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FIG. 4C

using a resection line guide m various medical procedures. A resection line
guide (94) may include a first clamp member (96) and a second clamp mem -
ber (98) configured to be positioned on a first side (18) and a second side
(20) generally opposite that of the first side (18) of an anatomical structure,
such as, for example, a stomach (10). The clamp members (96, 98) may be
configured to provide a clamping force on the stomach (10) to secure the
guide to the stomach (10). Further, at least one flexible member (86) may be
operatively coupled to the clamp members (96, 98). The flexible member
(86) may be configured to be tensioned so as to provide at least a portion of
the clamping force on the stomach (10).
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RESECTION LINE GUIDE FOR A MEDICAL PROCEDURE
AND METHOD OF USING SAME

Technical Field
[0001] The invention relates to medical procedures, and more particularly to apparatuses and
methods of using a resection line guide 1 various medical procedures.
Background
[0002] Obesity, as a disease, affects a significant portion of the world’s population. Obesity often
leads to multiple chronic medical conditions and premature death from cardiovascular events and
cancer. The U.S. Centers for Disease Control and Prevention (“CIDC”) reports that over 33% of the
U.S. population 1s obese, with a body mass index (“BMI”) of over 30, and another 35-40% of the
population 1s overweight, with a BMI of 25-30. The CDC reports that the percent of the population
being either overweight or obese by 2018 will be 75%. The CDC also reports that obesity directly
costs the U.S. economy $147 billion currently, and projects that the costs will approach $315 billion
by 2020. The increase 1n obesity and the financial impact on the local economy 1s not imited to the
United States but impacts many countries throughout the world.
[0003] Obesity has environmental, genetic, and behavioral origins but is intractable to most medical
and behavioral interventions. Weight loss, or bariatric, surgery seems to be the only ettective long-
term treatment option for patients with a BMI greater than 35. Despite the 20 million patients who are
eligible for weight loss surgery 1in the United States, the number of procedures per year has plateaued
at about 200,000, essentially ehminating any meaningtul public health effect of the surgery.
[0004] In recent years, laparoscopic vertical sleeve gastrectomy has emerged as a procedure that is
safe and effective for patients who are eligible for weight loss surgery. Since its introduction in 2003
as a stand-alone surgery, vertical sleeve gastrectomy has been studied extensively. It 1s now widely
accepted as the surgery that should be otfered to most morbidly obese patients over laparoscopic
adjustable gastric banding and laparoscopic Roux-en-Y gastric bypass. The surgery has been adopted
by most bariatric surgeons and 1s now one of the most commonly used procedures to achieve effective
weight loss.
[0005] During a vertical sleeve gastrectomy, approximately 80% of the stomach is removed and the
remaining pouch 1s based on the less distensible lesser curve of the stomach. The fundus of the
stomach, which 1s formed by the upper curvature of the organ, 1s the most crucial portion of the
stomach that i1s removed. The resultant gastric pouch generally should be about 80 mL to about 820
mL 1 volume, should not be narrowed at the incisura angularis, should be as straight as possible to
avoid obstruction from spiraling or zigzagging, should be about 0.5 ¢cm to about 2 cm away from the

gastroesophageal junction, and should be about 2 ¢cm to about 10 cm away from the pylorus.
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[0006] A vertical sleeve gastrectomy 1s typically performed using standard laparoscopic equipment,
The greater curvature of the stomach 1s mobilized by using vessel-sealing devices to seal the gastric
branches of the gastroepiploic vessels and the short gastric vessels. The posterior adhesions of the
stomach are also divided so the stomach 1s fully mobilized while the blood supply to the lesser
curvature remains mtact. The left crus of the diaphragm 1s an mmportant landmark to ensure the
fundus has been fully mobilized.

[0007] Following mobilization of the stomach and repair of any hiatal hernia that may be present, a
calibration tube or bougie 1s typically introduced 1nto the stomach through the mouth, The bougie 1s
inserted through the mouth, down the esophagus, and nto the stomach, where 1t 1s used as a point of
the surgeon uses to visualize the path of the staple line. A surgeon creating a sleeve gastrectomy
staple line will estimate 2.0 cm away from the lesser curvature of the stomach and visually orient the
stapler. As constant diameter bougies cannot be used to facilitate orienting the stapler, only surgeon
experience and estimation 1s used. At the top of the staple line, 1t 1s important to not divide part of the
csophagus or the ‘shing fibers’” of the cardia, which participate 1n the physiologic anti-retlux action of
the lower esophageal sphincter. Surgeons must use visual cues to ensure that the staple line 1s a safe
distance away from the gastroesophageal junction.

[0008] Resection is accomplished by a series of applications of a laparoscopic linear surgical
stapler. 'The staplers that are most commonly used for sleeve gastrectomy are 60 mm 1n length and
include an integrated cutting blade. Each staple application places three rows of overlapping staples
into the tissue on either side of the cutting blade. For sleeve gastrectomy, the average number of
staple fires per procedure 18 4 to 6 1n order to create a continuous resection line, This results 1n a
resection line that 1s approximately 15 cm to about 36 cm on average. Currently, surgeon training,
experience, and trial and error are the only tools used to aid the surgeon 1n determining the path ot the
resection line 1n a vertical sleeve gastrectomy. Only after applying the stapler to begin creating the
resection line 1s the resultant stomach anatomy demonstrated. Before beginning stapling, the surgeon
must attempt to envision the resultant anatomy ol the stomach. Further, the surgeon must actively and
accurately control the stapler during the resection to produce the desired resection line. Because the
thickness of the stomach tissue varics at the antrum, the body and the fundus, ditterent staple leg
lengths are typically used. This requires the stapler to be removed from the patient between firings to
load the stapler with a new staple cartridge having staples with an appropriate leg length.

