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SYSTEMS AND METHODS FOR
PERFORMING BARIATRIC SURGERY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of application
Ser. No. 14/073,464, filed on Nov. 6, 2013, entitled Methods
For Performing Bariatric Surgery Using Gastric Sizing
Systems And Instruments, which in turn claims priority from
provisional applications: Ser. No. 61/837,908, filed on Jun.
21, 2013, entitled Gastric Sizing Instruments With Anti-
Blocking Feature And Methods Of Use In Bariatric Surgery;
Ser. No. 61/777,432, filed on Mar. 12, 2013, entitled Gastric
Sizing Device And Method Of Use In Bariatric Surgery; and
Ser. No. 61/731,200, filed on Nov. 29, 2012, entitled Gastric
Sizing Device And Method Of Use In Bariatric Surgery, all
of which applications are assigned to the same assignee as
the subject invention and whose disclosures are specifically
incorporated by reference herein.

FIELD OF THE INVENTION

[0002] This invention relates generally to systems and
medical instruments arranged for introduction into the stom-
ach of a patient and more particularly to systems including
gastric sizing instruments for effecting bariatric metabolic
surgeries, such as a Sleeve Gastrectomy.

BACKGROUND OF THE INVENTION

[0003] As is known, bariatric surgery (frequently referred
to as weight-loss surgery) includes a variety of procedures
performed on people who are morbidly obese. One com-
monly performed procedure is referred to as a sleeve gast-
rectomy and entails reducing the size of the stomach through
removal of a portion of it. In particular, a large portion of the
stomach following the stomach’s lesser curve is resected,
typically laparoscopically, and the open edges of the remain-
ing portion of the patient’s stomach are then attached, e.g.,
stapled, together to form a tube or “sleeve”, leaving the
patient with a stomach which is substantially smaller, e.g.,
about 25% of its original size.

[0004] Heretofore, sleeve gastrectomies have been accom-
plished by introducing a Bougie (esophageal dilator) of a
specific size into the stomach via the esophagus so that it is
disposed along the lesser curvature of the stomach. When in
place, it provides a guide where the stomach is to be
resected. The resection is typically accomplished via the use
of a cutting stapler.

[0005] While the instruments used in the prior art are
generally suitable for their intended purposes, they never-
theless leave much to be desired from the standpoint of
integrating many of the various functions that need to be
performed into one device for performing those functions.
United States Published Application 2011/0288576 A1 dis-
closes a Bougie gastric tube which is arranged to perform the
function of ensuring patency of the esophagus and that the
integrity of the stomach’s attachment to the esophagus,
serving as a guide for the amount of stomach that can be
removed and testing the integrity of the suture or staple line.
[0006] While the Bougie tube disclosed in the forgoing
application may be generally suitable for its intended pur-
pose, it still leaves much to be desired from the standpoints
of integrating all of the procedures necessary for a sleeve
gastrectomy into one device and for providing a good visual
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indication of the line along which the stomach is to be
resected to enable such action to be readily accomplished
and to provide an instrument which is resistant to becoming
stuck in the stomach.

[0007] Thus, a need exists for systems and instrument
which address those needs. The subject invention does that.

SUMMARY OF THE INVENTION

[0008] In accordance with one aspect of this invention a
system for sizing the stomach of a patient for a bariatric
procedure is provided. The system comprises a sizing tube
that is sufficiently flexible to be introduced through the
esophagus into the stomach of the patient so that a portion
of said sizing tube is disposed along a lesser curvature of the
patient’s stomach. The sizing tube comprises an elongated
tubular member having a hollow interior, a longitudinal axis,
a distal free end and a proximal end portion. The tubular
member comprises a sidewall and a large plurality of aper-
tures disposed in an array extending about the periphery of
the sidewall from a point adjacent the free end for a portion
of the length of the sizing tube that is disposed along the
lesser curvature of the patient’s stomach. The plurality of
apertures is in fluid communication with the hollow interior
of the sizing tube. The sizing tube is arranged to be coupled
to a source of suction, whereupon controlled suction is
applied to the hollow interior of the sizing tube to effect the
drainage of gastric fluids from the patient’s stomach through
at least some of the apertures of the array of apertures and
to bring adjacent portions of the patient’s stomach into close
engagement with portions of the periphery of the sizing tube
at the location of the array of apertures to enable the
patient’s stomach to be sized. The plurality of apertures
extends along a sufficient portion of the length of the sizing
tube to hold the sizing tube in place when the controlled
suiction is applied.

[0009] In accordance with one preferred aspect of the
invention the sidewall of the sizing tube includes at least one
one-way valve which is automatically closed when suction
is applied to the interior of the sizing tube and which is
openable to enable a fluid to be passed therethrough from the
interior of the sizing tube into the stomach of the patient to
prevent the sizing tube from becoming stuck in the patient’s
stomach.

[0010] In accordance with another preferred aspect of the
invention the system additionally comprises a control valve
connected to the sizing tube at the proximal end portion
thereof. The control valve is arranged to be connected to a
source of suction and when opened provides suction from
the source of suction to the hollow interior of the sizing tube.
When closed, the control valve provides a vent to the
ambient atmosphere to preclude suction from being applied
to the distal end of the sizing tube and to enable any residual
suction or pressure within the patient’s stomach to equili-
brate to ambient atmospheric levels.

[0011] In accordance with another preferred aspect of the
invention the system additionally comprises a suction con-
troller for controlling the level of suction provided to said
sizing tube and an indicator for indicating the level of
suction provided to the sizing tube.

[0012] In accordance with another preferred aspect of the
invention the system additionally comprises a bulb arranged
to be connected to the control valve, whereupon when the
bulb is connected thereto and the control valve is opened a
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fluid can be pumped from the bulb into the sizing tube and
out through the plurality of apertures into the patient’s
stomach.

[0013] In accordance with another preferred aspect of the
invention the sizing tube has an outside diameter of at least
0.375 inch and the array of apertures comprises a first region
and a second region. The first region is at least approxi-
mately 2 inches in length measured along the longitudinal
axis and the aggregate area of the apertures in the first region
is at least 10% of the area of the first region. The second
region is at least approximately 3 inches in length measured
along the longitudinal axis and located proximally of the
first region. The aggregate area of the apertures in the second
region is at least 2% of the area of the second region.
[0014] In accordance with another aspect of the invention
there is provided a system for use in a patient’s stomach for
accomplishing a bariatric procedure. The system comprises
a sizing tube and a controller. The sizing tube comprises a
hollow flexible member having a sidewall including a plu-
rality of apertures therein. The suction controller is arranged
to be connected to a source of suction to provide suction to
the sizing tube, whereupon a suction force of 0.05 to 200
pounds is applied within the patient’s stomach when the
system is connected to the source of suction.

[0015] In accordance with another aspect of the invention
there is provided a system for use in a patient’s stomach for
accomplishing a bariatric procedure. The system comprises
a sizing tube and a controller. The sizing tube comprises a
hollow flexible member having a sidewall including a plu-
rality of apertures therein. The suction controller is arranged
to be connected to a source of suction to provide suction to
the sizing tube, wherein the sizing tube applies a suction
force per unit length within the patient’s stomach at the
location of the apertures when the suction is applied to the
sizing tube, with the suction force per unit length being in a
range of 0.02 to 21 pounds per inch.

[0016] The subject invention also entails methods of siz-
ing the stomach of a patient for a bariatric procedure. The
method basically comprises introducing a sizing tube into
the stomach of the patient through the patient’s esophagus so
that a portion of said sizing tube is disposed along the lesser
curvature of the patient’s stomach. The sizing tube com-
prises an elongated member having a hollow interior, a distal
end portion and a proximal end portion, with the distal end
portion having a predetermined outside diameter and a
plurality of apertures disposed in an array extending about
the periphery of the sizing tube for a portion of the length of
the sizing tube that is disposed within the patient’s stomach.
The plurality of apertures is in fluid communication with the
hollow interior of said sizing tube. The sizing tube is
connected to a source of suction, whereupon controlled
suction is applied from the source of suction via the array of
apertures to bring adjacent portions of the patient’s stomach
into close engagement with portions of the periphery of the
sizing tube at the location of the array of apertures and to
hold those portions of the patient’s stomach in such engage-
ment with the sizing tube to thereby provide a visually
perceptible delineation line to enable the patient’s stomach
to be sized. The plurality of apertures extends along a
sufficient portion of the length of the sizing tube to hold the
sizing tube in place when the controlled suction is applied.
[0017] In accordance with one preferred aspect of the
method of this invention if during the application of suction
to the patient’s stomach via the sizing tube the patient’s
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stomach becomes folded with at least one fold obscuring or
interfering with the visualization of the visually perceptible
delineation line, the method comprises additional steps.
They are discontinuing the application of suction to the
patient’s stomach via the sizing tube and introducing a fluid
into the patient’s stomach through the sizing tube to thereby
remove the at least one fold. Suction can then be reapplied
to the patient’s stomach to hold those portions of the
patient’s stomach in such engagement with the sizing tube to
thereby provide the visually perceptible delineation line.
[0018] In accordance with another preferred aspect of this
invention the method entails resecting the patient’s stomach
along a resection line. The resection line is located adjacent
the delineation line, whereupon when the patient’s stomach
is resected along the resection line that action creates a
residual portion of the patient’s stomach. The residual
portion of the patient’s stomach can then be sealed along the
resection line to produce a seal line.

