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Intro

• IRCCS SYNLAB SDN - Research Institute for integrated diagnostics

• Our PET/MR: Biograph mMR VE11p

• 2012-2023: ≈ 4000 PET/MR exams

Clinical Field

Oncology Neurology 

Cardiovascular Inflammation 2015 Siemens

2012 Siemens

2014 Siemens2017 GE

2023 GE



PET/MR: where are we at?

2008 2016 2024
Becker, M., & Garibotto, V. (2023). PET/MR Imaging in Clinical Practice: After Expectations and (Some)
Disillusion, a Slope of Enlightenment. Magnetic Resonance Imaging Clinics, 31(4), xv-xvi.
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Where do we stand today?
PET/MR special session @ISMRM italian chapter 2024

•Still searching for the killer application

•Technical challenges are almost solved

•PET/MR fostered the virtuous collaboration between NM and MRI communities

•PET/MR is confirming a valuable research tool in Brain Research

•Tool for the study of the relationship of PET and MR imaging markers (PET is the reference)
•SWI/DTI Vs Amyloid-PET
•GlucoCEST Vs FDG-PET
•ASLperfusion Vs FDG/earlyAmyloid-PET

•Tool for the study of the relationship among different brain connectivity metrics (MR is the
reference)



PM-D Background
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- Dementia requires a multi-modal assessment
- Need for reliable and reproducible (binary) markers
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What about«promising» MR techniques in AD?

• QSM (>20 studies) Quantification of iron content, Assessment of myelination, Measuring venous oxygen saturation 

”QSM has the ability to provide pathophysiological information on brain tissue properties and the potential to 
measure the efficacy of novel therapeutics in clinical settings for AD.”

Studied also In correlation with Amyloid-PET

• DTI (>50 studies) Microstructural assessment “Diffusion metrics are associated with cognitive outcomes in AD 
continuum.“

Studied also In correlation with Amyloid-PET + CONNECTOMICS

• ASL (>50 studies) «Disrupted perfusion is not only evident throughout disease manifestation, it is also 
demonstrated during the pre-clinical phase of AD” but “ lower sensitivity, specificity and inter-rater reliability for ASL 
compared to FDG-PET”

• rs-FMRI (>50 studies) «Evidence indicates that the nodes of the DMN can offer moderate to high diagnostic power
to distinguish AD and MCI patients.”

RISK: MR protocol can dominate PET/MR examination!



PM-D
Integrated PET/MR scanner as reference imaging tool in the study of dementia: technological and clinical
assessment (PM-D) GR-2018-12366779

• Enrollment started late 2020, project results must be delivered in september 2024
      

AIMS
To evaluate the benefits/costs ratio and feasibility of PET/MR, with respect to standalone PET/CT and MR, in 
management and diagnosis of dementia patients.

- PET quantified with and without MR information

To assess the accuracy of PET/MR biomarkers, and related combinations, to find a reliable clinical protocol.
- Investigating mutual relationship among imaging markers

To provide suitable PET/MR imaging protocols, image processing pipelines and structured reports for a
comprehensive dementia assessment.

- Assessing accelerated protocols Vs conventional protocols



PM-D: Research design

• Observational cross-sectional prospective study design
• Subjects target: 100 subjects within 55-90 age range

– T00 IMAGING: Amyloid-PET/CT+ structural MRI (MR angiography; volumetric 
MRI; DT; FLAIR; SWI) with PET coregistration on hybrid PET/MR scanner

– T01 IMAGING: FDG-PET/CT + functional MRI (rs-FMRI, ASL, volumetric T1+T2, 
T2-FLAIR) with PET coregistration on hybrid PET/MR scanner

– Neuropsychological assessment battery to evaluate long- and short-term 
memory abilities, frontal/executive functions, visuo-spatial and visuo-
constructional abilities

+ Blood Sample

MR Imaging protocols armonized with Italian Neuroscience Network (RIN)



Early Amyloid as proxy of Brain Metabolism

This is of particular interest 
in PET/MR:
We could, in principle, 
envision a «one shop» 
protocol that dramatically 
reduce the acquisition 
time!