[0009] 'There is wide variability in the size and type of calibration tube, or bougie, used by surgeons
to size the remaining gastric sleeve. Some surgeons use an endoscope (30 I'rench or 1 cm 1n

diameter) while others use a large mercury-weighted bougie (60 French or 2 ¢m 1in diameter). In a
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large meta-analysis, there was no difference 1in weight loss when bougie sizes of less than 40 and
oreater than 40 were used. The resection line 1s important 1n sleeve gastrectomy because the amount
of weight loss and subsequent medical complications may be a direct result of the quality of the
resultant anatomy. The resultant anatomy 1s determined by the resection line created by the surgeon
during the gastrectomy. Negative consequences related to the quality of the resection line may
include, for example, gastroesophageal reflux, weight loss failure, weight regain, food intolerance,
resection line bleed, and leak.

[0010] Leaks are the most concerning complication of a vertical sleeve gastrectomy. In large
pooled databases, the leak rate 1s approximately 0.3 to 2%. Ieak 1s thought to be prevented hy
making a straight resection line that avoids crossing staple cartridge apphications, has no narrow
segments (particularly at the incisura angularis), 1s about 1 ¢cm from the gastroesophageal junction,
and has a squared-otf final application. Generally speaking, leak 1s not prevented by over-sewing the
resection line or using buttress material in the resection line. Leak 1s thought to be more a result of
poor resultant stomach anatomy. Poor anatomy 1s a direct result of the shortcomings of the calibration
cquipment and technmque used to create the resection ine. Conventional calibration tubes specitically
designed for use 1n a sleeve gastrectomy may provide some user benefits, but tail to reliably produce
the proper geometry of the resultant anatomy from the vertical sleeve gastrectomy.

[0011] Accordingly, new apparatuses and methods are needed to address the shortcomings of
existing apparatuses and methods. More particularly, new apparatuses and methods are needed that
improve the consistency and quality of the resection line created during a medical procedure, such as a
vertical sleeve gastrectomy.

Summary

[0012] A guide for guiding a medical instrument during a medical procedure on an anatomical
structure that addresses these and other shortcomings includes a first clamp member configured to be
positioned on a first side of the anatomical structure and a second clamp member configured to be
positioned on a second side of the anatomical structure generally opposite that of the first side. The
first and second clamp members are conligured to provide a clamping force on the anatomical
structure to secure the gmde to the anatomical structure. At least one of the clamp members 1s
configured to cooperate with the medical instrument 1n order to guide and support the medical
instrument during the medical procedure.

[0013] In an exemplary embodiment, the first and second clamp members are operatively coupled
together adjacent at least one of a first end and a second end of the first and second clamp members,
The first and second clamp members may be operatively coupled together by a hinge joint, a flexible

ratchet, a tlexible member, a biasing member, or combinations thereof.
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[0014] In another embodiment, at least one of the clamp members includes an alignment surface
configured to engage with the medical mnstrument in order to guide and support the medical
instrument during the medical procedure. Additionally, both the alignment surface of at least one of
the clamp members and the medical instrument may include at least one connector, the connectors
being configured to movably couple the at least one of the clamp members and the medical
instrument,

[0015] In an exemplary embodiment, the guide is configured to provide a variable clamping force
on the anatomical structure., The guide may be configured to provide a first stage clamping force on
the anatomucal structure, the first stage clamping force configured to couple the guide to the
anatomical structure while permitting the clamp members to be moved relative to the anatomical
structure, Lurther, the guide may be configured to provide a second stage clamping force on the
anatomical structure greater than the first stage clamping force, the second stage clamping force
configured to substantially prevent the gumde from moving relative to the anatonmcal structure during
the medical procedure.

[0016] In another embodiment, the guide turther includes at least one flexible member operatively
coupled to the first and second clamp members. The tlexible member 1s configured to be tensioned so
as to provide at least a portion of the clamping force on the anatomical structure, At least one of the
first and second clamp members may be moveably coupled to the at least one flexible member. More
specifically, at least one of the first and second clamp members may be slidably coupled to at least
one tlexible member. In one embodiment, at least one tlexible member extends through the first and
second clamp members along substantially an entire longitudinal length of the first and second clamp
members.

[0017] In an alternate embodiment, a first flexible member and a second flexible member are
provide a clamping force at a first end of the clamp members that 1s ditterent from a clamping force at
a second end of the clamp members. In one embodiment, the first and second flexible members may
be 1individually tensioned. Additionally, a distance between the clamp members at the first end may
be different from a distance between the clamp members at the second end.

[0018] Additionally, the first and second flexible members may be operatively coupled to the first
and second clamp members and the guide 1s configured to provide a clamping force at a first
longitudinal side of the clamp members that i1s different from a clamping force at a second
longitudinal side of the clamp members. The first and second flexible members may extend through
the first and second clamp members along substantially an entire longitudinal length of the first and

second clamp members and the first and second flexible members may be individually tensioned.
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[0019] In an exemplary embodiment, the guide further includes a tensioning device for tensioning
the at least one tlexible member and thereby provide at least a portion of the clamping force on the
anatomical structure, The tensioning device may include a cinch tube having a distal tip, wherein the
at least one flexible member extends into the cinch tube, and wherein the distal tip 1s conligured to
engage against the guide as the flexible member 1s pulled so as to induce a tension 1n the flexible
member and thereby provide a clamping force on the anatonucal structure,

[0020] In another embodiment, at least one of the first and second clamp members includes a
plurality of clamp segments that collectively form the at least one of the first and second clamp
members. Adjacent clamp segments may be separate elements configured to be 1n abutting contact
segments may include an interlock feature, The clamp segments that form the at least one of the first
and second clamp members may be moveably coupled to the at least one flexible member.

