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(57) ABSTRACT

The volume of a hyperinflated lung compartment is reduced
by sealing a distal end of the catheter in an airway feeding
the lung compartment. Air passes out of the lung compart-
ment through a passage in the catheter while the patient
exhales. A one-way flow element associated with the cath-
eter prevents air from re-entering the lung compartment as
the patient inhales. Over time, the pressure of regions
surrounding the lung compartment cause it to collapse as the
volume of air diminishes. Residual volume reduction effec-
tively results in functional lung volume expansion. Option-
ally, the lung compartment may be sealed in order to
permanently prevent air from re-entering the lung compart-
ment.
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METHODS AND DEVICES FOR PASSIVE
RESIDUAL LUNG VOLUME REDUCTION
AND FUNCTIONAL LUNG VOLUME
EXPANSION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 13/938,025 (Attorney Docket No.
20920-720.301), filed Jul. 9, 2013, now U.S. Pat. No.
, which is a continuation of U.S. patent application
Ser. No. 12/820,547 (Attorney Docket No. 20920-720.503),
filed Jun. 22, 2010, now U.S. Pat. No. 8,496,006, which is
a continuation-in-part of U.S. patent application Ser. No.
11/685,008 (Attorney Docket No. 20920-720-501), filed
Mar. 12, 2007; U.S. patent application Ser. No. 12/820,547,
is also a continuation-in-part of U.S. patent application Ser.
No. 11/296,951 (Attorney Docket No. 20920-714.501,),
filed Dec. 7, 2005, now U.S. Pat. No. 7,883,471, which
claims the benefit and priority of U.S. Provisional Patent
Application Nos. 60/645,711 (Attorney Docket 20920-714.
101), filed Jan. 20, 2005; 60/696,940 (Attorney Docket
20920-714.102), filed Jul. 5, 2005; and 60/699,289 (Attor-
ney Docket 20920-715.101), filed Jul. 13, 2005. The full
disclosures of all the above-referenced patent applications
are hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] Field of the Invention

[0003] The present invention relates generally to medical
methods and apparatus. More particularly, the present inven-
tion relates to methods and apparatus for endobronchial
residual lung volume reduction by passive deflation of
hyperinflated segments with functional lung volume expan-
sion as a result.

[0004] Chronic obstructive pulmonary disease is a signifi-
cant medical problem affecting 16 million people or about
6% of the U.S. population. Specific diseases in this group
include chronic bronchitis, asthmatic bronchitis, and emphy-
sema. While a number of therapeutic interventions are used
and have been proposed, none is completely effective, and
chronic obstructive pulmonary disease remains the fourth
most common cause of death in the United States. Thus,
improved and alternative treatments and therapies would be
of significant benefit.

[0005] Of particular interest to the present invention, lung
function in patients suffering from some forms of chronic
obstructive pulmonary disease can be improved by reducing
the effective lung volume, typically by resecting diseased
portions of the lung. Resection of diseased portions of the
lungs both promotes expansion of the non-diseased regions
of the lung and decreases the portion of inhaled air that goes
into the lungs but is unable to transfer oxygen to the blood.
Lung volume reduction is conventionally performed in open
chest or thoracoscopic procedures where the lung is
resected, typically using stapling devices having integral
cutting blades.

[0006] While effective in many cases, conventional lung
volume reduction surgery is significantly traumatic to the
patient, even when thoracoscopic procedures are employed.
Such procedures often result in the unintentional removal of
healthy lung tissue and frequently leave perforations or other
discontinuities in the lung, which result in air leakage from
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the remaining lung. Even technically successful procedures
can cause respiratory failure, pneumonia, and death. In
addition, many older or compromised patients are not able
to be candidates for these procedures.