[0019] In accordance with another preferred aspect of this
invention the method entails producing the seal line at least
0.5 cm from the delineation line on the opposite side of the
delineation line from the position of the sizing tube in the
vicinity of the gastric esophageal junction (GEJ) and the
Angle of HIS.

[0020] In accordance with another preferred aspect of this
invention the method entails producing the seal line at least
0.5 cm from the delineation line on the opposite side of the
delineation line from the position of the sizing tube in the
vicinity of the incisura angularis.

[0021] In accordance with another preferred aspect of this
invention the method entails comprising testing the seal line
for leakage, e.g., a fluid is introduced into the residual
portion of the patient’s stomach to provide an observable
indication of leakage.

[0022] In accordance with another preferred aspect of this
invention the method entails monitoring the level of suction
in the distal portion of the sizing tube.

[0023] In accordance with another preferred aspect of this
invention the method entails withdrawing secretions of the
patient’s stomach that may have gained ingress into the
hollow interior of the sizing tube while the sizing tube is in
place in the patient’s stomach.

[0024] In accordance with another preferred aspect of this
invention the method entails monitoring fluid flow through
the sizing tube.

[0025] In accordance with another aspect of this invention
the method entails sizing the stomach of a patient for a
bariatric procedure by introducing a sizing tube into the
patient’s stomach. The sizing tube comprises an elongated
member having a distal end portion including a large plu-
rality of apertures disposed in an array extending about the
periphery of the sizing tube. Suction is applied to the sizing
tube to decompress the patient’s stomach. At least one
procedure is performed on the patient’s stomach while
maintaining the sizing tube in the patient’s stomach, with or
without suction applied thereto. The sizing tube is positioned
along the lesser curvature of the patient’s stomach. Regu-
lated suction is applied to the patient’s stomach via the
sizing tube while the sizing tube is in position along the
lesser curvature of the patient’s stomach to provide a visu-
ally perceptible delineation line along the sizing tube and to
hold the sizing tube in position. The patient’s stomach is
resected along a line using the delineation line as a guide.
The patient’s stomach is closed along a sealing line using the
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delineation line as a guide. In accordance with one preferred
aspect of this method the application of regulated suction to
the patient’s stomach results in a suction force of 0.05 to 200
pounds within the patient’s stomach. In accordance with
another preferred aspect of this method the application of
regulated suction to the patient’s stomach applies a suction
force per unit length within the patient’s stomach at the
location of the apertures, with the suction force per unit
length being in a range of 0.02 to 21 pounds per inch.

[0026] In accordance with another aspect of this invention
the method entails sizing the stomach of a patient for a
bariatric procedure by introducing a sizing tube into the
patient’s stomach. The sizing tube comprises an elongated
member having a distal end portion including a large plu-
rality of apertures disposed in an array extending about the
periphery of the sizing tube. The sizing tube is positioned
along the lesser curvature of the patient’s stomach. Regu-
lated suction is applied to the patient’s stomach via the
sizing tube while the sizing tube is in position along the
lesser curvature of the patient’s stomach to provide a visu-
ally perceptible delineation line along the sizing tube and to
hold the sizing tube in position. The patient’s stomach is
resected along a line using the delineation line as a guide
while maintaining application of the suction. The patient’s
stomach is closed along a sealing line using the delineation
line as a guide. In accordance with one preferred aspect of
this method the application of regulated suction to the
patient’s stomach results in a suction force of 0.05 to 200
pounds within the patient’s stomach. In accordance with
another preferred aspect of this method the application of
regulated suction to the patient’s stomach applies a suction
force per unit length within the patient’s stomach at the
location of the apertures, with the suction force per umt
length being in a range of 0.02 to 21 pounds per inch.

DESCRIPTION OF THE DRAWING

[0027] FIG.11is an isometric view of a portion of a system
constructed in accordance with one exemplary preferred
embodiment of this invention including a sizing instrument
or device, e.g., a sizing tube, shown partially in section, for
performing a bariatric procedure, e.g., a sleeve gastrectomy,
on a patient, with the valve of the device shown in its closed
or “off” position;

[0028] FIG. 2 is an isometric view of the valve shown in
FIG. 1 in its open or “on” position;

[0029] FIG. 3A is an enlarged plan view showing the
spacing of a portion of the apertures located in the distal end
of the device shown in FIG. 1;

[0030] FIG. 3B is a cross sectional view of the shape of a
typical preferred aperture, i.e., a flared aperture, for sizing
instruments constructed in accordance with this invention;
[0031] FIG. 4 is an illustration showing any of the sizing
instruments of this invention being used to perform a sleeve
gastrectomy, wherein the instrument is shown at its desired
position within the stomach of the patient;

[0032] FIG. 5 is an illustration, similar to FIG. 4, but
showing the stomach being resected by a conventional
cutter/stapler device along a line parallel to the sizing device
of this invention;

[0033] FIG. 6 is an illustration, similar to FIGS. 4 and 5,
showing the stomach after a portion has been resected
therefrom;

[0034] FIG. 7 is an illustration, similar to FIGS. 4-6,
showing the residual portion of the patient’s stomach after a
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portion has been resected therefrom and removed laparo-
scopically, thereby leaving the patient with a much smaller
stomach;

[0035] FIG. 8 is a plan view of a pumping device which
is arranged to be used with the sizing device to pump a fluid,
e.g., air, some other gas or liquid, into the stomach of the
patient;

[0036] FIG. 9 is an isometric view of a system constructed
in accordance with another aspect of this invention, wherein
the system includes a suction controller/indicator con-
structed in accordance with this invention for connection to
a sizing device constructed in accordance with this inven-
tion;

[0037] FIG. 9A is an isometric view of another system
constructed in accordance with this invention, wherein the
system includes an alternative preferred suction controller or
regulator;

[0038] FIG. 10 is an enlarged vertical sectional view of the
suction controller/indicator shown in FIG. 9;

[0039] FIG. 10A is an enlarged vertical sectional view of
the suction controller shown in FIG. 9A;

[0040] FIG. 11 is an enlarged elevation view of the distal
end of an alternative preferred embodiment of a sizing
device constructed in accordance with this invention;
[0041] FIG. 12 is an enlarged view of the distal portion of
the sizing device shown within the circle identified by the
letter “A” in FIG. 11;

[0042] FIG. 13A is a sectional view taken along line
13A-13A of FIG. 12; and

[0043] FIG. 13B is a sectional view taken along line
13B-13B of FIG. 12.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0044] Referring now to the various figures of the drawing
wherein like reference characters refer to like parts, there is
shown in FIG. 1 one exemplary embodiment of a system 20
constructed in accordance with one exemplary preferred
embodiment of this invention including a sizing device or
instrument for performing a bariatric procedure on a patient.
FIG. 11 shows an alternative sizing tube of another system
of this invention. All of the systems of this invention are
particularly suitable for use in bariatric metabolic surgeries,
such as a sleeve gastrectomy. However, the systems and
instruments of the subject invention are not limited to such
usage. Thus, the systems and instruments of the subject
invention can be used with other types of medical proce-
dures where suction is to be applied to the stomach or a fluid
introduced into the stomach

[0045] The system 20 comprises a flexible sizing tube 22,
a valve 24 and a perforated tip 26. In FIG. 11 there is shown
an alternative and preferred sizing tube 122. In both embodi-
ments the sizing tube 22 and 122 is an elongated flexible
member having a central passageway 22A (FIGS. 1 and 3B)
formed, e.g., extruded, of any suitable material. One par-
ticularly suitable material is a second generation styrenic
block copolymer with a hydrogenated midblock of styrene-
ethylene/butylene-styrene (SEBS) or styrene-ethylene/pro-
pylene-styrene (SEPS), such as sold by Kraton Performance
Polymers, Inc. under the trade designation Kraton grade
G2705.

[0046] The sizing tube 22 and 122 is somewhat long, e.g.,
approximately 76 cm, so that it can be extended through a
patient’s mouth into the patient’s stomach and preferably
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comes in plural sizes, with the appropriate size being
selected for the particular patient to form a desired size
stomach. For example, the outside diameter of the sizing
tube may be available in 32, 36 or 40 French sizes, while the
inside diameter (i.e., the diameter of passageway 22A) is
approximately 0.200 inch to 0.25 inch (depending on the
outside diameter of the sizing tube). The sizing tube may
include indicia or markings 22B at 30, 40 and 50 cm on its
outer surface measured from its distal end to provide the user
with information as to the depth that the sizing tube has been
inserted into the patient’s stomach. That indicia may be
pieces of suture inserted into the wall of the sizing tube after
it has been extruded. Alternatively, the indicia may be
molded into the sizing tube (e.g., be in the form of a short
section of suture molded into the material making up the
sizing tube) or may be applied (e.g., printed) on the outside
of the tube if suitable.

[0047] The perforated tip 26 of the sizing tube 22 and 122
is located at the distal end 28 and comprises a plurality of
small apertures 30 extending through the side wall of the
tube 22 and in fluid communication with the tube’s central
passageway 22A. The central passageway extends the entire
length of the tube 22 and 122 from its proximal end 31, at
which the valve 24 is located to the distal end 28 of the tip
26. As best seen in FIGS. 1, 11 and 12, the distal end 28 of
the tip 26 is closed and is rounded, e.g., of hemispherical
shape.

