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SURGICAL DEVICES AND METHODS FOR
BARIATRIC AND GASTROESOPHAGEAL
SURGERY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a continuation of U.S. patent
application Ser. No. 16/836,396, filed Mar. 31, 2020, which
claims the benefit of and priority to U.S. Provisional Patent
Application No. 62/827,359, filed on Apr. 1, 2019, entitled
“USE OF NEAR-INFRARED CAMERA AND LIGHTED
BOUGIE TO IMPROVE SLEEVE GASTRECTOMY

TECHNIQUE,” the contents of which 1s incorporated by
reference herein 1n its entirety.

BACKGROUND

[0002] Obesity and its associated costs represent a signifi-
cant healthcare 1ssue 1 the Umted States and worldwide.
Treatments for obesity vary from dietary and behavioral
changes and increasing healthy exercise/activity, to prescrip-
tion medications, and weight-loss surgery. Bariatric surgery
has become the standard of care for treatment of severe
obesity and obesity related health problems, due to 1its
proven ability to achieve sustained weight reduction, as well
as reduction of the comorbidities related to obesity. Scien-
tific studies cite benefits such as weight loss, as well as high
rates of improvement or resolution of diabetes, hyperlipi-
demia, hypertension, and obstructive sleep apnea alter a
bariatric procedure. Laparoscopic sleeve gastrectomy (LSG)
has overtaken Roux en Y gastric bypass (RNY) as the most
widely performed procedure 1in both community and aca-
demic practices.

[0003] The most common complications of sleeve gast-
rectomy and gastric bypass operations include leak (1%),
bleeding, and venous thromboembolism. However, another
complication of these operations 1s bougie-related njury.
Bougie-related injury 1s defined as an injury to the patient
that occurs as a result of bougie placement or use. Within the
bariatric literature the incidence of bougie-related njury 1s
0.1-1.2%. Reported injuries most commonly occur in bar-
1atric operations while stapling the gastric sleeve or gastric
pouch. Comparatively, within the foregut surgical literature,
the incidence of bougie-related injury 1s 0.8-1.6%, with most
common 1njuries occurring while passing the bougie down
the esophagus into the stomach which can cause either
esophageal or gastric perforation. Based on the lower rate of
bougie-related injury in the banatric literature, there 1s
concern that these injuries may currently be under-reported.

[0004] A bougie-related injury can occur during many
different surgical procedures. Iatrogenic instrument-related
injuries can include accidental stapling of tube, probe, or
bougie during gastric sleeve or gastric pouch formation, as
well as esophageal or gastric perforation from 1nsertion of a
bougie. For example, a bougie related mjury can occur 1n a
bariatric surgery while advancing the bougie down the
esophagus 1nto the stomach, while creating a gastric sleeve
during laparoscopic sleeve gastrectomy, or while creating
the gastric pouch during laparoscopic gastric bypass. Typical
bougie-related injuries can include, proximal, mid, or distal
esophageal perforation; proximal, mid or distal gastric per-
foration, as well as stapling the bougie into the stomach,
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necessitating immediate revision/reconstruction, or stapling
across the bougie and leaving a foreign body behind 1nside
or outside the patient.

[0005] Furthermore, minimally invasive surgery, and
especially robotic surgery, provides decreased tactile feed-
back to the surgeon, which 1s associated with increased risk
of 1atrogenic esophageal and gastric injury during bougie
isertion, gastric sleeve formation, or gastric pouch forma-
tion. These types of injuries can result 1n serious morbidity
and even mortality 1f they go undetected until after the
procedure, and even when detected immediately, they can
require lengthy and costly procedural modifications that
result 1n increased morbidity and longer hospital stay. There-
fore, laparoscopic visualization 1s necessary to ensure proper
performance of the procedure. However, as a minimally
invasive approach has become the gold standard in banatric
surgery, this has led to decreased tactile feedback and greater
reliance on laparoscopic two-dimensional white light visu-
alization. Furthermore, with the growing use of robotic
bariatric surgery, where the surgeon 1s remote from the
patient with even more limited tactile sensation, the need for
additional safety techniques/tools to evaluate and perform
minimally invasive surgical procedures 1s necessary.

[0006] Despite the large number of laparoscopic sleeve
gastrectomies performed 1n the worldwide annually, there 1s
no fully standardized technique for this operation. A con-
sensus of experts agrees on the basic steps of the operation,
namely to mobilize the stomach by dividing the short gastric
arteries along the greater curvature, and to divide the stom-
ach starting 6 cm from the pylorus, taking care not to narrow
the stomach at the incisura or the angle of His. A bougie 1s
passed to help maintain uniform sleeve size. However,
within the bariatric community, there are still wide varia-
tions 1n terms of port placement, bougie size, when to pass
a bougie, stapler length and size, as well as use of staple line
reinforcement versus over-sewing the staple line.

