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• Coordinators: Dr. Federico Giove, Prof. Bruno Maraviglia
• Participants: 

Project Name Position Until…

T-MENS

Federico Giove Primo ricercatore
(Senior researcher)

Tenured

Daniele Mascali Assegno di ricerca
(postdoc fellowship)

1/2020

Marta Moraschi Assegno di ricerca
(postdoc fellowship)

9/2020

H2020 MICROBRADAM
Maria G. Di Trani Assegno di ricerca

(postdoc fellowship)
6/2020

Riccardo De Feo Assegno di ricerca
(fellowship)

12/2019

GR MOH @ Fondazione Santa Lucia

Michela Fratini Resercher CNR

Mauro Di Nuzzo -

Fabio Mangini

Laura Maugeri Postdoc fellowship CNR

Bruno Maraviglia Full professor La Sapienza (retired)

Fabrizio Frezza Full professor La Sapienza

Silvia Capuani Researcher CNR

TNEU Tecnologie MRI per le 
neuroscienze

Current staff

External
collaborators

Associates



Place of Work & Collaborations:  
Centro Fermi MARBILab @ Santa Lucia Foundation

Company/Consortium/Public-servicecorporation/Research infrastructure

University/research institution

Cardiff University Brain Research Imaging 
Centre (CUBRIC), Cardiff, UK

Center for Magnetic Resonance Research
(CMRR), University of Minnesota, 
Minneapolis, MN, USA

CNR, Istituto dei sistemi complessi, Roma

CNR, Istituto di Nanotecnologia, Roma Department of Physics, University of Eastern
Finland

Dipartimento di Neuroscienze, Università di 
Chieti-Pescara

Dipartimento di Scienze Biomediche, 
Università di Modena e Reggio Emilia

Dipartimento di Scienze Neurologiche, 
Università La Sapienza, Roma

Magnetic Resonance Research Center, Yale 
University, New Haven, CT, USA

Charles River Oy, Kuopio, Finland Fondazione Santa Lucia IRCCS, Roma Policlinico Sant’Andrea, Roma

Siemens Healthineers



T-MENS MRI Techniques for brain 
investigation

TNEU

Brain metabolism and energetics
(f)MRS, fMRI (Physiology, epilepsy, 
cancer)
Computational approaches/simulation
Advanced MRS methods

Brain steady state 
networks

fMRI (physiology, 
neurodegeneration)
Methods

Spinal cord fMRI
function, microstructure
Biophysics

H2020 MICROBRADAM
New techniques for assessment of 
brain damage (reporting closes
12/2019)

T-MENS
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Multiparametric structural imaging with high spatial resolution and fast acquisition

Quantitative approaches for the characterization of
neurological and psychiatric diseases (investigation of new
contrast mechanisms)
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Development of functional imaging with high
spatiotemporal resolution with simultaneous
multislice excitation

Metabolic profiling for investigation in Neurosciences and fingerptinting of
pathologies

(S Moeller et al., MRM 2016) 

Dynamics of brain connectomics: acute and
chronic changes associated to function

(Real time animation) 
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Publications 2019

International journal
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Publications WIP

Submitted/under revision
1. Michela Fratini, Ali Abdollahzadeh, Mauro DiNuzzo, Raimo A. Salo, Federico Giove, Olli Gröhn, and Alejandra Sierra Lopez. Unveiling neurodegeneration in the CNS with a 

multi- disciplinary and multiscale approach. Frontiers in Neuroscience (202?). Under revision.
2. Daniele Mascali, Marta Moraschi, Mauro DiNuzzo, Silvia Tommasin, Michela Fratini, Tom- maso Gili, Richard G. Wise, Silvia Mangia, Emiliano Macaluso, and Federico Giove. 

Evaluation of denoising strategies for task-based functional connectivity. Neuroimage (202?). Under revision.
3. Paolo Miocchi, Alejandra Sierra, Laura Maugeri, Eleonora Stefanutti, Ali Abdollahzadeh, Fabio Mangini, Marta Moraschi, Inna Bukreeva, Lorenzo Massimi, Francesco Brun, et 

al. Steerable3D: an ImageJ plugin for neurovascular enhancement in 3-D segmentation. Physica Medica (202?). Submitted. 
4. Marta Moraschi, Daniele Mascali, Silvia Tommsain, Tommaso Gili, Ibrahim Eid Hassan, Michela Fratini, Mauro DiNuzzo, Richard G. Wise, Silvia Mangia, Emiliano Macaluso, et  

al. Network modularity during a sustained working-memory task. Frontiers in Physiology (202?). Submitted.

