AbstractlD:4411Title: Modeling& Characerizationof RespiratoryMotion

A guantitativeunderstading of respratory motionis critical to improvingradiation
therapyfor lung andupperabdominakancers.Breathingmotionimpactsthe quality of
diagnostt andtreatmenplanningimages causs conformalthergy portalsto be larger
thanthe crosssection&projection of thetumor,andincreass irradiated normd organ
volumes. Methodsintendedo reduceor eliminae theimpact of breathingmotionhave
beenproposedijncludingbreathhold, linear acceleratogating andtracking eitherusng
thelinearaccekratoror the patient supportassenbly. A quantitative modelof the
patient’sbreathingmotion, bothtumorandnormalorgans is necessgy to optimize the
gatingor trackingmethods

The form of therespiratorymodelwill dependon the ultimateuseof themodel. Inthe
cas of radiationtherapy, we areinterestedin understandinghe positionsof thetumor
andnormalorgansasafunction of time, becauseour radigion deliverysystemopeaate
asafunctionof time. However, breathingis not sufficiently reproducibleo usetime
directly astheindependentmodelvanable A different,time-depadent metricneedgo
beseletedasthe quantity thatwill becharacterizé asafunctionof timeand,during
acquisitionof themotion modé data and radiationtreatmentpe monitored. The metric
needgo be: easilymeasurd, quartitative, reprodwcible, andcorrdatedwith breathing
motion. Metricsthathave been proposdinclude abdoma or thoraxheight,abdomen
circumferene, andspirometry-measured tidal volume.

Themotionmodelrequires input daa to providethe patientspecific paraméers The
input dataistypicaly derived from CT scansthatareacquiredwhile the patient
undergoesimultaneousnonitoringof themetric. This processis labeled“4D CT” in
thatmultiple CT scansare aqquired at eachlocaion, eachscanaajuiredat a different
time. CT scansaretypically reconstructedr resortedat a variety of breathingphases.
ThereconstructedCT scansare thenusedto determinetumorandnomal organpositiors
asafunctionof the breathingmetric.

In the useof respiratoy motion modding therearesomeconfusingand overlappng uses
for theword “phasé thatare worth differentiating. Firstly, the useof thetemm “breathing
phasé is usedto descibe a geneal partof thebreahing cycle,such asmid-inhalation.
Secondly,‘phaseangl€ is usedto describea hypotheticaltngleusedwhenthe breathing
cycleis describedasa periodicfunction of time, andfinally, “phase”itself is usedfor any
guanttatively defined breathingstae.

Priorto the developmenbf a biophysically basedoreathingmotionmodel,therehave
beentwo competng methodsfor describing the behaviorof the metricasafunction of
time; phase-angleandamplitude. Phaseangledescriptionglivide the breathingcycles
betweerselectedreathing phasesfor example,inhalaion. Thetime betweensuccasive
inhalatonsis recastineally asanangle from 0 to 21t (alternatively someinvestpators
separat¢heinhalationand exhalationproceses placing0 andmtatinhadation and
exhalationyespectivelywith lineartime interpolationbetwesnthes breathingohases

In the phaseande appioach, ead inhdation and exhdation is treatedequally,
irrepectiveof thedepthof breathing butthe modelcanaccuratelycharacterize
varationsin breathirg frequency (atleastretrospectively. In this model,thedescription
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of motion asafunctionof phaseangle caneither bethe positionsasa functionof angleor
bewritten asperiodic functionswith parameterghatprovidethepostions. Thephase
basdprocesss capableof describingthe hyseress-like motionof lung tumorswell, but
is not capableof adequatly describirg variationsin breathingdepth. Patientbreathing
trainingis oftenemployel to reduce variationsin breathingdepth.

Amplitude-basedmethod desciibe thetumorandorganpositionsasafunctionof the
metric’samplitude or numerical value. Thetime-depadenceof the breathingcycleis
takenfrom thetime-depend@ceof the metric amplitude. Theamplitudebased
appoachesarecapableof desciibing variationsin breathing depth,but becausenodeling
of hyseresisequiresdegeneracyin tumor positionsasa functionof amplitude,hysteress
is not easilydescibed usingtheamplitudemodels.

While both amplitude andphasebasel modelshavebeenutilized to define anddescribe
breahing motion, neithercanadequaely modeleventhe simplestbreathingmotion,
namey theamplitudevariablehystersis motionof lungtumorsandnormd organsthat is
knownto exist Recentlya breathing modelhas beenproposé thatdesribestissue
postions asafunctionof tidal volume,namelythe amountof air inhded andexhaled
during thebreahing process. Themodelasumes thatlung tissue positionsvary asa
functionof tidal volume,or in othe words,the deepethebreath thefartherthetissues
movein theirtrajectories. Hysteresisis hypothesizedto be dueto pressurembalance
within thelung tissus thatcreatethe variationsin trajectorybetwee inhalation and
exhalation. The pressurembdancesareassimel to belinearly proportionalto the
airflow (time derivative of thetidal volume). The postion of a pieceof lung tissueis
thereforea functionof its locationat areferenceébreathingohase(e g. tidal exhalatiorn),
thetidal volume andairflow relative to thereference breathingohase Incidentally, while
tidal volume hasbeenuseal asthe metric, any metic thatis proportionalto tidal volume
andits temporalderivativecanbe usal asthe metric. Forexample publishedrepats
indicatethatabdomerheightis linearly related to tidal volumefor quietrespistion.

Undestandinghevariabdes thatgovernrespiraory motionis insufficient to describethe
postions; amahemati@l modelis still required. Thesimplesthamelyalinear
relationship betweerpositionandtidal volumeandposition andairflow, wherethetwo
postion componerg are treatedasindependenthas beenusel andappeas to provide
gooddesciptions of breathingmotion,althaugh suppoting datais still limited.

Theprocessof modelingbreathingmotionis still in its beginningstages, butthereare
promisingapproachebeingstudiel. Assumingthatthemodelscanaccuratelydescibe
breating motion,theywill bekey componentsn thetreatmenplanningproces.