[0048] The valve 24 is in the form of a slide valve having
a vent. The slide valve includes a body 32 having a first
coupling 34 which is tubular and arranged to be disposed
(e.g., frictionally fit) within the hollow proximal end 30 of
the sizing tube 22. The body 32 includes a second coupling
36 which is also a tubular member. The two couplings 34
and 36 are axially aligned with each other and project
radially outward from diametrically opposed locations on
the body 32 of the valve. The body 32 is a hollow member
in which a slide 38 is disposed.

[0049] The slide 38 is arranged to be slid into one of two
positions to cause the valve 24 to be in either an open (“on™)
position or a closed (“off”) position. To that end, the slide 38
is a hollow tubular member having a first end cap or head
38A at one end thereof and a second end cap or head 38B at
the opposite end thereof and a pair of diametrically aligned
openings (not shown) located in the side wall of the slide
half way between the heads 38A and 38B. Each of the
openings is of approximately the same internal diameter as
the internal diameter of the couplings 34 and 36. When the
slide 38 is in the position shown in FIG. 2 the valve is in its
open or on position, whereupon the openings (not shown) in
the slide 38 are aligned with the hollow interior of both of
the couplings 34 and 36 thereby providing a fluid path
therethrough. However, when the slide is in the position
shown in FIG. 1 the valve is in its closed or off position,
whereupon the openings (not shown) in the slide 38 are not
aligned with the hollow interior of both of the couplings 34,
so that respective portions of the side wall of the slide block
the interior of the two couplings 34 and 36, thereby isolating
the coupling from each other.

[0050] As mentioned earlier the valve 24 includes a vent.
To that end, the slide 38 includes a pair of apertures 38C and
38D (FIG. 2). Aperture 38C is disposed in the side wall of
the slide 38 adjacent the cap 38B, whereas aperture 38D is
disposed in the sidewall slightly inward of the aperture 38C
and approximately 90 degrees from it. The body 32 includes
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an aperture 40. The aperture 40 along with aperture 38C
serves as a vent for the valve when the valve is in its “off”
or closed position. In particular, when the head 38B of the
slide is pushed inward so that the slide is in the position like
shown in FIG. 1, the aperture 38C of the slide will be aligned
with the aperture 40 of the valve’s body and the aperture
38D will be aligned with the hollow interior of the coupling
34. Accordingly, ambient air can flow through aligned
apertures 40 and 38C into the interior of the slide and from
there through aperture 38D into the interior of the coupling
34. Hence the interior of the sizing tube 22 will be at
atmospheric or ambient conditions when the slide switch is
in the closed or off position.

[0051] The coupling 36 is arranged to be selectively
connected to a source of suction, e.g., a suction tube con-
nected to a hospital’s wall suction line (not shown), when
suction is to be applied via the instrument to the stomach of
the patient, or to a hand pump assembly 38 (FIG. 8), which
will be described later, when a fluid, e.g., air, is to be applied
into the patient’s stomach. The coupling 36 is tubular and
arranged to be disposed (e.g., frictionally fit) within either
the hollow end of a suction tube connected to a source of
suction or to a coupling (to be described later) forming a
portion of the pump assembly 42 shown in FIG. 8. The
source of suction may be a wall suction line that is typically
provided in a hospital.

[0052] The pump assembly 42 is used to pump air or some
other gas or liquid into the patient’s stomach via the instru-
ment 22 for reasons to be discussed later. The pump assem-
bly 42 basically comprises a manually compressible bulb 44,
an associated pressure indicator 46 or gauge and an adapter
48. The bulb 44 is arranged when squeezed to force any air
within it out through an outlet port and into the adapter 48.
The adapter 48 is arranged to be connected to the coupling
36 to releasably connect the pump assembly to the instru-
ment 22. The bulb includes an inlet port through which air
passes when the bulb is relaxed. The pressure gauge 46 is
coupled to the outlet port of the bulb to provide an indication
of the level of air pressure produced by squeezing the bulb.
The pressure gauge typically indicates pressures in the range
of 0-100 mmHg.

[0053] The details of the apertures 30 will now be
described with reference to FIGS. 1 and 3A. The apertures
30 are of a constant diameter along their entire length, are
small in size and are arranged in a symmetrical array 50
about the periphery of the distal end portion of the sizing
tube closest to the distal or free end 28. The spacing between
the apertures 30 in the array portion 50 is shown in FIG. 3.
However, in the area of the sizing tube 22 just proximally of
the symmetric array 50, the apertures 30 are disposed in a
helical or spiral configuration 52, with the spacing between
adjacent apertures in the spiral configuration being greater
than in the array 50, yet still equidistant. There are more
apertures in the array area 50 to provide increased flexibility
to the distal end of the sizing tube, so that it can be more
easily directed to the appropriate location in the stomach.
Typically this is done with laparoscopic graspers. In the area
52 the apertures are more spread out allowing suction to be
applied at those portions of the tube. However, since they are
spread out the tube is stiffer at this location. Having the tube
be appropriately stiff is important because it has to be
inserted in the patient’s mouth adjacent a breathing tube,
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through the upper esophageal sphincter, through the esopha-
gus and then through lower esophageal sphincter into the
stomach.

[0054] It should be pointed out at this juncture that there
are a sufficient number of apertures extending about the
periphery of the sizing tube and along a substantial portion
of the length of the sizing tube to ensure that when suction
is applied the sizing tube is held in place by the suction and
a clear line of delineation or demarcation of the sizing tube
within the stomach is achieved (as will be described later).
[0055] The following constitutes various preferred exem-
plary diameters of the apertures 30. In particular, a preferred
range of diameters for each aperture 30 is 0.05 inch to 0.25
inch, more preferred range of 0.030 to 0.200 inch, with the
most preferred aperture diameter range being 0.07 inch to
0.15 inch. Thus, an embodiment of this invention can make
use of apertures 30 of approximately 0.10 inch, whereupon
the area of a single aperture is approximately 0.008 square
inches.

[0056] It should be pointed out at this juncture that the
apertures 30 need not be of a constant diameter. In fact, it
may be desirable to make use of apertures that are flared so
that the diameter of each of the apertures on the outer surface
of the sizing tube is larger than the diameter of the apertures
on the inner surface of the sizing tube. Such an arrangement
is shown in FIG. 3B. The apertures 30A should facilitate the
release of the sizing tube from the gastric tissue 2 when such
action is desired since gastric tissue can more readily pull
out of a flared hole 30A than a straight hole 30 or an
inwardly tapered hole. For a 36 French sizing tube 122 the
diameter at the outer end of each aperture 30A 1s approxi-
mately 0.11 inch, while the diameter at the inner end of each
aperture 30A is approximately 0.08 inch and the thickness of
the wall of the sizing tube is approximately 0.13 inch.
[0057] In the illustrated embodiment of FIG. 1 there are
seventy-two apertures 30 in the first 2.5 inches of the length
of the sizing tube 22, starting at its distal end, and sixteen
apertures in the next 3.5 inches of the tube’s length for a
combined total of eighty-eight apertures. Another embodi-
ment (FIG. 11) contemplated is a sizing tube including one
hundred fifty-two apertures 30, each of a diameter of 0.10
inches and spread out uniformly in an array over the first five
inches of the sizing tube’s length.

[0058] In FIG. 11, an alternative sizing tube with a dif-
ferent configuration of aperture 30 is shown and will be
described in detail later.

[0059] When a sizing tube constructed in accordance with
any embodiment of this invention is in place in the stomach
and suction applied, the applied suction creates a force that
holds the sizing tube at that position. During laparoscopic
surgery air pressure is used to inflate the abdominal cavity
in order to provide an internal work space. Typically this air
pressure is in the range of 0.1-0.4 psi. Suction applied to the
sizing tube creates a negative pressure within the sizing tube
and at the tube’s apertures. The resulting force holds the
sizing tube in place and anchors it to the stomach wall. This
force is a function of: (1) the differential pressure between
the abdominal cavity and the sizing tube and (2) the com-
bined area of the apertures. For example, a sizing tube with
eighty-eight apertures, each of a diameter 0.10 inches,
equals an area of 0.7 square inches. With a positive pressure
of 0.2 psi in the abdominal cavity and a negative pressure of
1.5 pounds (78 mm HG) in the sizing tube there is a
differential pressure of 1.7 psi. The force is equal to 0.7
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square inches X 1.7 psi or 1.2 pounds. It is preferred that the
force holding the sizing tube in position be in the range of
0.1 to 200 pounds, more preferably between 0.3 and 20
pounds and most preferably between 0.5 and 8 pounds.
[0060] The force applied to the stomach by the sizing tube
with suction applied may also be considered independently
of the positive pressure that is applied within the peritoneal
cavity to facilitate laparoscopic surgery. As such, the suction
force is the aperture area multiplied by the applied suction
pressure. For example, if there are eighty-eight (88) aper-
tures with a diameter of 0.1 inches, the aperture area is 0.7
square inches. With suction applied at a level of 2.4 psi (125
mmHg) the suction force applied by such a sizing tube is 0.7
square inches times 2.4 psi=1.7 pounds. That suction force
is merely exemplary of many suction forces that are con-
templated by the subject invention. To that end, a preferred
range of suction force applied is 0.05 to 200 pounds, with a
more preferred range being 0.1 to 100 pounds, and an even
more preferred range being 0.3 to 20 pounds. The most
preferred range is 0.5 to 8 pounds.

