Intra-operative MRI-guided Robot for Bilateral Stereotactic Neurosurgery
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otereotactic Neurosurgery
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- Deep Brain Stimulation (DBS) & J& B4
- |Implantation of electrodes & #fE A
- Electrical impulses on brain nucleus & &l 5% HI SR & 47 1 [ 15
 Treatment to Parkinson’s disease (PD), essential tremor major

depression, etc. FIIRFIAGHEE, REMEEEH, HEMNE

- Surgical challengesF#7HkEk:
« “Brain shift” & 47
 Time-consuming: >6 hours FH#TFER: KRB /M
« Awake patient & EE 9% A

Patient still awake to
surgeon’s question!!!
WA= ERREE BI&
BARME! ! !

Courtesy: [1] Weaver FM et al.
Neurology, 2012.

[2] Violinist Still Making Music
After DBS Surgery - Mayo Clinic
https://www.youtube.com/watc

h?v=T3QQOQAILZw



https://www.youtube.com/watch?v=T3QQOQAILZw

Why MRI-Guided Interventions? CU
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Real-time MR

VISIUS® Intra-operative thermometry
MRI fystem (Visualase®)
VISIUS® #7518 77 74 BRI FERIRE
FRH A Jk & (Visualase®)

Courtesy: Ying Meng, MD




Current Apparatus
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- Manual operation - Clearpoint®
FFHEE - Clearpoint®R#i
« General anesthesia & A\ 4> & Rl
« Long and flexible screwdrivers w5 i ] & A 12 44 4t
« Manual adjustment of aiming T B Z i 15 E
 Patient moved in-and-out the bore i N\ FIHER N /# B )1 R4 fLE

Courtesy: [1] S. Chabardes, et al, Acta Neurochir. (Wien)., 2015. [2] Ostrem J L, et al., Journal of neurosurgery, 2016.
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- MRI-guided neurosurgical robotlc systems:

R 71 35 1B B A Eﬁffflﬂ%ﬁk?ﬁﬂﬁﬁﬁk,% és?

NeuroArm/SYMBIS® NeuroBlate® MRI-compatible MINIR-II robot
(Deerfield Imaging, USA) (Monteris Medical, neurosurgical robot (Georgia Institute of
Inc, USA) (Worcester Polytechnic Technology, USA)

] Institute, USA
- Unmet technical challenges: ‘

REIRBIERTHRER :
- MR Safe actuation (No EM interference) W35 %4 EREIEE (EEMETHE)
- Fixed to patient’'s skull and operated within the MRI head coil 2355 A S8 $ & J 7] 7E MIRIZEAR 8] (1 /) 25 [ o 18 4
- Independent bilateral manipulation for faster workflow 3% {1 K B vy & 57 [5] Rp il 47 F447 LU it F2




Hydraulic Actuation
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Low-friction Hydpau]ic Transmission 1&@%%?&@%@] No observable image artifact when in full mot|n

« Zero EM Interference; Intrinsically MR safe ZEEMT48; A8 AR 24 i AEAMRARE
 10-meter long transmission via waveguide 4% &5 £1,1# (1)1 OK 1 fH i {5 8
« Quick response; Small backlash 8B} 2E flEHE ;A7 R/

Rolling
Diaphragm

Wave Guide Pressurized Fluid

]
_ _, Electric 1

| Motor | Transmission stiffness BT E > 18 N/mm

25k ; 0.5 bar e;&’dfs —0.5 bar
4 o ,ugx% £ [—toma
- * 20 bar ’bm \Ef —1.5 bar
[ |——0.5bar fit we’, 4 9 —2.0 bar
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Z 15— |=-—- 2.0 bar fit 3h«» e X %
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Actuator g . 1of B kos = 18.09N g
Slave o o = TBOON/m g
P T s ki = 21.39N/mm e
~IvR "y Actuator . o / 2
4 5F kis = 22.19N/mm K%
. K. i B a
Wave guide Y kyo = 24.35N/mm
SERRERERRRRERND 1 1 1 1 1 1
8 mEters o0 0.2 04 06 08 1 1.2

Hydraulic connections

Displacement / mm Displacement of master side (mm)
Ref: [1] Fluid-powered transmission for MRI-guided interventions. US Prov. Patent: US62/640,302. [2] MR-safe Robot Platform for MRI-guided Intra-cardiac Catheterization. TMech, 2018.
- / ~




Bilateral Manipulator mmlcu ==
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« Compact dual-arm EERE K EEET . Sam

- Five-bar planar parallel mechanism i3 [ i B e i
 Four DoFs for each manipulator B B4 VU1 5 B

« Bowden cables coupled with hydraulic actuators
BowdenZRAH Bl i R B 5 i 4k _

Joint  Sheath Rolllng nge

Diaphragm Guide

Robot mounting is
simple and reliable

1 B AT SE A A
st 7 1K

Robot (slave) for

bilateral DBS

4= | Nz

BT A
N (RREEES)
(accuracy X5 ¥ :
1.73+0.75mm)

Linear actuator for
needle insertion

AT IR 5 R H AR
HBEKE

|

Ref: Robotic stereotactic system for MRI-guided neurosurgery, US Prov. Patent: US62/623,280
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MR-based Tracking Coll ==
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« Wireless tracking coil units

