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Outline 

 Diagnostic Imaging 

 Medical Image Processing: 
  Visualization  
  Segmentation of anatomical/functional/pathological structures 
  Quantification 
  èIdentification of Biomarkers  

  Technological developments (more and more data!) 

 Perspectives 
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Diagnostic imaging modalities  
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Historical perspective  

Medical 
image/data 
processing 

RX 
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Blood 
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from T. Beyer et al., Insights Imaging (2011) 
 



Image processing and machine learning 
  Post-processing of raw data: 
  Visualization 

  Quantification: 
  Image segmentation 
  Volumetric assessment of regions of interest 
(ROIs), lesions, etc. 

  Follow up of pathological conditions: 
  Grow rate of lesions; assessment of treatment 
efficiency 

  Fusing information: 
  Inter/intra-modality acquisitions (deformations, 
registration algorithms) 
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The aim is to 
assist clinicians 

in their tasks, not 
to replace them.  
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Societa 
Italiana di 
Neurologia 
(SIN) 
 
 
Diagnosi 
precoce di:  
  Parkinson 
  Alzheimer 
  Sclerosi 
multipla 
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Measuring structure and function of the brain 
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Structural MRI (sMRI) T1-w images 
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3D	array	of	data:	
  The	voxel	is	the	“volume	element”	
  “High	resolu�on”	MRI	T1-w	images:	
vx	×	vy	×	vz	≈	1	×	1	×	1	mm3	

Sagi�al	 Coronal	

Axial	or	transaxial	

e.g.	Nx	x	Ny	x	Nz	=	256	x	256	x	128	
16	bit 	 	16	MB	
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Functional MRI (fMRI) 
  BOLD Response: blood-oxygen-
level-dependent (BOLD) contrast 
  1 volume per second (3x3x3mm3), 
for 4-5 min:~ 320 MB  

  Stimuli (visual, auditory, tactile, …) 
are presented during the scan 

  Analysis of data time series to look 
for up-and-down signals that match 
the stimulus time series 
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Functional connectivity 
Resting state rs-fMRI: study of temporal 
correlations between spatially remote 
neurophysiological events 



Diffusion weighted imaging 
  Water molecules diffuse around during 
the imaging readout window  
  Diffusive movement of water in brain is 
not isotropic 
  In white matter (WM) diffusion along axonal 

fiber orientation is faster 
  Imaging can be made sensitive to this 
diffusive motion 
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Isotropic diffusion Anisotropic diffusion 

Structural	connec�vity:	Fiber	tractography 
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The	orienta�on	
of	axon	fibers	is	
reconstructed	
in	vivo	



T1-weighted brain images 
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Axial slices of a human head with spatial resolution of 1 mm3 

Grey	Ma�er	(GM)	cortex	can	by	followed	and	cor�cal	thickness	can	be	
evaluated	to	inves�gate	GM	involvement	in	pathological	condi�ons.	

White	Ma�er	(WM)	Grey	Ma�er	(GM)	

Cerebrospinal	fluid	(CSF)	
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Segmentation of brain components 
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Grey matter 
White matter 
Cerebrospinal fluid 
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Tissue	probability	maps	
(TPMs)	in	SPM8	

Tissue	
segmenta�on	in	
SPM8	

  In	a	simple	MOG,	the	probability	of	obtaining	a	
voxel	with	intensity	yi	given	that	it	belongs	to	
the	kth	cluster,	i.e.	Gaussian	(ci	=	k),	and	that	
the	kth	Gaussian	is	parameterized	by	µk	and	σk2	
is:	

Mixture	of	Gaussian	
Model	(MOG)	

  The	prior	probability	of	any	voxel,	irrespec�ve	
of	its	intensity,	belonging	to	the	kth	is:	

Sum	over	K	clusters,	accoun�ng	for	
each	voxel	and	maximize	with	respect	
to	the	unknowns	(µ,	σ)	