[0061] The suction force per unit length applied at the
apertured portion of the device is another important param-
eter of the invention. For example, if there are one-hundred-
fifty-two (152) apertures each with a diameter of 0.1 inches
spread across a five (5) inch long longitudinal section of the
sizing tube, the aperture area is 1.2 square inches. With
suction applied at a level of 2.4 psi (125 mmHg) the suction
force applied is 2.9 pounds. Thus the suction force per unit
length applied at the apertured portion is 2.9 pounds divided
by 5 inches or 0.58 pounds per inch length. That suction
force per unit length is merely exemplary of many that are
contemplated by the subject invention. To that end, a pre-
ferred range of suction force per unit length is 0.02 pounds
per inch length to 21 pounds per inch length, with a more
preferred range from 0.1 to 10 pounds per inch length, and
with the most preferred range is from 0.2 to 5 pounds per
inch.

[0062] As should be appreciated by those skilled in the art
the distal end portion of the sizing tube 22 encompassing the
array 50 of apertures will be subject to some degree of
longitudinal collapse due to the multitude of apertures in that
portion of the sizing tube. Thus, to prevent such collapse,
which could be detrimental to the placement of the sizing
tube within the patient’s stomach, a helical anti-compression
spring (not shown in FIG. 1 but shown in FIG. 11 and which
will be described later) may be located within the distal end
of the sizing tube in the area making up the array of
apertures.

[0063] Turning now to FIGS. 4-7 the use of the systems of
this invention will now be described. To that end, the distal
end 28 of the sizing tube 22 or 122 is introduced through the
patient’s mouth and down through the patient’s esophagus
10A into the interior of the patient’s stomach 10B. The
presence of the multiple apertures 30 in the distal end of the
sizing tube renders that end quite flexible to facilitate the
placement of it in the patient’s stomach. If it is desired to
“decompress” the patient’s stomach (e.g. remove air from
the stomach) or to remove any liquid from the stomach, the
instrument 22 is attached via its coupling 36 to a suction line
connected to a source of suction, e.g., a hospital wall suction
line. The amount of suction provided may be controlled by
use of the devices disclosed in U.S. Pat. Nos. 5,992,239 and
7,686,785, which are assigned to the same assignee as the
subject invention and whose disclosures are incorporated by
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reference herein. The slide 38 of the valve 24 can then be
moved to the open or on position. In particular, the user
presses on the head 38 A of the slide to move the slide to the
position shown in FIG. 2, whereupon the ports in the side
wall of the slide are aligned with the passageways through
the couplings 34 and 36 so that suction will be applied down
the interior of the sizing tube 22 and out through its apertures
30 to draw air and/liquid out of the stomach through the
instrument 22.

[0064] If after such decompression/stomach evacuation
procedure has been accomplished (or if no such procedure
has been accomplished), if it is desired to perform a sleeve
gastrectomy procedure on the patient, the distal end of the
instrument should be moved to the position shown in FIG.
4, if it is not already in that position. In that position the
distal end of the instrument is located against the lesser
curvature 10A of the stomach. If the valve 24 is not in the
open position, its slide can be moved to that position to
couple the source of suction to the sizing tube. The suction
serves to hold the distal end of the instrument in position in
the stomach and brings adjacent portions of the stomach into
close engagement with the periphery of the distal end
portion of the instrument. This action provides the surgeon
with a clear line of delineation or demarcation of the
instrument within the stomach, which can be readily seen by
the surgeon via a laparoscope. In FIG. 5 this line of
demarcation showing the position of the instrument in the
stomach is represented by the broken line 12. The level of
suction to be applied is typically in the range of 25-200 mm
Hg, most preferably 50-150 mm Hg, but could be in the
range of 1 mm Hg to 700 mm Hg.

[0065] The outer diameter of the instrument (sizing tube)
used, e.g., whether 32, 36 or 40 French, is selected so that
when the adjacent portions of the patient’s stomach are
brought into engagement with the distal end portion of
instrument by the suction that distal portion of the instru-
ment defines or establishes the size to which the patient’s
stomach is to be reduced. Accordingly, the surgeon can then
use a conventional resecting stapler 14 or other conventional
instrument to resect the stomach along, i.e., closely parallel
to, the delineation line 12 to cut away a major portion 10D
of the patient’s stomach as shown in FIG. 6, with the
marginal edges of the remaining stomach being stapled or
otherwise joined along a seal line, thereby leaving the
patient with a reduced size or residual stomach 10E as
shown in FIG. 7.

[0066] In accordance with one preferred methodology of
this invention, the seal line extends at least 0.5 cm (more
preferably 1.0 cm) from said delineation line on the opposite
side of the delineation line from the position of the sizing
tube in the vicinity of the gastric esophageal junction (GEJ)
and the Angle of HIS in order to minimize the chance of
leakage along the seal line in that region. Thus, if the seal
line is to be accomplished by use of a resecting stapler, the
staple line should be laterally to the fat pad at the GEJ away
from the delineation line to avoid stapling onto the GEJ and
consequently prevent leaks.

[0067] Moreover, the seal line should not compromise the
width of the residual portion of the patient’s stomach (the
“sleeve”) near the incisura angularis. In this regard it is
important that there is no further narrowing or obstruction of
the gastric outlet or body of the stomach, since that action
may result in or perpetuate a proximal staple line disruption.
To that end, it is suggest to start 2 cm to 6 cm from the

Feb. 1,2018

pyloris and to angle the stapler to prevent narrowing at the
incisura angularis. In addition, it is suggested that the seal
line be formed at least 0.5 (more preferably 1) cm from the
delineation line on the opposite side of the delineation line
from the position of the sizing tube in the vicinity of the
incisura angularis to reduce the chance of the formation of
a stricture thereat.

[0068] After the sizing procedure has been accomplished,
the integrity of the patient’s reduced size (residual) stomach
10E can then be checked for leaks. In particular, the suction
tube from the source of suction may be disconnected from
the coupling 36 while the valve 24 is in its open state or else
the valve may be moved to the closed state by pushing on the
cap 38B to the position shown in FIG. 1. In either case this
action removes suction from the interior of the sizing tube
and allows the sizing tube to vent, to enable any residual
suction or pressure within the stomach to equilibrate to
ambient atmospheric levels. The pump assembly 42 may
then be connected to the instrument and the slide of the valve
24 moved to the open or on position, if it is not already in
that position. At this point the user can manually squeeze the
bulb 44 to force air from the bulb 44 into the instrument 20
down through the sizing tube 22 and out through the
apertures 30, thereby insufflating the stomach to a desired
pressure. That pressure is indicated on the pressure gauge
46. At the same time that the bulb is being squeezed to
pressurize the stomach saline solution can be applied to the
outer surface of the stomach along the suture/staple line.
Thus, if there are any leaks, air bubbles will be produced at
the site of the leak(s), which can be readily observed by the
surgeon via the laparoscope. Alternatively, a leak test can be
performed by merely opening the valve 24 and introducing
a suitably colored liquid, e.g., saline solution with methylene
blue dye, through the instrument into the stomach of the
patient. Any leak will be readily observable via the laparo-
scope by the egress of blue dyed saline through the leak
site(s).

[0069] During bariatric surgery it is necessary to mobilize
the greater curvature of the stomach by separating it from the
omenturn and other parts of the anatomy where it is con-
nected. This requires manipulation of the stomach and lifting
the lesser curvature. After mobilization the stomach may be
less spread out than before mobilization resulting in bunch-
ing and folding of the stomach. In such a case, once the
sizing tube of this invention is in place and suction applied
it may be difficult to determine exactly where the sizing tube
is as the folds of the stomach might make it harder to discern
the precise position of the sizing tube or if the fold(s) is/are
large enough such fold(s) could appear to be the sizing tube
itself. Accordingly, to overcome the problem of stomach
bunching, should it occur during a sizing procedure, the
application of suction, if applied, should be discontinued.
Then air or saline should be introduced into the stomach via
the sizing tube to expand the stomach and thereby “unfold”
it. Once that has been accomplished the air or saline can then
be removed by reapplying suction to thereby decompress the
stomach and provide proper delineation of the sizing tube.

[0070] It should be pointed out at this juncture, that in lien
of the components described above, the system can be
configured with the sizing tube, hand pump and suction
connector and a selector valve all integral, allowing the user
to select between the three functions of suction, inflation and
vent.
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[0071] Other sources of suction can be used in place of the
suction source typically found in a hospital. For example it
is contemplated that a system constructed in accordance
with this invention may include a portable pump having a
suction controller to be able to provide suction levels up to
700 mm Hg vacuum. In U.S. Pat. No. 7,857,806, whose
disclosure is incorporated by reference herein, there is
disclosed a portable pump which can be modified for use
with the subject invention. In typical operation of a gastric
sizing tube of this invention the level of suction applied is
approximately 100 mm Hg vacuum. However, it is desirable
to go as high as 700 mm Hg to increase securement force and
delineation. This level of suction can be considered safe
when it is only being applied for a short period of time. It is
also desirable that the source of suction have good flow. In
many cases, the lower esophageal sphincter and/or the upper
esophageal sphincter seal around the gastric sizing tube.
Sometimes, it is possible that a seal may not exist or be very
good because the sphincters are relaxed or open. In such a
scenario air would flow into the mouth and then into the
sizing tube. A suction source with good flow capacity should
overcome any such air leaks. It is believed that adequate
flow output is at least 1 LPM at 100 mm Hg vacuum. A
higher flow rate, e.g., 10 LPM at 100 Hg would likely be
better.

