Robotic Surgery:
From Minimally Invasive

to Non-Invasive

www.energid.com Energid Technologies 888-547-4100




Minimally Invasive Surgery

www.energid.com Energid Technologies 888-547-4100




Procedures
— urologic, cardiothoracic

Tools

— endoscopes, dissectors

— SCISsors, scalpels, forceps, needle holders
— retractors, electrocautery, ultrasonic cutters

Presence
— 3D visualization

www.energid.com Energid Technologies 888-547-4100




Intuitive Surgical

2008 Revenue: $858M
Systems in Field: 900
Revenue Growth: 112% last 5 years
Growth Estimate: 38% next 5 years

Consistently exceeds estimates

www.energid.com Energid Technologies 888-547-4100




Mako Surgical

Knee Implants
Virtual Cutting Guide using CT Scan
Haptic Guide

www.energid.com Energid Technologies 888-547-4100
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Meo Surgical

2008 Ravenue: $2V

Ravenue Growin: 240% nexi 5 years
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Non-Invasive Surgory
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Focused Ultrasound Surgery

Ulirasound focused on targei iissue
— Only neais area wnere focused
— No darnage to Iiniervening issue
Visualizailon and ireatrmeni
Poriaole sysierm

Ccusiomers:
rlosplials
Militairy

Flrst Responders



Deployed FlIFU Today

FouUr cornpanies use focusad ulirasound
— For oroJ[a ireairmer
— For uierine floroid treaiment

y

[

qb)

Limiiations

— Require anasinesia io imrnooilize paiient

— No aciive \/I-;»Llcl| rracking io nandle paiieni moiion
— Fixed focus — cannot dynarnically sieer ine peam



cnergid FlIFU Advantages

Roovoiic Arrn and Arrn Conirol
— Unique compinad force-posiiion conirol
— Safe near peoole (paiient and docior)
— Pracise posiiion and pose conirol
for rovot arrm and FIFU beam

— 3Mooif oreur‘ moiion of ine FlIFU ransducer along i
paiient’s sKin

Vision
— Visual lock-on and iracking of iurnor and bleading siies
— Sajety

Continuous treaiment 2ven while the patient is moving
(breaining, muscle iwiiches, ransport in vehicle)

— Speed

-t

rRapid tracking and sealing of ine bleading siia for trauma
treatment



Treaiment Applic

Turnor Aolation
— Cancer Treairnent
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5t00 Iniernal
Bleerlmg

— Traura Treairment
Conirol Blood-
Braln Barrier

— Precise Drug
Delivery
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Traurma Treaimeni

— 1200 major iraurma
H600M

Tumor Rermoval
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Drug Delivery
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~52.58
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Traume [reairnent

Venicle Accidenis
40,000 deains 2acn year in US
6,000 lives « )ulcl ne savead

I=D Blasi Injuries in lrag
Leading cause of severe injury/deain
Blunt iraurmea wiin iniernal oleeding
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Traurna Treatment Derno



Turnor Aplation

Lifeilme cnance of
neing diagnosead wiin canc

FlIFU Effeciivenass:

cor: 40%

37% negailve nlopsy afier 18 mos.

Rawcasile 2006



Drug Delivery

Blood-Brain Barrier 1s largely

imoermeaole to drugs and diagnosiic

Imaqging cornpouncds

FIFU Seleciively Opens Pores:
Use 100x lower cdose



cnergid FlIFU Advantages

Roovoiic Arrn and Arrn Conirol
— Unique compinad force-posiiion conirol
— Safe near peoole (paiient and docior)
— Pracise posiiion and pose conirol
for rovot arrm and FIFU beam

— 3Mooif oreur‘ moiion of ine FlIFU ransducer along i
paiient’s sKin

Vision
— Visual lock-on and iracking of iurnor and bleading siies
— Sajety

Continuous treaiment 2ven while the patient is moving
(breaining, muscle iwiiches, ransport in vehicle)

— Speed
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rRapid tracking and sealing of ine bleading siia for trauma
treatment
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Poriaole HIFU Arrn

Tele-operaiad



Manipulator Design

Raquiremenis:

— rlyper-redundani

— Low mass & inerila
— Low Impeadance

— Adequaie vandwidin
— rlign force resoluiion

— rlign posiilon
resoluiion
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anipulator C

Kinernailcs nasad
00sIilon conirol:

—_—

Standard rnanipulaior
dynarnics

~orce conirol, 2
iLnaole SEA

Positlon conirol,

maximize S "'\ ST

Flyorid, wiin 2nargy

coupling end-aifecior:
Conirol force of pnysical
coniact

Conirol position of enargy
focus

axoloii

Conirol

X



Meanipulator Conirol

Flyoricd conirol:

— Coniaci force
conirol: manipulaior
dynamics

—rocal point posiilon

< conirol: transducer
N dynamics
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Manipulator Design
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Tele-operailon Sysiam arcniieciure:

Video & Audio
Visual Display *\

\ Safety

Master Robot

- < Sensing > :
+L Monitor
—>
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Tele-presence Robotic HIFU

Media System
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Comfortable Surgery