[0021] In an exemplary embodiment, the first and second clamp members are biased towards each
other to provide at least a portion of the clamping force on the anatomical structure. At least one of
the first and second clamp members may include a biasing mechanism for biasing the first and second
clamp members towards each other. The biasing mechanism may include, for example, an elastic
band, shape memory element, or spring,

[0022] In another embodiment, the guide further includes a hinge joint for coupling the first and
second clamp members. The hinge joint may be formed by a living hinge, include a selectively
formable hinge, or be formed by a spring hinge configured to bias the first and second clamp
members away from each other, The guide may further include at least one ftlexible member
operatvely coupled to the first and second clamp members, wherein the flexible member 1s
contigured to be tensioned so as to provide at least a portion of the clamping force on the anatomical
structure, 'The at least one tlexible member may couple to the first and second clamp members at an
end thereof opposite to the hinge joint.

[0023] In an exemplary embodiment, the guide includes magnetic characteristics such that at least a
portion of the clamping force of the guide on the anatomical structure 1s due to magnetic attraction
forces.

[0024] In another embodiment, at least one of the first and second clamp members include at least
one connector configured to couple the at least one of the first and second clamp members with a
laparoscopic instrument. ‘The connector may be a tab contigured to be grasped by the laparoscopic
instrument.

[0025] In a further embodiment, each of the first and second clamp members has a longitudinal

shape that 1s generally linear or generally curved. At least one of the first and second clamp members
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may be telescopic for adjusting a length of the at least one of the first and second clamp members, At
least one of the first and second clamp members may include a plurality of serially arranged segments.
Each of the first and second clamp members may have a cross-sectional shape that 1s selected tfrom
the group consisting of rectangular, circular, crescent, wavy, half-moon, v-shaped, or a combination
thereof.

[0026] In an exemplary embodiment, the guide 1s configured to indicate at least one of a length of
the anatomucal structure, a thickness of the anatomical structure, a distance of the guide from an
anatomical landmark, and the clamping force being provided by the guide.

[0027] A stabilizing device for stabilizing an anatomical structure during a medical procedure may
include a first clamp member contigured to be positioned on a first side of the anatomical structure
and a second clamp member configured to be positioned on a second side of the anatomical structure
generally opposite that of the first side where the first and second clamp members are contigured to
provide a clamping force on the anatomical structure to secure the stabilizing device to the anatomical
structure. The first and second clamp members may be operatively coupled together adjacent at least
one of a first end and a second end of the first and second clamp members

[0028] In an exemplary embodiment, the stabilizing device may be configured to provide a first
stage clamping force on the anatomical structure, the first stage clamping force contigured to couple
the stabilizing device to the anatomical structure while permitting the clamp members to be moved
relative to the anatomical structure. The stabilizing device may be further configured to provide a
second stage clamping force on the anatomical structure greater than the first stage clamping force, the
second stage clamping force configured to substantially prevent the stabilizing device from moving
relative to the anatomical structure during the medical procedure.

[0029] In a further embodiment, the stabilizing device may further include at least one flexible
member operatively coupled to the first and second clamp members, wherein the tlexible member 1s
configured to be tensioned so as to provide at least a portion of the clamping force on the anatomical
structure, At least one of the first and second clamp members may be moveably coupled to the at
least one {lexible member.

[0030] In another embodiment, the clamping force at the first end of the clamp members is
between the clamp members at the first end may be different from a distance between the clamp
members at the second end.

[0031] A method of resecting at least a portion of an anatomical structure during a medical
procedure includes positioning a guide 1in an abdominal cavity adjacent to the anatomical structure,

clamping the guide to the anatomical structure to secure the position of the guide relative to the
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anatomical structure, and resecting the portion of the anatonmcal structure along a resection line
defined at least 1n part by the guide using a medical instrument guided and supported by the guide.
[0032] Positioning a guide in an abdominal cavity adjacent to the anatomical structure may include
posittoning a first clamp member and a second clamp member 1n the abdominal cavity adjacent the
anatomical structure.

[0033] In an exemplary embodiment, clamping the guide to the anatomical structure further
comprises applying a first-stage clamping force on the anatomical structure, the first stage clamping
force configured to couple the guide to the anatomical structure while permitting the guide to be
moved relative to the anatomical structure. Further, clamping the guide may include applying a
second-stage clamping torce on the anatomical structure greater than the first-stage clamping torce,
the second stage clamping force configured to substantially prevent the guide from moving relative to
the anatomical structure during the medical procedure.

[0034] In another embodiment, the first and second clamp members are operatively coupled by at
least one flexible member and clamping the guide to the anatonmcal structure further comprises
tensioning the at least one flexible member,

[0035] In one embodiment, the guide includes an alignment surface and resecting the portion of the
anatomical structure further comprises engaging an aspect of the medical instrument to the alignment
surface to guide and support the medical instrument during use.

[0036] In an exemplary embodiment, the method further includes measuring or estimating at least
one of a length of the anatomical structure, a thickness of the anatomical structure, a distance of the
ouide trom an anatomical landmark, and the clamping force being provided by the guide.

[0037] A method of stabilizing at least a portion of an anatomical structure during a medical
procedure mcludes positioning a stabilizing device in an abdominal cavity adjacent to the anatomical
structure, and coupling the stabilizing device to the anatomical structure to stabilize the position of the
stabilizing device relative to the anatomical structure.,

[0038] In one embodiment, coupling the stabilizing device to the anatomical structure further may
include applying a first-stage clamping force on the anatomical structure, the first stage clamping
force configured to couple the stabilizing device to the anatomical structure while permitting the
applying a second-stage clamping force on the anatomical structure greater than the first-stage
clamping force, the second stage clamping force contigured to substantially prevent the stabilizing
device from moving relative to the anatomical structure during the medical procedure.

