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(57) ABSTRACT 
A method of minimally invasively reducing a volume of a 
hyper-in?ated target section of diseased lung comprising the 
steps of introducing a bronchoscope into a patient’s airWay 
to a position adjacent the target section and equilibrating air 
Within the target section With atmospheric air to at least 
partially de?ate the target lung section; injecting an in?am 
mation-causing substance into the target section to precipi 
tate adhesion of the Walls Within the target lung section, 
preventing substantial re-in?ation of the target section by 
occluding an airWay upstream of the target section for a 
period of time, and removing the airWay occlusion after the 
target section has substantially permanently been reduced in 
volume. The injected substance can be autologous blood or 
a constituent thereof. 
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BRONCHOSCOPIC LUNG VOLUME REDUCTION 
METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation of Us. 
application Ser. No. 10/409,785, ?led Apr. 8, 2003, the entire 
contents of Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The invention relates in general to the ?eld of 
pulmonary disease treatments, and speci?cally to a bron 
choscopic method of performing lung volume reduction 
surgery using an obstruction or one-Way valve. 

[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] The lungs deliver oxygen to the body by directing 
air through numerous air passageWays that lead from the 
trachea to respiratory bronchiole to small sacs called alveoli. 
These alveoli are generally grouped together in a tightly 
packed con?guration called an alveolar sac, and surround 
both alveolar ducts and respiratory bronchiole throughout 
the lung. The alveoli are small, polyhedral recesses com 
posed of a ?brillated connective tissue and surrounded by a 
feW involuntary muscular and elastic ?bers. These alveoli 
in?ate and de?ate With the respiration of air. Oxygen and 
carbon dioxide are exchanged through the ultra-thin Walls 
betWeen alveoli and capillary siZed blood vessels. 

[0006] During inhalation, as the diaphragm contracts and 
the ribs are raised, a vacuum is created in the chest, and air 
is draWn into the lungs. As the diaphragm relaxes, normal 
lungs act like a stretched balloon and rebound to the normal 
relaxed state, forcing air out of the lungs. The elasticity of 
the lungs is maintained by the supportive structure of the 
alveoli. This netWork of connective tissue provides strength 
to the airWay Walls, as Well as elasticity to the lungs, both of 
Which contribute to the lung’s ability to function effectively. 

[0007] Patients With chronic obstructive pulmonary dis 
ease or emphysema have reduced lung function and e?i 
ciency, typically due to the breakdown of lung tissue. Lung 
tissue and alveoli are destroyed, reducing the supportive 
structure of the airWays. This reduction in strength of the 
airWay Walls alloWs the Walls to become “?oppy,” thereby 
losing their ability to remain open during exhalation. In the 
lungs of an emphysema patient, the Walls betWeen adjacent 
alveoli Within the alveolar sac deteriorate. This Wall dete 
rioration is accelerated by a chronic in?ammatory state With 
the production of mucus in the lungs. Although the break 
doWn of the Walls of the alveoli in the lungs occurs over time 
even in a healthy patient, this deterioration has greatly 
accelerated in people With emphysema so multiple large 
spaces With feW connecting Walls replace the much smaller 
and more dense alveoli in healthy lung tissue. When many 
of the Walls of the alveoli have deteriorated, the lung has 
larger open spaces (bullae or air cavity) and a larger overall 
volume, but has less Wall tissue to conduct gas exchange. 

[0008] In this diseased state, the patient suffers from the 
inability to get the air out of their lungs due to the loss of 
elasticity of the lungs as Well as the collapse of the airWays 
during exhalation. Heavily diseased areas of the lung 
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become hyper-in?ated. Within the con?nes of the chest 
cavity, this hyper-in?ation restricts the in-?oW of fresh air 
and the proper function of healthier tissue, resulting in 
signi?cant breathlessness. Thus, the emphysematous patient 
attempts to take in a greater volume of air to achieve the 
same amount of gas exchange. With, severe emphysema, 
When patients take in as much air as their chest cavity can 
accommodate, they still have insu?icient gas exchange 
because their chest is full of non-functional air ?lling large 
cavities in the lungs. Emphysema patients Will often look 
barrel-chested and their shoulders Will elevate as they strain 
to make room for their hyper-in?ated lungs to Work. 

