be used as
well as other therrnoplastics. Reference to appropriate polymers that can be used in the tools or
tool components can be made to the following documents, all of which arc incerporated hercin
by reference. These documents include: PCT Publication WO (2/02158 Al to Vietrex
Manufacturing Ltd. entitied Bio-Compatible Polymeric Materials; PCT Publication WO
02/60275 Al, to Victrex Manufacturing Ltd. entitled Bio-Compatible Polymeric Materials; and
PCT Publication WO 02/00270 Al to Victrex Manutactaring Ltd. entitled Bio-Compatible
Polymeric Materials. Stitl other materials such as Bionate®:, polycarbonate urethane, available
from the Polymer Technology Group, Berkeley, Calif, may also be appropriate because of the
good oxidative stability, biocompatibility, mechanical strength and abrasion resistance. Other
thermoplastic materials and other high molecular weight polymers can be used as well for

portions of the instrument that are desired to be radiolucent.



10

WO 2014/151557 PCT/US2014/025994

Autorney Docket Wo. 91808-002 110PC-903053

{03135} The implant described herein can be made of a metallic material or an alloy such
as, but not limited to, cobalt-chromium alloys (c.g., ELGILOY), stainless steel (316L),
"MP3SN," "MP2ON," ELASTINITE (Nitinol), tantalum, tantalum-based alloys, nickel-titanium
alloy, platinum, platinum-based alloys such as, ¢.g., platinum- iridium alloy, iridium, gold,
magnesium, itanium, titaniom-based alloys, zirconium-based alloys, or combinations thercof.
Devices made from bioabsorbable or biostable polymers can also he used with the embodiments
of the present invention. "MP35N" and "MP20ON" arc trade names for alloys of cobalt, nickel,
chromium and molybdenum available from Standard Press Steel Co. of Tenkintown, Pa.
"MP33N" consists of 35% cobalt, 35% nickel, 20% chromium, and 10% molybdenum,

"MP2ON" consists of 30% cobalt, 20% nickel, 209 chromiom, and 0% molybdenun:,

{0136} While preferrcd embodiments of the present invention have been shown and
deseribed herein, it will be obvious to those skilled in the art that such embodiments are provided
by way of example only. Numerous vanations, changes, and substitutions will now occur to
those skilled in the art without departing from the invention. It should be understood that varjous
alternatives to the embodiments of the invention described herein may be conployed in praciicing
the invention. Tt is intended that the following claims presented will define the scope of the
invention and that methods and structures within the scope of these claims and their equivalents

be coverad thercby,
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What is claimed is:

1. A lung volume reduction system for enhancing a breathing efficiency of a patient with an
airway, the system comprising: an implantable device configured to impart a compression
force on lung tissue, the implantable device including a proximal end and a distal end and
further having a first configuration and a second configuration, the second configuration of
the implantable device corresponding to a configuration of the implantable device pre-
implantation or post-implantation, the second configuration comprises at least two helical
sections with a transition section disposed between the at least two helical sections; wherein
each of the at least two helical sections include a proximal portion and a distal portion, and
wherein the proximal portion and the distal portion of each of the at least two helical sections
are configured to compress lung tissue disposed between the proximal portion and the distal

portion of each respective helical section.

2. The lung volume reduction system of claim 1, wherein the at least two helical sections
comprise a right-handed helical section and a left-handed helical section and wherein the
transition section disposed between the at least two helical sections comprises a switchback

transition section when the implantable device is in the second configuration.

3. The lung volume reduction system of claim 1, wherein at least one of the at least two
helical sections comprise a circular helical section when the implantable device is in the

second configuration.

4. The lung volume reduction system of claim 1, wherein both of the at least two helical
sections comprise circular helical sections when the implantable device is in the second

configuration.
5. The lung volume reduction system of claim 1, wherein the implantable device further
comprises a jacket which covers a portion of the implantable device, the jacket configured to

reduce erosion into the airway by a deployed implantable device.

6. The lung volume reduction system of claim 5, wherein the jacket covers the at least two

helical sections and the transition section disposed between the at least two helical sections.

7. The lung volume reduction system of claim 5, wherein the jacket covers the distal end of

the implantable device.
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8. The lung volume reduction system of claim 5, wherein the jacket comprises a

polycarbonate urethane material.

9. The lung volume reduction system of claim 8, wherein the polycarbonate material has at

least 55D hardness.

10. The lung volume reduction system of claim 1, wherein the distal end of the implantable

device includes an anchor for coupling with the airway.

11. The lung volume reduction system of claim 1, wherein the proximal end of the

implantable device is atraumatic.

12. The lung volume reduction system of claim 11, wherein the stand-off proximal tail
extends away from each helical axis of the at least two helical sections when the implant is

in the second configuration.

13. The lung volume reduction system of claim 1, wherein the at least two helical sections
have a first and second helical axis, respectively, and wherein the first and second helical

axes are different when the implantable device is in the second configuration.

14. The lung volume reduction system of claim 13, wherein the first and second helical axes
form an angle ranging between 190° and 230° when the implantable device is in the second

configuration.

15. The lung volume reduction system of claim 1, wherein the implantable device comprises

a spring element.

16. The lung volume reduction system of claim 15, wherein the implantable device

comprises a metal including nickel and titanium.
17. The lung volume reduction system of claim 1, wherein the distal helical section

comprises more loops than the proximal helical section when the implantable device is in the

second configuration.
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18. The lung volume reduction system of claim 17, wherein the proximal helical section

comprises less than one loop when the implantable device is in the second configuration.

19. The lung volume reduction system of claim 17, wherein the distal helical section

comprises at least one loop when the implantable device is in the second configuration.

20. The lung volume reduction system of claim 19, wherein the distal helical section

comprises at least four loops when the implantable device is in the second configuration.

21. A lung volume reduction device for enhancing a breathing efficiency of a patient with an
airway, the device comprising: a stand-off proximal end and a distal end; and wherein the
device includes a first configuration and a second configuration, the first configuration
corresponding to a delivery configuration and the second configuration corresponding to a
pre-implantation configuration or a post-implantation configuration; the second configuration
of the device comprising a first helical section with a helical axis, the first helical section
disposed between the stand-off proximal end and the distal end of the device, and wherein a
proximal portion of the first helical section transitions into the stand-off proximal end via a
bend that is disposed between the proximal portion of the first helical section and the stand-
off proximal end such that the stand-off proximal end bends away from and extends
proximally relative to the first helical section and extends away from the helical axis of the

first helical section when the device is in the second configuration.

22. The lung volume reduction device of claim 21, wherein the second configuration further
comprises a second helical section with a helical axis, the second helical section coupled
with the first helical section; and wherein the first helical section and second helical section
comprise a right-handed helical section and a left-handed helical section when the device is
in the second configuration; and wherein the proximal end extends away from the helical

axis of the second helical section when the device is in the second configuration.
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23. The lung volume reduction device of claim 22, wherein the more distal helical section
comprises more loops than the more proximal helical section when the device is in the

second configuration.
24. The lung volume reduction device of claim 22, wherein the helical axis of the second
helical section is different than the helical axis of the first helical section when the device is in

the second configuration.

25. The lung volume reduction device of claim 21, further comprising a jacket covering at

least the distal end and the first helical section.

26. The lung volume reduction device of claim 25, wherein the jacket comprises

polycarbonate urethane material having a hardness of at least 55D.
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