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THE ABILITY TO RESECT TUMORS OF THE
HEAD AND NECK REQUIRES ADEQUATE
ACCESS AND VISUALIZATION

TRADITIONAL SURGICAL APPROACHES FOR
LARYNGEAL AND PHARYNGEAL RESECTION

“Outside-In"

Trans-mandibular

Trans-cervical

Pl Excellent exposure

Critical structures are identified prior to
j) tumor resection

BJ Can palpate and assess depth of tumor




OPEN APPROACHES ASSOCIATED WITH SIGNIFICANT
PERI-OPERATIVE MORBIDITY AND LONG TERM
COMPLICATIONS

) |0-61%
SURGICAL PARADIGM SHIFT
I8 ;’k'e, Trans-oral Trans-oral ~\ /
. b Robotic Laser >
) Surgery Microsurgery
= (TORS) (TLM)

" Benefits |

Issues
ve INSIDE-OUT APPROACH 1
Minimally Cannot
invasive assess tumor
depth or
Reduced location of
patient
morbidity

critical
structures
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Positive Margins by Oropharyngeal
Subsite in Transoral Robotic Surgery for
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Head and Neck Surgery
2018, Vol. 158(4) 660-666
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* Unique Dartmouth imaging
resource:
* Center for Surgical Innovation (CSI)
* 2 Operating Rooms
| Procedure Room

* Intra-operative CT and MRI systems
COuULD * Intra-operative navigation
INTRAOPERATIVE * Animal and human use
IMAGING

IMPROVE SAFETY
AND EFFICACY?

3D PRINTED CT/MRI COMPATIBLE
LARYNGOSCOPY SYSTEM
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Metal
Laryngoscope

MRI

Laryngoscope

Paydarfar JAWu X, Halter R). MRI- and CT-Compatible Polymer Laryngoscope:A Step
toward Image-Guided Transoral Surgery. Otol Head Neck Surg.2016:610:1-3.

CURRENT STATE OF LOCALIZATION ACCURACY:
LOCALIZATION EXPERIMENT IN CADAVER MODEL

Frocs 701 Tl
Precperative (70) CT Intraoperative { ) T
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Significant improvement in target localization (21%)
12.849.9 versus 10£7.5 mm
Significant reduction in task completion time (25%)

22 minutes down to |6 minutes

Although intraoperative imaging improves

target localization, clinically surgeons were still
off target by 10 mm or more

P.Kahng, X. Wu, N. Ramesh, D. Pastel, R. Halter, J. Paydarfar, “Improving target localization
during g " 1ICARS, Feb. 2019.
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IMAGE GUIDED
SURGICAL
NAVIGATION IN
TORS/TLM?

+ Successfully used in sinus
and skull base surgery,
neurosurgery, orthopedic
spine

* Actively researched in GI,
GU, thoracic surgery, others

IMAGE GUIDED SURGICAL NAVIGATION IMPROVES
SAFETY SINUS SURGERY

Systematic Review

s+ Otolaryngology-Head and Neck Surgery 149(1) 17-29 IGS vs non-IGS
Image-Guided Surgery 6 Major complications significantly less

Perioperative Morbidity from in IGS group:

Endoscopic Siaus Surgery: A Systematic Entry into any area outside sinuses
Review and Meta-Analysis (eye, brain)

Dustin M. Dalgorf, MD', Raymond Sacks, MD?, Post-op bleeding requiring surgical
Poterjohn Wormald, MD”, Yuresh Naidoo, MD', Ben Panizza, MD', intervention

Brent Uren, MD?, Chiris Brown, MD*, John Curotta, MD',

Kornidat Snidvongs, MO", and Richard J. Harvey, MD Abort procedure for any reason

USE OF IMAGE GUIDANCE DURING
ENDOSCOPIC SINUS SURGERY




Laryngoscope 118 November 2008

Transoral Robotic Surgery Using an Image
Guidance System

Shaun €. Desad, BA; Chil-Kwang

ang. MI: Erie M. Genden, MD, FACS

Combined TORS and IGS to resect 3 tumors
in the parapharyngeal space

Inarasperative contrul of resestion margims in shanesd heud wnd neck cancer
sk @ 300 mavgatiom systemn bused 0 PETACT image fuskon

Ronrnal of Cranio-Mavillo-Facial Surgery (2010 38, 589504

Fused PET/CT images for IGS resection of
recurrencesat the base of skull "

11 patients navigation assisted resection vs 3| non
Application of a navigation infratemporal fossa tumors.
Computer-Aided Navigation
Technigue in Surgery for
Recurrent Malignant

Significantly higher rate of complete resection in navigation
group
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he most obvious di of the computer-aided
navigation is the drifting of soft tissues, which puzzled many
surgeons....As for the resection of tumors in the
infratemporal fossa, the principal threat is the drifting of the
internal carotid artery.”

