Influence of tube current modulation on noise statistics of
reconstructed images in low-dose lung cancer CT
screening

J Hoffman, F Noo, M McNitt-Gray
August 30, 2017
AAPM Annual Meeting 2017

Health




Motivation

Standard TCM Curves

Fixed
—— Clinical

* Tube current modulation (TCM)
is optimized for dose and noise
reduction [1]

Normalized TC

* Noise magnitude alone is not a
predictor of task performance

(e.g. [2])
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Motivation

* Previous work [3,4]
- TCM impact on model observer performance

- SKE/BKE
- Found TCM has impact on detection of difficult, low-contrast lesions

* \What about other tasks?

- Does TCM improve/hinder performance?
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Methods

 The task

- Estimate value of a voxel using
1,000 surrounding voxels

- Clinically, might translate to
estimating density of a tumor “core”
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Methods

« Simulations — XCAT Phantom [5]

Standard TCM Curves

— Fixed
- Noise realizations —— Clinical

« Poisson statistics
- Realistic scanner bowtie

« Realistic scanner TCM

Normalized TC

« 1,000 noise realizations

- 500 Fixed TC
- 500 TCM
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Methods

« Simulations — XCAT Phantom [5]

- Noise realizations '

- Poisson statistics
- Realistic scanner bowtie
- Realistic scanner TCM
- 1,000 noise realizations
- 500 Fixed TC
- 500 TCM

- Equivalent fluence cent. detector
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Methods

 Reconstructions

- FreeCT_wFBP [6] F CT
- Clinically-similar weighted re e

filtered backprojection

- http://cvib.ucla.edu/freect
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Methods

S
* Analysis ’

- Convolve 10x10x10 window ‘

- Variance maps of phantom

- Figure of merit: standard
deviation of estimated voxel
value, O
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Some intuition...

* Good task performance:
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Some intuition...

* Poor task performance:

High SD
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Results

 First, correlations

 TCM does have impact on fundamental noise characteristics
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Results

* Variance maps (no task)
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Results

* Variance maps - ROl estimation task
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Results

x10°

* Voxel by voxel comparison ’

« TCM less-favorable in 70.8% of
locations

« 97.51% of all differences <2HU

« 1.72% of locations where
unfavorable fixed TC differences >
2HU

Counts over ROI locations
N

. Least favorable fixed TC locations 05 16 HU

were worse than TCM (0.06%)
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Conclusions

* From this data alone
- Fixed is perhaps slightly preferential to TCM
» However
- More voxels (1.72%) with 2-8 HU difference w/ fixed

- Concentrated around posterior apices of lungs

- Clinical significance of 0.06% of voxels

- ~1cm nodule if all clumped together
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Limitations

* Simulation

-« Monochromatic beam
- Normalized fluence vs. normalized dose

- Standard -size patient
» Task

- More complex task could result in different conclusions
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Thank you! Questions?
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