[0072] It should be pointed out at this juncture that at the
beginning of the sleeve gastrectomy procedure the sizing
tube is placed in the stomach as described above. Some
clinicians do this before establishing pneumoperitoneum
and laparoscopic visualization, while others do this after
establishing pneumoperitoneum and laparoscopic visualiza-
tion. Once the sizing tube is placed in the stomach, suction
is applied to decompress the stomach by removing air and
liquid that is in the stomach. To that end, some clinicians like
to move the sizing tube around to various parts of the
stomach with suction applied in order to be certain that all
stomach contents have been removed. After decompression
of the stomach the sizing tube can be moved to the lesser
curvature of the stomach and suction applied to secure the
sizing tube in position and to create a visually perceptible
line of demarcation, such as described previously. Prior to
sizing and resecting the stomach there are a number of other
preparatory surgical steps such as dissecting the greater
curvature of the stomach from the omentum, dissecting and
sealing the blood vessels of the greater curvature, etc. These
steps are typically done after decompression of the stomach
but before sizing of the stomach sleeve. They can be done
with the sizing tube secured against the lesser curvature or
with the sizing tube at another location within the stomach.
Ultimately, prior to sizing and resecting the stomach the
sizing is placed against the lesser curvature with suction
applied to secure the device and provide the visually per-
ceptible line of demarcation.

[0073] Using the visual demarcation line, the stomach can
be resected with a cutting stapler that simultaneously seals
and cuts the stomach into the correct shape. Typically the
stapling follows the demarcation line and because the line of
demarcation is clear the stapler can be positioned slightly
away from the demarcation line, such as at the incisura
anuglaris and the gastroesophageal junction, as described
above. After the stomach has been sized, some surgeons
perform a leak test, which can be performed as also
described above.
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[0074] Turning now to FIGS. 9 and 10, the details of an
alternative system 120 will now be described. The system
120 makes use of a sizing tube or instrument 22 or 122 and
valve 24 like those described above plus the addition of an
integrated suction controller or regulator 200. In the interest
of brevity the components and features of the system 120
that are the same as the system 20 will be given the same
reference characters and the details of their construction,
arrangement, function and operation will not be reiterated.
[0075] As can be seen in FIG. 9 the integral suction
controller 200 is positioned between the sizing tube 22 (or
122, as the case may be) and the valve 24. Alternatively, it
may be positioned connected to the valve, so that the order
of components is as follows: sizing tube 22 (or 122), valve
24 and controller 200. The suction controller serves to
ensure that a desired level of suction is applied to the sizing
tube 22 (or 122) when the valve 24 is open to ensure proper
and safe operation of the sizing tube. The suction controller
200 has a suction source side which is designated by the
reference number 201 and is arranged to be connected to a
source of suction such as a hospital’s wall suction line, with
the valve 24 interposed therebetween. The coupling 36 of
the valve 24 is connected to a conduit or suction line 122
which is in turn connected to some source of suction (e.g.,
the hospital wall suction line—not shown). The opposite
side of the controller 200 is designated by the reference
number 202 and is arranged to be connected to the proximal
end 31 of the sizing tube 22.

[0076] The controller 200 is housed within a hollow
housing 203, which includes a cover 204. The housing and
the cover are each formed of a rigid plastic, such as ABS. A
piston 205 is disposed within the housing and is also formed
of a rigid plastic, such as ABS. The piston includes a top
portion 206 which extends through an opening 210 in the
cover. The space between the outer periphery of the top
portion 206 and the opening 210 forms a vent or port to the
ambient atmosphere so that the chamber 213 will be at the
pressure of the ambient atmosphere.

[0077] A spring 207 is located within the housing under
the piston 205 and serves to bias the piston upward in the
housing. The spring is formed of any suitable material, e.g.,
stainless steel. A rolling diaphragm 208 is coupled to the
piston 205 and the housing 203. Diaphragm 208 is engaged
in a sealing fashion between housing 203 and cover 204. The
diaphragm can be formed of any suitable material, e.g,,
Nitrile. A seal 209 is located on the underside of the piston
and is arranged to engage a seat 215 when excess suction is
applied (as will be described later). The seal is formed of any
suitable material, e.g., silicone rubber. The interior of the
housing just below the cover 204 and above diaphragm 208
forms a first chamber 213, while the portion of the housing
below the diaphragm forms a second chamber 214, with the
diaphragm isolating the two chambers from each other. The
seat extends about the periphery of the conduit 211.
[0078] Operation of the controller 200 is as follows.
Suction is applied from the suction source (not shown)
through the open valve 24 and into a conduit 211 at the
suction side 201 of the controller and to the patient side 202
via the conduit 212. The proximal end 31 of the sizing tube
22 is connected to the conduit 212, so that suction is
delivered to the sizing tube and subsequently to the patient.
The controller 200 is configured to limit the amount of
suction applied to the patient to a predetermined, desired
level, even if a suction level greater than the predetermined
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level is applied via that conduit 211 from the suction source.
The predetermined or desired suction level is established by
the spring 207 and dimensions of the housing 203, the piston
205 and the seal 209. In this regard the pressure within
chamber 213 will be equal to atmospheric pressure by virtue
of the communication of the chamber 213 with the ambient
atmosphere via the vent 210. With suction applied, the
pressure differential between the chambers 213 and 214
forces the diaphragm 208 and the piston 205 downward
toward the seat 215 of the housing 203 against the bias of the
spring 207. If the suction applied via conduit 211 is greater
that the predetermined level the piston 205 and diaphragm
208 will move such that the seal 209 on the bottom of the
piston comes into engagement with the seat 215 thereby
isolating chamber 214 from the vacuum source. This action
thereby limits the level of suction in chamber 214 and
ultimately at the patient to the predetermined level. If|
however, the suction applied via conduit 211 is less than the
predetermined level the piston 205 and diaphragm 208 will
only move part of the way downward. As such the level of
suction applied to conduit 211 will equal that in conduit 212
and that applied to the patient.

[0079] The controller 200 is arranged to provide an indi-
cation as to whether or not the suction applied is equal to or
less than the predetermined, desired, level. Thus, the top
surface of the portion 206 of the piston 205 is in the form of
a colored tape 206A. The color of the tape is selected to
provide a distinctive appearance from the rest of the piston,
e.g., the periphery of the top portion 206. For example, in a
preferred embodiment the tape 206A at the top portion 206
of the piston is colored white, while the remainder of at least
the top portion 206 of the piston, if not the entire piston, is
colored red. The cover 204 is preferably the same color as
the tape 206A, e.g., white, or some other color that will
readily contrast with the color of the top surface (i.e., the
tape 206A) of the piston. The choice of a contrasting
appearance, €.g., color, of the piston from the appearance of
its tape top surface and the cover serves to facilitate visu-
alization of the level of suction applied. For example, when
the suction level in chamber 214 has not reached the
predetermined, desired level the top portion 206 of the
piston 205 will protrude above the top surface of the cover
204 and a red band (the periphery of the top portion 206) will
be readily visible. When the level of suction in the chamber
equals the predetermined set point (i.e., the desired level) the
piston 205 will be at or below the surface of the cover 204
and the red band will not be clearly visible.

[0080] Turning now to FIGS. 9A and 10A there is shown
an alternative suction controller or regulator 300 constructed
in accordance with this invention and forming a portion of
an alternative preferred system of this invention. The con-
troller 300 is constructed similarly to the controller 200
except that it does not include any mechanism for indicating
the level of suction applied. It does, however, include
structure (to be described shortly) which ensures that the
upper chamber 213 is always at atmospheric pressure. In
addition, it includes means to prevent the piston 205 from
becoming stuck for an extended period of time on the seat
215 in the event of what will be referred to hereinafter as an
over-travel situation. Since many of the components of the
controller 300 are also found in the controller 200, in the
interest of brevity the common components of the controller
300 with the controller 200 will be given the same reference
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numbers and the details of the structure, arrangement and
operation of those components will not be reiterated.

[0081] As can be seen in FIGS. 9A and 10A, the cover 204
includes a hole or port 302, which will be referred to as the
atmospheric reference port. The port 302 extends through
the thickness of the cover and is in fluid communication with
the interior of upper chamber 213 to maintain that chamber
at atmospheric pressure. Inasmuch as the port 302 is located
in the top surface of the cover, it is susceptible to being
blocked or covered by a sticker, some other object or even
the finger of a user. To prevent such an occurrence the cover
204 includes structure to prevent blockage of the port 302.
In particular, the cover 204 includes a thickened portion 304
located adjacent the port 302 with an elongated shallow slot
306 extending through the thickened portion 304. The outer
or top end of the atmospheric reference port is located at the
bottom of the slot 306 and is in fluid communication
therewith. Each end of the slot is open. Thus if something
should be on the top surface of the thickened portion 304 of
the cover 204 disposed over the port 302 air can still enter
into the port via either open end of the slot.

