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(57) ABSTRACT

A method and apparatus for imaging features of a CBD in a
patient introduces a fluorescent contrast agent into the CBD.
A light source transmits both a visible light and a fluorescent
light into a patient’s abdominal cavity via the laparoscope.
Cameras attached to or integrated into the laparoscope detect
visible light images and fluorescent emission light images.
The visible light image and fluorescent image signals are
processed to combine the fluorescent emission light image
signals and visible image signals into a single display signal.
The system adjusts the display characteristics, such as color,
of the fluorescent emission light image so it contrasts well
with the visual light image so the surgeon can easily distin-
guish between the two images. The display signal is sent to a
video monitor where the surgeon views the visible light
image and the fluorescent image as a single overlaid image.
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COMMON BILE DUCT SURGICAL IMAGING
SYSTEM

FIELD OF THE INVENTION

[0001] The present invention relates to surgical imaging
systems. In particular, gall bladder surgical imaging systems.

BACKGROUND

[0002] The approaches described in this section are
approaches that could be pursued, but not necessarily
approaches that have been previously conceived or pursued.
Therefore, unless otherwise indicated, it should not be
assumed that any of the approaches described in this section
qualify as prior art merely by virtue of their inclusion in this
section.

[0003] Gallbladder surgery is currently performed using a
laparoscopic technique. The surgeon inserts several tubes,
called trocars or ports, into the abdominal cavity during this
type of surgery. A 10 mm diameter optical scope, a laparo-
scope. 1s inserted into one of the ports. The laparoscope is
attached to a video camera that allows the surgeon and the
surgical team to view the inside of the abdominal cavity ona
video screen. Long, slender instruments are passed through
the other ports to grasp, dissect, and cut the tissue.

[0004] Laparoscopic surgery requires extra training in
order to work with the new instruments and maneuver using
a 2-Dview of the surgical field. As a result of the limitations
of this technique, inadvertent injuries to vital structures occur
at ahigher rate than in open surgery, even among experienced
surgeons. The most serious complication of gallbladder sur-
gery occurs when the surgeon inadvertently injures or cuts the
common bile duct (CBD). This complication occurs in 1/200
(0.5%) operations in the U.S. Thus, of the approximately
800,000 laparoscopic gallbladder operations performed each
year in the U.S., about 4000 patients will suffer a CBD injury.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The present invention is illustrated by way of
example, and not by way of limitation, in the figures of the
accompanying drawings and in which like reference numer-
als refer to similar elements and in which:

[0006] FIG.11isadiagramillustrating a surgical instrument
used during laparoscopic surgery according to an embodi-
ment of the invention;

[0007] FIG. 2 is a diagram illustrating the bile duct
anatomy;
[0008] FIG. 3 is a diagram illustrating an intraoperative

cholangiogram (10C);

[0009] FIG. 4 is a block diagram illustrating an add-on
configuration of a common bile duct imaging system accord-
ing to an embodiment of the invention;

[0010] FIG. 51s a block diagram illustrating a standalone
configuration of a common bile duct imaging system accord-
ing to an embodiment of the invention;

[0011] FIG. 6 is a diagram illustrating an optical layout for
a laparoscopic lighting system according to an embodiment
of the invention;

[0012] FIG. 7 is a diagram illustrating an optical layout for
alaparoscopic camera system according to an embodiment of
the invention,

[0013] FIG. 8 is a block diagram illustrating a prior art
implementation of a surgical instrument for injecting liquid
into the gallbladder;
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[0014] FIG. 9 is a block diagram illustrating overlaying of
visual light images with fluorescent emission light images
into a single display according to an embodiment of the
invention;

[0015] FIG. 10 is a block diagram that illustrates a com-
puter system upon which an embodiment may be imple-
mented; and

[0016] FIG. 11 is a diagram illustrating a laparoscope with
an integral light source according to an embodiment of the
invention.

DETAILED DESCRIPTION

[0017] In the following description, for the purposes of
explanation, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. It
will be apparent, however, that the present invention may be
practiced without these specific details. In other instances,
well-known structures and devices are shown in block dia-
gram form in order to avoid unnecessarily obscuring the
present invention.

[0018] In the following discussion, in references to the
drawings like numerals refer to like parts throughout the
several views.

[0019] Embodiments are described herein according to the
following outline:

[0020] 1.0 General Overview
[0021] 2.0 System Structural Overview
[0022] 3.0 Example Techniques and Processes

[0023] 3.1 Common Bile Duct Imaging System
[0024] 3.2 Imaging System Optical Layout

[0025] 4.0 Common Bile Duct Fluorescence and Display
[0026] 5.0 Implementation Mechanisms—Hardware
Overview

1.0 General Overview

[0027] Embodiments of the invention summarized above
are described below in greater detail, along with some alter-
native embodiments of the invention. Although embodiments
of the invention described below are described in the context
of laparoscopic surgery of the common bile duct (CBD), in
alternative embodiments of the invention, applications other
than laparoscopic surgery may be substituted for, and may
perform similar operations to those that are performed in
laparoscopic surgery of the common bile duct.