[0007] As an improvement over open surgical and mini-
mally invasive lung volume reduction procedures, endo-
bronchial lung volume reduction procedures have been
proposed. For example, U.S. Pat. Nos. 6,258,100 and 6,679,
264 describe placement of one-way valve structures in the
airways leading to diseased lung regions. It is expected that
the valve structures will allow air to be expelled from the
diseased region of the lung while blocking reinflation of the
diseased region. Thus, over time, the volume of the diseased
region will be reduced and the patient condition will
improve.

[0008] While promising, the use of implantable, one-way
valve structures is problematic in at least several respects.
The valves must be implanted prior to assessing whether
they are functioning properly. Thus, if the valve fails to
either allow expiratory flow from or inhibit inspiratory flow
into the diseased region, that failure will only be determined
after the valve structure has been implanted, requiring
surgical removal. Additionally, even if the valve structure
functions properly, many patients have diseased lung seg-
ments with collateral flow from adjacent, healthy lung
segments. In those patients, the lung volume reduction of the
diseased region will be significantly impaired, even after
successfully occluding inspiration through the main airway
leading to the diseased region, since air will enter collater-
ally from the adjacent healthy lung region. When implanting
one-way valve structures, the existence of such collateral
flow will only be evident after the lung region fails to deflate
over time, requiring further treatment.

[0009] For these reasons, it would be desirable to provide
improved and alternative methods and apparatus for effect-
ing residual lung volume reduction in hyperinflated and
other diseased lung regions. The methods and apparatus will
preferably allow for passive deflation of an isolated lung
region without the need to implant a one-way valve structure
in the lung. The methods and apparatus will preferably be
compatible with known protocols for occluding diseased
lung segments and regions after deflation, such as placement
of plugs and occluding members within the airways leading
to such diseased segments and regions. Additionally, such
methods and devices should be compatible with protocols
for identifying and treating patients having diseased lung
segments and regions which suffer from collateral flow with
adjacent healthy lung regions. At least some of these objec-
tives will be met by the inventions described hereinbelow.
[0010] 2. Description of the Background Art

[0011] Methods for performing minimally invasive and
endobronchial lung volume reduction are described in the
following patents and publications: U.S. Pat. Nos. 5,972,
026; 6,083,255; 6,258,100, 6,287,290; 6,398,775; 6,527,
761; 6,585,639; 6,679,264; 6,709,401; 6,878,141; 6,997,
918; 2001/0051899; and 2004/0016435.

BRIEF SUMMARY OF THE INVENTION

[0012] The present invention provides methods and appa-
ratus for passively reducing the residual volume (the volume
of air remaining after maximal exhalation) of a hyperinflated
or otherwise diseased lung compartment or segment. By
“passively reducing,” it is meant that air can be removed
from the diseased lung region without the use of a vacuum
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aspiration to draw the air from the region. Typically, such
passive reduction will rely on a non-implanted one-way flow
structure, which permits air to be exhaled or exhausted from
the lung region while preventing or inhibiting the inspiration
of air back into the lung region. Thus, the methods of the
present invention will not require the permanent implanta-
tion of valves or other structures prior to actually achieving
the desired residual lung volume reduction, as with the
one-way implantable valve structures of the prior art.
[0013] The methods and apparatus of the present invention
can be terminated and all apparatus removed should it
appear for any reason that the desired residual lung volume
reduction is not being achieved. Commonly, such failure can
be the result of collateral flow into the diseased lung region
from adjacent healthy lung region(s). In such cases, steps
can be taken to limit or stop the collateral flow and allow
resumption of the passive lung volume reduction protocols.
In other cases, it might be desirable or necessary to employ
open surgical, thoracoscopic, or other surgical procedures
for lung resection.

[0014] Patients who successfully achieve residual volume
reduction of hyperinflated or other diseased lung regions in
accordance with the principles of the present invention will
typically have those regions sealed permanently to prevent
reinflation. Such sealing can be achieved by a variety of
known techniques, including the application of radiofre-
quency or other energy for shrinking or sealing the walls of
the airways feeding the lung region. Alternatively, synthetic
or biological glues could be used for achieving sealing of the
airway walls. Most commonly, however, expandable plugs
will be implanted in the airways leading to the deflated lung
region to achieve the sealing.