[0009] A Wide variety of drugs are available for treating 
the symptoms of chronic obstructive pulmonary disease, but 
none are curative. Chronic bronchitis and emphysema are 
typically treated With antibiotics and bronchodilators. A 
large number of patients are not responsive to these medi 
cations. In selected severe emphysema cases, lung volume 
reduction surgery (LVRS) is performed to improve lung 
e?iciency and to alloW the patient to improve breathing 
function and quality of life. In lung volume reduction 
surgery, the most diseased portion of an emphysematous 
lung having a large amount of alveolar Wall deterioration is 
surgically removed. LVRS is performed by surgically enter 
ing the chest cavity then stapling off and resecting the 
diseased portion(s) of the lung(s). This alloWs the remaining 
healthier lung tissue to in?ate more fully and take greater 
advantage of the chest mechanics to inhale and exhale. 
Because there is more air and more gas exchange in the 
healthier portion of the lung, lung e?iciency is improved and 
patients feel better. 

[0010] Traditional lung volume reduction surgery is an 
invasive procedure requiring surgically entering the chest 
cavity and removal of lung tissue. This surgery has substan 
tial risks of serious post-operative complications, such as 
pneumonia, and requires an extended convalescence. There 
have been more recent attempts to achieve lung volume 
reduction through minimally-invasive procedures. For 
example, U.S. Pat. Nos. 6,293,951 and 6,258,100 to 
Alferness et al. describe methods of collapsing a lung 
portion by obstructing an airWay. U.S. Pat. No. 6,488,673 to 
Laufer et al. describes a method of increasing gas exchange 
of a lung by causing tissue damage Within a diseased airWay 
in order to cause the airWay to remain open. U.S. Patent 
Application Publication No. 2001/0051799 to Ingenito 
teaches another method of non-surgical lung volume reduc 
tion that involves injecting a polymeriZable sealant into a 
diseased lung section. Notwithstanding the bene?ts of the 
above methods, minimally invasive lung volume reduction 
may be performed utilizing other advantageous methods. 

SUMMARY 

[0011] The present invention comprises methods of per 
forming lung volume reduction to address a diseased lung 
section. One method comprises the steps of de?ating a target 
lung section minimally invasively, causing in?ammation of 
the Walls of the target lung section, and placing an occlusion 
device Within an airWay leading to the target lung section to 
temporarily prevent re-in?ation of the target section. By 
causing in?ammation of the target lung Walls, that portion of 
the lung Will seal at a smaller volume. The method com 
prises guiding a catheter to the target lung section via the 
patient’s trachea and bronchi, exposing the cavity Within the 
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target lung section to the ambient environment to de?ate the 
air cavity, and injecting an in?ammation-causing substance, 
preferably the patient’s blood or analogous compatible ?uid, 
onto Walls of the air cavity. The volume of the cavity of the 
target lung section Will be permanently maintained in a 
reduced state because the Walls of the cavity come into 
substantial contact With one another, eventually substan 
tially adhering to one another. Temporary re-in?ation is 
prevented during the adhesion process by placing an occlu 
sion device in an airWay upstream of the portion of the lung 
to be treated, as close to the cavity as feasible, although 
general proximity is not critical. The catheter is then 
removed While temporarily leaving the occlusion device in 
the airWay. 

[0012] In one application of the present method, the distal 
end of a bronchoscope is used to guide the catheter to a 
diseased lung section, Where an in?ammation-causing sub 
stance is injected into the diseased lung section. In one 
variation, the present method comprises using the distal end 
of a bronchoscope to guide a multilumen catheter to a 
position adjacent the target region, inserting a puncturing tip 
through a section of diseased lung tissue and into the target 
region, and equilibrating the target region With atmospheric 
air. The target region air is equilibrated through a lumen 
extending from a distal opening of the lumen to the atmo 
sphere. With the target region at atmospheric pressure, one 
or more occlusion devices may then be deployed in airWays 
leading into the target region, thereby isolating the target 
region from inspiratory air ?oW. In one application, the 
obstruction is a one-Way valve, such as those described in 
the ’951 and ’100 Alfemess patents, or those described in 
pending US. patent application Ser. Nos. 09/951,105 to 
Alfemess et al. ?led on Sep. 11, 2001, Ser. No. 10/104,487 
to Alferness et al. ?led on Mar. 30, 2002, and Ser. No. 
10/124,790 to DeVore ?led on Apr. 16, 2002. The entire 
disclosures of the above patents and applications are incor 
porated herein by reference and made part of the present 
disclosure. The advantage of an obstruction device is 
reduced risk of rein?ation during the adhering process, 
resulting in more effective lung volume reduction. Another 
advantage, among others, is precluding migration of the 
injected substance to non-targeted regions of the lung. 

BRIEF DESCRIPTION OF DRAWINGS 

[0013] FIG. 1 is a schematic vieW of a pair of lungs; 

[0014] FIG. 2 is a schematic sectional vieW of a portion of 
healthy lung With intact alveolar sacs; 

[0015] FIG. 3 is a schematic sectional vieW of a portion of 
an emphysematous lung in Which the alveolar Walls have 
deteriorated leaving an air cavity or bullae; 

[0016] FIG. 4 is a schematic vieW of a lung tissue cavity 
to be reduced in volume in accordance With aspects of the 
present invention. 