[0028] An embodiment introduces a fluorescent contrast
agent into the CBD via direct injection into the gallbladder,
the cystic duct, the CBD, or via intravenous injection and
excretion of the contrast agent by the liver into the bile. A light
source illuminates a light path in a laparoscope. The light
source transmits both a visible light and an infrared (IR) light
(otherwise known as a fluorescent excitation light) into a
patient’s abdominal cavity via the laparoscope. The fluores-
cent contrast agent is excited by the narrow band light energy
and produces light emission in a certain wavelength band. A
camera assembly on the laparoscope can be communicatively
connected to camera controller via an electronic cable, or
wirelessly via Bluetooth (or any wireless technology) or a
wireless local area network. The camera assembly contains
both a visible light detection camera and an IR light detection
camera. The cameras attached to the laparoscope detect vis-
ible light images and fluorescent emission light images.
[0029] The visible light image and fluorescent image sig-
nals from the camera assembly are processed to combine the
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fluorescent emission light image signals and visible image
signals into a single display signal in order to overlay (or
combine) the two images in their proper alignment. The sys-
tem adjusts the display characteristics, such as color, of the
fluorescent emission light image so it contrasts well with the
visual light image so the surgeon can easily distinguish
between the two images.

[0030] The display signal is sent to a video monitor where
the surgeon views the visible light image and the fluorescent
image as a single overlaid (or combined) image. The surgeon
can instruct the system to display the fluorescent image in a
desired color so the fluorescent image is propetly contrasted
to the visible image.

[0031] The overlay image can be turned on or off by the
user via a switch or software control. The system can handle
multiple displays with different combinations of images. A
sensor may be included in the camera housing which allows
the user to know which direction the ground or sky is. This
allows the surgeon to select and display the orientation of the
camera as referenced to the sky or the ground. This could be
very helpful in NOTES type of operations as well (discussed
below).

[0032] The system can record the combined visual and
fluorescent images on an external or internal digital recording
device such as CD, DVD, optical disk, hard disk, or flash
memory. The system has an Ethernet connection to allow
Internet or intranet connectivity so that recordings may be
made to a server or transmitted over the Internet or intranet.

2.0 System Structural Overview

[0033] Referring to FIG. 1, as mentioned above, during
gallbladder surgery, the surgeon inserts several tubes 101,
called trocars or ports, into the abdominal cavity. A 10 mm
diameter optical scope, a laparoscope 102, is inserted into one
of the ports. The laparoscope is attached to a video camera
that allows the surgeon and the surgical tean to view the
inside of the abdominal cavity on a video screen. Long, slen-
der instruments 103, 104, 105, are passed through the other
ports to grasp, dissect, and cut the tissue.

[0034] FIG. 2 illustrates the bile duct anatomy. The com-
mon bile duct (CBD) 201 carries the bile from the liver 202 to
the intestine 203 for digestion. The gallbladder 204 is a side
pouch that stores bile, and squeezes into the CBD 201 during
meals. The gallbladder 204 is attached to the CBD 201 by the
cystic duct 205. The cystic duct 205 must be clearly identified
by the surgeon, clipped or ligated, and then cut with scissors.
If the surgeon mistakes the CBD 201 for the cystic duct 205,
a CBD injury will occur. If the surgeon uses electrocautery
energy to coagulate bleeding near the CBD 201 he may injure
the CBD 201.

[0035] The only way to see the CBD at present is to do an
intraoperative cholangiogram (IOC). This involves placing a
catheter into the cystic duct 205 during surgery, injecting
x-ray contrast liquid, and using an overhead or portable fluo-
roscopy device to see the x-ray outline made by the dye. This
gives an indication of the shape and course of the CBD 201
and the biliary tree. As shown in FIG. 3, the 10C picture 301
is displayed on a black and white screen and can be printed or
saved. Performing an I0C is not considered standard of care
and is not done in all operations due to the cost, time, and
trouble of performing it. In addition, x-ray exposure to the
patient and surgical staff is a concern. The patient is exposed
to x-ray radiation for that particular surgical procedure. How-
ever, the operating room staff is exposed each time this type of
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procedure is performed. Nevertheless, studies have shown
that when surgeons perform anIOC, their patients sustain half
the CBD injuries compared to those patients who did not have
an 10C performed.

[0036] Ttisclear that performing gallbladder surgery safely
requires the surgeon to view the CBD. However, it is not
directly viewable as it lies beneath 1-3 mm of overlying fatty
tissue and peritoneum. The safest and most useful way to
view the CBD is to provide the surgeon with a “live”, real-
time (or near real-time), image of the location and course of
the CBD during the operation—in essence a real-time I0C.
This allows the surgeon to be aware of the position of the
CBD at all times enabling him to avoid accidental or unin-
tentional injury to the CBD. This has not previously been
done because there had been no reliable and simple method to
visualize the CBD which lies deep from the visible surface
during laparoscopic surgery. An embodiment images the bile
duct during gallbladder surgery and presents the CBD image
as a real-time display for the surgeon. This device can reduce
the CBD injury rate by at least 50% or perhaps more, thereby
saving approximately 2000 patients per year (in the U.S.)
from the pain and suffering resulting from a CBD injury and
speed up all procedures since the CBD can be quickly iden-
tified and avoided.

3.0 Example Techniques and Processes
3.1 Common Bile Duct Imaging System

[0037] Embodiments can be built as either an add-on to
current laparoscopic systems or as an integrated standalone
system. The embodiments allow the surgeon to see the CBD
in its proper position during gallbladder surgery.

[0038] FIG. 4 shows an embodiment of an add-on configu-
ration that integrates with current laparoscopic light sources
and video systems. A fluorescent imaging module 404 intro-
duces IR light 407 into the existing fiberoptic lighting system
403 and through the light channel of the laparoscope 406. An
infrared detection coupler 405 is added to the laparoscope
406 between the laparoscope and visible light camera 409.
The infrared detection coupler 405 contains a camera that is
capable of detecting an IR signal from a fluorescent marker or
tissue auto-fluorescence. The infrared detection coupler 405
is communicatively connected to the fluorescent imaging
module 404. The connectors may be electronic cables,
fiberoptic cables, a wireless transmission system, or any com-
bination and/or quantity thereof. The connection cables may
be disposable or reusable and may need to be sterilized if they
contact the sterile surgical field. Alternatively, the IR image
may be transmitted via an optical path to a remote IR camera
(that may be located near the fluorescent imaging module
404). This may be necessary in case the size of an IR camera
is not compatible with the coupler 405 size specifications.