[0015] In a first aspect of the present invention, methods
for reducing the residual volume of a hyperinflated lung
compartment comprise sealingly engaging a distal end of a
catheter in an airway feeding the lung compartment. Air is
allowed to be expelled from the lung compartment through
a passage in the catheter while the patient is exhaling, and
air is blocked from re-entering the lung compartment
through the catheter passage while the patient is inhaling. As
the residual volume diminishes, the hyperinflated lung com-
partment reduces in size freeing up the previously occupied
space in the thoracic cavity. Consequently, a greater fraction
of the Total Lung Capacity (TLC), which is the volumetric
space contained in the thoracic cavity that is occupied by
lung tissue after a full inhalation, becomes available for the
healthier lung compartments to expand, and the volume of
the lung available for gas exchange commonly referred to in
clinical practice as the lung’s Functional Vital Capacity
(FVC) or Vital Capacity (VC) increases, the result of which
is effectively a functional lung volume expansion.

[0016] The hyperinflated lung compartment will usually
be substantially free of collateral flow from adjacent lung
compartments, and optionally the patient can be tested for
the presence of such collateral flow, for example using
techniques taught in copending, commonly assigned appli-
cation Ser. No. 11/296,951 (Attorney Docket No.: 017534-
002820U%), filed on Dec. 7, 2005; Ser. No. 11/550,660
(Attorney Docket No. 017534-003020U8), filed on Oct. 18,
2006; and application Ser. No. 11/428,762 (Attorney Docket
No. 017534-003010U8), filed on Jul. 5, 2006, the full
disclosures of which are incorporated herein by reference.

[0017] Alternatively, the methods of the present invention
for reducing residual lung volume can be performed in
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patients having collateral flow channels leading into the
hyperinflated or other diseased lung compartment. In such
cases, the collateral flow channels may first be blocked, for
example, by introducing glues, occlusive particles, hydro-
gels or other blocking substances, as taught for example in
copending application Ser. No. 11/684,950 (Attorney
Docket No. 017534-004000U8), filed on Mar. 12, 2007, the
full disclosure of which is incorporated herein by reference.
In other cases, where the flow channels are relatively small,
those channels will partially or fully collapse as the residual
lung volume is reduced. In such cases, the patient may be
treated as if the collateral flow channels did not exist. The
effectiveness of reduction in hyperinflation, however, will
depend on the collateral resistance between the hyperinflated
compartment and the neighboring compartments, as illus-
trated in FIG. 7, where residual volume reduction is negli-
gible when the resistance to collateral flow R.sub.coll is very
small (significant collateral flow channels) and maximally
effective when R.sub.coll is very high (no collateral flow
channels).

[0018] In all of the above methods, it may be desirable to
introduce an oxygen-rich gas into the lung compartment
while or after the lung volume is reduced in order to induce
or promote absorption atelectasis. Absorption atelectasis
promotes absorption of the remaining or residual gas in the
compartment into the blood to further reduce the volume,
either before or after permanent sealing of the lung volume
compartment or segment.

[0019] In a second aspect, the present invention provides
catheters for isolating and deflating hyperinflated and other
diseased lung compartments. The catheter comprises a cath-
eter body, an expandable occluding member on the catheter
body, and a one-way flow element associated with the
catheter body. The catheter body usually has a distal end, a
proximal end, and at least one lumen extending from a
location at or near the distal end to a location at or near the
proximal end. At least a distal portion of the catheter body
is adapted to be advanced into and through the airways of a
lung so that the distal end can reach an airway that feeds a
target lung compartment or segment to be treated. The
expandable occluding member is disposed near the distal
end of the catheter body and is adapted to be expanded in the
airway that feeds the target lung compartment or segment so
that said compartment or segment can be isolated, with
access provided only through the lumen or catheter body
when the occluding member is expanded. The one-way flow
element is adapted to be disposed within or in-line with the
lumen of the catheter body in order to allow flow in a
distal-to-proximal direction so that air will be expelled from
the isolated lung compartment or segment as the patient
exhales. The one-way flow element, however, inhibits or
prevents flow through the lumen in a proximal-to-distal
direction so that air cannot enter the isolated lung compart-
ment or segment while the patient is inhaling.

