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of an airway at a plurality of locations in a lung, identifying at
least one treatment site from at least one of the plurality of
locations based on the parameter, and applying energy to the
treatmertt site to reduce the ability of the site to narrow.
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METHODS FOR TREATING AIRWAYS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a continuation-in-part of U.S. patent Ser. No.
10/640,967 filed Aug. 13, 2003 which is a continuation of
U.S. application Ser. No. 09/535,856 filed Mar. 277, 2000, the
contents of which are incorporated in their entirety.

BACKGROUND OF THE INVENTION

[0002] The invention relates to a method of treating a lung
having at least one symptom of reversible obstructive pulmo-
nary disease, and more particularly, methods of treating air-
ways in a lung to decrease asthmatic symptoms of the lung, by
measuring a parameter of an airway at a plurality of locations
in a lung, identifying at least one treatment site from at least
one of the plurality of locations based on the parameter; and
applying energy to the treatment site to reduce the ability of
the site to narrow.

[0003] Reversible obstructive pulmonary disease includes
asthma and reversible aspects of chronic obstructive pulmo-
nary disease (COPD). Asthma is a disease in which (i) bron-
choconstriction, (i) excessive mucus production, and (iii)
inflammation and swelling of airways occur, causing wide-
spread but variable airflow obstruction thereby making it
difficult for the asthma sufferer to breathe. Asthma is further
characterized by acute episodes of airway narrowing via con-
traction of hyper-responsive airway smooth muscle.

[0004] The reversible aspects of COPD include excessive
mucus production and partial airway occlusion, airway nar-
rowing secondary to smooth muscle contraction, and bron-
chial wall edema and inflation of the airways. Usually, there is
a general increase in 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 mucus may occlude some small bronchi.
Also, the small airways are narrowed and show inflammatory
changes.

[0005] In asthma, chronic inflammatory processes in the
airway play a central role in increasing the resistance to
airflow within the lungs. Many cells and cellular elements are
involved in the inflammatory process, particularly mast cells,
eosinophils T lymphocytes, neutrophils, epithelial cells, and
even airway smooth muscle itself. The reactions of these cells
result in an associated increase in sensitivity and hyper-re-
sponsiveness of the airway smooth muscle cells lining the
airways to particular stimuli.

[0006] The chronic nature of asthma can also lead to
remodeling of the airway wall (i.e., structural changes such as
airway wall thickening or chronic edema) that can further
affect the function of the airway wall and influence airway
hyper-responsiveness. Epithelial denudation exposes the
underlying tissue to substances that would not normally oth-
erwise contact the underlying tissue, further reinforcing the
cycle of cellular damage and inflammatory response.

[0007] In susceptible individuals, asthma symptoms
include recurrent episodes of shortness of breath (dyspnea),
wheezing, chest tightness, and cough. Currently, asthma is
managed by a combination of stimulus avoidance and phar-
macology.

[0008] Stimulus avoidance is accomplished via systematic
identification and minimization of contact with each type of
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stimuli. It may, however, be impractical and not always help-
ful to avoid all potential stimuli.

[0009] Asthma is managed pharmacologically by: (1) long
term control through use of anti-inflammatories and long-
acting bronchodilators and (2) short term management of
acute exacerbations through use of short-acting bronchodila-
tors. Both of these approaches require repeated and regular
use of the prescribed drugs. High doses of corticosteroid
anti-inflammatory drugs can have serious side effects that
require careful management. In addition, some patients are
resistant to steroid treatment. The difficulty involved in
patient compliance with pharmacologic management and the
difficulty of avoiding stimulus that triggers asthma are com-
mon barriers to successful asthma management.

[0010] Asthma is a serious disease with growing numbers
of sufferers. Current management techniques are neither
completely successful nor free from side effects.

[0011] Accordingly, it would be desirable to provide an
asthma treatment which improves airflow without the need
for patient compliance.

[0012] In addition to the airways of the lungs, other body
conduits such as the esophagus, ureter, urethra, and coronary
arteries, are also subject to inflammation and periodic revers-
ible spasms that produce obstruction to flow.

SUMMARY OF THE INVENTION

[0013] The present invention relates to methods for treating
a lung, preferably having at least one symptom of reversible
obstructive pulmonary disease, comprising the steps of
advancing a treatment device into the lung and treating the
lung with the device to at least reduce the ability of the lung to
produce at least one symptom of reversible obstructive pul-
monary disease and to decrease the resistance to the flow of
air through the lung.

[0014] A variation of the invention includes the method
described above further comprising the step of locating one or
more treatment sites within an airway of the lung, selecting at
least one of the treatment sites and treating at least one of the
treatment sites selected in the selecting step. The invention
may further include performing the steps while the lung is
experiencing at least one symptom of either natural or artifi-
cially induced reversible obstructive pulmonary disease.
[0015] A further variation of the invention includes the
method described above and further includes the steps of
testing the lung for at least one pre-treatment pulmonary
function value prior to the treating step, and re-testing the
lung for at least one post-treatment pulmonary function value
subsequent to the treating step.

[0016] A further variation of the invention includes the
method described above further comprising identifying treat-
ment sites within the airway being highly susceptible to either
airway inflammation, airway constriction, excessive mucus
secretion, or any other symptom of reversible obstructive
pulmonary disease.

[0017] Another variation of the invention includes the
method described above and the additional step of stimulating
the lung to produce at least one artificially induced symptom
of reversible obstructive pulmonary disease. The invention
may further comprise the step of evaluating the results of the
stimulating step.

[0018] Another variation of the invention includes the
method described above where treating at least airway tissue
within the lung further comprises the step of determining the
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effect of the treatment by visually observing the airway for
blanching, or a change in appearance, of airway tissue.
[0019] Another variation of the invention includes the
method described above where treating at least airway tissue
atatreatment site within the lung further comprises the step of
monitoring electrical impedance of tissue at one or more
points.

[0020] Another variation of the invention includes the
method described above where treating the lung includes
sub-mucosal treatment of at least airway tissue in the lung.
[0021] Another variation of the invention includes the
method described above where the treating step includes
treating the lung by depositing a radioactive substance in at
least one treatment site within the lung.

[0022] Another variation of the invention include the
method described above further including the step of scraping
tissue from a wall of an airway within the lung prior to the
treating step. The invention may further comprise depositing
a substance on the scraped wall of the airway.

[0023] Another variation of the invention includes the
method described above where the treating step uses amodal-
ity selected from the group consisting of mechanical, chemi-
cal, radio frequency, radioactive energy, heat, and ultrasound.
[0024] Another variation of the invention includes the
method described above further comprising pre-treating the
lung to at least reduce the ability of the lung to produce at least
one symptom of reversible obstructive pulmonary disease
prior to the treating step, where at least one parameter of the
pre-treating step is lesser than at least one parameter of the
treating step.

[0025] Another variation of the invention comprises the
method described above where the treating step includes
separating the treating step into stages to reduce the healing
load on the lung. The separating step may comprise treating
different regions of the lung at different times or dividing the
number of treatment sites into a plurality of groups of treat-
ment sites and treating each group at a different time.

[0026] Another variation of the invention includes the
method described above further comprising sensing move-
ment of the lung and repositioning the treatment device in
response to said sensing step.

[0027] Another variation of the invention includes the
method described above further comprising reducing the
temperature of lung tissue adjacent to a treatment site.
[0028] Another variation of the invention includes the
method described above further comprising the step of pro-
viding drug therapy, exercise therapy, respiratory therapy,
and/or education on disease management techniques to fur-
ther reduce the effects of reversible obstructive pulmonary
disease.

