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Abstract. Through a rigid registration between a planninga®@i@l therapy CT the Interfractional movement is ified. In
the case of lung tumours, the respiratory moveroantdisplace a tumour in the order of one centendinis means that it is
not enough to verify patient position on treatmeatich, but the radiotherapy has to take into adctha intrafractional
movement as well. We captured tumour intrafractionation during free respiration. We used the rssfrbm the 3D-3D
rigid registration to localize the longitudinal it where the tumour was found. In this fix pasit several transversal
slices are achieved a long 15 seconds. Orderirsg thiices chronologically and comparing them wlith 3D treatment CT
we can calculate and even have a 3D reconstrusfioormour displacements during a respiration cycle.

I ntroduction

The localization of lung tumours for an effectivadiotherapy must take into account both interfoazt! and
intrafractional motion. In [1, 2] we presented gplécation to control tumour position just beforeaaliotherapy
session takes place. The system we presented cesnpanour information in the planning 3D CT and the
therapy 3D CT. Through a rigid registration betwbeth volumes the Interfractional movement is idfesd. In

the case of tumours located in thorax, the respiyamovement can displace a tumour in the ordeorw
centimetre during the treatment. Therefore, itdsenough to verify patient position on treatmemtah, but the
radiotherapy has to consider the intrafractionav@moent as well.

Some authors have tried to control or reduce irgciibnal movement by controlling the patient’spiegtion [3,
4]. In this work we observe how the respiratiorptiises a tumour, to take appropriate adjustments.

M ethods and materials

Two steps are realized to achieve tumor localipatirstly, we find out the Interfractional tumorsotion. As
noted in [1, 2], the Clinic of Radiotherapy and Ology at the University of Wirzburg disposes of &CBnner
in therapy room. Thus, having the patient in therdlpy position, we achieve a new CT and, by a 302l
rigid registration with the planning CT, locate toiris current position.

This registration is achieved as follows. A regafrinterest (ROI) has been identified in the plagnCT. The
experience of the doctors and the data from theafiyeplan helps to find in the therapy volume arsea
approximation of new tumor’s position. Around tpigsition, a search region in the treatment volusngeifined
to be twice bigger as the ROI. Then, an automaid body registration between the ROI and thedeaggion
is achieved to get the actual couch location.

Secondly, we analyze tumor’s movement due to raspir. We identify an appropriate cranial-caudasgifpon
with the results from the 3D-3D rigid registratigsee Fig. 2). In this position, several transvefSak are
achieved in about 15 seconds to observe the fepératory cycle.

We reconstruct the tumor’s motion with each sli@nf this time study. These slices are sorted chogially
according with their time stamps. Each slice is parad with the 3D therapy CT and organ displacersnt
calculated. These displacements are obtained a¢soga rigid registration between a slice and thleme CT.
As the registration starts looking around this @hoaudal position and, again searches a rigidybod



transformation, this process is achieved in fewosds using a PC. The displacements are then apiolidte
ROI to reconstruct its motion.
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Fig. 1. Result of the 3D-3D local rigid registratioThe first row corresponds to the planning CBnfrleft to right,
transversal, sagittal and frontal view and thesdaow corresponds to the region found in theaneICT.
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Fig. 2 The longitudinal position found in the 3D-3&yistration is fixed and several CT slices agdized in this coordinate.
Comparing each slice taken in T1, T2, T3 with therapy 3D CT, taken in TO, we determine tumourspldicement

Results

We have tested this application with data fromffedent lung patients and a total of 8 studies emthpared our
results with the results of an expert. In the dDfdgistration, we had 3D volumes with 5mm spadevben the
slices (cranial-caudal direction).When comparingr@sgults, one has to keep in mind that a humandelsoose
the “best slice” and round his coordinates. Theliagiion can reconstruct and interpolate volumeneen the
slices. However, we observe error of the order betw+/-5mm in right-left and cranial-caudal direns. In the
dorsal-ventral direction we observed bigger differs from about 10mm.

Taking into account the respiratory movement weuced the discrepancy between our results and expert
coordinates in +/- 3mm. As there is no gold statdiar this problem, it is difficult to establistbsolute errors.

Discussion
We have presented an application to localize tumesition in thorax taking into account the resmirgtmotion.
We are aware, that our results are not conclusiue encouraging. We are looking forward to testivith a



wider population. As there is no gold standard staklish absolute errors, we are investigatinghturt
simulations of tumor motion in order to win confiwe in the results.

We are using rigid body transformations, becausg #re a compromise between accuracy and processiag
When the program achieves its task, the patiesitésady waiting in therapy room. Thus, a short pssing time
is a requirement for such a system. At this stalge,program reports in few seconds tumor’'s positod
movement with the respiration.

Our goal is the navigated radiotherapy. Observiteggrespiratory movement, we want to infer tumodsifion
from the respiratory state. To this end, we usearefl emitters attached to patient and a trackamgeca system
to characterize it. To establish a correlation leemvrespiratory state and tumor position we arenexag non
rigid deformable methods and we plan a 4D CT model.
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Fig. 3. In the therapy volume, the isocentre wamébin the longitudinal position 4.3mm (left) byethegistration of the 3D
planning CT and the 3D therapy CT. Registratiothef3D therapy CT and the first time study slicealizes the tumour in
longitudinal coordinate 9.3
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