[0007] White light 1s typically used to illuminate the
abdominal cavity during laparoscopic procedures including
bariatric and other gastroesophageal operations. Standard
white light laparoscopic wvisualization illuminates the
abdominal cavity and captures white light reflecting off the
outside of the stomach and other organs. Near Infrared
cameras are now used in intra-abdominal procedures in
conjunction with imndocyanine green (I1CG) dye to improve
visualization of anatomy and tissue perfusion. White light
cameras do not consistently show lighted imnstruments 1nside
the stomach well 1 the stomach tissue 1s excessively thick.
The near mirared camera demonstrates improved visualiza-
tion of lighted 1nstruments within the stomach-regardless of

stomach tissue thickness.

[0008] Near infrared light has inherent transmissivity
though biological tissues in the range of 700 nm to 1300 nm.
All biological tissues are composite structures that can
absorb specific wavelengths of light. The chemical and
physical properties of different molecules 1n biologic tissue
allect the amount and wavelengths of light that can be
absorbed by the tissue. In the visible light spectrum (400-
650 nm), intense light absorption of the hemoglobin mol-
ecule and light loss due to scattering prevents transmission
of visible light more than a few millimeters of tissue. The
entire near infrared spectrum 1s defined as light generally
having wavelengths from 700-2500 nm. In the infrared
spectrum above 1300 nm, water present 1n tissue absorbs a
large amount of infrared light, thus limiting infrared light
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transmission through tissue to a short distance. In the near
inirared range of 700 to 1300 nm, a significant portion of
near inirared light can be transmitted though several centi-
meters of biological tissue. This window of high transmis-
s1vity 1s caused by the absence of molecules that absorb near
infrared light between 700 nm and 1,300 nm. Embodiments
of the present disclosure capitalize on the fact that this
spectrum of near infrared energy can be transmitted through
several centimeters of biological tissue and allow for tran-
sillumination of an organ during an i1nvasive procedure.

BRIEF SUMMARY OF THE INVENTION

[0009] The lighted bougie device of the present disclosure
can improve the consistency and reproducibility of construc-
tion of the gastric sleeve during sleeve gastrectomy, as well
as the gastric pouch during gastric bypass. It can also
improve intraoperative visualization for the surgeon and
operative team to decrease the risk 1atrogenic bougie related
injury for the above bariatric operations, as well as other
gastroesophageal operations, such as hiatal hernia repatr,
paraesophageal hiatal hermia repair, heller myotomy (in
additions to other surgical procedures as discussed herein).

[0010] In one aspect the present disclosure includes
example embodiments of a lighted bougie device that
includes an elongate member and a light source. The light
source 1s configured to emit near-infrared light. The light
source 15 also positioned about the bougie such that light
emitted from the light source illuminates along a portion of
the bougie.

[0011] In another aspect the present disclosure includes
example embodiments of an elongated member sized and
shaped for placement around a surgical instrument. The
clongated member also includes a lighting system disposed
along an exterior surface of the elongated member and it 1s
configured to illuminate along a length of the elongated
member. Optionally, the surgical instrument 1s a bougie.

[0012] In another aspect the present disclosure includes
methods of using various example embodiments of surgical
instruments disclosed herein. An example method includes
the step of inserting a bougie of a lighted bougie device 1nto
an esophagus and/or stomach of a patient. The method also
the step of illuminating an operative field with a light
emitted from a light source of the lighted bougie device and
the step of determining a location of the bougie within the
patient based on 1mages captured from an 1mage capturing
device.

[0013] In still another aspect the present disclosure
includes example embodiments of a lighted bougie device
for use with a medical patient having an operative field. The
lighted bougie device includes a bougie and at least one light
source configured to emit near-infrared light. The light
source 1s positioned about the bougie such that light emaitted
from the at least one light source illuminates substantially
along a length of the bougie positioned within the operative
field. The light source also 1ncludes spaced apart indicia that
correlate to intervals of distance to allow for measuring with
the operative field.

[0014] These and other aspects of the present disclosure
will be discussed 1n more detail as set forth below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The patent or application file contains at least one
drawing executed 1n color. Copies of this patent or patent
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application publication with color drawing(s) will be pro-
vided by the Oflice upon request and payment of the
necessary iee.

