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Abstract. Training of medicalstaff on minimally invasive surgery(MIS) is an
areawhere new effective training methodsare needed.We have studied stent
grafting, atype of MIS, which is usedto treatabdominalaortic aneurysmOur
analysisrevealedthat this procedurerequiresa rangeof motor, perceptualand
cognitive skills. In this paper,we presenta training environmentthat could be
usedto acquiretheseskills. Our proposedsolution differs from the usual VR
solutionsby operatingwithin the World Wide Web as an environmentfor our
system.This paperdiscusseshow our solution coversthe training skills and
presentghe resultsof an appraisaprocesswhich we conductedo evaluateour
solution.

1. Introduction:

Since the early 1990's extensiveattention has been paid to training surgical staff
inminimally invasive surgery (MIS). Becauseof the specialfeaturesof this type of
surgery,it requiresthe developmenbf new skills . DumayandJensehighlightedthese
distinctions and discussedrequirementsand technical issues associatedwith this
problem[1]. A numberof solutionsto this problemhavebeenproposedwhich either
focus on a specific MIS application or provide a generic solution- e.g. [2,3].

Utilising Virtual Reality (VR) technologyis a sharedfeatureof thesesolutions.The
reasonfor this is obvious; VR offers a realistic environmentand natural methodsof
interactingwith it. Despitethe huge efforts madeto apply VR to MIS thereare few
clinically usefulapplicationsLimitations of VR technologyhavekept surgicaltraining
solutionstrappedn researchHaboratoriesAt the sametime, we witnessglobalisationof
softwareandinformationbecausef the World Wide Web (WWW). The emergencef
web-base@pplicationsmeanghata solutionto a particularproblemcanbe sharedand
utilised by any userwith Internetaccess.Thus, at the School of ComputerStudies,
University of Leeds and in cooperationwith St. James'University Hospital, we
investigatedthe feasibility of providing a web-basedsurgical training systemas a
solution to staff training.

This paperreportsresultsof this project.First, we presenthe hypothesisehindthis
work- section2- and the applicationarea, which motivatedit- section3. Section4
presentur solutionanddiscusseshe surgicalskills coveredby the system.Section5
reportsthe resultsof evaluatingour solutionby medicalexpertise This sectiontransfers
knowledge that we learned from this work and raises possibilities for future research.

2. Hypothesis:

VR is attractiveasa methodof trainingin MIS. In theorysurgeonsould mastemew
techniquesn a virtual environmenteforeoperatingon patients. A numberof systems
havebeendevelopedsee[4] for areview), but all sufferfrom a numberof limitations.
Thesearedueto the complexityof the proceduresswell asthe specialrequirement®f
VR technology. This situation demandshigh specifications,which often require
expensivesolutions.In addition, the VR solutionsrequire specialdedicatedplatform
dependenperipheralswhich only providelimited collaboration- a small groupwithin
one physical location.



In contrast,the WWW offers accessibilityand distributedcomputingwhich lends
itself to more popular solutions and wider collaboration. Furthermore,low cost is
another feature of web-basedapplicationssince the only requirementsare a web
browserandplugins. Referto [5] for a definition, classificationand examplesof web-
based applications.

We hypothesise that providing a VR surgical training systeth@webwill provide
an affordable and accessiblesolution. This solution will have to be platform
independentand scalable-solving some of the deficienciesof VR solutions. These
featuresare gainedat the expenseof the degreeof complexity andrealismthat canbe
achievedHencecomesthe question.canwe achieveenoughrealismto providea useful
surgical training system on the web?

3. Application:

Abdominal aortic aneurysmis an abnormaldilation of the abdominalpart of the
aorta, which is frequently fatal if ruptured. Conventional surgical repair reguinegor
operation.An alternativetreatmentstrategyis endovasculastentgrafting. This is a
complexform of MIS performedby a team of radiologistsand surgeonsWe have
investigatedthe previous hypothesisby developinga web-basedsurgical training
systemto train radiologistsandsurgeonsn the necessargkill to performendovascular
repair of abdominal aortic aneurysm (AAA).

The goal of the procedure is to place a stent-graft within the aorta and thustheduce
pressuren theaneurysnsac..The stentgraftis a combinationof a metalskeletonanda
a polyesterfabricgraft. The stent-graftis deliveredinside a catheterandis positioned
using x-ray guidance and interventional radiological techniques..The successful
completionof the proceduraneanghatthe aneurysnis excludedfrom the circulation,
thereis no leakingof bloodto the aneurysmandthe stent-graftdoesnot block any vital
branch arteries.

