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ing the second point as a new control point;
and repeating the presenting adjusting,
identifying, extending, and the redefining
steps until the planned path reaches a pro-
cedure starting point within the patient's
body.
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User-Steered On-The-Fly Path Planning

FIELD OF THE INVENTION
[0001] The invention relates to the field of image-guided medical intervention and more
particularly to a method and system for user-steered, on-the-fly path planning for a

intervention procedure.

BACKGROUND
[0002] Lung cancer has remained the leading cause of cancer death in the United States
and worldwide for many years. The standard diagnostic approach for lung cancer
involves a full chest pre-operative computerized tomography (CT) scan followed by
sampling of suspected regions of interest (ROIs) through either bronchoscopy or
percutancous needle biopsy. Bronchoscopy is often preferred because it is a minimally
invasive procedure with a fast patient recovery period, and it has been recognized as a

safe and effective approach for lung cancer diagnosis and staging.

[0003] After the CT scan and prior to sampling ROIs using a bronchoscope, a
preliminary but critical step is to find a feasible path (way) for the bronchoscope to travel
through the patient’s bronchial tree and reach a location close enough to the ROIs to
perform biopsies. Traditionally, a physician first studies the diagnostic CT scan to detect
suspected ROIs. For each ROI, he/she then starts at a location close to the ROI and
traces visible cues of the patient’s bronchial tree on 2D sectional images, usually axial
slices. The cues are pieces of bronchi on 2D images, appearing as elliptical dark regions

surrounded by lighter areas (soft-tissue bronchial walls).

[0004] Using these visible cues, the physician can reconstruct a feasible path to allow a
bronchoscope to travel through the patient’s bronchial tree, reach a location close enough
to the suspect ROI, and perform a suitable biopsy procedure. However, the physician
must reconstruct the paths mentally and memorize each path for individual ROIs before
the procedure. As a result, path planning, without computer-aided assistance, can be

burdensome for the physician, and it requires rich skills and experience.
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[0005] With the development of CT and interventional guidance techniques, considerable
efforts have been undertaken to develop image-based or electromagnetic-based
navigation systems for planning and guiding bronchoscopic procedures (e.g., Broncus
LungPoint® Virtual Bronchoscope Navigation System, Superdimension i-logic
system' ). In these approaches, path planning is integrated into the systems as a vital
step prior to real-time guidance of surgical procedures and driven to provide an optimal

path or path candidates nearly automatically to reach individual ROIs.

[0006] These existing automated approaches require a high-resolution CT scan prior to
the bronchoscopic procedure. A powerful segmentation method to extract a full human
bronchial tree structure from the CT images, and an intelligent optimum path search
process. These requirements are not trivial. A full segmentation of a human bronchial
tree structure from a CT scan is difficult and time-consuming. This is especially true
when small airway bronchi are involved when dealing with peripheral ROIs. The
segmentation requires considerable processing time, and may still require human
interaction. Moreover, the segmentation results are highly dependent upon the quality of
the pre-operative CT images. Due to the high processing time, these automated

approaches are not practical when the patient is on the table.

[0007] Even with good bronchial tree segmentation, the optimal path planning approach
must also take account for parameters of the endoscope that will be used to reach each
ROI in order to genecrate feasible paths. The parameters of the endoscope, however, may
not be available at the time that path planning is performed, and the physician may

change endoscopes during the procedure.

[0008] Automated path planning approaches will usually result in multiple path
candidates, and the physician will have to study cach candidate and chose a feasible path
from among the candidates. Some times none of the candidates will be a feasible path,
and the physician will need to rely on his/her experience, instead of following the chosen
path. Also, the generation of multiple path candidates represents a significant processing

burden.
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[0009] Thus, the automated path planning approaches: (1) may not be available when
there is not sufficient data (e.g., high resolution CT and endoscope parameters); (2) are
not feasible for on-the-table diagnosis and planning, which is preferred in most real
clinical applications; (3) may not be necessary because a bronchoscopic procedure is
often performed to deal with one to three ROIs, and the physician may prefer to rely on
the bronchial cues plan a path for the procedure; and (4) may provide multiple or

unreliable paths.

