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ABSTRACT

We presentan electroniccolon cleansingalgorithm usinga new segmentationtechniquebasedon segmentationrays.
Theseraysarespeciallydesignedto analyzetheintensityprofileasthey traversethroughthedataset.Whenthis intensity
profilematchesany of thepre-definedprofiles,theraysperformcertaintaskof reconstruction.Weusetheseraysto detect
the intersectionbetweenair andresidualfluid, andbetweenresidualfluid andsoft-tissue. Oneof the most important
advantagesof segmentationraysover othersegmentationtechniquesis thedetectionof partialvolumeregions.Segmen-
tation rayscanaccuratelydetectpartial volumeregionsandremove themif needed.Oncepartial volumeis eliminated,
removalof otherunwantedregions(e.g.,taggedfluid) is relatively easy. Thisapproachto electroniccleansingis extremely
fastasit requiresminimalcomputation.
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1. INTRODUCTION

Cancerof the colon hasbeenreportedto be the secondleadingcauseof deathfrom cancerin the United States.This
mortalitycouldbereducedif cancerouscolonpolypsweredetectedandremovedin theearlystagesof theirmalignancy1 .
Varioushealthorganizationslike theAmericanCancerSociety, theAmericanCollegeof PhysiciansandtheWorld Health
Organizationhave thusrecommendeda colonexamevery 3 yearsafter theageof 50, for thedetectionof thesepolyps.
Unfortunately, mostpatientsdo not follow their physician’s adviceto undergo sucha procedurebecauseof the pain,
risk, discomfortandhigh costassociatedwith thecurrentopticalcolonoscopy techniques.Consequently, a non-invasive,
low-cost,accurateandcomfortablealternative to theexisting techiqueswould beextremelyvaluable.

TheStateUniversityof New York (SUNY) atStony Brookhaspioneeredthedevelopmentof onesuchsystem,called
Virtual Colonoscopy2345 , which usesadvancedcomputergraphicsandvisualizationtechniques.The currentsystem
roughlyinvolvesfour steps.First, thepatient’s colonis cleansedandinflatedwith CO2 in a way similar to thatof optical
colonoscopy. Second,a helicalCT scanof thepatient’s abdomenis takensuchthat it coverstheentirecolon. This takes
about30-40 secondsandcan be donein a single breathhold. The scanproducesseveral hundredslicesof 512x512
resolution.In the third step,theseslicesarereconstructedinto a 3D volumeof 100-250MB. This volumetricdatathen
undergoesa seriesof pre-processingstageswhich arerequiredfor the virtual navigation. The most importantof these
stagesis theaccuratesegmentationof thecolonlumen,which is theinteriorof thecolon,from theoriginalCT images.In
thefinal step,weuseaccuratevolumerenderingfor virtual navigationthroughtheinsideof thecolon,to detectpolyps.

All currentcolonoscopy techniques,including thevirtual colonoscopy, requirea cleancolon lumenfor accuratede-
tectionof thepolyps. Residualmaterialsinsidethecoloncouldbe falselyinterpretedaspartof the colon. Thus,asthe
preparationfor colonoscopy, thepatientundergoesaphysicalbowel cleansing.This includeswashingthecolonwith large
amountsof liquids andadministratingmedicationsandenemasto inducebowel movements.This bowel preparationis
often moreuncomfortableandunpleasantthanthe examinationitself. An alternative techniquewhich doesnot require
this uncomfortablecleansingwould be a boonto the patients. As a result,a new bowel preparationschemehasbeen
developedatSUNY Stony Brook67 . Thiswould leadto a morecomfortablecolonoscopy procedurefor thepatients.
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Figure 1: A traversesliceshowing a partof thecolon.

Thebasicideaof thenew bowel preparationschemeis to enhancethe intensityof stoolandfluid sothat they canbe
digitally removedfrom thedataset.Thepatientis askedto remainon a soft-fooddiet (yogurt,cereals,mashedpotatoes
etc.) for anentireday. Threebottlesof a density-enhancingfluid is takenby thepatientwith eachmeal.Someadditional
solutionsarealsotakenby thepatientfor thepurposeof liquidizing andenhancingthestool.Thecolonis thendistended
with carbondioxide(CO2 gasof approximately1000cc)via a rectaltube.