[0039] In another embodiment, the first and second clamp members may be operatively coupled by

at least one tlexible member and coupling the stabilizing device to the anatomical structure further
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includes tensioning the at least one flexible member.,

[0040] A medical device for performing a medical procedure may include a manipulator including
a shaft, a resection line guide being coupled to the shaft and being contigured to clamp an anatomical
structure 1 the human body, and a flexible member operably coupled to the mampulator and
extending through the shaft to the resection line guide, wherein the manipulator 1s configured to place
the flexible member 1n tension so that the resection line guide imposes a clamping force on the
anatomical structure. The resection line guide may be movable relative to the shatt.

[0041] In an embodiment, the manipulator may include a spring reel for letting out a length of the
flexible member and/or taking up a length of the flexible member. TFurther, the manipulator may
include a housing and a brake mechanism at least partially within the housing, the brake mechanism
being operable for selectively stopping relative movement between the flexible member and the
spring reel.

[0042] In another embodiment, the manipulator may include a housing, a clamping mechanism
operable to selectively apply tension to the flexible member 1n an engaged position, and a stop and
release mechanism for maintaining the clamping mechanism 1n the engaged position.,

[0043] A medical device for performing a medical procedure may include a manipulator including
a shaft, a stabilizing device being coupled to the shaft and being configured to clamp an anatomical
structure 1n the human body, and a flexible member operably coupled to the manipulator and
extending through the shaft to the stabilizing device, wherein the manipulator 1s contigured to place
the tlexible member in tension so that the stabilizing device imposes a clamping force on the
anatomical structure,

[0044] In one embodiment, the stabilizing device may be configured to provide a first stage
clamping force on the anatomical structure, the first stage clamping force configured to couple the
stabihizing device to the anatomical structure while permutting the clamp members to be moved
relative to the anatomical structure. The stabilizing device may be further configured to provide a
second stage clamping force on the anatomical structure greater than the first stage clamping torce, the
second stage clamping force configured to substantially prevent the stabilizing device from moving
relative to the anatomcal structure during the medical procedure.

[0045] A method of clamping at least a portion of an anatomical structure during a medical
procedure with a medical device including a manipulator operably coupled to a resection line guide
having a first clamp member movably coupled to a second clamp member with a tlexible member
may 1nclude inserting the resection line guide into a patient, positioning the first clamp member and
the second clamp member adjacent the anatomical structure, retracting the flexible member at the

manipulator to draw the first clamp member and the second clamp member toward one another and
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into contact with the anatonucal structure, tensioning the tlexible member at the manmpulator to
forcibly clamp the anatomical structure between the first clamp member and the second clamp
member, and resecting a portion of the anatomical structure along the resection line guide,

[0046] A method of stabilizing at least a portion of an anatomical structure during a medical
procedure with a medical device including a manipulator operably coupled to a stabilizing device
having a first clamp member movably coupled to a second clamp member with a flexible member
may 1nclude mserting the stabilizing device into a patient, positioning the first clamp member and the
second clamp member adjacent to the anatomical structure, retracting the flexible member at the
manipulator to draw the first clamp member and the second clamp member toward one another and
into contact with the anatomical structure, and tensioning the tlexible member at the manipulator to
torcibly clamp the anatomical structure between the first clamp member and the second clamp
member.

Brief Description of the Drawings

[0047] The accompanying drawings, which are incorporated in and constitute a part of this
specitication, illustrate embodiments of the invention and, together with a general description of the
invention given above, and the detailed description given below, serve to explain the invention.

[0048] Fig. 1 depicts the anatomy of a stomach.

[0049] Fig. 2A is an elevation view of a resection line guide according to one embodiment of the
1nvention.

[0050] Fig. 2B 1s an elevation view of the resection line guide of Fig. 2A positioned on the
stomach.

[0051] Fig. 2C is an elevation view of a surgical stapler placed next to the resection line guide of
Fig. 2A.

[0052] Fig. 2D 1s an elevation view of a surgical stapler and the resection line guide of Fig. 2A
during resection of a portion of the stomach.

[0053] Fig. 2E depicts the stomach anatomy resulting from a vertical sleeve gastrectomy.

[0054] Fig. 3A 1s an elevation view of a resection line guide according to another embodiment of
the mvention.

[0055] Fig. 3B 1s an elevation view of the resection line guide of Fig. 3A positioned on the
stomach.

[0056] Fig. 3C is an elevation view of a section of a resection line guide according to another
embodiment of the mvention.

[0057] I‘ig. 3D 1s an elevation view of the section of a resection line guide of IFig. 3C positioned

around the stomach.
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[0058] Fig. 3E 1s an clevation view of a resection line guide according to another embodiment of

the invention.

[0059] Fig. 3F is an elevation view of the resection line guide of Fig, 3E after the resection line
guide has been tensioned.

[0060] [@1ig. 4A is an elevation view of a resection line guide according to another embodiment of
the invention,

[0061] Fig. 4B is an elevation view of the resection line guide of Fig. 4A positioned on the
stomach.

[0062] Fig. 4C 1s an elevation view of a resection line guide according to another embodiment of
the invention.

[0063] Fig. SA 1s an elevation view of a resection line guide according to another embodiment of
the 1invention,

[0064] Fig. 5B is an elevation view of a part of the placement of the resection line guide of Fig. 5A
around a stomach.

[0065] Fig. 5C 1s an elevation view of a part of the placement of the resection line guide of Fig, SA
around the stomach.

[0066] Fig. 5D is an elevation view of the resection line guide Fig, SA placed around a stomach.
[0067] Fig. SE is a cross-sectional view of the resection line guide shown in Fig. 5D.

[0068] I‘ig. SF is a cross-sectional view of a portion of the resection line guide according to another
embodiment of the invention.

