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Purpose: To examinethe influenceof phasedelaysandbaseline drifting on residual motionin gatedradiotherapy.

Method and Materials: Fourpatientswith hepatocellular carcinoma werestudiedwithin a phaseI clinical trial for gatedprotonbeam
radiotherapy. Between3 and5 gold fiducial markerswereimplanted in or nearthe tumor site to serveasinternalsurrogatesfor the
treatment target. The Varian Real-time Position Management(RPM) systemwas usedasan external surrogatefor respiration.The
RPM wassynchronizedto an orthogonal bi-planefluoroscopicimagingsystem, and simulationsessionswere conductedunderfree
breathing. Thethree-dimensionalcoordinatesof eachmarker weretracked retrospectively, andcomparedwith thesynchronized RPM
signal. The phasedelay from internalposition to external surrogate, andbaseline drifting of the exhale position over the courseof
severalminutesweremeasured, andtheir impacton gatedtreatmentwasassessed.

Results: Phasedelayswere found, ranging from –0.02 seconds to +0.22seconds,indicating that motion insidethe liver may not be
seenimmediately on theexternal surface.Phasedelaysvariedfrom markerto marker,andalsoover time duringthecourseof 4 to 6
minutes. Baselinedrifting was also found in two of thefour patients,indicating that theexhaleposition of theliver may not bestable
within thefi rst severalminutesafter lying on thetreatmentcouch. Thebaseline drift wasusually from inferior to superior, with values
ranging from –1 mm to 6 mm. Theworst-caseresidual motion of anamplitude-gatedtreatmentwasestimatedto be7.4mm.

Conclusion: We observedphase delays of morethan100 msin two of four patients,andbaselinedrifting of 5 mm or morein two of
four patients.Theutility of external surrogatesfor gating shouldbe studiedin moredetail.


