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Volumetric Deformation Assessment

3DCBCT image of the lung [1] 4DCBCT image of the lung [2]
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Limitations of 4DCBCT

Blurring artifacts without motion compensation
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Motion Compensated SART (mcSART) Workflow

Proposed Method: work the model building into the reconstruction, using projection data and an external
surrogate. Develop the model and image simultaneously.
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MCcSART lterative Formulation

AT(Pt — A¥1fi)

wTw

fev1=fe + Azt =t

fi: 3D reference image at iteration k w, wT:weighting parameters
wt: transformer from reference image to angle t A: relaxation factor, set to 1
¥-t: inverse transformer

A, AT projector and backprojector

E Sy i
"©.§ David Gerlen
¢ School of Medicine

Health

Radiation Oncology




MCcSART lterative Formulation

AT(Pt — AY' fx)
wTw

fev1=fe + Azt =t

fi: 3D reference image at iteration k w, wT:weighting parameters
wt: transformer from reference image to angle t A: relaxation factor, set to 1
¥-t: inverse transformer

A, AT projector and backprojector
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MCcSART lterative Formulation

Proj diff at time t

AT|(p* — A
fr+1 = fr +ﬂzt‘{’_t (p —iz

wiw

fi: 3D reference image at iteration k w, wT:weighting parameters
wt: transformer from reference image to angle t A: relaxation factor, set to 1
¥-t: inverse transformer

A, AT projector and backprojector
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MCcSART lterative Formulation

Go to next projection

Proj diff at time t

L AT - Avif)

=fi ¥A)_| ¥ et
fir = fi ¥4 ——
fi: 3D reference image at iteration k w, wT:weighting parameters
wt: transformer from reference image to angle t A: relaxation factor, set to 1

¥-t: inverse transformer
A, AT projector and backprojector
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5D Motion Model

* Measure surrogate data during projection data acquisition
» Use deeds to deformably register each binned image set | Amplitude
« Obtain deformation vector field (DVF) from images g I ——
« Update motion model g y :i::
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Image updating

lterating mMcSART

Group projection into bins

Insert motion
model

Solve McSART for each
bin

Update estimating images

Hit stop
Criteria?

Deform image registration of
images of all bins

Insert surrogate
data

Solve Quadratic equation for
a’s and B’s

Motion model updating

Update motion model
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Progress on mcSART

MCcSART simulations using XCAT phantom
MCcSART

4D SART

Ground Truth
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Adapting Workflow for Prospective Patient
Data

Need good breathing trace which captures patient drift

Amplitude

Tracklng Block Camera
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Adapting Workflow for Prospective Patient
Data

Need to adapt framework for half fan projections

CBCT imaging time 0 seconds

SART
midslice coronal Raw projections
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Implementation of mMcSART

MATL AR Higher level
scripting/processes
<\ MATLAB
“3 y
RIK TK

Forward/back projectors,
SART/FDK
reconstruction tools etc.

ITK/IRTK
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Sample Reconstructions

Test patient — Lung cancer, pre-treatment imaging on Novalis Tx

3D FDK 4D SART MCcSART
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Tissue SNR Evaluation

4 patients — Lung cancer, pre-treatment imaging on Novalis Tx

Mean Lung SNR
Method Patient 1 Patient 2 Patient 3 Patient 4 Global
FDK 3.5 3.3 3.4 3.2 3.4
4D-SART 3.2 5.2 1.3 2.1 3
mcSART 5.1 3.9 5.2 3 4.3
Mean Soft Tissue SNR
Method Patient 1 Patient 2 Patient 3 Patient 4 Global
FDK 5.8 6.7 3.8 3.8 5
4D-SART 6.2 11.6 12.7 10.4 10.2
McSART 13.2 11.1 8.6 19.1 13

The soft tissue and lung SNR measurements for mcSART images were
* 160% and 28% greater than FDK-reconstructed image
» 26% and 43% greater than 4D-SART reconstructed images.
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Conclusions and Future Work

Axial Sagittal

Conclusions: We have developed a method to
create a high-quality motion-compensated
reference image and motion model with real
patient data using mcSART.

Raw
Projections

FDK

Next Steps:

« Evaluate image quality metrics in larger
cohort of patients.

e Test reconstruction of abdominal mcSART
CBCT images.

« Quantitatively compare ITV volumes from
S5DCT simulation to 5D mcSART.

mc SART 4D SART
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Thank yeu.
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