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SYSTEMS AND METHODS FOR
LAPAROSCOPIC PLANNING AND
NAVIGATION

BACKGROUND

Technical Field

[0001] The present disclosure relates to surgical systems
and methods and, more particularly, to systems and methods
for laparoscopic planning and navigation.

Background

[0002] In a laparoscopic surgical procedure, a small
entrance incision is made in the skin through which a
surgeon may introduce a hollow tube or access port (e.g.,
trocar). The access port allows the surgeon to insert a
number of different surgical instruments therethrough for
performing surgical procedures far removed from the inci-
sion. Proper placement of the access port is important in
laparoscopic procedures and allows the surgeon to access
the surgical site efficiently. In planning access port place-
ment during a laparoscopic procedure, the surgeon often
relies on rough measurements (e.g., anatomical landmarks,
spatial reasoning, experience, etc.) to place the access port.
If the access port is placed incorrectly, the surgeon may not
be able to access the surgical site efficiently and may be
prevented from fully visualizing the surgical field, which
may require the surgeon to spend a significant amount of
time repositioning instruments and tissue.

[0003] Therefore, a need exists for devices, systems, and
methods for assisting a clinician with access port placement
in laparoscopic surgical procedures.

SUMMARY

[0004] In accordance with an embodiment of the present
disclosure, there is provided a method for performing a
surgical procedure. The method includes generating, by a
computing device, an anatomical map of a patient from a
plurality of images; positioning a trocar obturator adjacent to
the patient; calculating, by the computing device, a projected
path of the trocar obturator; overlaying, by the computing
device, the projected path of the trocar obturator with the
anatomical map of the patient; and displaying the projected
path of the trocar obturator and the anatomical map of the
patient on a display device to define an augmented image.
[0005] In an embodiment, the method may further include
determining the location of an incision site based on the
augmented image.

[0006] In another embodiment, the method may further
include positioning a rigid pad including a sensor array
under the patient to establish a coordinate frame of reference
of the patient.

[0007] In yet another embodiment, the method may fur-
ther include affixing a position sensor to the trocar obturator
to determine the position of the trocar obturator relative to
the patient coordinate frame of reference.

[0008] In still yet another embodiment, the method may
further include inserting an endoscope into the patient; and
using at least one of a direction of view, a field of view, and
a magnification of the endoscope to further refine, with the
computing device, the augmented image.

[0009] In still yet another embodiment, the method may
further include affixing a sleeve including a second position
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sensor about a shaft of the endoscope to determine the
position of the endoscope relative to the patient coordinate
frame of reference.

[0010] In an embodiment, generating the anatomical map
of the patient may include performing pre-procedure imag-
ing of the patient using one or more imaging modalities to
create a pre-procedure anatomical map of the patient.
[0011] In another embodiment, generating the anatomical
map of the patient may include performing real-time imag-
ing of the patient during a surgical procedure.

[0012] In yet another embodiment, the method may fur-
ther include processing, by the computing device, the real-
time imaging of the patient and the pre-procedure imaging
of the patient; overlaying, by the computing device, the
pre-procedure imaging of the patient onto the real-time
imaging of the patient to further refine the augmented image;
and displaying, on the display device, the refined augmented
image.

[0013] In accordance with another aspect of the present
disclosure, there is provided a laparoscopic planning and
navigation system. The system includes a real-time imaging
system configured to capture image and video of a surgical
site to define a surgical field of view, a sensor array posi-
tionable adjacent to a patient and configured to establish a
patient coordinate frame of reference for the surgical site, a
trocar obturator configured for insertion into a body cavity,
an endoscope defining a field of view, a first position sensor
attachable to the trocar obturator and a second position
sensor attachable to the endoscope, a computing device
including a processor and a memory, and a display device
configured to display the projected path of each of the trocar
obturator and the endoscope to define an augmented image
on the display device.

[0014] In particular, the first and second position sensors
are in communication with the sensor array and are config-
ured to measure the respective positions of the trocar obtu-
rator and the endoscope relative to the patient coordinate
frame of reference. In addition, the computing device is in
communication with the sensor array and the first and
second position sensors to determine the respective locations
of the trocar obturator and the endoscope relative to the
patient coordinate frame of reference. The computing device
is configured to calculate a projected path of each of the
trocar obturator and the endoscope relative to the patient
coordinate frame of reference.