[0016] Many aspects of the present disclosure can be
better understood with reference to the following drawings.
The components 1n the drawings are not necessarily to scale,
emphasis 1nstead being placed upon clearly illustrating the
principles of the present disclosure. Moreover, 1n the draw-
ings, like reference numerals designate corresponding parts
throughout the several views.

[0017] FIG. 1 1s a perspective view of a lighted bougie
device according to various embodiments of the present
disclosure.

[0018] FIG. 1A-1C are close up views of various compo-
nents of the lighted bougie device of FIG. 1.

[0019] FIG. 2 1s a perspective view of a lighted bougie
sleeve device according to various embodiments of the
present disclosure.

[0020] FIG. 2A-2B are close up views of various compo-
nents of the lighted bougie sleeve device of FIG. 2.

[0021] FIGS. 3A-3C are example drawings showing use
cases associated with the lighted bougie device and lighted
bougie sleeve device of FIGS. 1, 2, and 11 in accordance
with various embodiments of the present disclosure.
[0022] FIGS. 4-6 are example 1mages illustrating the
differences 1n visibility between a white light and a near-
inirared light, 1n accordance with various embodiments of
the present disclosure.

[0023] FIG. 7 1s a perspective view of a lighted bougie
device according to additional example embodiments of the
present disclosure.

[0024] FIGS. 8-10 are example drawings showing use
cases associated with the lighted bougie device and lighted
bougie sleeve device of FIGS. 1, 2, and 11 1n accordance
with various embodiments of the present disclosure.
[0025] FIG. 11 1s a perspective view of a lighted bougie
device according to additional example embodiments of the
present disclosure.

[0026] FIG. 12 1s a front view of a lighted bougie device
according to another example embodiment of the present
disclosure.

[0027] FIG. 13 1s a rear view of the lighted bougie device
of FIG. 12.

DETAILED DESCRIPTION
[0028] The present disclosure relates to a lighted bougie

device for medical procedures. A bougie 1s a thin cylindrical
device that a physician inserts into a body passageway, such
as the esophagus or stomach, to diagnose or treat a condi-
tion. A bougie can be made of silicone, rubber, plastic, or any
other suitable material. A bougie can be used 1n banatric,
thoracic, and foregut surgeries to ensure esophagogastric
patency during specific portions of an operation. According
to various embodiments, and among other purposes/uses as
described herein, the lighted bougie device of the present
disclosure 1s designed to (1) improve visualization while
passing the bougie into the stomach during laparoscopic or
robotic surgical procedures, which may lead to (2) decreased
bougie-related injuries, (3) improve the ability of the sur-
geon 1n a bariatric operation to construct a consistent size of
gastric sleeve or gastric pouch, as well as (4) improve
overall team communication during said procedures.

[0029] With general reference, the lighted bougie device
ol the present disclosure comprises a light system coupled to
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an elongated cylindrical element. According to various
embodiments, the light system can comprise an LED, fiber
optic, or other lighting system. The light system can generate
a white light or a near-infrared light that can be detected by
a white light camera, as well as a near infrared camera. In
example embodiments, the light system 1s positioned at a
distal end of the elongated cylindrical element such that
when the light system emits a light, the light 1s dispersed
within the elongated cylindrical element and the light can
illuminate an entire length of the same. When the near-
inirared light 1s used in conjunction with a near-infrared
camera during a laparoscopic procedure, the location of the
bougie (e.g., elongated cylindrical element) within the
esophagus can be determined regardless of the thickness of
the tissue surrounding the bougie. This feature can improve
visualization while passing the bougie into the stomach from
the esophagus. Additionally, bougie related 1njuries may be
avoided by being able to have a better understanding of the
location of the bougie during nsertion. The lighted bougie
device of the present disclosure can be used in conjunction
with a camera that has white light and near infrared capa-
bilities and can be used without the use of concurrent
indocynanine green (1CG) dye.

[0030] For instance, FIGS. 1 and 1A-1C 1illustrate an
example of the lighted bougie device 10 according to
various embodiments of the present disclosure. Generally,
the lighted bougie device 10 comprises an elongated cylin-
drical element 12 (e.g., a bougie) coupled to a handle 20. The
handle can comprise a lighting device 22 that can provide
light along the entire length of the attached cylindrical
clement (as better seen 1n FIG. 1A). The lighting device 22
can comprise an LED, fiber optic, or other light source,
including near-inifrared fluorescent polymers, 24 that is
configured to generate white light and/or near-infrared light
that can be detected by both a white light camera, as well as
a near infrared camera. The light source can be directly
adjacent to a distal end 24 of the cylindrical element 12 such
that when the light source 1s activated, the light 1s transmuit-
ted through the interior of the cylindrical element.

