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Proton Irradiation Synchronized with Respiratory Cycle

Tetsuo Inada, Hiroshi Tsuji, Yoshinori Hayakawa, Akira Maruhashi and Hirohiko Tsujii
Proton Medical Research Center, University of Tsukuba

Research Code No. : 601
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A sensitive strain gauge was used to detect the movement of the chest wall in order to synchronize
an irradiation control system with the respiratory cycle. The output timing signal from the system is
transferred to the proton accelerator for synchronized irradiation. The timing signal is set during the
expiratory phase at a duration of 1.5 to 2 seconds. The efficacy of this method was evaluated by dose
volume histogram based on the treatment planning program with CT images. The volume spared by
this novel method was calculated in several cases, and results suggest that the method was highly

effective.
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Fig. 1 Block diagram of control system for irradi-
ation synchronized with respiratory cycle.
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(a)
Fig. 2 Exterior appearance of synchronization control system: (a) system body, (b) satel-
lite monitor close to therapy table.
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(a)

Fig. 3 Conventional and reduced fields in hepatoma case I (D.1.) for irradiation

unsynchronized and synchronized with respiratory cycle, respectively: (a)
expiratory phase, (b) inspiratory phase.

iz

Fig. 4 Trigger pulses set on responce curve fol-
lowing ventilation movement in case I (top) and
TTL timing signal generated in expiratory phase
(bottom).
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Fig. 5 Dose volume histograms of normal liver in
case I irradiated by unsynchronized (Not gated)
and synchronized method (Gated).
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(a)
Conventional and reduced fields in hepatoma case 11 (Y.K.) for irradia-
tion unsynchronized and synchronized with respiratory cycle, respectively : (a)
expiratory phase, (b) inspiratory phase.

Fig. 6

Table 1 Volume of normal liver included in each
dose level for synchronized (Gated) and unsyn-
chronized (Not gated) irradiation, volume spar-
ed by synchronized irradiation and ratio of spar-
ed volume to target volume in case I (D.I.)

(b)

Table 2 Volume of normal liver included in each
dose level for synchronized (Gated) and unsyn-
chronized (Not gated) irradiation, volume spar-
ed by synchronized irradiation and ratio of spar-
ed volume to target volume in case II (Y.K.)

Case D.I. Case Y.K.
Dose level =60Gy =40Gy =20Gy >0Gy Dose level 260Gy =40Gy =20Gy >0Gy

[Irradiated normal liver volume (cc)] [Irradiated normal liver volume (cc)]

Not gated 41.2 82.7 118.8 250.3 Not gated 106.5 211.3 352.0 461.7

Gated 4.7 10.6 19.3 7.7 Gated 25.4 60.5 128.8 204.5

Spared volume 36.5 72.1 99.5 178.6 Spared volume 81.8 450.8 223.2 257.2
[Ratio] [Ratio]

Spared volume 7)) 196 3.5 Spared volume 4 )4 53 o758  0.90

Target volume

Target volume
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Fig. 7 Dose volume histograms of normal liver in

case Il irradiated by unsynchronized (Not gated)
and synchronized method (Gated).
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