[0039] During operation, the light source 403 transmits
visible light through the fiberoptics in the laparoscope 406.
The fluorescent imaging module 404 transmits IR light (fluo-
rescent excitation light) through the fiberoptics in the laparo-
scope 406 at the same time. The camera controller 402
receives visible light image signals (the actual view of the
surgical field using visible light) from the existing camera 409
mounted to the laparoscope 406. The camera controller 402
processes the visible light image signals into visible image
display signals and sends the visible image display signals to
the fluorescent imaging module 404.
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[0040] The fluorescent imaging module 404 receives IR
(fluorescent) light image signals from the infrared detection
coupler 405. Tt processes the fluorescent emission light image
signals along with the visible image display signals received
from the camera controller 402 to create a video output signal
408 that contains a real-time overlay (or combination) of the
fluorescent emission light image signals and visible image
display signals. The fluorescent imaging module 404 digitally
processes the fluorescent emission light image signals using a
computer system or dedicated microprocessor to create a
pleasing and natural graphics display of the CBD. The fluo-
rescent imaging module 404 can use any known technique to
combine the fluorescent emission light image signals and
visible image display signals into a single display signal in
order to overlay the two images in their proper alignment.
This can include a simple reliance on a common focus point
where the two cameras are aligned before surgery and the two
image signals are combined in a straightforward manner, or
using software to automatically detect common reference
points within the two image signals in order to properly align
the two images.

[0041] The video output signal 408 is sent to a video moni-
tor 401 where the surgeon views the visible light image and
the fluorescent image as a single overlaid image. The surgeon
can instruct the fluorescent imaging module 404 to display
the fluorescent image in a desired color, shape, or texture so
the fluorescent image is properly contrasted to the visible
image.

[0042] Alternatively, the add-on system may need to
replace one of the components of current laparoscopic sys-
tems, either the camera head 409, the camera controller 402,
or the light source 403. In that case, the system interfaces with
the remaining components either at the input or output of
those devices.

[0043] FIG.5illustrates an embodiment that is a standalone
CBD imaging system that integrates the IR light source, IR
detection system, visible light source, and visible image
detection system into a complete and standalone laparoscopic
imaging system with enhanced optical capabilities. The
embodiment incorporates both a visible light camera and an
IR light camera into a single camera enclosure 505 that
attaches to the laparoscope 504 or is integrated into the lap-
aroscope 504. The light source 503 transmits both visible
light and IR light to fiberoptics in the laparoscope 504. Alter-
natively, the visible and IR light sources can be integrated into
the laparoscope 504 itselforinto a trocar to eliminate the need
for fiberoptic cables to be connected from the camera con-
troller 502 to the laparoscope 504, thus, making the laparo-
scope assembly lighter and easier to maneuver.

[0044] During normal operations, the light source 503 is
instructed by the camera controller 502 to illuminate the light
path in the laparoscope 504. The light source 503 transmits
both (depending on the request) a visible light and an IR light
to the laparoscope 504. The camera controller 504 receives
signals from cameras in the laparoscope 504. The camera
assembly 505 can be communicatively connected to camera
controller 504 via an electronic cable, fiberoptic cable, wire-
lessly via Bluetooth (or any wireless technology) or a wireless
local area network, or any combination and/or quantity
thereof. The camera assembly 505 contains both a visible
light detection camera and an IR light detection camera. The
cameras in the laparoscope 504 detect visible light images
and fluorescent emission light images. Alternatively, the cam-
era assembly 505 can contain other types of detectors that can
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accomplish the visible light image and fluorescent emission
light image detection as cameras.

[0045] The visible light image and fluorescent image sig-
nals from the camera assembly 505 are processed by the
camera controller 504. As with the fluorescent imaging mod-
ule described above, the camera controller 504 can use any
known technique to combine the fluorescent emission light
image signals and visible image signals into a single display
signal in order to overlay the two images in their proper
alignment. In this case, since the two cameras are in an inte-
gral caniera assembly 505, the cameras will have very little
parallax error and can be factory aligned. The two image
signals are then combined in a straightforward manner.
[0046] The cameras can also be aligned to a common focus
point before surgery. Alternatively, software can be used to
automatically detect common reference points within the two
image signals in order to properly align the two images.
[0047] The camera controller 504 adjusts the display char-
acteristics, such as color, of the fluorescent emission light
image so it contrasts well with the visual light image so the
surgeon can easily distinguish between the two images.
[0048] The display signal is sent to a video monitor 501
where the surgeon views the visible light image and the fluo-
rescent image as a single overlaid image. The surgeon can
instruct the camera controller 504 to display the fluorescent
image in a desired color, shape, and texture so the fluorescent
image is properly contrasted to the visible image.

[0049] Alternatively, the UV, visible, or IR fluorescence
detector may be the same CCD device used for the detection
of visible light. A single CCD can be used to detect both IR
and visible light. The CCD may be controlled via a controller
circuit to allow the detection of the emitted light signal either
simultaneously or alternating with the visible light (interlaced
detection). This detection may require the use of passive or
active filters and a switching mechanism. Both the visible and
the fluorescent emission light signals from the CCD would
then be carried to an electronic circuit that would separate the
fluorescent emission light signal and the visible light signal
for separate digital processing.