SUMMARY

[0010] The present invention provides a method, system and program product for
assisting in image-guided endoscopic intervention. Embodiments of the present
invention allow a physician to perform user-steered, on-the-fly path planning without the
need for high resolution CT images or airway-tree segmentation. As a result, the path

can be planned when the patient is on the scanner table.

[0011] According to one embodiment a method is provided for user-steered, on-the fly
path planning in an image-guided endoscopic procedure, comprising: presenting, on a
display, a 2D sectional image showing a region of interest from a preoperative CT scan,;
defining a control point on the 2D sectional image within a patient’s body lumen
responsive to a first user input; centering the control point; adjusting a viewing angle
about the control point to show a longitudinal section of the body lumen responsive to a
second user input; identifying a second point on a planned path within the body lumen
responsive to a third user input; extending a planned path connecting the control point
and the second point; redefining the second point as a new control point; and repeating
the presenting, adjusting, identifying, extending, and the redefining steps until the
planned path reaches a procedure starting point within the patient’s body. The body
lumen traversed is advantageously in a tree-shaped anatomic structure such as a lung or

vasculature.
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[0012] According to one embodiment the control point and the second point are voxels
on the displayed image and the step of creating a planned path comprises repeatedly
performing a cost analysis to link a neighboring voxel to a last voxel on the planned path
starting at the control point. According to one embodiment the step of extending a
planned path comprises using a graphic search application based on gradient relevant

features and an optimal path searching method.

[0013] According to one embodiment the cost analysis analyzes intensity attributes for
cach neighboring voxel to sclect a voxel to link on the planned path and a weight factor
for each attribute. In one embodiment the cost analysis further analyzes geometric

characteristics for cach neighboring voxel select a voxel to link on the planned path.

[0014] In one embodiment the endoscope is a bronchoscope, the procedure is a biopsy of
lung tissue, and the control point is initially set in a branch of the patient’s bronchial tree
near a suspected tumor identified in a sectional image of a multi-planar reconstruction

from a CT scan.

[0015] Optionally, the planned path may be presented on the display as a representation

of the bronchoscope image with the planned path marked thereon as a contrasting thread.

[0016] According to one embodiment the endoscope is a bronchoscope, the procedure is
a biopsy of lung tissue, the control point is initially set in a branch of the patient’s
bronchial tree near a suspected tumor identified in a sectional image of a multi-planar
reconstruction from a CT scan, and the patient’s bronchial tree is presented on the display

as a three-dimensional image with the path segments indicated thereon.

[0017] In one embodiment the created path segment is presented on the display for
approval, and in response to not receiving an approval, the method further comprises

generating a new candidate path segment from the control point to the second point.
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[0018] According to one embodiment the cost analysis uses gradient relevant attributes
for each neighboring voxel to select a voxel to link on the planned path and the new
candidate path segment is created using the cost analysis with at least one change to one

of the attributes or weight factors.

[0019] According to one embodiment a system is provided for user-steered, on-the fly
path planning in an image-guided bronchoscopic procedure. The system comprises a
processor, a memory operably connected to the processor, a display operably connected
to the processor; and a program of instructions encoded on the memory and executable by
the processor. When the program of instructions is executed by the processor, it presents,
on a display, a 2D sectional image showing a region of interest from a preoperative CT
scan. The program of instructions also defines a control point on the 2D sectional image
within a branch of a patient’s bronchial tree responsive to a first user input, and presents a
new image centered at the control point. The program of instructions adjusts a viewing
angle about the control point to show a longitudinal section of the branch responsive to a
second user input. The program of instructions identifies a second point on a planned
path within the branch responsive to a third user input. Then, the program of instructions
extends a planned path connecting the control point and the second point, and redefines
the second point as a new control point. The program of instruction repeats the
presenting step, the adjusting step, the identifying step, the extending step, and the
redefining step until the planned path reaches the trachea.

