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OutlineOutline

�� Planning for IGIPlanning for IGI
�� Example: Breast BiopsyExample: Breast Biopsy
�� New RequirementsNew Requirements

•• Diagnosis after screeningDiagnosis after screening
•• IncidentalomasIncidentalomas

�� Clinical TrialsClinical Trials
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Definition of IGIDefinition of IGI

�� Images required for procedureImages required for procedure 
•• May be preMay be pre--op or intraop or intra--op or bothop or both

�� Target is presentTarget is present
�� Images are used for guidance,Images are used for guidance, 

navigation; orientationnavigation; orientation
�� Operator is involvedOperator is involved



–

Paradigm
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ComplicationsComplications…
…

Localization; Tx selection;
Detection Characterization Tx administration 

Errors:Errors: Errors:Errors: Tx Failure;
Tx Failure; 
FP; FNFP; FN FP; FNFP; FN Misadministration
Misadministration
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Minimally Invasive SurgeryMinimally Invasive Surgery
�� The global market for MIS is currently overThe global market for MIS is currently over 

$3 billion, though less than 15% of all$3 billion, though less than 15% of all 
surgeries are performed using an MISsurgeries are performed using an MIS 
approach.approach. 

�� Advanced procedures, such as CardiacAdvanced procedures, such as Cardiac 
Surgery, Colon Surgery, Hysterectomy, andSurgery, Colon Surgery, Hysterectomy, and 
DiscectomyDiscectomy/Spine Fusion, account annually/Spine Fusion, account annually 
for over 15 million procedures worldwide, yetfor over 15 million procedures worldwide, yet 
have no widely accepted MIS approach.have no widely accepted MIS approach.



–

12 Septemb12 Sept er 2002ember 2002

M. W. VannierM. W. Vannier – University of IowaUniversity of Iowa

77

Planning MethodsPlanning Methods

�� Breakthrough (Breakthrough (HoshinHoshin))
�� Quality (Quality (House of Quality, Quality FunctionHouse of Quality, Quality Function 

DeploymentDeployment))
�� Six SigmaSix Sigma
�� TechnologyTechnology RoadmappingRoadmapping
�� Kano (Unspoken requirements)Kano (Unspoken requirements)
�� Usability (PokeUsability (Poke--Yoke)Yoke)
�� and many othersand many others……
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Industry Canada 
© Medical Imaging Technology Roadmap Steering Committee, 2000 

http://strategis.ic.gc.ca/medimage 

Image Analysis and Visualization
Report of Working Group 4 

Medical Imaging Technology Roadmap 
June 30, 2000 

Goal: To provide a market-driven forecast of 
technologies needed to improve patient care and 
enhance the global competitiveness of the 
Canadian medical imaging sector. 
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Section 5Section 5
IMAGE ANALYSIS AND VISUALIZATION FORIMAGE ANALYSIS AND VISUALIZATION FOR 

IMAGEIMAGE--GUIDED THERAPYGUIDED THERAPY 

�� GoalsGoals 
�� DescriptionDescription 
�� AlternativesAlternatives 
�� Maturity And RiskMaturity And Risk 
�� AvailabilityAvailability 
�� Breadth of ApplicationBreadth of Application 
�� ReferencesReferences 
�� ContactsContacts 
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Executive SummaryExecutive Summary
�� ImageImage--guided surgery and therapy offers a less invasive,guided surgery and therapy offers a less invasive, 

less costly approach to patient care for a number ofless costly approach to patient care for a number of 
procedures.procedures. 

�� However, the requirements for a successful system areHowever, the requirements for a successful system are 
demanding.demanding.

�� Subheadings:Subheadings:
•• accurate systems for instruments tracking in the body;accurate systems for instruments tracking in the body; 
•• flatflat--panel stereoscopic display systems;panel stereoscopic display systems; 
•• headsheads--up display systems;up display systems; 
•• automatic patientautomatic patient--image registration;image registration; 
•• force feedback technologies for visualization;force feedback technologies for visualization; 
•• surface matching; andsurface matching; and 
•• bonebone--mounted markers.mounted markers. 
•• user interface toolsuser interface tools 

�� Virtual Reality displays,Virtual Reality displays,
�� high speed interaction,high speed interaction, 
�� haptichaptic feedback,feedback, 
�� robotics,robotics,
�� stereoscopic and headstereoscopic and head--mounted displays.mounted displays.
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ScibermedScibermed Virtual InstituteVirtual Institute
http://www.scibermed.com/ 

Biomedical Research Foundation of Northwest Louisiana 

SVI’s Objectives: 

Minimally Invasive Therapy, Imaging, and Energy Delivery 
Technology and Policy Objectives and Roadmaps 

Technology Planning with support from Sandia / DOE 
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SVISVI’’ss Objectives (technology)Objectives (technology)

1.1. To develop imageTo develop image--based methods ofbased methods of tissuetissue 
identification and characterizationidentification and characterization andand 
multimodal image display technologies...multimodal image display technologies...