[0050] Modern laparoscopic cameras usually have three
CCD chips (red, blue, and green). A three-chip device can be
used as described in the previous paragraph to detect both the
visible and fluorescent emission light signals. Another alter-
native is to build a four-chip, five-chip, or greater number of
chips, laparoscopic camera. Such a camera would contain
three CCD chips for visible light detection plus any additional
CCDs for detection of the fluorescent signal. The separate
dedicated CCDs for the detection of the fluorescent emission
light would be optimized for detecting light in the TR, NIR,
visible or UV wavelengths. The detection could require active
or passive filtering, and a switching controller. The advantage
would be that the fluorescent emission light detector could be
activated and filtered separately from the visible light con-
troller.

[0051] In the case of a single, three-chip, four-chip, five-
chip, or greater number of chip laparoscopic camera system,
the entire assembly would attach to the laparoscope, endo-
scope, thoracoscope, or cystoscope either via a retractable
housing on the viewing end, by being permanently designed
as a component of the endoscope head, or by being miniatur-
ized and placed on the tip of the endoscope in a “chip on the
tip” configuration. In all of these cases, a separate collar,
separator, or beam splitting box would not be needed. All
optical manipulations would be carried out within the camera
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housing. The camera would be connected to its controller box
via an electronic cable or wirelessly via Bluetooth (or any
wireless technology) or a wireless local area network.
[0052] FIG. 11 illustrates an embodiment of a laparoscope
1101 with an integral light source 1102 and cameras 1103
attached. The light source 1102 could be: a standard white
light bulb, filtered light, lamp, LED, laser, etc. The light
source 1102 may be powered by: an electric cord, an internal
battery, or inductively coupled. Inside the body of the light
source 1102 alens system shapes the light beam to wide angle
or narrow angle, which is selectable by the user.

[0053] A version of the light source may be cylindrical in
nature and have a plurality of flat surfaces around it circum-
ference. This shape has resistance to rolling because of the flat
surfaces and helps prevent the light source 1102 from rolling
off of a table when not attached to the laparoscope 1101.

3.2 Imaging System Optical Layout

[0054] Referring to FIG. 6, in an embodiment, light from a
broadband source 602 (this is used for the visual cameras) is
combined with light that is used for navigation and targeting
ofthe CBD 603, 604. The goal is to identify the CBD so asnot
to physically damage it during an operation on the gallbladder
or removal of the gallbladder. The light used for identifying
the CBD can be: monochromatic, comprised of multiple
monochromatic sources, or be polychromatic. It may be ran-
domly polarized, linearly polarized or circular polarized. The
light source may be coherent or incoherent. Also, the light
source may be constant wave or pulsed.

[0055] The light sources reside in an enclosure 601 (light
box). Once the light sources are combined using a beamsplit-
ter or combiner 605 they are directed into an optical fiber 606
(this could be a bundle of fibers). The optical fiber 606 is
connected to the light box 606 on one end and to a connector
on the laparoscope on the other end. The connector on the
laparoscope has a fiber bundle attached to it. Once the light
signals are in the fibers they are channeled through the lap-
aroscope and exit into the patient. The light signals illuminate
the abdominal cavity, in this case more specifically the: gall-
bladder, CBD, and nearby organs. This is the excitation path.
Multiple lights sources can be used in the light box 601 that
allow the excitation of multiple fluorescent dyes or auto-
fluorescent tissue in the simultaneously or in rapid succes-
sion. If the wavelengths of two or more light sources overlap,
then the overlapping light sources must be triggered alter-
nately in order for the associated cameras to detect the proper
fluorescent image. If there is no overlap, then the light sources
may be simultaneously illuminated.

[0056] Organic materials have optical properties which are
specific to that individual material. The system uses these
unique properties to identify the CBD. In this case, the system
detects fluorescence of the bile in the CBD, the bile in the
CBD with a fluorescent dye added to the bile, or the auto-
fluorescence of the tissue(s) itself.

[0057] The organic material absorbs a photon and then
emits a photon at a longer wavelength (Stokes shifted). The
emission is called fluorescent emission light and this can be
collected by the laparoscope. There are a series of lenses that
run the length of the tube in the shaft portion of the laparo-
scope. Referring to FIG. 7, the light is collected by the first
lens and relayed to the other end of the device where it exits
and can be accessed by a detector, in this case the light is split
off with a beamsplitter 704 and directed to a camera(s) with
special filter(s) which block all light except the fluorescent
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emission light 703. In this case these emissions are in the form
of an image. The laparoscope also collects visual light as an
image which can be seen by the human eye or preferably a
camera. The visual light is split off by the beamsplitter 704
and directed to cameras that detect visual images 702. The
cameras can be individual chips and the number of cameras
can vary depending on the application. A focusing assembly
(not shown) may be placed in front of the cameras 702, 703 in
order to correct any beam distortion that occurs in the light
path. The light is split off with beamsplitters to specific cam-
eras.

[0058] The compact housing 701 is optional and may be
used in the standalone embodiment described above in FIG.
5. If the add-on embodiment described in FIG. 4 is used, the
compact housing 701 may not be implemented.

[0059] The two images, visual and fluorescent (i.e., navi-
gation & targeting), are superimposed onto each other in real
time so the surgeon can see the CBD and not damage it.

4.0 Common Bile Duct Fluorescence and Display

[0060] The CBD imaging system involves the following
steps:
[0061] 1. The placement of a fluorescent contrast mate-

rial into the CBD.

[0062] 2. Using a light source, that could be ultraviolet,
infrared, or visible to excite the fluorescent material.