Figure (1) — Abdominal Aortic Aneurysm

For the procedureo succeedhe graft mustbe correctlysizedto achievea sealagainst
thevesselwall. Accurateassessmertf the aneurysnsizeandmorphologyis necessary
to selectanappropriatestentgraft. Thedistancefrom therenalarteryto the aneurysm
known as the aneurysmneck, refer to Figure (1)- should be greaterthan 1 cm. The
distancefrom the bifurcationto the distal end of the aneurysmaswell asthe diameter
and length of the aortaare importantpiecesof informationto determinethe required
size and length of the stent-graft.

Thefemoralarteriesareexposedy surgicaldissectionA guidewireandcatheterare
manipulatedthrough the iliac arteriesinto the proximal aorta. The stent graft is
introduced over the guidewire and angiographyis performedto ensure accurate
positioning. Angiographic images are taken again to check the pasitioastent,and
ensure that a seal has been achieved.



We have performeda task analysison this procedureand classifiedthe different
tasksaccordingto the cognitive skills requiredto perform eachtask. This analysis
resultedin identifying two essentialpiecesof knowledge:an appreciationof the 3D
arterialanatomyof the patientandthe initial measuremenperformed.Furthermoreto
manoeuvrethe cathetersand guidewiresthe operator must have a combination of
eye/handcoordinationand force perception Basedon theserequirementave aimedto
develop a training simulator which included the following features :

* Pictorial mediato build the representationadkill of anatomymodellingin 3D
space.

»  Tactilemediawhich givesforcefeedbackn responséo useractionsto build the
force perception- psychomotor skill.

*  Verbal instructionsand practical environmentto practisethe proceduraland
automated tasks such as the measurement task.

*  An environmenwith awide rangeof anatomicamodelsto practisethe decision
making process of positioning the stent.

* Aninteractiveenvironmenftor the manipulationof surgicaltoolsandgettingthe
resultof this manipulationsuchthat the visual/ kinestheticinteractionis similar to the
required eye/hand coordination in the real life situation.

In the next section,we will introduce WebSTer,our web-basedsurgical training
environment to train radiologist trainees on Interventional Radiology procedures.

4A\WebSTer:

The task analysis presentedin the previous section identified that some skills
necessaryo performthe surgical procedurecan be transferredvia verbal instructions
anddemonstrationso introducethemto the trainee-e.g. procedurakkills. Meanwhile,
the representationadnd decisionmaking skills require practiceto acquire.Thus, our
solutionshouldsupporttwo main stagesof training: the backgroundstageis the stage
wherethe traineeactsas a recipientof information; while the practicalstageinvolves
the trainee's interaction with a controlled training environment. The training
environmenhasbeendevelopedn accordancevith the server-clientarchitectureof the
web. It has beenimplementedwith platform independentveb technologiessuch as
VRML andJava.Referto [5,6] for detailsof the componentf this simulatorand a
technicaldescriptionof its implementation Figure (2) showsthe virtual environment
that the trainee receives at the client side.

In this section,we will focuson the functionality of our solution.We will discuss
how we provided the list of requirements mentioned in the previous section.

Local viewer

I

Figure (2) — WebSTer User Interface




4.1 Background training:

In orderto supportthe early stagesof training in our application,we havecreated
someweb pagesto give instructionsand demonstratiorinformation. The instructions
web pageincludesdescriptionof the anatomy,surgicaltools usedandthe stepsof the
procedure.Another page provides a set of movies, which were capturedwhen we
practisedthe manipulationof a guide wire and a catheterin a silicon mockup of the
aorta. The goal of thesevideosis to demonstratehe procedureof manipulatingthe
surgicaltoolsaswell asto give anideaof the difficulties expectedThe web pagesalso
provide links to other sourcesof information and instructions of how to use the
simulator.

4.2 Representational skill:

Representationaskill refers to an appreciationof the processor object, which
improvesthe performanceof the task. In our applicationit is necessaryo train new
radiologiststo visualizethe 3D structureof the arteriesfrom the sequenceof 2D CT
slicestakenpre-operatively The traditional methodof doing this is to view the slices
consecutively. WebSTer provides this traditional viewing method alongside an
interactiveCT slice displayin the simulator.Thus,a Javaapplet"CT scanapplet'-see
Figure (2)- is usedto display the slicesthat were usedto constructthe 3D geometry.
The selectorwidget providedin the global viewer- see Figure (3)- links betweena
position on the 3D model of the blood vesseland the current displayedslice. For
experiencedadiologists this tool would actasa link betweenthe traditionalmethodof
viewing anatomyasslicesandthe 3D representatioprovided.On the otherhand,for a
trainee, this tool would help to establish the representational skill.