[0017] FIG. 5 is a cross-sectional vieW of an airWay With 
a bronchoscope positioned adjacent a target lung section to 
be reduced in volume, and a catheter extending through a 
Working lumen of the bronchoscope; 

[0018] FIG. 5a is a detail vieW of one embodiment of a 
distal tip for use With the catheter of FIG. 4; 

[0019] FIG. 5b is detail vieW of another embodiment of a 
distal tip for use With the catheter of FIG. 4; 
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[0020] FIG. 6 is a cross-sectional vieW of a dual-lumen 
catheter Which can be used to reduce a volume of a target 
lung section. 

DETAILED DESCRIPTION 

[0021] The methods described herein involve minimally 
invasive procedures for reducing the volume of a diseased 
target region of a patient’s lung. Referring to FIGS. 1 and 
2, air?oW in a lung 10 to be treated generally folloWs a path 
from the trachea 12, through the main branch bronchial 
tubes 14, then through the sub-bronchial tubes 16 to the 
numerous tiny bronchioles 18. The bronchioles 18 lead to 
alveolar sacs 20 Which include multiple alveoli 22 separated 
by alveolar Walls 24 for the exchange of oxygen and carbon 
dioxide. In lungs suffering from emphysema, the alveolar 
Walls 24 are deteriorated, thus leaving a number of large 
open spaces or cavities 30. Often, the largest of such cavities 
30 Will be chosen as a target region 32 for volume reduction 
?rst, although the speci?c regions to be reduced Will be 
chosen by a clinician based on a number of factors. A target 
region 32 of diseased lung to be reduced in volume Will 
generally include at least one enlarged target cavity 34. 

[0022] The cavities 30 (otherWise called bullae) are typi 
cally larger than 10 mm in diameter, and in some cases can 
be much larger (up to 6 cm or more in diameter). The 
airWays leading to the bullae 30 are often not obvious or 
easily located, and can often be smaller than 1 mm in 
diameter. Additionally, there may often be multiple small 
airWays leading to a single cavity 30. 

[0023] With reference to FIGS. 3 and 4, the methods 
described herein generally comprise the steps of gaining 
access to a hyper-in?ated cavity 34 of a target region 32 by 
introducing a means for reducing the volume of the target 
region, equilibrating air Within the target region With atmo 
spheric pressure, injecting an in?ammation-causing sub 
stance 36 into a cavity 34 of the target region 32, preventing 
re-in?ation of the target region 32 by temporarily deploying 
one or more occlusion device 40 for a su?icient time to 

alloW the tissue surrounding the cavity 34 to sclerose and 
adhere together, and ?nally removing the occlusion device 
40 at some later time. By removing the air from Within the 
target region ?rst, the Walls 42 of the cavity 34 forming the 
target region 32 can be brought into substantial contact With 
one another. In?ammation occurring in the lung tissue 46 of 
the inner Walls 42 of the cavity 34 Will cause the cavity Walls 
42 to begin adhering together. After a period of time, the 
Walls 42 of the target section 32 Will permanently adhere. 
During this time, the target region 32 is preferably isolated 
from inspiratory air ?oW by one or more occlusion devices 
in order to prevent re-in?ation of the target region. 

[0024] The occlusion device is con?gured to substantially 
preclude inspiration doWnstream of said device, and in one 
application comprises a one-Way valve that alloWs the ?oW 
of ?uid, Whether gas or liquid, in one direction and substan 
tially precludes ?uid ?oW in an opposite direction. Suitable 
occlusion device deployment structures are described, for 
example, in co-pending US. patent application Ser. No. 
10/052,875 to Rimbaugh et al. ?led on Oct. 10, 2001, the 
entire disclosures of Which is incorporated herein by refer 
ence. By Way of brief summary, one example of the one-Way 
valve may be con?gured in the shape of an umbrella 
comprising a frame that is con?gured to exert radial forces 
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against the Wall of the airway passage. Such an arrangement 
Would preclude substantial inspiration to the lung doWn 
stream of the placement of the device, but permit some 
limited ?uid ?oW upstream, such as experienced With muco 
cilliary transport. In another con?guration, the one-Way 
valve may comprise a stent-supported valve. 