[0063] 3. Detecting the fluorescence.

[0064] 4. Processing the fluorescent image to remove
artifact and scatter.

[0065] 5. Displaying the live surgical image and the fluo-
rescent image together in real-time with the CBD loca-
tion clearly displayed for the surgeon on the monitor.

[0066] Placement of a Contrast Agent into the Bile Duct.
[0067] The fluorescent agent can be any agent that fluo-
resces in the ultraviolet, visible, or infrared (IR) range. The
agent can be an optically active substance such as Indocya-
nine green (ICG), fluorescein, methylene blue, isosulfan blue,
or any new fluorescent or color-based visualization media and
markers. The fluorescent agent can be administered intrave-
nously before or during the surgery if it is excreted into the
bile (such as ICG). In the case of ICG, an administration kit
comprised of a biomarker, a biocompatible solution for infu-
sion, and the necessary tubing and instructions are provided.
The time of preoperative IV administration of ICG is 40-60
minutes before the start of surgery. The ICG can be infused as
part of a chemical “cocktail” that can optimize, enhance or
change the ICG’s optical properties.

[0068] Referring to FIGS. 2 and 8, alternatively, the fluo-
rescent contrast agent can be placed into the CBD via direct
injection into the gallbladder 204, the cystic duct 205, or the
CBD 201. Injecting the agent into the gallbladder has the
advantages of ease, no need for prior dissection, and safety, as
the gallbladder is away from the CBD. A specialized instru-
ment 801 exists to inject liquid into the gallbladder 802 and
then into the CBD (as described in U.S. Pat. No. 5,224,931).
[0069] As another alternative, a new laparoscopic instru-
ment can be used specifically to inject fluorescent contrast
material into the gallbladder. Such an instrument could have
a 5 mm diameter shaft, jaws to hold the gallbladder, and a
channel to inject the fluorescent material. This injection con-
duit may be separate from the jaws, or may traverse the jaws
such that when the gallbladder is grasped, the fluorescent
material can be injected directly into the gallbladder without
spillage (much like a snake bite).
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[0070] The fluorescent material could also be introduced
into the CBD via the cystic duct 205 (the duct that connects
the gallbladder to the CBD) instead of via the gallbladder 204.
To do this, the cystic duct is dissected free in a standard
manner for a standard intraoperative cholangiogram (I0C).
An 10C catheter is placed into the cystic duct, secured, and
the contrast agent is injected into the cystic duct and then into
CBD. This last embodiment will result in imaging of the
CBD, however it requires the previous successful dissection
of the cystic duct, hence, exposing the patient to some, if not
most, of the risk of the procedure prior to imaging the CBD.

[0071] Excitation of the Fluorescent Contrast Agent with a
Light Energy Source.

[0072] Agents can be excited by light in different wave-
lengths including ultraviolet (UV), visual, or infrared (IR).
The energy source can be one or more broad spectrum lamps,
one or more lasers, or one or more light-emitting diodes
(LEDs). The source will be referred herein as the narrow band
energy source. Typically a narrow wavelength band in the UV,
IR, or visible range is used to excite a specific fluorescent
molecule. The narrow band energy source can be part of the
laparoscopic light source or be enclosed in a separate housing
with various methods used to direct the light to the tissues.

[0073] As described above, the narrow band energy source
couples to the laparoscopic light source via an optical cou-
pling box, thereby combining the visible and narrow band
light in the existing fiberoptic cable that connects to the lap-
aroscope. Alternatively, the narrow band light source can
project the light onto the tissues via a completely separate
lighting system such as a second laparoscope, a special light
probe, or via one or more optically active trocars. The narrow
band light source can produce light energy in one or more
narrow wavelengths and its intensity and wavelength can be
adjustable by the user.

[0074] If no fluorescent agent is being used, the narrow
band energy source can be used to vary the type of visible
light projected upon the surgical field. Light in one or mul-
tiple wavelengths, with or without white light, can be used to
illuminate the surgical field. This effect can be used to
enhance the contrast, depth, and differentiation of various
tissues depending on their optical reflective, absorptive prop-
erties, and autofluorescence. If the light is projected from one
or more separate sources (instead of, or in addition to, the
laparoscope), the color, intensity, and spatial distribution of
the light can be controlled and varied by the user to achieve
various shadowing effects so as to enhance depth perception.
A specialized electronic controller box is needed for this and
the user can use a joystick, switch, or knobs to control the
lighting factors mentioned. The use of combinations of vari-
ous colors and intensities of light, along with varying the
spatial distribution of the source of the light, can assist the
surgeon with depth perception and tissue differentiation.

[0075] Inanembodiment, the ICG infusion combined with
the light generated from the IR laser/LED light source from
the light box (described above), generates enough fluores-
cence to be imaged by existing laparoscopic camera systems
without a having to add on an IR light detection camerato the
laparoscope. Thus, the embodiment would add the ICG infu-
sion/instrument delivery and the IR laser/LED light box as
described above, but with no additional camera systems. The
surgeon will be able to view the surgical field using the
existing laparoscopic camera and monitor, and also view the
fluorescent image of the CBD in the surgical field.

Jul. 30, 2009

[0076] Detection of the Contrast Agent.

[0077] The fluorescent contrast agent is excited by the nar-
row band light energy and produces light emission in a certain
wavelength band. This emitted energy can be captured by the
endoscope, laparoscope, thoracoscope, cystoscope, surgical
microscope, or a second optical probe introduced into the
body cavity for this purpose. The light energy passing through
the above-mentioned capture devices is then isolated, if
needed, via a beam splitter or other light filtering device and
directed to a detector. Methods for detecting the fluorescent
contrast agent are discussed above. Certain filters may be
used to filter non-desirable wavelengths of light from the
collected light energy to enhance the detection of the fluores-
cent substance. The filters may be static or changeable, and
may be controlled by an electronic controller.