Figure (3) Global viewe

4.3 Procedural skill:

Procedurakkills involve both cognitiveandphysicalactivitiesto performa seriesof
manoeuvresThis type of skill is learnedby acquiringthe basicknowledgefirst using
didactic verbal methods supplementedby practical demonstration.. The verbal
instructionsare supportedby the web pagesin the backgroundtraining mentioned
earlier. Meanwhile, WebSTer provides an example of procedural support in the
simulatorby including a measurementool in the global viewer- seeFigure (3). This
tool canbe usedby the traineeto measurdhe aneurysmmeck, bifurcationdistanceand
diameterof the vesselwhich areessentiato decidethe suitability of the procedureand
to planit. A cursorattachedo a planesensors providedto sweepthe surfaceof the



aortahighlighting the areacovered.The distancecoveredin the directionof motion is
then reported on a text screen panel at the bottom left corner of the global viewer.

4.4 Decision making skill:

In orderto supportthe decisionmaking skill, we provide a procedureevaluation
form. The traineeis askedto perform the required measurementsising the tool
describedin the previoussection.Basedon thesemeasurementghe trainee decides
whetherthis caseis suitablefor an endovasculaprocedureand addscommentsabout
expectedifficulties andtools usedduring the procedureThe contentsof the form can
thenbekeptin afile to evaluatethe trainee.A numberof CT scandatasetsof patients
with AAA havebeenobtainedfrom St. James'dJniversity Hospital. 3D geometryis
extracted from the data sets and is made available for trainees to frtboogeroviding
the variation necessary to build such a skill.

4.5 Manipulation of the surgical tools:

The simulator provides an environment where the trainee can practise the
manipulationof surgical tools inside the arteries, which will partially supportthe
eye/hanccoordinationskill. The simulatormodelstwo surgicaltools- a guidewire and
a catheter.The geometricrepresentatiorf the tool modelsthe tip of the tool asa 3D
modelwith a squarecrosssection.Meanwhile,the behaviouraimodel of the tool- e.g.
bendingandtwisting- is modelledusinga physically-basednodelwhich resideson the
serverside-referto [6] for detailsof the physically-basedechniquemplementedThe
traineemanipulateghe modelsin the sameway that a surgicaltool is manipulatedn
real life- i.e. push/pull or twist clock/counter clock wise along its axis.

Contrl
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Figure (4) — Control Panel Figure (5) Local viewer

The simulatorprovidesa virtual scope-a cylinderwhich appearsn the middle of the
control panel,seeFigure (4)- to allow theseinteractionsUsing this virtual tool the 2D
motion of the mousedevicecanbeinterpretedaccordingto the needof our application.
Vertical motion appliedto the virtual scopeis interpretedas pushingor pulling forces.
Meanwhile,the horizontalmotionis interpretedasrotationclockwiseor anticlockwise.
Thesemanipulationsaretranslatednto force valuesandrotationanglesandare sentto
the simulationengine-on the serverside-to computethe tool behaviour.The resultof
thesecalculationds sentbackto the client sideandis translatednto two changesn the
user interface. First a changein the surgical tool position and shapein the global
viewer-seeFigure(3). Theglobalviewershowsanexternalview of the vesselstructure
andthe surgicaltools. This servesasa pursuittrackingmechanisnto assistthe trainee
in knowing wherethey are and wherethe targetis. In addition, this viewer tracksthe
route traversedoy the surgicaltool usingthin lines. Secondly,the new position of the
surgical tool affects the view point of the local view- which servesas an internal
(endoluminal) view- see figure (5).



4.6 Psychomotor skill:

Radiologiststry to limit the x-ray exposureof the patientandthe medicalstaff by
minimising the numberof angiographicruns and the fluoroscopytime. Thus, while
inserting the guide wire, force felt at the end of the tool is the only guide to the
radiologist. This requiresa psychomotorskill which is defined as a skill where
movements basedon kinestheticcues.This skill canbe transferredoy a tactile media
which translatessituationslike hitting a vesselwall into haptic feedback.In orderto
include such a featurein our training environment,we require special input/output
devices.In our solution, we are not able to deliver more than the usual interaction
peripherals-mouseand keyboard.This is due to the fact that no standardbrowser
supportsany other devices.Consequentlywe substitutethe force feedbackby an
alternativesensationnamelyaudioandvisual- in orderto provide a partial supportto
this skill. Our virtual scope-describedn the previoussection-representshe strengthof
the collision force betweenthe surgicaltool and the walls with the intensity of a red
colour, which is reflectedon the top part of the tool. In addition, the simulator will
display a sound clip to alarm the trainee that a collision has occurred.