[0031] The cylindrical element 12 can comprise one or
more suctioning channels 30 extending along a length of the
cylindrical element. The cylindrical element 12 further com-
prises suctioning holes 32 dispersed along an exterior sur-
tace 14 of the cylindrical element. The suctioning holes can
32 extend from the exterior surface 14 into the one or more
suctioning channels 30 and are used to provide an opening
into the one or more suctioning channels. According to
various embodiments, the handle 20 can comprise a suction
regulator device, and a suctioning device or vacuum (not
shown) that when activated can generate a pressure suili-
cient to suction surrounding fluids or other matter from
outside the cylindrical element into the suctioning channel
30 via the suctioning holes 32 as can be appreciated.

[0032] FIG. 2 illustrates an alternative embodiment of the
lighted bougie device 10. The lighted bougie device of FIG.
2 comprises a sleeve 40 that can be attached onto, or over,
an existing bougie 12 (or various other medical instruments,
such as but not limited to, a dilator, endoscope, sigmoido-
scope, colonoscope, rigid proctoscope, ureteroscope, or a
hysteroscope). In particular, the sleeve 40 of this particular
embodiment can be configured to surround an existing
bougie 12, as shown 1n FIG. 2. In some example embodi-
ments, the sleeve device 40 has fasteners 42 which can be
used to attach the sleeve device to an existing bougie 12, as
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can be appreciated. In depicted embodiments, the fasteners
42 can be clips, but other conventional fasteners, such as
snaps, bands, hooks, tape, glue, epoxy, etc. can be used
instead.

[0033] The sleeve device 40, as shown in FIG. 2 (and
better seen 1n FIGS. 2A-2B) comprises one or more LEDs
(or other light sources) 44 positioned along an exterior
surface and along a length of the sleeve. The LEDs 44 can
provide a white light and/or a near-infrared light that can
allow wvisibility of the bougie 12 in the esophagus and/or
stomach via a laparoscopic and/or near-infrared camera. In
preferred embodiments, as depicted, the sleeve device 40
has a suction channel 30 running along substantially the full
length of the sleeve device 40, but the suction channel can
also be formed along intermediate lengths of the sleeve
device or can be absent from the sleeve as desired. Suction-
ing holes or ports 32 can disposed along the exterior of the
sleeve 15 to provide an ingress 1nto the suctioning channel
30 such that surrounding fluids or other matter from outside
the sleeve and bougie can removed through suctioning
channel, as can be appreciated.

[0034] According to various embodiments, the lighted
bougie device 10 can be reusable or disposable and made of
permanent or biodegradable material, or near infrared tluo-
rescent polymers. In addition, the lighting system can be
battery-powered. The lighted bougie device 10 can be used
in various types of surgery including, but not limited to,
laparoscopic or robotic surgeries.

[0035] According to various embodiments, the standard
LSG surgical technique 1s modified using a near-inirared
camera without ICG dye to the standard white light camera
on the laparoscope for the purpose of improving the sur-
geon’s ability to detect the exact location of a lighted bougie
during a procedure As such, the addition of light 1n the
near-IR spectrum (defined as 700 nm to about 2500 nm)
cnables far better visualization of a bougie within the
stomach. While near-IR light appears 1n the range of about
700 nm to about 2500 nm, 1t has been found that the optimal
range of near IR light for use with embodiments according
to the present disclosure 1s about 700 nm to about 1300 nm
(and most optimally between 700-850 nm), because a sig-
nificant portion of this particular range of near-IR light can
be transmitted though several centimeters of biological
tissue. Alternating between white light and near-1R on the
laparoscope will allow the surgeon to clearly visualize both
the outside of the stomach and the bougie within 1t. This
dramatic 1mprovement in visualization of the bougie may
enable better communication between surgeon and anesthe-
tist during bougie passage through the esophagus and stom-
ach, which may reduce or prevent i1atrogenic perforations
and reduce or prevent accidental stapling of the bougie
during the procedure. Better visualization of the bougie will
also enable more accurate sleeve sizing with uniform sleeve
diameter regardless of gastric tissue thickness and will allow
more accurate removal of excess gastric tissue.