[0025] With reference to FIGS. 3-6, a means for reducing 
the volume of a target region 32 of a lung can include one 
of a number of knoWn or neWly developed devices. In one 
embodiment, means 44 for reducing the volume of a target 
region 32 comprises a conventional bronchoscope 50 having 
a visualiZing tip 52 and at least one lumen 54. AWide variety 
of bronchoscopes are commercially available, many of 
Which Will be suitable for carrying out portions of the 
volume reduction procedure described herein. Typical bron 
choscopes have an outer diameter of about 5 mm, although 
larger or smaller bronchoscopes could also be used. Alter 
natively, any number of other devices could be used in place 
of a conventional bronchoscope. Speci?cally, any device 
that alloWs a clinician to gain visual and functional access to 
the interior of a patient’s lungs could be used. Such alter 
native devices could include laparoscopes, endoscopes, or 
any other elongate, ?exible scope With at least one Working 
lumen and/or one or more tools mounted on a distal end 

thereof. In addition to the visualiZing capabilities of any 
bronchoscope (or other scope) that may be used, a clinician 
may decide to use X-ray, ultrasonic, radiographic, or other 
visualiZation systems to provide supplemental visualiZation 
during the volume-reduction procedure. 

[0026] Suitable means for reducing the volume of a target 
region often further includes one or more elongate, ?exible 
catheters 60 With one or more lumens extending there 
through. Suitable catheters preferably have as small an 
outside diameter as possible, While maintaining su?icient 
column strength for the catheter to be advanced through a 
patient’s airWays Without buckling or kinking. For example, 
in some embodiments catheters may be provided With an 
outer diameter of about 2 mm, although larger and smaller 
catheters can also be used. At least one lumen of at least one 
catheter is preferably adapted to alloW air?oW therethrough. 
Additionally, at least one lumen of at least one catheter is 
typically adapted to transmit a liquid therethrough. For 
example, FIG. 6, illustrates a cross-section of a single 
catheter 60 With a ?rst lumen 62 for transmitting air there 
through, and a second lumen 64 for transmitting a liquid 
therethrough. The liquid 64 and air?oW 62 lumens can be 
any suitable siZe as desired. Alternatively the air?oW and 
liquid-?oW lumens could be provided in separate, single 
lumen catheters. As Will be clear to the skilled artisan in 
vieW of the present disclosure, a single lumen can alterna 
tively be used for transmission of both air and liquid if so 
desired. Alternatively still, a Working lumen 54 of a bron 
choscope 50 can comprise an air?oW and/or a liquid ?oW 
lumen. 

[0027] If desired, the air?oW lumen 62 can include a valve 
for limiting air?oW in one or both directions through the 
air?oW lumen 62. The air?oW lumen 62 can also optionally 
include a pressure gauge or sensor for indicating an air 
pressure level or a change in air pressure at the distal end of 
the catheter 60. If desired, a proximal end of the air?oW 
lumen can also include a ?tting for receiving a pump, such 
as a vacuum pump, to force air?oW in one or both directions. 

Nov. 9, 2006 

The liquid-carrying lumen 64 can include a syringe, plunger, 
or other device for injecting a liquid substance through the 
liquid-carrying lumen 64. 

[0028] A distal end 70 of at least one catheter 60 can also 
include a puncturing tip 72 as shoWn in FIGS. 5a and 5b. In 
many cases, a particular diseased target region 32 may not 
be easily reachable With a bronchoscope translumenally in 
part due to the di?iculty in navigating the tortuous pathWays 
betWeen the trachea 12 and the target alveoli 16. Addition 
ally, the Walls of a bronchiole 18 leading into a hyper 
in?ated diseased lung portion 30 can become ?accid and 
collapsed, precluding e?fective passage of the bronchoscope 
or catheter therethrough. Thus, in many cases it may be 
easier and more effective to navigate the distal end of a 
bronchoscope to a section of the lung that is adjacent to the 
target region 32 and then puncture through a section of lung 
tissue 46 in order to gain access to the hyper-in?ated target 
region 32. In other cases, it may be necessary to puncture 
through the collapsed Walls of an airWay 18 leading into a 
target region 32. 

[0029] Such puncturing can be accomplished With a 
device such as a needle or tapered tip mounted on a distal 
end of a bronchoscope. Alternatively, a suitable tool can be 
mounted on a distal end of a catheter that can be passed 
through a lumen 54 of a bronchoscope 50 to extend beyond 
the distal end of the scope in order to be used to puncture the 
tissue as desired. A catheter 60 With at least one lumen 
con?gured to carry a liquid or a gas therethrough can be 
?tted With a substantially rigid puncturing tip 72. Puncturing 
tips 72 can include a variety of shapes, and typically have a 
holloW central lumen 74 therethrough. The puncturing tip 
generally has as small an outer dimension ‘DO’ as possible 
in order to minimiZe the siZe of a hole created in the lung 
tissue, an inner dimension ‘Di’ that is large enough to 
transmit an in?ammation-causing substance therethrough, 
While maintaining a Wall thickness ‘t’ su?icient to provide 
the puncturing tip 72 With su?icient columnal strength for 
the tip to puncture a desired segment of lung tissue. For 
example, in some embodiments, a puncturing tip With a 
circular cross-section can have an inner diameter ‘Di’ of 
betWeen about 0.5 mm and about 2 mm, often betWeen about 
0.75 mm and about 1.5 mm, and in one embodiment, the 
puncturing tip has an inner diameter ‘Di’ of about 1 mm. 