5. Evaluation:

Throughthe developmenbf WebSTerwe havefaceda numberof problemswhich
identified limitations in the current web technology.For instance,VRML does not
supportcollision betweenobjectsanddoesnot considerthe objectphysics.In addition,
web technology lacks efficient and standardsupport for other I/O devices. Such
limitations may eventually be corrected by new technologies.However, a more
importantlessonto learnfrom this experiencas how usefulis suchan applicationfor
training.In orderto answerthis questionwe conducteda subjectiveevaluationusinga
guestionnairewhich includeda rating scale.The audienceof our appraisatestcoversa
wide range of medical expertise- radiologists, surgeonsand medical visualization
experts. The evaluation process consisted ofstveetsinstructionsheetandevaluation
sheetTheinstructionsheetakesthe participantghroughthe featuresof the systemand
asksthemto referto the evaluationsheetat the endof eachsectionto give a scoreand
to add commentslin addition, the participantsare askedto reflect on the potential of
using such web-basedapplicationin the medicalfield, to namea single aspectthat
would greatlyimprovethis work andto add any generalcommentsThe following is a
list of the results of this appraisal process:

» Verbalinstructionsand demonstratiorprovidedby the web pagesare useful for
training purposesHowever,the level of the medicalcontentsof thesepagesshouldbe
determined according to the audience- e.g. experienced radiologists or the public.

* Theinteractivedisplay of the CT slicesis a usefultool for non-radiologistsand
radiology trainees,as it gives the necessarylink betweenthe 3D model and the
anatomicalstructuresin the CT slices. Meanwhile, the consecutiveslices display is
thought to be more useful to experienced radiologists.

* The procedureesvaluationform is thoughtto be a usefultechniquefor assessing
thetraineein suchanapplication.lt wassuggestedhatthe sametechniquecanbe used
to asses®therdecisionmaking skills involved in the proceduresuchas choosingthe
right catheterandguidewire for eachcase Furthermorethe variety of modelsprovided
is thought to be good for enriching the trainee's experience.

» The visualfeedbackprovidedby the simulatoris not achievingthe desiredaim. It
hasbeensuggestedo usevisual motion resistanceas an alternative-wherecollision is
represented as a slow down or complete stopping of the tool's motion.

« The complexity of the surgical tool behaviour requires computationally
expensivemodelsto simulatesuchbehaviour The simplified modelswhich we adopted
to ensureinteractionare unrealistic.In addition, the renderingwas lagging the user



interactionand causedconfusion,which reducedthe transferof the training message.
Consequentlyit is felt that accuratesimulation of reality is not essentialfor training
purposesas much as conveyingthe training messageFor example,it might be more
useful for a traineeto receive an immediate error messageor warning bleep when
applying excessivelybig forcesthanto get the sameinformation delayedafter going
throughthe mechanicakalculations.The appraisalprocessseemso give the message
that“realismis moreimportantthenaccuracy”.Two approacheltavebeensuggestedio
achievethis target.Oneis to pre-calculatehe possiblescenarioof a case thento use
some sort of rule-basedsystemto either selectthe next action basedon the pre-
calculatedcasesor interpolateit basedon them. The secondsuggestions to simplify
the surgicaltool modelinto segmentof rigid objectsand attempta more client-based
approach.

Suggestiondor future enhancementwere gatheredthroughthe appraisalprocess.
These suggestionsfocus on providing specialisedinput/output devices for force
feedback. Furthermore,hiasbeensuggestedhatuserappliedforces,collision strength,
numberof trials attemptedto achievea task and errorsperformedduring the training
would be detectedandstoredin atraineeprofile andthenusedlaterfor moresystematic
evaluationof the trainee.Finally, a moreformal evaluationfor the skills that hasbeen
well presentedn the systemis neededo measurehe transferof theseskills to reallife.
For example,usingthe interactiveCT displaywith the 3D geometrywasunanimously
thoughtto be a usefultool by our evaluatorsin orderto answerthe question‘Does this
tool build the representatioskill of newradiologist?”,two groupsof radiologytrainees
would be involved in a formal evaluationprocesswherebyonegroupis trainedusing
the conventional methods and the other using this tool.

6. Conclusion:

In this paperwe havepresentedvork that hasbeencarriedout to testthe feasibility
of providing a web-basedsurgical training system.We have attemptedto tackle a
reasonablycomplex problem and provided a good starting point to solve it. The
evaluationprocesgeportedin this papersuggestshatthe presentedystemis usefulin
identifying difficulties involved in developing such an application.

Despite the limitations in the current technology,the web is able to supporta
prototypetraining application. The questionthat is still to resolveis the degreeof
realism versus accuracy that is required in web-based training applications.
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