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Image-Guided Surgical Systems

3D patient modeling Surgical navigation

' ~ Imaqe-patient registration
VR surgical planning g=ik 9




Minmmally Invasive Surgery

* The development of science and technology leads to the development of

medicine,
* Modern Surgery

* Three main developments in early 19 century

* Bleeding control

+ Cauterization

+ Blood transfusions
+ Pain control

+ Anesthesia
+ Infection control

« Equipment sterilization
» Rigorous hand washing
» Rubber gloves

* Minimally Invasive Surgery
* Benefits
* Less pain and scarring
* Reduced risk of infection

* Faster recovery
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Minmally Invasive Surgery

* Modern Surgery

* Three main developments in early 10® century

+ Bleeding control

+ (Cauterization
+ Blood transfusions

+ Pain control
» Anesthesia

* Infection control
» Equipment sterilization
+ Rigorous hand washing
+ Rubber gloves

* Minimally Invasive Surgery
* Benefits
* Less pain and scarring
* Reduced risk of infection

+ Faster recovery
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Non-Invasive Surgery

» Medical imaging modalities in late 20 century
e CT
« US
« MRI

* Non-Invasive Surgery

* Radiation
» Gamma Knife
+ CyberKnife
* Linear Accelerator (LINAC)

* Ultrasound
» Extracorporeal Shock Wave Lithotripsy (ESWL)
» High Intensity Focused Ultrasound (HIFU)

* Magnetic field
» Extracorporeal Magnetic Innervation (ExMI)
* Transcranial Magnetic Stimulation (TMS)
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Computer Assisted Surgery

+ Limits of MIS
* Less intuitiveness %
* 2D images on screen
* Pivot motion of tools
* Poor eye-hand coordination ¥

In early 21th century (the present)
+ Robot Tech.
» Information Tech.

Romt gy
‘\(‘ ’Tﬂ‘ ile ﬁ'\ Lr ¢

Laparoscopic surgery

Robotic surgery (DaVinci) Navigation surgery
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Operating Room of the Future

* Inthe futqre... |
* Emerging technologies ‘
+ Al Bigdata, IoT... v‘ S Strea.m,s
» IBM Watson health :
+ Google Deep Mind health
+ VR, AR

« Microsoft Hololens

More safety @---.._§ i | R ----@ Intuitive inspection

-~
-
29

Efficient medical pracfice % i .--@ Comfortable environment

Operating room of the future
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Tech. Procedures of IGS (Image-Guided Surgery)

Patient M Surgical [\ Patientimage [\ Tool/Patient ' Surgical

modeling planning registration tracking Guidance

| Segmentation 3D VR

Al pat-moaeling Al planning

Real-time X-ray
imaging
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Patient Modeling

Image segmentation and 3D reconstruction

Input volume Sagmentad volume 3D eurtace of
segmented volume
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Image segmentation 3D reconstruction



Automatic Segmentation

Brain surgery
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Segmentation for shoulder

Front V‘;'az:' Muscles of the
% Rotator Cuff
3 y &bi.s_(ulons

Anatomy of Rotator Cuff

3D models of supraspinatus and humerus

K pameese fon- NN



Segmentation for abdominal organs

Automatic segmentation of Liver, Tumor, Vessel, Skin, Spine, Spleen, and Kidney

1. Liver 4. Sping
2 Tumor @Liver 5. S3pleen
3. Vessels @Liver 6. Kidney
7. Skin

Abdominal Organs + CT
Abdominal organs
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Brain map using multi-modal 1mages

Skin from CT

Skull from CT

Brain from MR

Functional areas from fMRI

Veins from Venography

Arterial from MRA
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VR Medical Simulation

3D model + Haptic/tracking device

fb.com/SclenceNaturePage

Sample video (youtube)



Dental simulation

» Carious lesion detection & drilling
»  Workbench for eye-hand coordination
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Laparoscopy surgery simulation
+ High-fidelity haptic and visual rendering for laparoscopic surgery

* Human organ modeling & deformable modeling
» Haptic device with laparoscopic instruments