[0029] The invention further includes the method for
reversing a treatment to reduce the ability of the lung to
produce at least one symptom of reversible obstructive pul-
monary disease comprising the step of stimulating re-growth
of smooth muscle tissue in the lung.

[0030] The invention further includes the method of evalu-
ating an individual having reversible obstructive pulmonary
disease as a candidate for a procedure to reduce the ability of
the individual’s lung to produce at least one reversible
obstructive pulmonary disease symptom by treating an air-
way within the lung of the individual, the method comprising
the steps of assessing the pulmonary condition of the indi-
vidual, comparing the pulmonary condition to a correspond-
ing predetermined state; and evaluating the individual based
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upon the comparing step. The method may additionally com-
prise the steps of performing pulmonary function tests on the
individual to obtain at least one pulmonary function value,
comparing the at least one pulmonary function value to a
corresponding predetermined pulmonary function value, and
evaluating the individual based upon the comparing step.
[0031] The invention further comprises a method of evalu-
ating the effectiveness of a procedure to reduce the ability of
lung to produce at least one symptom of reversible obstructive
pulmonary disease previously performed on an individual
having reversible obstructive pulmonary disease, the method
comprising the steps of assessing the pulmonary condition of
the individual, comparing the pulmonary condition to a cor-
responding predetermined state; and evaluating the effective-
ness of the procedure based upon the comparing step. The
method may additionally comprise the steps of performing
pulmonary function tests on the individual to obtain at least
one pulmonary function value, treating the lung to at least
reduce the ability of the lung to produce at least one symptom
of reversible obstructive pulmonary disease, performing
post-procedure pulmonary function tests on the individual to
obtain at least one post-procedure pulmonary function value;
and comparing the pulmonary function value with the post-
procedure pulmonary function value to determine the effect
of the treating step.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Theinvention will now be described in greater detail
with reference to the various embodiments illustrated in the
accompanying drawings:

[0033] FIG. 1 is a cross sectional view of an airway in a
healthy lung.
[0034] FIG. 2 shows a section through a bronchiole having

an airway diameter smaller than that shown in FIG. 1.
[0035] FIG. 3 illustrates the airway of FIG. 1 in which the
smooth muscle 14 has hypertrophied and increased in thick-
ness causing reduction of the airway diameter.

[0036] FIG. 4A is a schematic view of the lungs being
treated with a treatment device as described herein.

[0037] FIG. 4B illustrates one example of a treatment sys-
tem for use with the methods described herein.

[0038] FIG. 4C illustrates another variation of a treatment
system that applies the treatment externally to the lungs.

[0039] FIG. 5 illustrates a map to aid in treatment of the
airways.
[0040] FIG. 6A illustrates a device that stimulates the air-

way into contracting.
[0041] FIGS. 6B-6F illustrate various modes of measuring
parameters within the lungs to identify treatment sites.

DETAILED DESCRIPTION

[0042] The invention relates to methods for improving air-
flow through the airways of a lung having reversible obstruc-
tive pulmonary disease. It is intended that the invention is
applicable to any aspect of reversible obstructive pulmonary
disease, including but not limited to asthma. One way of
improving airflow is to decrease the resistance to airflow
within the lungs. There are several approaches to reducing
this resistance, including but not limited to reducing the abil-
ity of the airway to contract, increasing the airway diameter,
reducing the inflammation of airway tissues, and/or reducing
the amount of mucus plugging of the airway. Another
approach to reducing resistance is to increase the resting
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airway diameter of an airway such that any subsequent nar-
rowing will not reduce the airway to a diameter such that
obstruction to airflow is discernable by the patient. The
present invention includes advancing a treatment device into
the lung and treating the lung to at least reduce the ability of
the lung to produce at least one symptom of reversible
obstructive pulmonary disease. The following is a brief dis-
cussion of some causes of increased resistance to airflow
within the lungs and the inventive treatment of the invention
described herein. As such, the following discussion is not
intended to limit the aspects or objective of the inventive
method as the inventive method may cause physiological
changes not described below but such changes still contrib-
uting to reducing or eliminating at least one of the symptoms
of reversible obstructive pulmonary disease.

Reducing the Ability of the Airway to Contract

[0043] The inventive treatment reduces the ability of the
airways to narrow or to reduce in diameter due to airway
smooth muscle contraction. The inventive treatment uses a
modality of treatments including, but not limited to the fol-
lowing: chemical, radio frequency, radioactivity, heat, ultra-
sound, radiant, laser, microwave, or mechanical energy (such
as in the form of cutting, punching, abrading, rubbing, or
dilating). This treatment reduces the ability of the smooth
muscle to contract thereby lessening the severity of an asthma
attack. The reduction in the ability of the smooth muscle to
contract may be achieved by treating the smooth muscle itself
or by treating other tissues which in turn influence smooth
muscle contraction or the response of the airway to the
smooth muscle contraction. Treatment may also reduce air-
way responsiveness or the tendency of the airway to narrow or
to constrict in response to a stimulus.

[0044] The amount of smooth muscle surrounding the air-
way can be reduced by exposing the smooth muscle to energy
which either kills the muscle cells or prevents these cells from
replicating. The reduction in smooth muscle reduces the abil-
ity of the smooth muscle to contract and to narrow the airway
during a spasm. The reduction in smooth muscle and sur-
rounding tissue has the added potential benefit of increasing
the caliber or diameter of the airways, which further reduces
the resistance to airflow through the airways. In addition to
the use of debulking smooth muscle tissue to open up the
airways, the device used in the present invention may also
eliminate smooth muscle altogether by damaging or destroy-
ing the muscle. The elimination of the smooth muscle pre-
vents the contraction or spasms of hyper-reactive airways of
apatient having reversible obstructive pulmonary disease. By
doing so, the elimination of the smooth muscle may reduce
some symptoms of reversible obstructive pulmonary disease.
[0045] The ability of the airway to contract can also be
altered by treatment of the smooth muscle in particular pat-
terns. The smooth muscle is arranged around the airways in a
generally helical pattern with pitch angles ranging from about
-38 to about +38 degrees. Thus, the treatment of the smooth
muscle in appropriate patterns interrupts or cuts through the
helical pattern of the smooth muscle at a proper pitch and
prevents the airway from constricting. This procedure of pat-
terned treatment application eliminates contraction of the
airways without completely eradicating smooth muscle and
other airway tissue. A pattern for treatment may be chosen
from a variety of patterns including longitudinal or axial
stripes, circumferential bands, helical stripes, and the like as
well as spot patterns having rectangular, elliptical, circular or
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other shapes. The size, number, and spacing of the treatment
bands, stripes, or spots are chosen to provide a desired clinical
effect of reduced airway responsiveness while limiting insult
to the airway to a clinically acceptable level.

[0046] The patterned treatment of the tissues surrounding
the airways with energy provides various advantages. The
careful selection of the portion of the airway to be treated
allows desired results to be achieved while reducing the total
healing load. Patterned treatment can also achieve desired
results with decreased morbidity, preservation of epithelium,
and preservation of a continuous or near continuous ciliated
inner surface of the airway for mucociliary clearance. The
pattern of treatment may also be chosen to achieve desired
results while limiting total treatment area and/or the number
of airways treated, thereby improving speed and ease of treat-
ment.