[0015] In an embodiment, the system further may include
an elastomeric sleeve defining an inner surface. The inner
surface of the elastomeric sleeve may be configured to
receive the trocar obturator. The elastomeric sleeve may
have the first position sensor affixed thereto.

[0016] In another embodiment, the system may further
include a second elastomeric sleeve defining an inner sur-
face. The inner surface of the second elastomeric sleeve may
be configured to receive the endoscope. The second elasto-
meric sleeve may have the second position sensor affixed
thereto.

[0017] Inyetanother embodiment, the first position sensor
may be integrally formed with the trocar obturator.

[0018] In yet another embodiment, the second position
sensor may be integrally formed with the endoscope.
[0019] In still yet another embodiment, the computing
device may be configured to determine a location for a first
incision site on the patient based on the projected path of the
trocar obturator. In addition, the computing device may be
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configured to determine a location for a second incision site
on the patient based on the projected path of the endoscope.
[0020] In an embodiment, the system may include a rigid
pad positionable underneath the patient, the rigid pad includ-
ing the sensor array.

[0021] In another embodiment, the computing device may
be configured to overlay the projected path of each of the
trocar obturator and the endoscope onto the surgical field of
view defined by the real-time imaging system to further
refine the augmented image.

[0022] In yet another embodiment, the computing device
may be configured to correlate the field of view of the
endoscope with the surgical field of view defined by the
real-time imaging system to further refine the augmented
image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Objects and features of the present disclosure will
become apparent to those of ordinary skill in the art when
descriptions thereof are read with reference to the accom-
panying drawings, of which:

[0024] FIG. 1 is a schematic diagram of a laparoscopic
planning and navigation system in accordance with an
embodiment of the present disclosure;

[0025] FIG. 2 is a position-sensing sleeve of the laparo-
scopic planning and navigation system of FIG. 1;

[0026] FIG. 3 is a flowchart illustrating a method of
performing a surgical procedure in accordance with the
present disclosure;

[0027] FIG. 4 is an augmented image of a surgical field
depicting a projected path of a trocar obturator and an
endoscope of the laparoscopic planning and navigation
system of FIG. 1; and

[0028] FIG. 5 is an augmented image of the surgical field
with the endoscope and the trocar obturator of the laparo-
scopic planning and navigation system of FIG. 1 inserted
into a patient.

DETAILED DESCRIPTION

[0029] Embodiments of the present disclosure are
described in detail with reference to the drawings in which
like reference numerals designate identical or corresponding
elements in each of the several views. As used herein, the
term “clinician” refers to a doctor, nurse, or other care
provider and may include support personnel. In the follow-
ing description, well-known functions or constructions are
not described in detail to avoid obscuring the present dis-
closure in unnecessary detail.

[0030] The laparoscopic navigation and planning system
of the present disclosure enables a clinician to accurately
determine access port (e.g., trocar obturator) placement
locations on a patient in a laparoscopic procedure. For
example, a trocar obturator may include a position sensor
such that the trocar obturator’s position can be identified
within a surgical field. An augmented image of the surgical
field may be viewable on a display, depicting the projected
path (e.g., the trajectory) of the trocar obturator, and tissue
structures within the projected path of the trocar obturator.
Thus, the clinician can accurately determine an incision site
on a patient for the trocar obturator, thereby reducing
surgical errors, the need for additional incisions, operating
time, etc.
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[0031] Referring initially to FIG. 1, an illustration of a
laparoscopic navigation and planning system 10 in accor-
dance with the present disclosure is shown and generally
includes an a workstation 20, a tracking system 30, an
endoscope 40, and a trocar obturator 50.

[0032] Workstation 20 includes a computing device 22, a
memory 24, and a display 26. The computing device 22, in
turn, includes a processor and memory, such as random
access memory (RAM). The processor may be any suitable
processor adapted to perform or execute techniques, opera-
tions, applications, algorithms, programs, and/or instruc-
tions described herein. The processor may include one or
more central processing units (CPUs), application specific
integrated circuits (ASICs), field programmable gate arrays
(FPGAs), digital signal processors (DSPs), microprocessors,
or any combination thereof.