[0030] In one embodiment, the puncturing tip 72 can be a 
stainless steel needle a?ixed to the distal end of a catheter 
60. If desired, the needle can have either a sharp tapered tip 
82 or a substantially blunt tip 84 as shoWn in FIGS. 5a and 
5b respectively. Other shapes for atraumatic tips exist and 
are knoWn to those skilled in the art, Which could be used to 
alloW a catheter and/or bronchoscope to be atraumatically 
navigated through a patient’s bronchial passageWays in the 
procedure described herein. A puncturing tip or an atrau 
matic tip can also be provided With a plurality of holes or 
ports for the injection or uptake of ?uids or gasses into or out 
of a cavity 30. 

[0031] Alternatively still, the puncturing tip 72 can be 
made of any suitable material, such as other metals or a 
molded or extruded plastic, provided that the puncturing tip 
has su?icient columnal strength to alloW the tip to puncture 
the lung tissue to a desired depth. Thus, a section of rigid 
material having any holloW tubular cross-sectional shape 
can be used to puncture into a target region. Thus, a catheter 
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60 With a puncturing tip 72 can then be introduced through 
lumen 54 of means 44 for reducing the volume of the target 
region 32, and the tip 72 can be punctured through the lung 
tissue into the target region 32, as shoWn in FIG. 3. Where 
the step of puncturing the target Wall is desired or necessary, 
the step of deploying the obstruction device prior to the 
introduction of the in?ammation triggering substance may 
be advantageous. 

[0032] Occlusion devices 40 can generally be deployed 
using any suitably con?gured catheter. For example, an 
occlusion device deployment catheter can include a distal 
cavity for retaining at least one occlusion device to be 
deployed in a patient’s airWay and a means for deploying the 
occlusion device. The means for deploying the occlusion 
device can include any suitable structure such as a push Wire 
that is extendable through the length of the catheter and can 
be operated by a clinician to push the occlusion device out 
of the catheter. Alternatively, the means for deploying the 
occlusion device could include a retractable sheath that can 
be retracted relative to the occlusion device, thereby releas 
ing the occlusion device. 

[0033] The occlusion device can be one of many devices 
recogniZed as being suitable for occluding the ?oW of air in 
an anatomical lumen. For example, the ’951 patent to 
Alfemess et al. shoWs and describes a number of devices for 
unidirectionally and bidirectionally occluding air?oW 
through an airWay. Additionally, co-pending U.S. patent 
application Ser. No. 10/143,353 ?led on May 9, 2002 shoWs 
and describes embodiments of a one-Way valve that can also 
be used to prevent re-in?ation of the target region While 
advantageously alloWing mucous and other ?uids to be 
moved proximally past the valve. PCT publication WO 
98/48706 to Sabanathan shoWs and describes a number of 
plug-type occlusion devices that Will occlude both inspira 
tory and expiratory air ?oW. The above-mentioned patents 
and applications are incorporated herein by reference and 
made part of the present speci?cation. 

[0034] Suitable occlusion devices can be provided in any 
siZe or con?guration as desired. For example, in some 
embodiments, one-Way valve occlusion devices having 
expanded outer diameters of betWeen about 3 mm and about 
8 m can be used. Alternatively, valves having outer 
expanded diameters as small as 1 mm or less could be used. 

[0035] The occlusion devices for use With the present 
inventive method can generally be adapted to be removed 
from a patient’s airWay after the volume of the target region 
has been permanently reduced. A means for removing the 
occlusion device 40 can include an elongate, ?exible 
removal catheter With an occlusion device receiving space, 
and a means for gripping the occlusion device. The occlu 
sion device receiving space can simply be a lumen of 
su?icient diameter to alloW an occlusion device to be draWn 
into the space. If desired, the occlusion device receiving 
space can be siZed to receive a plurality of occlusion 
devices, thereby eliminating the need to remove and re 
introduce the removal catheter When removing multiple 
occlusion devices 40. A means for gripping an occlusion 
device 40 can include any suitable trans-luminal gripping 
tool, such as forceps, etc. Alternatively, a means for remov 
ing an occlusion device could simply include a broncho 
scope. Accordingly, the occlusion device could be draWn 
into a lumen of the scope, thus alloWing the occlusion device 
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and the bronchoscope to be simultaneously removed. In an 
alternative embodiment, portions of the occlusion devices 
40 can be made from a substantially bioabsorbable polymer 
Which Will be substantially dissolved and absorbed by a 
patient’s body ?uids and tissue, thereby eliminating the need 
for bronchoscopic removal of the occlusion device(s). 

