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QC Tool = Physical Phantom “+”° Analysis SW

https://umu24cirp.med.umich.edu/research/resources

“UM gDWI QC Tool” for quantitative DWI (ADC)

gDWI QC Tool Uses:
 Validate system performance relative to peers
» Site/system qualification for multisite trials

» Acquisition protocol design
* Periodic QA/QC, troubleshooting



DWI Phantoms Background
 |[cewater-based platform proposed ~ISMRM 2008

- Solved temperature control problem

- Water at 0°C = 1.1x103 mm?/s is tissue-like & absolute!
- Safe & economical

» Designed, built & delivered >100 phantoms for trials:
- Breast: ACRIN 6698 & ACRIN 6702
- Brain: NRG-BNOO1; PBTC; SVR Il
- Prostate ACRIN 6701




Key DWI System Performance Metrics Evaluated

» ADC bias measured at high precision (~1%)
 Random error

* b-value dependence

» Spatial dependence

» Estimate of DWI SNR (or stability) vs b-value
» Conformance to trial protocol



gDWI QC Workflow (Matlab)

Siemens DWI Philips DWI Study/Phantom-Specific
DICOM DICOM “Process/QC” Module

\/

Semi-automated ROIs defined:
“Build” ROIs applied to all DWI & ADC maps
Module Uniform output structures of ROI statistics
PDF montage of ROIs on all slices
Output in PDF report(s) and CSV tables

SysWA020-3282-001

Exam catalogue for DWI identification

Uniform data structures for:
Site / System Demographics
Key acquisition parameters
DWI each b-value
ADC maps each b-pair and all b-values
Multiple “Passes” for SNR grouped in “Sets”
Protocol compliance report
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Polyvinylpyrrolidones (PVP) DWI Phantom

§ Pierpaoli C, et al Proc ISMRM 2009; 1414.

Diffusion tunable by PVP concentration

Mono-exponential decay with b-value Quaniaiie e
_Imaging &
PVP is non-toxic & stable BIOMAIKETS gy s

QIBA/NIST development of PVP DWI phantom led by M Boss

Commercially available from CaliberMRI (gmri.com)
| . =a ; DWI @ OOS ADC @ OoC 1.5

&< CALIBER




Systems Performance via UM qDWI QC Analysis of
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QIBA DWI Profile G s

Biomarkers T

https://qibawiki.rsna.org/index.php/Profiles allin

« QIBA DWI Profile Key Element: numerical claims regarding significance level of ADC
change in brain, breast, liver & prostate

* MRI scanner assessment procedures & performance specs to meet QIBA claims were
based on UM gDWI QC Tool analysis of icewater phantom or QIBA/NIST phantom
(central vial) at 0°C (https://qibawiki.rsna.org/index.php/QIBA_Profile_Conformance)

« QIBA DWI Profile Conformance Attestation
(https://qibawiki.rsna.or php/List_of_Registered_Conformant_Users)

/index.

uuuuuuuuuuu

International Multi-Site Clinical Trials
CROs/Central-Managing-Labs

Imaglng Site/Vendor/CRO QIBA Profile Conformance Term

Invicro Imaging Center London ADC Change Profile (ver2019) Aprll 8, 2020 - April 7, 2022
QIBA/NIST PVP Liverpool Hospital, SWS Australia ADC Change Profile (ver2019) April 1, 2021 - April 1, 2023
phantom @ 0°C

H Hospital Israelita Albert Einstein, Sao Paulo, Brazil ADC Change Profile (ver2019) April 1, 2020 — April 1, 2022

New York-Presbyterian/Weill Cornell Medical Center ADC Change Profile (ver2019) April 1, 2021 — April 1, 2023
- |



For Wider Adoption of gDWI QC Process

* Feedback: ... “feasible but too complicated for average site / user”

» Desire professional-grade QC solution to support clinical trials
- Sustainable
- Responsive
- High-volume

