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(57) ABSTRACT

A resection device and method permits safe and efficient
encapsulation, 1solation and resection of body tissue. The
device includes a sheath of flexible and severable material
configured to receive the body tissue to be resectioned as 1t 1s
drawn therein. The sheath may be expandable and held 1n an
expanded condition as the body tissue to be resectioned 1s
drawn 1nto the sheath. Thereafter, the sheath 1s permitted to
collapse about the body tissue to contain and constrict the
body tissue. Once the body tissue to be resectioned 1s dis-
posedin the sheath, the sheath 1s severed to resection the body
tissue.
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TISSUE RESECTION DEVICE, SYSTEM, AND
METHOD

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

RELATED APPLICATIONS

This 1s a continuation of U.S. application Ser. No. 10/287,

188, filed on Nov. 4, 2002, now U.S. Pat. No. 6,790,172 which
1s a continuation of U.S. application Ser. No. 09/780,232,
filed on Feb. 9, 2001, now U.S. Pat. No. 6,485,407, which 1s

a conftinuation-n-part of U.S. application Ser. No. 09/534,
244 filed Mar. 23, 2000, now U.S. Pat. No. 6,328,689, the

entirety of which 1s incorporated herein by reference.

BACKGROUND OF THE

INVENTION

The present invention 1s generally directed to an apparatus
and method for resectioning body tissue. The present mven-
tion 1s more particularly directed to such an apparatus and
method which may be used on various types of body tissue
and which greatly simplifies resection procedures.

Chronic Obstructive Pulmonary Disease (COPD) has
become a major cause of morbidity and mortality in the
United States over the last three decades. COPD 1s character-
1zed by the presence of airtlow obstruction due to chronic
bronchitis or emphysema. The airflow obstruction 1n COPD
1s due largely to structural abnormalities in the smaller air-
ways. Important causes are inflammation, fibrosis, goblet cell
metaplasia, and smooth muscle hypertrophy 1n terminal bron-
chioles.

About 40 years ago, 1t was first postulated that the tethering
force that tends to keep the intrathoracic airways open was
lost in emphysema and that by surgically removing the most
alfected parts of the lungs, through lung volume reduction
surgery (LVRS), the force could be partially restored.
Although the surgery was deemed promising, the procedure
was abandoned.

Lung volume reduction surgery was later revived. In the
carly 1990’s, hundreds of patients underwent the procedure.
However, the procedure has fallen out of favor due to the fact
that Medicare stopped remitting for LVRS. Unfortunately,
data 1s relatively scarce and many factors conspire to make
what data exists difficult to interpret. The procedure 1s cur-
rently under review 1n a controlled clinical trial. However,
what data does exist tends to indicate that patients benefited
from the procedure 1n terms of an increase in forced expira-
tory volume, a decrease 1n total lung capacity, and a signifi-
cant improvement 1n lung function, dyspnea, and quality of
life.

Improvements 1n pulmonary function after LVRS have
been attributed to at least four possible mechanisms. These
include enhanced elastic recoil, correction of ventilation/per-
fusion mismatch, improved efficiency of respiratory muscu-
lature, and 1mproved right ventricular filling.

The improvements in pulmonary function resulting from
LVRS cannot be ignored. However, the surgery 1s very inva-
stve and fraught with complications. Among the complica-
tions 1s the potential for lung air leaks. Lung tissue 1s very
thin, and fragile hence difficult to suture together. After a lung
portion 1s sectioned and removed, the remaining lung 1s most
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often restructured with suture staples. In about thirty percent
(30w) of the cases, the difficulty with suturing lung tissue

results 1n air leaks. Treatment for such air leaks depends upon
their severity and oiten, 1n the most serious cases, requires
turther open chest surgery.

Air leaks in lungs can be caused by other causes. With
Increasing age, a patient may develop a weakened section of
lung which may then rupture due to an extreme pressure
differential, such as may result from simply a hard sneeze.
Patients with AIDS and pulmonary complications can suffer
from air leaks. Air leaks 1n lungs can turther be produced by
direct trauma such as a puncture from a broken rib or a stab
wound.

The mvention disclosed and claimed 1n copending U.S.
Pat. No. 6,328,689 Bl provides an improved therapy for
treating COPD. The improved therapy includes a lung con-
striction device and method for suppressing such air leaks 1n
lung tissue which does not require any suturing of the effected
lung tissue. Still further, by constricting a large enough por-
tion of a lung, lung volume reduction with the concomitant
improved pulmonary function may be obtained without the
need for any suturing of lung tissue at all.