Gallbladder removal simulation

KIST

Laparoscopy surgery simulation, 2007~2010
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Needle msertion simulation

* Intravenous injection simulator with haptic interface

«  Simulate delicate force feedback and small difference
« 2 DOF input/ 1DOF output
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Arthroscopic surgery simulation

e .'Vf?r~,=q

Anatomy navigation Arthroscopic surgery
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VR Surgical Planning & Navigation

Surgical robotic system for brain surgery Computer navigation system for knee surgery
(ACL reconstruction)



ACL Reconstruction Surgery

* Anterior Cruciate Ligament Reconstruction

TENMAL Rmromd  SIoss o ONed
ACL Reconstruction

Tunneling failures:

Arthroscopic surgery

Posterior wall breakage Short femoral tunnel
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3D VR surgical planning for ACLR

n
'
3D reconstruction (patient bone model)

-

3D Quadrant method

Surgical planning
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Navigation of ACLR

s gt [T + Registration
T iy * Pre-op. plan data + intra-op. patient
Femur Mark% >

: AN ? or /‘I\ + Real-time 3D pose tracking
i Y L : : NS <
£ ] ¢ 7 * Optical tracking system (Polaris Spectra®,
| Planmod & !Pen Marker NDI)
I Femur Tunnel % &, - NPT T e
: N | o Puridarint il oncong « Femur, tibia, tools
—~ I o s " I
o | o » Surgical plan can be changed while
Sleeve Guide ! checking predicted results in real time.

graton amar || Famar pland anfe. | Feowar plani i Quadrant vow
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Phantom / animal / cadaver test of ACLR

-
i

“Cadavar test

Animal test

t w/t Samsung hospital
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Accuracy results

FRE Averag Average
(mm) e

Phantom 02804 02089  0.8665 Femur 04501 04412 20077

Entry Point Angle Entry Point Angle
m m Difference
Phantom 06746 mm 0.6542° Femur  0.4814mm 0.8533°

FRE [range: 0.0-1.0] TRE FRE [range: 0.0-1.0] TRE
green: plan, red: result green: plan, red: result
K\ et b INNIE



K e ae: MNK

Wadical Nasigation Lab

Intro. To Research Projects
Sep.. 2017



i 9
K psapisese aonc: VNG

Medxr Nevgation Lab

Robotic guidance system
for ICH (Intracerebral Hemorrhage) removal

!
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Intracerebral hemorage

< 5y

FADAM.
Intracerebral hemorrhage Robotic ICH guidance system



Project Description

» Target surgery: stereotactic aspiration (Surgery for intracerebral hemorrhage)

Diagnosis Pre-op. processes |ntra-op. processes
e
CT scan and diagnosis Mounting the o Sgrgical planning Setting the Insertion of
coordinate registration with respect to the stereotactic arc evacuation catheter
frame with the frame coordinate on the frame along the guidance of
frame system the head frame

* Research objective:
* Frame-less robotic ICH surgery has been developed in order to reduce processing time
considering emergency situation of ICH(Intracerebral Hemorrhage) surgery.
* It's no need to mount the coordinate frame on the patient’s head

» It doesn’t need to re-CT scan in order to register the frame to image
+ radiation exposure reduction

%

KL e3menisere e v NN

Ko bntthte of Sciowee sed Secemokogy
Mnhial Magataom Lok



Methods

* 3D VR surgical planning ICH Planning

QO

x4

CT volume data
* Face registration

o . = Insertion path w.rt. robot coordinate system
3D face scanning of phantom  Registration of intra-op. face and pre-op. CT face

using Weighted-ICP

; X .
Robotic guidance T TR
Measurement precision Under 100 wm
Dimension 130 x 50 x 200 mm’
.. SO -'; Mzasuring area 300 x 220 mm*
3D face scanner RN zzo
. Measuring distance 720 mm
Robotic guidance of insertion path rightness 284 lux
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Results

* Phantom test

optical
marker

Phantom

Accuracy test using OTS (NDI polaris spectra)

|| Tamet(mm) |Orientation (degree)

YO T T S
|0 | o

K]ST OIS
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« Animal test  Intra-op.  post-op.

