
HAL Id: hal-03390238
https://hal.umontpellier.fr/hal-03390238v1

Submitted on 21 Oct 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License

A normalized dataset of 1821 cortical and subcortical
functional responses collected during direct electrical

stimulation in patients undergoing awake brain surgery
Silvio Sarubbo, Matthew Tate, Alessandro de Benedictis, Stefano Merler,

Sylvie Moritz-Gasser, Guillaume Herbet, Hugues Duffau

To cite this version:
Silvio Sarubbo, Matthew Tate, Alessandro de Benedictis, Stefano Merler, Sylvie Moritz-Gasser, et
al.. A normalized dataset of 1821 cortical and subcortical functional responses collected during direct
electrical stimulation in patients undergoing awake brain surgery. Data in Brief, 2020, 28, pp.104892.
�10.1016/j.dib.2019.104892�. �hal-03390238�

https://hal.umontpellier.fr/hal-03390238v1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


Data in brief 28 (2020) 104892
Contents lists available at ScienceDirect

Data in brief

journal homepage: www.elsevier .com/locate/dib
Data Article
A normalized dataset of 1821 cortical and
subcortical functional responses collected during
direct electrical stimulation in patients
undergoing awake brain surgery

Silvio Sarubbo a, *, 1, Matthew Tate b, 1,
Alessandro De Benedictis c, Stefano Merler d,
Sylvie Moritz-Gasser e, f, Guillaume Herbet e, f,
Hugues Duffau e, f

a Division of Neurosurgery, Structural and Functional Connectivity Lab Project, Azienda Provinciale per i
Servizi Sanitari (APSS), 9 Largo Medaglie d’Oro, 38122, Trento, Italy
b Departments of Neurosurgery and Neurology, Northwestern University, Feinberg School of Medicine, 420 E
Superior St, 60611, Chicago, IL, USA
c Neurosurgery Unit, Department of Neuroscience and Neurorehabilitation, Bambino Gesù Children's
Hospital IRCCS, 4 Piazza Sant'Onofrio, 00165, Rome, Italy
d Bruno Kessler Foundation (FBK), Trento, Italy
e Department of Neurosurgery, Gui de Chauliac Hospital, Montpellier University Medical Center, 80 Avenue
Augustin Fliche, Montpellier, France
f National Institute for Health and Medical Research (INSERM), U1051, Team “Plasticity of the Central
Nervous System, Human Stem Cells and Glial Tumors”, Institute for Neurosciences of Montpellier,
Montpellier University Medical Center, 80 Av Augustin Fliche, Montpellier, France
a r t i c l e i n f o

Article history:
Received 2 November 2019
Received in revised form 20 November 2019
Accepted 20 November 2019
Available online 5 December 2019

Keywords:
Atlas
Brain functions
Brain mapping
DOI of original article: https://doi.org/10.1016/
* Corresponding author. Divison of Neurosurge

Azienda Provinciale per i Servizi Sanitari (APSS) 9,
E-mail address: silviosarubbo@gmail.com (S. Sa

1 These Authors contributed equally.

https://doi.org/10.1016/j.dib.2019.104892
2352-3409/© 2019 The Authors. Published by Els
creativecommons.org/licenses/by/4.0/).
a b s t r a c t

In this data article, we provide the dataset which served as the
basis for our related research article “Mapping critical cortical hubs
and white matter pathways by direct electrical stimulation: an
original functional atlas of the human brain” [1], which represents
the first probabilistic cortical and subcortical atlas of critical
structures mediating human brain functions based on direct
electrical stimulation (DES) in patients undergoing awake brain
surgery. 1162 cortical and 659 subcortical DES-derived responses
were recorded during testing of 16 functional domains in 256
j.neuroimage.2019.116237.
ry Structural and Functional Connectivity Lab Project “S. Chiara” Hospital
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normalized coordinates of all 1821 DES-derived cortical and
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videos showing the probabilistic distribution of each functional
domain are provided. This novel dataset can improve and refine
our understanding about the functional anatomy of critical brain
networks, and these data are made available for medical and
neuroscience applications.
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1. Data

Location of main functional hubs of brain networks at the cortical level remains an open challenge
for neuroscientists involved into connectome exploration as well as neurosurgeons aiming to achieve
safe yet meaningful brain tumor resections. In addition, the identification network connections at the
level of local and distant white matter pathways, has proved evenmore challenging, given that no non-
invasive neuroimaging techniques exist that are able to provide information about the functional
processing at the subcortical level.