[0078] Processing the Fluorescent Image.

[0079] Once detected and converted to a digital signal, the
fluorescent emission light signal is passed through a micro-
processor or computer to extract the critical tissue image
information. This process may use software algorithms to
enhance the image, to change the size, shape, and texture of
the image, to change the color of the image, and/or to change
the image to a computer generated graphic. All these param-
eters may adjustable by the user or setup into a predetermined
set of choices to accommodate different user’s preferences.

[0080] Displaying the Live Surgical Image and the Fluo-
rescent lmage.
[0081] Referring to FIG. 9, a series of images showing

visible light images and fluorescent emission light images is
shown. The digital output from the processed fluorescent
emission light signal is digitally combined with the visual
light image in order to create a seamless overlay of both
images. The combining and/or overlaying of the images can
be performed by software in a computer or microprocessor.
The parameters of the overlay and the presence of each image
layer is user selectable.

[0082] Thecombined visual/fluorescent image is displayed
on an existing standard laparoscopic CRT, display, video
monitor, flat panel display, projector, or head-mounted dis-
play. The combined digital image is output in a format com-
patible with standard monitors on the market today. The over-
lay image can be turned on or off by the user via a switch or
software control which could alternatively be voice activated.
The overlay image presents the images in a manner that the
surgeon can see the location of the CBD via the fluorescent
emission from any normal visual angle while he is working.
Some surgeons may prefer to have two monitors, one without
the overlay image and one with the overlay image. The system
can handle multiple displays with different combinations of
images. The system can also display an overlay image with
the visual light image shown in a picture in a picture mode
where either image can be shown as the main image and the
other as the smaller image in the sub-picture display.

[0083] A visible light image 901 of tissue over a bile duct
and an artery is shown without an overlay. The fluorescent
image 902 of the bile duct and artery is shown, also without an
overlay. The two types of images do not convey enough
information to the surgeon alone. The combination of the two
images allows the surgeon to picture what is under the tissue
as well as the tissue itself. The normal and enhanced bile duct
images are displayed together in a natural overlaid manner
903 on the surgical image so the CBD is visible to the surgeon
despite being under the overlying tissue. The surgeon can now
avoid injuring the CBD using the overlaid images.



US 2009/0192390 A1

[0084] When the image overlay is activated, the visible
light image may be altered in color and/or intensity to high-
light the fluorescent image. The fluorescent image can be
changed to any desirable color by the user. The fluorescent
image is easily enhanced due to the fluorescent image being
only what is fluorescent in the body cavity.

[0085] Thesoftware for image processing allows the user to
configure and control the CBD visualization system before,
during, and after surgery. The control may be carried out via
a computer keyboard, a specialized key pad, touch screen,
foot-pedal, voice control, a head-up display, etc. The control
may be provided to the surgeon in a sterile enclosure such as
a plastic cover, on the floor as a foot pedal, or may be used by
the circulating nurse in a non-sterile setting.

[0086] The computer used for the digital processing of
images and control of the image detection can include soft-
ware and hardware for recording the combined visual and
fluorescent images on an external or internal digital recording
device such as CD, DVD, optical disk, hard disk, or flash
memory. The capacity to print static combined images onto
photo paper can be included in the system. The system can
provide an Ethernet connection to allow Internet or intranet
connectivity so that recordings may be made to a server or
transmitted over the Internet or intranet for training purposes.
[0087] NOTES Application.

[0088] Natural Orifice Translumenal Endoscopic Surgery
(NOTES)™ was developed several years ago in response to
the concepts that patients would: 1) realize the benefits of less
invasive surgery by reducing the recovery time; 2) experience
less physical discomfort associated with traditional proce-
dures; and 3) have virtually no visible scarring following this
type of surgery. All of these advantages have spurred research
and investigation forward, encouraging physicians and
researchers to develop new equipment and techniques to use
during NOTES procedures.

[0089] As an example, in natural orifice surgery the gall-
bladder might be removed through the mouth. The doctor
would insert a tube down the esophagus, make a small inci-
sion in the stomach or digestive tract to gain access to the
abdominal cavity and take the organ out by the same route.
Some operations might be done via the rectum, vagina, ure-
thra or bladder as well.

[0090] One of the main problems with NOTES surgery is
spatial orientation and visualization. This is due to the chang-
ing visual axis that the flexible endoscope adopts while
inserted into the peritoneal cavity. Additionally, the quality of
the endoscopic visual image 1s usually inferior to standard
laparoscopic systems.

[0091] During NOTES gallbladder surgery, the surgeon
may use a top-down approach to removing the gallbladder,
thus dissecting the gallbladder down to a single pedicle of
tissue where the critical ductal structure is located. At this
point, if the surgeon could clearly see the location of the
common bile duct, he could safely ligate or clip the pedicle
and conclude the surgery in less time and with less effort.
Alternatively, visualization of the common bile duct would be
helpful during NOTES gallbladder surgery during the dissec-
tion of the cystic duct and arteries because of the limitations
in visualization and manipulation with current NOTES sys-
tems. In both cases, clear visualization of the common bile
duct would make NOTES gallbladder surgery faster and safer
for the patient.