Animal ICH model

Anesthesia

| CT scan
CT scan & planning

Segmentation of the catheters and
overlay of the planned insertion
path

3D face scan & registration =

Surgeon’s insertion of
evacuation catheters

Mokl Magataom | 2h
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Development of next-generation micro-surgical
robot based on open platform

Period: Nov. 01. 2013- Oct. 31, 2018 (5 years)
Fund: 1.000K USD/year. MOTIE

Raven platform developed

. _ by U. of Washington
Cost-effect, open platform micro-surgical robot
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Project Description

* Target surgery
* SELD(trans Sacral Epiduroscopic Laser Decompression) of Epiduroscopic neuroplasty

nntury cpenng

Jmm incislon

X-ray Img. Epiduroscopic img.

Insertion an EN catheter to a target ruptured lumbar disk through sacral hiatus

* My research objective:
+ 3D catheter shape tracking in order to gnide catheter insertion Endoscopic image

A-P direction

X-ray image + depth information

KT 2aepieese



Methods

* 3D shape estimation using single C-arm x-ray device

Prcecion plave
A (S Uy
P ) 2] LSy at
g 1"71.7-11,._ —— ' ‘\'E.U
: o " @
= (wy 0 X T ——

Collinear points with known interpoint distances

Py +dpby '

U, =
" fp3+5nb3

p2 + Onb; Catheter

Un =fp3 + 6nb3 W— . -

For direction cosine, (b,,b,, b;), each 3D point position is, p + db

Collinear region

Ref: Haralick, Robert M. "Monocular vision using inverse perspective projection geometry: Analytic relations.” Computar
Vision and Pattem Recognition, 1989. Proceedings CVPR'89, IEEE Computer Society Conference on. IEEE, 1989
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Marker band for 3D pose tracking

Catheter
= /-
> K
A | z . 7“
. l, . 3 %
I
o
m
= |
Catheter THof

PTFE heat shrink tube
thickness : 0.05mm(+0.02)
ID before shrink : 3.81mm
ID after shrink: 2.26mm
Shrink temp. : 300 C
Heat resistant temp. : 260 C

Pure Nickel PtIr(Pt90%.Ir10%)
34X 312X L2.0 $34X ®3.12X L1.0
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C-arm X-ray imaging
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Development of microbiorobotic systems for surgical
treatment of CTO (Chronic Total Occlusion)

Period: June 01. 2015 — May 31. 2019 (4 years)
Fund: 3.000K USD/year. MOTIE

a) (h’

la) r ) ™ CTO

¢ R\ X \ =

&l \ 2 Aoy = e - SN

\Te ) _ N ——.

External magnetic field driven micro-robots for = e __.;*_,,._":.. -
CTO treatment X
Micro-robot Catheter
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Project Description a1
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Project Description

* My research objective:
+ 3D VR based micro-robot guidance system

2. Patient registration

e using bi-plane x-ray 3. micro-robot tracking 4. Micro-robot
1. 3D cardiovascular using bi-plane x-ray guidance in 3D VR
modeling environment

Ko Ittt of Sorwx a0d Ireiombogy
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Methods

* Real-time non-rigid registration of CTA to bi-plane x-ray images using the bifurcation
points of cardiovascular pattern

‘u'" .-s.‘.‘ .

W 4
Cardiac CTA Aﬂ, 74 Bi-plane C-arm device
8 4

3D cardiovascular model 1

Bi-plane x-ray images

¥ Non-rigid registration 3§
A : . ._ - '
2, " 30 feature points = &.17\ YO s
S ey (bifurcation points) A h} . 3D feature points (bifurcation points)

C-arm coordinate system

+ Heartbeat compensation using ECG phases on cardiac CTA & coronary angiography

Al

] ECG monitoring on scan Cardiac CT-ECG phases
K ST T Y L R
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Cardiac Segmentation & Modeling