[0020] According to one embodiment a computer program product is provided
comprising a computer-readable storage medium having encoded thereon program code
for user-steered, on-the fly path planning in an image-guided endoscopic procedure,
comprising: program code for presenting, on a display, a 2D sectional image showing a
region of interest from a preoperative CT scan; program code for defining a control point
on the 2D sectional image within a patient’s body lumen responsive to a first user input;
program code for presenting a new image centered at the control point; program code for

adjusting a viewing angle about the control point to show a longitudinal section of the
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body lumen responsive to a second user input; program code for identifying a second
point on a planned path within the body lumen responsive to a third user input; program
code for extending a planned path connecting the control point and the second point;
program code for redefining the second point as a new control point; and program code
for repeating the presenting step, the adjusting step, the identifying step, the extending
step, and the redefining step until the planned path reaches a procedure starting point

within the patient’s body.

[0021] According to one embodiment, the cost analysis program instructions further
comprise instructions for analyzing geometric characteristics for each neighboring voxel
select a voxel to link on the planned path. According to one embodiment, the program
instructions for extending a planned path comprise instructions for using a graphic search

application based on gradient relevant features and an optimal path searching function.

[0022] According to one embodiment, the endoscope is a bronchoscope, the procedure is
a biopsy of lung tissue, and the program instructions for setting the control point
comprise program instructions for initially setting the control point in a branch of the
patient’s bronchial tree near a suspected tumor identified in a sectional image of a multi-
planar reconstruction from a CT scan. According to one embodiment, the program of
instruction further comprises program instructions for presenting the planned path on the
display as a representation of the endoscope image with the planned path marked thereon

as a contrasting thread.

[0023] According to one embodiment, the endoscope is a bronchoscope, the procedure is
a biopsy of lung tissue, the control point is initially set in a branch of the patient’s
bronchial tree near a suspected tumor identified in a sectional image of a multi-planar
reconstruction from a CT scan, and the program of instructions further comprises
program instructions for presenting the patient’s bronchial tree on the display as a three-

dimensional image with the path segments indicated thereon.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The features and advantages of the invention will be more clearly understood
from the following detailed description of the preferred embodiments when read in
connection with the accompanying drawing. Included in the drawing are the following

figures:

[0025] Fig. 1 is an isometric view of a patient undergoing a bronchoscopic procedure

with a section view showing the patients trachea, bronchi, and cancer;

[0026] Fig. 2 is a multi-planar reconstruction (MPR) from a CT scan showing a cancer

and bronchial cues usable for path planning;

[0027] Fig. 3 is a block diagram of a system for user-steered, on-the fly path planning in
an image-guided bronchoscopic procedure, according to an embodiment of the present

invention;

[0028] Fig. 4 is a flow diagram of a method for user-steered, on-the-fly planning of an

intervention procedure, according to an embodiment of the present invention;

[0029] Fig. 5 is a flow diagram of a method for extending a planned path connecting the

control point and the second point, according to an embodiment of the present invention;

[0030] Figs. 6A-C, 7A-C, and 8A-C show sequential steps of a method for forming path

segments, according to an embodiment of the present invention; and

[0031] Figs. 6D, 7D, and 8D show respective path segments on a 3D image of a patient’s

bronchial tree, according to an embodiment of the present invention.
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DETAILED DESCRIPTION

[0033] The present invention provides a method, system and program product for user-
steered, on-the fly path planning in an image-guided endoscopic procedure. According to
onc embodiment, the endoscope is a bronchoscope used for performing a biopsy.
Starting at a location that is close to an ROI and inside a bronchus, a user defines a
suitable path on images generated from a CT scan. With several mouse clicks the user
can steer a 2D local sectional image and interactively select dynamically calculated
candidate path segments. The process follows the standard workflow in surgical
planning for bronchoscopy by seeking cues of bronchial structures that lead to target
ROIs. The user-friendly interface setting allows for the best presentation of an airway
path in a selected 3D sub-volume by providing flexibly oriented 2D sectional views,
instead of traditional transverse (or axial), coronal, and sagittal views. The user can

casily study or review the case and define a suitable path at the same time.