1. Riccardo De Feo, Alejandra Sierra, Artem Shatilo, Juan-Miguel Valverde, Olli Gröhn, Federico Giove, and Jussi Tohka. Multi-task U-Net for automated segmentation and skull-
stripping in mouse brain MRI. Nature Communications. (202?). In preparation.

2. Fabio Mangini, Marta Moraschi, Daniele Mascali, Michela Fratini, Silvia Mangia, and Federico Giove. Towards whole brain mapping of hemodynamic response function. 
(Neuroimage OR Human Brain Mapping (202?). In preparation.

3. Daniele Mascali, Giorgia Bussu, Mauro DiNuzzo, Silvia Mangia, Emiliano Macaluso, TBD, and Federico Giove. Global reorganization of brain networks during visuospatial 
attention. TBD (202?). In preparation.

4. Marta Moraschi, Mauro DiNuzzo, Julien Cohen-Adad, Laura Maugeri, Fabio Mangini, Daniele Mascali, Federico Giove, and Michela Fratini. Towards a standard pipeline for the 
analysis of human spinal cord fMRI Echo Planar Imaging. TBD (202?). In preparation.

5. Douglas L. Rothman, Gerald A. Dienel, Kevin L. Behar, Silvia Mangia, Mauro DiNuzzo, Federico Giove, and Fahmeed Hyder. Glycogenolysis and glucose sparing determines the 
relationships between brain glucose metabolism and glutamate/GABA neurotransmission. PNAS USA (202?). In preparation.

~ready to be submitted (1-2 months)
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Dissemination overview

• Published on international journal: 7
• Ongoing: 4+5
• 4 communications to international congress (2 given, 2 submitted)
• 1 special issue under editing (Frontiers in Physics, Frontiers in Neuroscience, Frontiers in Physiology. 

Proceedings of ISMRBF, Erice, 2018)
• 1 Workshop being organized (ISMRBF, Erice, November 2020)
• Seminars to PhD and undergraduate students
• Outreach to population with general press, open days
• web site(s) (www.marbilab.eu, ismrbf.marbilab.eu, microbradam.marbilab.eu )

http://www.marbilab.eu/
http://www.ismrbf.marbilab.eu/
http://www.microbradam.marbilab.eu/
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• Milestones 2019
– TMENS:

• New scanner commissioning (75%)
• Study on hemodynamic and metabolic response (30%)
• Publications on metabolic and functional response with dissociation and on networks modulation by attention  (100%)
• Spinal cord biophysical modelling, optimization of pipelines (70%)

– MICROBRADAM:
• Publications on multimodal structural imaging in spinal cord MRI (80%)
• Secondments to CMRR, USA and CR/UEF, Finland (100%)
• Publications related to secondments (100%)
• Project end, final reporting (100%)
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[1] ΔCMRglc-tot-N = ΔVphos

[4] F = ΔVphos/ΔCMRcarb-tot-A

[6] Δ CMRglc-tot-N = ΔVGT - ΔCMRcarb-tot-A*(1-F)
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• Milestones 2019
– TMENS:
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• widespread visual and sensorimotor BOLD-
fMRI deactivations correlated with pupil
diameter.

• activations correlated with pupil diameter
change rate within a set of brain regions
known to be implicated in selective
attention, salience, error-detection and 
decision-making (LC, thalamus, PCC, dorsal
anterior cingulate and paracingulate cortex
(dACC/PaCC), orbitofrontal cortex (OFC), 
and right anterior insular cortex (rAIC).

• Granger-causality analysis performed on 
these regions yielded a complex pattern of 
interdependence, wherein LC and pupil
dynamics were far apart in the network and 
separated by several cortical stages



• Further details on methodological aspects of resting state fMRI in the following 
slides



Evaluation of denoising strategies for task-based functional connectivity

TMENS

Evaluation of denoising strategies for
task-based functional connectivity

Daniele Mascali

Giornate di Studio: Progetti del Centro Fermi 2020-2022
by Zenina

Project coordinator: Federico Giove



Evaluation of denoising strategies for task-based functional connectivity

Functional Connectivity and BOLD

Functional connectivity (FC) is defined
as statistical dependencies among remote neurophysiological events