[0036] The methods of the present invention can be car 
ried out With the above devices or any other tools or devices 
recogniZed as suitable by the skilled artisan. Once accessed, 
the hyper-in?ated target lung portion 32 can be de?ated by 
opening an air?oW lumen 62 to bring the distal end of the 
lumen 62 (including any puncturing tip) in ?uid communi 
cation With the ambient air at atmospheric pressure, thereby 
alloWing the air in the target lung section 32 to equilibrate 
With atmospheric air pressure. In one preferred application, 
the target region 32 is maintained at atmospheric pressure 
throughout the procedure described herein. In some cases it 
may be desirable to further extract air from the target region 
32 by applying a net negative pressure to an air?oW lumen 
62. In either case, the Walls of the opposing side of the 
cavities Within the target lung regions Will be brought 
su?iciently close to permit adhesion. Where no net negative 
pressure is applied to the cavity or cavities, the residual air 
Will eventually be absorbed or be draWn out through expi 
ration, permitting the opposing Walls to move closer and 
accelerating the adhesion process. 

[0037] With reference to FIGS. 3 and 4, it has been 
observed that blood applied to a section of lung tissue Will 
cause the lung tissue to become in?amed, thereby causing 
the tissue to become substantially adherent. The opposing 
Wall sections of de?ated lung tissue Will eventually groW 
together, over a relatively short period of time, to create a 
substantially permanent and natural bond. Thus, in one 
preferred application, a substance 36 such as Whole blood or 
a constituent or derivative of blood can be injected into the 
target region 32 to cause in?ammation of the Walls 42 
surrounding a cavity 34 of a target region 32. Blood com 
ponents such as plasma, serum, ?brin, etc can be used 
individually or in various combinations as needed in order to 
provide the desired result. Blood or blood-derived sub 
stances to be injected into the target region 32 can be 
obtained from the patient before the procedure is carried out. 
By using autologous blood or blood constituents, the risk of 
rejection by the patient’s body and the risk of contamination 
With a blood-transmitted infection can be substantially 
reduced, or even eliminated. In some cases, it may be 
desirable to mix the blood or blood constituent With an 
anti-coagulant such as Heparin, or a diluting physiological 
solution such as saline. Alternatively, a pure sample of Whole 
blood or a blood constituent that is substantially free from 
foreign substances could be used if desired. Alternatively 
still, the same effect may be achievable With other body 
?uids (autologous or from a compatible donor). The par 
ticular effectiveness of other non-blood-derived body ?uids 
as in?ammation-causing substances can be determined by 
routine experimentation in vieW of the present disclosure. 

[0038] Alternatively still, other organic and non-organic, 
in?ammation-triggering, substances, gaseous or liquid, 
heated or cooled, may be used to cause in?ammation of the 
lung tissue surrounding an enlarged cavity. For example, 
U.S. Patent Application Publication No. 2001/0051799 to 
Ingenito (incorporated in its entirety herein by reference, 
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shows and describes a number of ?brosis-causing sub 
stances. Hot saline solution or very cold liquids or gasses 
may also be used. 

[0039] The volume of an in?ammation-causing substance 
to be injected into the target region cavity 34 Will depend 
upon a number of factors, such as the type of substance 
being used (eg Whether the substance is blood, another 
liquid or a gas), the approximate volume or inner Wall 
surface area of the target region cavity, and other variables, 
such as the viscosity of the liquid substance used. In the case 
of liquid in?ammation-causing substances, a suf?cient vol 
ume of liquid to coat a substantial portion of the entire 
surface of the tissue 46 surrounding the target region cavity 
34 should be used. It is generally preferred, that the sub 
stance 36 injected into a target region 32 be kept from 
causing in?ammation of any adjacent healthy lung tissue. 
Deployment of the obstruction device upstream of the target 
region is bene?cial in that regard. 