[0034] Fig. 1 shows a patient 10 undergoing a broncoscopic procedure. A physician
guides a bronchoscope 20 through the patient’s trachea 12 and into a bronchi 14
proximate a region of interest (ROI) 16. Then a biopsy is performed through the
bronchial wall at the ROI 16. A pre-operative CT scan is performed for use in guiding
the bronchoscope 20 through the bronchi 14 to the ROI 16. As shown in Fig. 2, for a
bronchoscopic procedure, the CT scan is presented as progressive axial sectional views
30, 32, 34, 36, 38 of the patient’s chest. Fig. 2 shows portions of sectional views 32, 34,
36, and 38 expanded to provide expanded views 33, 35, 37, and 39, respectively. An
image of an ROI 16 is identified on the expanded view 39.

[0035] In the traditional planning approach, a physician identifies a first cue 91 near the
ROI 14 on expanded sectional view 39. In the illustrated embodiment the first cue 91 is a
broncus 14 having an axis intersecting the plane of the image. Then, the physician
identifies cues 93, 95, 97 in each successive expanded view 37, 35, 33 to define a path for
the brochoscopic intervention leading from the tracea to the ROI 14. The physician relies

on his knowledge ofthe bronchial tree to connect the cues, and mentally constructs and
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memorizes a path to each ROL.

[0036] In an embodiment of the present invention, the physician identifies the fist cue 91
on a display and defines it as a first control point through a user interface. The system
centers the control point on the display. The physician adjusts the viewing angle around
the control point. Then the physician identifies a second point on the planned path. The
system generates a path segment in a patients airway connecting the control point and the
second point. The system defines the second point as a new control point and centers it
on the display. A path segment can then be added to the planned path by identifying a
third point on the planned path. New segments are added until the planned path reaches a

start point for the procedure, such as the patient’s trachea.

[0037] Fig. 3 is a block diagram of a system for user-steered, on-the-fly plath planning
for an endoscopic intervention according to an embodiment of the present invention. A
processing unit 300 comprises a processor 310 which is operably connected to a memory
320. According to one embodiment, they are connected through a bus 330. The
processor 310 may be may be any device capable of executing program instructions, such
as one or more microprocessors. The memory may be any volatile or non-volatile
memory device, such as a removable disc, a hard drive, a CD, a Random Access Memory

(RAM), a Read Only Memory (ROM), or the like.

[0038] A display 340 is also operably connected to the processor 310. The display may
be any monitor, screen, or the like suitable for presenting a graphical user interface (GUI)

capable of presenting medical images.

[0039] The system also comprises a means for importing a CT scan into the processor
310. This means may be a network connection for importing the CT scan over the
Internet or an intranet. Alternatively, the means may be a storage drive, such as a CD-
drive, a USB port suitable for inserting a flash drive. In yet another embodiment, the
means may be a direct wired or wireless connection to a C-arm that performs the CT

scan.
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[0040] In the illustrated embodiment, the endoscope is a bronchoscope system 200. The
bronchoscope system 200 comprises a bronchoscope 210 fitted with a camera 220 to
provide visualization of the inside of the bronchial airways during the intervention. The
camera 220 is operably connected to a display 240 which presents the bronchial image to

the physician.

[0041] The memory 320 has encoded thereon a program of instruction executable by the
processor 310. When the program of instruction 322 is executed by the processor 310, it
provides a user-steered, on-the-fly planning method for an intervention endoscopic

procedure, an example of which is described below.

[0042] Fig. 4 is a flow diagram of a method for user-steered, on-the-fly planning for an

endoscopic procedure. In this example, the procedure is a biopsy using a bronchoscope.

[0043] The program of instruction 322 receives a pre-operative CT scan (Step 402). The
CT scan may be in the form of a 3D image space, from which a series of sectional images

such as 30 and 32-39 shown in Fig. 2 can be generated.

[0044] The program of instruction 322 presents a sectional image (600 in Fig. 6A) on the
display 430 showing a ROI 16 (Step 410). The sectional image 600 may be selected
from a plurality of sectional images, such as images and 32 shown in Fig. 2. In the

illustrated example, the sectional image 600 is an axial sectional image.

[0045] The physician selects a control point on the displayed image 600 that is within a
broncus 14 near the ROI 16, similar to identifying a cue 91 in the traditional planning
method. The physician may, for example, move a crosshair to the first cue 91 by
manipulating a mouse, then select the first cue 91 as the first control point with a mouse

click.