[0036] Typical visual cameras, including laparoscopes, are
capable of capturing wavelengths of light as seen 1n the
human visual spectrum, referred to as ‘white light” 1images.
Near iirared cameras are capable of capturing images with
a longer wavelength of light, which 1s emitted by all objects,
referred to as ‘near infrared light.” This light 1s more intense
with warmer objects. According to various embodiments of
the present disclosure, the use of near infrared light can lead
to 1mproved standard surgical techniques. FIGS. 3A-3C
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illustrate examples of the lighted bougie in use and how the
lighted bougie device, when used with a camera with white
light and near inirared capabilities, may improve standard
surgical techniques. For example, FIG. 3A illustrates the
insertion of an illuminated bougie 12 into the esophagus of
a patient. FIG. 3B provides an example drawing of the
bougie 12 being inserted into the stomach of a patient. A near
infrared camera 50 positioned outside the stomach can be
used to determine the location of the bougie within the
stomach. FIG. 3C illustrates a drawing of an example of the
lighted bougie 12 being used as a guide during the construc-
tion of the laparoscopic gastric sleeve. In example embodi-
ments, the bougie 12 can be illuminated along its entire
length, a portion of 1ts length, or the bougie can be adapted
to 1lluminate all, or a portion of, the operative field 1n which
the bougie 1s mtended to be inserted. As used herein, the
operative field 1s typically defined as a location within a
human (or animal) body wherein the surgery i1s performed
and where the anatomical structures/organs that are being
operated on are visible.

[0037] The lighted bougie 12 according to additional
example embodiments of the present disclosure can be
introduced 1nto the esophagus and stomach with the lapa-
roscope 1n near-infrared mode, allowing for improved visu-
alization of the bougie by both surgeon and anesthesiologist
passing the bougie. FIGS. 4 and 5 illustrate example photos
comparing the visibility when using a white light with the
visibility provided by the near-infrared camera. As shown in
FIGS. 4 and 5, the location of the bougie 1s more visible
when using the near-infrared light and near-infrared camera
than when using the white light and standard visual camera.

[0038] According to the various embodiments of the pres-
ent disclosure, the LSG can be constructed alternating
between the while light view and the near infrared view. The
additional near infrared view provides improved visualiza-
tion of the bougie 12 within the sleeve, allowing ifor
improved and more accurate sleeve sizing, as well as pre-
venting over narrowing of the sleeve at the incisura and at
the angle of his. FIG. 6 illustrates example photographs
showing the forming of a sleeve with an example lighted
bougie 12 in white light and a lighted bougie 1n near-infrared
light. In particular, with the light source on the bougie 12
being 1n the near IR view, the edge between the bougie and
the stomach 1s more visible.

[0039] In laparoscopic or robotic assisted laparoscopic
sleeve gastrectomy, the surgeon determines how narrow to
make the gastric sleeve. Currently, due to the lack of
visibility of the bougie location, a surgeon will often hug the
bougie too tight or too loose when creating the sleeve.
According to the various embodiments of the present dis-
closure, the lighted bougie device 12 improves this visibility
and can be used as a guide that allows for more consistent,
reproducible, standardized gastric sleeve size when the
lighted bougie 1s used with near intrared light while stapling
the sleeve. In addition, this similar technique can be used
during a gastric bypass operation to form the gastric pouch.

[0040] FIG. 7 depicts additional example embodiments of
a lighted bougie device 110 according to the present disclo-
sure. As shown 1n the drawing figures, the lighted bougie
device 110 1s constructed similarly to the example lighted
bougie device 10 (as described above) and generally
includes an elongated cylindrical bougie 112 coupled to a
handle 120, and further includes one or more light sources
124. Uniquely, the lighted bougie device 110 as depicted 1n
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FIG. 7 includes a plurality of light sources 124 located at
measured spaced-apart intervals “D” along the length of
bougie 112 (or a portion thereot). As such, the spaced apart
light sources 124 allow for intraoperative measurements. In
preferred example embodiments the light sources 124 can be
LED, fiber optic, or other light sources that are configured to
generate white light and/or near-infrared light that can be
detected by a white light camera, as well as a near infrared
camera. The lights can be different colors, and provide both
steady or blinking light. In alternative embodiments, the
light sources can be other types of light sources, as can be
appreciated by one of ordinary skill. In example configura-
tions, the light sources 124 are spaced apart at intervals “D”
of between 0.5 cm and 5 cm. In other example configura-
tions, the light sources are spaced apart at a intervals “D” of
approximately 1 cm. In still other example configurations,
the light sources are spaced apart at intervals “D” of approxi-
mately 2 cms. In still additional example embodiments, the
light sources can be spaced apart at other intervals as desired
and can vary depending on the levels of precision and
accuracy required for any particular application. Thus, the
device can be used as a near-infrared guided measuring
device.