[0040] If blood or a blood constituent is to be used as the 
in?ammation-causing substance, a volume of blood that is 
betWeen about 1 and about 100 percent of the volume of the 
target region cavity 34 can be used, Where the volume of 
blood is preferably betWeen about 5 and about 15 percent of 
the volume of the target region cavity 34. In one preferred 
application of the present invention, the volume of blood is 
about 10 percent of the volume of the target region cavity 34. 
For example, in order to reduce the volume of a cavity 30 
With an interior diameter of about 6 cm (Which can have an 
interior volume of about 113 cc, assuming a sphere), a 
volume of about 10 to about 20 cc of a liquid substance such 
as blood could be injected to coat the interior Walls of the 
cavity. If necessary, any excess liquid can be removed from 
the target region by draWing a vacuum through a catheter 
lumen, or any other suitable method. In order to ensure a 
greater coating of the Walls of the target region cavity 34 
With the substance, the patient may need to roll over a feW 
times, or make other similar movements. 

[0041] In some cases, the Walls 42 of the target region 32 
can take a substantial length of time to permanently groW 
together. Depending on factors such as the siZe of the target 
region cavity 34, the in?ammation-causing substance used, 
etc, complete adhesion of the Walls of the target region can 
take anyWhere from a feW days to about a month or more. 
During this time, it is important that the target region be 
substantially protected against re-in?ation. In many cases of 
advanced emphysema, a particular target region cavity 34 in 
the lungs can have a plurality of airWays 18 (eg bronchi 
oles) leading into the cavity 34. If all of these airWays remain 
open to air ?oW after injection of the substance 36, the cavity 
34 can become re-in?ated, thereby potentially frustrating the 
objective of the lung volume-reduction procedure. Thus, 
either before or after injecting the in?ammation-causing 
substance into the target region cavity 34, the airWays 18 
leading into the cavity 34 can be at least partially occluded 
by deploying one or more occlusion devices 40 into the 
lumens of the airWays 18. It may not be necessary, hoWever, 
to occlude every individual airWay leading into the cavity, as 
this may prove to be prohibitively difficult in some cases. 

[0042] In order to successfully prevent re-in?ation, an 
occlusion device 40 may be deployed in an airWay 18 
substantially upstream from the target region 32. Occasion 
ally it may be necessary to occlude an airWay that feeds 

Nov. 9, 2006 

healthy lung tissue in addition to the target region 32. It is 
preferred that the placement of the occlusion devices 40 Will 
occlude a minimum of airWays extending through healthy 
lung tissue. 

[0043] Once the occlusion device deployment and sub 
stance-injection procedures have been completed, the bron 
choscope and any other trans-bronchial tools can be With 
draWn from the patient, thus leaving the injected substance 
and occlusion devices in place relative to the target region. 
The inventive procedures alloWs the patient to be ambula 
tory While the Walls 42 of the target region substantially 
completely sclerose. Depending upon the patient and the 
particular substance injected, the time required to sclerose 
Will vary. The occlusion device(s) can be removed after a 
clinician has veri?ed that the volume of the target region has 
been substantially permanently reduced. Veri?cation of vol 
ume reduction can be accomplished by evaluation of a 
patient’s symptoms, testing a patient’s breathing function 
(eg breathing effort, etc), and/or by imaging of a patient’s 
lungs such as by x-ray or MRI scans. 

[0044] Once the volume of the target region has been 
permanently reduced, a suitable means for removing an 
occlusion device 40 can be introduced through the patient’s 
airWays to a position adjacent an occlusion device 40. Once 
in position, the means for removing an occlusion device can 
be operated in an appropriate manner to remove one or all 
of the occlusion devices 40. Multiple occlusion devices 40 
can be removed in any suitable sequence, and if desired, 
Without removing the bronchoscope 50 With each occlusion 
device 40. Alternatively, it is contemplated that one embodi 
ment of an occlusion device comprises a bio-absorbable 
polymer, Which can be left in place and alloWed to deterio 
rate, thereby “removing” the occlusion device Without intro 
ducing a bronchoscope or a removal catheter. 

[0045] In an alternative application of the present method, 
the substance-injection step can be omitted, Where one or 
more occlusion devices are left in place for a suf?ciently 
long period of time that the Walls surrounding the cavity 
substantially permanently adhere naturally. 

[0046] Although certain embodiments and examples have 
been described herein, it Will be understood by those skilled 
in the art that many aspects of the methods and devices 
shoWn and described in the present disclosure may be 
differently combined and/or modi?ed to form still further 
embodiments. Additionally, it Will be recogniZed that the 
methods described herein may be practiced using any device 
suitable for performing the recited steps. For example, the 
target region volume could be reduced by the present 
method using conventional open-chest surgical procedures. 
Such alternative embodiments and/or uses of the methods 
and devices described above and obvious modi?cations and 
equivalents thereof are intended to be Within the scope of the 
present disclosure. Thus, it is intended that the scope of the 
present invention should not be limited by the particular 
embodiments described above, but should be determined 
only by a fair reading of the claims that folloW. 