10
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[0046] In response the physician’s selection action for the control point, the program of
instruction 322 defines a control point 610 at the indicated location on the sectional
image 600 (Step 420). Control point 610 is a voxel in the sectional image which
corresponds to a point in three-dimensional space located on the plane of the sectional

images 600.

[0047] The program of instruction presents a new image centered at the control point 610
(Step 430). That is, the field of view is translated to center the control point 610 on the
display 340.

[0048] In response to a user input, the program of instruction 322 adjusts a viewing angle
about the control point 610 to present a new image 602 which shows a longitudinal
section of the body lumen (bronchus) (Step 440), as shown in Fig. 6B. The physician
may use arrow keys on a keypad (not shown) or mouse cursor (not shown) operably
connected to the processor 310 to rotate the field of view left—right and up—down, about
the fixed control point 610, for example. Responsive to this input, the processor 310 may
calculate and present at the display 340 an image 602 corresponding to a section of the
3D image space at the new viewing angle. At this angle, the bronchial airway appears as

a dark channel 14A between two lighter regions (the bronchial walls) 14B.

[0049] The physician identifies a second point in the bronchial airway 14, as shown in
Fig. 6C. The physician may, for example, move a crosshair to the a point in the airway
near the edge of the field of view on the display by manipulating a mouse, then select the

point at the crosshair as the second point 620 with a mouse click.
[0050] Responsive to this third input, the program of instruction defines the second point
620 on the indicated voxel, where the crosshair is located, on a planned path within the

bronchus (step 450).

[0051] With the control point 610 and the second point 620 on the planned path defined,

the program of instruction creates a path segment 630 connecting the control point 610

11
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and the second point 620 (Step 460). The path segment 630 is created within the airway

14A using a cost analysis, as will be described in greater detail below.

[0052] Once the path segment 630 is created, the second point 620 is centered in the field
of view of the display (Step 464) as shown in Fig. 7A, and the second point 620 is
redefined as a new control point 610A (Step 470). If the new control point 610A is at a
beginning point for the planned path, such as the patient’s trachea, the physician can
provide an input to indicate the path is complete, and the program of instruction stops

(step 480).

[0053] The program of instruction may test for completion (Step 475) by monitoring for
the user input, or may time out if an input is not received for a predefined period of time,

or may use any other suitable test for completion.

[0054] If the path is not completed, then the program of instruction 322 repeats the steps
for adjusting the viewing angle (Step 440) to provide a cross section 702 showing the
airway 14A as shown in Fig. 7B, identifying a new second point 620A (Step 450) as
shown in Fig. 7C, creating a new path segment 640 (step 460) as shown in Fig. 7C,
centering the new second point 620A to provide a new image 800 as shown in Fig. §A,
and redefining the new second point 620A as third control point 610B (Step 470), until
the path is completed.

[0055] As shown in Fig. 8C, if the path is not completed at the third control point 610B,
the viewing angle is adjusted again to provide a cross section 802 showing the airway
14A (Step 440). Then, a third second point 620B is defined (step 450) and a third path
segment 650 is gencrated connecting the third control point 6 10B to the third second
point 620B (step 460).

[0056] Optionally, the program of instruction 322 Figs. may present the patient’s

bronchial tree as three-dimensional representation on the display 340 with the path

segments 630, 640, 650 indicated on the bronchial tree as shown in Figs. 6D, 7D, and &D.

12
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[0057] Fig. 5 is a flow diagram of a method for extending a planned path connecting the
control point and the second point, according to an embodiment of the present invention.
The program of instruction 322 comprises program instructions for dynamically
searching for a path candidate between two points defined on the planned path. The
program instructions reduce a boundary problem (finding a path inside of the airway

walls) to a graphic search using a cost function based on gradient relevant features.

[0058] The two dimensional images 600, 602, 700, 702, 800, 802 are cach comprised of
a single layer of voxels (picture elements representing a points in three-dimensional
space). Voxels on the planned path are defined as path elements P, and cach path
clement P is built on previous path elements to form a path segment 630, 640, 650, using
the control point 610 as a starting point. Thee new path element P is determined by
comparing the local cost 1 for each of the eight neighboring voxels r. A path element P
and it’s eight neighboring voxels r form a neighborhood N. Each neiboring voxelris a

candidate path clement.