More specifically, the lung constriction device includes a
jacket of flexible material configured to cover at least a por-
tion of a lung. The jacket has a pair of opened ends to permit
the lung portion to be drawn into the jacket. The jacket 1s
dimensioned to constrict the lung portion after the lung por-
tion 1s drawn therein. The lung constriction device 1s prefer-
ably formed of expandable material for recerving the lung
portion when forced into an expanded enlarged condition by
an expansion force, and then contractible about the lung por-
tion upon release of the expansion force for constricting the
lung portion.

An important aspect of the device and method disclosed 1n
U.S. Pat. No. 6,328,689 B1 1s the ability to sever the constrict-
ing device mtermediate its ends. This allows a significant
portion of the constricted lung tissue to be removed altogether
while permitting a portion of the constricting device to remain
in the body for continued suppression of air leaks and main-
tenance of the remaining lung tissue integrity.

Devices and methods similar to those disclosed 1n U.S. Pat.
No. 6,328,689 B1 may be employed to advantage in other and
different procedures such as 1n general resection procedures
and for body tissue. Resection procedures are commonly
performed for such body tissue as, for example, atrial append-
age tissue, ovarian tissue, gall bladder tissue, pancreatic tis-
sue, appendix tissue and spleen tissue. Resection procedures
may be required to treat cancer, organ damage, or organ
disease for example.

Common to all resection procedures 1s the need to 1solate
the body tissue to be removed, resection the body tissue to be
removed, and then suture the incision. All the while, great
care must be taken to avoid infection from external sources
and from the diseased tissue being removed. Frequent aspi-
ration of blood and other body fluids, some of which may be
contaminated, 1s often essential. The present mnvention pro-
vides an improved method for use in body tissue resection.

SUMMARY OF THE INVENTION

The mvention therefore provides a method of resectioning,
body tissue which may find many applications for encapsu-
lation, 1solation, and resection of body tissue. More particu-
larly, among 1ts many applications, the present invention may
be employed for removal of diseased tissue, nodules and
tumors, for example. The method includes the steps of pro-
viding a sheath formed of severable material having opposed
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opened ends, drawing the body tissue other than lung tissue to
be resectioned 1nto the sheath to confine and constrict the soft
tissue within the sheath, and severing the sheath and the body
tissue within the sheath intermediate the opposed opened
ends of the sheath.

The mvention further provides a device for use 1n resec-
tioming body tissue. The device comprises a sheath of sever-
able material, the sheath having a pair of opened ends for
receiving the body tissue and the sheath being dimensioned
for containing and constricting the body tissue.

The mvention further provides a system for resectioning,
body tissue. The system includes a sheath of severable mate-
rial, the sheath having a pair of opened ends for recerving the
tissue and the sheath being dimensioned for containing and
constricting the tissue, means for drawing the tissue into the
sheath to constrict and 1solate the tissue, and means for sev-
ering the sheath to resection the tissue.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the present invention which are believed to
be novel are set forth with particulanity in the appended
claims. The mvention, together with further objects and
advantages thereof, may best be understood by making ret-
erence to the following description taken in conjunction with
the accompanying drawings, 1n the several figures of which
like reference numerals identify identical elements, and
wherein:

FI1G. 1 1s a simplified sectional view of a thorax 1llustrating
a healthy respiratory system;

FI1G. 2 1s a sectional view similar to FIG. 1 but illustrating
a respiratory system suflering from an air leak 1n a lung lobe;

FI1G. 3 1s a sectional view 1llustrating the lung lobe having
the air leak 1n a deflated condition due to the air leak:

FI1G. 4 1s a sectional view of the respiratory system of FIG.
2 with a resection device embodying the present invention
being disposed over a lung portion to be constricted for sup-
pressing the air leak;

FIG. 5 1s a sectional view 1llustrating the resection device
constricting the etfected lung portion and suppressing the air
leak:

FIG. 6 1llustrates a resection device embodying the present
invention and a mandrel which may be used 1n a mechanical
method embodying the present invention for deploying the
resection device;

FI1G. 7 illustrates an 1n1tial step 1n practicing the mechani-
cal method of deployment embodying the present invention;

FI1G. 8 illustrates a further step in the mechanical deploy-
ment of the resection device:

FI1G. 9 illustrates the step of pulling the lung portion to be
constricted into the resection device in accordance with the
mechanical method embodiment;