[0092] Inanembodiment, the bile duct vision system oper-
ates in an identical manner to the laparoscopic application
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described above. The fluorescent excitation light is intro-
duced into the fiberoptic system of the flexible endoscope. A
beam-splitter collar and separate fluorescent excitation cam-
era system attached to the endoscope would be used to cap-
ture the fluorescent image. The fluorescent image would be
processed and both images displayed in: overlay mode, pic-
ture in a picture, or side by side formats (all described above),
to the surgical team. In a fully integrated NOTES platform,
the fluorescent excitation source and camera are integrated
into the endoscopic equipment system. In a NOTES applica-
tion, the ICG or other fluorescent or color marker would be
introduced into the common bile duct either via IV injection
prior to surgery or by direct injection into the gallbladder
during surgery. The direct injection could be done with exist-
ing endoscopic injection needle catheters, a percutaneous
needle, or a newly designed instrument or catheter for the
injection.

[0093] In an embodiment, the displayed images are
expanded past the two-dimensional arena. The embodiment
displays a three-dimensional image to the surgeon. The sur-
geon or assistant has the ability to rotate the images using a
remote control or using a command device on the laparo-
scope, endoscope, thoracoscope, cystoscope, etc.

5.0 Hardware Overview

[0094] FIG. 10 is a block diagram that illustrates a com-
puter system 1000 upon which an embodiment of the inven-
tion may be implemented. Computer system 1000 includes a
bus 1002 or other communication mechanism for communi-
cating information, and a processor 1004 coupled with bus
1002 for processing information. Computer system 1000 also
includes a main memory 1006, such as a random access
memory (RAM) or other dynamic storage device, coupled to
bus 1002 for storing information and instructions to be
executed by processor 1004. Main memory 1006 also may be
used for storing temporary variables or other intermediate
information during execution of instructions to be executed
by processor 1004. Computer system 1000 further includes a
read only memory (ROM) 1008 or other static storage device
coupled to bus 1002 for storing static information and instruc-
tions for processor 1004. A storage device 1010, such as a
magnetic disk or optical disk, is provided and coupled to bus
1002 for storing information and instructions.

[0095] Computer system 1000 may be coupled via bus
1002 to a display 1012, such as a cathode ray tube (CRT),
projection, head-mounted display or flat panel display for
displaying information to a computer user. An input device
1014, including alphanumeric and other keys, is coupled to
bus 1002 for communicating information and command
selections to processor 1004. Another type of user input
device is cursor control 1016, such as a mouse, a trackball, or
cursor direction keys for communicating direction informa-
tion and command selections to processor 1004 and for con-
trolling cursor movement on display 1012. This input device
typically has two degrees of freedom in two axes, a first axis
(e.g., x) and a second axis (e.g., ). that allows the device to
specify positions in a plane.

[0096] The invention is related to the use of computer sys-
tem 1000 for implementing the techniques described herein.
According to one embodiment of the invention, those tech-
niques are performed by computer system 1000 in response to
processor 1004 executing one or more sequences of one or
more instructions contained in main memory 1006. Such
instructions may be read into main memory 1006 from
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another machine-readable medium, such as storage device
1010. Execution of the sequences of instructions contained in
main memory 1006 causes processor 1004 to perform the
process steps described herein. In alternative embodiments,
hard-wired circuitry may be used in place of or in combina-
tion with software instructions to implement the invention.
Thus, embodiments of the invention are not limited to any
specific combination of hardware circuitry and software.
[0097] The term “machine-readable medium” as used
herein refers to any medium that participates in providing
data that causes a machine to operation in a specific fashion.
In an embodiment implemented using computer system
1000, various machine-readable media are involved, for
example, in providing instructions to processor 1004 for
execution. Such a medium may take many forms, including
but not limited to storage media and transmission media.
Storage media includes both non-volatile media and volatile
media. Non-volatile media includes, for example, optical or
magnetic disks, such as storage device 1010. Volatile media
includes dynamic memory, such as main memory 1006.
Transmission media includes coaxial cables, copper wire and
fiber optics, including the wires that comprise bus 1002.
[0098] Common forms of machine-readable media
include, for example, a floppy disk, a flexible disk, hard disk,
magnetic tape, or any other magnetic medium, a CD/DVD,
any other optical medium, punchcards, papertape, any other
physical medium with patterns of holes, a RAM, a PROM,
and EPROM, a FLASH-EPROM, any other memory chip or
cartridge, or any other medium from which a computer can
read.

[0099] Various forms of machine-readable media may be
involved in carrying one or more sequences of one or more
instructions to processor 1004 for execution. For example, the
instructions may initially be carried on a magnetic disk of a
remote computer. The remote computer can load the instruc-
tions into its dynamic memory and send the instructions over
a telephone line using a modem. A modem local to computer
system 1000 can receive the data on the telephone line and use
an infra-red transmitter to convert the data to an infra-red
signal. Aninfra-red detector can receive the data carried in the
infra-red signal and appropriate circuitry can place the data
onbus 1002. Bus 1002 carries the data to main memory 1006,
from which processor 1004 retrieves and executes the instruc-
tions. The instructions received by main memory 1006 may
optionally be stored on storage device 1010 either before or
after execution by processor 1004.

[0100] Computer system 1000 also includes a communica-
tion interface 1018 coupled to bus 1002. Communication
interface 1018 provides a two-way data communication cou-
pling to a network link 1020 that is connected to a local
network 1022. For example, communication interface 1018
may be an integrated services digital network (ISDN) card or
a modem to provide a data communication connection to a
corresponding type of telephone line. As another example,
communication interface 1018 may be a local area network
(LAN) card to provide a data communication connection to a
compatible LAN. Wireless links may also be implemented. In
any such implementation, communication interface 1018
sends and receives electrical, electromagnetic or optical sig-
nals that carry digital data streams representing various types
of information.