2.2. To enhance and expand innovative methods ofTo enhance and expand innovative methods of 
tissue reconstruction and ablationtissue reconstruction and ablation……

3.3. To develop methods to accomplish therapy usingTo develop methods to accomplish therapy using 
thethe least invasiveleast invasive access route feasibleaccess route feasible……..

4.4. To develop a system forTo develop a system for …… rapidlyrapidly 
disseminatingdisseminating new, effective minimally invasivenew, effective minimally invasive 
therapiestherapies ……
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IGIIGI –– Pro and ConPro and Con
�� PositivePositive

•• Less invasiveLess invasive
•• May be very fastMay be very fast
•• Correlation withCorrelation with 

function possiblefunction possible
•• Better precisionBetter precision
•• Fewer complicationsFewer complications 

(NTC)(NTC)
•• AssuresAssures 

““completenesscompleteness””
•• High tech approachHigh tech approach

�� (better marketability)(better marketability)

�� NegativeNegative
•• Imaging may be superfluousImaging may be superfluous

�� (e.g., palpable lesion)(e.g., palpable lesion)
•• Images may be seductive;Images may be seductive; 

lead tolead to overdiagnosisoverdiagnosis
•• Images may be incorrectImages may be incorrect

�� (need updates)(need updates)
•• Higher cost and complexityHigher cost and complexity

�� ReimbursementReimbursement 
uncertaintiesuncertainties

•• OperatorOperator--dependentdependent
�� (variability)(variability)

•• Requires special equipmentRequires special equipment 
and trainingand training
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Imaging in Therapy 
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Frameless Stereotaxy 



–

12 September 200212 September 2002

M. W. VannierM. W. Vannier – University of IowaUniversity of Iowa

1616



–

12 September 200212 September 2002

M. W. VannierM. W. Vannier – University of IowaUniversity of Iowa

1717



–

12 September 200212 September 2002

M. W. VannierM. W. Vannier – University of IowaUniversity of Iowa

1818

Computer Integrated SurgeryComputer Integrated Surgery

Instrument Control 
(Stereotaxis) 

VisualizationLocalization 



–

12 September 200212 September 2002

M. W. VannierM. W. Vannier – University of IowaUniversity of Iowa

1919

Image-Guided Minimally Invasive Surgery – Open System Concept 
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Berlin-Charite’ - Robotics 
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Forschungszentrum Karlsruhe - KISMET Project 
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Herzentrum Lepizig 
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Image Guided RadiotherapyImage Guided Radiotherapy

�� Clinical trials prove benefit forClinical trials prove benefit for 
prostate IGRTprostate IGRT

�� Basic premise is that dose escalationBasic premise is that dose escalation 
will cure more often with fewerwill cure more often with fewer 
complicationscomplications

�� Problem: variationProblem: variation –– in positioning,in positioning, 
•• Both accuracy and precision areBoth accuracy and precision are 

important, but reproducibility isimportant, but reproducibility is 
essentialessential
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Evidence of IGI Benefit?Evidence of IGI Benefit?

�� ImageImage--guided radiotherapy ofguided radiotherapy of 
prostateprostate
•• RTOG 3D CRT prostate with doseRTOG 3D CRT prostate with dose 

escalationescalation

�� StereotacticStereotactic breast biopsybreast biopsy
�� Stents, especially coronaryStents, especially coronary
�� Others,Others,……
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Screening ParadigmScreening Paradigm

Screening
Population 

at Risk 
Population 

at Risk

Re-screen 
periodically 

Normal 

Suspicious 

Abnormal 

ASYMPTOMATIC 
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PrinciplePrinciple

�� Screening will identify those atScreening will identify those at 
highest risk; and diagnostic test tohighest risk; and diagnostic test to 
separate individuals who requireseparate individuals who require 
treatment from those who dontreatment from those who don’’t.t. 
•• Accuracy of diagnostic test/ procedureAccuracy of diagnostic test/ procedure 

must be higher than screening testmust be higher than screening test
•• Gold standard is pathologic diagnosisGold standard is pathologic diagnosis 

(based on tissue sampling)(based on tissue sampling)
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Breast BiopsyBreast Biopsy
Abnormal or Suspicious 

Mammogram 

Is it 
palpable? 