FIG. 10 1llustrates the manner in which an expansion force
may be released from the resection device as a final step in
deploying the resection device in accordance with the
mechanical method embodiment;

FIG. 11 1llustrates the resection device fully deployed as a
result of the mechanical method embodiment illustrated in
FIGS. 6-10;

FIG. 12 illustrates an 1nitial step of a further method of
deploying the resection device 1n accordance with further
aspects of the present invention;

FIG. 13 illustrates an intermediate step in the further
method embodiment of deploying the resection device;

FIG. 14 1llustrates a final step in the further method
embodiment of deploying the resection device;
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FIG. 151llustrates an mitial step of a still further method of
deploying the resection device 1n accordance with further
aspects of the present invention;

FIG. 16 illustrates an intermediate step 1n the still further
method embodiment of deploying the resection device;

FIG. 17 1llustrates a final step in the still further method
embodiment of deploying the resection device;

FIG. 18 1s a sectional view 1illustrating the resection device
constricting a lung portion to be resectioned for lung volume
reduction;

FI1G. 19 illustrates the lung portion after being resectioned
in accordance with a further embodiment of the present
invention;

FIG. 20 1s a partial perspective view of a heart illustrating
a resection device of the present mvention constricting a
portion of the left atrial tissue after being deployed thereon;

FIG. 21 1s a partial perspective view of the heart illustrating,
the restriction device after being severed for resectioming the
left atnial tissue; FI1G. 22 1s a partial cross sectional view of the
remaining resection device and leit atrial tissue after the
resection of the left atrium;

FIG. 23 15 a perspective view ol an ovary 1llustrating a
resection device of the present invention constricting a por-
tion of the ovary tissue after being deployed thereon;

FIG. 24 1s a partial perspective view of the ovary 1llustrat-
ing the restriction device after being severed for resectioning
the ovary tissue;

FIG. 25 1s a partial cross sectional view of the remaining
resection device and ovary tissue after the resection of the
ovary,

FIG. 26 15 a perspective view of a gall bladder 1llustrating,
a resection device of the present mvention constricting a
portion ol the gall bladder tissue after being deployed
thereon;

FIG. 27 1s a partial perspective view of the gall bladder
illustrating the restriction device after being severed for
resectioning the gall bladder tissue;

FIG. 28 1s a partial cross sectional view of the remaining
resection device and gall bladder tissue after the resection of
the gall bladder;

FIG. 29 1s a perspective view of a pancreas illustrating a
resection device of the present invention constricting a por-
tion of the pancreas tissue aiter being deployed thereon;

FIG. 30 1s a partial perspective view of the pancreas 1llus-
trating the restriction device after being severed for resection-
ing the pancreas tissue;

FIG. 31 1s a partial cross sectional view of the remaining
resection device and pancreas tissue after the resection of the
pancreas;

FIG. 32 1s a partial perspective view of an intestine and
appendix 1llustrating a resection device of the present inven-
tion constricting a portion of the appendix tissue after being
deployed thereon;

FIG. 33 1s a partial perspective view of the intestine and
appendix illustrating the restriction device after being severed
for resectioning the appendix tissue;

FIG. 34 1s a partial cross sectional view of the remaining
resection device and intestine and appendix tissue after the
resection of the appendix tissue;

FIG. 35 1s a perspective view of a spleen 1llustrating a
resection device of the present invention constricting a por-
tion of the spleen tissue after being deployed thereon;

FIG. 36 1s a partial perspective view of the spleen 1llustrat-
ing the restriction device after being severed for resectioning
the spleen tissue; and
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FIG. 37 1s a partial cross sectional view of the remaining,
resection device and spleen tissue after the resection of the
spleen.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 1, 1t 1s a sectional view of a healthy
respiratory system. The respiratory system 20 resides within
the thorax 22 which occupies a space defined by the chest wall
24 and the diaphragm 26.

The respiratory system 20 includes the trachea 28, the left
mainstem bronchus 30, the right mainstem bronchus 32, and
the bronchial branches 34, 36, 38, 40, and 42. The respiratory
system 20 further includes left lung lobes 52 and 54 and right
lung lobes 56, 58, and 60. Each bronchial branch communi-
cates with a respective different portion of a lung lobe, either
the entire lung lobe or a portion thereof.