[0020] For the intended endobronchial deployment, the
catheter body will typically have a length in the range from
20 cm to 200 cm, preferably from 80 cm to 120 cm, and a
diameter near the distal end in the range from 0.1 mm to 10
mm, preferably from 1 mm to 5 mm. The expandable
occluding member will typically be an inflatable balloon or
cuff, where the balloon or cuff has a width in the range from
1 mm to 30 mm, preferably from 5 mm to 20 mm, when
inflated. The one-way flow element is typically a conven-
tional one-way flow valve, such as a duck-bill valve, a flap
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valve, or the like, which is disposed in the lumen of the
catheter body, either near the distal end or at any other point
within the lumen. Alternatively, the one-way flow element
could be provided as a separate component, for example
provided in a hub which is detachably mounted at the
proximal end of the catheter body. In other instances, it
might be desirable to provide two or more one-way flow
elements in series within the lumen or otherwise provided
in-line with the lumen in order to enhance sealing in the
inspiratory direction through the lumen.

[0021] In athird aspect of the present invention, a method
for determining whether collateral ventilation of a hyperin-
flated lung compartment is present may involve: sealing a
distal end of a catheter in an airway feeding the lung
compartment; allowing air to be expelled from the lung
compartment through a passage in the catheter while the
patient is exhaling; blocking air from entering the lung
compartment through the catheter passage while the patient
is inhaling; comparing an image of the lung compartment
with an earlier image of the lung compartment acquired
before the sealing step; and determining whether collateral
ventilation is present in the lung compartment, based on
comparing the image and the earlier image. In one embodi-
ment, the compared images are CT scans, although in other
embodiments alternative imaging modalities may be used,
such as MRI, conventional radiographs and/or the like.
Typically, though not necessarily, the before and after
images will be compared based on size, with a smaller size
after catheter placement indicating a lack of significant
collateral ventilation and little or no change in size indicat-
ing likely significant collateral ventilation.

[0022] Optionally, one embodiment may involve advanc-
ing the catheter through a bronchoscope to position the
catheter distal end in the airway before sealing. In one such
embodiment, the method may also involve: detaching a hub
from a proximal end of the catheter; removing the broncho-
scope from the airway by sliding it proximally over the
catheter, thus leaving the catheter in the airway; and acquir-
ing the image of the lung compartment. The catheter may be
left in the airway for any suitable amount of time before
acquiring the image—for example in one embodiment
between about five minutes and about twenty-four hours. In
some embodiments, where it is determined that there is
minimal or no significant collateral ventilation of the lung
compartment, the method may further include treating the
airway to permanently limit airflow into the lung compart-
ment.

[0023] These and other aspects and embodiments are
described in further detail below, with reference to the
attached drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a perspective view of an isolation and
deflation catheter constructed in accordance with the prin-
ciples of the present invention.

[0025] FIGS. 2-4 illustrate alternative placements of one-
way flow elements within a central lumen of the catheter of
FIG. 1.

[0026] FIG. 5 illustrates the trans-tracheal endobronchial
placement of the catheter of FIG. 1 in an airway leading to
a diseased lung region in accordance with the principles of
the present invention.
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[0027] FIGS. 6 A-6D illustrate use of the catheter as placed
in FIG. 5 for isolating and reduction of the volume of the
diseased lung region in accordance with the principles of the
present invention.

