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METHODS AND DEVICES FOR CREATING COLLATERAL CHANNELS IN
THE LUNGS

FIELD OF THE INVENTION
The invention is directed to methods and devices to altering gaseous flow within a
lung to improve the expiration cycle of an individual, particularly individuals having
Chronic Obstructive Pulmonary Disease (COPD). More particularly, methods and devices
are disclosed to produce and to maintain collateral openings or channels th rough the
airway wall so that expired air is able to pass directly out of the lung tissue to facilitate both

the exchange of oxygen ultimately into the blood and/or to decompress hyp‘er-inﬂated

lungs.

BACKGROUND OF THE INVENTION

The term “Chronic Obstructive Pulmonary Disease” (COPD) is generally used to
describe the disorders of emphysema and chronic bronchitis. Previously, COPD was also
known as Chronic Obstructive Lung Disease (COLD), Chronic Airflow Obstruction
(CAQ), or Chronic Airflow Limitation (CAL). Some also consider certain types of asthma
to fall under the definition of COPD. Emphysema is characterized by an enlargement of air
spaces Inside the lung. Hence, Emphysema is an anatomic definition and 1t can only be
presumed in a living patient. Chronic bronchitis 1s characterized by excessive mucus
production in the bronchial tree. Chronic bronchitis is a clinical definition and denotes
those individuals who meet criteria defining the disease. It is not uncommon for an
individual to suffer from both disorders.

In 1995, the American Lung Association (ALA) estimated that between 15-16
million Americans suffered from COPD. The ALA estimated that COPD was the fourth-
ranking cause of death in the U.S. The ALA estimates that the rates of emphysema is 7.6
per thousand population, and the rate for chronic bronchitis is 55.7 per thousand
population.

Those inflicted with COPD face disabilities due to the limited pulmonary functions.
Usually, individuals afflicted by COPD also face loss in muscle strength and an inability to

perform common daily activities. Often, those patients desiring treatment for COPD seek a
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physician at a point where the disease is advanced. Since the damage to the lungs is
irreversible, there is little hope of recovery. Most times, the physician cannot reverse the
eftects of the disease but can only offer treatment and advice to halt the progression of the
disease.

To understand the detrimental effects of COPD, the workings of the lungs requires a
cursory discussion. The primary function of the lungs 1s to permit the exchange of two
gasses by removing carbon dioxide from venous blood and replacing 1t with oxygen. Thus,
to facilitate this exchange, the lungs provide a blood gas interface. The oxygen and carbon
dioxide move between the gas (air) and blood by diffusion. This diffusion 1s possible since
the blood is delivered to one side of the blood-gas interface via small blood vessels
(capillaries). The capillaries are wrapped around numerous air sacs called alveoli which
function as the blood-gas interface. A typical human lung contains about 300 million
alveoll.

The air is brought to the other side of this blood-gas interface by a natural
respiratory airway, hereafter referred to as a natural airway or airway, consisting of
branching tubes which become narrower, shorter, and more numerous as they penetrate
deeper into the lung. Specifically, the airway begins with the trachea which branches into
the left and right bronchi which divide into lobar, then segmental bronchi. Ultimately, the
branching continues down to the terminal bronchioles which lead to the alveoli. Plates of
cartilage may be found as part of the walls throughout most of the airway from the trachea
to the bronchi. The cartilage plates become less prevalent as the airways branch.
Eventually, in the last generations of the bronchi, the cartilage plates are found only at the
branching points. The bronchi and bronchioles may be distinguished as the bronchi lie
proximal to the last plate of cartilage found along the airway, while the bronchiole lies
distal to the last plate of cartilage. The bronchioles are the smallest airways that do not
contain alveoli. The function of the bronchi and bronchioles is to provide conducting air
ways that lead inspired air to the gas-blood interface. However, these conducting airways
do not take part in gas exchange because they do not contain alveoli. Rather, the gas
exchange takes place in the alveoli which are found in the distal most end of the airways.