A healthy respiratory system has an arched or imnwardly
arcuate diaphragm 26. As the individual inhales, the dia-
phragm 26 straightens as illustrated in FIG. 1 to increase the
volume of the thorax 22. This causes a negative pressure
within the thorax. The negative pressure within the thorax in
turn causes the lung lobes to fill with air to an intlated condi-
tion as illustrated in FIG. 1. When the individual exhales, the
diaphragm returns to 1ts original arched condition to decrease
the volume of the thorax. The decreased volume of the thorax
causes a positive pressure within the thorax which 1n turn
causes exhalation of the lung lobes.

FI1G. 2 1llustrates the respiratory system 20 just after sui-
fering an air leak or rupture. Here 1t may be seen that the
rupture 62 has occurred in lung lobe 58. As a result, air 1s
escaping from the lung lobe 38 as indicated by the arrow 64.
Hence, this individual 1s incapable of breathing normally. The
negative pressure created by the moving diaphragm 26 causes
some of the air taken into lobe 58 to be lost through the rupture
62. When the diaphragm 26 returns to 1ts arched configura-
tion, the positive pressure produced thereby forces still more
air from lobe 58 through the rupture. Eventually, within a
short time, the lobe 58 collapses as illustrated 1n FIG. 3 and
becomes nonfunctional to support respiration.

FIG. 4 shows a constriction and resection device 70
embodying the present mvention in the process of being
deployed on the effected lung lobe 58. The device 70 1s
configured as a jacket of sheath formed of a sheet or flexible
tabric of biocompatible material. The material may be both
flexible and expandable material formed from silicone rub-
ber, polyurethane, expanded polytetraflouroethylene, polyes-
ter and polyurethane, or nylon and polyurethane, for example.
It may alternatively be tlexible but nonexpendable formed
from nylon, polytetratlouroethylene, or polyester, {for
example. IT the sheath 1s expandable, it may more specifically
be formed from a sheet or fabric of 70% nylon and 30%
polyurethane. The sheath 1s preferably opened at both ends 72
and 74 and, as illustrated, may be generally cylindrical 1n
configuration.

In accordance with one embodiment of the present inven-
tion, the sheath 1s applied to the portion of the lung lobe
having the leak or puncture while the jacket 1s in an expanded
condition. This may be accomplished, as will be seen here-
iafter, by expanding the jacket and then pulling the lung
portion 1nto the jacket. When the effected lung portion 1s thus
disposed with respect to the sheath as 1llustrated 1n FI1G. 4, the
expansion of the device 1s released as seen, for example, 1n
FIG. 5. With the expansion released, the sheath 1s permitted to
contract or collapse about the lung portion to constrict the
lung portion and effectively suppress the leak or puncture.
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In accordance with a further embodiment, 1f the flexible
sheath 1s nonexpandable, the lung tissue may be collapsed as
it 1s pulled into the jacket. Once disposed 1n the sheath, the
lung tissue will remain constricted by the sheath.

When the lung portion 1s thus constricted, the air leakage
will be suppressed. The lung lobe 58 thereafter, during suc-
cessive breaths, will reinflate and become functional once
again to support respiration.

The use of the device 70 need not be restricted to the

suppression of air leakages 1n lungs. It may, for example, find
use to advantage in constricting a lung portion suffering from
COPD to simulate or achieve lung volume reduction. All of
the beneficial effects of lung volume reduction surgery may
be realized and, most importantly, without requiring suturing
of lung tissue.

FIGS. 6-11 1llustrate a mechanical process for deploying
the device 70. In an 1nitial step, as 1llustrated in FIG. 6, the
device 70 1s first aligned with an expansion mandrel or form
80. The device 70 1s then moved towards the form 80 as
indicated by the arrow 76.

In accordance with this embodiment, the form 80 1s hollow,
has opened ends 82 and 84 and has a configuration similar to
that of the device 70. In addition, the form has a longitudinal
slit 86 rendering the form expandable 1n a transverse direc-
tion. The form further includes tabs 88 and 90 which, when
pressed towards each other, cause the form to expand in the
transverse direction.

The device 70 1s applied to the form 80 until the end 74 of
the device 70 1s at the end 84 of the form 80 as illustrated in
FIG. 7. An atraumatic instrument, such as a forceps 92, 1s then
aligned with the form 80 and moved relative thereto through
the form in the direction of arrow 96 and into engagement
with the lung tissue 58 as illustrated in FIG. 8.