[0069] Fig. 6 depicts a schematic of a resection line guide according to another embodiment of the
invention,

[0070] TIig. 7 1s a perspective view of a resection line guide according to another embodiment of the
1nventon,

[0071] Fig. 8A 1s an elevation view of a resection line guide according to another embodiment of
the 1invention,

[0072] Fig. 8B is an elevation view of the resection line guide of Fig. 8A placed around a stomach.
[0073] TMg. 8C 1s a cross-sectional view of the resection line guide shown 1n IMig. 8B.

[0074] FLig. 9A 1s an elevation view of a resection line guide according to another embodiment of
the 1invention,

[0075] Fig. 9B is an elevation view of the resection line guide of Fig. 9A placed around a stomach.,
[0076] Fig. 10A is an elevation view of a resection line guide according to another embodiment of
the invention.

[0077] Fig. 10B 1s an elevation view of the resection line guide of Fig. 10A placed around a
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stomach.

[0078] Fig. 10C 1is a partial cross-sectional view of the resection line guide of Fig. 10B.

[0079] TFigs. 11A-11F depict schematics of a resection line guide including one or more flexible
members according to various embodiment of the invention.

[0080] TI‘igs. 12A-12G 1llustrate cross-sectional views of two clamp members of a resection line
guide according to various embodiments of the invention,

[0081] Figs. 13A-13D are elevation views of two clamp members of a resection line guide
according to various embodiments of the invention.

[0082] TIfgs. 13E-13H are elevation views of a clamp member of a resection line guide according to
various embodiments of the invention.

[0083] Fig. 14 1s a perspective view of a medical device for use in a medical procedure according to
one embodiment of the invention,

[0084] Figs. 15A and 15B are partial sectional elevation views of the medical device of Fig. 14
with a resection line guide shown 1n an opened position and a closed position, respectively.

[0085] Fig. 161s an enlarged clevation view of the resection line guide of the medical device of Fig,
14,

[0086] Fig. 17A is a partially exploded view of the medical device of Fig. 14,

[0087] Fig. 17B 1s an exploded view of the medical device of Fig. 14,

[0088] [@1ig. 181s an exploded view of the medical device of g, 14.

[0089] Fig. 18A 1s an exploded view of an exemplary spring reel, shown in Fig. 18.

[0090] Fig. 19 is a partial cross-sectional view of a manipulator of the medical device of Fig. 14
depicting engagement of a mechanism according to an embodiment of the invention.,

[0091] TFigs. 20A, 20B, and 20C are partial cross-sectional views of the manipulator of Fig. 19
depicting engagement of a mechanmism according to an embodiment of the mnvention.

[0092] Figs. 21A and 21B are partial cross-sectional views of the manipulator of Fig. 19 depicting
engagement of a mechanism according to an embodiment of the invention.

[0093] Fig. 22 1s a partial cross-sectional view of the manipulator of Fig. 19 depicting release of the
mechanisms according to an embodiment of the invention.

[0094] Lig. 23A 1s a schematic cross-sectional view of a resection line guide of Fig. 16 1in an
opened position.

[0095] Fig. 23B is another schematic cross-sectional view of the resection line guide of Fig. 16 in
an opened position.

[0096] [Iig. 24A 1s a schematic cross-sectional view of the resection line guide of Iig. 16 1n a closed

position.
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[0097] Fig. 24B 1s another schematic cross-sectional view of the resection line guide of Fig, 161n a
closed position.

[0098] Fig. 25 is an exploded perspective view of a shaft of one embodiment of a manipulator,
[0099] Fig. 26 1s a partial cross-sectional view of a manipulator of the medical device of Fig. 14
depicting engagement of a mechanism according to an embodiment of the invention.

[00100] Figs. 27A and 27B are enlarged cross-sectional views of a joint according to an embodiment
of the invention,

[00101] Fig. 28 is a schematic cross-sectional view of the resection line guide of Fig. 16 illustrating
manipulation of the joint shown in Figs. 27A and 27B.

manipulation thereof.

[00103] Fig. 30 is a perspective view of a medical device for use in a medical procedure according to
one embodiment of the invention.

[00104] I7g. 31 1s an exploded perspective view of a manipulator of the medical device of g, 30).
[00105] Figs. 32A and 32B are partial cross-sectional views of the manipulator of the medical device
of F1g. 30 depicting engagement of a mechanism according to an embodiment of the invention.
[00106] Fig. 32C is a cross-sectional view of a resection line guide of the medical device of Fig. 30.
[00107] Figs. 33A and 33B are partial cross-sectional views of the manipulator of the medical device
of I1g. 30 depicting engagement of a mechanism according to an embodiment of the invention.
[00108] Fig. 33C 1s a cross-sectional view of a resection line guide of the medical device of Fig. 30.
[00109] Fig. 33D is a cross-sectional view of the resection line guide of the medical device of Fig,
30 depicting the resection line guide 1n an opened position.

[00110] Figs. 34A and 34B are partial cross-sectional views of the manipulator of the medical device
[00111] Fig. 34C 1s a cross-sectional view of the resection line guide of the medical device of Fig. 30
depicting the resection line guide 1n a closed position.,

[00112] Fig. 35 is a perspective view of a medical device for use in a medical procedure according to
one embodiment of the invention.

the resection line guide shown 1n an opened position.

[00114] Figs. 37A and 37B are cross-sectional views of the medical device of Fig. 35 depicting
engagement of a mechanism according to an embodiment of the invention.

[00115] I1g. 38 1s a cross-sectional view of the medical device of Fig. 38 depicting engagement of a

mechanism according to an embodiment of the invention.
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1nvention.