A CT scanof the patient’s abdomenis thentaken andreconstructedinto a 3D dataset.The datasetis thenpassed
throughthesegmentationprocessto cleanthecolonlumen,makingit devoid of all residualmaterialsfor avirtual screen-
ing. Accuratesegmentationof thecolonlumen,is thusascritical asaccuraterenderingfor detectionof malignantpolyps.

In thenext sectionwepresenttheproblemsfacedin segmentingthedatasetgeneratedfrom thenew bowel preparation.
We alsoshow why contemporarysegmentationapproachesarenot goodenoughfor accurateresults.We thendescribe
ournew approach.

2. NEED FOR A SOPHISTICATED SEGMENTATION
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Figure 2: Intensityprofileat theboundaryof air andfluid.

The CT dataobtainedafter the new bowel preparationis much more complex than the oneobtainedfrom a pre-
cleansedbowel. Thecomplexity arisesbecauseof the largeamountfluid andstool residinginsidethecolon (Figure1).
Althoughtheseunwantedresidueshave beenenhanced,they do not have a clearboundarydueto partial volumeeffect.
Thesituationis evenworsenedby thefinite resolutionandlow contrastof theCT scanner. Wenow discusstheunusability
of naivesegmentationapproaches.



Figure 3: Resultof segmentationby thresholding.

2.1. Segmentation by thresholding

The simplestsegmentationapproachis thresholding.The humanabdomenconsistsmainly of threedistinct densityre-
gions: air, soft-tissues,andhigh densitymaterials(which includethe bone). A CT scanassignsdifferentintensitiesto
thesematerialsandwe classifythembasedon theseintensities.Our previousvirtual colonoscopy system,which needed
physicalcoloncleansingin the bowel preparationstage,successfullyusedthresholdingto segmentthecolon lumen34 .
However, with our new bowel preparationscheme,bonesarenot theonly high densitymaterialpresentin theabdomen.
Residualfluid andstool,whichwereenhanced,alsohaveCT imageintensitiessimilar to thoseof bone,thuscomplicating
thesegmentation.Althoughthresholdinggivesthefastestresults,it hasmany disadvantageswhich we list below.

First, thresholdingdoesnot remove partial volumevoxels. Figure2 shows the intensityprofile alonga vertical line
from top to bottomasshown in Figure1. We observe that,at theboundaryof two regionswith differentintensitieslie
voxels,whoseintensitiesdo not matcheitherof thetwo regions.We namethesevoxelsthePartial Volume Effect (PVE)
voxels. Thesevoxels areundesirablesincethey are incorrectlyclassifiedwhen thresholdingis used. For example,in
Figure2, thevoxelsbetweenthefluid andtheair lie in thesoft-tissuerange.Hence,they aremarkedassoft-tissuevoxels
andwouldnotberemoved.Theadverseeffectonsegmentationis immediatelyevidentandis shown in Figure3. Although
thehigh densityfluid/stoolhasbeenremoved,a thin soft-tissue-likeboundarystill exists,which is not presentin reality.

Second,thethresholdfor eachrangeof intensitiesareverysensitive. A slight changeto thesethresholdscouldleadto
a changein theoutcomeof thesegmentation,especiallythecontourof theinnersurfaceof thecolon.

Third, thresholdingalsogivesrise to aliasingeffectsat the inner colon boundary. It is immediatelyevident when
we take a closerlook at the segmentedvolume(Figure4). The intensityvaluesmove sharplyfrom soft-tissuerangeto
air-range.This is undesirablefrom thepoint of view of thevolumerendering.A sharpboundaryalsomeanstheabsence
of thin colonic mucosathat is presenton the inner surfaceof the colon. Colonic mucosais key to the detectionof the
polypsandhenceits removal is undesirable.For comparison,we alsoshow anexampleinterior surfaceof thecolon(the
mucosa)wherenostoolwasattachedto it (Figure5).

2.2. Segmentation by morphological operations

A successionof morphologicaloperationssuchasdilatesanderodescouldbeusedfor segmentation8 . For example,we
couldperforma flood-fill on all thefluid andstool regions,andthenusea sequenceof dilatesanderodesto remove the
PVE voxels.However it is well known thatdilatesfollowedby erodescanfill in holesanderodesfollowedby dilatescan
removenoise8 . Thus,they couldaffect theinnercontourof thecolonasit is highly twistedandhasaveryroughsurface.