The forceps 92 are then used to grab the lung tissue 38.
Then, the tabs 88 and 90 of the form 80 are pressed toward
cach other to cause the form 80 to expand 1n a transverse
direction. This may be noticed by the longitudinal slit 86
becoming noticeably wider. The expansion of the form 80 in
the transverse direction imparts an expansion force on the
device 70, causing 1t to similarly expand to an expanded
condition. With the device 70 thus expanded, the forceps are
then retracted as illustrated 1n FIG. 9 1n the direction of arrow
98, to pull the lung tissue mto the form 80 and device 70.
Preferably, although not necessarily, the lung tissue 1s pulled
until 1t extends entirely through the device 70.

The process continues as illustrated 1in FIG. 10. Here, the
tabs 88 and 90 are released. Given the volume of lung tissue
within the form 80 and device 70, the device 70 remains 1n an
expanded condition. Now, a suitable instrument 94 1s used to
hold the device 70 in place while the form 80 1s moved in the
direction of the arrow 100 to withdraw the form 80 from the
device 70.

As illustrated in FI1G. 11, the process 1s completed when the
form 80 1s totally withdrawn from the device 70. In doing so,
the expansion force applied to the device 70 by the form 80 1s
released, permitting the device 70 to collapse or contract
about the lung tissue 58 drawn 1nto the device 70. The device
70 now constricts the lung tissue to effect air leak suppression
or lung volume reduction, for example.

Alternatively, the form 80 need not be expandable 11 the
device 70 1s not expandable. Here, the process of pulling the
lung tissue into the mandrel 80 and device 70 will cause the
lung tissue to collapse. With the device 70 being dimensioned
for constricting the lung tissue, once the mandrel 1s removed,
the lung tissue will remain 1n and be constricted by the device

70 as 1llustrated 1n FIG. 11.
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The lung tissue within the device 70 1s also now ready to be
resectioned. This may be accomplished by severing the
device 70 intermediate 1t’s ends using an appropriated bladed
instrument.

FIGS. 12-14 1illustrate another embodiment of deploying
the device 70 1n accordance with further aspects of the present
invention. Here, rather than using mechanical pulling of the
lung tissue 1nto the device 70, vacuum pressure 1s utilized
instead for pulling the lung tissue into the device 70. This
permits the procedure to be more automated and potentially
less traumatic to the lung tissue being constricted and resec-
tioned.

As will be noted 1n FIG. 12, the mandrel or form 110 takes
the form of a cylinder having an opened end 112 and a closed

end 114. The closed end 114 1s coupled to a vacuum source
116 through a conduit 118 and a valve 120. The valve 120 has

an aperture 122 which, when closed by, for example, a finger
124, causes the vacuum to be pulled through the conduit 118
and form 110. As 1illustrated 1n FIG. 12, the valve 1s 1n an
opened condition.

The form 110 has a diameter dimension 126 which 1s
substantially greater than the diameter dimension of the
device 70 when the device 1s expandable and 1mn a nonex-
panded condition. As seen 1n FIG. 12, the device 70 has been
applied over the form 110 so that the form 1mparts an expan-
s10n force to the device 70. The opened end 112 of the form
110 1s 1n contact with the lung tissue 58 to be constricted and
resectioned.

Referring now to FIG. 13, the finger 124 has now closed the
valve 120. The vacuum 1s now being pulled through the
conduit 118 and form 110. This causes the lung tissue 38 to be
pulled into the form 110 and the device 70 while the device 70
1s 1n an expanded condition.

After the lung tissue 38 has been pulled 1nto the form 110
and the device 70, the device may be held 1n position and the
form 110 withdrawn from the device 70 and the lung tissue
58. When this 1s completed, as best seen 1mn FIG. 14, the
vacuum suction may be released by opening the valve 120.
More importantly, the expansion force of the form 110 on the
device 70 1s released to permit the device 70 to collapse or
contract about the lung tissue 58. The device 70 1s now
deployed for constricting the lung tissue and providing leak
suppression or lung volume reduction, for example.

Again, the device 70 need not be expandable. To that end,
the form 110 may have the same or approximately the same
dimensions as the device 70. When the vacuum suction pulls
the lung tissue 58 into the mandrel or form 110, 1t will col-
lapse. After the vacuum suction 1s terminated and the mandrel
110 removed, the lung tissue 38 will remain 1n the device 70
in a collapsed condition to be constricted by the device 70.
The lung tissue within the device 70 1s also ready to be
resectioned. Again, this may be accomplished by severing the
device 70 intermediate 1ts ends by use of an appropriate
bladed 1nstrument.

FIGS. 15-17 1illustrate a turther embodiment of deploying,
the device 70 on lung tissue 58 to be constricted and resec-
tioned. Here again, a vacuum suction 1s utilized for pulling the
lung tissue into the device 70.