[0041] Presently, surgeons performing laparoscopic and
robotic surgeries 1n the stomach or esophagus have tremen-
dous difficulty 1n performing intraoperative measurements
and typically utilize a string of known length or insert a
plastic ruler mto the peritoneum, or operative field, to
conduct measurements. Embodiments of the lighted bougie
device 110 of the present disclosure address the challenge of
making intraoperative measurements in laparoscopic or
robotic esophagogastric surgeries by including a measuring
mechanism within the bougie 112 1itself (as disclosed
herein). The bougie 112 permits the a surgeon to eliminate
the step of itroducing a string or ruler into the peritoneal
cavity (or operative field), which improves the operative
elliciency and reduces the risk of leaving a foreign body 1n
a patient, while still retaining the ability to make the
necessary measurements required to complete the surgery.

[0042] In practice, when entering the bougie 112 into the
peritoneum (or other operative field) the spaced-apart light
sources 124 are able to be seen by a surgeon with a white
light source/camera 1n thinner tissues and with a near
infrared light source/camera in thicker tissues. By locating
the number of visible lights, a surgeon can measure the depth
that the bougie 112 has been 1nserted 1nto the operative field
(such as the esophagus, stomach, etc.). For example, the
lighted bougie device 110 can be used with a standard white
light laparoscopic/robotic camera, or a near inirared lapa-
roscopic/robotic camera. Specifically, for thinner esophago-
gastric tissues the incremental lights sources 124 of the
bougie 112 will be visible with a white light source/camera.
For thicker esophagogastric tissues the incremental light
sources 124 of the bougie 112 will be visible with use of a
near inirared light source/camera.

[0043] Examples of measurements that can be taken dur-
ing esophagogastric (foregut) surgeries include, but are not
limited to, (1) measurement of the length of a Heller
Myotomy during a laparoscopic or robotic Heller operation
(FIG. 9); (2) measurement of the distance between the
esophageal hiatus and the gastric angle of His during a
laparoscopic or robotic hiatal hermia repair (FIG. 10); (3)
length of gastric pouch in laparoscopic or robotic bypass
surgery (FIG. 8); (4) length of gastric sleeve during a
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laparoscopic or robotic sleeve gastrectomy; and (5) mea-
surements to localize gastric and lower esophageal tumors
during laparoscopic or robotic operations. Additionally, the
lighted bougie device 110 can be used to take intraoperative
measurements 1n various other types of surgical procedures,
such as, but not limited to, surgeries taking place in the
rectum, colon, the upper and lower gastrointestinal tract,
urologic organs, and/or gynecological organs.

[0044] FIG. 11 1illustrates additional example embodi-
ments of the present disclosure. For example, FIG. 11
discloses an example lighted bougie device 210, which
generally includes an elongated cylindrical element 212
(e.g., a bougie) that 1s coupled to a handle 220. The lighted
bougie device also 1includes at least one light source 224 that
provides light along a length of the attached bougie 212. In
preferred example embodiments, the light 1s provided along
the entire length of the bougie 212, but 1n other embodi-
ments, the light can be provided along one or more partial
sections of the bougie. As seen 1n FIG. 11, example embodi-
ments can include a single light source 224 for 1lluminating
the bougie 212, or multiple light sources can be used along
the length of the bougie as disclosed above with reference to
embodiments of the lighted bougie device 110. The light
sources 224 can include LED, fiber optic, or other light
sources near inirared fluorescent polymers that are config-
ured to generate white light and/or near-infrared light that
can be detected by both a white light camera, as well as a
near inirared camera.

[0045] In this particular embodiment, the lighted bougie
device 210 can be used to take intraoperative measurements
(of length) by using spaced-apart markings or indicia 218
located along the length of the bougie 212 to designate
various lengths and provide visual feedback for a surgeon. In
example embodiments, the markings 218 can be formed
along the exterior 214 of the bougie 212, the markings can
consist of LED lights, or in-between the lights the bougie
section can be substantially opaque, 1n order to block out the
underlying light emitted from the light source(s) 224 at the
locations the markings appear along the bougie. The mark-
ings 218 can be formed within the bougie 212, can be
formed from an opaque polymer, or can be formed from
other known methods of blocking or reducing light trans-
mission. In still other embodiments, the markings 218 can be
numbered, lettered, or otherwise notated to indicate particu-
lar lengths of measurement.

[0046] In still other example embodiments, the lighted
bougie device 210 can be used to measurements ol volume.
Specifically, the markings 218 formed along the exterior of
the bougie 212 can be used to determine a length measure-
ment and the bougie 1tself will have a known radius, thus an
algorithm can be created to calculate a volume of the space
the bougie occupies using the equation V=mr*. For instance,
and by way of example, a user can use the lighted bougie
device 210 to calculate the volume of the gastric sleeve
and/or gastric pouch during a gastric bypass surgery based
on the measured stomach length and bougie radius.