[0033] Memory 24 may be any type of hardware device
used to store data. Memory 24 may include volatile memory,
such as random access memory (RAM) (e.g., dynamic
random access memory (DRAM), static random access
memory (SRAM), etc.). Memory 24 may include non-
volatile memory, such as read-only memory (ROM), eras-
able programmable read-only memory (EPROM), electri-
cally erasable programmable read-only memory
(EEPROM), non-volatile RAM (NVRAM), etc. Memory 24
may also include magnetic, optical, or electrical media.

[0034] Display 26 is communicatively connected to com-
puting device 22 of workstation 20. Display 26 may be any
device configured to display at least one output of comput-
ing device 22 (e.g., a touch screen display, a light-emitting
diode (LED) display, a liquid-crystal display (LCD), an
organic light-emitting diode (OLED) display, a plasma dis-
play panel (PDP), etc.). Computing device 22, which may
include one or more graphics or video processors, may be
configured to cause display 26 to display images and video
of a surgical environment (e.g., real time, augmented, vir-
tual, etc.), anatomical patient imaging, locations or possible
locations of surgical instruments and tools within a surgical
environment, patient data, etc., as will be described below.

[0035] Tracking system 30 includes a real-time imaging
device 31, a sensor array 32, and one or more position
sensors 34. Real-time imaging device 31, sensor array 32,
and position sensors 34 are communicatively connected to
computing device 22 of workstation 20 to generate one or
more images and/or video of a surgical field, to be displayed
on display 26 of workstation 20. In embodiments, tracking
system 30 may be any type of imaging/tracking system
known in the art, such as an optical navigation system,
electromagnetic tracking system, an ultrasonic tracking sys-
tem, or any combination thereof.

[0036] Real-time imaging device 31 may be any type of
real-time imaging system such as, magnetic resonance imag-
ing (MRI), ultrasound, computed tomography (CT), positron
emission tomography (PET), etc., for capturing images
and/or video of a surgical field. Real-time imaging device 31
may also include one or more cameras that define a field of
view.

[0037] Position sensors 34 are connected to, secured to,
and/or integrated with endoscope 40 and trocar obturator 50
to determine the position of endoscope 40 and trocar obtu-
rator 50 relative to the patient coordinate frame of reference,
as will be described below. In embodiments, position sensor
34 may be any suitable type of position sensor, including
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electromagnetic, optical, acoustic, electrical field, radio fre-
quency (RF), an accelerometer, etc.

[0038] Sensor array 32 of tracking system 30 is positioned
near (e.g., underneath, next to, etc.) a patient to establish a
patient coordinate frame of reference. In embodiments,
sensor array 32 may be included in a pad, e.g., a rigid pad,
positioned between the patient and operating table 36.
[0039] With reference to FIG. 2, position sensor 34 is
included in a sheath or sleeve 60. Sleeve 60 includes a body
62 defining an inner surface 64 and an outer surface 66.
Sleeve 60 is positionable about a portion of any surgical
instrument or tool (e.g., endoscope 40, trocar obturator 50,
etc.). Sleeve 60 may be formed from a flexible and/or
conformable material, such as an elastomer. Alternatively,
sleeve 60 may be formed from a thermoplastic, polymer, or
any rigid or semi-rigid material.

[0040] Although sleeve 60 is shown as having a substan-
tially cylindrical shape, any suitable shape is contemplated,
such as rectangular, triangular, or the like. In embodiments,
position sensor 34 of sleeve 60 may be recognizable by
sensor array 32 to establish the position of sleeve 60 relative
to the patient coordinate frame of reference. Position sensor
34 of sleeve 60 may be hard wired to computing device 22,
or alternatively, may be in wireless communication with
computing device 22.

