gl 3
¢

The future of (brain) PEQ

opportunities for disorders of
CONScCIousness

Tommaso Volpi
MD, PhD

[18F]FDG PET Workshop

02/25/2026

tommaso.volpi@yale.edu - i:
s orovons IMAGING B




HRRT @ Yale PET Cent

AStateof-the-art for brain PET
ADesign > 20 years old
A>5000 human studies

A~50 different tracers
ADynamic (listmode) acquisition for 6450 min
AArterial blood sampling in ~60% of the scans
AOperating at ~3 mm resolution (probably)
AOnline hardware motion correction
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What have we learned from the HRRT at Yale

Alnsufficient systensensitivity
A Counts are usually the limiting case
A Radioactivity images are often noisy
A Parametric images from voxbi-voxel kinetic modeling are noisier
A Some form of filtering / noise reduction is needed
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APeoplemove!
A High resolution is not meaningful without great motion correction
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Totalbody scanneuEXPLORER UC Davis

Highsensitivity enables high signdb-noise ratio for
short scan durations
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300 sec frame
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This enables parametric
Imaging at higlspatial
resolutionwith no
smoothing
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Enables sulsecond
temporal resolutionof the
arterial input function and

bolus arrival times and
transit times
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(0 NeuroEXPLORER Yale | UCDAVIS | srGke G
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A fully-functional wellcharacterized
commerciallyavailable brain PET system

Total axial FOV of
NeuroEXPLORER

| (e . Key Features:

A At leastl0-fold higher effectivesensitivity (TOF < 270s, axial FOV 50
cm + shoulder cdbut) than the HRRT

A Useablespatial resolutionof <2 mm(DOIl)in the human brain

A Continuousmotion correction Li et al.J Nucl Me@024



What Can Nexgeneration Brain PET Accomplish?

Alnternational group of brain PET experts

A Anissa AbDargham, David J. Brooks, Kelly P. CosgroveFamis Alexander
Hammers, William Jagust Gitte M. Knudsen, Diana Martinez, Rajesh
NarendranEugeniiA. Rabiner

AMany years of experienda human brain PET researctovering
schizophrenia, substance use disorders, depression, dementia, epilepsy and
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AOur aim was tadentify the un-fulfilled wish lists of studies that rest
upon improved scanner performance

AThree overall directions:
ANew Imaging Paradigms
ARadiation Dose Reduction
AMethodological Improvements
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New Imaging Paradigms

Imaging small brain structures

Spinal cord imaging

Dynamics

Measuring lowdensity binding sites
Measuring small withksubject changes
Atlas of therapeutic targets
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1. Imaging small brain structures
High Resolution -
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18F-FDG (SUV 60-90 min) 11C-PHNO (SUV 40-60 min) 18F-FE-PE2| (SUV 40-90 min)
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Volpi et al.Eur J Nucl &t Mol Imaging2025
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18F.SynVest-1 kinetic parameters derived with a 1TC model within small nuclei (FreeSurfer, MASSP 2.0 ROIs; NX, n=5).
ROI volumes are reported. Data are presented as mean (percent SD), and divided by region (thalamus, subthalamic nucleus,
brainstem, hippocampus, cerebellum).
Region ROI vol. [cm?] Vr [mL/em3] BPyp [unitless] | K, [mL/cm?®min] k; [min-1]
Thalamus, Pulvinar 3.6 (7%) 21.2 (9%) 5.7 (10%) 0.48 (4%) 0.023 (9%)
Thalamus, Medial nuclei 2.2 (4%) 20.0 (19%) 5.2 (13%) 0.60 (12%) 0.030 (17%)
Thalamus, Lateral nuclei 0.23 (18%) 16.6 (13%) 4.2 (15%) 0.53 (8%) 0.032 (19%)
Thalamus — Anterior nuclei 0.27 (12%) 15.1 (25%) 3.7 (20%) 0.49 (14%) 0.033 (21%)
Thalamus - Ventral nuclei 5.4 (4%) 14.5 (19%) 3.5 (14%) 0.51 (6%) 0.036 (17%)
. Thalamus, Lateral geniculate 0.24 (8%) 11.2 (17%) 2.5 (30%) 0.48 (29%) 0.043 (21%)
Volpi et alNRM2026 [thalamus, Medial ggeniculate 0.09 (8%) 17.3 (26%) 4.4 (23%) 0.49 (12%) 0.029 (21%)
Subthalamic nuclei 0.35 (8%) 8.2 (14%) 1.6 (14%) 0.46 (13%) 0.058 (22%)
Brainstem, Red nuclei 0.66 (7%) 9.0 (15%) 1.8 (17%) 0.47 (13%) 0.053 (21%)
Brainstem, Substantia nigra 1.6 (9%) 9.5 (13%) 2.0 (17%) 0.32 (16%) 0.034 (15%)
Brainstem, Inferior colliculi 0.16 (11%) 13.6 (10%) 3.3 (24%) 0.74 (11%) 0.055 (15%)
Brainstem, Superior colliculi 0.27 (10%) 15.0 (5%) 3.7 (14%) 0.54 (13%) 0.036 (17%)
Hippocampus, CA 1 1.98 (5%) 17.7 (20%) 4.5 (19%) 0.35 (17%) 0.020 (20%)
Hippocampus, CA 2/3 0.70 (4%) 14.2 (35%) 3.4 (37%) 0.38 (13%) 0.029 (34%)
Hippocampus, Dentate gyrus 1.1 (6%) 19.5 (17%) 5.1 (14%) 0.42 (10%) 0.022 (18%)
. Hippocampus, Subiculum 2.1 (8%) 16.9 (9%) 4.3 (12%) 0.37 (16%) 0.022 (18%)
tom maSOVOI pl @yale . ed u Cerebellum, dentate nuclei 1.2 (20%) 5.4 (9%) 0.7 (22%) 0.54 (7%) 0.100 (12%)
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2. Spinal cord imaging “