[0059] The control point 610, 610A, 610B is defined as the first path clement (step 461).
The program of instruction 322 determines cost attributes for neighboring voxels r (Step
462). The cost attributes are gradient relevant features of the voxels in an image.
According to various embodiments of the invention, cost attributes include functions of
one or more of: light intensity for a neighboring voxel fi(r), the mean value of light
intensity for a neighborhood of a neighboring voxel flu(r), the standard deviation of light
intensity for a neighborhood of a neighboring voxel f3(r), the radius of a minimum circle

that centers at a neighboring voxel and intersects the bronchial wall fr(r).

[0060] Additionally, cost attributes may include functions of similarity between a path
clement P and a neighboring proposed path element r. For example, cost elements may
include a function of similarity of intensity fii(p,r) and a function of similarity of the
radius of a minimum circle that centers at the path element P to the radius of a minimum

circle that centers at the proposed path element r frr(p,r), where:

13
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fu(p,r) = [Ip-Ir| (1)
frr(p.r) = [Rp-Rr 2)

[0061] The cost attributes may further include a function of a feature that reduces the
likelihood of the planned path from doubling back on itself fp(r). In this function, fp, the

previous path element voxel would have a higher value than the other neighboring voxel.

[0062] The cost attributes may be measured and/or calculated, depending upon the

particular attribute, for each voxel neighboring the previous path element P.

[0063] The program of instruction receives user supplied weight factors wi, wy, Ws, Wr,
Wi, Wrr, Wp for each respective cost attribute (Step 463). The physician may select
weighting factors at the time of path planning, or the factors may be stored in sets based
optimized for particular applications and selected as a set identified with an intended
application. The applications may be particular parts of the bronchial tree where the ROI
14 is located, the style of bronchoscope, other relevant application details, or
combinations thereof. Moreover, the sets of weight factors may be optimized values

derived for the specific application.

[0064] The program of instructions 322 performs a cost analysis for each neighboring
voxel r of the most recent path clement P to calculate a local cost L(p,r) for linking r to P
(Step 464), where:

L(P,I’): WIfI(I') + Wufu(r) + Wng(I’) + WRfR(I') + WHfH(P,I') + WRRfRR(P,I') + WDﬂ)(P,I') (3)
[0065] The neighboring voxel r with the lowest cost value is defined as the next path

clement Py, and linked to the previous path element P to extend the path segment 630,

640, 650 (Step 465).

14
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[0066] The next path element Pyey is compared to the second point 620, 620A, 620B to
determine whether or not the path segment 630, 640, 640 has reached the second point
620, 620A, 620B (step 466).

[0067] If the next path element Ppex: is not the second point 620, 620A, 620B (N branch
at Step 466), then the program of instruction 322 determines cost attributes for the
neighboring voxels r of the next path element Pnext (Step 462), receives weighting
factors (Step 463), performs a new cost analysis for the voxels neighboring the next path
clement Ppe (Step 464), defines the lowest cost neighboring clement r as the next path
clement Pyex2, and compares this next path element P to the second point 620, 620A,
620B to determine whether or not the path segment 630, 640, 640 has reached the second
point 620, 620A, 620B (step 466). This loop (Steps 462 — 466) is repeated until a next
path segment is the second point (Y branch at Step 466).

[0068] If the path segment 630, 640, 650 has reached the second point 620, 620A, 620B
(Y branch at Step 466), then the program of instruction 322 presents the newly generated
path segment connecting the control point 610, 610A, 610B and the second point 620,
620A, 620B as a candidate path segment on a 2D image 6C, 7C, 8C on the display 340
(Step 467).

[0069] The physician may approve the candidate path segment or disapprove it. The
physician may enter his/her approval/disapproval by a mouse click, or any other suitable
input means. The program of instruction 322 determines whether or not it has received
an approval (Step 468). If the program of instruction 322 receives an approval (Y branch
at Step 468), then the program of instruction 322 generates the path segment (step 469)
and centers the second point in the field of view of the display 430 (Step 464 in Fig. 4).

