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1) What do we measure : the 4^ dimension [Cradioligand] / time [Δt0 - Equilibrium]  in volume of interest (Vxyz) 

Time Activity Curve
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2) AI: Symbolic reasoning

We model entities of the real 
world and their logical
relationships in the form of 
symbols with which 
arithmetic operations can 
then be performed.

Already using so far !!

the only one AI during 
From the 1950s to the 
1980s,



AI: Example - Compartmental Modelling in Nuclear Medicine

CP(t) = [plasmatica] del radiofarmaco non metabolizzato (Bq/mL)
C2(t) = [radiofarmaco] nel comp. non spiazzabile del tessuto con i recettori (Bq/mL)
C’2(t) = [radiofarmaco] nel comp. non spiazzabile del tessuto di riferimento (Bq/mL)
C3(t) = [radiofarmaco] nel comp. recettoriale specifico (Bq/mL)

f1Cp(t) = frazione di Cp che può diffondere verso C2 o C’2
f1C2(t) = frazione di Cp che può diffondere verso C3
K1 e K’1 = Delivery Rate Constant dal plasma al comp. non spiazzabile (mL/g/min)
k2 e k’2 = rate di retro-diffusione dal comp. non spiazzabile al comp. plasmatico (min-1)
K3 e k4 = rate di trasferimento dal comp.non spiazzabile al comp. Recettoriale e viceversa (min-1)

Legenda

Le variazioni di [C] nei singoli compartimenti possono
essere descritte con un set di equazione differenziali
che tiene conto degli input/output nei compartimenti
stessi:

Eq. 4

a - Tessuto CONTENENTE i recettori
(Tessuto con il parametro da misurare)

arterioso Non 
spiazzabile

BEE recettoriale

Cp C2 C3

K1

k2

k3

k4

b - Tessuto che NON contiene i recettori
(Tessuto di Riferimento)

arterioso Non spiazzabileBEE

C’2Cp

K’1

k’2

Eq. 5

Eq. 6

All’Equilibrio (no trasferimento netto di
radiofarmaco tra i comp.), il lato sn delle equazioni =
0

Eq. 10 e sostituendo in Eq. 8Eq. 7

Eq. 8

Eq. 9

a

b

Eq. 11

Eq. 12

dove BP = ≈ B’max

Kd

in vitro
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3) AI: MACHINE LEARNING – DEEP LEARNING 

… big data are necessary to learn

In “conventional machine learning” computer systems learn
to accomplish a task independently—that is, without explicit
instructions—and thus perform observational learning from
large amounts of data.

Warning

...  the internal representation of the investigated system is 
very complex as ‘‘black boxes,’’ and the corresponding 
output of such systems can no longer be reliabledeep learning is based on artificial neural

networks (ANNs). Because of a multitude of
layers (so-called hidden layers) between the
input and output layers, these neural networks
have a much larger space for free parameters
and thus allow much more complex
abstractions than conventional machine
learning methods.

… to be aware of question in input

Warning



… to be aware of question in input … 

Warning
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From Neural Network to Deep Learning

system identification, natural resource 
management, process control, vehicle control, 
quantum chemistry, decision making, game 
playing, face identification, pattern recognition , 
signal classification, sequence recognition, object 
recognition, finance, medical diagnosis, 
visualization, data mining, machine translation, 
email spam filtering, social network filtering

Neuron

Perceptron

Automatic speech recognition, Image recognition, 
visual art processing, Natural language 
processing, drug discovery and toxicology, 
customer relationship management, 
recommendation engines, Mobile advertising, 
medical prognosis,  bioinformatics, Image 
restoration etc.

Application Areas 

https://www.educba.com/how-to-make-the-right-sales-hiring-decision-process/
https://www.educba.com/data-mining-vs-data-visualization/
https://www.educba.com/data-mining-vs-statistics/
https://www.educba.com/course/social-network-marketing/


From Neural Network to Deep Learning
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From Neural Network to Deep Learning





From Neural Network to Deep Learning



“Every biopsy should be considered a 
failed imaging experiment”

Mark Griswold, 2018



DL in Medicine
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MIT Deploys Deep Learning Tool for Analyzing Mammograms

DL in Medicine



Segmentation

DL in Medicine



Moving toward DL… 
Radiomics Immuno-Lung: Correlate CT quantitative parameters to progression of 
clinical and / or radiological disease

Objective imaging in Amyloid PET neuroimaging: Automatic quantitative anaysis 
of PET amyloid images

?Imaging Biomarker

Segmentation and Imaging Biomarker ?



Radiomics Immuno-Lung: Correlate CT quantitative parameters to progression of 
clinical and / or radiological disease



Radiomics Immuno-Lung: Correlate CT quantitative parameters to progression of 
clinical and / or radiological disease



Segmentation
From Fusion and manual contouring

To AutoSegmentation…

Objective imaging in Amyloid PET neuroimaging: Automatic quantitative anaysis 
of PET amyloid images



Imaging Biomarker

Objective imaging in Amyloid PET neuroimaging: Automatic quantitative anaysis 
of PET amyloid images

From One Parameter (SUVR) ….to UNSUPERVISED analysis of image features 

….to

Visvikis, D., Cheze Le Rest, C., Jaouen, V., & Hatt, M. (2019). Artificial intelligence, machine (deep) learning and radio(geno)mics: definitions and 
nuclear medicine imaging applications.
European Journal of Nuclear Medicine and Molecular Imaging.



1/5 of Dose 

Administration 

DL in Nuclear Medicine…coming out



AI in future outlook….



Radiologists and nuclear doctors will 
be replace by AI?

Probably the ones who will not use it !!