QIBA / CaliberMRI Collaboration
Goal: Validate gCal sw on shared datasets of QIBA/NIST phantom at 0°C

Quantitative % P
~ Imaging ® s ~ Z. 'g
Biomarkers g . rona — /'\T‘ I

Alliance &®

UM qDWI QC Tool gCal



Technical Validation of CaliberMRI gqCal SW @ 0°C

Quantitative Agreement UM gDWI Tool & CaliberMRI gCal Demonstrate
UM: “qDWI QC Tool” | B €< CALIBER? RElelk

SysID / NickName: Ph30T42001 / Ph30T42001
Manufacurer: Philips Medical Systems

Field Strength: 3.0T -
Serial #: 42001 SW ver: 5.4.15.4.1.1 Study Information
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TR(ms) = 7999.9995; TE(ms) = 130; NAV = 2 { v (o) ¢ nstitution Name UNIVERSITY of MICHIGAN Main
FOV(mm) = 220 220 g 3 o : & : tation Name UH3T_RES

Stice Thk(mm) = 4; No. Slices = 7 > o © $30) icanner Serial Number
Bandwidth (Hz/Px) = 1645 X icanner Software Versions
AcqFreq Mx = 128; AcqPhase Mx = 130 teceive Coil Name
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Parallel imaging: YES: Pl Factor = 2

Receiver Coil: MULTI COIL

Ingenia
128 Diffusion
- * ** Central Tube All-Fit Results: * * *
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ADC Spatisiblont ksonoy = 4173 lontents NIST Value # Voxels Mean Bias Percent Max B-Value Dependence SNRBO SNRBS00 SNRB1000 SNRB1500 SNR B2000 Random Error w
ADC b-value Dependence = 1.59 % | :
ADC wSigma = 0.00066 um2/ms Linearity: Unity (-)

ADC wCV = 0.06 % ruf
ADC RC = 0.00184 um2/ms | Linearity Spec is Siope = 1 +/- 0.05

Low-b DWI SNRest via MultiPass = 280; via bkgnd = 1719 Slope = 1.0125; SE = 0.0077 CLINICAL SITE
High-b DWI SNRest via MultiPass = 68; via bkgnd = 526 Intercept = -0.0028; SE = 0.0053 1 — _ R — — —

R-squared = 0.9994 f VENDOR MAME 9048 1249 - . 26.15 (500, 2000) 1329 14256
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UM gDWI Tool Extended to Ambient Temperatures

https://umu24cirp.med.umich.edu/research/resources

Amouzandeh, G,, et al., Technical note: Temperature and concentration dependence of
ProceSS: water diffusion in polyvinylpyrrolidone solutions. Med Phys, 2022. 49(5): p. 3325-3332.

 Calibration values of ADC,,; at
discrete temperatures

* Normalized by D, ..., Via Speedy-
Angell model (J Chem Phys.
1976;65(3):851-858)

—Quadratic function wrt [PVP]

* Fit constants used to predict .
ADC,,, at arbitrary [PVP] and 3} o=KL [PVPF + K2 - [PVP] +1
room temperatures

“* Must measure internal phantom
temperature at scantime !!!



UM gDWI Tool Applied to QIBA/NIST Phantom at Ambient Temperatures

In Matlab:
>> run_PVP_qc;
Select output from “build module”

Enter Phantom Temperature (°C)

Enter Desired Slice Range

« ROIs - VOIs automatically defined
« PDF Reports and CSV table created
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QC Script: run-PVP-go-Vd; Date: 0
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Summary: gDWI QC Tools (phantom + analysis)
» Successfully applied in support of multiple clinical trials

» Aided design of QIBA DWI profile conformance procedures

» Applied to QIBA/NIST PVP phantom & to validate
commercial CaliberMRI gCal for phantom at 0°C

» Extended for QIBA/NIST PVP phantom at (measured) room
temperature

 QIBA conformance specs at room temperature are pending

* FYl: New CaliberMRI PVP phantoms have built-in MR-visible
thermometer
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