After NEMA-NU?2

Establishing a Quality Control Programme

ANZSNM Physics SIG Workshop

10t December, 2007

Graeme O’Keefe
Centre for PET
Austin Health




NEMA-NU?2

Acceptance Testing

Spatial Resolution
Scatter Fraction
Countrate Losses
Randoms Measurement

p156s9-int countrate performance

Sensitivity

Corrections

Image Quality

Accuracy of Attenuation/Scatter corrections
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After NEMA-NU2
PET / CT QC

Allegro CsAC 576FOV vs. 256FOV
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PET/CT QC / QA
What & Why

Monitor Performance
Confirm Integrity

Detect Anomalies

Trouble-shooting




PET / CT Quality Control

Daily :
— Clinical programme integrated
» Technologist

Weekly :
» Technologist / Physicist
Monthly / Quarterly :
— Maintenance
» Engineer + Physicist
Annually :
— Maintenance
» Engineer + Physicist
* Vendor sub-set of NEMA-NU?2
* Site specific tests
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Quality Control

CT elements

W focal spot

bow-tie filter

* X-ray generator DERT
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Quality Control
CT daily regimen

* Tube conditioning
— Filament adaptation

» Air Calibration
— Anode current / Sensor response

Austin Health




Patient Applications PET Transfer Edit View Image Tools
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* Scan water layer

— Measure water HU
 CTAC

— Check for artifacts

« Ring artifacts
— Redo conditioning
— Redo Air Cal

Courtesy: Stefan Eberl, RPA




Quality Control
CT weekly regimen

 Hounstield Unit Calibration Quality Noise Results
— ROI means Date: 29.10.2007 07:45:13
— ROI standard deviation range

. Water [HU]
* mASs setting accuracy -m

Reference. -0. 03

kVp, mAs exercising O — *'*”ﬁ”“

Result: 2% 83
Reference: ‘ -0.93

— Filament adaptation row 2 Tolerance: ' +/-4.00 A

Result -717].77570

- COlllmatlon ‘7 Reference: | -0.18

Tolerance: | +/-4.00

« MTF & Slice thickness T
— Physics layer T ——

| Reference: 0.16

® CheCk error log Tolerance: [ +/-4.00 o

Result: -0.76

. Reference: [ -0.57
Austin Health Tolerance: [ +i-4.00

| Result: N 114
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Quality Control
CT weekly regimen

« HU calibration check

Daily QC Austin Health
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PMT (420 REQUIRED)

MODULE (28 REQUIRED)

= GSO CRYSTALS
= (638 PER MODULE)
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Graphic from Allegro User/Service M anual
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PET Data Acquisition

25 nsec

PMT signals ERE

Trigger si

PMT signals
Austin Health 25 nsec

reset

Shaped PMT signals

Trigger
signals

Shaped PMT signals Nf L

Hz
Flash

Digitised PMT signals

Digitised PMT signals




Quality Control
PET daily regimens

Gains
— PMT, SumAmps

Event Energy
— Photopeak measurement
Event Positioning
— Crystal maps
Event Timing
— Optimal coincidence rate
Uniformity
— Blank or Uniform phantom measurement

 Total measurement time ~ 10 mins

Austin Health




Quality Control - daily
PET - Energy g

e Source measurement
— Pass / Warning / Fail Report

— Typically no spectra generated

— Failure
e Re-run QC / cycle power
 Call Vendor

 Localise fault
— Philips : listmode acq.

Austin Health




Quality Control - daily

PET detector uniformity

atient  Applic ns PET Tools O

SinoViewer \ct5801ANIMAGESK\2.0.33862\CTIEMSINO_2_1_4.0.5068866.s
Phantom Parameters File Display Tools Fansums Help
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ity[82.8800 3 4 13 0 1650. 160 168 188

* Uniform source scan [ g oew

Volume|6189.00
Calibration Factor|1.00000

— Detector response
— anomalies

 Blank scan
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Courtesy: Stefan Eberl, RPA
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PET Daily Quality Assurance (DQA)
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Quality Control - weekly
PET - Normalisation & Spatial Uniformity

e Uniform cylinder source

e clinical dose levels
* 50-100 MBq

— Acquire 20-min scan

— Reconstruct
— ROI(u,0)/slice

« Standard Uptake Value

— calibration check

Austin Health




Quality Control - weekly

Normalisation / SUV calibration
576FQOV 256FOV

akt

8F flood phantom
is mounted on the
phantom holder
over the end of
patient bed

68Ge solid phantom
is placed on the
patient pallet

with a phantom
support
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Quality Control