[0047] Application of energy to the tissue surrounding the
airways may also cause the DNA of the cells to become cross
linked. The treated cells with cross linked DNA are incapable
of replicating. Accordingly, over time, as the smooth muscle
cells die, the total thickness of smooth muscle decreases
because of the inability of the cells to replicate. The pro-
grammed cell death causing a reduction in the volume of
tissue is called apoptosis. This treatment does not cause an
immediate effect but causes shrinking of the smooth muscle
and opening of the airway over time and substantially pre-
vents re-growth. The application of energy to the walls of the
airway may also be used to cause a cross linking of the DNA
of the mucus gland cells thereby preventing them from rep-
licating and reducing excess mucus plugging or production
over time.

[0048] The ability of the airways to contract may also be
reduced by altering mechanical properties of the airway wall,
such as by increasing stiffness of the wall or by increasing
parenchymal tethering of the airway wall. Both of these meth-
ods increase the strength of the airway wall and further
oppose contraction and narrowing of the airway.

[0049] There are several ways to increase the stiffness of
the airway wall. One way to increase stiffness is to induce
fibrosis or a wound healing response by causing trauma to the
airway wall. The trauma can be caused by delivery of thera-
peutic energy to the tissue in the airway wall, by mechanical
insult to the tissue, or by chemically affecting the tissue. The
energy is preferably delivered in such a way that it minimizes
or limits the intra-luminal thickening that may occur.

[0050] Another way to increase the effective stiffness ofthe
airway wall is to alter the submucosal folding of the airway
upon narrowing. The mucosal layer includes the epithelium,
its basement membrane, and the lamina propria, a subepithe-
lial collagen layer. The submucosal layer may also play a role
in airway folding. As an airway narrows, its perimeter
remains relatively constant, with the mucosal layer folding
upon itself. As the airway narrows further, the mucosal folds
mechanically interfere with each other, effectively stiffening
the airway. In asthmatic patients, the number of folds is fewer
and the size of the folds is larger, and thus, the airway is free
to narrow with less mechanical interference of mucosal folds
than in a healthy patient. Thus, asthmatic patients have a
decrease in airway stiffness and the airways have less resis-
tance to narrowing.

[0051] The mucosal folding in asthmatic patients can be
improved by treatment of the airway in a manner which
encourages folding. Preferably, a treatment will increase the
number of folds and/or decrease the size of the folds in the
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mucosal layer. For example, treatment of the airway wall in a
pattern such as longitudinal stripes can encourage greater
number of smaller mucosal folds and increase airway stiff-
ness.

[0052] The mucosal folding can also be increased by
encouraging a greater number of smaller folds by reducing
the thickness of the mucosa and/or submucosal layer. The
decreased thickness of the mucosa or submucosa may be
achieved by application of energy which either reduces the
number of cells in the mucosa or submucosal layer or which
prevents replication of the cells in the mucosa or submucosal
layer. A thinner mucosa or submucosal layer will have an
increased tendency to fold and increased mechanical stiffen-
ing caused by the folds.

[0053] Another way to reduce the ability of the airways to
contract is to improve parenchymal tethering. The paren-
chyma surrounds airways and includes the alveolus and tissue
connected to and surrounding the outer portion of the airway
wall. The parenchyma includes the alveolus and tissue con-
nected to and surrounding the cartilage that supports the
larger airways. In a healthy patient, the parenchyma provides
a tissue network which connects to and helps to support the
airway. Edema or accumulation of fluid in lung tissue in
patients with asthma or COPD is believed to decouple the
airway from the parenchyma reducing the restraining force of
the parenchyma which opposes airway constriction. Energy
can be used to treat the parenchyma to reduce edema and/or
improve parenchymal tethering.

[0054] In addition, the applied energy may be used to
improve connection between the airway smooth muscle and
submucosal layer to the surrounding cartilage, and to encour-
age wound healing, collagen deposition, and/or fibrosis in the
tissue surrounding the airway to help support the airway and
prevent airway contraction.

Increasing the Airway Diameter

[0055] Hypertrophy of smooth muscle, chronic inflamma-
tion of airway tissues, and general thickening of all parts of
the airway wall can reduce the airway diameter in patients
with reversible obstructive pulmonary disease. Increasing the
overall airway diameter using a variety of techniques can
improve the passage of air through the airways. Application
of energy to the airway smooth muscle of an asthmatic patient
can debulk or reduce the volume of smooth muscle. This
reduced volume of smooth muscle increases the airway diam-
eter for improved air exchange.

[0056] Reducing inflammation and edema of the tissue sur-
rounding the airway can also increase the diameter of an
airway. Inflammation and edema (accumulation of fluid) of
the airway are chronic features of asthma. The inflammation
and edema can be reduced by application of energy to stimu-
late wound healing and regenerate normal tissue. Healing of
the epithelium or sections of the epithelium experiencing
ongoing denudation and renewal allows regeneration of
healthy epithelium with less associated airway inflammation.
The less inflamed airway has an increased airway diameter
both at a resting state and in constriction. The wound healing
can also deposit collagen which improves parenchymal teth-
ering.

[0057] Inflammatory mediators released by tissue in the
airway wall may serve as a stimulus for airway smooth
muscle contraction. Therapy that reduces the production and
release of inflammatory mediator can reduce smooth muscle
contraction, inflammation of the airways, and edema.
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Examples of inflammatory mediators are cytokines, chemok-
ines, and histamine. The tissues which produce and release
inflammatory mediators include airway smooth muscle, epi-
thelium, and mast cells. Treatment of these structures with
energy can reduce the ability of the airway structures to
produce or release inflammatory mediators. The reduction in
released inflammatory mediators will reduce chronic inflam-
mation, thereby increasing the airway inner diameter, and
may also reduce hyper-responsiveness of the airway smooth
muscle.

[0058] A further process for increasing the airway diameter
is by denervation. A resting tone of smooth muscle is nerve
regulated by release of catecholamines. Thus, by damaging or
eliminating nerve tissue in the airways the resting tone of the
smooth muscle is reduced, and the airway diameter is
increased. Resting tone may also be reduced by directly
affecting the ability of smooth muscle tissue to contract.

Reducing Plugging of the Airway

[0059] Excess mucus production and mucus plugging are
common problems during both acute asthma exacerbation
and in chronic asthma management. Excess mucus in the
airways increases the resistance to airflow through the air-
ways by physically blocking all or part of the airway. Excess
mucus may also contribute to increased numbers of leuko-
cytes found in airways of asthmatic patients by trapping leu-
kocytes. Thus, excess mucus can increase chronic inflamma-
tion of the airways.

[0060] One type of asthma therapy involves treatment of
the airways with energy to target and reduce the amount of
mucus producing cells, ducts, and glands and to reduce the
effectiveness of the remaining mucus producing cells and
glands. The treatment can eliminate all or a portion of the
mucus producing cells, ducts, and glands, can prevent the
cells from replicating or can inhibit their ability to secrete
mucus. This treatment will have both chronic benefits in
increasing airflow through the airways and will lessen the
severity of acute exacerbation of the symptoms of reversible
obstructive pulmonary disease.

Application of Treatment

[0061] The following illustrations are examples of the
invention described herein. It is contemplated that combina-
tions of aspects of specific embodiments or combinations of
the specific embodiments themselves are within the scope of
this disclosure.

[0062] FIGS.1 and 2 illustrate cross sections of two differ-
ent airways in a healthy patient. The airway of FIG. 1 is a
medium sized bronchus having an airway diameter D1 of
about 3 mm. FIG. 2 shows a section through a bronchiole
having an airway diameter D2 of about 1.5 mm. Each airway
includes a folded inner surface or epithelium 10 surrounded
by stroma 12 and smooth muscle tissue 14. The larger airways
including the bronchus shown in FIG. 1 also have mucous
glands 16 and cartilage 18 surrounding the smooth muscle
tissue 14. Nerve fibers 20 and blood vessels 24 also surround
the airway.

