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The Beginning
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Motivation 4

Clinical:healing lesions
A Reducing error margins during surgery
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Engineering applying technical innovation
A Conquering new fields
Almproving effectiveness, benefits while reducing costs
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You name it! 7

wCIS: Computerintegrated Surgery
wCIIM: Computetntegrated Interventional Medicine
wCAS: ComputerAssisted Surgery
ComputerAided Surgery
wIGS(T): Imag&uided Surgery (Therapy)
wRMIS: Robotic Minimally Invasive Surgery

wSurgical CAD/CAM:
wCASD Computer Aided Surgical Design
wCASM Computer Aided Surgical Manufacturmg

_____ r_

wSurgical TQM: Total Quality Management &




CIS Basics




Computerintegrated Surgery
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Imageguided surgery

$1.6 B estimated market for IGS, several competitors
$1 B estimated for robotic surgery, few players

wVisualization and targeting in surgery
wRobotic navigation through I1G
‘00.)
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Errors in CIS
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Computerintegrated Surgery
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Patient treatment

A Errors mean risk and danger
A No routine operation

A Inherentdanger originating form HW&SW
¢ Robot structure
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Facing the challenges in CIS

wHumanin-the-loop control wRegistration (imagd)ased
¢ Leave the mappintp the surgeon ¢ Human oversight

Credit;: CUREXO Inc.

Credit: Intuitive Surgical Inc.




Completeteleoperationalsystem 15

master <---> slave




Complications

A Rapld change to open surgery

A [Borden 2007]: Hardware errors
| wrist mechanical failure

- slave device break

I
I
I
I
i
)
I
i software errors

[Patel 2007]: 4.7%omplications (900 cases)

Bodnera2005]: 2%apar, 3%conversion (128 cases)

[Olthof2007]: 2.27%onversion (400 cases)

[Borden 2007]: 2.6%echnical problem$350 RLRP)

Zorn 2007]: 0.4%par, 0.5%conversion (85RLRJP

[Koliakos2008]: 0.9% software errors (520 cases), 1 broken EW

Kim 2009]: 2.4% mech. failure, 0.17% conversion (1797 cases)
'Murphy 2009]: device failure 0Q22.6% (survey paper)

[Kaushik010]: 56.8% of surgeons (176) have experienced malfunction

arm mechanical failure
power supply system
loss of 2D screen
camera error

master device break



Complications Il
A Not just the best of the best

A 2002TampabayHospital

A 2009 Boca Raton Hospital
I 42-y patient died after prostatectomy

A 2010 collective lawsuit in the USA

I Wentworth-Douglass Hospital
I 4 surgical errors with robot

A Cleveland Clinic sued by retired colonel In 2010

A J.Urulogy[Barocas2010]: no real advantage over open RLPR
A Is Robotic Prostate Surgery Really Bettéf?Time£010]

A J. for Healthcare Quality [Lin 2011]: Robotic surgery is presentec
biased



Complications Il

A [Hermsen2010]: Increased SSI with certain procedures
I 6¢8x increase with hernia, prostate, colayyn ’ "
I Nebraska Medical Center

A Learning curve
A Skill Simulator (MIMIC), ROSS

I 1 week initial training, while 200 procedures are needed app.
i a[ Fy3dzr 3S 2F &adzNHSNE & LINR 2SO




Accuracy assessment




Accuracy metrics

From medical imaging

Handling pointbased registration [Maurer et al. 1997]
wFiducial Localization Error (FLE)

wFiducial Registration Error (FRE) | q'@--F-FF.." .............. L P, q,
wTarget Registration Ermor (TRE) ‘ ............................ — TRE‘%
e £ el "t &

wTRE and FRE are not correlated
wSeriously constraining assumptions P | = E
e.g. isotropic Gaussian noise

wCompanies tend to use wrong metrics




Accuracy metrics Il

Originating from the industry

Inherent accuracy of system components
A Accuracy vs. repeatability

Use of phantoms (artifacts) for testing
ATrying to replicate clinical conditions as much as possible

low accuracy,
high repeatability

low accurac Y,
low repeatability

Problems with measurements
Accuracy ofreatment deliveryis important

ADifficult to measure routinely

high accuracy,

ASingle numbers are not meaningful low repeatability

Ultimate goal is

task specific measurement of uncertainty

high accur: acy,
high repeatability

[Simon et al. 1995



Accuracy numbers

Intrinsic Application
Robot Company Repeat. PP
accuracy accuracy
Puma 200 Memorial Medical Center 0.05 2
Int. Surgical Systems Inc.
ROBODOC CurexoTech. Corporation 0.5¢1.0 1.0¢2.0 c
Inn. Medical Machines Int.| 75 /0 g 0.86+0.32 &=
NeuroMate | Int. Surgical Systemsinc|{ ' 0.15 RN
" Renshawole | 0.36+0.17 1.95+0.44 S
daVinci Intuitive Surgical Inc 1.35 =
" 1 1.02£0.58 “5
daVinci S Intuitive Surgical Inc. 1.05+0.24 §
: 0.42+0.4 ©
CyberKnife A :
YRETRH! roureine 0.93:029
B-Rob | ARC Gmbtseibersdorf 1.48+0.62 <
0.66x0.27
B-Rob Il ACMIT (ARC GmbH
ob (ARG GmbR) 1.1+0.8
SpineAssist | MazorSurgical Technologie 0.87+0.63




