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Bronchoscopy Guidance Systems

» “Manual” lung cancer assessment is HARD!!

» EM-, image-, and sensor-based bronchoscopy
guidance systems mitigate difficulty, but ....

* Need an attending technician
* Need extra hardware
« Unable to detect faulty maneuvers

* Lengthy re-synchronization after adverse events

References: Helferty2007, Higgins2008, Solomon2000, Gildea2006, Schwartz2006, Wegner2007, Cornish2012, Luo2011



Our Approach to Image-Guided Bronchoscopy

1. Pre-procedure planning — Khare SPIE MI 2011

« Compute natural bronchoscope navigation maneuvers

2. Bronchoscopy navigation — Khare SPIE MI 2010 & 2012

« Technician-free guidance
 Enable bronchoscope position verification

via global registration



Precompute Guidance Paths
using standard bronchoscope maneuvers

1. Rotate bronchoscope to left or right

2. Flex bronchoscope tip
3. Advance / withdraw bronchoscope

BRONCHOSCOPE

Camera fits on this end

I/ -

Source: http://cfcenter.stanford.edu/education/Bronchoscopy.htmi Source: J. Respiratory diseases, 29(11), “The technique of adult
flexible bronchoscopy: Part 1,” K. Y. YONEDA, B. M. MORRISSEY



Pre-Procedure Planning

Previous
angle =0 CW ~ 30
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Previous
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Positive angle:  CW rotation
Negative angle: CCW rotation



Guidance Computer Set-up
3D Surface Tool

Thumbnail Plan Tool CT-Video Guidance Tool Foot pedal Commands



Guidance Strategy
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1) Phantom Study Results

Phantom # Scanner nage s Resolution
(Az, Ay, Az) in mm
21405.3a Siemens Sensation-16 512%512% 706 067.0.67 05
20349.3.48 | Phillips Gemini True Flight :

Phantom 1: 5 ROls Phantom 2: 6 ROls



Phantom Study Results
» Successful guidance to ALL ROls

« “success’ = reach final airway
» Bronchoscope navigation as deep as airway generation 12

» ROIls 4, 5 for 21405.3a: penultimate airway generation reached

Phantom #

LMB

RMB

21405.3a 2 RLL
RLL

LUL

20349.3.48

* Indicates bronchoscope unable to reach last airway generation



Phantom Study video (earlier system version)
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» 9 consented patients; 39 total ROls
» Bronchoscopes used: Olympus BF 1T180 (6 mm) or BF P180 (4.9 mm)

» Physician underwent multiple training sessions during study

2) Human Pilot Study: Results

» Physician previewed preplanned routes before each procedure
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Siemens Sensation 40
Siemens Definition
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Image Dimensions

H12x512x601

Resolution

(Az, Ay,Az) in mm

0.62.0.62.0.8
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Usage during a Human Study
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Human Study Results
> 97% Success rate (38/39 ROls)

» Navigated as deep as airway generation 10

» Fallure occurred during first pilot case

System suggested a wrong maneuver (a bug!)

* We upgraded the system after this case!

» Tumor prevented complete approach

to 2 ROls, but guidance succeeded



Sample Frozen Views for a Human Study

ROI 2 for case 20349.3.65
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Conclusion

» Technician-free bronchoscopy guidance system
» Relies on natural bronchoscope movements

» Nearly perfect navigation success: phantoms, humans
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Planning/Navigation Strategy

3D airway tree

Device
Maneuvers Left or right Rotate - Flex - Advance
Rotate Rotate Rotate
clockwise counter- counter-
clockwise clockwise
1. Head northeast on W Marylyn Ave toward S
Allen St
. . 2. Take the 1st left onto S Allen 5t
Directions el o > Aen

3. Tumn left at 5 Atherton 5t

4. Turn right at W Hamilton Ave

Move UP Move Move
DOWN DOWN



Guidance Strategy: System-Level Algorithm

Algorithm 1 — Guidance strategy during image-guided bronchoscopy.
1: for each ROl route [, do

Position the virtual and real bronchoscopes at the first bifurcation along ROI route.
repeat
Advance the virtual bronchoscope — the system view undergoes the rotation maneuver.
Copy the rotation maneuver using the real bronchoscope so that the real and virtual bronchoscopes
are synchronized.
Advance the virtual bronchoscope — the system view moves to the next bifurcation along the ROI
route.
Replicate the maneuver using the real bronchoscope so that the real and virtual views look similar.
if bronchoscope position needs to be verified or an adverse event occurs then
if adverse event occurs then
Hold the bronchoscope steady until the adverse event passes.
Move the bronchoscope to a nearby bifurcation.
repeat
Verify the bronchoscope position by first invoking the targeting circles.
Position the real bronchoscope so that the extent of the lumen region of the current bifur-
cation lies within the two targeting circles.
Invoke global registration.
The system displays the results of the global registration and corresponding maneuvers.
until Global registration gives a correct result.
until ROT vicinity is reached
Loeal registration is invoked to synchronize the real and virtual bronchoscopes and present ROI loealization

information to the physician.




Human Studies

Failure ROI

Tumor ROls