[0063] FIG. 3illustrates the bronchus of FIG. 1 in which the
smooth muscle 14 has hypertrophied and increased in thick-
ness causing the airway diameter to be reduced from the
diameter D1 to a diameter D3.

[0064] FIG. 4A is a schematic side view of the lungs being
treated with a treatment device 38 according to the present
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invention. The treatment device 100 is an elongated member
for treating tissue at a treatment site 34 within a lung.
Although the invention discusses treatment of tissue at the
airway wall surface it is also intended that the invention
include treatment below an epithelial layer of the lung tissue.
The invention may also rely on the use of an imaging device
36 to enable the identification of at least one treatments site
from the plurality of possible treatment site locations. The
imaging device may employ radiographic visualization such
as fluoroscopy or other external visualization means such as
computer aided tomography (CT), magnetic resonance imag-
ing (MRI), positron emission tomography (PET), optical
coherence tomography, or ultrasonic imaging. The imaging
device may be external as shown. Alternatively, the imaging
device may have a component that is affixed to the treatment
system 32 or otherwise is inserted in to the body.

[0065] FIG. 4B represents one example of a treatment sys-
tem 32 according to the present invention. In this variation,
the system 32 delivers therapeutic energy to tissue of'a patient
via a device 100. Variations of devices are described in US
application Ser. Nos. 11/255,796 and 11/256,295 both filed
Oct. 21,2005 and the entirety of each of which is incorporated
by reference.

[0066] FIG.4B shows a schematic diagram of one example
of a system 32 for delivering therapeutic energy to tissue of a
patient for use with the device described herein. The illus-
trated variation shows, the system 32 having a power supply
(e.g., consisting of an energy generator 112, a controller 114
coupled to the energy generator, a user interface surface 116
in communication with the controller 114). Itis noted that the
device may be used with a variety of systems (having the
same or different components). For example, although varia-
tions of the device shall be described as RF energy delivery
devices, variations of the device may include resistive heating
systems, infrared heating elements, microwave energy sys-
tems, focused ultrasound, cryo-ablation, or any other energy
deliver system. It is noted that the devices described should
have sufficient length to access the tissue targeted for treat-
ment. For example, it is presently believed necessary to treat
airways as small as 3 mm in diameter to treat enough airways
for the patient to benefit from the described treatment (how-
ever, it is noted that the invention is not limited to any par-
ticular size of airways and airways smaller than 3 mm may be
treated). Accordingly, devices for treating the lungs must be
sufficiently long to reach deep enough into the lungs to treat
these airways. Accordingly, the length of the sheath/shaft of
the device that is designed for use in the lungs should prefer-
ably be between 1.5-3 ft long in order to reach the targeted
airways.

[0067] The particular system 32 depicted in FIG. 4B is one
having a user interface as well as safety algorithms that are
useful for the asthma treatment discussed above. Addition
information on such a system may be found in U.S. Provi-
sional application Nos.: 60/674,106, and 60/673,876 both
filed Apr. 21, 2005 the entirety of each of which is incorpo-
rated by reference herein.

[0068] Referring again to FIG. 4B, a variation of a device
100 described herein includes a flexible sheath 202, an elon-
gate shaft 204 (in this example, the shaft extends out from the
distal end of the sheath 202), and a handle or other operator
interface 206 (optional) secured to a proximal end of the
sheath 202. The distal portion of the device 100 includes an
energy transfer element 208 (e.g., an electrode, a basket elec-
trode, a resistive heating element, cryoprobe, etc.). Addition-
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ally, the device includes a connector 210 common to such
energy delivery devices. The connector 210 may be integral to
the end of a cable 212 as shown, or the connector 210 may be
fitted to receive a separate cable 212. In any case, the device
is configured for attachment to the power supply via some
type connector 210. The elongate portions of the device 202
and 204 may also be configured and sized to permit passage
through the working lumen of a commercially available bron-
choscope or endoscope. As discussed herein, the device is
often used within an endoscope, bronchoscope or similar
device. However, the device may also be advanced into the
body with or without a steerable catheter, in a minimally
invasive procedure or in an open surgical procedure, and with
or without the guidance of various vision or imaging systems.
[0069] FIG. 4B also illustrates additional components used
in variations of the system. Although the depicted systems are
shown as RF type energy delivery systems, it is noted that the
invention is not limited as such. Other energy delivery con-
figurations contemplated may include or not require some of
the elements described below. The power supply (usually the
user interface portion 116) shall have connections 120, 128,
130 for the device 100, return electrode 124 (if the system 32
employs a monopolor RF configuration), and actuation pedal
(s) 126 (optional). The power supply and controller may also
be configured to deliver RF energy to an energy transfer
element configured for bipolar RF energy delivery. The user
interface 116 may also include visual prompts 132, 160, 168,
174 for user feedback regarding setup or operation of the
system. The user interface 116 may also employ graphical
representations of components of the system, audio tone gen-
erators, as well as other features to assist the user with system
use.

[0070] Inmany variations of the system, the controller 114
includes a processor 122 that is generally configured to accept
information from the system and system components, and
process the information according to various algorithms to
produce control signals for controlling the energy generator
112. The processor 122 may also accept information from the
system 110 and system components, process the information
according to various algorithms and produce information sig-
nals that may be directed to the visual indicators, digital
display or audio tone generator of the user interface in order
to inform the user of the system status, component status,
procedure status or any other useful information that is being
monitored by the system. The processor 122 of the controller
114 may be digital IC processor, analog processor or any
other suitable logic or control system that carries out the
control algorithms.

[0071] Inonevariation ofthe system shown in FIG. 4B, the
RF generator 112 generates RF energy ata frequency ofabout
400 kHz to about 500 kHz in with a wattage output sufficient
to maintain a target tissue temperature of about 60 degrees C.
to about 80 degrees C., specifically, about 60 degrees C. to
about 70 degrees C. (when measuring at a surface of the
electrode). The duration of the activation state for an embodi-
ment of a single treatment cycle may be about 1 seconds to
about 15 seconds, specifically, about 8 seconds to about 12
seconds. Alternatively, the duration of the activation state of
the RF generator may also be set to not more than the duration
required to deliver about 150 Joules of energy to the target
tissue, specifically, not more than the duration required to
deliver about 125 Joules of RF energy to target tissue.
[0072] Additional examples of devices for use with the
methods of this invention are found in the following U.S.
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patent application Ser. Nos. 09/095,323 and 09/436,455; U.S.
Pat. Nos. 6.488,675 and 6.411,852. The entirety of each of the
aforementioned applications is incorporated by reference
herein.

[0073] FIG. 4C represents another schematic side view of
lungs being treated with a treatment device 100 according to
the present invention. In this variation, the treatment device
100 and system 32 are external to the lungs and/or body but
still applies energy to within the lungs. For example, such a
treatment may use a high frequency ultrasound (commonly
referred to as HIFU). As discussed above, the invention may
also rely on the use of an imaging device 36.