Yes 

Unguided 
FNAB / Core 

Biopsy 

No 

Ultrasound-
Guided 
Biopsy 

Stereotactic 
Biopsy 

Open 
Surgical 
Biopsy 
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UltrasoundUltrasound--guided breast biopsyguided breast biopsy
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ItIt’’s all about Optionss all about Options

�� There is no singleThere is no single ““bestbest”” solutionsolution 
�� Individuals want different therapyIndividuals want different therapy 

optionsoptions
�� Choices depend on the confidence,Choices depend on the confidence, 

skill and demeanor of the surgeon /skill and demeanor of the surgeon / 
radiologist and their workingradiologist and their working 
relationshiprelationship

�� In different settings, the sameIn different settings, the same 
patient will be offered differentpatient will be offered different 
alternativesalternatives
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Following up incidental findingsFollowing up incidental findings 
may do more harm than goodmay do more harm than good

�� ““A healthy 40A healthy 40--yearyear--oldold””, doctors sometimes joke,, doctors sometimes joke, 
““is one who hasn't been worked up yet.is one who hasn't been worked up yet.””

�� OverdiagnosisOverdiagnosis
�� Incidental findings =Incidental findings = IncidentalomasIncidentalomas

•• Benign lesions such as small liver cysts andBenign lesions such as small liver cysts and granulomasgranulomas
that do not cause symptoms, or lead to morbidity orthat do not cause symptoms, or lead to morbidity or 
mortality.mortality.

•• Benign neoplasms, such as adrenal adenomas.Benign neoplasms, such as adrenal adenomas.
•• Anatomic abnormalities such asAnatomic abnormalities such as retroaorticretroaortic renal veins.renal veins.
•• Findings that show normal and ageFindings that show normal and age--appropriateappropriate 

degenerative changes, such as aortic atherosclerosis ordegenerative changes, such as aortic atherosclerosis or 
spinal degeneration.spinal degeneration.

•• Findings related to old trauma or prior surgery.Findings related to old trauma or prior surgery.

Lincoln Berlin, MD 
University of Alabama [Taken from AuntMinnie.com, Eric Barnes, 9/5/02] 
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BillBill CasarellaCasarella, MD, MD

A doctor's story: 
Scans may not be worth it 

Last December, Dr. William Casarella, 64, the head of radiology at 
Emory Healthcare, had a virtual colonoscopy, a new screening 
test for colon cancer. The test uses a CT scanner to check for 
polyps in the colon, but it also images other organs. Casarella's 
test found several abnormalities, which led to painful and 
expensive follow-up tests. 

"The virtual colonoscopy was relatively easy, and it didn't show 
any problems with my colon. But it found a small mass in my left 
kidney, a mass in my liver and seven or eight spots in my lung. 
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BillBill CasarellaCasarella, MD, MD

"I was in the hospital for four days, with a chest tube, a 
bladder catheter, an epidural for pain control and a 
central IV for antibiotics. The incision went right 
through the chest wall, and it was extremely painful. It 
was hard to breathe and cough. It still feels numb. I 
was off work for 2 1/2 weeks, and it took four to six 
weeks before I felt normal. The bill for the surgery and 
the hospital stay was $47,000. 

[ The Atlanta Journal-Constitution: 7/16/02 ] 
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NIH STATENIH STATE--OFOF--THETHE--SCIENCE CONFERENCE STATEMENTSCIENCE CONFERENCE STATEMENT

Management of the ClinicallyManagement of the Clinically 
InapparentInapparent Adrenal MassAdrenal Mass 

((IncidentalomaIncidentaloma))
Final StatementFinal Statement

July 16, 2002July 16, 2002
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Incidental adrenal massIncidental adrenal mass
�� Common with contrastCommon with contrast--enhanced CTenhanced CT 

•• approximately 2% of contrastapproximately 2% of contrast--enhanced CT examinationsenhanced CT examinations

�� The majority of these are usually benign, even inThe majority of these are usually benign, even in 
oncologiconcologic patients with lung cancer.patients with lung cancer. 

�� Incidental adrenal masses are a leading cause ofIncidental adrenal masses are a leading cause of 
radiology selfradiology self--referral from abdominal CTreferral from abdominal CT 
examinationsexaminations 



AdrenalAdrenal 
IncidentalomaIncidentaloma

Normal 

Benign 
Adenoma 



Conclusions
Conclusions
�	� The management ofThe management of clinicallyclinically inapparentinapparent adrenaladrenal 

massesmasses is complicated by limited studies ofis complicated by limited studies of 
incidence, prevalence, and natural history, includingincidence, prevalence, and natural history, including 
thethe psychologicpsychologic impact on the patient who isimpact on the patient who is 
informed of the diagnosis.informed of the diagnosis.

�	� ……the prevalence of clinicallythe prevalence of clinically inapparentinapparent adrenaladrenal 
masses will continue to escalatemasses will continue to escalate.. 