[0041] Endoscope 40 is operatively connected to worksta-
tion 20 and is configured for insertion into a body cavity for
viewing a surgical site. Endoscope 40 defines a field of view
from within the body cavity of the patient of the surgical site,
which is viewable as images and/or video on display 26 of
workstation 20. Sleeve 60 is positionable about a shaft 42 of
endoscope 40 (FIGS. 1 and 2). Position sensor 34 of sleeve
60 of endoscope 40 communicates with sensor array 32 such
that the position and orientation of endoscope 40 can be
established relative to the patient coordinate frame of ref-
erence. In embodiments, endoscope 40 may be any type of
tubular instrument used to view the body of a patient such
as a laparoscope, nephroscope, bronchoscope, arthroscope,
colonoscope, etc.

[0042] Trocar obturator 50 includes an integrated position
sensor 34 that communicates with sensor array 32 such that
the position and orientation of trocar obturator 50 can be
established relative to the patient coordinate frame of ref-
erence. Additionally or alternatively, sleeve 60 including
position sensor 34 may be attached or secured to trocar
obturator 50 to establish the position and orientation of
trocar obturator 50 relative to the patient coordinate frame of
reference. Trocar obturator 50 may be any suitable medical
device (e.g., a trocar, tube, cannula, seal, stylus, introducer,
obturator, etc.) configured to provide access to a body cavity
during a laparoscopic procedure.

[0043] Referring now to FIG. 3, a method in accordance
with the present disclosure is described. The method of FIG.
3, although necessarily illustrated and described in an order,
is not intended to have any limiting effect or to imply any
particular order. To this end, the methods illustrated and
described herein may include some or all of the features
described and may be implemented in any suitable order. In
addition, although laparoscopic procedures are referenced
herein, it should be appreciated that the method of FIG. 3 is
applicable for any type of procedure (e.g., open surgical
procedures).

[0044] In use, in step S100, as part of the planning phase,
a series of pre-procedure images of the patient (e.g., of the
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abdominal cavity, surgical site, etc.) are obtained using one
or more imaging modalities (e.g., MRI, CT, ultrasound, PET,
etc.) to create a pre-procedure anatomical map of the patient.
The imaging data is then loaded onto workstation 20, which
computing device 22 utilizes for generating and viewing a
three-dimensional (3D) anatomical map or model of the
patient on display 26 of workstation 20. The 3D anatomical
map enables the identification of the target tissue structures
“T” (FIGS. 4 and 5), e.g., automatically, semi-automatically
or manually. More specifically, computing device 22 pro-
cesses and assembles the pre-procedure imaging data into a
3D volume, which is then utilized to generate the 3D
anatomical map of the patient and stored in memory 24.

[0045] During the procedure phase, in step S100, real-time
imaging device 31 (FIG. 1) of tracking system 30 captures
real-time images and video of the surgical field, and sensor
array 32 is placed adjacent or under the patient to establish
a coordinate frame of reference of the patient. In step S102,
computing device 22 processes and overlays the real-time
image data from real-time imaging device 31 with the
pre-procedure 3D model image data stored in memory 24.
Specifically, the pre-procedure 3D anatomical map is over-
laid onto the real-time image data from real-time imaging
device 31 and combined into a 3D volume, with the resulting
“augmented reality” or augmented image “Al” (FIG. 4) of
the patient’s anatomical map displayed (e.g., as images and
video) in real-time on display 26 of workstation 20. Com-
puting device 22, using one or more programs, identifies
tissue structures “T” (e.g., luminal networks, organs,
muscle, etc.) and marks their location such that the clinician
can readily identify the tissue structures “T” (e.g., and other
sites of interest) in real time. As shown in FIG. 4, the tissue
structures “T” are overlaid onto the patient and viewable in
the augmented image “Al” In step S104, the resulting
augmented image “Al” is displayed on display 26 of work-
station 20, such that the clinician can view the anatomical
map of the patient and surgical instruments and tools relative
to the patient, in real-time on display 26 during the proce-
dure.