Longitudinal uniformity

Allegro CsAC 576FOV vs. 256FOV
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Comparison of mean SUVs of VOlIs (Allegro CsAC 576FOV vs. 256F0V)
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Quality Control - Quarterly
PET/CT System Alignment

File Options Utilities View £ Patient: Rando, Man

0 Alignment matrix  [EESSSr—"

1000001

A

2D Color: greyscale = Window/Level...|| %"
P ——e | O]
Secondary ,101393511_Align20050307.1 — ‘AJ
Image Set:

/proper CTAC 2D Color:  Thermal — V\/indow.'Level,..i

Registration Setup

v PET/CT registration [ =

Iove Secondary Center to Primary Center

Reset Secondary to Initial Position

2D Fusion View Parameters

Image thickness

=L 0.3 cm
Tile size:

(of currently selected Fusion window)

JET | pixels

EICRIES ¥ = 1,880 Han Rando

Primary - Secondary “® Fusion Reset to T/ ‘

Press Button 3 for image manipulation t
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Quality Control - annual
PET - Crystal Maps

* Crystal position encoding
— Light sharing characteristics
— Calibrated at installation
— Replaced modules / blocks

* Checked annually

* Performed by service engineers

Austin Health




g Quality Control - annual
PET Crystal maps

Module 45, block 2
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Quality Control - annual
PET

* Vendor
* Gains / Timings
 Blank(!*’Cs) / Normalisation
* Deadtime / SUV calibration
* Gantry alignment
* GDR - Crystal maps

e Site - NEMA-NU2 subset

* Resolution
Sensitivity
Scatter
Corrections
Countrate

Austin Health




Other Tools for Fault Finding
-Case Study

GE DLS PET/CT. Passed Daily QA.
Intermittent Problem. ‘Block’ based fault
Raw sinogram — OK

? reconstruction dependency

‘Investigator’

— Visualization package — displays multiple
performance characteristics of detectors.

4 MO
>liq G D=L

MIP Navigate

Courtesy: David Binns, Peter M ac




Crystal/Singles MUX Deadtime Block Deadtime

Mod 39/Blk 3 Mod 39/Blk 3
Crystal X:1Z:5

Module 42

File View Zoon Color HAnalyze NU2-2001 File View Zoon Color HAnalyze HNU2-2001 File Vies 2Zoom Color Rnalyze HNU2-2001

Courtesy: David Binns, Peter M ac




 DTC applied (reconstruction)

 No DTC applied

Courtesy: David Binns, Peter M ac




—

O
=
©
o)
—
=
@,
A

Austin Health




Fan beam artifact

Comparison of FBP
and Attenuation

Weighted OSEM
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Quality Control
PET - Uniformity

= . HV supply

— Separate ring
Supplies

Austin Health




Quality Control
PET - Module Fault

g20061002a.list: detector 3

* Anomaly in point source acquisition

Help | File View Zoom Tools

g20061002a.list: detector 3 g20061002a.list: detector 3

Austin Healths Listmode PHA analysis of virtual detector 3 in the anomalous region of the crystal
map reveals that virtual detector 0 has normal Photopeak positioning whilst virtual
detector 3 has a ‘high-gain’.




Austin Health

Quality Control

Conclusion

Routine QC
— Daily / Weekly
— Quarterly / Annually

System specifics

— Vendor training
— Site training
Logfiles

— maintain / monitor

Normalisation files
— Archive
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PET/CT GTV Markup

Partial Volume

A\

¢ RC from RAMLA
1 8F o RC from OSEM

A RC from FBP

Transverse @61 ;X =64.11764526037202
Line Profile




QC — energy peak/resolution




Allegro Operational

+ Daily QC
* PreAmp/SumAmp baseline measurement.
* Photopeak centroid and FWHM ~ 5 min
* Emission/Transmission ~ 5 min.
« Pass/Warning/Fail status

 Routine Calibrations

— Quarterly
¢ PreAmp/SumAmp
e CFD Thresholds
e Timing
— 6-monthly
« Normalisation — SUV/Deadtime
 Spatial Resolution
» Countrate performance.
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