  Using	Bayes	rule,	the	joint	probability	of	cluster	k	and	
intensity	yi	is:	

www.fil.ion.ucl.ac.uk/spm/ 



Brain parcellation 
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http://freesurfer.net/ 

http://www.loni.usc.edu/ 



Group comparison (voxel/regional level) 
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  Patients (group 1) vs. Controls (group 2):  
  Pathology specific brain alterations  

  Longitudinal studies (same group after a time delay) 
  Effect of aging 
  Effect of treatments 

Group	2	

Voxel-wise	
sta�s�cal	analysis	

Group	1	 Comparison	
between	groups	

Mul�variate	techniques,	
machine	learning,	
	predic�ve	models.		
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O.3: Data analysis
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Biomarkers  from A. Chincarini’s slides:  
nextMR experiment (INFN-CNS5) 



Structural MRI scans acquired with 1.5 T 
GE Signa Neuro-optimized System, T1-
weighted series (FSPGR) with voxel size 
1x1x1 mm3. 
 

Analysis of sMRI in 
Autism Spectrum 
Disorder 

A. Retico – GR2317873 

Young children (preschoolers) 
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  Two-class classifiers with Support Vector Machines (SVM) 
sMRI data analysis 

Comparison of different MRI 
analysis pipelines: 
  different preprocessing  

  SPM, http://www.fil.ion.ucl.ac.uk/spm/ 
  Freesurfer, http://

surfer.nmr.mgh.harvard.edu/ 
  different features: Global, ROI, 
voxel  
  different scales of analysis  

A. Retico – GR2317873 

16 

AUC= 80% on 
subjects without 
developmental 
delay (NVIQ ≥ 70) 



ASD vs. control visual comparison 

Structural MRI of a 
control subject 

Structural MRI of a 
subject with ASD 
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Mul�variate	techniques	can	catch	subtle	correla�ons	hidden	within	large	
amount	of	data	(whole-brain	voxels/features)	

How	to	handle	the	ASD	heterogeneity	?	



sMRI data analysis 
 One-class classification with SVM: data description method 

Tax	&	Duin,	Pa�ern	Recog	Le�er	20	(1999)	1191-1199	
Schölkopf	et	al.,	Neural	Comput	13	(2001)	1443	–	71	

Sato	et	al.,	Fron�ers	in	Neuroscience	6	(2012)	178	
Mouraõ-Miranda	et	al.,	NeuroImage	58	(2011)	793	–	804	

Patient classification as an 
outlier detection problem 

Unsupervised	learning	

Non-linear	kernel	SVM	(RBF)	

Finding	the	smallest	
hypersphere	enclosing	data	

A. Retico – nextMR 



A. Retico – nextMR 
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Best poster award at Bioimaging 2016,  
Rome, Febr 21-23  

Accepted abstract at  
Human Brain Mapping 2016 

Geneve, June 26-30  

A. Retico – nextMR 



Technological developments 

  New instrumentation for data 
acquisition (finer spatial and 
temporal resolution) 
 èMore and more data to 

   store and process 

  Large Consortia for data sharing 
 è“Big data” processing 
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Suitable algorithms to 
extract information 
from data and assist 
the clinicians. 
 
Accessible and user-
friendly environment to 
store and analyze data. 

Multifactorial challenge: 
  Growing size of data 
  Sociological and logistic sharing issues (data security) 
  Multi-site, multi-datatype archiving 
  Exploring and mining data (multimodal neuroimaging, biological 

and clinical data, environmental effects) 



Suscep�bility	weighted	imaging	(SWI)	
	
  Suscep�bility	effects	are	directly	propor�onal	to	B0	

3T 1.5 T 7T  
IMAGO7 

	
In-vivo	

in-plane	res	
	195x195	µµm2	



IMAGO7 & INFN Collaboration 

The 7 Tesla whole-body MR scanner (950-MR scanner, 
GE Medical Systems, Milwaukee, WI),  

available at the IMAGO7 Foundation, Pisa (IT) 
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SEVEN 
TESLA 
nextMR 
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Mouse (CUBE imaging sequence, TE/TR = 58/2000 ms, 
receiver BW = 42 kHz, Echo Train Length = 32, voxel 

size: 0.3 mm isotropic for body imaging, scan time =10 
min; voxel size 0.3×0.15×0.15 mm3 for brain imaging, 

scan time =1 hour). 