As illustrated 1n FIG. 15, the vacuum source 116, the con-
duit 118, and the valve 120 are again used to establish the
vacuum suction in the form 110. Here, however, the device 70
1s positioned inside of the form 110 with the end 74 of the
device 70 being stretched and held by the lip 130 of the form
110. As a result, when the valve 120 1s closed, the vacuum 1s
pulled through the mandrel 110 and the device 70 due to the
opened end 72 of the device 70.
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Now, when the lung tissue 58 1s brought into engagement
with the end 74 of the device 70 and the vacuum 1s pulled with
the closure of valve 120, the lung tissue 1s pulled dlrectly into
the device 70 as illustrated 1n FIG. 16. The vacuum 1s pulled
until the lung tissue 58 to be constricted preferably extends
entirely through the device 70 past the end 72. As will be
turther noted, the lung tissue 1tself exerts an expansion force
on the device 70 as the lung tissue 1s pulled 1nto the device 70.

After the lung tissue 58 has been pulled into the device 70,
the end 74 of the device 70 may be released from the lip 130
of the form 110 to permit the form 110 to be withdrawn from
the device 70. When this 1s completed, as best seenin FIG. 17,
the vacuum suction may be released by opening the valve
120. The release of the vacuum also releases the expansion
force on the device 70. With the expansion force released, the
device 1s permitted to collapse or contract about the lung
tissue 58. The device 70 1s now deployed for constricting the
lung tissue and providing leak suppression or lung volume
reduction, for example. The lung tissue 58 within the device
70 1s also 1n condition for resection. Again, the tissue 58 may
be resectioned by severing the device 70 intermediate its ends
with a suitable bladed instrument.

Once again, the device 70 need not be expandable. To that
end, the form or mandrel 110 may be of the same dimension
or slightly larger dimension than the device 70 to permit an
elfective seal between the lip 130 of mandrel or form 110 and
the end 74 of the device 70. The vacuum suction will still be
pulled through the form 110 and the device 70. As the vacuum
suction pulls the lung tissue into the device 70, the lung tissue
collapses. When the vacuum 1is released and the form 110 1s
removed, the collapsed lung tissue will remain constricted in
the device 70 to provide, for example, lung leakage suppres-
s1on or lung volume reduction.

Referring now to FIGS. 18 and 19, they more clearly 1llus-
trate the manner 1n which the device 70 may be employed for
resectioning the lung tissue to effect lung volume reduction to
a greater extent. In accordance with this embodiment, the
lung portion 59 of lobe 58 has been pulled through the device
70 and 1s being constricted by the device 70. The device 70
and the manner of pulling the lung portion 59 therethrough
may conform to any of the embodiments previously described
herein.

In accordance with this embodiment, the device 70 1s
formed of severable material, such as, any of the matenals
previously described. This enables the device 70 to be severed
or cut intermediate 1ts ends with a suitable bladed 1nstrument
61 as illustrated 1n F1G. 19 to section the lung portion 59. The
portion of the device 70 remaining on the lobe 38 continues to
constrict the lung tissue therein to form an effective seal from
leakage. Hence, 1n accordance with this embodiment of the
present mnvention, lung volume reduction 1s rendered an avail-
able treatment while negating the need of conventional lung
sectioning and suturing thus avoiding the potentially severe
complications which accompany those procedures.

Referring now to FIGS. 20-22, they illustrate the manner 1n
which the device 70 may be utilized for resectioning heart
tissue, such as lett atrial appendage tissue. Shown 1n FIG. 20
1s a heart 100 having the device 70 deployed on the left atrial
appendage 72. The device 70 may be deployed in accordance
with any of the previously described methods for deploy-
ment. Preferably, the device 70 1s deployed by imparting
vacuum suction to the left atrial tissue 74 to be resectioned by
a vacuum cylinder 76.

Once the device 70 1s deployed as 1llustrated, the tissue 74
constricted within the device 70 and to be resectioned 1is
resectioned as 1llustrated 1n FI1G. 21. Here 1t may be seen that
the device 70 has been severed intermediate 1ts ends. This
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results 1n the resectioning of the tissue 74. The portion of the
device 70 remaining on the left atrial appendage, as seen 1n
FIG. 22, continues to constrict the remaining left atrial
appendage tissue 72 and maintains the integrity of the left
atrial appendage 72 to prevent leakage and bleeding.

