Method Note
Cross-Platform Whole-Body PET-MR Image Registration/Fusion

Introduction

PET/MR use in preclinical studies has expanded significantly in the past decade. Integrated PET-MR systems
are configured for simultaneous or sequential imaging. Because the sample animal/cradle is stable between
scans for integrated PET/MR there is an inherent fixed spatial alignment between PET and MR. Further, typically
a “registration” process that accounts for offsets and image boundaries is provided. A transformation matrix
originating from the base system calibration is required for this registration.

Depending on priorities, many facilities may perform cross-platform studies between separate PET/SPECT/CT
and MR scanners. Cross-Platform PET-MR whole body-image registration can be completed where the
anatomical position is stabilized during scanning and transfer of the sample/cradle between systems. PET/MR
image registration may then be performed using fiducial markers, CT<~ MR derived transformations matrix, or as
in the protocol described below, an intra-study whole-body PET/MR scan can provide a registration
transformation matrix.

Experimental Details

Data was acquired at the Molecular & Imaging Theranostics Center, University of Missouri. PET data was
acquired at the Bruker Albira Si PET (2-ring, 100mm FOV)/SPECT/CT. MR scans (3D-FISP whole-body FOV
for creating initial registration matrix, and focused T2-RARE MR for abdomen and lung) were acquired using the
Bruker BioSpec Maxwell 3T. The Bruker Multimodal Product Family (MMPF) cradle were used to shuttle animals
between scanners without upsetting anatomical positions. Data processing was completed using PMOD (v4.4)
Fusion Module (Bruker BioSpin).

Fuse PET to MR (3D-FISP) & Save Transformation Matrix

Below is the workflow to generate a registration matrix for the whole-body PET-MR scans for subsequent fusion
with focused MR scans. This protocol is viable for PET studies that include PET tracer body distribution/features
for alignment to whole-body MR features.

e To begin, import PET and MR data to PMOD database. Merge studies for simple handling.

e Open the PMOD Fusion module. (Confirm that “re-orient to standard orientation” is checked in the
Applications Settings menu).



e Select the Load Input Images at the pull-down menu as shown below. Select and Open the PET
dataset at the INP (green dot) from the Database.
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¢ Next, select Reference & Matching Images at the pull-down menu as shown below. Open the PET
dataset at the REF (blue dot) from the Database.
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Select the Re-slicing tool tab and drag the handles over the PET image to align with the MR-FISP
image as shown below. Select the Save button.
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Save the PET>MR Transformation Matrix to the Database for recall.
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Save the Images to the database.
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View Transformed PET Data Fused with Focused MR Study Data

¢ Open the modified PET data at the Load Input Images INP (green dot) selection in the Fusion module.
e Open the focused MR data (e.g. T2-RARE-MR abdomen) from the Reference and Matching REF (blue

dot) selection. Data will be fused in the display. If desired, the PET image data may be resaved to
generate a PET file with boundaries cropped to the focused MR study data.

o Representative PET/T2-RARE-MR fused data is shown below.




Apply Transformation Matrix to Remaining Study Data Where Desired

o As below, it is also possible to apply the saved PET>FISP transformation matrix to the original dataset if
desired, though the resulting data will be identical to the above view in cases where the original 3D-FISP-
MR scan provided full FOV coverage at least larger than focused MR FOV.
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