[0046] In step S106, endoscope 40 is then positioned near
the patient. Position sensor 34 of endoscope 40 coordinates
with sensor array 32 such that the position and orientation of
endoscope 40 is established relative to the patient coordinate
frame of reference. The position and orientation of endo-
scope 40 is viewable on display 26 of workstation 22, such
that the clinician can view, in real-time, the location of
endoscope 40 relative to the patient. In addition, position
sensor 34 communicates with computing device 22 of
workstation 20 such that the projected path or trajectory
“IR,” (FIG. 4) of endoscope 40 is added to augmented
image “Al” and viewable on display 26 of workstation 20.
In step S108, if the trajectory “TR,” of endoscope 40 is
correct, then, in step S110, the clinician can make an incision
“I” in the patient to place the endoscope 40 therein and
continue the procedure. In step S108, if the trajectory “TR,”
of endoscope 40 is incorrect, the clinician, in step S106, can
make further adjustments, using display 26 of workstation
20 to adjust the trajectory “TR,” of endoscope 40. There-
fore, the clinician can determine the appropriate location for
an incision through which endoscope 40 may be inserted,
while avoiding critical tissue structures “T,” reducing sur-
gical errors, the need for additional incisions, operating
time, ete.
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[0047] Once the endoscope 40 is inserted into the patient,
endoscope 40 captures images and video of a surgical site.
In step S112, computing device 22 of workstation 20 pro-
cesses the optical parameters (e.g., direction of view, field of
view, magnification, etc.) of endoscope 40, and then
assembles the optical parameters of endoscope 40 into the
patient imaging data to further refine, in real-time, the
augmented image “Al,” e.g,, to increase the accuracy of the
augmented image “Al” Specifically, the pre-procedure
3D-model imaging data of the patient, the imaging data
received from tracking system 30 during the procedure, and
the optical parameters of the endoscope 40 are assembled
into a cohesive, augmented image “Al,” which is viewable
on display 26 of workstation 20.

[0048] In step S114, using the augmented image “Al,” the
clinician determines the appropriate location for placing
trocar obturator 50. The position sensor 34 of trocar obtu-
rator 50 and sensor array 32 of tracking system 30 permits
the clinician to view, using display 26 of workstation 20, the
position and orientation of trocar obturator 50 such that the
clinician can view, in real-time, the location of trocar obtu-
rator 50 relative to the patient coordinate frame of reference.
Position sensor 34 communicates with computing device 22
of workstation 20 such that the intended trajectory “TR,” of
trocar obturator 50 is added to augmented image “Al” and
viewable on display 26 of workstation 20. In step S116, if
the trajectory “TR,” of trocar obturator 50 is correct, then,
in step S118, the clinician can make an incision “I” in the
patient to place the trocar obturator 50 therein and continue
the procedure. In step S116, if the trajectory “IR,” of trocar
obturator 50 is incorrect, then in step S114, the clinician can
make further adjustments, using display 26 of workstation
20 to adjust the trajectory “TR,” of trocar obturator 50.
Therefore, the clinician can determine the appropriate loca-
tion for an incision through which trocar obturator 50 may
be inserted, while avoiding critical tissue structures “T,”
reducing surgical errors, the need for additional incisions,
operating time, etc.

[0049] The access devices and/or surgical systems
described herein can be utilized with powered surgical
instruments, robotic surgical instruments, and/or be incor-
porated in a robotic surgical system.

[0050] Persons skilled in the art will understand that the
structures and methods specifically described herein and
shown in the accompanying figures are non-limiting exem-
plary embodiments, and that the description, disclosure, and
figures should be construed merely as exemplary of particu-
lar embodiments. It is to be understood, therefore, that the
present disclosure is not limited to the precise embodiments
described, and that various other changes and modifications
may be effected by one skilled in the art without departing
from the scope or spirit of the disclosure. Additionally, the
elements and features shown or described in connection with
certain embodiments may be combined with the elements
and features of certain other embodiments without departing
from the scope of the present disclosure, and that such
modifications and variations are also included within the
scope of the present disclosure. Accordingly, the subject
matter of the present disclosure is not limited by what has
been particularly shown and described.

Jul. 11,2019

What is claimed is:
1. A method for performing a surgical procedure, com-
prising:
generating, by a computing device, an anatomical map of
a patient from a plurality of images;
positioning a trocar obturator adjacent to the patient;

calculating, by the computing device, a projected path of
the trocar obturator;

overlaying, by the computing device, the projected path of
the trocar obturator with the anatomical map of the
patient; and

displaying the projected path of the trocar obturator and

the anatomical map of the patient on a display device
to define an augmented image.