�	� The low prevalence of adrenal cortical carcinomasThe low prevalence of adrenal cortical carcinomas 
and the relatively low incidence of progression toand the relatively low incidence of progression to 
hyperfunctionhyperfunction call into question the advisability ofcall into question the advisability of 
the current practicethe current practice of intense, longof intense, long--term clinicalterm clinical 
followupfollowup of this common condition.of this common condition. 

�	� All patients with anAll patients with an incidentalomaincidentaloma should have a 1should have a 1--
mgmg dexamethasonedexamethasone suppression test and asuppression test and a 
measurement of plasmameasurement of plasma--freefree metanephrinesmetanephrines.. 
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Need for controlled studiesNeed for controlled studies
�� The literature on adrenalThe literature on adrenal incidentalomaincidentaloma

has proliferated in the last several years.has proliferated in the last several years.

�� Unfortunately, the lack of controlledUnfortunately, the lack of controlled 
studies makes formulating diagnostic andstudies makes formulating diagnostic and 
treatment strategies difficult.treatment strategies difficult. 

�� The paucity of evidenceThe paucity of evidence--based databased data 
highlights the need for wellhighlights the need for well--designeddesigned 
prospective studies.prospective studies. 
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Surgical optionsSurgical options

�� Either open or laparoscopicEither open or laparoscopic
adrenalectomyadrenalectomy is an acceptableis an acceptable 
procedure for resection of an adrenalprocedure for resection of an adrenal 
mass. The choice of procedure willmass. The choice of procedure will 
depend upon the likelihood of andepend upon the likelihood of an 
invasive adrenal cortical carcinoma,invasive adrenal cortical carcinoma, 
technical issues, and the experiencetechnical issues, and the experience 
of the surgical team.of the surgical team. 
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IGI Clinical TrialsIGI Clinical Trials
�� Most are single institution, oneMost are single institution, one--armed,armed, 

small n, early phase feasibility and safetysmall n, early phase feasibility and safety 
evaluationsevaluations

JAMA, July 17, 2002—Vol 288, No. 3, 358-362. 

Despite long-standing critiques of the conduct of underpowered 
clinical trials, the practice not only remains widespread, but also 
has garnered increasing support…. 
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Institute of Medicine Report onInstitute of Medicine Report on 
Small Clinical Trials (2001)Small Clinical Trials (2001)
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ACRIN trials of IGIACRIN trials of IGI
�� www.acrin.orgwww.acrin.org = NCI Cooperative Group= NCI Cooperative Group

�� Phase I/II Study of Percutaneous RadiofrequencyPhase I/II Study of Percutaneous Radiofrequency
Ablation of Bone Metastases Using CT GuidanceAblation of Bone Metastases Using CT Guidance
(ACRIN Protocol A6661(ACRIN Protocol A6661 -- Open)Open)

�� Percutaneous Radiofrequency Thermal Ablation ofPercutaneous Radiofrequency Thermal Ablation of
HepatocellularHepatocellular Carcinoma: A MultiCarcinoma: A Multi--Center Phase II TrialCenter Phase II Trial 
to Determine the Success Rate of Local Tumorto Determine the Success Rate of Local Tumor 
Eradication (ACRIN Protocol A6663Eradication (ACRIN Protocol A6663 -- In Development)In Development)

�� Randomized Phase I/III Study of SystemicRandomized Phase I/III Study of Systemic
Chemotherapy With or Without HepaticChemotherapy With or Without Hepatic
ChemoembolizationChemoembolization for Liverfor Liver--Dominant MetastaticDominant Metastatic 
AdenocarcinomaAdenocarcinoma of the Colon and Rectumof the Colon and Rectum
(ACRIN Protocol A6655(ACRIN Protocol A6655 -- Open)Open)
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Summary of RequirementsSummary of Requirements

�� PostPost--screening: Reduce biopsy FN &screening: Reduce biopsy FN & 
TN (where FP is unlikely sinceTN (where FP is unlikely since 
histopathology ishistopathology is ““gold standardgold standard””))

�� Integrate screening / diagnosis inIntegrate screening / diagnosis in 
same system =same system = ““real timereal time””

�� More options to current proceduresMore options to current procedures 
with MIS approachwith MIS approach

�� IncorporateIncorporate eClinicaleClinical Trial tools inTrial tools in 
systems as a design requirementsystems as a design requirement
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ConclusionConclusion
�� IGI provides needed options to currentIGI provides needed options to current 

modes of therapymodes of therapy
�� PostPost--screening diagnosis and therapyscreening diagnosis and therapy 

are important potential areas for IGIare important potential areas for IGI
�� Incidental findings produce dilemmaIncidental findings produce dilemma ––

need immediate characterizationneed immediate characterization
�� Evidence for IGI benefit requires betterEvidence for IGI benefit requires better 

methodology for in vivo testing ofmethodology for in vivo testing of 
emerging technologies on humansemerging technologies on humans