Detailed Description

[00117] In its broadest aspects, embodiments of the present invention are directed to a resection line
ouide for directing the application of a resection line during a surgical procedure involving the
resection of at least a part of an anatomical structure. In an exemplary embodiment, the resection line
guide may be used 1n a vertical sleeve gastrectomy procedure. The resection line guide 1s a
supplement to current practices of a sleeve gastrectomy, including the laparoscopic access,
mobilization of the greater curvature of the stomach and multiple apphcations of a laparoscopic
stapler to create the resection line, Laparoscopic surgery 1s surgery inside of the abdominal cavity
performed at a distance by the surgeon. Laparoscopic surgery instrumentation i1s designed to fit
through small 1ncisions in the abdonmnal wall, typically 5 mm to 15 mm in diameter. The abdominal
access sites are maintained by cannulae, or trocars, that are designed to maintain pressure 1n the
abdominal cavity with valves that scal around an instrument shaft. Devices and methods for
performing laparoscopic surgery are well known in the prior art,

[00118] While embodiments discussed below involve the use of the resection line guide to guide and
support a medical instrument during a medical procedure, 1t should be recognized that the resection
line guide may act as a surgical clamp independent of its use as a guide to a medical mstrument.
Further, while embodiments discussed below 1nvolve the use of the resection ine guide 1n a vertical
sleeve gastrectomy procedure, the resection line guide may also be used 1n other procedures involving
anatomical structures, such as organs other than the stomach or soft tssue. For example, the resection
line guide may be used 1n a parencymal resection, lung volume reduction surgery, or other procedures
lobectomy, a non-anatomic parencymal resection, or other procedures involving the liver. Moreover,
a surgeon or other medical protessional may benefit from using the resection line guide in a partial
nephrectomy, total nephrectomy, or other procedures involving the kidney. During procedures
involving an anatomical structure, the tissue of the anatomical structure may be sealed. Tissue may be
scaled by any method known 1n the art, such as, tor example, stapling, suturing, gluing, and welding,
Thus, while aspects of the present invention may be illustrated 1n the context of a vertical sleeve
gastrectomy, 1t should be appreciated that aspects of the invention may provide a benefit in a host of
medical procedures on anatomical structures and be adapted for use in such medical procedures.
[00119] Now referring to the figures, IFig. 1 illustrates the anatomy of the stomach 10 and a resection

line 12, where the resection line 12 represents a resection hine for a vertical sleeve gastrectomy. The
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stomach 10 generally includes a proximal end 14, a distal end 16, an anterior side 18, and a posterior
side 20. As used herein, the proximal and distal ends 14, 16 of the stomach are described from the
perspective of the operative surgeon., The gastroesophageal junction 22 opens into the stomach 10
and 1s a common landmark in barnatric surgeries. The fundus 24 and the section of the stomach
defined by the greater curvature 26 are generally the parts of the stomach 10 removed during a vertical
sleeve gastrectomy. The remaining pouch 1s generally defined by the lesser curvature 28 and the
resection line 12 and presents a stomach with a significantly reduced volume. As described above, the
desired location of the resection line 12 18 about 0.5 to 2 ¢cm away trom the gastroesophageal junction
22 and about 2 to 10 cm away from the pylorus 30. In accordance with aspects of the invention,
resection line guides as described herein aid 1in forming high quality, consistent resection lines during
a medical procedure, such as a vertical sleeve gastrectomy. In this regard, the resection line guides
provide an accurate visual indication of the resection line and fturther provide a stabilizing engagement
surface along which medical staplers may be guided durning a resection procedure. The visualization
and guiding aspects of the disclosed resection hine guides are beheved to result in high quality and
consistent resection lines that are significantly improved over resection lines produced by current
methodologies.

[00120] Various embodiments of the present invention may include a resection line guide including
two clamp members capable of being operatively coupled to each other and movable relative to each
other so as to provide a clamping force on an anatomical structure, such as a stomach. The ability of
the resection line guides to generate a clamping force allows the device to be rehiably positioned
relative to the anatonmcal structure 1n order to eliminate or reduce the likelihood of undesirable
movements of the device during a stapling operation. In this regard, Fig, 2A illustrates an exemplary
embodiment where a resection line guide 40 includes a first clamp member 42 generally positionable
on the anterior side 18 of the stomach 10, and a second clamp member 44 generally positionable on
the posterior side 20 of the stomach 10, where the first clamp member 42 and the second clamp
member 44 may be configured to be operatively coupled to effectuate a clamping force on the
stomach 10. In other words, once the clamp members are coupled, the first clamp member 42 and the
second clamp member 44 essentially operate as a surgical clamping device for purposes described 1n
more detail below. It should be realized that aspects of the present invention are not limted to the
1llustrated arrangement, where the tirst clamp member 42 1s on the anterior side 18 of the stomach 10
and the second clamp member 44 1s on the posterior side 20. In an alternative embodiment, for
example, the arrangement may be reversed such that the first clamp member 42 1s on the posterior
side 20 of the stomach 10 and the second clamp member 44 1s on the anterior side 18 of the stomach