[0028] FIG. 7 is a graph showing the relationship between
collateral resistance R.sub.coll and residual volume reduc-
tion in an isolated lung compartment.

DETAILED DESCRIPTION OF THE
INVENTION

[0029] Referring to FIG. 1, an endobronchial lung volume
reduction catheter 10 constructed in accordance with the
principles of the present invention includes an elongate
catheter body 12 having a distal end 14, a proximal end 16,
and an expandable occluding member 15, such as an inflat-
able balloon, mounted near the distal end 14. Catheter body
12 also includes at least one lumen or central passage 18
extending generally from the distal end 14 to the proximal
end 16. Lumen 18 has a distal opening 19 at or near the distal
end 14 in order to permit air or other lung gases to enter the
lumen 18 and flow in a distal-to-proximal direction out
through the proximal end of the lumen 18. Optionally, a hub
20 will be provided at the proximal end 16, but the hub 20
is not a necessary component of the catheter 10.

[0030] The catheter 10 is equipped to seal the area
between the catheter body 12 and the bronchial wall such
that only the lumen 18 is communicating with the airways
distal to the seal. The seal, or isolation, is accomplished by
the use of the occluding member 15, such as an inflatable
member, attached to (or near) the distal tip 14 of the catheter
10. When there is an absence of collateral channels con-
necting the targeted isolated compartment to the rest of the
lung, the isolated compartment will unsuccessfully attempt
to draw air from the catheter lumen 18 during inspiration of
normal respiration of the patient. Hence, during exhalation
no air is returned to the catheter lumen. In the presence of
collateral channels, an additional amount of air is available
to the isolated compartment during the inspiratory phase of
each breath, namely the air traveling from the neighboring
compartment(s) through the collateral channels, which
enables volumetric expansion of the isolated compartment
during inspiration, resulting during expiration in air move-
ment away from the isolated compartment to atmosphere
through the catheter lumen and the collateral channels. If it
is desired to perform Endobronchial Volume Reduction
(EVR) on a lung compartment, the lung compartment may
be analyzed for collateral ventilation prior to treatment to
determine the likelihood of success of such treatment. Fur-
ther, if undesired levels of collateral ventilation are mea-
sured, the collateral ventilation may be reduced to a desired
level prior to treatment to ensure success of such treatment.
[0031] The present invention relies on placement of a
one-way flow element within or in-line with the lumen 18 so
that flow from an isolated lung compartment or segment (as
described hereinbelow) may occur in a distal-to-proximal
direction but flow back into the lung compartment or seg-
ment is inhibited or blocked in the proximal-to-distal direc-
tion. As shown in FIG. 2, in one embodiment a one-way flow
element 22 may be provided in the lumen 18 near the distal
end 14 of the catheter body 12, immediately proximal of the
distal opening 19. In an alternative embodiment, as in FIG.
3, the same one-way flow element 22 may be provided in the
lumen 18 more proximally (either still near the distal end 14
or even more proximally in some embodiments). As shown
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in FIGS. 2 and 3, the one-way flow element 22 may be a
duck-bill valve, which opens as shown in broken line as the
patient exhales to increase the pressure on the upstream or
distal side of the valve 22. As the patient inhales, the
pressure on the upstream or distal side of the valve is
reduced, drawing the valve leaflets closed as shown in solid
line.

[0032] Alternatively or additionally, the one-way flow
element 22 could be provided anywhere else in the lumen
18, and two, three, four, or more such valve structures could
be included in order to provide redundancy. In some
embodiments where the one-way flow element 22 (or ele-
ments) is located within the lumen 18 of the catheter body
12, the hub 20 may be removable, or alternatively the
catheter 10 may not include a hub. As will be explained
further below, this may facilitate leaving the catheter 10 in
a patient for diagnostic and/or treatment purposes. For
example, if the catheter 10 is advanced into a patient through
a bronchoscope, the hub 20 may be detached to allow the
bronchoscope to be removed proximally over the catheter
10, thus leaving the catheter body 12 with the one-way flow
element 22 in the patient.

