
Future Trends and Opportunities in  
Robot-Assisted Minimally Invasive Surgery 

Tamás Haidegger, Ph.D. 

Laboratory of Biomedical Engineering 
Budapest University of Technology and Economics, Dept. of Control Engineering and IT; 

Austrian Center for Medical Innovation and Technology (ACMIT) 

 

 

 Intl. Symposium on MIS and Medical Robotics  
November 21ς22, 2011  Taiwan 



Introduction 

C
re

d
it:

 I
S

S
 I
n
c. 

2 

Research faculty at BME 

ωImage-guided skull base drilling  

ωElectromagnetic tracker 
assessment  

ωSurgical skill analysis 

ωClassical and modern control 
algorithms for telesurgery 

ςto handle large latencies  
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Introduction II 

Å Surgical workflow analysis 

Å Patient immobilization in radiosurgery 

Å Laparoscopic skill training (CASSET)  
ÅGynecological robotic brachytherapy    
(ROBOGYN)  
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Research area manager at ACMIT 



Å CEO/CTO Clariton Ltd.  
 - Hand-in-Scan solution 

Digital  
camera      

Case with 
UV lighting 

.     

UV-reflective  

antiseptic .     

Raw and 
processed  image     

Image 
processing    

Hardware and software solution combined 

Introduction III 





Market for Computer-Integrated Surgery 

  $20 B estimated market for IGS and medical imaging 
 
 
  $20 B estimated market for MIS by 2015 
 
 
 $5 B estimated for robotic surgery 
    Forecasted to grow $14 B by 2014 

Credit: Renishaw 

Credit: BrainLAB 
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Source: Frost & Sullivan, TMD, Piribo 
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Surgical robotic sales 

 ωZeus: 50 (2002, discontinued 2003) 

ωNeuroMate: ~30 (16 by ISS) 

ωROBODOC: ~50 (37 before 2000) 

ωMAKO: 86 systems sold (09.2011) 

ωSpineAssist: 3 in the USA (07.2010) 

ωCyberKnife: 220 (2010) 

ωHansen Sensei: 120 (Q3 2011) 

ωda Vinci: ~2100 robots (11.2011)  

ωTaiwan has 9 systems 
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LƴǘǳƛǘƛǾŜΩǎ da Vinci 
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ÅQ3 2011 results 
ï133 da Vincis sold in Q3 
ïtotal revenue: $447 million, up 30%  
ïnet income:  $122 million, up 41% 
ïoperating profit: $214 million, up 32%  
ïtotal recurring revenue: $248 million, up 34% 
ïrevenue  from instrument and accessories: $176 million, up 38% 
ï1845 employees, up 30% 

ïRLRP penetration in the USA: ~90% 

 Financial results 10 

ÅProjections, potentials 
ïNo. of procedures world-wide: 1.8M 
ïAnnual recurring revenues:  $2.6B  
ïAnnual system revenues:  $1.4B 
 up to 10,000 systems 
ïAnnual service revenue:  $1B   



LƴǘǳƛǘƛǾŜΩǎ financial performance 11 

 
NASDAQ 

Intuitive Surgical 



Komplikációk 
ÅTechnical problems (requiring laparoscopy or conversion) 
ï [Patel 2007]: 4.7% complications (900 cases) 
ï [Bodnera 2005]: 2% lapar., 3% conversion (128 cases) 
ï [Olthof 2007]: 2.27% conversion (400 cases) 
ï [Borden 2007]: 2.6% technical problems (350 RLRP) 
ï [Zorn 2007]: 0.4% lapar., 0.5% conversion (850 RLRP) 
ï [Koliakos 2008]: 0.9% software errors (520 cases), 1 broken EW 
ï [Kim 2009]: 2.4% mech. failure, 0.17% conversion (1797 cases) 
ï [Murphy 2009]: device failure 0.2 ς 2.6% (survey paper) 
ï [Kaushik 2010]: 56.8% of surgeons (176) have experienced malfunction 
ï [Magrina2011]: 2.9% conversion (67 patients) 

 

Å [Borden 2007]: Hardware errors 
ïwrist mechanical failure  
ïarm mechanical failure  
ïpower supply system 
ï loss of 2D screen 
ïcamera error 
ïMaster/slave device break 
ïsoftware errors 
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Da Vinci meghibásodások 
ÅNot just the best of the best 

 
Å2002 Tampabay Hospital 
Å2009 Boca Raton Hospital  
ï42-y patient died after prostatectomy  

Å2010 collective lawsuit in the USA 
ïWentworth-Douglass Hospital 
ï4 surgical errors with robot 