10 (not shown). Other alternative arrangements may also be possible,
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[00121] As noted above, the first and second clamp members 42, 44 may be configured to be
operatively coupled to each other to effectuate a clamping force on an anatomical structure. In one
embodiment, as 1llustrated 1n Fig, 2B, the clamp members 42, 44 couple together at both the proximal
end 14 and distal end 16 of the stomach 10. The clamp members 42, 44 may be coupled together
using a variety of methods and engagement elements, such as that described below., By way of
example, the proximal and distal ends of one the clamp members may include a projection or pin that
can be engaged or received by the proximal and distal ends of the other clamp member, respectively.,
Alternatively, the clamp members may be configured to connect using magnets, a clip-in connection,
or other types of connections or connectors that are generally well known 1n the art. 'The connection
method used at the proximal and distal ends of the clamp members do not need to be similar, By way
of example, the distal ends of the clamp members may be configured to connect using a clip-in
connection, while the proximal end of one of the clamp members may be configured to slide through
an openng on the proximal end of the other clamp member, where the opening 1s capable of receiving
and gripping the proximal end of the one clamp member. Accordingly, there are many ways to
couple the clamp members and the 1invention should not be limited to a certain type of connection,
[00122] In this regard, Fig. 2B illustrates the resection line guide 40 placed around the stomach 10
with the clamp members 42, 44 coupled together at both the proximal and distal ends 14, 16 of the
stomach 10. Using laparoscopic istruments, the second clamp member 44 may be inserted under
(posterior to) the stomach 10 so that the distal end 44a of the second clamp member 44 generally
extends beyond the distal end 16 of the stomach 10 and the proximal end 44b generally extends
beyond the proximal end 14 of the stomach, Next, the first clamp member 42 may be inserted over
(anterior to) the stomach 10 using laparoscopic instruments, for example, so that the distal end 42a of
the first clamp member 42 generally extends beyond the distal end 16 of the stomach 10 and the
proximal end 42b generally extends beyond the proximal end 14 of the stomach 10. The resection
line gmde 40 may be put in place and used with or without having to mobilize the greater curvature.
For example, a surgeon may preter to leave the greater curvature 26 attached to the omentum (not
shown), which could improve stability of the stomach 10 during stapling.

[00123] In accordance with the present embodiment, the distal end 44a of the second clamp member
44 may be received through the distal end 42a of the first clamp member 42, Simalarly, the proximal
end 44b of the second clamp member 44 may be received through the proximal end 42b of the first
clamp member 42, In this regard, the distal and proximal ends 44a, 44b may include a serrated tab 46
and the distal and proximal ends 42a, 42b may include a passage or bore 48 having an opening
through which the serrated tabs 46 may pass. Collectively, the tab 46 and bore 48 operate as a flexible

ratchet capable of bringing the clamp members 42, 44 together to generate a clamping force. The
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bores 48 may be configured to prevent the serrated tabs 46 from moving backwards through the
openings. The clamp members 42, 44 may be further manipulated so as to provide a sufficient
clamping force on the stomach 10 to eftectuvely prevent or minimize the guide 40 from moving, but
without damaging the clamped tissue. For example, conventional graspers may be used to pull the
tabs 46 through the bores 48. Although not shown, the resection line guide 40 may include a release
mechanism 1n the flexible ratchet that allows the tab 46 to be released from the bore 48 and thereby
separate the two clamp members 42, 44, It should be appreciated that the flexible ratchet may take
other forms other than that described above.

[00124] More particularly, and in one aspect of the invention, the resection line guide 40 may be
positioned relative to the stomach 10 using a two-stage clamping process. In the first clamping stage,
the first and second clamp members 42, 44 may be configured to provide a certain amount of
resistance to movement of the resection line guide 40 relative to the stomach 10. For example, the
range of clamping force (or clamping pressure) in the first stage may be about 0.5 g/mm- to about 4
g/mmz. This resistance 1s configured to prevent undesirable or unintentional movements of the
resection line guide 40, but yet permit the surgeon to move the resection line guide 40 to a desired
position relative to the stomach 10 without significant difficulty, In the second clamping stage, and
with the resection line guide 40 in the desired location relative to the stomach 10, the clamping force
of the resection line guide 40 may be increased to effectively prevent or minimize the guide 40 from
moving relative to the stomach 10. For example, the clamping force (or clamping pressure) in the
second stage may be about 4 g/ mm-~ to about 12 g/mmz. In an exemplary embodiment, the clamping
force (or clamping pressure) 1n the second stage may be about 8 g/mmz. The upper limit to which the
resection line guide 40 may be clamped 1s selected so as to avoid any damage to the underlying tissue
being clamped. This upper limit may be, for example, about 12 g¢/mm”. Additionally, the value of
about 4 g/mm2 represents a threshold clamping force below which constitutes the tirst stage clamping
and above which constitutes the second stage clamping. It should be recognized that these values are
merely exemplary and the particular values may depend on several factors, including the anatomical
structure being clamped as well as other factors. Thus, the invention should not be limited to the
range of values provided herein.

[00125] In an advantageous aspect of the invention, when the resection line guide 40 1s placed on the
stomach 10 (e.g., in the first clamping stage as described above), the surgeon has a clear visualization
of the intended results of the vertical sleeve gastrectomy prior to actually performing the resection of
the stomach 10 at the resection line 12. Hence, the surgeon has an indication of what the resultant
stomach shape and volume defined by the lesser curvature 28 and the resection line 12 will hikely be

prior to cutting tissue, It the surgeon 1s not satistied with the indication of the expected stomach shape
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and volume, the surgeon may adjust and manipulate the location and alignment of the resection line
guide 40 prior to stapling and cutting the stomach 10. This 1s in contrast to current procedures, where
the resection line 1s generally not well visualized prior to activating the stapler, thus the ultimate
outcome 1s less certain. It should be appreciated that the resection line guide 40 should be positioned
such that i1t does not provide lateral stretching or tension of the stomach 10, which may create an
undesirable environment for stapling and cutting. Using a resection line guide, such as resection line
guide 40, ensures proper alignment of the resection line 12 so that the final cut with the stapler
removes the fundus 24 portion, 1s a safe distance away from both the lesser curvature 28 and the
gastroesophageal junction 22, and 1s squared off at the fundus 24 of the stomach to prevent or reduce
the likelihood of necrotic tissue development.