3D Merge (multi-echo recalled gradient echo) TR=30 ms, TE=12.2 ms, FOV= 16 cm x 16 cm, 
Matrix 320x320, slice thickness 2.2 mm. In-plane resolution:0.5x0.5 mm2 

 

COSMIC 3D (slice thickness 600 um,  TE 1.8 
ms, TR 6 ms. Field of view (FOV) 14 cm x 14 
cm, Matrix 512 x 512, interpolated to 1024 
x1024; in-plane res=137µm x 137µm 3D FIESTA sag (FA 20, TR 8.3, TE 3.1, voxel iso 1 mm. ) 



Data storage 

  1.5 Tesla 

Acquisition protocol 
  Structural MRI (e.g. T1-w, T2-
w): 1x1x1 mm3 

  20 MB per volume 

  fMRI: 3x3x3 mm3=27 mm3 (5 
min) 
 … 

  7 Tesla 
 

Acquisition protocol 
  Structural MRI (e.g. T1-w, T2-
w): 0.6x0.6x0.6 mm3 

  100 MB per volume  

  fMRI: 1x1x2 mm3=2 mm3 (3 
min) – only a brain slab 

 
  + SWI with different phase-
weightings, etc. 
 … 
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~10 GB  
~ 1 GB  

More than 25000 MRI scanners are in 
use worldwide and more than 60 million 

examinations are conducted annually 
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~ 60 PB/year, comparable with LHC data  



Human hippocampus at 7T 
GRE, TE 22ms, TR 240 ms,  
in-plane resolution 0.3215 x 0.3215 mm2 
slice thickness  2 mm 
 CA: Cornus ammonis  

(CA1 CA2 CA3) 
Sub: subiculum 

DG: Dentate gyrus 
SP: stratum pyramidale 

SRLM: stratum radiatum/ 
lacunosum/molecolare 

Kerchner et al, Neuroimage (2012) 



Estimating the size of hippocampus 
sub-structures at 7T 

Semi-automated methods extract the 
width of the stratum radiatum/stratum 
lacunosum-moleculare (SRLM) have 
been developed.  

2 σ
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Analysis of 10 MCI 
patients: the SRLM 
thickness significantly 
correlated with the 
Mini-Mental State 
Examination (MMSE) 
score, and with the 
Free and Cued 
Selective Reminding 
Test (in particular free 
recall FCSRT-FR). 
 

Presented at European 
Congress of Radiology 

(ECR) 2016 
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GRE 

SWAN 

QSM 



The Alzheimer’s Disease Neuroimaging Initiative (ADNI) 
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h�p://adni.loni.ucla.edu/	

> thousands of cases: baseline, 
follow up; AD, MCI, Controls; 
MRI, PET   
~ 800 cases with genetic data 



The Autism Brain Imaging Data Exchange (ABIDE)  

28 

Largest public dataset of subjects with Autism Spectrum Disorder (ASD). 
  storing and sharing rs-fMRI and sMRI datasets collected in 17 

international sites  
  includes 1112 exams and phenotypic information common across all 

sites.  
  age: 7 to 64 years  

This data sharing initiative has already provided important contribution to 
the ASD research by unraveling inconsistent results about the strength of 
connectivity in ASD brains.  
http://fcon_1000.projects.nitrc.org/indi/abide 
 

Whole-brain analyses reconciled seemingly 
disparate themes of both hypo- and 
hyperconnectivity in the ASD literature; both 
were detected, although hypoconnectivity 
dominated, particularly for corticocortical and 
interhemispheric functional connectivity.  