The mechanics of breathing include the lungs, the rib cage, the diaphragm and
abdominal wall. During inspiration, inspiratory muscles contract increasing the volume of

the chest cavity. As aresult of the expansion of the chest cavity, the pleural pressure, the
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pressure within the chest cavity, becomes sub-atmospheric with respect to the pressure at
the airway openings. Consequently, air flows into the lungs causing the lungs to expand.
During unforced expiration, the expiratory muscles relax and the lungs begin to recoil and
reduce in size. The lungs recoil because they contain elastic fibers that allow for
expansion, as the lungs inflate, and relaxation, as the lungs deflate, with each breath. This
characteristic is called elastic recoil. The recoil of the lungs causes alveolar pressure to
exceed the pressure at airway openings causing air to flow out of the lungs and deflate the
lungs. If the lungs’ ability to recoil 1s damaged, the lungs cannot contract and reduce in
size from their inflated state. As a result, the lungs cannot evacuate all of the inspired air.

Emphysema is characterized by irreversible damage to the alveolar walls. The air
spaces distal to the terminal bronchiole become enlarged with destruction of their walls
which deteriorate due to a bio-chemical breakdown. As discussed above, the lung is
elastic, primarily due to elastic fibers and tissues called elastin found in the airways and air
sacs. If these fibers and tissues become weak the elastic recoil ability of the lungs
decreases. The loss of elastic recoil contributes to more air to entering the air sacs than
can exit preventing the lungs from reducing in size from their inflated state. Also, the bio-
chemical breakdown of the walls of the alveolar walls causes a loss of radial support for
airways which results in a narrowing of the airways on expiration.

Chronic bronchitis i1s characterized by excessive mucus production in the bronchial
tree. Usually there 1s a general increase 1n bulk (hypertrophy) of the large bronchi and
chronic inflammatory changes in the small airways. Excessive amounts of mucus are
found in the airways and semisolid plugs of this mucus may occlude some small bronchi.
Also, the small airwayé are usually narrowed and show inflammatory changes.

In COPD, a reduction in airflow arises as a result of 1) partial airway occlusion by
excess secretions, 2) airway narrowing secondary to smooth muscle contraction, bronchial
wall edema and inflation of the airways, and 3) reduction in both lung elasticity and
tethering forces exerted on the airways which maintain patency of the lumen. As a result of
the COPD, the airways close prematurely at an abnormally high lung volume. As
mentioned above, in an emphysematous lung there is a decrease of lung parenchyma as
there are larger and fewer air sacs. Thus, there 1s a decrease in the amount of parenchymal
tissue which radially supports the airways. This loss of radial traction allows the airway to

collapse more easily. As lung recoil decreases and airway closure occur at higher lung
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volumes, the residual volume of gas in the lung increases. Consequently, this increased
residual gas volume interferes with the ability of the lung to draw in additional gas during
inspiration. As a result, a person with advanced COPD can only take short shallow breaths.

One aspect of an emphysematous lung is that the flow of air between neighboring
air sacs, known as collateral ventilation, is much more prevalent as compared to a normal
lung. Yet, while the resistance to collateral ventilation may be decreased 1n an
emphysematous lung the decreased resistance does not assist the patient in breathing due to
the inability of the gasses to enter and exit the lungs as a whole.

Currently, although there is no cure for COPD, treatment includes bronchodilator
drugs, and lung reduction surgery. The bronchodilator drugs relax and widen the air
passages thereby reducing the residual volume and increasing gas flow permitting more
oxygen to enter the lungs. Yet, bronchodilator drugs are only effective for a short period of
time and require repeated application. Moreover, the bronchodilator drugs are only
effective in a certain percentage of the population of those diagnosed with COPD. In some
cases, patients suffering from COPD are given supplemental oxygen to assist in breathing.
Unfortunately, aside from the impracticalities of needing to maintain and transport a source
of oxygen for everyday activities, the oxygen is only partially functional and does not
eliminate the effects of the COPD. Moreover, patients requiring a supplemental source of
oxygen are usually never able to return to functioning without the oxygen.