2Rome, December 2019, PTA

Evaluation of denoising strategies for task-based functional connectivityBackground

Blood Oxygenation Level-Dependent (BOLD)

Hemoglobin:
HbO2 Oxygenated state       ->  isomagnetic
Hb De-oxygenated state ->  paramagnetic

Response to neuronal activity:

ΔCBF ΔCMRO2 ΔBOLD

HbHb
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Background

Example of BOLD data
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Background

Sources of correlations in BOLD data
Correlations

between BOLD signals

Spurious 
correlations

Neuronal driven 
correlations

Functional 
Connectivity

• Head motion
• Respiration
• Heart beat
• Scanner artifacts

Head motion differs between
factor of interest:

Different populations, e.g.,:

• Patients move more than healthy people
• Children/elderly move more than adults

Within the same population, e.g.,:

Subjects move less when cognitively engaged

Volumes
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Aims and methods

Goals and experimental design

We collected 40 scans from 20 subjects

Working 
Memory
TASK

REST REST

Time (min)
50 10 15 20

Working 
Memory
TASK

To evaluate popular denoising strategies for cleaning up BOLD 
data spanning different cognitive conditions
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Band-pass 
filter

to keep only 
frequency 
within 0.008-
0.1 Hz

Realignment parameters 
(6RP)

• 12RP (6RP + first 
derivatives)

• 24RP (6RP + first 
derivatives + 
quadratic terms)

Signal from nuisance 
masks (i.e., WM and CSF)

• WM&CSF (average 
signals)

• aCompCor (PCA, first 
10 components)

• aCompCor 50% 

ICA-AROMA

ICA + 
automatic 
classification 
of noise 
components

Global signal 
regression 
(GSR)

• 2GSR 
(include 
derivative)

• 4GSR 
(include 
derivative+ 
quadratic 
terms)

Censoring

Confound regression

Denoising strategies
Methods
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Methods

N Model name tDoF

1 12RP 202

2 24RP 190

3 24RP+8WM&CSF 182

4 24RP+aCompCor 180

5 24RP+aCompCor50% 129.7 ± 4.1

6 ICA-AROMA 131.3 ± 20.7

GSR-based

7 24RP+8WM&CSF+4GSR 178

8 24RP+aCompCor+2GSR 178

9 24RP+aCompCor50%+2GSR 127.7 ± 4.1

10 ICA-AROMA+2GSR 129.3 ± 20.7
Censoring-based

11 24RP+8WM&CSF+4GSR+Tcens 145.7 ± 27.4

12 24RP+8WM&CSF+4GSR+Pcens 42

Denoising strategies and benchmarks

Correlations
between BOLD signals

Spurious 
correlations

Neuronal driven 
correlations

Functional 
Connectivity

• Head motion
• Respiration
• Heart beat
• Scanner artifacts

Benchmarks based on 
minimizing residual motion 
artifacts:
• DVARS
• QC-FC plots
• QC-FC distance dependency
• Δr plots
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Results

DVARS
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Results

DVARS

Δrms(DVARSGM) = rms(DVARSGM|TASK) - rms(DVARSGM|REST)
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Results

Δr plots

ΔrREST = FCREST|LM – FCREST|HM

ΔrTASK = FCTASK|LM – FCTASK|HM
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Results

Δr plots
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Methods

N Model name tDoF

1 12RP 202

2 24RP 190

3 24RP+8WM&CSF 182

4 24RP+aCompCor 180

5 24RP+aCompCor50% 129.7 ± 4.1

6 ICA-AROMA 131.3 ± 20.7

GSR-based

7 24RP+8WM&CSF+4GSR 178

8 24RP+aCompCor+2GSR 178

9 24RP+aCompCor50%+2GSR 127.7 ± 4.1

10 ICA-AROMA+2GSR 129.3 ± 20.7
Censoring-based

11 24RP+8WM&CSF+4GSR+Tcens 145.7 ± 27.4

12 24RP+8WM&CSF+4GSR+Pcens 42

Denoising strategies and benchmarks

Correlations
between BOLD signals

Spurious 
correlations

Neuronal driven 
correlations

Functional 
Connectivity

• Head motion
• Respiration
• Heart beat
• Scanner artifacts

Benchmarks based on 
minimizing residual motion 
artifacts:
• DVARS
• QC-FC plots
• QC-FC distance dependency
• Δr plots