This methodwould alsorequireseedpointsto be placedin eachandevery region filled with fluid or stool for per-
forming theflood-fill. Thiscouldbeacumbersometaskconsideringthelargenumberof suchregions.In addition,it may
requirea lot of humanintervention.Thiscouldalsoslow down theentireprocessof segmentationandmayresultin some
fluid/stoolregionsbeingneglected.



Figure 4: Aliasingeffectsof segmentationby thresholding.

Figure 5: A normalcolonicmucosalsurfacewithout fluid or stoolattachedto it.

3. SEGMENTATION USING SEGMENTATION RAYS

The basicideabehindour approachis that the intersectionof two distinct-densityregionspossessesa uniqueproperty.
This propertyis the uniqueintensityprofile at eachintersectionaswe move in a directionnormal to the intersection.
While doingso,wepassthroughthePVE voxelspresentat theintersectionbeforereachingtheotherregion. We canthus
identify thesePVE voxelsaccuratelyandremovethem.

Theuniqueintensityprofilesfor differentintersectionsarestudiedandstoredbeforehand.Thesewerefoundto bethe
characteristicof theintersectionof thetwo regionsandthey do not dependon theCT scanningprotocol.

Thenext stepof our algorithmaimsat detectingtheintersectionsbasedon its characteristicproperties.This is done
by castingraysthroughthe volumeandcomparingthe intensityprofile graphsalongthe ray to the intensityprofilesof
different intersections.If thereis a match,the ray hassuccessfullydetectedthe intersection. We call theserays the
Segmentation Rays9 asthey assistin thesegmentation.

We furtheroptimizeour algorithmsothatwe do not castrayswherewe know for surethat thereis no intersection.
Hereweexploit thefactthattheinteriorof colonis filled with air. Applying regiongrowing on theair voxelsfrom aseed
point insidethe colongivesa roughcontourof the colonic interior. We thencastsegmentation rays outwardsfrom the
boundaryof this air region. We arethuscastingraysonly at theintersectionof air with otherregions.

Oncea ray detectsan intersection,a certaintask is performed. This primarily involvesremoving the PVE voxels
presentat theintersectionby eitherclassifyingthevoxelsor alteringtheir intensityvaluesfor reconstructingthemucosa.
By theendof this,wehavedetectedandeliminatedmostof thePVE voxels.

For the remainingPVE voxels, which areat the intersectionof fluid andsoft tissues,we useVolumetric Contrast
Enhancement which is a volumetricextensionto thecontrast enhancement usedin imageprocessing.This resultsin the
reconstructionof mucosa,which wascompletelylost dueto thehigh densityfluid. Thestepalsoremovestheremainder
of fluid from thecolon.



Figure 6: A traverseslicebefore(left) andafter(right) electroniccleansing.

Figure 7: Resultof segmentationby thresholding.

4. RESULTS

Ourfully automaticsegmentationmethodwastestedonavarietyof CT datasetsobtainedwith thenew bowel preparation.
Weuseoneof ourcasestudydatasetsof size512x512x411to show theresultshere.Sincethepatientdid notundergoany
colon-cleansingprior to thescan,therewasa significantamountof residualfluid insidethecolon. A thin layerof stool
wasfoundto beattachedto thecolonicmucosain many places.

Ouralgorithmremovedall thefluid andstoolvoxelsaccurately(Figure6). Ourmethodwasableto detectandremove
stool depositsas thin asonevoxel thick which is about0.7 mm. We werealsoable to unearthall the mucosavoxels
lying below thefluid at theintersectionof fluid with colonwall. Wealsocompareour results(Figure9) with thresholding
(Figure7) andvectorquantization(Figure8).

Theaveragetime takenfor electroniccleansing(for datasetswith about400slicesof 512x512resolutioneach)was1
min on aLinux workstation(900MHzAMD).

5. CONCLUSION

We presentedanelectroniccoloncleansingtechnologybasedon segmentationrays.Theadvantageof segmentationrays
overothersegmentationapproachesis in thedetectionof partialvolumeregions.Segmentationrayscanaccuratelydetect
partialvolumeregionsandremovethemif needed.Oncepartialvolumeis eliminated,removal of otherunwantedregions
(e.g.,taggedfluid) is straight-forward(e.g.,by usingthresholding).This approachto electroniccleansingis extremely
fastasit requiresminimalcomputation.



Figure 8: Resultof segmentationby vectorquantization.

Figure 9: Resultof electroniccleansingusingsegmentationrays.
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