Lung volume reduction surgery is a procedure which removes portions of the lung
that are over-inflated. The improvément to the patient occurs as a portion of the lung that
remains has relatively better elastic recoil which allows for reduced airway obstruction.
The reduced lung volume also improves the efficiency of the respiratory muscles.
However, lung reduction surgery is an extremely traumatic procedure which involves
opening the chest and thoracic cavity to remove a portion of the lung. As such, the
procedure involves an extended recovery period. Hence, the long term benefits of this
surgery are still being evaluated. In any case, it is thought that lung reduction surgery 1s
sought in those cases of emphysema where only a portion of the lung i1s emphysematous as
opposed to the case where the entire lung is emphysematous. In cases where the lung is
only partially emphysematous, removal of a portion of emphysematous lung increases the

cavity area in which the non-diseased parenchyma may expand and contract. If the entire
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lung were emphysematous, the parenchyma is less elastic and cannot expand to take
advantage of an increased area within the lung cavity.

Both bronchodilator drugs and lung reduction surgery fail to capitalize on the
increased collateral ventilation taking place in the diseased lung. There remains a need for
a medical procedure that can alleviate some of the problems caused by COPD. There is
also a need for a medical procedure that alleviates some of the problems caused by COPD
irrespective of whether a portion of the lung, or the entire lung i; emphysematous. The
production and maintenance of collateral openings through an airway wall which allows
expired air to pass directly out of the lung tissue responsible for gas exchange. These

collateral openings ultimately decompress hyper inflated lungs and/or facilitate an

exchange of oxygen into the blood.

SUMMARY OF THE INVENTION

This invention relates to devices and methods for altering gaseous flow in a
diseased lung. In particular, the inventive method includes the act of improving gaseous
flow within a diseased lung by the step of altering the gaseous flow within the lung. A
variation of the inventive method includes the act of selecting a site for collateral
ventilation of the diseased lung and creating at least one collateral channel at the site. The
term “channel” is intended to include an opening, cut, slit, tear, puncture, or any other
conceivable artificially created opening. A further aspect of the invention is to locate a site
within a portion of a natural airway of the respiratory system of the patient having the
diseased lung. The portion of the natural airway selected for the creation of the collateral
channels may be, for example, the bronchi, the upper lobe, the middle lobe, the lower lobe,
segmental bronchi and the bronchioles.

A variation of the invention includes selecting a site for creating a collateral channel
by visually examining areas of collateral ventilation. One vanation includes visually
examining the lung with a fiber optic line. Another example includes the use of non-
Invasive imaging such as x-ray, ultrasound, Doppler, acoustic, MRI, PET computed
tomography (CT) scans or other imaging. The invention further includes methods and
devices for determining the degree of collateral ventilation by forcing gas through an
airway and into air sacs, reducing pressure in the airway, and determining the reduction in

diameter of the airway resulting from the reduction in pressure. The invention further
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includes methods and devices for determining the degree of collateral ventilation by forcing
a volume of gas within the lung near to the airway and measuring pressure, flow, or the
return volume of gas within the airway. The invention also includes methods and devices
for occluding a section the airway and determining the degree of collateral ventilation
between the occluded section of the airway and the air sacs.

An important, but not necessarily critical, portion of the invention is the step of
avoiding blood vessels or determining the location of blood vessels to avoid them. It is
typically important to avoid intrapulmonary blood vessels during the creation of the

collateral channels to prevent those vessels from rupturing. Thus, it is preferable to avoid

'intrapulinonary or bronchial blood vessels during the creation of the collateral channels.

Such avoidance may be accomplished, for example by the use of non-invasive imaging
such as radiography, computed tomography (CT) imaging, ultrasound imaging, Doppler
imaging, acoustical detection of blood vessels, pulse oxymetry technology, or thermal
detection or locating. The avoidance may also be accomplished using Doppler effect, for
example transmission of a signal which travels through tissue and other bodily fluids and is
reflected by changes 1n density that exist between different body tissue/fluids. If the signal
1s reflected from tissue/fluid that 1s moving relative to the sensor, then the reflected signal
1s phase shifted from the original signal thereby allowing for detection. The invention
includes devices having at least one sensor for the above described imaging methods. In
variations of the invention having multiple sensors, the sensors may be arranged 1n a linear
pattern or in an array pattern. Also, the invention may have a mark to serve as a reference
point while the device 1s remotely viewed.

