Automated CT-CT Deformable Image Registration QA Using Virtual Phantoms
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Automation developed for DIR QA ~ €)Auto data oreanization

& analysis
Anonymized &
A DICOM watcher in MIM was curated .

configured to detect and import
batch-processed exports from
ImSIMQA.

To address the labor-intensive nature of Quantitative Deformable Image
Registration (DIR) QA in MIM Maestro™ 7.3.8 for Lung and Head & Neck
disease sites.

* Automated Ingestion: DICOM Watcher
automatically imports and processes

e outputs from ImSImQA™

* Keyword-Driven Workflow: MIM

e workflow embeds specific identification

keywords 1nto the output DICOM series

©.cc impor descriptions for downstream automation

o mim using Python scripting.

SOFTWARE-

Introduction and Motivation

« Virtual Phantoms are obtained from anonymized patients.

« Given a virtual phantom, ImMSImQA™ can produce a series of
deformations using the software’s built-in site-dependent biomechanical
models, resulting in deformed CTs, contours, and deformation vector fields
(DVFs) for benchmarking MIM’s performance.

Batch deform
A custom MIM workflow was G
implemented to perform registration, DIcOM

Folder
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Actions

4B | aunch Workflow

Smulatioe ercund it BVE uslng e export Deformation Vector Fields
SIMEA (DVFs) and automatically calculate Dice Similarity Coefficient (DSC)
LRI and Hausdorff Distance (HD) between structures deformed by MIM Lung DIR QA example results for cord
and the corresponding ground truth. This workflow embeds specific
keywords mto the DICOM series descriptions, triggering downstream * This streamlined process completes the DIR QA for MIM
outputs Python scripts to automatically 1dentify, pair, organize, and analyze the 7.3.8, completing a single deformation scenario in the order
oo data of a few minutes.
* ImSimQA™ supports basic manual benchmarking against the ground * The platform successfully processed all contours without
:;‘ttlrt‘lp'lloF‘;‘;et:’eer:tS”(‘i?;i;::%ytsri 23?;’&?50;’gzzzfg;gagleef;frggﬂyj'”g e Auto gaat:aolrganlzatlon MIM’s deformable REG object manual intervention. For Lung, 1.1% (315 out 0f 29105) of
generated by ImMSIimQA™: ' ysis DV F4ef0rmdoes not contain initial rigid the contours tested have 95-percentile DVF larger than 2
li‘péil?oi‘?lﬁ?fL‘EZ;’ZS " patlen_t registration DV Figig which 1s a DICOM mm, with 78% of those out-of-tolerance caies come from T
g%v;: gsmmmofigTéioeTprQn:.f:/;ignn;l;ng)e object with 16 parameters. medium or high deformations. For HN, 1.5 A> (63 out of Head & Neck D] O
(low~5 mm, medium~10 mm, high~20 mm). 4308) of the contours tested have 95-percentile DVF larger | cord .. et o
33 H&N deformations per patient: forwardackward e expansanishrinags The full ground truth DVF DVFfull needs to be calculated by end user than 2mm, with all out of tolerance come from medium or !
o e 35 uing fhe follow e ormus heh deformations
and parotid e,xpansion/shrinka,geg DVFgyy = inv(D VFrigid) + DV Fgeform * This work establishes a scalable, high-throughput platform
(low~3 mm, medium=~> mm, high~8 mm). The DVF generated by MIM is then imported into ImSimQA for DVF for DIR QA using clinical data. By automating data import
« An automated deformation, registration, and analysis are needed to scale QA which gives a distribution of DVF errors for each structure. The via DICOM watchers and analysis via keyword-embedded
g‘ﬁ? q:Oam”::?Sﬁs\i’gn%A process over multiple virtual phantoms for thorough result is exported so that a final python script can parse to produce workflows, the labor required for commissioning was
J final commission report. significantly reduced.
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