[0074] The treatment of an airway with the treatment
device may involve placing a visualization system such as an
endoscope or bronchoscope into the airways. The treatment
device is then inserted through or next to the bronchoscope or
endoscope while visualizing the airways. Alternatively, the
visualization system may be built directly into the treatment
device using fiber optic imaging and lenses ora CCD and lens
arranged at the distal portion of the treatment device. The
treatment device may also be positioned using radiographic
visualization such as fluoroscopy or other external visualiza-
tion means. The treatment device which has been positioned
with adistal end within an airway to be treated is energized so
that energy is applied to the tissue of the airway walls in a
desired pattern and intensity. The distal end of the treatment
device may be moved through the airway in a uniform paint-
ing like motion to expose the entire length of an airway to be
treated to the energy. The treatment device may be passed
axially along the airway one or more times to achieve
adequate treatment. The “painting-like” motion used to
expose the entire length of an airway to the energy may be
performed by moving the entire treatment device from the
proximal end either manually or by motor. Alternatively, seg-
ments, stripes, rings or other treatment patterns may be used.
[0075] According to one variation of the invention, the
energy is transferred to or from an airway wall in the opening
region of the airway, preferably within a length of approxi-
mately two times the airway diameter or less, and to wall
regions of airways distal to bifurcations and side branches,
preferably within a distance of approximately twice the air-
way diameter or less. The invention may also be used to treat
long segments of un-bifurcated airway.

[0076] The invention includes a method of advancing a
treatment device into a lung and treating the lung with the
device to, at least, reduce the ability of the lung to produce at
least one symptom of reversible obstructive pulmonary dis-
ease. It is contemplated that the treatment may reduce all of
the symptoms of reversible obstructive disease. Alternatively,
the treatment may be selected to address specific symptoms
of the disease. Itis also intended that the treatment of the lung
may sufficiently reduce the symptoms of reversible obstruc-
tive pulmonary disease such that the patient is able to function
as those free from the disease. Alternatively, the treatment
may be such that the symptoms are reduced to allow the
patient to more easily manage the disease. It is also intended
that the effects of the treatment may be either long term or
short term with repeating treatment necessary to suppress the
symptoms.

[0077] The methods of the invention described herein may
be performed while the lung is experiencing natural symp-
toms of reversible obstructive pulmonary disease. One such
example is where an individual, experiencing an asthma
attack, or acute exacerbation of asthma or COPD, undergoes
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treatment to improve the individual’s ability to breath. In such
a case, the treatment, called ‘rescue,” seeks to provide imme-
diate relief for the patient.

[0078] The method may also include the steps of locating
one or more treatment sites within an airway of the lung,
selecting one of the treatment sites from the locating step and
treating at least one of the selected treatment sites. As men-
tioned above, these steps may be, but are not necessarily,
performed while the lung is experiencing symptoms of
reversible obstructive pulmonary disease.

[0079] The invention may further comprise the step of
stimulating the lung to produce at least one artificially
induced symptom of reversible obstructive pulmonary dis-
ease. For example, stimulation of the lung would preferably
increase the resistance to airflow within the lung, constrict
airways within the lung, inflame/irritate airway tissues,
increase edema and/or increase the amount of mucus plug-
ging of the airway. Stimulation of the lung may occur at any
point during the procedure or before the procedure. For
example, the lung may be stimulated either prior to or after,
the step of locating a treatment site. If the lung is stimulated
prior to the step oflocating a treatment site, the reaction of the
stimulated tissue within the lung may be useful in determin-
ing which locations are to be selected as treatment sites. The
lung tissue or airway tissue within the lung may be stimulated
by a variety of methods including but not limited to pharma-
cological stimulation, (e.g., histamine, methacholine, or
other bronchoconstricting agents, etc.), electrical stimula-
tion, mechanical stimulation, or any other stimuli causing
obstructive pulmonary symptoms. For example, electrical
stimulation may comprise exposing airway tissue to electrical
field stimulation. An example of such parameters include 15
VDC, 0.5 ms pulses, 0.5-16 Hz, and 70 VDC, 2-3 ms pulses,
20 HZ.

[0080] The locating step described above may be per-
formed using a non-invasive imaging technique, including
but not limited to, a bronchogram, magnetic resonance imag-
ing, computed tomography, radiography (e.g., x-ray), and
ventilation perfusion scans.

[0081] The invention further includes the steps of testing
the lung for at least one pre-treatment pulmonary function
value prior to treating the lung with the device. After the lung
is treated, the lung is re-tested for at least one post-treatment
pulmonary function value. Naturally, the two pulmonary
function values may be compared to estimate the effect of the
treatment. The invention may also include treating additional
sites in the lung after the re-testing step to at least reduce the
effect of at least one symptom of reversible obstructive pul-
monary disease. The invention may also include stimulating
the lung to produce at least one artificially induced symptom
of reversible obstructive pulmonary disease. As mentioned
above, the stimulation of the lung may occur at any point
during, or prior to, the procedure. For example, stimulation of
the lung may occur prior to the step of testing the lung for
pre-treatment pulmonary values. In this case, the values
would be determinative of pulmonary function values of a
lung experiencing symptoms of reversible obstructive pulmo-
nary disease. Accordingly, the objective is to treat the lung
until acceptable pulmonary function values are obtained. One
benefit of such a procedure is that the effect of the treatment
on the patient is more readily observed as compared to the
situation where a patient, having previously been treated,
must wait for an attack of reversible obstructive pulmonary
disease to determine the efficacy of the treatment.
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[0082] Pulmonary function values are well known in the
art. The following is an example of pulmonary function val-
ues that may be used. Other pulmonary function values, or
combinations thereof, are intended to be within the scope of
this invention. The values include, but are not limited to, FEV
(forced expiratory volume), FVC (forced vital capacity), FEF
(forced expiratory flow), Vmax (maximum flow), PEFR
(peak expiratory flow rate), FRC (functional residual capac-
ity), RV (residual volume), TLC (total lung capacity).
[0083] FEV measures the volume of air exhaled over a
pre-determined period of time by a forced expiration imme-
diately after a full inspiration. FVC measures the total volume
of air exhaled immediately after a full inspiration. Forced
expiratory flow measures the volume of air exhaled during a
FVC divided by the time in seconds. Vmax is the maximum
flow measured during FVC. PEFR measures the maximum
flow rate during a forced exhale starting from full inspiration.
RV is the volume of air remaining in the lungs after a full
expiration.

[0084] The locating step described above may also com-
prise identifying treatment sites within the airway being sus-
ceptible to a symptom of reversible obstructive pulmonary
disease. For example, symptoms may include, but are not
limited to, airway inflammation, airway constriction, exces-
sive mucous secretion, or any other asthmatic symptom.
Stimulation of the lung to produce symptoms of reversible
obstructive pulmonary disease may assist in identifying ideal
treatment sites.

[0085] As noted above, the method of the present invention
may include stimulating the lung to produce at least one
artificially induced symptom of reversible obstructive pulmo-
nary disease and further include the step of evaluating the
result of stimulation of the lung. For example, the evaluating
step may include visually evaluating the effect of the stimu-
lating step on the airway using a bronchoscope with a visu-
alization system or by non-invasive imaging techniques, such
as those describe herein. The evaluating step may include
measuring pressure changes in the airway before and after the
stimulating step. Pressure may be measured globally (e.g.,
within the entire lung), or locally (e.g., within a specific
section of the lung such as an airway or alveolar sac.) Also, the
evaluating step may comprise measuring the electrical prop-
erties of the tissue before and after the stimulating step. The
invention may also include evaluating the results of the stimu-
lating step by combining any of the methods previously men-
tioned. Also, the invention may further comprise the step of
selecting at least one treatment parameter based upon the
results of the evaluating step. Such treatment parameters may
include, but are not limited to, duration of treatment, intensity
of treatment, temperature, amount of tissue treated, depth of
treatment, etc.