AHigh relevance to spinal cord
iInjury and ALS

ASmall diameter (82 mm)

ALow target densities A
i
ADedicated brain systems neédhh
sensitivity, high resolutioandlong 0 . +,— 3 |
axial FOWo image cervical cord {1+ ORO ‘D“'AXP@E*
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3. Dynamics: neurotransmitter releaseHiqh Sensitivity

Problem: Looking for a Neurotransmitter Needle
in 11GRaclopride Haystack
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3. Dynamics: Fast Early Kinetics High Sensitivity

Timevarying1lTCModel
b . .
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3. Dynamics: FluctuationstfPET

Gray Matter Input Signal
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4 Regressed & Filtered Signal

Regressed Signal

o

5 10 15 20 25
Time [min]

TR ERETE s 0.6
h!’ e &

T

: 1&'-‘?? :

eI, 0.4
LR e I

Al oAl 0.2

| v iR

0

0 5 5 10 15 20 25 R
Time [min] Time [min] é
2 \I
5 Exemplary Bandpass Components femm = g b||.‘|,‘““\ 1|| 'l ‘. [r—
1 T it | (! |||||I || |‘
= |
< -2
-4
0 5 10 15 20 25
Time [min]
\
500 1000
Input Signal Compcor Qutput Signal Metabolic connectivity

tommaso.volpi@yale.edu

High Sensitivity

A Continuous infusion to
achieve equilibrium

A Taskbased paradigms
A Resting state for PET
connectivity analysis

A Neuronal fluctuations?
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Radiation Dose Reduction Pruning - Autism & Schizophrenia
High Sensitivity UUNE 4

AAdolescentimaging
AEpilepsy
AASD, Schizophrenia Ly [ Qe
ASynaptic pruning AtBirth 6 YearsOld 14 Years Old

ANeedultra-low dose (e.g., 1:10and excellent motion correction

ALongitudinalfollow-up (multi-tracer, multi-modal)

AS5h/ X 5SYSYUAlIX {dzoaidl yOS dzaS X
AHealthyControls

AEase recruitment challenges

ATarget radiation dose:
Dose of an intercontinental flight Denoising (DL?)
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Methodological improvements
Carotid Artery Imaging

AAccurate input function for kinetic analysis
Almagederived input function is more desirabls

AChallenges:
ASmall size of the carotid arteries
ADifferent tracers
ABoth high and low contrast
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Internal Carotid (IC) ~n
Common Carotid (CC) BF-FDG[ @& p .

Arterial blood samples

High Resolution
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