The invention may include adding an agent to the lungs for improving the imaging.
For example, a gas may be inserted into the lungs to provide contrast to identify
hyperinflation of the lungs during an x-ray or other non-invasive imaging. For example,
' Xe (Xenon 133) may be used as the agent. Also, a cohtrast agent may help in identifying
blood vessels during CT scans. Another example includes inserting a fluid 1n the lungs to
couple an ultrasound sensor to the wall of an airway.

Another variation of the act of looking for blood vessels includes insertion of a
probe into a wall of the natural airway for the detection of a blood vessel. Such a probe
may, for example, detect the presence of a blood vessel upon encountering blood such as

when the probe is 1nserted into a vessel. The probe may also use ultrasonic detection to
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determine the location of a vessel. For example, ultrasound may be used to determine
changes in composition of the tissue beyond the airway wall for determination of the
location of a vessel. A probe may, for example, use low frequency radio energy to induce
heat at a point and determine the presence of a vessel by measuring a change in temperature
due to the conduction of heat by the blood tflowing within the vessel. Another variation is
that the probe could detect changes in impedance given a pre-arranged discharge of current
through the bloodstream. It is also contemplated that the probe is used, for example,
purposely to find the blood vessel, so that an alternative site may be selected at a safe
distance from the vessel.

Another variation of the invention is via the delamination of the blood vessel and
the wall of an airway. This delamination may occur in many ways. For instance, the
airway may be expanded until the vessel separates from the wall of the airway. Or, a
vacuum may be applied within the interior of the airway using, for example, two occlusive
balloons or the like to 1solate a portion of the airway and apply a vacuum. The vacuum
between the balloons constricts the diameter of the airway by collapsing the walls of the
airway until the exterior walls sepafate from any blood vessel.

The invention may also include providing a remotely detectable signal to indicate
the presence or absence of any blood vessels at the target site. The invention also includes
methods and devices for marking a desired site for the creation of a collateral channel.

The invention also includes the act of creating one or more collateral channels
within the respiratory system of the individual. The collateral channels may have a cross
sectional area anywhere between 0.196 mm? to 254 mm®. Any subset of narrower ranges is
also contemplated. The collateral channels may also extend anywhere from immediately
beyond the epithelial layer of the natural airway to 10 cm or more beyond the epithelial
layer. The channel or channels should be created such that the total area of the channel(s)
created 1s sufficient to adequately decompress a hyperinflated lung. The channel may be,
for example, in the shape of a hole, slit, skive, or cut flap. The channel may be formed by
the removal of any portion of the airway wall; e.g., a circumferential or arc-shaped ring of
material may be removed to form the channel. Such an excised periphery may be for
example, perpendicular or at angled with respect to the axis of the airway.

Another variation of the invention involves creation of a collateral channel by

creating an incision in a natural airway and using a blunt member to push the vessel away
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from the path of a collateral channel. Another variation of forming the collateral channel
1s, for example, by use of a mechanical process such as dilation, cutting, piercing, or
bursting. For example, a balloon may be used to expand an incision made in the natural
airway or the natural airway itself until a collateral channel is opened. Or, a mechanical
cutter or piercing tool could be used to open and create the collateral channel. Another
variation for creating a collateral channel includes making an incision in the natural airway
and placing the wall of the airway in tension, then advancing a blunt instrument into the
Incision.

Also, 1t 1s anticipated that along with any method of creating a collateral channel
any loose material or waste generated by the creation of the collateral channel is optionally
removed from the airway.

Another vanation for creating the collateral channel is the creation of the airway
using electric energy, for example radio frequency. Or, for example, ultrasonic energy, a
laser, microwave energy, chemicals, or cryo-ablative energy may be used to form a
collateral channel as well. A feature of these methods often includes creation of a
hemostasis in the event that any blood vessel is punctured. For example, use of RF energy
provides a hemostasis given a puncture of a vessel by using heat to seal the vessel.
Similarly, an ultrasonic scalpel also provides an area of hemostasis in case the vessel is
punctured. It is understood that any combination of different methods may be used for
forming a single or multiple collateral channels. A variation of the invention includes a
limiter for limiting the depth of a collateral channel.