[0086] The method may also include the step of determin-
ing the effect of the treatment by visually observing lung,
airway or other such tissue for blanching of the tissue. The
term “blanching” is intended to include any physical change
in tissue that is usually, but not necessarily, accompanied by a
change in the color of the tissue. One example of such blanch-
ing is where the tissue turns to a whitish color after the
treatment of application of energy.

[0087] The invention may also include the step of monitor-
ing impedance across a treated area of tissue within the lung.
Measuring impedance may be performed in cases of monopo-
lar or bipolar energy delivery devices. Additionally, imped-
ance may be monitored at more than one site within the lungs.
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The measuring of impedance may be, but is not necessarily,
performed by the same electrodes used to deliver the energy
treatment to the tissue. Furthermore, the invention includes
adjusting the treatment parameters based upon the monitor-
ing of the change in impedance after the treatment step. For
example, as the energy treatment affects the properties of the
treated tissue, measuring changes in impedance may provide
information useful in adjusting treatment parameters to
obtain a desired result.

[0088] Another aspect of the invention includes advancing
a treatment device into the lung and treating lung tissue to at
least reduce the ability of the lung to produce at least one
symptom of reversible obstructive pulmonary disease and
further comprising the step of sub-mucosal sensing of the
treatmertt to the lung tissue. The sub-mucosal sensing may be
invasive such as when using a probe equipped to monitor
temperature, impedance, and/or blood flow. Or, the sub-mu-
cosal sensing may be non-invasive in such cases as infra-red
sensing.

[0089] The invention may also include using the treatment
device to deposit radioactive substances at select treatment
sites within the lung. The radioactive substances, including,
but not limited to Iridium (e.g. ***Ir.) either treat the lung
tissue over time or provide treatment upon being deposited.
[0090] The invention also includes scraping epithelial tis-
sue from the wall of an airway within the lung prior to advanc-
ing a treatment device into the lung to treat the lung tissue.
The removal of the epithelial tissue allows the device to treat
the walls of an airway more effectively. The invention further
comprises the step of depositing a substance on the scraped
wall of the airway after the device treats the airway wall. The
substance may include epithelial tissue, collagen, growth fac-
tors, or any other bio-compatible tissue or substance, which
promotes healing, prevents infection, and/or assists in the
clearing of mucus. Alternatively, the treatment may comprise
the act of scraping epithelial tissue to induce yield the desired
response.

[0091] The invention includes using the treating device to
pre-treat the lung to at least reduce the ability of the lung to
produce at least one symptom of reversible obstructive pul-
monary disease prior to the treating step. At least one of the
parameters of the pre-treating step may differ than one of the
parameters of the treating step. Such parameters may include
time, temperature, amount of tissue over which treatment is
applied, amount of energy applied, depth of treatment, etc.
[0092] The invention may also include advancing the treat-
ment device into the lung and treating the lung tissue in
separate stages. One of the benefits of dividing the treating
step into separate stages is that the healing load of the patient
is lessened. Dividing of the treating step may be accom-
plished by treating different regions of the lung at different
times. Or, the total number of treatment sites may be divided
into a plurality of groups of treatment sites, where each group
of treatment sites is treated at a different time. The amount of
time between treatments may be chosen such that the healing
load placed on the lungs is minimized.

[0093] The invention may also include advancing a treat-
ment device into the lung, treating the lung with the device
and sensing movement of the lung to reposition the treatment
device in response to the movement. This sensing step
accounts for the tidal motion of the lung during breathing
cycles or other movement. Taking into account the tidal
motion allows improved accuracy in repositioning of the
device at a desired target.
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[0094] The invention may also include the additional step
of reducing or stabilizing the temperature of lung tissue near
to atreatment site. This may be accomplished for example, by
injecting a cold fluid into lung parenchyma or into the airway
being treated, where the airway is proximal, distal, or circum-
ferentially adjacent to the treatment site. The fluid may be
sterile normal saline, or any other bin-compatible fluid. The
fluid may be injected into treatment regions within the lung
while other regions of the lung normally ventilated by gas. Or,
the fluid may be oxygenated to eliminate the need for alter-
nate ventilation of the lung. Upon achieving the desired
reduction or stabilization of temperature the fluid may be
removed from the lungs. In the case where a gas is used to
reduce temperature, the gas may be removed from the lung or
allowed to be naturally exhaled. One benefit of reducing or
stabilizing the temperature of the lung may be to prevent
excessive destruction of the tissue, or to prevent destruction of
certain types of tissue such as the epithelium, or to reduce the
systemic healing load upon the patient’s lung.

[0095] Also contemplated as within the scope of the inven-
tion is the additional step of providing therapy to further
reduce the effects of reversible obstructive pulmonary disease
or which aids the healing process after such treatment. Some
examples of therapy include, drug therapy, exercise therapy,
and respiratory therapy. The invention further includes pro-
viding education on reversible obstructive pulmonary disease
management techniques to further reduce the effects of the
disease. For example, such techniques may be instruction on
lifestyle changes, self-monitoring techniques to assess the
state of the disease, and/or medication compliance education.
[0096] There may be occurrences where it is necessary to
reverse the effects of the treatment described herein. Accord-
ingly, the invention further includes a method for reversing a
treatment to reduce the ability of the lung to produce at least
one syniptom of reversible obstructive pulmonary disease
comprising the step of stimulating re-growth of smooth
muscle tissue. The re-stimulation of the muscle may be
accomplished by the use of electro-stimulation, exercising of
the muscle and/or drug therapy.

[0097] The invention further includes methods of evaluat-
ing individuals having reversible obstructive pulmonary dis-
ease, or a symptom thereof, as a candidate for a procedure to
reduce the ability of the individual’s lung to produce at least
one symptom of reversible obstructive pulmonary disease.
The method comprises the steps of assessing the pulmonary
condition of the individual, comparing the pulmonary condi-
tion to a corresponding pre-determined state, and evaluating
the individual as a candidate based upon the comparison.
[0098] In assessing the pulmonary condition, the method
may comprise the steps of performing pulmonary function
tests on the individual to obtain a pulmonary function value
which is compared to a predetermined value. Examples of
pre-determined values are found above.

[0099] The method of evaluating may further include the
step of determining how the individual’s tissue will react to
treatment allowing the treatment to be tailored to the expected
tissue response.

[0100] Themethod of evaluating may further comprises the
step of pulmonary function testing using a gas, a mixture of
gases, or a composition of several mixtures of gases to ven-
tilate the lung. The difference in properties of the gases may
aid in the pulmonary function testing. For example, compari-
son of one or more pulmonary function test values that are
obtained with the patient breathing gas mixtures of varying
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densities may help to diagnose lung function. Examples of
such mixtures include air, at standard atmospheric conditions,
and a mixture of helium and oxygen. Additional examples of
pulmonary testing include tests that measure capability and
evenness of ventilation given diffusion of special gas mix-
tures. Other examples of gases used in the described tests,
include but are not limited to, nitrogen, carbon monoxide,
carbon dioxide, and a range of inert gases.

[0101] The invention may also comprise the step of stimu-
lating the lung to produce at least one artificially induced
symptom of reversible obstructive pulmonary disease. Stimu-
lating the symptoms of the disease in an individual allows the
individual to be evaluated as the individual experiences the
symptoms thereby allowing appropriate adjustment of the
treatment.

[0102] The method of evaluating may also comprise the
step of obtaining clinical information from the individual and
accounting for the clinical information for treatment.