As can thus be seen, 1n accordance with the present inven-
tion, resectioning of the heart may be accomplished without
suturing by use of the constriction and resection device 70.
This will greatly assist 1n accelerating the healing process and
reducing the potential for infection.

Referring now to FIGS. 23-25, they 1llustrate the manner in
which the device 70 may be utilized for resectioning ovarian
tissue. Shown 1n FIG. 23 1s an ovary 110 having the device 70
deployed thereon. The device 70 may be deployed in accor-
dance with any of the previously described methods for
deployment. Preferably, the device 70 1s deploved by impart-
ing vacuum suction to the ovarian tissue 84 to be resectioned
by the vacuum cylinder 76.

Once the device 70 1s deployed as 1llustrated, the tissue 84
constricted within the device 70 and to be resectioned 1is
resectioned as 1llustrated 1n FIG. 24. Here 1t may be seen that
the device 70 has been severed intermediate 1ts ends. This
results 1n the resectioning of the tissue 84. The portion of the
device 70 remaining on the ovary 110, as seen 1n FIG. 25,
continues to constrict the remaining ovarian tissue 110 and
maintains the integrity of the ovary 110 to prevent leakage
and bleeding.

Referring now to FIGS. 26-29, they illustrate the manner in
which the device 70 may be utilized for resectioning gall
bladder tissue. Shown 1n FI1G. 26 1s a gall bladder 120 having
the device 70 deployed thereon. Again, the device 70 may be
deployed 1n accordance with any of the previously described
methods for deployment but preferably i1s deployed by
imparting vacuum suction to the gall bladder tissue 94 to be
resectioned by the vacuum cylinder 76.

Once the device 70 1s deployed as illustrated, the gall
bladder tissue 94 constricted within the device 70 and to be
resectioned 1s resectioned as illustrated 1n FIG. 27. Here it
may be once again seen that the device 70 has been severed
intermediate 1ts ends. This results 1in the resectioning of the
tissue 94. The portion of the device 70 remaining on the gall
bladder 120, as seen 1n FIG. 28, continues to constrict the gall
bladder tissue 120 to maintain its integrity and to prevent
leakage and bleeding.

Referring now to FIGS. 29-31, they 1llustrate the manner in
which the device 70 may be utilized for resectioning pancre-
atic tissue. Shown 1 FIG. 29 1s a pancreas 130 having the
device 70 deployed thereon. The device 70 1s preferably
deployed by imparting vacuum suction to the pancreatic tis-
sue 104 to be resectioned by the vacuum cylinder 76. Of
course, any of the other methods of deployment may be used
as well.

Once the device 70 1s deployed as illustrated, the tissue 104
constricted within the device 70 and to be resectioned 1s
resectioned as illustrated in FIG. 30. Here 1t may be seen that
the device 70 has been severed intermediate 1ts ends. This
results 1n the resectioning of the tissue 104. The portion of the
device 70 remaining on the pancreas 130, as seen in FIG. 31,
continues to constrict the remainming pancreatic tissue 130 and
maintains the integrity of the pancreas to prevent leakage and
bleeding.

FIGS. 32-34 illustrate the manner 1n which the device 70
may be utilized for resectioming an appendix 140 from its
adjoining intestine 138. Shown i FIG. 32 1s device 70
deployed over the appendix 140. Again, the device 70 may be
deployed 1n accordance with any of the previously described
methods for deployment. Preferably, the device 70 1s
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deployed by imparting vacuum suction to the appendix tissue
140 to be resectioned by the vacuum cylinder 76.

Once the device 70 1s deployed on the appendix as 1llus-
trated, the appendix tissue 140 constricted within the device
70 and to be resectioned 1s resectioned as 1llustrated 1n FIG.
33. Here 1t may be seen that the device 70 has been severed
intermediate its ends. This results in the resectioning of the
appendix 140. The portion of the device 70 remaining on what
remains of the appendix 140, as seen 1n FI1G. 34, maintains the
integrity of the intestine 138 to prevent leakage and bleeding.

Referring now to FIGS. 335-37, they illustrate a last
example as to how the device 70 may be utilized for resec-
tioning body tissue. Here, spleen tissue 1s to be resectioned.
Shown 1 FIG. 35 1s a spleen 150 having the device 70
deployed thereon. As previously described, the device 70 may
be deployed 1n accordance with any of the previously men-
tioned methods for deployment. Again, preferably, the device
70 1s deployed by imparting vacuum suction to the spleen
tissue 154 to be resectioned by a vacuum cylinder 76.