AR B HERR B o
« Tiny coils (1.5x5x0.2mm3) H/NERE(1.5X5X0.2mm?3)
 Resonate with MR Larmor frequency 7] 828 /7 3Lk 28 I Larmorfi R 3L4E (1.5T & 63.87MHz, 3T > 127.7MHz)
- Pick up MR gradient signals along 3 principal directions 7] 7£ =i 3= 77 [t 45 BUMRER (= 5%




MR-based Tracking Coll
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- Positional feedback in image coordlnates BT ER RS

v'Spatial res: 0.6 X0.6 X0.6 mm ZFH77##%:. 0.6X0.6X0.6 mm | |

v Temporal res. 40Hz Rl 3 #5% . 40Hz Micro-coils

EP catheter¥ ‘L
MRI navigation with wireless tracking coils : -
HE AL HEAR 1] 1) 7T E TR IR FAT
113300 4 3 j @@

1341.00

' + Very high-contrast signal
4t tb =
3t + Automatic signal pickup
_ HENE5RHEH
2t it
4 =) |‘| |\
A Tl | i i i j

||I|J|J w|“| ..J|'|| ?HI |{\ﬁr\J '} Vlfu\l"'-u h\w\/'ﬁml’ Lv'."' Hp

o

Signal Intensity (arbitrary u

50 100 150 200 250
X-axis




Intra-op MRI Pre-clinical Trial ==
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+ Workflow Validation 2% BRI
 Targeting error <1.8mm BE#EER Z<1.8mm TABLE I NEEDLE TARGETING ACCURACY TEST
» No rigid mounting on MRI table #75 ELMRIZK R [F & Needle tip Normalto the needle
. Simple installation 225 & Accuracy Left Right Left Right
P b (mm) | 1.73+£0.75 | 1.21£0.63 1.61+0.72  1.15+0.62

Proposed Robot-assisted DBS:
conceptual system setup

BN L7 15 S ) B F A -
R E S




Intra-op MRI Pre-clinical Trial
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MRI-guide stereotaxy
with robot

| Pre-op MRI scans |
¥

| Pre-op planning |

Patient move
to OT

| Mount anchoring base |

| Create burr hole and puncture |

Patient move to
MRI scanner

| Rabot position |

l

| Intra-op MRI scan |

MRI-guided robotic
manipulation

| Post-op MRI scans |

Ref: Z. Guo, et al. Techniques for Stereotactic Neurosurgery: Beyond the “Frame”, Towards the Intraoperative MRI-guided and Robot-assisted Approaches[J]. World Neurosurgery, 2018.
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Hydraulic Actuation
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- MR Safe

Wi 7 PR 22 4

High-fidelity teleoperation
e DR L 1 5 FE R A4

- No EM interference

MR T

Compact Robot Design
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- Bilateral needle manipulatior
68 ) 2 o e VB R AR
- Single anchorage
LY
- Fit with standard head coll
o FH AR R HH AR P

—4

Small Wireless Tracking Coll

Patents ZH7-
[1] Robotic stereotactic system for MRI-guided neurosurgery, iea I'tl ;ne 3D |OCG lization
US Prov. Patent: US62/623,280 BN =4 E 7

[2] Fluid-powered transmission for MRI-guided interventions, Tracked in image coordinate

US Prov. Patent: US62/640,3029 ﬂ: { /ﬂé i} ? W j\g_ﬁﬁ
[3] MRI Tracking Device Design, Fabrication, and Methods of . % */—R . }é . .
use for MRI-guided Robotic System, US Prov. Patent: - No manual calibration/ reglstratlon

US62/640,78; PCT Patent: PCT/CN2017/089701 M 75 - B4 g Bl O T
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IEEE International Conference on Robotics and Automation [ICRA] |

BEMET LREMS Y (IEEE) Rz AEEF{LE=® 2018 ;

« The project won the Best Conference Paper
Award in ICRA'18

?IE H s 2201 BEFi%E3 N B B B b &t AR
IR

- World’'s top and largest robotics conference
ﬂﬁﬁ%ﬁ@%ﬁ%ﬂ% ””AIFWIEZ&QE%E

« More than 3,000 art|C|pants from academia and industry

A HIES, ODD%)E AT LA T3 AL B

 ICRA paper: 6-8 pages, usually accompanied with videos
to demonstrate the innovative r‘ObOtIC systems

ICRAG®C: 6-8 A i SCAIH 7S AR & o a8 N SRt 2T B

 Journal papers accepted by IEEE Robotics and Automation
Letters (RA-L) can also be presented in ICRA and compete
for the Best Conference Paper
SRARAEIEEERS AT A B E By fdall (RAL) L MITGm SO IR AT £E
ICRA S fik HH T 7= 3 15 550328 e 1 B ey S 2




IEEE International Conference on Robotics and Automation (ICRA]) :|
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» The project won the Best Conference Paper
Award in ICRA'18

?IE H A SCHE 201 BRI 2s A S B B b & s
" B SR

- 2,938 ) papers reviewed in ICRA18, from 61 countries
AR ETE T ] T A B 4 BRI 5 (02, 539K L

« Best Paper Award: 35 finalists from 9 fields, including
Robot Vision, Cognitive Robotics, Robot Manipulation and
Unmanned Aerial Vehicles, etc.

L300 am N Bl i w8, B R SUKH LA, EEHEaE A
PR, PR NN, BEas NERIEAME N RREE

« Other shortlisted universities and companies include MIT,
Harvard, Stanford and DeepMind.

HoAtn A[EHY RS e S B mi g B AN ~ Ba i RER > SEFHER
EF1DeepMindZ: -
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