A variation of the inventive device includes a device that detects motion within
tissue using Doppler measurements. The device may include a flexible member having a
transducer assembly that is adapted to generate a source signal and receive a reflected
signal. The inventive device may also comprise a hole-making assembly that is adapted to
making collateral channels within tissue. The transducer assembly may include an acoustic
lens which enables the transmission and detection of a signal over a tip of the device. The
hole-making assembly may be an RF device and use portions of the tip of the device as RF
electrodes, or the hole-making assembly may use ultrasound energy to make the hole.

Another variation of the invention includes the act of inserting an implant or
conduit within a collateral channel to maintain the patency of the channel over time during

the expiration cycle of the lung. A conduit could, for example, have distal and proximal
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ends with a wall defining a lumen extending between the ends. The conduit could have, for
example, a porous wall permitting the exchange of gasses through the wall. The conduit
may, for example, be comprised of a material such as elastdmers, polymers, metals, metal
alloys, shape memory alloys, shape memory polymers, or any combination thereof. A
variation of the invention includes an expandable conduit, either one that is self-expanding,
or one that expands in diameter in relation to any applied radial, or axial force. For
example, the conduit may be expanded into an opening of the natural airway upon the
inflation of a balloon. A variation of the conduit may include the use of flanges or anchors
to facilitate placement of the device within an airway. Another variation of the conduit
includes placing a one-way valve within the conduit. Another variation includes using a
self cleaning mechanism within the conduit to clear accumulating debris.

The inventive conduit may be, for example, removable or permanent. Also, another
variation of the device includes a means for inserting the conduit within a collateral
channel. The conduit may be constructed to allow for passage of gasses through its wall,
for example, the conduit may have a wall consisting of a braid. A variation of the conduit
may be located through an opening in a wall of an airway and engage both an inside and
outside of the wall. Another variation of the conduit includes a distal end having a porous
member and a proximal end having a grommet member which engages an opening in a
wall of the natural airway. Yet another variation of the implant, for example, comprises an
expandable conduit-like apparatus which could bridge an opening within a wall of a natural
airway. Another variation includes the conduit-like apparatus having a cutting portion
exterior to the device wherein expansion of the device pierces the wall of the natural airway
and creates a collateral channel.

An aspect of the invention 1s that conduits of varying cross-sectional areas may be
placed in various sections of the lung to optimize the effect of the collateral channels.

Another variation of the invention includes the application of a cyano-acrylate,
fibrin or other bio-compatible adhesive to maintain the patency of a collateral channel. The
adhesive may be used with or without the conduit described above. For example, the
adhesive may be deposited within the collateral channel to maintain patency of the channel
or to create a cast implant of the channel. The inventive act further includes the act of
delivering medications such as steroids which have been shown to inhibit the healing

process, bronchodilators, or other such drugs which aid in breathing, fighting infection, or
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recovery from the procedure. The steroids inhibit inflammation and then promote the
stabilization of the created channel.

Another variation of the inventive process includes promoting the flow of gasses
through under-utilized parenchymal inter-conduits, or bypassing restricted airways. It 1s
also contemplated that the gaseous flow may be altered by, for example, making separate
inspiratory and expiratory paths. Also, relieving pressure on the external wall of a natural
airway fnay be accomplished to assist the natural airway by maintaining patency during the
expiration cycle of the lung. Yet another variation includes creating collateral channels
parallel to existing airflow paths, or the existing airflow paths may be increased 1n cross-
sectional area.

The invention further includes a device for altering gaseous flow in a diseased lung
comprising a locator for locating a site for collateral ventilation of the lung, and optionally,
a creating means for opening at least one collateral channel at the site. It is contemplated
that the device includes a means for locating a blood vessel as described above. Also, as
stated above, the device may use a mechanical, electrical, laser, ultrasonic, microwave, or
chemical process for creating a collateral channel. Another variation of the device includes
a means for coagulating blood upon the entry of the device into a blood vessel. Yet another
variation of the device includes the means for locating and the means for creating are the
same. The device may further include a means for simultaneously creating a plurality of
collateral channels.

Another variation of the implant includes conduits constructed from materials that
oppose the constriction of the natural airway over time during the expiration cycle of the
lung. Yet another variation of the implant includes a device which expands as the pressure
in the lung decreases during the expiration cycle.

The invention further includes a modified respiratory airway having an artificially
created channel allowing gaseous communication between an exterior of the airway and an
interior of the airway.