[0033] As a third option, a one-way valve structure 26 in
the form of a flap valve could be provided within the hub 20.
The hub 20 could be removable or permanently fixed to the
catheter body 12. Other structures for providing in-line flow
control could also be utilized.

[0034] In some embodiments, the catheter 10 may be
coupled with a one-way valve, a flow-measuring device
or/and a pressure sensor, all of which are external to the
body of the patient and are placed in series so as to
communicate with the catheter’s inside lumen 18. The
one-way valve prevents air from entering the target lung
compartment from atmosphere but allows free air movement
from the target lung compartment to atmosphere. The flow
measuring device, the pressure sensor device and the one-
way valve can be placed anywhere along the length of the
catheter lumen 18. The seal provided by the catheter 10
results, during expiration, in air movement away from the
isolated lung compartment to atmosphere through the cath-
eter lumen 18 and the collateral channels. Thus, air is
expelled through the catheter lumen 18 during each exha-
lation and will register as positive airflow on the flow-
measuring device. Depending on the system dynamics, some
air may be expelled through the catheter lumen 18 during
exhalation in the absence of collateral channels, however at
a different rate, volume and trend than that in the presence
of collateral channels.

[0035] Use of the endobronchial lung volume reduction
catheter 10 to reduce the residual volume of a diseased
region DR of a lung L is illustrated beginning in FIG. 5.
Catheter 10 is introduced through the patient’s mouth, down
past the trachea T and into a lung L. The distal end 14 of the
catheter 10 is advanced to the main airway AW leading into
the diseased region DR of the lung. Introduction and guid-
ance of the catheter 10 may be achieved in conventional
manners, such as described in commonly-owned U.S. Pat.
Nos. 6,287,290; 6,398,775, and 6,527,761, the full disclo-
sures of which are incorporated herein by reference. In some
embodiments, the catheter may be introduced through a
flexible bronchoscope (not shown in FIG. 5).

[0036] Referring now to FIGS. 6 A-6D, functioning of the
one-way valve element in achieving the desired lung volume
reduction will be described. After the distal end 14 of the
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catheter 10 is advanced to the feeding airway AW, the
expandable occluding element 15 is expanded to occlude the
airway. The expandable occluding element may be a bal-
loon, cuff, or a braided balloon as described in copending
applications Ser. Nos. 60/823,734 (Attorney Docket No.
017534-003800U%), filed on Aug. 28, 2006, and 60/828,496
(Attorney Docket No. 017534-003900US) filed on Oct. 6,
2006, the full disclosures of which are incorporated herein
by reference. At that point, the only path between the
atmosphere and the diseased region DR of the lung is
through the lumen 18 of the catheter 10. As the patient
exhales, as shown in FIG. 6A, air from the diseased region
DR flows outwardly through the lumen 18 and the one-way
valve element 22, causing a reduction in residual air within
the region and a consequent reduction in volume. Air from
the remainder of the lung also passes outward in the annular
region around the catheter 10 in a normal manner.

[0037] As shown in FIG. 6B, in contrast, when the patient
inhales, no air enters the diseased regions DR of the lung L.
(as long as there are no significant collateral passageways),
while the remainder of the lung is ventilated through the
region around the catheter. As the patient continues to inhale
and exhale, the air in the diseased region DR is incremen-
tally exhausted, further reducing the lung volume as the
external pressure from the surrounding regions of the lung is
increased relative to the pressure within the diseased region.