Standardization efforts examples

Call for standardized reporting on accuracy in neurosurgery
(Widmannet al. 2009)

(A) Study design and evaluation methods:
w Study desigricontrolled, norcontrolled)
w Study typeg(phantom, anthropomorphic phantom, cadaver, patient)
w Target desigrianatomical, artificial, spherical, conical, pivot, size)
w Error type(TRE, TRt6tal, TPHateral, TPEongitidinal TPEangular)
w Space of TPE measuremé¢navigation space, posip. image space, physical
w Statisticgmean, standard deviation, range, statistical tests)

(B) Specifications of the navigation technology:
w Image modalitCT, MRI, scanner characteristics)
w Scan parametergslice thicknessioxelsize, image sequence, coils etc.)
w Tracking technologfoptoelectronic, electromagnetic)
w Registration procedure
w Targeting technique



Standardization efforts

wStandards for procedures QEIM
A cutting, drilling, milling, reaming |I
wDistinct applications oo
A joint replacement, implant nailingasteotomy etc.

wCertain imaging modalities
A fluoroscopy, CT, MR, ultrasound

ASTM working group F04.q2004;)

w oStandard Practice for Measurement of Positional
I OOdzNJ Oé 2F / 2YLJziSNJ ! aa

NIST Phanton2007)
wComputerAssistedOrthopaedicHip Surgery ’
(CAOHS) Artifact , - —

wDesigned to mimic hip joint

Courtesy oN.DagalakisNIST, U. Nebras



The real need for accuracy 25
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Food and Drug AdministratioQUSA)

w PreMarket Approval (PMA): long, thorough, expensive

wpMno6loyY R2OGNAYS 2F Gadzomaidlyiaaltt
w FDA Quality System Regulations (QSR)

w All surgical robots went down 510(k)

European Economic CommunifizU)
w CE mark@onformitéEuropéenng managed by independent Notified Bodies
A possibility of sekcertification
w IS0 9000 Quality Standards family (ISO 9001:2000)
wL{h wMonypYHnnot vida ¥ RAIG {Y | RS @SOSy (i
wNew: 2007/47/EC extension to 1993/42/EEC Medical Device Directive
A more clinical data required



Methodology

Risk management

w risk analysis (system definition, hazard identification and risk estimation)
w risk evaluation (determine risk tolerance levels)
w risk control (implementing the right action for maximum safety)

Standards and regulations
w |IEC 60812 International Standard on Fault Mode and Effects Analysis (1985),
IEC 1508 Functional Safety: Safestated Systems (1995),
European Norm (EN) 1441 on risk management (1997),
American National Standards Institute (ANSI) R15.06 standard for industrial robot safety
GHTF/SG3/N920:2004 Quality Management SystemBrocess Validation Guidance (2004)
IEC 62304 on Medical Device Softwaioftware Life Cycle Processes (2006),
IEC 61025 Fault Tree Analysis (Ed. 2.0, 2006),
ISO 14971 Application of Risk Management to Medical Devices (2007),
IEC 60601 international standard on Medical Electrical Equipment (Ed. 3.0, 2010),
IEC 1508 draft standard on Functional Safety for software developers.

€ € & € g €€ € € €



New standardization efforts

ANSI/AAMI ES606a112005 Medical electrical equipment

New amendment for medical robots (due August 2013)
wdefining technical requirements
wstreamlining the application of risk management
wclarifying the definition of essential performance
widentifying essential performance and mitigating the risk

IEC 60601 updates

A supportive medical data as evidence for the safety and performance
Arisk assessment and analysis even for OEMs

A from June 2012 in the EU, planned from 2013 in the USA

Joint ISQIEC workgroup on Medical Robot standards

A ISO/TC 184/SC 2 (Robots and Robotic Devices)

A IEC/SC 62A (Common Aspects of Electrical Eq. used in Medical Pr:

510(Kk) is under fire

A 510(k) Working Group
A Task Force on the Utilization of Science in Regulatory Decision Mak



Errors in IGS




Sources of errors In |IGS

wlmaging errors

wVolume model generation errors

wTreatment planning errors

wRegistration errors

wErrors introduced by hardwarfexturing
wlntra-operative data noise

wlnherent inaccuracies of surgical tools and actions
wlmperfect system integration

wErrors enlarged by a series of transformation



Accuracy endangered

Integrated IGS setups PATI __ TRBr | CAMrp | DRB rp | PAT
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Stochasticahpproach to error modeling

To better understand error propagation
Modeling registration and tracking errors in IGS

Translational error distribution
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Application to integrated systems

Modeling for complex system noise
Pre-operation simulation
A Allows for estimation of real accuracy
A Notification of error distribution
A Optimal positioning of the devices

0.438 for the 0.2 mm“\S/F 7
0.214 for the 0.4 mm VF