In 2015 our Group published the first functional atlas of human white matter based on direct
electrical stimulation (DES) during awake surgery procedures for resection of low-grade gliomas
(LGGs) [3,4]. Recently we reported the unique and sole atlas integrating an unprecedented number
(1821) of subcortical (659) and cortical (1162) functional responses collected in a large series of 256
patients, among 16 functional domains [1]. Each different category of functional response (semantic
paraphasia, movement, sensation, etc.) is associated with a network (or sub-network) explored (e.g.
movement arrest is associated with motor planning network).

In addition, the atlas includes a probability distribution of all functional responses collected, at both
the cortical and subcortical levels, based on a multinomial statistical analysis of the frequency in
eliciting each response. The probabilistic maps for each network were computed in 1mm Montreal
Neurological Institute (MNI) space, and are presented in this report as separate videos for each cortical-
subcortical functional distribution (videos 1e16).

Supplementary video related to this article can be found at https://doi.org/10.1016/j.dib.2019.
104892.

The value of this unique dataset for improving surgical and clinical practice relates to the
uniqueness of functional data obtained from in-vivo brainmapping in a large and homogeneous cohort
of patients. In addition to the clinical impact of these data, the exact location of large number of cortical
and subcortical functional sites will be useful for integration into multimodal neuroscience studies
focused on resolving the complex structural and functional networks that constitute human brain
processing.

For this purpose, we make available in this report the full list of normalized MNI-152 spatial co-
ordinates of each of the 1821 functional responses collected for the cortical-subcortical version of our
functional brain atlas in two separate tables (Table 1 for cortical functional responses; Table 2 for
subcortical functional responses).
2. Experimental design, material and methods

All the functional responses were collected during asleep-awake-asleep surgery procedures with
bipolar stimulation (frequency: 60Hz; pulse duration: 1ms; intensity range: 2e4mA) during execution
of dedicated functional tasks, as previously reported [3,4]. All the 256 patients (mean age: 38.7 years;
M:135, F:121; 85.1% right-handers, 9.4% left-handers, 5.5 ambidextrous) were affected by LGGs (60.6%
in the left hemisphere, 39.4% in the right hemisphere). No patients had neurological deficits before
surgery. Intraoperatively, functional sites were noted with numeric tags and then normalized co-
ordinates tabulated based on a combination of intraoperative photographs along with post-operative
1-mm axial/sagittal/coronal T1-weightedMRI reconstructions by two expert anatomists (S.S. andM.T.).
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.dib.2019.104892.

https://doi.org/10.1016/j.dib.2019.104892
https://doi.org/10.1016/j.dib.2019.104892
https://doi.org/10.1016/j.dib.2019.104892


S. Sarubbo et al. / Data in brief 28 (2020) 1048924
References

[1] S. Sarubbo, M. Tate, A. De Benedictis, S. Merler, S. Moritz-Gasser, G. Herbet, H. Duffau, Mapping critical cortical hubs and
white matter pathways by direct electrical stimulation: an original functional atlas of the human brain, Neuroimage 205
(2020) 116237, https://doi.org/10.1016/j.neuroimage.2019.116237.

[2] M.C. Tate, G. Herbet, S. Moritz-Gasser, J.E. Tate, H. Duffau, Probabilistic map of critical functional regions of the human
cerebral cortex: broca's area revisited, Brain 137 (2014) 2773e2782, https://doi.org/10.1093/brain/awu168.

[3] S. Sarubbo, A. De Benedictis, S. Merler, E. Mandonnet, S. Balbi, E. Granieri, H. Duffau, Towards a functional atlas of human
white matter, Hum. Brain Mapp. 36 (2015) 3117e3136, https://doi.org/10.1002/hbm.22832.

[4] S. Sarubbo, A. De Benedictis, S. Merler, E. Mandonnet, M. Barbareschi, M. Dallabona, F. Chioffi, H. Duffau, Structural and
functional integration between dorsal and ventral language streams as revealed by blunt dissection and direct electrical
stimulation, Hum. Brain Mapp. 37 (2016) 3858e3872, https://doi.org/10.1002/hbm.23281.

[5] L. Petit, J.V. Haxby, Functional anatomy of pursuit eye movements in humans as revealed by fMRI, J. Neurophysiol. (1999),
https://doi.org/10.1152/jn.1999.82.1.463.