[0082] It has been determined that if the controller 300 is
operated in a manner such that a high level of suction is
applied very rapidly, the piston 305 may experience an
over-travel wherein it moves downward very quickly such
that the seal 209 on the underside of the piston becomes
stuck on the seat 215. Under this condition the line 212 to
the patient would have a higher level of vacuum than the
controller was set to provide. The controller could stay in
that state for an extended and indefinite period of time,
particularly if the apertures 30A in the sizing tube 22 are
blocked, e.g., are in tight engagement with the surrounding
gastric tissue or are otherwise blocked. To prevent such an
occurrence, the controller 300 includes two bleed holes. In
particular, as can be seen in FIG. 10A the diaphragm 208
includes a bleed hole 308 in the central portion thereof. The
piston 205 of this embodiment is somewhat different in
construction than the piston 205 of the controller 200 in that
it includes a hollow portion defined by a side wall 310. The
sidewall 310 includes a bleed hole 312 extending radially
therethrough. Thus, the interior of the hollow portion of the
piston 205 is in fluid communication with the lower chamber
214 via bleed hole 312. Since the diaphragm 208 includes
the bleed hole 308, which is in communication with the
upper chamber 213, that chamber will be in fluid commu-
nication with the lower chamber via the bleed hole 308.
Hence, if the piston should become stuck on the seat, air
which enters into the upper chamber 213 via the port 302 can
then pass through the bleed hole 308 into the interior of the
piston and from there through the bleed hole 312 into the
lower chamber 214. The ingress of air into the chamber 214
will decrease the vacuum within the chamber, thus enabling
the spring 207 to move the piston 205 upward and off of the
seat 215. In accordance with one exemplary preferred
embodiment of the controller 300, the bleed hole 308 is
approximately 0.1 inch in diameter, while the bleed hole 312
is approximately 0.015 inch in diameter. During typical
operation the flow rate of air into chamber 214 via bleed hole
312 is in the range of 10 standard cubic feet per hour (SCFH)
or lower.

[0083] As best seen in FIG. 10A the underside of the cover
204 includes a disk 314 located thereon. The disk 314 is
formed of the same material as the material of the seal 209.
The disk 314 serves to seal the diaphragm bleed hole 308
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when the piston is in its maximum up position. The seal 314
serves to prevent the ingress of liquid into the upper chamber
213 when the system is being used to determine if the sealed
residual portion of the patient’s stomach has any leaks. In
this regard, as discussed earlier a dyed liquid can be pumped
into the patient’s residual stomach via the sizing tube. If that
procedure is accomplished using a system like the system
shown in FIGS. 9A and 10A, the dyed liquid will be
introduced into the chamber 214 and from there through line
212 to the sizing tube. Since the diaphragm 208 includes the
bleed hole 308, the dyed liquid within the chamber could
leak out of the chamber through the bleed hole into the upper
chamber 213, but for the presence of the disk 314 preventing
that from occurring.

[0084] It has been determined that when a gastric sizing
tube, like that described above, is in the stomach of a patient,
with suction applied, on some occasions the gastric tube may
become clogged. In particular, it is suspected that mucosa
from the stomach gets pulled into the apertures or perhaps
there is some clotted blood in them. When the apertures are
significantly clogged, the sizing tube appears to be stuck to
the inside of the stomach, even when suction has been turned
off and the sizing tube is vented. Such action is concerning
if the withdrawal or removal of the “stuck” tube would
damage the stomach by pulling on it. Using the bulb 44 to
send air pressure into the sizing tube may unclog some of the
holes and then air can enter the stomach. Pumping more air
into the stomach expands the stomach, separating the inner
lining of the stomach from the outside diameter of the tube.
As such, the tube is then freed up for removal from the
stomach. However, there are some situations in which the
apertures cannot be unclogged by just squeezing the bulb as
not enough pressure is generated even if the user squeezes
really hard and multiple times.

[0085] One solution to this potential problem is the addi-
tion of at least one one-way valve at the distal portion of the
sizing tube. An exemplary embodiment of a sizing tube
incorporating a pair of such valves is shown in FIGS. 11 and
12, with each valve being designated by the reference
number 122. The sizing tube 122 is similar to the sizing tube
22 described heretofore, except for the inclusion of the
one-way valve(s), each of which is designated by the ref-
erence number 124, and a spring, which is designated by the
reference number 126. In the interest of brevity the common
features of the sizing tubes 22 and 122 will be given the
same reference numbers and the details of their construction,
arrangement and function will not be reiterated. To that end,
as can be seen in FIGS. 11 and 12 the spring 126 is located
within the distal end portion of the sizing tube 122 and
extends from just distally of the distal-most apertures 30 to
a point slightly proximally of the proximal-most apertures,
e.g., approximately 1 to 1.5 inches beyond the proximal-
most apertures. The spring 126 can be formed of any suitable
material. One exemplary material is stainless steel 302. In
that embodiment the free length of the spring is approxi-
mately 5.75£0.25 inches, with an outside diameter of
approximately 0.215x0.10 inch, with closed ends, a wire
diameter 0f 0.015 SS+0.001 inch, and with 8 active coils per
inch =1.

[0086] Each of the one-way valves 124 basically com-
prises a slit in the wall of the sizing tube 122. The slits are
located proximally of the proximal-most apertures 30 so that
they do not engage any of those apertures. The slits extend
parallel to the longitudinal axis of the sizing tube and are
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disposed diametrically to each other. Each slit is approxi-
mately 0.440+0.60 inch in length, with the opposing edge
portions of the sizing tube’s sidewall contiguous with each
slit being in engagement so that each slit is normally closed
as a result of the resiliency of the material making up the
sizing tube. In the exemplary embodiment shown the two
one-way valves 124 are located in the area encompassed by
the internal spring 126, which provides support to the sizing
tube to prevent it from kinking or collapsing.

[0087] When suction is applied to the sizing tube the
valves 124 are normally (automatically) closed. Upon the
application of pressure, e.g., the introduction of a fluid, such
as air or saline that is pumped into the sizing tube from the
bulb 44, the slits open and the fluid is enabled to pass
therethrough out of the sizing tube into the patient’s stom-
ach.

[0088] It should be pointed out at this juncture, that while
the embodiment 122 makes use of two one-way valves 124,
other arrangements are contemplated. Thus, the sizing tube
can make use of only a single one-way valve or more than
two one-way valves. Moreover, while each one-way valve
being formed of a slit is preferred due to its simplicity other
types of one-way valves can be used. For example, the
one-way valve could be spring-loaded momentary valve.

[0089] Since the one-way valves 124 are configured so
that they allow fluid to pass from inside the sizing tube to
outside the sizing tube, but not the reverse, the valves do not
pull anything in from the patient’s stomach, so that they
should not get clogged by materials getting sucked into the
sizing tube during the application of suction. If the apertures
30 get clogged and the sizing tube gets “stuck” a fluid, e.g,,
air or saline, can be easily pumped from the bulb 44 into the
sizing tube through the one-way valves, thereby expanding
the stomach to free the sizing tube so that is no longer stuck.
The one-way valves 124 can be operated to pump a fluid
therethrough into the patient’s stomach before or after the
resection of the stomach, depending upon if and when the
sizing tube becomes stuck. In fact, if during the bariatric
procedure the stomach becomes folded with at least one fold
to obscure or interfere with the visualization of a visually
perceptible delineation line, the application of suction to the
patient’s stomach via the sizing tube can be halted, and a
fluid, e.g., air or saline, pumped into the patient’s stomach
via the one-way valves to thereby remove the at least one
fold, whereupon suction can be reapplied to the patient’s
stomach to hold those portions of the patient’s stomach in
such engagement with the sizing tube to thereby provide the
visually perceptible delineation line used to resect the stom-
ach.

[0090] Turning back to FIG. 1, it can be seen that the
system 20 shown therein (or any system constructed in
accordance with this invention for that matter), may include
a flow meter 400 to monitor the flow of fluid through the
system and thus enable one to infer the level of suction in the
distal end of sizing tube. The flow meter 400 may be of any
conventional construction, one particularly effective flow
meter is that shown in U.S. Pat. No. 7,438,705 (Karpowicz
et al.), which is assigned to the same assignee as the subject
invention and whose disclosure is incorporated by reference
herein. When using this flow meter it may be desirable to
have a reservoir or fluid trap between the sizing tube and the
flow meter, so that liquid from the stomach does not interfere
with the operation of the flow meter.
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[0091] As an alternative to use of a flow meter to deter-
mine the level of suction within the distal end of the sizing
tube, the sizing tube may be constructed to include a
passageway or lumen in communication with hollow pas-
sageway 22A at the distal end of the sizing tube. Such an
arrangement is shown in FIG. 13A. In particular, a lumen
402 extends down through the passageway 22A of the sizing
tube 122 the proximal end of the sizing tube to a position
ending just before the distal end of the sizing tube. The
lumen 402 is open at its distal end. Thus, one can measure
the level of suction at the distal end of the sizing tube by
coupling a suitable device at the proximal end of the lumen
402.

[0092] The lumen 402 can be used for another purpose, in
lieu of or in addition to the purpose of determining the level
of suction within the distal end portion of the sizing tube. In
particular, the lumen 402 can be used to clear the hollow
passageway 22A at the distal end of the sizing tube of any
secretions, e.g., mucous, which may gain ingress into the
sizing tube. That passageway may be connected to a recep-
tacle (not shown) for the collection of such secretions.
[0093] A receptacle can also form a portion of any system
of this invention to be used to collect any gastric fluids from
the patient. In such a case, the receptacle will be coupled to
the distal end portion of the sizing tube via any suitable
means to enable any gastric fluids drawn into the sizing tube
to be carried into the receptacle. That system may also
include an overflow detector of any suitable construction to
provide an indication that the amount of gastric fluid within
receptacle has reached a predetermined threshold, e.g., is
about to overflow, and/or to provide a signal to a controller
stop to halt the operation of the sizing tube so that no further
fluid is drawn into the receptacle until it can be emptied.
[0094] As should be appreciated by those skilled in the art,
systems and instruments for use in bariatric surgery should
provide one or more of the following functions, with the
more functions provided the better. They should be con-
structed for enabling atraumatic insertion into the stomach
with a reduced number of insertions and atraumatic removal,
with a reduced number of removals. They should enable one
to readily decompress the stomach by removing air and
other materials. They should enable one to draw stomach
tissue together and stabilize and secure the stomach tissue
for resection. They should provide sufficient delineation of
the stomach tissue to enable accurate resection of the tissue,
and minimize risk of accidental stapling. They should enable
ease of positioning about the lesser curvature of the stomach
and also enable one to readily relieve suction periodically to
release the stomach tissue for repositioning, if necessary.
The suction applying apertures of such systems/instruments
should be properly sized to minimize the amount of tissue
being drawn into the apertures upon the application of
suction. And, they should enable one to infuse fluids into the
stomach for various purposes, e.g., leak testing.