During the project we changed the protocol to include also eFMM



Advantages of PET/MR

Today’s issues:

• PET/MR requires one session (and one room)

• MR-driven PET regional quantification works better

•PET/MR examination is shorter than standalone PET + MR 

INDIRECT: Can early-amyloid replace FDG-PET in clinical setting?



PM-D PROCESSING PIPELINE

ACC

+ FLAIR

TOOLS
• Freesurfer
• LST-LPA
• MRtrix
• FSL
• SPM
• AFNI
• ANTS
• Custom code



early 2024: 130 subjects

Clinical diagnosis #

Typical AD (early/late onset) 41

MCI 28

Vascular(Fazekas score >4)/Mixed 25

Atypical AD
(executive/behavioural/posterior/logopenic)

21

FTD, PPA, semantic dementia 15

• Age: 65,52 ± 8,36

• AMILOID status: 59 A+

• MMSE: 22,37 ± 6,19

• Gender: 64 F

PM-D Sample



Accelerated FLAIR
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r=0.991

ACCELERATED 3D FLAIR (2x2)  TA: 3 min

CONVENTIONAL 3D FLAIR (2x2)  TA: 6 min



Accelerated Structural T1
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FDG-PET Vs eFMM

Can early-amiloid replace FDG-PET in clinical setting?

FDG-PET template
(40 PM-D subjects)

eFMM template
(40 PM-D subjects)

eFMM: early Vizamyl uptake averaged 60’- 480’

Impressive similarity, major differences in brainstem and thalami



FDG-PET Vs eFMM

60 yo, female
T-P sx and precuneus hypometabolism

MMSE 28
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Does MR-driven PET regional quantification work better?

mni_icbm152_t1_tal_nlin_asym_

MNI_site_specific_PET template

Rondina et al. Selecting the most relevant brain  
regions to discriminateAlzheimer's disease patients 
from healthy controls […].Neuroimage Clin. 2017
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normalization on AD AAL3 regions (30patients)

Automatic PET 
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ANSWER: Not at all, probably MR can be exploited for quantification in native space
and PVE estimation



Final remarks
• MR accelerated sequences are reliable for automated softwares (tuned 

on conventional MR)

• Exploiting early amiloid can deliver comprehensive and clinically 
feasibile PET/MR protocol for dementia

• Integration with other (bio)markers can play a crucial role for patient’s
compliace

• A lot of work to do forward:

- Reprocessing/recovering of PM-D dataset in progress

- Multivariate statistical framework - evaluation of imaging markers with respect 
to clinical outcome

- Role of MR markers to unveil the glucose-perfusion mismatch
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Backup slide 1: PM-D Background
• 2013-2024 PET/MRI exploited as research tool

2022 Palombit A, Silvestri E, Volpi T, Aiello M, Cecchin D, Bertoldo A, Corbetta M. Variability of

regional glucose metabolism and the topology of functional networks in the human brain.
Neuroimage. 2022

2024 Volpi, Silvestri, Aiello, Lee, Vlassenko, Goyal, Corbetta, Bertoldo. The brain’s “dark energy”

puzzle: how strongly is glucose metabolism linked to resting-state brain activity? JCBFM, 2024



rs-fMRI
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Backup slide 2 - PM-D Background: Multimodal Window on the Brain

↑Oxygen↑ Blood Flow↑ Glucose

Integration and signaling in ensembles of neurons

Sensory, motor and cognitive processes

ATP consumption by neurons and astrocytes

NEUROPSYCHOLOGICAL AND BEHAVIOURAL ASSESSMENT

EPSI /MRS

Chemoarchitecture
Neuroreceptors

PET



Backup slide 3: PM-D Background

practicalneurology.com/articles/2019-june/alzheimers-disease-biomarkers



Backup slide 4: RIN NETWORK

Pasquale Borrelli, Giovanni Savini, Carlo Cavaliere,…………., Michela Tosetti, Marco Salvatore, Claudia A.M. Gandini Wheeler-Kingshott, Marco Aiello,
Normative values of the topological metrics of the structural connectome: A multi-site reproducibility study across the Italian Neuroscience network,
Physica Medica, Volume 112, 2023.