[6] D. Zac�a, F. Corsini, U. Rozzanigo, M. Dallabona, P. Avesani, L. Annicchiarico, L. Zigiotto, G. Faraca, F. Chioffi, J. Jovicich, S.
Sarubbo, Whole-brain network connectivity underlying the human speech articulation as emerged integrating direct
electric stimulation, resting state fMRI and tractography, Front. Hum. Neurosci. (2018), https://doi.org/10.3389/fnhum.
2018.00405.

[7] S. Moritz-Gasser, G. Herbet, H. Duffau, Mapping the connectivity underlying multimodal (verbal and non-verbal) semantic
processing: a brain electrostimulation study, Neuropsychologia 51 (2013) 1814e1822, https://doi.org/10.1016/J.NEURO-
PSYCHOLOGIA.2013.06.007.

[8] S. Sarubbo, A. De Benedictis, P. Milani, B. Paradiso, M. Barbareschi, U. Rozzanigo, E. Colarusso, V. Tugnoli, M. Farneti, E.
Granieri, H. Duffau, F. Chioffi, The course and the anatomo-functional relationships of the optic radiation: a combined
study with “post mortem” dissections and “in vivo” direct electrical mapping, J. Anat. 226 (2015), https://doi.org/10.1111/
joa.12254.

[9] I. Zemmoura, G. Herbet, S. Moritz-Gasser, H. Duffau, New insights into the neural network mediating reading processes
provided by cortico-subcortical electrical mapping, Hum. Brain Mapp. (2015), https://doi.org/10.1002/hbm.22766.

[10] M. Thiebaut de Schotten, M. Urbanski, H. Duffau, E. Volle, R. Levy, B. Dubois, P. Bartolomeo, Direct evidence for a parietal-
frontal pathway subserving spatial awareness in humans, Science 309 (2005) 2226e2228. http://www.ncbi.nlm.nih.gov/
entrez/query.fcgi?cmd¼Retrieve&db¼PubMed&dopt¼Citation&list_uids¼16195465.

[11] G. Herbet, G. Lafargue, S. Moritz-Gasser, F. Bonnetblanc, H. Duffau, Interfering with the neural activity of mirror-related
frontal areas impairs mentalistic inferences, Brain Struct. Funct. (2015), https://doi.org/10.1007/s00429-014-0777-x.

[12] C. Maffei, J. Jovicich, A. De Benedictis, F. Corsini, M. Barbareschi, F. Chioffi, S. Sarubbo, Topography of the human acoustic
radiation as revealed by ex vivo fibers micro-dissection and in vivo diffusion-based tractography, Brain Struct. Funct. 223
(2018), https://doi.org/10.1007/s00429-017-1471-6.

[13] C. Maffei, S. Sarubbo, J. Jovicich, A missing connection: a review of the macrostructural anatomy and tractography of the
acoustic radiation, Front. Neuroanat. (2019), https://doi.org/10.3389/fnana.2019.00027.

[14] C. Maffei, S. Sarubbo, J. Jovicich, Diffusion-based tractography atlas of the human acoustic radiation, Sci. Rep. (2019),
https://doi.org/10.1038/s41598-019-40666-8.

https://doi.org/10.1016/j.neuroimage.2019.116237
https://doi.org/10.1093/brain/awu168
https://doi.org/10.1002/hbm.22832
https://doi.org/10.1002/hbm.23281
https://doi.org/10.1152/jn.1999.82.1.463
https://doi.org/10.3389/fnhum.2018.00405
https://doi.org/10.3389/fnhum.2018.00405
https://doi.org/10.1016/J.NEUROPSYCHOLOGIA.2013.06.007
https://doi.org/10.1016/J.NEUROPSYCHOLOGIA.2013.06.007
https://doi.org/10.1111/joa.12254
https://doi.org/10.1111/joa.12254
https://doi.org/10.1002/hbm.22766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=16195465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=16195465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=16195465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=16195465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=16195465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=16195465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=16195465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=16195465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=16195465
https://doi.org/10.1007/s00429-014-0777-x
https://doi.org/10.1007/s00429-017-1471-6
https://doi.org/10.3389/fnana.2019.00027
https://doi.org/10.1038/s41598-019-40666-8

	A normalized dataset of 1821 cortical and subcortical functional responses collected during direct electrical stimulation i ...
	1. Data
	2. Experimental design, material and methods
	Conflict of Interest
	Appendix A. Supplementary data
	References