[0047] In still other example embodiments, the lighted
bougie device 210 can include various light sources 224
along a length of the bougie 212 on a first side of the device
(as seen 1n FIG. 12), and markings 218 on a second side of
the device (FIG. 13) to permit measurements with the
device.

[0048] Various bougies (as depicted in the drawing fig-
ures—12, 112, 212—and described throughout this disclo-
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sure) can have the following characteristics. The diameter of
such bougies can be: 34 French, 36 French, 38 French, 40
French, or otherwise sized as desired. The typical length of
an example bougie 1s 32 inches, the suction hole size is
0.093 1nches, the suction hole spacing i1s approximately 0.5
inches, and the suction hole distance from the distal end of
the bougie 1s approximately 12 inches.

[0049] In additional example embodiments, the lighted
bougie device of the present disclosure can include a mano-
metric/pressure sensor that measures pressure at the gastroe-
sophageal junction and provides real-time feedback to a
surgeon while performing bariatric operations such as gas-
tric sleeve and gastric bypass, or gastroesophageal opera-
tions such as hiatal hernia repair or heller myotomy.

[0050] It should be emphasized that the above-described
embodiments of the present disclosure are merely possible
examples of implementations set forth for a clear under-
standing of the principles of the disclosure. Many varations
and modifications may be made to the above-described
embodiment(s) without departing substantially from the
spirit and principles of the disclosure. All such modifications
and variations are intended to be included herein within the
scope ol this disclosure and protected by the following
claims.

[0051] It should be noted that ratios, concentrations,
amounts, and other numerical data may be expressed herein
in a range format. It 1s to be understood that such a range
format 1s used for convenience and brevity, and thus, should
be interpreted 1n a flexible manner to include not only the
numerical values explicitly recited as the limits of the range,
but also to include all the individual numerical values or
sub-ranges encompassed within that range as 11 each numeri-
cal value and sub range 1s explicitly recited. To illustrate, a
concentration range of “about 0.1% to about 3% should be
interpreted to iclude not only the explicitly recited concen-
tration of about 0.1 wt % to about 5 wt %, but also include
individual concentrations (e.g., 1%, 2%, 3%, and 4%) and
the sub-ranges (e.g., 0.5%, 1.1%, 2.2%, 3.3%, and 4.4%)
within the indicated range. The term “about™ can include
traditional rounding according to significant figures of

L -

numerical values. In addition, the phrase “about ‘x’ to ‘y
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includes “about ‘X’ to about ‘y’”’.

1-50. (canceled)

51. A lighted device for use 1n a surgical procedure, the
lighted device comprising:
an elongated member having a distal end for inserting into
an operative field of a patient and having a proximal
end;
a handle coupled to the proximal end of the elongated
member; and

a plurality of light sources disposed along the elongated
member and configured to emit light 1n a first wave-
length range and a second wavelength range different
from the first wavelength range,

wherein:

a first light source closest to the distal end of the elongated
member among the plurality of light sources 1s dis-
posed at a first location of the elongated member,

a second light source closest to the proximal end of the
clongated member among the plurality of light sources
1s disposed at a second location of the elongated
member,
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a length of the elongated member between the first
location and the second location 1s at least 50% of a
length of the operative field of the patient, and

light sources 1n at least a subset of the plurality of light

sources are spaced apart along a length direction of the
clongated member at a predetermined interval of
between 0.5 cm and 5 cm, thereby allowing use of the
clongated member and the light sources as a ruler for
one or more mtraoperative measurements.

52. The lighted device of claim 51, wherein the first
wavelength range 1s a white light range and the second
wavelength range 1s a near-infrared light range.

53. The light device of claim 52, wherein the plurality of
light sources comprises at least one light source that emaits
light 1n the whate light range and comprises at least one light
source that emits light 1n the near-infrared light range.

54. The lighted device of claim 52, wherein the first
wavelength range 1s about 400 nm to about 650 nm.

55. The lighted device of claim 352, wherein the second
wavelength range 1s about 700 nm to about 1300 nm, or
about 700 nm to about 850 nm.

56. The lighted device of claim 51, wherein the length of
the elongated member between the first location and the
second location 1s at least 60%, at least 70%, at least 80% or
at least 90% of the length of the operative field of the patient.

57. The lighted device of claim 31, wherein the plurality
of light sources comprises at least one LED light, at least one
optic fiber, a polymer containing a near infrared fluorescent
material, or any combination thereof.

58. The lighted device of claim 31, wherein the plurality
of light sources comprises at least 10 individual light
SOUrces.

