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Uniformity Analysis

* Essential in assessment of nuclear imaging systems

= Normal
= Drifting photopeak
= PMT gain drop

= Corrupt corrections
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Uniformity Analysis 1.0

* Traditional image analysis
= Pixel value-based

Nmax — Nmin %100

Integral Uniformity % = ——
J f 4 Nmax + Nmin

Flood name: D2
Detector Number = 2
Collimator Name = LEHR

Estimated Integ. Uniformity (%) = 3.61

Average min= 92.6 @ x= 195/ y= 189
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Uniformity Analysis 2.0

* Noise Power Spectrum (NPS)

= Freq y-based ysi

= Describes image texture
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Uniformity Analysis 2.0
 Structured Noise Index (SNI)

Nelson

Flood Image
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Uniformity Analysis 2.0
* Structured Noise Index (SNI)

Estimated | Estimated
Structured
Integral Integral Noise Index
UFOV CFOV
Sensitivity 62% 54% 100%
Specificity 90% 83% 95%
PPV 67% | 50% 87%
NPV 88% | 85% 100%
Accuracy 84% 76% 96%
R? 0.426 0.462 0.766

Nelson JS, et al. J Nucl Med. Jan 2014;55:169-174

Flood Image —> Filtered NPS —> Artifact Image
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Spatial Resolution 1.0

* Traditional methods

= LSF reporting FWHM somewhat limited
= Different shaped peaks can have same FWHM
= Scatter components fall in tails and may not be reflected

Line spread function (LSF): Visual subjective:
FWHM = 3.8mm, FWTM = 7.1 mm 4 quadrants resolved
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Spatial Resolution 2.0

* Modulation Transfer Function
= Complete characterization of system performance
= Eliminate subjectivity of routine QC analysis
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Spatial Resolution 2.0

¢ Modulation Transfer Function
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Spatial Resolution 2.0

* Modulation Transfer Function
= Complete characterization of system performance
= Eliminate subjectivity of routine QC analysis

e EamE
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Detectability Index (d’)

* Modeling quantitative imaging performance

MTF? .
d = IW * task function

* Figure of merit for a clinical task based on system

performance
— How does this non-uniformity impact clinical image
quality?
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Part | Conclusions

* There is an opportunity to update our
metrics in clinical use

* New metrics provide full characterization
of system performance

* New metrics improve sensitivity in
identifying change

* Metrics can be combined to predict
clinical performance
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CT Medial Line Extraction SPECT Medial Line Extraction
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Alignment Error

-0.27 mm £ 1.58 mm
0.84 mm * 1.64 mm
0.12 mm * 1.60 mm
2.56 mm £ 1.41 mm
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PART Ill: IMPLEMENTATION INTO
THE CLINIC

— Integrating New Metrics & Analytics

— Utilizing d’

— Protocol/Dose Optimization and Dose
Monitoring

— Communication Within the Clinic
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Integrating New Metrics/Analytics

* Automated QC Analysis Programs
E

Physics Server
S P

= '
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Integrating New Metrics/Analytics

¢ Automated QC Analysis Programs

Structured Noise Index

!
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Integrating New Metrics/Analytics

* Automated QC Analysis Programs
= Maintain database of NPS and MTF
= Can generate a d’ report

—What effect will that slight non-uniformity have on my
clinical images?
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Utilizing d’

PART Il

* Protocol optimization

— Can use our traditional phantoms as estimates

— May need organ/task specific phantoms for better
precision

— Need to define set of clinical tasks
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Utilizing d’

PART 111

. )

Combine with user defined task
to estimate detectability
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Patient Dose Monitoring

Instrumentation has dramatically improved

Great opportunity to revisit injected activities
Based on recorded injected activity, calculate

and database EDE and organ doses
Why all the trouble?
= Effect on age, gender (risk)

= Total exam dose (if hybrid or multiple parts to
exam)

= Combine with other modalities
= Protocol optimization tool
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Patient Dose Monitoring

EDEws. Age
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Patient Dose Monitoring

Te-99m Myoview: EDE vs. Date
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This isn’t what
I’m used to...
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