+ Coronary artery deforming phantom

+ 2D coronary artery segmentation and bifurcation points detection
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AP centerline (red line)

CT

LAT X-ray LAT centerline (red line)

Koy bttty of Selowes sed focboodogy
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AP feature points

LAT feature points
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Cardiac Segmentation & Modeling

+ 3D coronary artery segmentation and bifurcation points detection

1 ' !
Segmentation 3D Thinning algorithm

KT Ramenss 1 \7.
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3D Image-Guided Maxillofacial
Reconstruction Surgery

Pertod: Jan 01, 2015 — Dec. 31, 2017 (3 years)
Fund source: inframural project




Project Description

* Target surgery
* Maxillofacial reconstruction surgery

* Research objective:
* 3D mandibular modeling from CT data
+ Surgical planning time reduction using optimized functions and user interface
* Operation time reduction and success rate enhancement through surgical guide
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Methods & Results

* Fully automatic mandibular segmentation from CT

30 CT data

* Results

datal

WY

-
-
A
LA ‘
3D data rough labelling using AGMC Sedection of target mandibular label in the ~ Fine segmentation of mandibular label
(Adaptive Global Maximum Clustering) AGMC labeled image. using active contour

algorithm

#95 : starting slice

data2 data3

gatad ’

#5 : condyle segmentation

CT shce number
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Methods & Results

+ Patient Specific Resection Guide design and Guide design specific user interface
» Positioning panel, resection rail generation, screw hole generation
» Surface selection, mesh offsetting, Boolean operation
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Robotic System for Spinal Surgery

2017 World Class 300 R&D project

Period: March 01, 2017 - Dec. 31, 2021 (58 months)
Fund: 1.140K USD/year. Ministry of SMEs and Startups

Robot
platform

s 3D surface
'J' scanner

based registration instrument
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Project Description

« Target surgery: minimally invasive pedicle screw instrumentation

* Research objectives:
+ Novel patient-to-image registration for radiation exposure reduction
+ Precise guidance of surgical instrumentation

Minimally invasive pedicle screw instrumentation Mazor X (2016, Mazor Robotics, Ltd.)
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Processes for Non-Invasive, Radiation-Free Patient-to-Image Spine Reg.
. \ B e

to back surface deformation
Pre-op.

US etc — E

tns.,ue modeh&f
Non-rigid registration P, s‘%ine bending

of bra;k skin sur;ace motion estimation of
CT-30 scanner] pre-op. spine model

Accuracy check and
compensation using
single x-ray image

a §
.

N »
' )
mmmm

Real-time tracklng of tools and the patient

LI

b
c‘bli frdlen weny

.
\
a'c

Surgical planning and navigation SW

J

\
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Patient-image registration using the correlation model of back surface
& spine motion

Pre-operative stage Intra-operative stage

g2 NE 3 Q _

Correlation model of back Patient-image back skin non-rigid Spine motion estimation
surface & spine motion registration
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Development of 6 DOF teleoperation robot system
technologies mcludmg 0.5mm precision 3D
electroanatomic mapping system and active steer ng
robot catheter instrument with variable stiffne r
cardiovascular intervention with improved accuragéysind
reduced radiation exposure '

Pertod: Apr. 01, 2017 — Dec. 31. 2021 (57 months)
Fund: 1.500K USD/year, MOTIE

NEXTURN #5482 GERl)jwmomony S0 (oupenns @) 420003, 89280
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Project Description

* Target surgery: catheter ablation for cardiac arrhythmia

* Research objective:
* Robotic catheter ablation system development for cardiac disease

Target ablation
P—=mm\ Stent insertion

Catheter motion

* Precise guidance of robot surgery

T, [
| T T4 =
Catheter tracking
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Cardiac Mapping System

CTA-based cardiac 3D modeling Patient-image registration with heart beat
compensation
Electrograms
— ‘ l ‘
ks '3
1L e

|
Catheter tip position and electrophysiological signal distribution visualization

3D mapping VR visualization platform
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Thank you for your attention!

dkylee@kist.re.kr