59. The lighted device of claim 51, wherein adjacent light
sources 1n at least the subset of the plurality of light sources
are spaced apart evenly along the length direction of the
clongated member.

60. The lighted device of claim 51, wherein at least one
light source among the plurality of light sources 1s disposed
at or adjacent to the distal end of the elongated member.

61. The lighted device of claim 51, wherein the plurality
of light sources 1s operated to alternately emit the light 1n the
first wavelength range and in the second wavelength range.

62. The lighted device of claim 51, wherein the elongated
member comprises a suction channel, and one or more
apertures extending from an exterior surface of the elon-
gated member 1to the suction channel.

63. The lighted device of claim 51, wherein the operative
field 1s a gastrointestinal tract of the patient and the light
emitted from the plurality of light sources 1s detectable by a
camera positioned outside of the gastrointestinal tract.

64. The lighted device of claim 51, wherein the elongated
member 1s a bougie configured to be inserted into a stomach
of the patient, and the light emitted by the plurality of light
sources allows visualization of an outside of the stomach
and the bougie 1n the stomach of the patient.

65. The lighted device of claim 51, wherein the lighted
device 1s configured to be used as a guide during the surgical
procedure.

66. The lighted device of claim 51, wherein the lighted
device 1s configured to be used for a laparoscopic or robotic
surgery.

67. The lighted device of claim 51, wherein the elongated
member has a diameter of 34 French, 36 French, 38 French,
or 40 French.
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68. The lighted device of claim 51, wherein the elongated
member has a length of about 32 inches.

69. A lighted device for use 1n a surgical procedure, the
lighted device comprising:
an elongated member having a distal end for inserting nto
an operative field of a patient and having a proximal
end;
a handle coupled to the proximal end of the elongated
member; and

a plurality of light sources disposed along the elongated
member and configured to emit light 1n a first wave-
length range and a second wavelength range different
from the first wavelength range,

wherein the plurality of light sources comprises at least 8
individual light sources that are spaced apart along a
length direction of the elongated member at a prede-
termined interval of between 0.5 cm and 5 cm, thereby
allowing use of the elongated member and the light
sources as a ruler for one or more intraoperative
measurements.

70. The lighted device of claim 69, wherein the plurality
of light sources comprises at least 10 or at least 12 individual
light sources.

71. A lighted device for use 1n a surgical procedure, the
lighted device comprising:
an elongated member having a distal end for inserting into
an operative field of a patient and having a proximal
end;
a handle coupled to the proximal end of the elongated
member; and

a plurality of light sources disposed along the elongated
member,

wherein the plurality of light sources comprises at least 8
individual light sources to emit light 1n a range of about
700 nm to about 1300 nm, the at least 8 individual light
sources spaced apart along a length direction of the
clongated member at a predetermined interval of
between 0.5 cm and 5 cm and, thereby allowing use of
the elongated member and the light sources as a ruler
for one or more intraoperative measurements.

72. The lighted device of claim 71, wherein the at least 8
individual light sources emit light 1n a range of about 700 nm
to about 850 nm.

73. The lighted device of claim 71, wherein the plurality
of light sources comprises at least 10 or at least 12 individual
light sources.

74. A lighted device for use 1n a surgical procedure, the
lighted device comprising:

an elongated member having a distal end for inserting at
least a first portion of the elongated member of the

lighted device into an operative field of a patient and
having a proximal end;

a handle coupled to the proximal end of the elongated
member; and

a plurality of light sources disposed at the first portion of
the elongated member and configured to emit light 1n a
first wavelength range that 1s able to transmit through
one or more first tissues of the patient but unable to
transmit through one or more second tissues of the
patient and a second wavelength range that 1s able to
transmit through both the one or more first tissues and
the one or more second tissues of the patient,
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wherein:

a length of the first portion of the elongated member 1s at
least 50% of a length of the operative field of the
patient;

the plurality of light sources comprises at least 8 1ndi-
vidual light sources to emit light 1n a range of about 700
nm to about 1300 nm;

adjacent light sources in the at least 8 individual light
sources are spaced apart along a length direction of the
clongated member at a predetermined interval of
between 0.5 cm and 5 cm to facilitate one or more
intraoperative measurements.

75. The lighted device of claim 74, wherein the plurality

of light sources comprises five or more light sources.

76. The lighted device of claim 74, wherein the plurality
of light sources 1s configured to generate a white light and
a near-inirared light.

77. The lighted device of claim 74, wherein the plurality
of light sources comprises at least one LED light, at least one
optic fiber, a polymer containing a near infrared fluorescent
material, or any combination thereof.
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