The invention may include an endoscope or a bronchoscope contigured to select
sites and create collateral channels at those sites. An endoscope or a bronchoscope may
also be configured to deploy conduits within the collateral channels. Another variation of
the invention includes sizing the device to fit within the working channel of a

bronchoscope.
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The invention also includes methods for evaluating an individual having a diseased
lung for a procedure to create collateral channels within an airway of the individual. The
invention further includes the method of determining the effectiveness of the procedure.

The invention further includes the act teaching any of the methods described above.

The invention further includes the method of sterilizing any of the devices or kits

described above.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A-1C illustrates various states of the natural airways and the blood-gas
interface.

Figures 1D-1G illustrate devices and methods for determining the degree of
collateral ventilation within a lung.

Figure 2A illustrates a natural airway with a collateral channel in relation to a blood
vessel.

Figures 2B-2K illustrate methods of avoiding blood vessel prior to the creation of a
collateral channel.

Figures 2B-2E illustrate various methods for delaminating an airway from a blood
vessel.

Figure 2F illustrates the use of a probe to determine a site for creating a collateral
channel.

Figures 2G-2K illustrate the use of sensors to determine a site for creating a
collateral channel.

Figures 3A-31 illustrate methods of and devices for creating a collateral opening
within a natural airway.

Figures 3J-3K illustrate a method of tolding epithelial tissue through a collateral
channel.

Figure 4 illustrates a device and method for simultaneously preating numerous
collateral channels or deployment of numerous probes.

Figures SA-5W 1llustrate various configuration of implantable conduits.

Figures 6 A-6D illustrate devices for detecting blood vessels within tissue.

Figures 6E-60 illustrates various devices for detecting blood vessels within tissue

where the devices also include hole-making assembilies.
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Figures 6P-6V illustrate various electrode configurations for the hole-making
assemblies of the device.

Figures 7A-7B illustrate devices and methods for creating a collateral channel with
a device having a hole-making assembly and also preserving the tissue surrounding the
collateral channel.

Figures 7C-7D illustrate additional electrode configurations for use with a device of
the present invention where the structure of the electrodes limits the possible depth of a
collateral channel formed by the electrode.

Figures 8 A-8U illustrate variations of conduits of the present invention.

Figures 9A-91 illustrate variations of methods and devices for deployment of

conduits of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Prior to considering the invention, simplified illustrations of various states of a
natural airway and a blood gas interface found at a distal end of those airways are provided
in Figures 1A-1C. Figure 1A shows a natural airway 100 which eventually branches to a
blood gas interface 102. Figure 1B illustrates an airway 100 and blood gas interface 102 1n
an individual having COPD. The obstructions 104 impair the passage of gas between the
airways 100 and the interface 102. Figure 1C illustrates a portion of an emphysematous
lung where the blood gas interface 102 expands due to the loss of the interface walls 106
which have deteriorated due to a bio-chemical breakdown of the walls 106. Also depicted
1s a constriction 108 of the airway 100. It1s generally understood that there 1s usually a
combination of the phenomena depicted in figures 1A-1C. More usually, the states of the
lung depicted in figures 1B and 1C are often found in the same lung.

The following 1llustrations are examples of the invention described herein. It 1s
contemplated that combinations of aspects of specific embodiments or combinations of the
specific embodiments themselves are within the scope of this disclosure.

As will be explained in greater detail below, central to this invention in all of its
aspects 1s the production and maintenance of collateral openings or channels through the
airway wall so that expired air is able to pass directly out of the lung tissue and into the

airways to ultimately facilitate exchange of oxygen into the blood and/or decompress hyper
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inflated lungs. The term ‘lung tissue’ is intended to include the tissue involved with gas
exchange, including but not limited to, gas exchange membranes, alveolar walls,
parenchyma and/or other such tissue. To accomplish the exchange of oxygen, the collateral
channels allow fluid communication between an airway and lung tissue. Therefore,
gaseous flow is improved within the lung by altering or redirecting the gaseous flow within
the lung, or entirely within the lung. Figure 1D illustrate a schematic of a lung 118 to
demonstrate a principle of the invention described herein. As shown, a collateral channel
112 places lung tissue 116 in fluid communication with airways 100 allowing expired air to
directly pass out of the airways 100. As shown, constricted airways 108 may ordinarily
prevent air from exiting the lung tissue 116. In the example illustrated in Figure 1D,
conduits 200 may be placed in the collateral channels 112 to assist in maintaining the
patency of the collateral channels 112. Therefore, it is not necessary to pierce the pleura to
improve gaseous flow within the lungs. While the invention is not limited to the number of
collateral channels which may be created, it is preferable that 1 or 2 channels are placed per
lobe of the lung. For example, the preferred number of channels is 2-12 channels per
individual patient.

