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=PFL  Introduction

“Robotic surgery or robot-assisted surgery is any type
of surgical procedure that is performed with the use of
robotic systems.”

Open surgery Laparoscopy Robotic surgery

=PrL Physiologcal aspects . —— Anesthesia management

Vascular system

Tissue
biomechanical
properties Intra-abdominal
Thermal effects pressure
— Vital signs

Infection risk

Wound healing
factors
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PFL  Functional objectives

Repair Control Measure

TGChnical ] s Patient cart
description '

Surgeon console




cPrL

Mode of action

cPrL

Different systems
Intuitive Surgical
Da Vinci
= 2000
= 10’000 robots
= 17 million total
procedures
Worldwide sales and procedures
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—Sales e Procedures

CMR Surgical

Versius

= 2019

= 20 thousand
total
procedures

Medtronic
Hugo RAS
= 2021
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€PFL  Specifications freedom

Rotation

Energy
= Electrosurgery
= Ultrasonic

" Motion scaling
= 1:1to5:1

Materials —
= Stainless steel %‘Latency
= Titanium = " = 50-100 ms
= Polymer insulator
=  Tungsten 3, 7

Imaging

Instrument life W B 3D
= 7to 10 uses ‘J/J/.j //\( 4K

L} L} 10
£PFL  Promise vs Reality
Promise (2000) Reality (2014)
= |ntuitive Surgical = Complications
= Next step in surgery = Undetected during surgery
=  Will become standard = Unexplained
= Transcontinental surgeries
= Faster
= Lighter intervention
= Faster recovery
= Gain in productivity
= Hospitals
= Strategic
0 Patients' attraction n Consequences
= Prestige (private) = Longer surgeries
= Anastomotic leak, perforation, fistulas
= Surgeons = Septic shock
= \ery enthusiastic = 20 gurgery
= Death
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EPFL  Case study :

FDA MAUDE database
= Event Description
1 o = During Da Vinci-assisted pulmonary lobectomy,
T i e e e o pulmonary vein was injured, causing major
-_— - bleeding (~2 L)
= Surgeon converted to open surgery, leaving one
robotic arm to hold pressure
= Electrosurgical power increased (3 to 8) while a
second Bovie was plugged into the same outlet
= This caused an operating room power outage, so
Da Vinci switched to battery mode
= Bleeding was later controlled, but the patient
coded and died from hemorrhagic shock

FDA

INTUITIVE SURGICAL, INC DAVINCI XI; PATIENT SIDE CART, 4-ARM
Model Number 340557-£7

= Manufacturer Narrative
= No malfunction found, all arms passed post-event
tests
= Power loss traced to overloaded operating
room circuit, not Da Vinci system
= Event linked to surgical complication, not device
defect
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=PrL  Gtatistics *

2005 - 2014
= 217 reported death because of Da Vinci Death vs procedures in the US
= 3’000 lawsuits 70 2000000
60 1800000
1600000
50 1400000
2018 — Today 3 1200000
- . ; ; 1000000
Initial promise closer to reality =% -
= Better than traditional surgery 20 600000
400000
= Not necessarily shorter operative O 200000
0 0
times 2018 2019 2020 2021 2022 2023 2024
= 4 reported death in 100k procedures ——ORElS —— A

because of Da Vinci

12



cPrL

Real-world scenarios

Robotic Prostatectomy

Common procedures

= Radical prostatectomy

= Cholecystectomy

= Hysterectomy

= Colorectal resections

= General and thoracic surgeries
= Bariatric surgery

= ENT

13
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Regulatory path

United States Switzerland

= 510(k) = CE marking (Conformité Européenne)
= |nvestigational Device Exemption (IDE) = Swissmedic approval

= Premarket Approval (PMA) = Incidents confidential

= Post-market surveillance (MAUDE)

Incidents reported to the FDA
7000
6240 gogg
6000
5000
4000

3000

2000 1603
1000 o 16 619 0 o0 642 5 I
RS B T

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
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2Pl Costs and Business perspectives

I O
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Da Vinci robot 3.5 million CHF 0.5 — 2.5 million CHF
Maintenance 250k CHF/year 190k CHF/an
Instrument cost 5k — 7k CHF/surgery 600-3.5k CHF/surgery
Insurance Not always Yes

Future potential
= |mproved profitability for hospitals
= Market growth

2025 perspective
= 1’800 expected unit sold worldwide (+18%)
= 10 billion USD expected revenue (+22%)
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=PFL  Timeline

6500 BC Open surgeries

1972 First laparoscopic surgery

2000 FDA clearance for Da Vinci

2001 1st remote surgery

2003 Merge Intuitive Surgical & Computer Motion

2008 1st robot in Switzerland

2013 FDA intervenes = . _:W:
2019 Versius 1st surgery _
2025 3.1 million procedures (+17%)
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PFL  Limitations 3

= Safety & transparency
= Device problems

= Underreporting

= Training

= \Variable standards lead to surgeon-dependent outcomes

= Cost and access
= High costs limit broad access

= Not always profitable
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£PFL  Technology trends ’

= Hardware
= Modularity

= Different ergonomics

= Software
= Haptics
= Force Dimension Company
= Safety
= Delimit surgical space
= Atrtificial Intelligence
= Assistance
= |mitation learning

= |dentify cancer tissue in vivo
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Conclusion
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