[0103] The method may further comprise the selection of a
patient for treatment based upon a classification of the sub-
type of the patient’s disease. For example, in asthma there are
a number of ways to classify the disease state. One such
method is the assessment of the severity of the disease. An
example of a classification scheme by severity is found in the
NHLBI Expert Panel 2 Guidelines for the Diagnosis and
Treatment of Asthma. Another selection method may include
selecting a patient by the type of trigger that induces the
exacerbation. Such triggers may be classified further by com-
paring allergic versus non-allergic triggers. For instance, an
exercise induced bronchospasm (EIB) is an example of a
non-allergenic trigger. The allergic sub-type may be further
classified according to specific triggers (e.g., dust mites, ani-
mal dander, etc.). Another classification of the allergic sub-
type may be according to characteristic features of the
immune system response such as levels of IgE (a class of
antibodies that function in allergic reactions, also called
immunoglobulin). Yet another classification of allergic sub-
types may be according to the expression of genes controlling
certain interleukins (e.g., IL-4, IL-5, etc.) which have been
shown to play a key role in certain types of asthma.

[0104] The invention further comprises methods to deter-
mine the completion of the procedure and the effectiveness of
the reduction in the lung’s ability to produce at least one
symptom of reversible obstructive pulmonary disease. This
variation of the invention comprises assessing the pulmonary
condition of the individual, comparing the pulmonary condi-
tion to a corresponding predetermined state, and evaluating
the effectiveness of the procedure based on the comparison.
The invention may also comprise the steps of performing
pulmonary function tests on the individual to obtain at least
one pulmonary function value, treating the lung to at least
reduce the ability of the lung to produce at least one symptom
of reversible obstructive pulmonary disease, performing a
post-procedure pulmonary function tests on the individual to
obtain at least one post pulmonary function value and com-
paring the two values.

[0105] This variation of the invention comprises obtaining
clinical information, evaluating the clinical information with
the results of the test to determine the effectiveness of the
procedure. Furthermore, the variation may include stimulat-
ing the lung to produce a symptom of reversible obstructive
pulmonary disease, assessing the pulmonary condition of the
patient, then repeating the stimulation before the post-proce-
dure pulmonary therapy. These steps allow comparison of the
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lung function when it is experiencing symptoms of reversible
obstructive pulmonary disease, before and after the treatment,
thereby allowing for anassessment of the improved efficiency
of the lung during an attack of the disease.

[0106] The medical practitioners performing the treat-
ments described herein may wish to treat a limited number of
sites in the lung to produce acceptable results in lessening the
severity of asthmatic or reversible obstructive pulmonary dis-
ease symptoms. For example, if a patient requires an increas-
ing amount of medication (e.g., sedatives or anesthesia) to
remain under continued control for performance of the pro-
cedure, then a medical practitioner may limit the procedure
time rather than risk overmedicating the patient. As a result,
rather than treating the patient continuously to complete the
procedure, the practitioner may plan to break the procedure in
two or more sessions. Subsequently, increasing the number of
sessions poses additional consequences on the part of the
patient in cost, the residual effects of any medication, adverse
effects of the non-therapeutic portion of the procedure, etc.
[0107] Accordingly, the invention includes methods of
treating airways in a lung to decrease asthmatic symptoms.
The methods include measuring a parameter of an airway at a
plurality of locations in a lung, identifying at least one treat-
ment site from at least one of the plurality of locations based
on the parameter, and applying energy to the treatment site to
reduce the ability of the site to narrow.

[0108] Identification of the treatment sites may comprise
comparing the parameter to known or studied parameters and
selecting those sites that meet or exceed specific criteria.
Alternatively, or in combination, identification of treatment
sites may comprise selecting the sites with the most signifi-
cant parameters, or delivering a treatment specifically tai-
lored to the parameters measured at each individual site. For
example, if the parameter comprises measuring contractile
force or the amount of contraction, then sites having the
highest quantitative parameters may be selected as treatment
sites. In another variation, the medical practitioner may sim-
ply rank the parameters in a desired order of value and treat
those sites that are believed to provide the most benefit. For
example, the medical practitioner may chose to treat the top
10% of sites having the most contraction, smooth muscle
tissue, or other parameters as described herein. It is also
contemplated that the diametrical size of the airway or the
length of the airway segment may be correlated to the ability
for that site to narrow. For example, when measuring a nat-
rowed airway diameter relative to its natural diameter, the
percentage change for a large diameter airway may be differ-
ent than a percentage change for a smaller airway. In such a
case, the medical practitioner may measure the airway diam-
eter at each site for determining the course of treatment. In
other words, the practitioner may deliver treatment to specific
sites that meet certain criteria (e.g., sites having a certain
diameter). Alternatively, or in combination, the practitioner
may delivery treatment specifically tailored to each indi-
vidual site based on a characteristic of the site (e.g., its diam-
eter). For example, when delivering energy, the practitioner
could deliver more energy to larger diameter airway, and less
energy to smaller diameter airways (or vice versa).

[0109] Inthose cases where more than one treatment site is
identified, the method may include the act of treating the new
treatment site.

[0110] The method may also include correlating the treat-
ment sites to a map 90, as shown in FIG. 5, the map may
provide a graphical representation of a bronchial tree. As
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shown, the various bronchioles 92 decrease in size and have
many branches 96 as they extend into the right and left bron-
chi 94. Accordingly, an efficient treatment may require iden-
tification of potential treatment sites, treated sites, and other
areas of the bronchial tree.

[0111] This mapping may be performed for a variety of
reasons. For example, prior to treatment, the correlation may
identify general areas for treatment by the medical practitio-
ner. Once the area is treated, the map may then be marked to
indicate a completed treatment. The treatment plan provided
by the map should allow the medical practitioner a guide so
that it is possible to treat less than all of the lungs. The
treatment plan or map also may assist in avoiding double
treatment of a particular treatment site. It is contemplated that
the map 90 may be an actual chart, whether in tangible form
or electronic form. Furthermore, the map may be incorpo-
rated into the treatment system 32 or the user interface 116 as
discussed above. It is also contemplated that the map may be
a three dimensional computer model, wherein the position of
completed treatment sites are recorded by storing the spatial
coordinates of these sites as each treatment is completed. As
subsequent treatments are made, the user may compare the
current position of the catheter to the map, which will aid in
determining which site to treat next.

[0112] The parameters to be measured in accordance with
the methods described herein may be any parameter that is an
indicator of or associated with symptoms of asthma. For
example, the parameter may be a measure of pulmonary
function values (see above), a measure of the contractile force
at which the airway contracts, a thickness or amount of the
airway smooth muscle at a particular location, eosinophil
counts near or at the actual or potential treatment site, degree
of airflow within the airway, degree of contraction of the
airway during an asthma episode or after stimulation of the
airway, metabolic rate to assess the presence of smooth
muscle, electrical impedance to assess the nature of the air-
way tissue, and/or degree of wheezing at a particular location,
etc. Other parameters indicative of asthma or a lack of airflow
due to asthmatic symptoms are also intended to be within the
scope of this disclosure.