[0095] The systems and instruments constructed in accor-
dance with this invention meet all of those criteria. In
particular, with respect to the matter of atraumatic insertion
and removal, it is clear that the sizing tubes of this invention
achieve that end by providing a radiused distal end or tip,
with the material making up the sizing tube being soft and
pliable, and with a smooth exterior surface to minimize
friction. Moreover, the sizing tube is sufficiently stiff to
enable pushing of it into place through the patient’s body,
e.g., its apertures are configured and arranged to maintain
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stiffness parallel to its longitudinal axis. The valve and the
suction controller enable the ready application, control and
removal of suction. The application of suction facilitates
tissue delineation and/or fluid removal. When suction is not
applied the sizing tube can readily deliver fluid.

[0096] With respect to the function of decompressing the
stomach by removing air and other materials from it, the
instruments of this invention achieve that end by virtue of
the fact that the source of suction can be controlled, with a
valve being provided for the application and removal/vent-
ing of suction, and with the sizing tube being resistant to
longitudinal collapse. Moreover, the sizing tube’s apertures
are properly sized to maximize fluid and debris removal. For
example, the apertures are confined to only the stomach
area. Moreover, in one embodiment they exhibit a maximal
open area to sizing element total area, e.g., the aggregate
area of the apertures is at least 10% of the area of the portion
of the sizing tube in which the apertures are located. The
array of apertures can be made to extend for at least
approximately 1 inches of the sizing tube measured parallel
to the longitudinal axis of the sizing tube. Preferably the
array extends for approximately 2-5 inches and can extend
up to 10 inches. The array of apertures can comprise a first
region of at least approximately 2 inches in length measured
along the longitudinal axis and wherein the aggregate area of
the apertures in the first region is at least 10% of the area of
the first region. In addition, the array of apertures can
comprise a second region of at least approximately 3 inches
in length measured along the longitudinal axis and located
proximally of the first region, wherein the aggregate area of
the apertures in the second region is at least 2% of the area
of the second region. The sizing tube can have an outside
diameter of at least 0.375 inch and can be in 32, 36 and 40
French sizes.

[0097] With respect to the function of drawing the stom-
ach tissue together and into engagement with the sizing tube
to stabilize and secure the stomach tissue for resection, the
instruments of this invention achieve that end by virtue of
the fact that the apertures are properly sized to minimize
tissue trauma, are only in the stomach area, and the suction
1s controlled. Moreover the instruments include a valve for
the application and removal/venting of suction. Moreover,
the sizing tubes provide sufficient flow to overcome leaks
around the esophageal sphincters and are resistant to longi-
tudinal collapse.

[0098] With respect to the function of delineating the
sizing tube in the stomach tissue to enable more accurate
resection of the tissue and minimize risk of stapling of the
sizing tube, the instruments of this invention achieve that
end by having apertures of the sizing tube that are properly
sized, confining them to the stomach area and having them
extend along and about a sufficient length of the sizing tube
to ensure than when suction is applied the sizing tube is held
securely in place. Moreover, the apertures can be arranged in
arrays that are uniform, circumferential and patterned for
optimal suction application to draw stomach tissue together
and hold the sizing tube in place. The controlled source of
suction with sufficient flow acts to overcome leaks around
upper and lower gastric sphincters. In addition, the valve
serves to enable the application and removal/venting of
suction. Relief of suction periodically facilitates the release
the tissue for ease in repositioning.

[0099] With respect to the function of facilitating the
infusion of fluids for various purposes, such as leak testing
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and unfolding, the instruments of this invention achieve that
end by confining the apertures to the stomach area and
providing a valve for the delivery of such fluids

[0100] With respect to the function of enabling ease of
positioning about the lesser curvature of the stomach, the
instruments of this invention achieve that end by having
their apertures patterned and with a density to facilitate
flexibility perpendicular to the longitudinal axis of the sizing
tube. If desired, a spring may be included in the sizing tube
(such as described above) to facilitate flexibility perpendicu-
lar to the longitudinal axis of the sizing tube while at the
same time preventing longitudinal conduit collapse due to
perpendicular flexion. Such action enables the application of
uninterrupted suction, or delivery of fluids.

[0101] With respect to the function of enabling atraumatic
removal and reducing number of removals necessary, the
instruments of this invention achieve that end by providing
a valve removal/venting of suction and release of tissue. In
addition, the apertures are properly sized to minimize tissue
being drawn into them and the sizing tube is smooth for
minimal friction on tissue.

[0102] Systems and instruments that are constructed in
accordance with this invention should provide a means to
reduce or otherwise solve leakage issues inherent in a sleeve
gastrectomy or other a stomach resection procedures. In
particular, it is believed that the instruments of the subject
invention enable the applied suction to approximate the
gastric tissues prior to staple clamping, thus enabling more
effective “stress relaxation” of the compressed tissue. More-
over, it is believed that the subject invention reduces need
for excess movement of the tissues/repositioning of the
stapler. Once the surgeon has properly aligned the instru-
ment with the lesser curvature of the patient’s stomach, and
the anesthesiologist has applied suction, the suction causes
the gastric tissues to wrap around and cling tightly to the
sizing tube nearest the lesser curvature, while effectively
decompressing and emptying the stomach. The suction
enables this positioning to be maintained throughout mobi-
lization of the stomach, inspection of the anterior and
posterior aspects of the stomach, as well as during stapler
positioning, compression, firing, and removal. Due to this
maintenance of positioning, the surgeon is no longer
required to constantly pull on, or adjust the gastric tissue
around a bougie or within the jaws of the stapler as has
characterized the prior art, in order to keep the anterior and
posterior aspects aligned propetly, to locate the bougie, or
ensure adequate compression of the tissue. Reducing the
need to pull on and move the gastric tissues reduces the risk
of gastric puncture, formation of scar tissue, technical error.
Moreover, it may also reduce post-operative gastric inflam-
mation, all of which may otherwise lead to gastric leaks.
Reducing the pulling on the tissue may also enable fluid
dispersion out of the compressed tissue to be more consis-
tent and regular, resulting in the formation of a more secure
seal, e.g., staple, line, and reducing the risk of leaks.
[0103] Another advantage of the subject invention is that
it should act to prevent stretching of the gastric tissues
during and after the procedure. In particular, with the gastric
tissues tightly wrapped around the circumference of a sizing
tube instrument constructed in accordance with this inven-
tion, the gastric tissues should not slide around the instru-
ment. This gives the surgeon confidence in the alignment of
the posterior and anterior portions of the stomach along the
lateral side of the sizing tube, without excess pulling on the
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greater curvature of the patient’s stomach. This reduced
need to pull on the gastric tissues should result in tissue that
is less taut and less stressed than can result from prior art
techniques. Therefore, the tissue meets with lower-stress
compression, resulting in less stress on the staple line, thus
reducing the chance of leaks. Reduced stretching of the
tissues also reduces the likelihood of technical errors, which
may cause a stricture due to uneven stretching of the gastric
tissue. As increases in intra-lumenal pressure, and stricture
is often associated with leak, the reduction of strictures
should also result in a reduction of leaks.

[0104] Still another advantage of the subject invention is
that the suction produced by the sizing tube clarifies proper
staple positioning, thus enabling a more accurate sleeve
gastrectomy procedure. In this regard, with the application
of suction, the gastric tissue wraps around and clings to the
sizing tube. This action causes the remainder of the stomach
to lie fairly flat, with a distinct delineation or demarcation
line resulting along the lateral side of the sizing tube and
marking the outside of the sizing tube. This easily visibly
perceived delineation or demarcation line can thus be used
as a clear guide for the stapler to follow, enabling a smooth,
even staple line closely approximating the sizing tube’s
calibrated size. A clearly visible line of demarcation also
helps to preclude inadvertent stapling of the sizing device
such as was common with prior art devices due to an
inability to determine the exact location of the devices
within the stomach. Following the delineation line, with
minimal required tissue manipulation may reduce the
amount of staple overlap/crossing, which could otherwise
contribute to leaks. The readily visually perceivable delin-
eation line formed by the instrument of this invention is
particularly useful for sealing the stomach in the vicinity of
the gastro-esophogeal junction GEJ. In particular, the delin-
eation line merges with the outside of the esophagus at the
GE]J, enabling a clear identification of the GEJ, and Angle of
HIS. This clarity of GEJ identification allows the surgeon to
more accurately staple the remaining portion of the stomach
without fear of stapling the weaker esophageal tissue.
[0105] It must be pointed out at this juncture that the
various components of the instruments shown and described
above are merely exemplary of various components that
may be used in accordance with this invention to provide the
capabilities as discussed above.