[0038] As shown in FIG. 6C, after some time, typically
seconds to minutes, air flow from the isolated lung segment
will stop and a maximum or near-maximum level of residual
lung volume reduction within the diseased region DR will
have been achieved. At that time, treating the patient may
comprise occluding the airway AW feeding the diseased
region DR, by applying heat, radiofrequency energy, glues,
or preferably by implanting an occluding element 30, as
shown in FIG. 6D. Implantation of the occluding element
may be achieved by any of the techniques described in
commonly-owned U.S. Pat. Nos. 6,287,290; and 6,527,761,
the full disclosures of which have been previously incorpo-
rated herein by reference. In some embodiments, before
more permanently occluding the airway, treating the patient
may comprise aspirating the target lung compartment. When
accessing a lung compartment through an occlusal stent,
volume reduction therapy may be performed by aspirating
through the catheter and stent. The catheter is then removed
and the volume reduction maintained.

[0039] As described in greater detail in U.S. patent appli-
cation Ser. No. 11/296,951, from which the present appli-
cation claims priority and which has been previously incor-
porated by reference, a catheter 10 as described herein may
also be used to determine whether collateral ventilation is
present in a lung. The 3 951 application describes a number
of methods and devices for use in determining such collat-
eral ventilation. Additionally or alternatively to those meth-
ods/devices, in one embodiment a catheter 10 (as described
above) may be advanced through a bronchoscope and
deployed as described in relation to FIGS. 5 and 6 A-6D of
the present application. In this embodiment, the catheter 10
includes at least one one-way flow element 22 within the
lumen 18 of the catheter body 12. The hub 20 of the catheter
10 may then be detached, and the bronchoscope may be
removed proximally over the catheter body 12, leaving the
catheter body 12 in place in the patient. After a desired
amount of time (anywhere from several minutes to twenty-
four hours or more), an imaging study such as a CT scan
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may be taken of the patient’s lung to see if the residual
volume of the diseased lung compartment has decreased.
Typically, this CT scan or other imaging study will be
compared to a similar study taken before placement of the
catheter 10 to determine if placement of the catheter has
caused a reduction in residual volume in the lung compart-
ment. If a reduction is noted, this may indicate that collateral
ventilation is absent or minimal. This type of assessment
may be used to help decide whether to treat a lung com-
partment further, such as with an implantable valve or
blocking element.

[0040] In an alternative embodiment, the hub 20 of the
catheter 10 may be left on, and the catheter 10 and bron-
choscope may be left in the patient for a short time while an
imaging study is performed.

[0041] While the above is a complete description of the
preferred embodiments of the invention, various alterna-
tives, modifications, and equivalents may be used. There-
fore, the above description should not be taken as limiting
the scope of the invention which is defined by the appended
claims.

What is claimed is:
1. A system for detecting collateral ventilation into a lung
compartment in a patient, said system comprising:

a catheter adapted to be introduced transtracheally to a
bronchus leading to a target lung compartment;

an occlusion member on a distal region of the catheter,
said occlusion member being adapted to selectively
occlude the bronchus; and
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an accumulator connectable to the catheter to accumulate

air exhaled from the catheter over time.

2. A system as in claim 1, wherein the accumulator
comprises a slack collection bag which has substantially no
resistance to filling with air.

3. A system for evaluating a target lung compartment
comprising:

an instrument positionable within a lung passageway

leading to the target lung compartment so that the target
lung compartment is isolated, wherein the instrument
includes a mechanism for injecting a compound to the
target lung segment; and

at least one sensor which generates measurement data

reflecting pressure within the target lung segment.

4. A system as in claim 3, further comprising a processor
which performs computations with the use of the measure-
ment data reflecting pressure within the target lung segment.

5. The system as in claim 4, wherein the computations
include calculating a degree of hyperinflation of the target
lung compartment.

6. The system as in claim 4, wherein the computations
include calculating a state of compliance of the target lung
compartment.

7. The system as in claim 4, wherein the computation
includes calculating collateral resistance of the target lung
compartment.

8. The system as in claim 4, wherein the measurement
data reflecting pressure comprises generating a plurality of
measurement of pressure over predetermined time period.
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