What is claimed is: 

1. A method of minimally invasively performing lung 
volume reduction to treat a diseased lung section, the 
method comprising: 
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de?ating one or more cavities of at least a portion of the 
diseased lung section to bring opposing Walls surround 
ing each of one or more of said cavities substantially 
closer together to provide a substantially reduced cav 
ity; 

alloWing a substantial portion of the opposing Walls of 
said one or more cavities to adhere; and 

implanting a device Within an airWay of the lung upstream 
from said one or more cavities, the device con?gured to 
substantially preclude inspiration downstream of said 
device to prevent substantial re-in?ation of said one or 
more cavities; 

Wherein said device is implanted in situ su?iciently long 
so that the substantial portion of the opposing Walls of 
said one or more cavities groW together. 

2. The method of claim 1, Wherein the device is placed 
before the step of alloWing adhesion. 

3. The method of claim 1, Wherein the device is placed 
during the step of alloWing adhesion. 

4. The method of claim 1, further comprising a step of 
causing in?ammation of a substantial portion of the oppos 
ing Walls of said one or more cavities. 

5. The method of claims 1 or 4, Wherein the step of 
de?ating the lung section portion comprises exposing a 
trans-bronchial lumen to the lung section portion to permit 
at least some of the air Within said lung section portion to 
escape. 

6. The method of claim 1, Wherein the step of de?ating the 
lung section portion comprises applying a net negative 
pressure to at least a portion of the lung section portion. 

7. The method of claim 4, Wherein the step of causing 
in?ammation of the Walls comprises injecting a substance 
into said target section. 

8. The method of claim 4, Wherein the step of de?ating the 
lung section portion comprises exposing a trans-bronchial 
lumen to the lung section portion to permit at least some of 
the air Within said lung section portion to escape, and the 
step of causing in?ammation of the Walls comprises inject 
ing a substance into said target section, Wherein said inject 
ing step comprises directing said substance through a lumen 
of the same trans-bronchial device. 

9. The method of claim 1, further comprising the step of 
removing the device from the lung. 

10. The method of claim 1, further comprising placing one 
or more additional ones of said device Within the lung to be 
treated. 

11. The method of claims 7 or 8, Wherein the substance 
comprises a constituent of autologous blood. 

12. The method of claim 1, Wherein the device comprises 
a one-Way valve. 

13. The method of claim 12, Wherein the one-Way valve 
has a generally umbrella-like shape. 

14. The method of claim 12, Wherein the one-Way valve 
comprises a stent. 

15. A minimally invasive method of reducing the volume 
of a cavity in a lung, the method comprising: 
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inserting a catheter into the lung via the patient’s trachea; 

removing at least some of the air in the cavity; 

injecting an in?ammation-causing substance Within the 
cavity so that at least a portion of the Walls surrounding 
said cavity become coated With the substance; and 

implanting an occlusion device in an airWay upstream of 
said cavity; 

Wherein said occlusion device is implanted before and 
after the at least a portion of the Walls, coated With the 
substance, groW together. 

16. The method of claim 15, Wherein the step of placing 
an occlusion device occurs before the step of injecting an 
in?ammation-causing substance. 

17. The method of claim 15, Wherein the occlusion device 
is a one-Way valve con?gured to permit at least some ?uid 
to exhaust from the cavity but substantially preclude inspi 
ration into said cavity. 

18. The method of claim 15, further comprising the step 
of removing the catheter While leaving the occlusion device 
in the airWay. 

19. The method of claim 15, further comprising the step 
of removing the occlusion device after a desired time has 
elapsed. 

20. The method of claim 15, Wherein the step of removing 
at least some of the air comprises applying a net negative 
pressure to said cavity. 

21. The method of claim 15, Wherein the substance 
comprises autologous Whole blood. 

22. The method of claim 15, Wherein the substance 
comprises a constituent of autologous blood. 

23. A method of reducing a volume of a diseased lung 
section, comprising: 

guiding a distal end of a bronchoscope through a patient’s 
airWay to the diseased lung section; 

employing the bronchoscope to inject an in?ammation 
causing substance into the diseased lung section; 

implanting an occlusion device in an airWay proximal to 
the diseased lung section; and 

Wherein the occlusion device is implanted su?iciently 
long so that a substantial portion of opposing Walls of 
the diseased lung groW together. 

24. The method of claim 23, Wherein the occlusion device 
comprises a one-Way valve. 

25. The method of claim 23, Wherein the substance 
comprises autologous Whole blood. 

26. The method of claim 23, Wherein the entire substance 
is derived from autologous ?uids. 

27. The method of claim 23, further comprising removing 
the occlusion device after at least a portion of the diseased 
lung section groWs together. 


