
LaryngoLaryngo-- TrachealTracheal
StenosisStenosis (LTS)(LTS)

�� Definition:Definition:
-- luminalluminal narrowingnarrowing ofof thethe throatthroat oror airwaysairways

�� EtiologyEtiology::
-- intubationintubation forfor mechanicalmechanical ventilationventilation,,

traumatrauma,, airwayairway surgerysurgery,, refluxreflux,,
malformationsmalformations (EA,(EA, VesselsVessels......)......)

�� TherapyTherapy planingplaning needsneeds toto knowknow::
-- numbernumber,, sitesite,, degreedegree,, extentextent, & , & dynamicsdynamics



LTTLTT –– ClinClin. Examination. Examination



ImagingImaging of LTSof LTS
�� ConvConv. X. X--Rays:Rays:

-- ChestChest--XX,, SofttissueSofttissue XX--RaysRays

�� FluoroscopyFluoroscopy
�� ConvConv.. TomographyTomography
�� MagnetresonanceMagnetresonance TomographyTomography
�� SpiralSpiral ComputertomographyComputertomography
�� 3D3D ReconstructionsReconstructions
�� VirtuelleVirtuelle EndoscopyEndoscopy



ImagingImaging of LTSof LTS

��� ConvConvConv... XXX---RaysRaysRays:::
--- ChestChestChest---XXX,,, SofttissueSofttissueSofttissue XXX---RaysRaysRays

��� FluoroscopyFluoroscopyFluoroscopy
��� ConvConvConv... TomographyTomographyTomography
��� MagnetresonanceMagnetresonanceMagnetresonance TomographyTomographyTomography
��� SpiralSpiralSpiral ComputertomographyComputertomographyComputertomography
�� 3D3D ReconstructionsReconstructions
�� VirtuelleVirtuelle EndoscopyEndoscopy



LTSLTS ImagingImaging –– 3D3D

�� MultiplanareMultiplanare RekonstruktionenRekonstruktionen
�� MinimumMinimum IntensityIntensity ProjectionProjection
�� ShadedShaded SurfaceSurface DisplayDisplay
�� VolumeVolume RenderingRendering
�� (Kombinationen)(Kombinationen)



LTSLTS ImagingImaging –– VEVE



LTSLTS –– VEVE „„ImpactImpact““

�� StudyStudy: n=19: n=19
-- PatientsPatients: n=15: n=15
-- ControllsControlls: n=4: n=4

�� ComparisionComparision –– reportingreporting
with/withoutwith/without VEVE -- 22 observersobservers::
-- Axiale Schichten, MPRAxiale Schichten, MPR
-- Axiale Schichten, MPR und VE Axiale Schichten, MPR und VE 



E.Sorantin et al.
Ped Radiol (2002) 32: 8-15

LTSLTS –– VEVE „„ImpactImpact““



LTSLTS QuantificationQuantification ––
EndoscopyEndoscopy

�� HighHigh interobserverariabilityinterobserverariability !!!!!!!!
JewettJewett et al. Ann et al. Ann OtolOtol RhinolRhinol LaryngolLaryngol 1999)1999)



�� VisualVisual ––
semisemi--
quantitativequantitative

LTSLTS -- QuantifizierungQuantifizierung



LTSLTS QuantificationQuantification –– Spiral CTSpiral CT

�� InterobserverInterobserver VarianceVariance
-- 3 Observer, 22 3 Observer, 22 TrachealstenosesesTrachealstenoseses
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rel.rel. deviationdeviation %% rangerange

meanmean 43,2543,25 22,9122,91

MaximalMaximal 141,57141,57 42,0042,00

minimalminimal 12,2412,24 8,508,50



LTSLTS –– QuantificationQuantification



LTSLTS –– QuantificationQuantification

�� 3D3D--CrossCross sectionalsectional profileprofile::
-- AirwayAirway SegmentationSegmentation
-- ExtractionExtraction ofof thethe centerlinecenterline::

��

-- Orthogonal on Orthogonal on centerlinecenterline �� 3D cross3D cross
sectionalsectional profileprofile
�� ��



LTTLTT --
SkeletonSkeleton



LTSLTS –– QuantificationQuantification



LTSLTS --
ValidationValidation
PhantomsPhantoms
�� AccuracyAccuracy andand

PrecisionPrecision



LTSLTS -- ValidationValidation
PhantomsPhantoms

�� lengthlength measuremtensmeasuremtens: 1% : 1% errorerror



ResultsResults --
PhantomsPhantoms

��
TheoreticalTheoretical
vsvs
computedcomputed
crosscross
sectionalsectional
profileprofile



ResultsResults --
ClinicalClinical
StudiesStudies



ConclusionsConclusions
�� RealisticRealistic 3D3D reconstructionsreconstructions fromfrom

SS--CTCT areare possiblepossible
�� VirtualVirtual endoscopyendoscopy presentspresents datadata in ain a

familiarfamiliar wayway forfor thethe ENTENT surgeonsurgeon
�� 3D cross 3D cross sectionalsectional chartscharts::

-- provideprovide quantitativequantitative informationinformation
��

��

��

��



ConclusionsConclusions

�� 3D cross 3D cross sectionalsectional chartscharts::
-- accurateaccurate
-- preciseprecise
-- calibercaliber changeschanges up to 20% in up to 20% in normalsnormals

ROAD MAPPING 
ACHIEVED



OtherOther PossibilitiesPossibilities

�� UsuageUsuage ofof thethe centralcentral pathpath::
-- forfor automatedautomated steeringsteering of a of a virtualvirtual cameracamera

�� VolumeVolume RenderingRendering::
-- adjustmentadjustment ofof thethe opacityopacity curvecurve accordingaccording

thethe segmentedsegmented airwaysairways