ÅCleveland Clinic sued by retired colonel in 2010 
 

ÅJ. Urulogy [Barocas2010]: no real advantage over open RLPR 
Å Is Robotic Prostate Surgery Really Better? [NYTimes 2010] 
ÅJ. for Healthcare Quality [Lin 2011]: Robotic surgery is   

presented biased 

Complications II 13 
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Da Vinci meghibásodások Complications III 14 

Å [Hermsen2010]: Increased SSI with certain procedures 
ï6ς8x increase with hernia, prostate, colon, gynecology   

ïNebraska Medical Center 

 

 
 

Learning curve 
ÅSkill Simulator (MIMIC), ROSS 
ï1 week initial training, while 200 procedures are needed app.  

ïά[ŀƴƎǳŀƎŜ ƻŦ ǎǳǊƎŜǊȅέ ǇǊƻƧŜŎǘ 



Current trends in robotic surgery 
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IGS development 16 

ROBODOC (Curexo Tech. Co.) 

NeuroMate (Renishaw plc.) 

MAKOplasty (MAKO) 

Magellan (Hansen Medical) 

ROSA (MedTech co.) 

 

 
 
 

 
 
 

Credit: MAKO, Rosa, Curexo, Renishaw 



EU FP6ς7 projects 17 

ÅACTIVE 
ïAwake epilepsy surgery with soft robots and 

motion compensation 
ïwww.active-fp7.eu 
 

ÅROBOCAST 
ïKeyhole neurosurgery with  

 micro-macro robot 
ïwww.robocast.eu 

 

 



Cooperative control 18 

ÅάHands-onέ technique 
ïThe master and the slave devices are identical 
ïReal-time force/torque measurement  
ïProvides haptic feedback 

 
 

 

Application examples 
ωAcrobot (Imperial College, London) 
ςTotal knee replacement [Jakopec 2003] 

ωPathFinder (Armstrong HealthCare, UK) 
ςIG neurosurgery [Finlay 2006] 

ωSteady-Hand Robot (JHU, USA) 
ςSinus surgery [Li 2007] 

ςSkull base surgery [Matinfar 2007] 

ςEye robot: retinal vein cannulation [Balicki 2009] 

 

 

 



Neurosurgery robot system JHU neurosurgery robot system 19 

CISST ERC Johns Hopkins University  

ωCooperative skull base drilling 

ωNeuroMate robot (5DOF, FDA cleared) 

ωStealthStation surgical navigator  

ω6DOF force sensor (hands-on surgery) 

ωSurgical bone drill (classical device) 

ωSlicer 3D (open source) 

 

 

 



 Da Vinci competitorsτM7 
 

ωSRI International, 1998 
ω Light weightτ15 kg              
ω7 DOF arms 
ω1:10 scale down  
ω tremor filtering 
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Raven 21 

Credit: University of Washington 

ÅUniversity of Washington 
ÅDARPA, OR of the Future 
Å22 kg overall mass 
ÅField trials in 2007 
ÅNASA trials in 2009 
Å2nd generation: 8 devices 
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Titan Medical Inc. (CA) 
ÅY¦Y!Ωǎ т 5hC ƭƛƎƘǘǿŜƛƎƘǘ ŀǊƳ 
ÅFDA submission in late 2014 
ÅPI: Dr. Rayman 
ÅIPO + grants 

 
 

 Amadeus Composer/Maestro 

 

Credit: Titan Medical Inc. 
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ÅAdvanced Laparoscopy through Force-RefleCT(X)ion 
ÅSofar S.a.P. (Milan, IT) 
ÅNES Academy, EU grant support  
Å2006ς 

  ALF-X 

 

Credit: Sofar S.a.P. 
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ÅSurgeons Operating Force-feedback 
Interface Eindhoven 
ÅTech. University of Eindhoven(NL) 

 Sofie 
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Credit: Tech. University of Eindhoven 
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ÅTech. University of Eindhoven (NL) and  
ÅK. U. Leuven 

ÅTremor filtering, 1:10 motion scaling 
ÅHaptic feedback  
ÅRCM mechanism 
ÅTools of a diameter of 0.5 millimeter 

(forceps, scissors and drains) 
ÅFast instrument changing 

 Eye surgery robot 
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Credit: Tech. University of Eindhoven 
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ÅDeutsches Zentrum für Luft- und Raumfahrt  
ÅKineMedic (discont.) 
ÅMIROsurge 
Å10 kg weight, 3 kg pl 
Å3 robot, 1 animal trial 

 

The DLR robots 

 

Credit: DLR 
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