Accordingly, since the invention is used to improve the function of the lungs, a
variation of the inventive device may include an endoscope or a bronchoscope configured
to locate a site for creating a collateral channel and create the collateral channel. Another
variation includes sizing the inventive device to fit within a working channel of an
endoscope or a bronchoscope. For the sake of brevity, hereafter, any reference made to an
endoscope includes the term bronchoscope.

The invention includes assessing the degree of the collateral ventilation taking place
in an area of a lung to select a site for creation of a collateral channel. The invention may
include locating a site for creation of a collateral channel by visually examining an airway
for dynamic collapse. One method of visual examination includes the use of a fiber optic
line or camera which may be advanced into the lungs and through the airways. Other
variations of visually examining the lung to determine the location of a site for the creation
of the collateral channel using non-invasive imaging, including but not limited
toradiography, computer tomography, ultrasound, Doppler, and acoustic imaging. Such

imaging methods may also be used to determine the amount of collateral channels to be

created.
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Also contemplated in the invention is the addition of various agents to assist during
imaging of the airways or lungs. One example includes the use of a non-harmful gas, such
as Xenon, to enhance the visibility of hyperinflated portions of the lung during radiological
imaging. Another example includes the use of inserting a fluid in the lungs to provide an
improved sound transmission medium between the device and the tissue in variations of the
invention using ultrasound, acoustic, or other imaging.

Another variation of the invention includes methods and devices for triggering a
collapse of the airway to determine the degree of collateral ventilation in the lung. One
example includes forcing a fluid, such as a gas, air, oxygen, etc., through the airway and
into the air sacs. Next, to assess the patency of the airway, the pressure is reduced in the
airway. One example of how pressure is reduced in the airway includes evacuating the air
in a direction opposite to the air sacs. Constriction of the airway given a drop 1n pressure
may be an indication of collateral ventilation of the lung in that region.

Figure 1E, illustrates a method and device 212 for causing collapse of the airway
wall 100. The device 212 includes a fluid delivery member 214 located at a distal end of
the device 212. The fluid delivery member 214 is configured to deliver a volume of fluid
through the airway 100 and into an air sac (not shown). The device 212 may also comprise
a probe 216 configured to collect data within the lung. The probe 216 may also simply
consist of a channel that transmits signals outside of the lung. Moreover, the fluid delivery
member 214 and the probe 216 may not be separate channels. Also, the device 212 may,
but does not necessarily, have an occlusion member 218 designed to isolate a section of the
airway 100 between the occlusion member 218 and the air sacs (not shown). The occlusion
member 218, which forms a seal against the airway 100 walls, may provide a partially
closed system allowing a more effective search for collateral ventilation between the air
sacs (not shown.) The device delivers a burst of fluid, through the fluid delivery member
214 and subsequently uses the probe 216 to measure characteristics such as pressure, flow,
or return volume to determine the degree of collateral ventilation. The term fluid is
intended to include, air or a gas, such as oxygen, etc. For example, if the air sacs are
diseased (as shown in figure 1C), the forced fluid will escape/disperse through another air
sac due to the collateral ventilation of the air sacs. As a result, the probe 216 may fail to
record any increase in pressure, volume, flow, or any other characteristic of the fluid at the

site. Another variation of the invention includes using the fluid delivery member 214 to
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add or remove fluid distally to the occluded segment and using the probe 216 to monitor
flow or pressure changes in the area. For example, if after adding/removing fluid the
pressure 1n the occluded segment fails to build/drop, the assumption may be made that the
gas 1s being collaterally vented through diseased air sacs.