[0070] If the candidate path segment is not approved (N branch at Step 468), then the
program of instruction 322 again starts at the control point 610, 610A, 610B (Step 461)
and generates a new candidate path segment using cost analysis (Steps 462-469). In the

new cost analysis, the weight factors may be changed by either the physician or the
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program of instruction, and the cost attributes may be changed by adding and/or deleting

cost attributes.

[0071] The invention can take the form of program instructions encoded on a tangible
medium. As such, the invention can be an entirely hardware embodiment, an entirely
software embodiment or an embodiment containing both hardware and software
clements. In an exemplary embodiment, the invention is implemented in software, which

includes but is not limited to firmware, resident software, microcode, etc.

[0072] Furthermore, the invention may take the form of a non-volatile computer program
product accessible from a computer-usable or computer-readable medium providing
program code for use by or in connection with a computer or any instruction execution
system or device. For the purposes of this description, a computer-usable or computer
readable medium may be any apparatus that can contain or store the program for use by

or in connection with the instruction execution system, apparatus, or device.

[0073] The foregoing method may be realized by a program product comprising a
machine —readable medium having a machine-executable program of instructions, which
when executed by a machine, such as a computer, performs the steps of the method. This
program product may be stored on any of a variety of known machine-readable medium,
including but not limited to compact discs, floppy discs, USB memory devices, and the

like.

[0074] The medium can be an electronic, magnetic, optical, electromagnetic, infrared, or
semiconductor system (or apparatus or device). Examples of a computer-readable
medium include a semiconductor or solid state memory, magnetic tape, a removable
computer diskette, a random access memory (RAM), a read-only memory (ROM), a rigid
magnetic disk an optical disk. Current examples of optical disks include compact disk-

read only memory (CD-ROM), compact disk-read/write (CD-R/W) and DVD.
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[0075] The preceding description and accompanying drawing are intended to be
illustrative and not limiting of the invention. The scope of the invention is intended to

encompass equivalent variations and configurations to the full extent of the following

claims.
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What is claimed is:

l. A method for user-steered, on-the fly path planning in an image-guided
endoscopic procedure, comprising:

presenting, on a display, a 2D sectional image showing a region of interest from a
preoperative CT scan;

defining a control point on the 2D sectional image within a patient’s body lumen
responsive to a first user input;

presenting a new image centered at the control point;

adjusting a viewing angle about the control point to show a longitudinal section of
the body lumen responsive to a second user input;

identifying a second point on a planned path within the body lumen responsive to
a third user input;

extending a planned path connecting the control point and the second point;

redefining the second point as a new control point; and

repeating the presenting step, the adjusting step, the identifying step, the
extending step, and the redefining step until the planned path reaches a procedure starting

point within the patient’s body.

2. The method of claim 1, wherein the control point and the second point are voxels
on the displayed image and the step of creating a planned path comprises repeatedly
performing a cost analysis to link a neighboring voxel to a last voxel on the planned path

starting at the control point.
3. The method of claim 2, wherein the cost analysis analyzes intensity attributes for
each neighboring voxel to select a voxel to link on the planned path and a weight factor

for each attribute.

4. The method of claim 3, wherein the cost analysis further analyzes geometric

characteristics for each neighboring voxel select a voxel to link on the planned path.
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5. The method of claim 1 wherein the step of extending a planned path comprises
using a graphic scarch application based on gradient relevant features and an optimal path

searching function.

6. The method of claim 1, wherein the intervention procedure is performed in a tree-
shaped anatomic structure and the path is planned through the tree-shaped anatomic

structure.

7. The method of claim 6, wherein the endoscope is a bronchoscope, the procedure
is a biopsy of lung tissue, the tree-shaped anatomic structure comprises a patient’s
bronchial tree, and the control point is initially set in a branch of the patient’s bronchial
tree near a suspected tumor identified in a sectional image of a multi-planar

reconstruction from a CT scan.

8. The method of claim 6, wherein the tree-shaped anatomic structure comprises a

patient’s blood vessels.

9. The method of claim 5, wherein the planned path is presented on the display as a
representation of the bronchoscope image with the planned path marked thereon as a

contrasting thread.