Harmonized MR protocol comparable with 
PM-D (NO ASL, NO PET)



Backup slide: PET/MR Imaging markers of dementia
Marker Modality Metric Acquisition time  

(approx)
Acceleration Clinical  

marker

Atrophy patterns T1-w GCA scale / MTA scale
Koedam score

6’ 3 Y

Anatomical simmetry T1-w ‘’

Pathological hallmark Amyloid-PET
Tau-PET

BAPL score,…. 10’ Y

Microstructural alterations DT FA, RD, AD 7’ 3.5’

Structural connectivity DT Graph metrics ‘’ x

Functional connectivity rs-fMRI GoF/
Graph metrics

7’ x

Abnormal myelination/ 
leukoaraiosis

T2-w FLAIR Fazekas 6’ 3 Y

Neuronal metabolism FDG-PET PALZ,… 10’ Y

Brain perfusion ASL Regional CBF 6’ x

Cerebral microbleeds SWI MARS 6’

TOTAL 56’ 43’



Backup slide 5: eFMM,FDG,FA,CBF,T1w,ReHo



Backup slide 6: HTA
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PM-D project includes specific surveys and activities to quantitatively answer



Backup slide 7: Looking Forward: from the brain to the spinal cord

Brancato V, Borrelli P, Alfano V, Picardi M, Mascalchi M, Nicolai E, Salvatore M, Aiello M. The impact of MR-based attenuation correction in spinal 
cord FDG-PET/MR imaging for neurological studies. Medical Physics, 2021

Aiello, M., Alfano, V., Salvatore, E., Cavaliere, C., Picardi, M., Della Pepa, R., ... & Mascalchi, M. (2020). [18 F] FDG uptake of the normal spinal cord in 
PET/MR imaging: comparison with PET/CT imaging. EJNMMI research, 10(1), 1-9.

Preliminary works to establish the feasibility and normative values of spinal cord PET/MRI for neurological diseases



Backup slide 8: Killer Application?

PSMR 2012

“killer applications” – i.e., applications where PET/MRI would yield a significant clinical benefit, 

in comparison with the most widely established hybrid imaging technique, PET/CT 
(PET/computed tomography), or in comparison with MRI – has been a major topic of discussion in 
the radiology and nuclear medicine communities alike.



Backup slide 9: A detail of T1 acc Vs conventional


	Diapositiva 1
	Diapositiva 2: Intro
	Diapositiva 3: PET/MR: where are we at?
	Diapositiva 4: Where do we stand today? 
	Diapositiva 5: PM-D Background
	Diapositiva 6: What about«promising» MR techniques in AD?
	Diapositiva 7: PM-D
	Diapositiva 8: PM-D: Research design
	Diapositiva 9: Early Amyloid as proxy of Brain Metabolism
	Diapositiva 10: Advantages of PET/MR
	Diapositiva 11: PM-D PROCESSING PIPELINE
	Diapositiva 12: PM-D Sample
	Diapositiva 13: Accelerated FLAIR
	Diapositiva 14: Accelerated Structural T1
	Diapositiva 15: FDG-PET Vs eFMM
	Diapositiva 16: FDG-PET Vs eFMM
	Diapositiva 17: Does MR-driven PET regional quantification work better?
	Diapositiva 18: Final remarks
	Diapositiva 19: Acknowledgments
	Diapositiva 20: Acknowledgments
	Diapositiva 21: Backup slide 1: PM-D Background
	Diapositiva 22: Backup slide 2 - PM-D Background: Multimodal Window on the Brain
	Diapositiva 23: Backup slide 3: PM-D Background
	Diapositiva 24: Backup slide 4: RIN NETWO
	Diapositiva 25: Backup slide: PET/MR Imaging markers of dementia
	Diapositiva 26: Backup slide 5: eFMM,FDG,FA,CBF,T1w,ReHo
	Diapositiva 27: Backup slide 6: HTA
	Diapositiva 28: Backup slide 7: Looking Forward: from the brain to the spinal cord
	Diapositiva 29: Backup slide 8: Killer Application?
	Diapositiva 30: Backup slide 9: A detail of T1 acc Vs conventional