Figure 1F 1illustrates another variation of the invention. In this example, the device
220 comprises a separated probe 216 and gas delivery member 214. In this variation, the
fluid delivery member 214 is configured to pass through a wall of the airway 100 so that
fluid may be directly forced into, or pulled out of an air sac 102.

Figure 1G 1llustrates yet another variation of the invention. In this variation, the
device 222 may have at least one fluid exchange passageway 224. The device 222 may
force fluid into the airway 100 via the passageway 224. Then, fluid can be pulled out via
the passageway 224, thus decreasing pressure distally to the device 222. The decrease in
pressure permits fluid to flow out of the airway 100 and away from the air sac (not shown).
In this case, 1f the air sacs surrounding the airway 100 are diseased and collateral
ventilation 1s taking place, then the airway 100 may collapse. A variation of the invention
may include an expandable member 218, such as a balloon, to create a seal against the
airway 100 walls. Forming ‘a seal may provide a partially closed system to search for
collateral ventilation between air sacs (not shown.) As described above, observation of a
collapsing airway 100 may indicate a desired site for creation of a collateral channel.

Figure 2A illustrates a blood vessel 110 on an outer wall of an airway 100. In this
figure, the collateral channel 112 created using this invention is located away from the
vessel wall 110. Such a positioning of the collateral channel 112 eliminates the risk of
rupturing the vessel 110 during formation of the collateral channel 112. As mentioned
above, the term channel is intended to include an opening, cut, slit, tear, puncture, or any
other conceivable artificially created opening.

Of course, 1t 1s not the case that blood vessels are necessarily as conveniently
located as 1s seen 1n Figure 2A. Consequently, it may be desirable to move the vessels or to
avoid them. Figure 2B illustrates a first way of moving the nearby vessel. Figure 2B
shows the inflation of the airway 100 using a balloon 204 provided on a delivery device
202. As shown in figure 2C, upon detlation of the balloon 204, the airway 100 and the

vessel 110 become delaminated thereby moving the vessel from the region just outside the
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exterior of the airway. Subsequent creation of a collateral channel using the inventive
procedures will be less likely to hit the vessel.

Figure 2D demonstrates another device 206 and method for delaminating an airway
100 from a vessel 110. In this variation, the two balloons (204 & 205) occlude the airway
100. As shown in figure 2E, upon application of a vacuum, the vessel 110 and the airway
100 delaminate as the airway 100 separates from the vessel 110. It may be desirable to
make a channel while the airway is contracted as shown in figure 2E.

Figure 2F illustrates the insertion of a probe 210 into a wall of the airway 100.
Although, the probe 210 is illustrated to be a singular probe, the delivery device 208 may
be adapted to have multiple probes. As described above, the probe 210 may detect the
presence of blood such as when the probe is inserted into a vessel. For example, the probe
210 could be configured to puncture a wall of the airway 100, and detect the presence of
blood. Optionally, the probe 210 could pull a vacuum to facilitate entry of blood into the
probe 210. The probe 210 may also use ultrasonic detection to determine the location of a
vessel. For example, ultrasound may be used to determine changes in composition of the
tissue beyond the airway wall for determination of the location of a vessel. A probe 210
may, for example, use low frequency radio energy to induce heat at a point and determine
the presence of a vessel by measuring a change in temperature due to the conduction away
or removal of heat by the blood flowing within the vessel. Another variation is that the
probe 210 could detect changes in impedance given a pre-arranged discharge of current
through the bloodstream. If a probe 210 detects blood during its travel outside the airway,

the user could select another spot for a collateral channel.

Another variation of the invention includes methods and devices for determining
whether a blood vessel is in proximity to a potential site. Making this determination prior
to creating the channel is advantageous as the risk of puncturing a blood vessel is
minimized. As mentioned above, non-invasive imaging may be used to locate blood
vessels or to confirm the absence of a vessel at a site. Figure 2@ illustrates an example of
thts variation of the device 226 having a single sensor 228. The device may be, but is not
necessarily, steerable and rotatable such that the sensor 228 can be placed in contact with
any portion of the airway 100 wall. In non-steerable variations, the device may be located

to a site by the use of an endoscope. The device 226 may also be stiff so that the sensor
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