Once the device 70 1s deployed as 1llustrated, the tissue 154
constricted within the device 70 and to be resectioned 1is
resectioned as 1llustrated 1n FI1G. 36. Again, the device 70 has
been severed intermediate 1ts ends. This results 1n the resec-
tioning of the tissue 154. The portion of the device 70 remain-
ing on the spleen 130, as seen in FI1G. 22, continues to main-
tain the integrity of the spleen 150 to prevent leakage and
bleeding.

As can thus be seen, 1n accordance with the present mven-
tion, the resectioning may be accomplished without suturing
by use of the constricting and resection device 70. This sig-
nificantly simplifies resectioning procedures. For example,
since a vacuum may be utilized to pull the tissue to be resec-
tioned into the device, the area 1s also aspirated at the same
time. This assists 1n preventing contamination and infection.
Also, there 1s no resulting opened wound by virtue of the
resection. This again lends to assist in preventing infection.
Resection 1s rendered substantially an automated procedure
since the procedures for deploying the device may be auto-
mated. Hence, the present invention provides an improved
device and method which may be used to advantage for resec-
tioning body tissue.

While the invention has been described by means of spe-
cific embodiments and applications thereof, 1t 1s understood
that numerous modifications and variations could be made
thereto by those skilled 1n the art without departing from the
spirit and scope of the mnvention. It 1s therefore to be under-
stood that within the scope of the claims, the invention may be
practiced otherwise than as specifically described herein.

What 1s claimed 1s:

1. A system for treating [chronic obstructive pulmonary
disease] body tissue comprising:

a device that has a generally cylindrical shape and 1s open

at a first end and at a second end;

a resilient sheath configured to mount to the first end of the
device 1n a manner where a substantial portion of the
sheath resides within the device;

a vacuum source for drawing target lung tissue into the
sheath at the first end of the device; and

a severing tool.

2. The system of claim 1, wherein the vacuum source 1s 1n
communication with the second end of the device.

3. The system of claim 1, wherein a vacuum 1s drawn
through the resilient sheath to draw the target lung tissue into
the sheath.

4. A method for treating chronic obstructive pulmonary
disease comprising:
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expanding a portion of a resilient sheath that has an open
end configured to permit lung tissue to be recerved there-
through;
mounting a portion of the expanded resilient sheath to a
delivery device that 1s substantially rigid and that has an
open end configured to recetve the lung tissue there-
through;
placing the delivery device at alocation that 1s adjacent said
lung tissue;
drawing said lung tissue through the open end of said
delivery device and through the open end of said resilient
sheath; and
releasing said expanded resilient sheath to permit said
sheath to constrict said lung tissue.
5. The method of claim 4, further comprising severing the
resilient sheath and the lung tissue drawn therein.
6. The method of claim 4, wherein the lung tissue 1s drawn
into the open end of the delivery device by a vacuum.
7. The method of claim 4, wherein the open end of the
resilient sheath 1s mounted on the delivery device.
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8. The method of claim 4, wherein a substantial portion of 20

the sheath resides within the delivery device when mounted to
the delivery device.
9. A method for treating body tissue comprising:

expanding a portion of a resilient sheath that has an open

end configured to permit target body tissue to be 35

received therethrough;

mounting a portion of the expanded vesilient sheath to a
delivery device that is substantially vigid and that has an
open end configured to receive the body tissue there-
through;

12

placing the delivery device at a location that is adjacent the
body tissue;

drawing the body tissue through the open end of the deliv-
ery device and through the open end of the resilient
sheath; and

releasing the expanded vesilient sheath to pevrmit the sheath
to constrict the body tissue.

10. The method of claim 9, further comprising severing the
vesilient sheath and the body tissue dvawn therein.

11. Themethod of claim 9, wherein the body tissue is drawn
into the open end of the delivery device by a vacuum.

12. The method of claim 9, wherein the open end of the

rvesilient sheath is mounted on the delivery device.

13. The method of claim 9, wherein a substantial portion of
the sheath resides within the delivery device when mounted to

the delivery device.

14. The method of claim 9, wherein placing the delivery
device at alocation that is adjacent the body tissue comprises
selecting a location comprising diseased tissue.

15. The method of claim 9, wherein placing the delivery
device at a location that is adjacent the body tissue comprises
selecting a location comprising lung tissue.

16. The method of claim 15, wherein the lung tissue loca-
tion comprises nodules.

17. The method of claim 9, wherein placing the delivery
device at a location that is adjacent the body tissue comprises
selecting a location comprising tumors.
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