10.  The method of claim 5, wherein the endoscope is a bronchoscope, the procedure
is a biopsy of lung tissue, the control point is initially set in a branch of the patient’s
bronchial tree near a suspected tumor identified in a sectional image of a multi-planar
reconstruction from a CT scan, and the patient’s bronchial tree is presented on the display

as a three-dimensional image with the path segments indicated thereon.

11.  The method of claim 2, the path segment wherein the created path segment is
presented on the display for approval, and in response to not receiving an approval, the
method further comprises generating a new candidate path segment from the control

point to the second point.
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12.  The method of claim 11, wherein the cost analysis uses gradient relevant
attributes for each neighboring voxel to select a voxel to link on the planned path and the
new candidate path segment is created using the cost analysis with at least one change to

one of the attributes or weight factors.

13. A system for user-steered, on-the fly path planning in an image-guided
endoscopic procedure, comprising:
a processor;
a memory operably connected to the processor;
a display operably connected to the processor; and
a program of instructions encoded on the memory and executable by the processor
to:
present, on a display, a 2D sectional image showing a region of interest
from a preoperative CT scan;
define a control point on the 2D sectional image within a branch of a tree-
shaped anatomic structure of a patient responsive to a first user input;
present a new image centered at the control point;
adjust a viewing angle about the control point to show a longitudinal
section of the branch responsive to a second user input;
identify a second point on a planned path within the branch responsive to a
third user input;
extend a planned path connecting the control point and the second point;
redefine the second point as a new control point; and
repeat the presenting step, the adjusting step, the identifying step, the
extending step, and the redefining step until the planned path reaches a procedure

starting point.
14. A computer program product comprising a computer-readable storage medium

having encoded thercon program code for user-steered, on-the fly path planning in an

image-guided endoscopic procedure, comprising:
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program code for presenting, on a display, a 2D sectional image showing a region
of interest from a preoperative CT scan;

program code for defining a control point on the 2D sectional image within a
patient’s body lumen responsive to a first user input;

program code for presenting a new image centered at the control point;

program code for adjusting a viewing angle about the control point to show a
longitudinal section of the body lumen responsive to a second user input;

program code for identifying a second point on a planned path within the body
lumen responsive to a third user input;

program code for extending a planned path connecting the control point and the
second point;

program code for redefining the second point as a new control point; and

program code for repeating the presenting step, the adjusting step, the identifying
step, the extending step, and the redefining step until the planned path reaches a
procedure starting point within the patient’s body.

15. The computer program product of claim 14, wherein the control point and the
second point are voxels on the displayed image and the program instructions for creating
a planned path comprise repeatedly performing a cost analysis to link a neighboring

voxel to a last voxel on the planned path starting at the control point.

16.  The program product of claim 14, wherein the cost analysis program instructions
comprise instructions for analyzing intensity attributes for each neighboring voxel to

select a voxel to link on the planned path.
17.  The program product of claim 16, wherein the cost analysis program instructions

further comprise instructions for analyzing geometric characteristics for each neighboring

voxel select a voxel to link on the planned path.
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18. The program product of claim 14 wherein the program instructions for extending
a planned path comprise instructions for using a graphic search application based on

gradient relevant features and an optimal path searching function.

19.  The program product of claim 14, wherein the endoscope is a bronchoscope, the
procedure is a biopsy of lung tissue, and the program instructions for setting the control
point comprise program instructions for initially setting the control point in a branch of
the patient’s bronchial tree near a suspected tumor identified in a sectional image of a

multi-planar reconstruction from a CT scan.

20.  The program product of claim 14, further comprising program instructions for
presenting the planned path on the display as a representation of the endoscope image

with the planned path marked thereon as a contrasting thread.

21.  The method of claim 18, wherein the endoscope is a bronchoscope, the procedure
is a biopsy of lung tissue, the control point is initially set in a branch of the patient’s
bronchial tree near a suspected tumor identified in a sectional image of a multi-planar
reconstruction from a CT scan, and further comprising program instructions for
presenting the patient’s bronchial tree on the display as a three-dimensional image with

the path segments indicated thereon.
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