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Purpose:

Respiratorygated irradiation offers potential for margin reduction and dose escalation for

treating moving tumorsin the thoraxor abdomen. Unfortunately, for synchrotron-basedproton

irradiation, it may not be effi cient. We have determined the optimal respiratory gating

parametersfor passively scatteredproton irradiation on a synchrotron through a simulation

study.

Methodand Materials:

An in-housesoftware program was developed to investigate the interactionof the respiratory

gating intervals with different synchrotron magnetexcitation cycle patterns. Test data was

obtainedby using therecordedrespiratorytraceof 94 patientswho underwent4DCT. A typical

magnetexcitation cycle, Tcyc consistsof protonacceleration,flat top and deceleration periods.

Proton beamdelivery occurs only during the flat top portion of eachsuch excitation cycle.

Respiratorygating was simulated at expiration for a 30% duty cycle around peakexhalation.

The time requiredto deliver 100 MUs wasestimatedfor the following scenarios: (a) Ungated

irradiationwith Tcyc set to the minimum value(2.7sec)and(b) Gatedirradiationwith Tcyc set to

(i) the minimum value, (ii) approximately equal eachpatient’saveragerespiratory cycle, and

(iii) avariable valueaccording to each individual respiratorycycle. Overall treatmenttime and

efficiency of treatment delivery werestudied in eachcase.

Results:

Averagetimes requiredto deliver 100 MUs were1.1 minutes for ungatedirradiation; and3.7

(1.7 - 6.0), 3.2 (1.6 - 7.1), 2.3 (1.4 - 3.1) minutesrespectively for gatedirradiations at various

scenariosmentionedabove. For gated irradiation,variableTcyc modeof operation yieldedleast

overall treatmenttime and greatest efficiency of proton beamdelivery.

Conclusion:

Respiratorygated passively scattered proton delivery using a synchrotron-based system is

feasiblewithout significantly increasingtreatment time. Basedon above results, variable Tcyc

mode of operation offered least overall treatmenttime and greatestefficiency for respiratory

gatedirradiation.