Benchmark based on 
network identifiability:

• Modularity
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Results

Modularity (Q)

Q = 0 Q = 0.22 Q = 0.41

Community 1

Community 2
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Results

Modularity (Q)
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Conclusions

• Subjects move more during rest than during the

execution of a working-memory task

Conclusions

Marta Moraschi

Mauro DiNuzzo

Silvia Tommasin

Michela Fratini

Tommaso Gili

Richard G. Wise

Silvia Mangia

Emiliano Macaluso

Acknowledgments

• Many denoising strategies are inadequate to balance

residual motion artifacts between conditions

• aCompCor50% / GSR performed well across many

benchmarks

• We underscore the importance of reporting the residual

motion-related artifacts alongside functional connectivity

results

END OF THE INSERT ON METHODOLOGICAL ASPECTS OF rsfMRI
DOCUMENT CONTINUES WITH THE OVERALL REPORT
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• Milestones 2019
– TMENS:

• New scanner commissioning (75%)
• Study on hemodynamic and metabolic response (30%)
• Publications on metabolic and functional response with dissociation and on networks modulation by attention  (100%)
• Spinal cord biophysical modelling, optimization of pipelines (70%)

– MICROBRADAM:
• Publications on multimodal structural imaging in spinal cord MRI (80%)
• Secondments to CMRR, USA and CR/UEF, Finland (100%)
• Publications related to secondments (100%)
• Project end, final reporting (100%)
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Multi-task U-Net
(MU-Net) is a convolutional 
neural network designed to 
accomplish simultaneously 
skull striping and brain 
segmentation,
achieving higher spatial 
accuracy than state-of-the-art 
multi-atlas segmentation 
methods with an
inference time of 0.35 seconds 
and no pre-processing 
requirements.





• Expected funding in the 3-year period:
• Request of funding by Centro Fermi
• Grants : complement the external grants, in order to have always at least 2 young researchers involved in the core activities (2 postdocs. Evolution to 

1 researcher + 1 postdoc when feasible)
• One postdoc cofunded by Fondazione Santa Lucia
• Cofunding for other grants if awarded and if needed
• Consumables/inventory per year: about 15 k€
• Contribution (studentships for young scientists, general organization) for the biennial Erice Workshop (next date: November 2020, 

http://ismrbf.marbilab.eu)

• External funding applied for or forthcoming
• MAECI ITA-ISR bilateral project MLrehab (monitoring of rehabilitation in MS, applied for)
• Regione Lazio Progetti strategici NBP (PAMINA follow-up, development of calibrated MR for CMRO2, applied for)
• Ricerca Finalizzata (applied for)
• BRAMIFUN (H2020 MICROBRADAM follow up, extension to function and neuromodulation, deadline April 2020*)

• *First attempt rejected with ranking in top 20% (cutoff for funding top 16%) with positive comments and suggestion to resubmit. Looking for a credible 
industrial partner, whose absence hindered  the previous application 

TNEU Tecnologie MRI per le 
neuroscienze
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• Activity 2020
• New scanner commissioning. Pipelines for QA and automated processing Integration into PAMINA. Experimental activity from 

March. 
• top-down modulations of metabolism: multiparametric study with spectroscopy and imaging (tonic response and steady-state 

networks).
• Impact of physiological parameters on steady state networks.
• Structural study on aging: publication
• Finalization of modelling of glycogen sparing hypothesis. Possible extension to time-resolved approaches.
• Applications of spinal cord fMRI in MS patients: finalization of processing and publication. Modelling of BOLD signal in realistic 

geometries. MB EPI on spinal cord. Simultaneous brain-spinal cord fMRI.
• Collaboration with VIEWLAB (synergistic biomedical physics/biophysics perspectives, shared computational resources…)
• Public presentation of PAMINA

• Activity 2021-2022
• Increased collaboration with UniChieti (RG Wise). Development of calibration methods for quantitation of CMRO2 and vascular 

reactivity.
• Aging: functional counterparts of structural changes
• Energetic budget on a network (in collaboration with MNL)
• Development of new metrics for the detection of BOLD fluctuations spatial scale



This project has received funding from the European Union’s Horizon 2020 research and innovation programme under the Marie Skłodowska-Curie grant agreement
No 691110
Parzialmente finanziato dalla Regione Lazio grant PAMINA
The content is solely the responsibility of the authors and does not necessarily represent the official views of the funding bodies
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