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Results

« Simplified 95% internal target volume (ITV) margins were calculated (fig. 5).

Introduction

« Stereotactic arrhythmia radioablation (STAR) is a novel treatment for ventricular tachycardia

which targets myocardial scar tissue using a single high dose of radiation’. | | | _ | | _
* Dynamic tracking consistently reduced 95% ITV margins (with a single exception).

* Margin magnitudes ranked as RO-T < CR-T < NT.

» Absolute localization error data from the eight respiratory traces were collated for each cardiac
amplitude (fig. 6).

» Cardiorespiratory motion causes difficulties in minimizing treatment margins for STAR.

* Dynamic tracking can reduce treatment margins by following the target's motion through
treatment?-3.

* Arespiratory correlation model between internal and external surrogate motion guides this

tracking*. » The 0 mm cardiac amplitude scenario acts as a baseline comparison for respiratory motion tracking

(fig. 6A): mean localization error reduction of 2.0+1.2 mm (RO-T vs NT).
* Mean localization error reductions for the 3 (6) [9] mm cardiac amplitudes (fig 6B (C) [D]) were:
*CR-T vs NT: 1.5+1.2 (1.3+1.0) [1.3+0.7] mm
*RO-T vs NT: 1.4+1.2 (1.0+1.0) [0.84+0.7] mm

* For the most “extreme” trace (fig. 4), which had a half peak-to-peak amplitude of 20.7 mm, the mean
absolute deviations were:

5.8 mm (NT)
3.2 mm (RO-T)
2.7 mm (CR-T)

Aims

» Construct a cardiac phantom to simulate cardiac motion.

* |Investigate the efficacy of dynamic tracking using a correlation model trained on
cardiorespiratory motion.

» Determine the potential benefits of filtering out the cardiac component of motion prior to
training the correlation model.
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* The cardiac phantom (fig. 1) was developed using a 3D printed scaffold, Arduino UNO R3, S

B T
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Geckodrive G251 step motor driver, WanTai 42BY GHM809 stepper motor, and Arduino IDE
software.

 ABrainLAB ExacTrac Vero linear accelerator (fig. 2) was used for data collection, with the
cardiac phantom emulating realistic cardiac motion traces in conjunction with free breathing
respiratory traces inputted to a respiratory BrainLAB ExacTrac gating phantom (fig. 3).

» Vero performs dynamic tracking by generating a correlation model for the respiratory
motion (via external infrared marker tracking) and an internal surrogate for the target (such

as implanted fiducial markers).

» Data was collected for either cardiorespiratory trained (CR-T) or respiratory-only trained
(RO-T) models, using 24 unique cardiorespiratory traces (fig. 4).

» Results for hypothetical treatments with no tracking (NT) were calculated by convolving
the position discrepancy distributions of each cardiac and respiratory trace
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Figure 3: Setup of the cardiac phantom with the
respiratory gating phantom. The taped box contains a
small ceramic ball bearing, used as the target. The
white chest pad with grey infrared reflectors acts as an

external surrogate.

cardiorespiratory trace used in the
experiment. These are the most “extreme”

peak amplitude cardiorespiratory trace

Figure 4: Example cardiac, respiratory, and

traces used, resulting in the largest peak-to-
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Figure 5: 95% ITV treatment margins for

cardiorespiratory dynamic tracking (CR-T and

RO-T models) and no tracking (NT).

(NT (black)) scenario for all respiratory traces,

Figure 6. Combined distribution of deviations from
the dynamic tracking (CR-T (red) and RO-T (blue)
model) scenarios and the hypothetical no tracking

shown for the cardiac traces of A. 0 mm, B. 3 mm,

C. 6 mm, and D. 9mm amplitudes.

Conclusions

* Dynamic tracking can reduce 95% ITV margins using a correlation model trained on

cardiorespiratory motion, with further possible reductions if the cardiac motion is filtered out prior to

model generation.

* Reduction of treatment margins would directly benefit STAR patients, as it would reduce the
likelihood of adverse effects due to healthy tissue irradiation.
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