[0113] Methods ofthe present invention include first stimu-
lating the airway and then subsequently measuring the
parameter. The stimulation may be performed electrically
(such as by placing a device within the airway and stimulating
using the settings described above). Alternatively, or in com-
bination, the stimulation may be artificially induced using an
agent, such as methacholine. For example, as shown in FIG.
6A, a device 150 may deliver the agent 152 into the airway 2.
[0114] Once the airway contracts, the contraction may be
measured or assessed. Although not shown, the contraction
may be measured or assessed without making contact with
the airway wall (e.g., visually with a retical; or optically, via
acamera). Alternatively, or in combination, as shown in FIG.
6B, a contraction measurement device 154 may be placed
against the airway (either prior or during contraction) and
expanded to measure a natural state of the airway. The con-
traction measurement device 154 then transmits information
regarding the contraction of the airway using, for example,
strain gauges 156 placed on moveable arms ofthe device. The
contraction measurement device 154 may also deliver an
agent to cause contraction of the airways. In this manner, the
device 154 will be in place while the airway contracts.
[0115] FIG. 6C illustrates another variation where a bal-
loon catheter 158 measures contraction of the airway. As the



US 2014/0148635 Al

airway constricts, the balloon 160 increases in pressure. The
pressure may then be characterized to determine the degree of
contractile force of the airway. It should be noted that the
balloon catheter 158 may also include fluid delivery ports to
deliver an agent or have electrodes to induce the contraction.
Other examples of devices that may be used to measure con-
traction of the airways are devices that measure the airway
diameter mechanically or optically.

[0116] In another variation as shown in FIG. 6D, a device
162 (e.g., an ultrasound balloon catheter, a non-balloon ultra-
sound catheter, a catheter (balloon or non-balloon) that is
equipped to measure impedance, etc.), may be expanded
within the airway to measure the thickness of the adjacent
airway smooth muscle 14. Alternatively, as described above,
the measurement of the airway smooth muscle 14 may be
achieved using the external imaging equipment 36 described
above.

[0117] Another method of measuring parameters of an air-
way for identifying treatment sites comprises measuring eosi-
nophil counts at the location. Eosinophils are white blood
cells active in allergic diseases, parasitic infections, and other
disorders. It is believed that cosinophils correlate to the
amount of inflammation in an airway. F1G. 6F shows one way
of obtaining an cosinophils count at a location in the lung. As
shown, a device 164 advances a needle 166 within the airway
to collect the eosinophils. Next, standard techniques are
employed to measure the particular eosinophil count at the
site.

[0118] FIG. 6F illustrates another variation of the invention
where a device 168 measures airflow airflow at a location or
near to a location for treatment. The device 168 may be a
hot-wire amenometer, where the airflow causes the heated
wire 170 to cool and the rate of cooling of the wire provides
information regarding the airflow.

[0119] In additional variations of the method, the medical
practitioner may deliver hyperpolarized helium or a radioac-
tive isotope to aid in the imaging of the airways. External
imaging, as shown FIGS. 4A and 4C may be used to assess
ventilation in the lung and select the areas that constrict as
treatment sites.

[0120] Alternatively, the external imaging may take a first
image of the airways. Next, an agent is applied (either locally,
systemically, or limited to a particular lobe) to induce con-
traction of the airways. The medical practitioner may then
obtain a second image of the airways for comparison with the
first to determine contraction of the airways.

[0121] In another variation of the invention, the parameter
comprises assessing a metabolic rate at the location. If the
measurement of the metabolic rate indicates the presence of a
significant amount of smooth muscle tissue, then the area may
be designated as a treatment site. The metabolic rate may be
measured over a treatment site or over an area of the airways
(e.g., aparticular lobe or a section thereof.) The measurement
of the metabolic rate may be performed using standard mea-
suring techniques. For example, the device may deliver cool
air to the treatment site and then measure the rate at which the
tissue temperature returns to the original baseline tempera-
ture, thereby providing a measurement of the calories used to
bring the tissue back to the baseline temperature. This would,
in turn, provide a measure of the responsiveness of the smooth
muscle tissue because more reactive or responsive tissue may
correlate to a higher metabolic rate.

[0122] Theinvention herein is described by examples and a
desired way of practicing the invention is described. How-
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ever, the invention as claimed herein is not limited to that
specific description in any manner. Equivalence to the
description as hereinafter claimed is considered to be within
the scope of protection of this patent.

1-40. (canceled)

41. A method of treating a lung, the method comprising:

stimulating an airway in the lung;

after stimulating the airway, measuring a parameter of the

airway at a plurality of locations;

identifying a plurality of treatment sites from the plurality

of locations based on the measured parameter at the
plurality of locations;

inserting an instrument into the lung; and

transferring energy with the identified treatment sites via

the instrument to reduce the resistance to airflow at the
identified treatment sites.

42. The method of claim 41, wherein transferring energy
with the identified treatment sites includes applying at least
one of a mechanical modality, a chemical modality, a radio
frequency modality, a radioactive energy modality, a heat
modality, or an ultrasound modality to the treatment sites.

43. The method of claim 42, wherein the radio frequency
modality is applied by a monopolar device or a bipolar device.

44. The method of claim 42, wherein the identified treat-
ment sites are airway tissue, and the temperature of the airway
tissue is maintained at a temperature up to 90° C.

45. The method of claim 44, wherein energy is transferred
with the identified treatment site for up to 15 seconds.

46. The method of claim 44, wherein not more than 150
joules of energy is applied to the airway at a given treatment
site.

47. The method of claim 41, further including monitoring
electrical impedance of the identified treatment sites.

48. The method of claim 41, wherein the steps of monitor-
ing electrical impedance of the identified treatment sites and
transferring energy with the identified treatment sites are
performed by the same radio frequency electrode.

49. The method of claim 41, wherein the measured param-
eter of the lung airway is an electrical impedance of the
plurality of locations.

50. The method of claim 41, wherein stimulating the air-
way causes the lung to produce at least one symptom of
obstructive pulmonary disease.

51. The method of claim 50, wherein stimulating the air-
way increases the resistance to airflow in the lung, constricts
airways in the lung, inflames or irritates airway tissues,
increases edema, or increases an amount of mucus plugging
in the airway.

52. The method of claim 41, wherein transferring energy
with the identified treatment sites results in a patterned treat-
ment of the airway.

53. The method of claim 52, wherein the patterned treat-
ment includes one or more of longitudinal stripes, axial
stripes, circumferential bands, helical stripes, and spot pat-
terns having one or more of rectangular, elliptical, and circu-
lar shapes.

54. The method of claim 52, wherein the patterned treat-
ment preserves mucociliary clearance in the airway.

55. A method of treating a lung, the method comprising:

stimulating an airway in the lung;

after stimulating the airway, measuring a parameter of the

airway at a plurality of locations;
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identifying a plurality of treatment sites from the plurality
of locations based on the measured parameter at the
plurality of locations;

inserting an instrument into the lung; and

transferring energy with the identified treatment sites to

reduce the ability of the identified treatment sites to
narrow.

56. The method of claim 55, wherein the ability of the
identified treatment sites to narrow is reduced by actuating the
instrument multiple times as the instrument is moved along
each identified treatment site to deliver energy along a length
of each identified treatment site such that a repeating pattern
of treatment segments extends along the length of each iden-
tified treatment site.

57. A method of treating a lung, the method comprising:

applying a diagnostic electrical stimulation to the lung;

locating treatment sites in one or more airways of the lung
by evaluating a reaction to the diagnostic electrical
stimulation;
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positioning a treatment device at the located treatment
sites; and

altering the treatment sites via the treatment device to alter
the airways in a manner that reduces the ability of the
lung to produce a symptom of a lung disease.

58. The method of claim 57, wherein applying a diagnostic
electrical stimulation to the lung further includes exposing
airway tissue to an electrical field stimulation.

59. The method of claim 57, wherein locating the treatment
sites further includes measuring an electrical property of the
tissue before and after the stimulating step.

60. The method of claim 57, wherein altering the treatment
sites includes thermally altering the treatment sites by apply-
ing radio frequency energy by one or more radio frequency
electrodes.
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