Human connectome 
project (HCP) 

  Quarter 1 (Q1) data 
released (68 subjects): 
  10 GB/subject (raw data) 
  16 GB/subjects 
(proprocessed) 

  Total: ~ 2 TB (68 
subjects) 

  Expected: 400 subjects/year 
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NextMR kick-off meeting; Nov. 12-13 2014 A. Retico - INFN, Pisa 30 

http://enigma.ini.usc.edu/ 

 
The ENIGMA – ASD working group will analyze data relevant to autism from people of all ages 
including case-control comparisons. Going beyond this, the group will also examine the influence of 
gender and covariates of disorders. 
The ENIGMA meta-analytic approach will be used to aggregate data from case-control and 
developmental cohorts to examine the relative contribution of various genetic and brain correlates. 
 
Please contact Daan van Rooij and Jan Buitelaar for information on joining ENIGMA-ASD. 
 

Enhancing NeuroImaging Genetics through Meta-Analysis 
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The ENIGMA Consortium is an international effort by leaders worldwide. The 
Network brings together researchers in imaging genomics, neurology and 
psychiatry, to understand brain structure and function, based on MRI, DTI, fMRI, 
genetic data and many patient populations. 



NEW 
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ARIANNA	

Ambiente	di	Ricerca	Interdisciplinare	per	l'Analisi	
di	Neuroimmagini	Nell’Au�smo	

	
IRCCS	Fondazione	Stella	Maris	(Pisa)	
Is�tuto	Nazionale	di	Fisica	Nucleare	(Pisa)	
Is�tuto	di	Teoria	e	Tecniche	dell’Informazione	Giuridica,	CNR	(Firenze)	
I+	S.r.l	(Firenze)		
Net7	S.r.l	(Pisa)	
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Team of 
data 
analysts 

Team of 
medical 
experts 

INFN-PI 
computing 

center 

Sharing research 
objectives, not 
only data;  
data re-purposing 
and re-analysis. 

Developing 
appropriate data 
mining techniques. 

Secure data 
handling; 
Fast data 
processing. 
 

User-friendly data browsing and 
preview; safely archiving; integration 
of additional data;  queries on meta-

data; statistics on data variables. 

Access to information on previous 
achievement with data samples  

(including negative results!). 

Interdisciplinary research in ARIANNA 
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New analysis techniques 
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a) supervised learning; b) unsupervised learning. 
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Neuroimaging genetics 
  Linking the influence of genes on 
the brain 

  Genome-wide association scans 
(GWAS) 

  Next Generation Sequencing 
(NGS) methods (several GBs per 
genome) 
  need for dedicated data 
compression algorithms 

  Joint analysis of gene and 
imaging data: new tools needed  
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Medland et al., Nature Neuroscience, 2014 
 

highlighted 
associations with 
bilateral thalamic 

volume 



Deep learning  

CCR workshop – Trento, March 17, 2016  A. Retico 36 

   An algorithm to make ANN learn in multiple levels of 
representation, corresponding to different levels of abstraction. 

 
 
  Convolutional neural networks (CNNs) represent mid-level and 
high-level abstractions obtained from raw data.  

  Neural networks 
with 6-9 hidden 
layers  
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https://deepmind.com/index.html 

AlphaGo ha battuto Lee Se-dol in quattro 
partite su cinque 



Public funds and private initiatives  

Big funded projects releasing data 
 
 
 
 

 Commercial solution for data processing are being offered 
by Google, Amazon and Microsoft 
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è Running on remote CPU clusters dedicated to 
brain research is essential to achieve real findings. 
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Conclusions  

  Medical diagnostic/research imaging daily leads to an incredible 
amount of digital information  
  not fully exploited neither for diagnosis nor for research! 

  Clinicians should be supported in the: 
  Diagnosis and monitoring of a wide range of disease conditions  
 è personalized medicine. 

  New instrumentation and large-scale research consortia will be a 
valuable tool for research (e.g. neuroscience studies). 

  New computational approaches are needed to handle and to mine 
multimodal data (imaging, genetics, clinical, demographic, etc.) 

  BIG data è BIG science  
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Thank you for your kind 
attention! 

 
 

 

alessandra.retico@pi.infn.it 
 

I acknowledge all collaborators of the Stella Maris and IMAGO7 
Foundations (Pisa) and all members of the SEVEN, TESLA and nextMR 
INFN-CNS5 experiments.       
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