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Rationale
TheF pulmonaryF lobesF areF relativelyF independentF functionalF unitsF withinF theF lungsxF F EnF chronicF
obstructiveFpulmonaryFdiseaseF[GOPü1ForFcysticFfibrosisF[GU13FchangesFinFlungFparenchymaFareF
associatedF withF anF increaseF inF airwayF wallF thicknessxF 8ecauseF thisF increaseF isF notF equallyF
distributedFoverFtheFwholeFtracheobronchialFtreeFaFrobustFandFautomatedFlobe2basedFanalysisFofF
theF airwayF treeF isF ofF greatF importancexF üependingF onF anatomicalF variationsF andF pathologicalF
changesFlabelingFofFaFpreviouslyFsegmentedFairwayFtreeFinFNüGTFimagesFcanFbeFaFdemandingF
taskxF ThisF workF assessesF theF labelingF accuracyF ofF anF automaticF lobe2basedF airwayF analysisF
procedurexF

Methods
OurFdevelopedFautomaticFprocedureF forF lobe2basedFairwayFmeasurementFconsistsFofF followingF
fiveFmainFstepsLF[a1FairwayFsegmentationFwithFaFself2adaptingFregionFgrowingFprocessF[methodF
describedF inF [6]13F [b1F skeletonizationF ofF theF segmentationF resultF byF aF sequentialF topology2
preservingF02üFthinningFalgorithmF[moreFdetailsF inF[A]13F[c1FtransformationFofFtheFskeletonFtoFanF
acyclicFgraphFrepresentation3F F [d1F labelingFofF theFairwaysFbyFaF rule2basedFmethodFwithFspecialF
rulesF forF anatomicalF variationsF andF [e1F airwayF measurement3F whichF canF beF performedF byF theF
widelyFusedFfull2widthFatFhalf2maximumF[UWßN1Fmethod3FtheFintegralFbasedFmethodF[E8N3FseeF
[A30]1FandFaFnewFmodifiedFversionFofFtheFE8NFcalledFparameter2freeFE8NF[E8Npf1xFWeFappliedFtheF
procedureF inF aF batchF modeF withoutF anyF userF interactionF toF 04F thoraxF NüGTF datasetsF fromF
differentFscannersxFTheFlabeledFairwayFtreesFwereFvisuallyFcheckedFforFcorrectnessx

Results
TheF wholeF procedureF couldF beF appliedF successfullyF toF allF 04F datasetsxF SccuracyF forF theF
labelingFwithF labelsF trachea3FmainF rightF bronchus3FmainF leftF bronchus3F rightF upperF lobe3F rightF
middleF lobe3F rightF lowerF lobe3F leftF upperF lobe3F andF leftF lowerF lobeF wasF 6HH-3F 6HH-3F 6HH-3F
6HH-3FR%x9-3FR5xA-3F6HH-3FandFR5xA-3FrespectivelyxFRuntimeFforFtheFwholeFairwayFanalysisF
procedureFforFoneFtreeFwasFaboutF0HFsecondsx

Conclusion
WeFdevelopedFaFprocedureFforFlobe2basedFairwayFanalysisFandFshowedFthatFitFworksFrobustlyF
andFFaccuratelyxFVobe2basedFairwayFanalysisFcanFbeFanFimportantFtoolFforFratingFpatientsFwithF
airwayFdiseasesFinFtheFfuturex
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Figk11k1[a1FSegmentationFresultFafterFA9FiterationsFandFafterFapplicationFofFdifferentFmorphologicFoperationsxF[b1F
KraphFrepresentationFofFtheFskeletonizationFoutputxF[c1FKraphFrepresentationFafterFerasingFwrongFnodesFandF
edgesxF TheF fiveF mostF importendF nodesF areF labeldF atF thisF stagexF [d1F GoloredF lobeF basedF renderingF ofF
tracheabronchialtreexFF

Literature
[6]FOliverFWeinheimer3FTobiasFSchenbach3FGhristophFüüberLFUullyFautomatedFextractionFofF
airwaysFfromFctFscansFbasedFonFself2adaptingFregionFgrowingxFFEnLFProceedingsFofFtheF
SecondEnternationalFWorkshopFonFPulmonaryFEmageFSnalysisxF[AHHR1F069–0A6
[A]F OliverF Weinheimer3F TobiasF Schenbach3F GarstenF 8letz3F GhristophF üüber3F ßans2UlrichF
;auczor3F andF GlausF PeterF ßeußelxF SboutF ObjectiveF 02üF SnalysisF ofF SirwayF KeometryF inF
GomputerizedFTomographyxFE–––FTransxFNedxFEmaging3FA5[61L4%–5%3FAHH7xF
[0]FTobiasFSchenbach3FOliverFWeinheimer3FGhristophF8rochhausen3FüavidFßollemann3F8astianF
8aumbach3F SxF Scholz3F andF GhristophF üüberxF SccuracyF ofF automaticF airwayF morphometryF inF
computedFtomographyF–FcorrelationFofFradiological2pathologicalFfindingsxF–uropeanFJournalFofF
Radiology3FAH6AFJan@76[61L67027xüOELF6Hx6H64WjxejradxAH6HxHRxH6AFx
[%]F Ku3F Suicheng@F Wang3F Zhimin@F Siegfried3F JillF Nx@F Wilson3F üavid@F 8igbee3F WilliamF Vx@F Pu3F
JiantaoF [AH6A1LF SutomatedF lobe2basedF airwayF labelingxF EnF EntF JF 8iomedF EmagingF AH6A3F
pxF07A7H4xFüOELF6Hx6699WAH6AW07A7H4x

6TranslationalFVungFResearchFGenterF[TVRG13FKermanFGenterFforFVungFResearchF[üZV13FUniversityFofFßeidelberg3FKermany3FAüepartmentFofFüiagnosticFandFEnterventionalFRadiology3FUniversityFofFßeidelberg3FKermany
0üepartmentFofFüiagnosticFandFEnterventionalFRadiology3FThoraxklinikFatFUniversityFofFßeidelberg3FKermany

Figk13kF–xampleFcasesLF[a1FcaseF63FaccessoryFbronchusForiginatesFfromFtracheaF[pigFbronchus1xF[b1FcaseFA3F
lungFwithFextremeFlowFdensityxF[c1FcaseF003FdeformedFbodyFandF[d1FcaseFA63F lowFdoseFNüGTFwithFaF lotFofF
noisexF

Rule1Based1Labeling
OurF newF developedF airwayF labelingF procedureF isF basedF onF theF methodF introducedF inF [%]xF WeF
modifiedFtheFprocedureFinForderFtoFgainFmoreFrobustnessFandFaddedFadditionalFrules3FexgxFaFpigF
bronchusFrulexF
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Figk14kF–xamplesFforFtheFfinalFoutputFofFtheFairwayFanalysisFtoolxF[a1FVisualizationFofF0üFairwayFmeasurementxF
[b1FSverageFwallFpercentageF[WP1FvaluesFforFtheFairwaysFinFtheFfiveFlobesFforFcaseFAxF[c1FSverageFWPFvaluesF
forFcaseFA6xF[d1FPlotFKenerationFvsFWP3FcaseFA6xF[e1FPlotFVumenFPerimeterFvsFSqrt[WallFSrea13FcaseFA6x
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Figk12k1UlowchartFshowingFtheFmainFstepsFofFtheFnewlyFdevelopedFairwayFlabelingFalgorithmx
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