2. The method according to claim 1, further comprising
determining the location of an incision site based on the
augmented image.

3. The method of according to claim 1, further comprising
positioning a rigid pad including a sensor array under the
patient to establish a coordinate frame of reference of the
patient.

4. The method according to claim 3, further comprising
affixing a position sensor to the trocar obturator to determine
the position of the trocar obturator relative to the patient
coordinate frame of reference.

5. The method according to claim 4, further comprising:

inserting an endoscope into the patient; and

using at least one of a direction of view, a field of view,

and a magnification of the endoscope to further refine,
with the computing device, the augmented image.

6. The method according to claim 5, further comprising
affixing a sleeve including a second position sensor about a
shaft of the endoscope to determine the position of the
endoscope relative to the patient coordinate frame of refer-
ence.

7. The method according to claim 1, wherein generating
the anatomical map of the patient includes performing
pre-procedure imaging of the patient using one or more
imaging modalities to create a pre-procedure anatomical
map of the patient.

8. The method according to claim 7, wherein generating
the anatomical map of the patient includes performing
real-time imaging of the patient during a surgical procedure.

9. The method according to claim 8, further comprising:

processing, by the computing device, the real-time imag-
ing of the patient and the pre-procedure imaging of the
patient;

overlaying, by the computing device, the pre-procedure
imaging of the patient onto the real-time imaging of the
patient to further refine the augmented image; and

displaying, on the display device, the refined augmented
image.

10. A laparoscopic planning and navigation system, com-

prising:

a real-time imaging system configured to capture image
and video of a surgical site to define a surgical field of
view;

a sensor array positionable adjacent to a patient and
configured to establish a patient coordinate frame of
reference for the surgical site;
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a trocar obturator configured for insertion into a body
cavity;

an endoscope defining a field of view;

a first position sensor attachable to the trocar obturator
and a second position sensor attachable to the endo-
scope, the first and second position sensors in commu-
nication with the sensor array and configured to mea-
sure the respective positions of the trocar obturator and
the endoscope relative to the patient coordinate frame
of reference;

a computing device including a processor and a memory,
the computing device in communication with the sen-
sor array and the first and second position sensors to
determine the respective locations of the trocar obtu-
rator and the endoscope relative to the patient coordi-
nate frame of reference, the computing device config-
ured to calculate a projected path of each of the trocar
obturator and the endoscope relative to the patient
coordinate frame of reference; and

a display device configured to display the projected path
of each of the trocar obturator and the endoscope to
define an augmented image on the display device.

11. The laparoscopic planning and navigation system of
claim 10, further comprising an elastomeric sleeve defining
an inner surface, the inner surface of the elastomeric sleeve
configured to receive the trocar obturator, the elastomeric
sleeve having the first position sensor aflixed thereto.

12. The laparoscopic planning and navigation system of
claim 10, further comprising a second elastomeric sleeve
defining an inner surface, the inner surface of the second
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elastomeric sleeve configured to receive the endoscope, the
second elastomeric sleeve having the second position sensor
affixed thereto.

13. The laparoscopic planning and navigation system of
claim 10, wherein the first position sensor is integrally
formed with the trocar obturator.

14. The laparoscopic planning and navigation system of
claim 10, wherein the second position sensor is integrally
formed with the endoscope.

15. The laparoscopic planning and navigation system of
claim 10, wherein the computing device is configured to
determine a location for a first incision site on the patient
based on the projected path of the trocar obturator, and
wherein the computing device is configured to determine a
location for a second incision site on the patient based on the
projected path of the endoscope.

16. The laparoscopic planning and navigation system of
claim 10, further comprising a rigid pad positionable under-
neath the patient, the rigid pad including the sensor array.

17. The laparoscopic planning and navigation system of
claim 10, wherein the computing device is configured to
overlay the projected path of each of the trocar obturator and
the endoscope onto the surgical field of view defined by the
real-time imaging system to further refine the augmented
image.

18. The laparoscopic planning and navigation system of
claim 16, wherein the computing device is configured to
correlate the field of view of the endoscope with the surgical
field of view defined by the real-time imaging system to
further refine the augmented image.
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