Infratemporal Fossa Tumors

The Journal of Craniof

Surgery + Volume 26, Number 2, March 2015

Review iricie
Application of computer-assisted navigation
systems in oral and maxillofacial surgery

Shintara Sukegawa ™, Takahira Kanno -, Yoshihiko Furuki’

Localize joint during TM) surgery

FOR TRANS-ORAL SURGERY,
PRE-OPERATIVE CT DOES NOT REFLECT
THE INTRA-OPERATIVE REALITY

‘Skul-Registered CT imay
Precperative vs htra

Standard Neck CT Intra-op CT During
Laryngoscopy
Axial CT Images Sagittal CT Images




PROOF OF CONCEPT: SURGICAL NAVIGATION WITH
INTRAOPERATIVE IMAGING TO IMPROVE
LOCALIZATION ACCURACY

Paydarfar JAWu X, Halter RJ. Initial experience with image-guided surgical
navigation in transoral surgery. Head & Neck. 2018;1-10

HIGH LEVEL OF
REGISTRATION
ACCURACY (<= | MM)
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LIMITATIONS IDENTIFIED USING SURGICAL
NAVIGATION WITH INTRAOPERATIVE IMAGING

PRE-OPERATIVE INTRA-OPERATIVE DEFORMATION MODEL
AUGMENTED REALITY OVERLAY

Correspondences/Feature-based c Need
(Thin-Plate Spline) . welllexactly;fast features;no physical properties
Probabilstic/Point-set: No need to define Struggles with
(Coherent Point Drift) i

excels at overall shape- prior segmentation required; no

matching physical properties
ImagelIntensity-based: No need for prior Slow: no physical properties
(Demons, Jses image

intensity as features

C =
# ¢ C

Physics/Model-based
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Phys. Med. Biol. 8 (201 49414509 o 10, 10BE/ 19135

1
Deformable image registration for cone-beam CT
guided transoral robotic base-of-tongue surgery
S Reaungamornrut’, W 2
S Nithiananth: A Uneri’
1M Sarger”, J H Siewerdsen

u', A S Wang’, ¥ Otake 7,
hafer”, E Tryggestad”, ] Richmon',
Tand RH T-,vn?ﬁ

(De or MR Acquisition (if)Planning and 303D O Prooperative
Y segmentat 2 ntraoper

= egmentation Deformable 0 Intraoperative

Registration

(CT/MR) to CBCT

Stereo-Endosc
Calibration

GM Rigid

@ TORS
. 5
oM Nonrigid | | =41 38

Demons

Intraoperative image-guided transoral robotic
surgery: pre-clinical studies

PREOPERATIVE

Simulated

Image Guided

TLE improved from
11.245.0 mm vs. 5.8£2.5 with IGS

PROTOCOLTO STUDY UPPER
AERODIGESTIVETRACT DEFORMATION

Patient placed Fiducial markersare  Pre-laryngoscopy CT compatible Intra-operative
under general placedalong the I contrast CT scanis M) laryngoscopeis [ contrast CT scan is
anesthesia tongue obtained introduced and obtained
placedin
suspension

Patients undergoing staging or
operative laryngoscopy

No dentition (reduce artifact)

10 without prior treatment
5 with prior radiation
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QUANTIFY DEFORMATION DURING
LARYNGOSCOPY

Mandible Di: Hyoid Di Tongue Deformation

X.Wu,J. A. Paydarfar, and R. J. Halter, “Quantifying
Anatomic Deformations During Laryngoscopy,” Ann.
Biomed. Eng., vol. 46, no. 6, pp. 912-925, 2018.

PRIOR RADIATION SIGNIFICANTLY AFFECTS DEFORMATION

Differences in translation and rotation of Reduced pharyngeal airway volume
mandible and hyoid bone
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X.Wu, J. Paydarar, and R. Haler, “Intraoperatve deformation duing laryngoscopy of
P uided

Procedures, Robotc Inerventons, and Modeing, 2018, vol. 10576, p. 45.

. Roos, X.Wu D. Pastel . R_Haler, J. Paydartar, Prior radition exposuro aters.
airway deformation during laryngoscopy,” The Trological Society Sections
Meeting, Coronado, CA, Jan. 2019.

VISUALIZE TISSUE AND TUMOR
DEFORMATION DURING LARYNGOSCOPY
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QUANTIFY FORCES GENERATED DURING
OPERATIVE LARYNGOSCOPY

Avg peak force of
50 Ibf recorded
on scope!

10 Ibf on chest!

A. Ponukumati, X. Wu, P. Kahng, J. Skinner, J. Paydarfar, R. Halter, *A System for

Operative L
IEEE Transactions of Biomedical Engineering, Submitted Mar. 2019.

SUMMARY OF WORK COMPLETED TO DATE
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FR.A.N.K.: FUNCTIONAL
REFERENCE ANATOMY KNOWLEDGE

Collaboration with University of British
Columbia

Hybrid model: Combines both FEM and multi-
body methods

Generic template of head and neck structures

Patient-specific model created by registering
template to segmented CT images

Preop CT Tracking PostopCT
Registration Laryngoscope Insertion and Suspension

5

Experiment Protocol

)
pod 1 triafoniy. 5
Tbseauent s
B 5
Segmentation

Post-Processing
'

Spatial Transformation
‘

With University of British Columbia
Real Tracked Trajectory

PP — )
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Pressure and position data to drive
dynamic model in cadaver and clinical
studies

Develop CT/MRI compatible retractors
for TORS applications

FUTURE

DIRECTIONS

Incorporate EM tracking with robotic
instrumentation

Examine the use of lower resolution
intra-operative imaging (O-Arm) in
cadaver model
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