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Purpose
Tumour motion management (TMM) typically consists of measuring, quantifying and 
mitigating the tumour motion. Each of these steps is affected by latencies (eg. image 
acquisition, data transfer, etc) in the order of a few 100 ms. For tumour motion tracking 
these latencies are not negligible. Thus, motion prediction is required.
In our work, we developed and validated a long short-term memory (LSTM) neural network 
for breathing motion prediction of an optical surface scanner signal.

Materials and Methods
The training data for the LSTM network was based on breathing data of 25 healthy 
volunteers performing 5 min of regular breathing followed by 1 min of chest breathing and 
1 min of abdominal breathing. The validation dataset was based on four patients 
undergoing treatment with concurrent surface scanner imaging.
For training of the LSTM model the breathing signal of the healthy volunteers was divided 
into training data and test data to perform hyper-parameter tuning. The best model was 
validated by performing a prediction on the patient dataset with a prediction horizon of 500 
ms. The quality of the prediction was quantified by calculating the root mean square error 
(RSME) of the predicted data compared to the actual breathing 
signal for both the amplitude and the breathing phase.
.

Results
The mean breathing amplitude of the healthy volunteer dataset was 6.6 mm. For 
Patient 1, 2, 3 and 4 it was 1.2 mm, 4.5 mm, 1.0 mm and 20 mm, respectively.
The RSME for a prediction horizon of 500 ms for Patient 1, 2, 3 and 4 was for the 
breathing amplitude 0.15 mm (12 %), 0.08 mm (2 %), 0.05 mm (5 %) and 0.3 mm 
(2 %) and for the breathing phase 24°, 7°, 15° and 7°, respectively. The mean 
runtime required for performing a prediction was 11.2 (+/-1.18) ms.

Conclusion
Our LSTM neural network trained with breathing data of a low number of healthy 
volunteers was able to predict the breathing amplitude and breathing phase with a 
prediction horizon of 500 ms. This prediction horizon is sufficient to compensate for 
imaging and image processing latencies as well as mechanical MLC movement 
required for tumour tracking.
In this study the breathing data obtained by a surface scanner was used, which is only 
a surrogate of the actual tumour motion. Adding patient specific correlation between 
surface scanner data and the internal tumour motion using 4D-CT data as well as 
intrafractional kV-imaging will be investigated in future work.

Curvature Correction in Elements Software:
Spinal Cord dose impact in SBRT
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Purpose 
To evaluate the impact on spinal cord dose-volume, comparing cases of spinal SBRT with and without 
application of spinal curvature correction, using Elements-BrainLab´s image registration tool.

Materials and Methods
10 (ten) cases of spinal SBRT treated at the Real Hospital Português (Recife, Brazil) were analyzed before 
the spinal curvature correction tool acquisition (Elements, BrainLab). Two contours for the same organ at 
risk (spinal cord) were compared evaluating dose-volume. Two different image sets were used: 

• Original Spinal (1): The original contouring, registration of planning CT image and T2-weighted MRI 
(registration also performed in Elements, but without curvature correction). 

• CS Spinal (2):  The Curvature Spinal contouring, registration of planning CT image and T2-weighted 
MRI (performed in Elements with curvature correction). 

Two experts delineated the Spinal CS, maintaining the lower and upper limits of the original volume. Images 
were imported to Eclipse software and a new contour was copied to the planning CT image, to evaluate and 
compare the spinal cord dose-volume for the respective SBRT planning. Maximum point dose and D0,03 cc , 

D0,5 cc , D1 cc dose-volumes were compared and then relative doses were analyzed. 
The Figure 1 summarize the Methods.

Conclusion:

Results

Figure 2: Comparison of the Dose Volume between Original Spinal x CS-Elements Spinal

Figure 3: T2 image registration /contouring of Original 
Spinal x CS-Elements Spinal registration, qualitatively
showing the diferences. Number 03, 05, 06 and 09 are 
used to identify the case.

Significant differences were found when we evaluated each one of the registrations (with or without curvature correction): In
spinal contouring (Figure 3: cases 03, 05, 06 and 09) and maximum point dose / D1 cc (Table 1). A relative difference of up to 
44% at the maximum point dose, depending on patient's anatomies and positions were observed.  In Cervical and upper thoracic 
regions, the correction occurred more expressively. The dose impact is showed in Figures 2 and Figure 4.
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Figure 4: Dose-Volume Impact of Curvature
Correction

In cases that were necessary a higher dose gradient (better falloff), because of spinal cord proximity to the tumor, these 
differences have a greater impact and may change the treatment planning (treatment dose reduction or hypofractionation) and 
improve procedure accuracy. In the future, we need to establish a quantitative parameter that evaluates the degree of curvature 
correction that the software applied, establish more clinical impact criteria and increase sampling.

It was found clinically significant differences in the image records after application of curvature correction, evidencing the 
importance of using this tool to improve the accuracy and safe of spinal SBRT treatments.

Table 1   shows in which of the analyzed points the 
greatest difference was found

Figure 1: 
Summary of Methods
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Purpose
The aim of this study was to evaluate the impact of distortion correction using Elements Distortion Correction 
software for Radiosurgery (SRS) to treat vestibular schwannomas. 

Materials and Methods
A retrospective comparative study of 7 (seven) patients whose targets (GTV) were delineated in the elements 
brainlab’s software was perfomed. In the first group, the magnetic resonance image (MRI) distortion correction was 
used to the coregistration with Computer Tomography (CT); in the second group, coregistration of the MRI to the CT 
was without distortion correction. The SRS plans used the contoured GTV in the MRI with correction as a basis. The 
patients were treated using the TrueBeam linear accelerator (Varian) from Real Hospital Português (Recife / Brazil), 
with the HyperArcTM technique, energy of 6MV FFF with a single dose of 12 Gy (99% target coverage) in six
patients and 5x5 Gy for one patient (7).

• To evaluate the impact of distortion on the contour of the target, the DICE similarity coefficient was used, where 
A is the contoured target on the MRI without correction and B with correction. 

𝑫𝑫𝑫𝑫𝑫𝑫 =
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• The impact on target prescription dose coverage was assessed using two Conformity index.
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• The minimum target dose as well as coverage were also evaluated.

Conclusion 
Distortion correction for MRI is a fundamental tool as it avoids under dose the tumor or 
unnecessary irradiation of healthy tissue especially for small volume lesions.

Results
Table 1 shows the difference in volume and in the similarity coefficient (DSC), and it 
becomes more relevant in small volume lesions, as in the case of patient 1 whose 
volume is 0,18 cc (illustrated in figure 1). When analyzing the impact of this difference in 
relation to the Conformity index, the mean values change from ICRTOG = 1,07 ± 0,04 to 
1,15 ± 0,13 (figure 2) and  ICPaddick = 0,90 ± 0,04 to 0,79 ± 0,11 (figure 3).
Regarding target coverage, from 99% to 94,8 % and mean minimum dose changed 
from 86,9 9,0% to 75,9 14,2% (figure 4). 
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1 0,18 0,15 0,70

2 0,37 0,34 0,97

3 0,46 0,47 0,85

4 1,09 1,00 0,91

5 2,20 2,16 0,94

6 3,16 3,23 0,90

7 7,67 6,97 0,92

Table 1: 
Volumetric differences and DSC

Figure 1: difference from patient 1 applying distortion correction
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