[0106] Without further elaboration the foregoing will so
fully illustrate our invention that others may, by applying
current or future knowledge, adopt the same for use under
various conditions of service.

We claim:

1. A system for sizing the stomach of a patient for a

bariatric procedure, said system comprising;

a suction controller configured for producing controlled
suction from a source of suction;

a non-expandable instrument configured to be coupled to
said suction controller, said instrument comprising siz-
ing tube formed of a flexible non-expandable material
having a predetermined outside diameter configured for
introduction through the esophagus into the stomach of
the patient so that a portion of said sizing tube is
disposed along the lesser curvature of the patient’s
stomach, said sizing tube having a longitudinal axis, a
hollow interior defining a passageway, a proximal end
portion, a distal end portion, and a large plurality of
apertures disposed about the periphery of said distal
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end portion, said plurality of apertures being directed in
a plurality of different radial directions from said
longitudinal axis and being in fluid communication
with said passageway, plural ones of said apertures
extending along a portion of the lesser curvature of the
patient’s stomach when said sizing tube is located
within the patient’s stomach, whereupon controlled
suction is applied to the hollow interior of said sizing
tube and through said apertures to pull the lesser
curvature of the patient’s stomach into engagement
with a portion of said sizing tube and contemporane-
ously therewith to pull other portions of the patient’s
stomach adjacent to said sizing tuber towards portions
of said sizing tube not facing the lesser curvature of the
patient’s stomach to anchor said sizing tube in place
without the use of any expandable member to hold said
sizing tube in place and to produce a suction-created
visually perceptible delineation line on the exterior of
the patient’s stomach along a portion of the periphery
of said sizing tube facing the greater curvature of the
patient’s stomach to serve as a guide enabling the
patient’s stomach to be sized along said suction-created
visually perceptible delineation line and with said con-
trolled suction as applied by said apertures serving as
the sole means anchoring said sizing tube in place.

2. The system of claim 1, wherein adjacent ones of said
apertures of said array are spaced from each other by an
angle greater than zero degrees measured about said longi-
tudinal axis

3. The system of claim 1 wherein said sidewall of said
sizing tube includes at least one one-way valve, said at least
one one-way valve being automatically closed when suction
is applied to said interior of said sizing tube, said at least one
one-way valve being openable to enable a fluid to be passed
therethrough from the interior of said sizing tube into the
stomach of the patient to prevent said sizing tube from
becoming stuck in the patient’s stomach.

4. The system of claim 3 wherein said at least one
one-way valve comprises a slit in said sidewall.

5. The system of claim 4 wherein said slit extends parallel
to said longitudinal axis.

6. The system of claim 1 wherein said suction controller
is configured to apply controlled suction to said hollow
interior of said sizing tube to result in a force in a range of
0.05 to 200 pounds anchoring said sizing tube in position
within the patient’s stomach.

7. The system of claim 6 wherein said sizing tube is
configured to apply a suction force per unit length within the
patient’s stomach at the location of said apertures when said
controlled suction is applied to said sizing tube, whereupon
the suction force applied per unit length is in a range of 0.02
to 21 pounds per inch.

8. The system of claim 1 wherein said controller com-
prises a spring-biased piston and an associated diaphragm
arranged to be moved in response to the level of suction
established by said suction controller, said diaphragm estab-
lishing at least one chamber.

9. The system of claim 8 wherein said system additionally
comprises a passageway to enable a small amount of air
from the ambient atmosphere to enter into said at least one
chamber, said passageway being arranged to enable said
small amount of air to enter into said at least one chamber
even if all of said apertures are blocked.
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10. The system of claim 9 wherein said at least one
chamber is arranged to receive a fluid therein for introduc-
tion into the patient’s stomach to provide an indication of a
leak in the patient’s stomach, and wherein said passageway
is arranged for said small amount of air to pass therethrough
from the ambient atmosphere but not for fluids to pass from
said at least one chamber to the ambient atmosphere.

11. The system of claim 1 wherein said sizing tube is
configured to permit flexing of thereof perpendicular to said
longitudinal axis while preventing longitudinal collapse
thereof due to perpendicular flexion.

12. The system of claim 11 additionally comprising a
spring located in said distal end portion of said sizing tube,
said spring being configured to permit flexing of said sizing
tube perpendicular to said longitudinal axis while preventing
longitudinal collapse of said sizing tuber due to perpendicu-
lar flexion.

13. The system of claim 1 wherein an aggregate area of
said plurality of apertures is at least 10% of the area of said
sizing tube in which said plurality of apertures is located.

14. The system of claim 1 wherein said sizing tube has an
outside diameter of at least 0.375 inch.

15. The system of claim 13 wherein said array of apertures
comprises a first region of at least approximately 2 inches in
length measured along said longitudinal axis and wherein an
aggregate area of said apertures in said first region is at least
10% of an area of said first region.

16. The system of claim 15 wherein said array of apertures
comprises a second region of at least approximately 3 inches
in length measured along said longitudinal axis and located
proximally of said first region, wherein an aggregate area of
said apertures in said second region is at least 2% of an area
of said second region.

17. The system of claim 1 additionally comprising a flow
meter arranged to be coupled to said proximal end portion of
said sizing tube.

18. A method of sizing a patient’s stomach for a bariatric
procedure, said method comprising:

a) introducing a non-expandable instrument comprising a
sizing tube into the stomach of the patient through the
patient’s esophagus so that a portion of said sizing tube
is disposed along the lesser curvature of the patient’s
stomach, said sizing tube comprising an elongated
member having a longitudinal axis, a hollow interior
defining a passageway, a distal end portion and a
proximal end portion, said distal end portion having a
predetermined outside diameter and a large plurality of
apertures disposed about the periphery of said distal
end portion, said plurality of apertures being directed in
a plurality of different radial directions from said
longitudinal axis and being in fluid communication
with said passageway;

b) connecting said passageway of said sizing tube to a
source of controlled suction whereupon controlled suc-
tion is applied to the interior of the patient’s stomach
via said plurality of apertures to pull the lesser curva-
ture of the patient’s stomach into engagement with a
portion of said sizing tube, and contemporaneously
therewith to pull other portions of the patient’s stomach
adjacent to said sizing tuber towards portions of said
sizing tube not facing the lesser curvature of the
patient’s stomach to anchor said sizing tube in place
without the use of any expandable member to hold said
sizing tube in place and to produce a suction-created
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visually perceptible delineation line on the exterior of
the patient’s stomach along a portion of the periphery
of said sizing tube facing the greater curvature of the
patient’s stomach; and

¢) laparoscopically sealing the patient’s stomach from the

outside of the patient’s stomach along a seal line, said
seal line being adjacent said visually perceptible delin-
eation line.

19. The method of claim 18 additionally comprising
resecting the patient’s stomach along a resection line, said
resection line being located adjacent said seal line, where-
upon when the patient’s stomach is resected along said
resection line such action creates a residual portion of the
patient’s stomach.

20. The method of claim 19 wherein said seal line is
produced at least 0.5 cm from said delineation line on the
opposite side of said delineation line from the position of
said sizing tube in the vicinity of the gastric esophageal
junction (GEJ) and the Angle of HIS.

21. The method of claim 20 wherein said seal line is
produced at least 0.5 cm from said delineation line on the
opposite side of said delineation line from the position of
said sizing tube in the vicinity of the incisura angularis.

22. The method of claim 19 wherein said sealing of said
residual portion of the patient’s stomach along said seal line
is achieved by stapling.

23. The method of claim 19 wherein said sealing of said
residual portion of the patient’s stomach along said seal line
is achieved by suturing.

24. The method of claim 18 additionally comprising
testing said seal line for leakage.

25. The method of claim 24 wherein said testing of said
seal line for leakage comprises introducing a fluid into said
residual portion of the patient’s stomach to provide an
observable indication of leakage.

26. The method of claim 25 wherein said fluid introduced
into said residual portion of the patient’s stomach is air and
whereupon said method additionally comprises applying a
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liquid along said seal line while said air is introduced into
said residual portion of the patient’s stomach and observing
if any air bubbles egress through said seal line.

27. The method of claim 18, wherein if during the
application of suction to the patient’s stomach via said sizing
tube the patient’s stomach becomes folded with at least one
fold to obscure or interfere with the visualization of said
visually perceptible delineation line, said method addition-
ally comprises:

(c) discontinuing the application of suction to the patient’s

stomach via said sizing tube; and

(d) introducing a fluid into the patient’s stomach through

said sizing tube to thereby remove the at least one fold,
whereupon suction can be reapplied to the patient’s
stomach to hold those portions of the patient’s stomach
in such engagement with said sizing tube to thereby
provide said visually perceptible delineation line.

28. The method of claim 18 wherein when the controlled
suction 1s applied to the hollow interior of said sizing tube
it results in a force in the range of 0.1 to 200 pounds holding
said sizing tube in position.

29. The method of claim 18 additionally comprising
withdrawing secretions of the patient’s stomach that may
have gained ingress into said hollow interior of said sizing
tube while said sizing tube is in place in the patient’s
stomach.

30. The method of claim 18 wherein the level of suction
to be applied is in the range of 25-200 mm Hg.

31. The method of claim 18 wherein said controlled
suction applied to the interior of the patient’s stomach
results in a force in a range of 0.05 to 200 pounds anchoring
said sizing tube in position within the patient’s stomach.

32. The method of claim 31 wherein said controlled
suction applied to the interior of the patient’s stomach
results in a suction force per unit length in a range of 0.02
to 21 pounds per inch.
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