[0101] Network link 1020 typically provides data commu-
nication through one or more networks to other data devices.
For example, network link 1020 may provide a connection
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through local network 1022 to a host computer 1024 or to data
equipment operated by an Internet Service Provider (ISP)
1026.1SP 1026 in turn provides data communication services
through the world wide packet data communication network
now commonly referred to as the “Internet” 1028. Local
network 1022 and Internet 1028 both use electrical, electro-
magnetic or optical signals that carry digital data streams.
[0102] Computer system 1000 can send messages and
receive data, including program code, through the network
(s), network link 1020 and communication interface 1018. In
the Internet example, a server 1030 might transmit a
requested code for an application program through Internet
1028, ISP 1026, local network 1022 and communication
interface 1018.

[0103] The received code may be executed by processor
1004 as it is received, and/or stored in storage device 1010, or
other non-volatile storage for later execution. In this manner,
computer system 1000 may obtain application code in the
form of a carrier wave.

[0104] In the foregoing specification, embodiments of the
invention have been described with reference to numerous
specific details that may vary from implementation to imple-
mentation. Thus, the sole and exclusive indicator of what is
the invention, and is intended by the applicants to be the
invention, is the set of claims that issue from this application,
in the specific form in which such claims issue, including any
subsequent correction. Any definitions expressly set forth
herein for terms contained in such claims shall govern the
meaning of such terms as used in the claims. Hence, no
limitation, element, property, feature, advantage or attribute
that is not expressly recited in a claim should limit the scope
of such claim in any way. The specification and drawings are,
accordingly, to be regarded in an illustrative rather than a
restrictive sense.

What is claimed is:
1. A system for imaging features of a common bile duct
(CBD) in a patient during surgery, comprising:

at least one sensor for detecting visual light images
mounted on a laparoscope;

at least one sensor for detecting fluorescent emission light
images mounted on the laparoscope;

a receiver that receives visual image data from the at least
one sensor for detecting visual light images and receives
fluorescent image data from the at least one sensor for
detecting fluorescent emission light images;

a processor that receives visual image data and fluorescent
image data from the receiver, the processor extracts
CBD image data from the fluorescent image data and
combines the visual image data and the CBD image data
into display data; and

adisplay processor communicatively connected to the pro-
cessor, the display processor processes display data
received from the processor for display on a communi-
catively connected display device.

2. The system of claim 1, further comprising:

a wireless transmitter mounted on the laparoscope and
communicatively connected to the at least one sensor for
detecting visual light images and to the at least one
sensor for detecting fluorescent emission light images;
and

wherein the wireless transmitter transmits visual image
data received from the at least one sensor for detecting
visual light images and transmits fluorescent image data
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received from the at least one sensor for detecting fluo-
rescent emission light images.

3. The system of claim 1, wherein the receiver receives
visual image data from the at least one sensor for detecting
visual light images and receives fluorescent image data from
the at least one sensor for detecting fluorescent emission light
images viaany combination of: at least one electrical cable or
at least one fiberoptic cable.

4. The system of claim 2, wherein the receiver receives
visual image data and fluorescent image data from the wire-
less transmitter.

5. The system of claim 1, wherein the receiver is commu-
nicatively connected to the at least one sensor for detecting
visual light images and the at least one sensor for detecting
fluorescent emission light images.

6. The system of claim 1, further comprising:

a storage device that stores display data received from the

processor.

7. The system of claim 1, further comprising:

a light source that projects visible light and fluorescent
excitation light via the laparoscope into the patient’s
abdominal cavity.

8. The system of claim 7, wherein the light source is any
combination of: at least one laser, at least one filtered light, at
least one lamp, or at least one LED.

9. The system of claim 7, wherein characteristics of the
visible light and/or the fluorescent excitation light in the light
source are adjustable by a user.

10. The system of claim 1, wherein the processor adjusts
display characteristics of the CBD image data in order to
differentiate the CBD image data from the visual image data
in the display data.

11. A system for imaging features of a common bile duct
(CBD) in a patient during surgery, comprising:

a fluorescent image module containing at least one sensor

for detecting fluorescent emission light images adapted
to mount on a laparoscope;
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a receiver that receives fluorescent image data from the
fluorescent image module and receives visual image
data from an existing visual image sensor attached to the
laparoscope;

a processor that receives visual image data and fluorescent
image data from the receiver, the processor extracts
CBD image data from the fluorescent image data and
overlays the CBD image data onto the visual image data;
and

adisplay processor communicatively connected to the pro-
cessor, the display processor processes overlaid data
received from the processor for display on a communi-
catively connected display device.

12. The system of claim 11, further comprising:

a wireless transmitter mounted on the laparoscope and
communicatively connected to the fluorescent image
module; and

wherein the wireless transmitter transmits visual image
data received from the fluorescent image module.

13. The system of claim 11, wherein the receiver receives
visual image data from the fluorescent image module via any
combination of: at least one electrical cable or at least one
fiberoptic cable.

14. The system of claim 12, wherein the receiver receives
fluorescent image data from the wireless transmitter.

15. The system of claim 11, further comprising:

a storage device that stores overlaid data received from the

processor.

16. The system of claim 11, wherein the processor adjusts
display characteristics of the CBD image data in order to
differentiate the CBD image data from the visual image data
as the CBD image data is overlaid onto the visual image data.

17. The system of claim 11, further comprising:

a light source that projects fluorescent excitation light via
the laparoscope into the patient’s abdominal cavity.

18. The system of claim 17, wherein the light source is any

combination of: at least one laser, at least one filtered light, at
least one lamp, or at least one LED.
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