[00126] Once the resection line guide 40 is properly positioned, the surgeon may then cut and staple
(e.g., using a stapler conventionally used m gastrectomy procedures) the tissue using the resection line
guide 40 as a track along the entire segment or a significant part of the segment until complete
resection of the stomach 10) occurs, as illustrated 1n If1gs. 2C and 2D. In this regard, an aspect of the
stapling device (such as an outer edge thereot), schematically shown as stapling device 50, may abut
or engage the resection line guide 40 along an alignment surtace 52 to facilitate an improved resection
line. For example, the outer edges of one or both of the clamp members 42, 44 may operate as an
alignment surface 52 configured to securely engage the stapling device 50 and thereby provide an
improved resection line 12. This may be by an abutung engagement. Alternatively, one or both of
the clamp members 42, 44 may have a first connector and the stapling device 50 may have a second
connector, wherein the first and second connectors are contigured to movably couple the resection
line guide 40 with the stapling device 50 during the resecton (not shown). By way of example, the
guide 40 may include connection features (not shown) such as a weak magnetic feature to attract the
stapling device 50, a channel that couples with a projection on the stapling device S0 that shides 1nto
the channel, etc. g, 2D illustrates the application of the stapling device 50 to the stomach 10 along
the resection line guide 40. As conventional staplers are generally well known 1n the art, such staplers
will not be described herein in further detail.

[00127] As noted above, the resection line guide 4() may be secured to the stomach 10 so that it does
the resection line guide 40 may be generally positioned so that 1t does not interfere with the activation
of the stapling device 50 and 1deal formation of each individual staple. As ullustrated 1n Figs. 2A-2E,
the use of the resection line guide 40 aids 1n creating an 1deal gastric sleeve pouch size and shape (Fig.
2I%). In an embodiment such as one described above where the flexible ratchet includes a release

mechanism, the surgeon may engage the release mechanmism after completing the resection of the
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stomach 10. This allows the tab 46 to be released from the bore 48 such that the tab 46 may be moved
back through and free of the bore 48. Consequently, the two clamp members 42, 44 may be
separated, and the resection line guide 40 may be removed from the abdominal cavity.

[00128] In an alternative embodiment, the resection line guide may have an articulated configuration
for providing relative movement between the clamp members. In one embodiment, for example, a
hinge may be provided at one of the proximal or distal ends of the clamp members to provide
pirvotable relative movement therebetween, Such an embodiment 1s illustrated 1in Figs. 3A and 3B,
where the hinge may be configured as a living hinge. In this regard, a resection ine guide 70 includes
a first clamp member 72 generally positionable on the anterior side 18 of the stomach 10 and a second
clamp member 74 generally positionable on the posterior side 20 of the stomach 10, where the first
clamp member 72 and the second clamp member 74 may be operatively coupled to effectuate a
clamping force on the stomach 10. In this embodiment, the clamp members 72, 74 may be configured
to be coupled at both the proximal and distal ends 14, 16 of the stomach 10. More particularly, the
distal ends of the clamp members 72, 74 may be configured as a hinge joint 76. As noted above, the
hinge joint 76 may be contigured as a living hinge formed by a tlexible band 78 having a first end
coupled to the first clamp member 72 adjacent a distal end 72a thereot and a second end coupled to
the second clamp member 74 adjacent a distal end 74a thereof. With such a living hinge, pivotal
movement between the clamp members 72, 74 may be achieved. As illustrated in Fig. 3A, the
proximal end 74b of the second clamp member 74 may be received through the proximal end 72b of
the first clamp member 72. More particularly and similar to that above, the proximal end 74b of the
second clamp member 74 may include a serrated tab 46 and the proximal end 72b of the first clamp
member 72 may include a passage or bore 48 having an opening through which the serrated tab 46
may pass. While this embodiment 1s illustrated with the hinge joint 76 at the distal ends of the clamp
members /2, 74, 1t should be appreciated that 1n an alternative embodiment, the hinge joint 76 may be
at the proximal ends of the clamp members 72, 74 and the serrated tab 46/bore 48 may be at the distal
ends of the clamp members 72, 74 (not shown). Other arrangements may also be possible.

[00129] The placement of the resection line guide 70 around the stomach 10 is illustrated in Fig. 3B.
In this regard, using laparoscopic mstruments, the surgeon may manipulate the resection line guide 70
across the stomach 10 so that the first clamp member 72 1s gencrally positioned along the anterior side
18 of the stomach 10 and the second clamp member 74 is generally positioned along the posterior side
20 of the stomach 10. The distal ends 72a, 74a of the clamp members 72, 74 may generally extend
beyond the distal end 16 of the stomach 10 and the proxumal ends 72b, 74b of the clamp members 72,
74 may generally extend beyond the proximal end 14 of the stomach 10. The flexible band 78

between the clamp members 72, 74 may loop or extend around the distal end 16 of the stomach 10, as
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1llustrated 1n F1g. 3B. 'The clamp members 72, 74 may be manipulated so as to provide a clamping
force on the stomach 10.

[00130] More particularly, the clamp members 72, 74 may be pivoted relative to each other in order
to position the resection line guide 70 relative to the stomach 10. To create a clamping force on the
stomach 10, the proximal end 72b of the first clamp member 72 and the proximal end 72b of the
second clamp member 74 may be coupled. For example, the serrated tab 46 may be pulled through
the bore 48 at the proximal end 72b of the first clamp member 72, such as with conventional graspers.
The securement ot the resection line guide 70 to the stomach 10 may be achieved using the two-stage
clamping process as described above. More particularly, the tab 46 may be pulled through bore 48 so
as to generate a clamping force on the stomach 10 less than the threshold clamping torce. 'This first-
stage clamping force 1s configured and selected to provide a certain amount of resistance to movement
of the resection line guide 70 relative to the stomach 10, This resistance 1s configured to prevent
undesirable or unintentional movements of the resection line guide 70, but yet permit the surgeon (o
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