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INTRODUCTION

Dear readers,

The beginning of 2020 has come, and
we are, again, introducing our infor-
mation bulletin, which summarizes the
news from our laboratory and presents
technically interesting facts as well as
selected research projects realized in
the laboratory. This year MAFIL Core
Facility celebrates 5 years since MR
scanners installation, this meaning its
full operation start. However, at the
same time there is one more anniver-
sary which directly affects us. In 2020,
it has been exactly 20 years since the
first experiments with using functional
magnetic resonance (fMRI) started
under the auspices of Masaryk Univer-
sity Faculty of Medicine in cooperati-
on with St. Anne’s University Hospital
(whose device 1,5T Siemens Magne-
tom Symphony made this measurement
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possible). The beginnings were not
easy and in those 20 years, we have
come a long way. We hope that, in coo-
peration with our colleagues who were
present at those beginnings or impor-
tant milestones, we will manage to pre-
pare a special brochure dedicated to
this anniversary, summarizing the diffi-
culties we had to overcome on the way
and describing how the technological
development and functional brain imo-
ging itself have changed. We can only
hope that those 20 years only represent
a beginning of a much longer phase of
functional brain mapping in Brno and
that the MAFIL Core Facility will be able
to contribute to further development of
neuroimaging for many more years.

On behalf of CF MAFIL
Michal Mikl




INFRASTRUCTURE

The 2019 was the last year of the rese-
arch infrastructure’s financing from pro-
ject numbered LM2015062. Starting from
1# January 2020, the financing of next
three-year period is followed by a new
project numbered as LM2018129. This
information is important for all users of
the infrastructure (therefore, all MAFIL
users), because the project code must
be indicated in the publications. In 2019,
most of the investment purchases from
the currently active project Operational
Programme Research, Development
and Education (OP RDE), aiming to sup-
port infrastructure modernization, are
being finalized. As a result, MAFIL could
increase data capacity of the servers,
upgrade the EEG system with a new fun-
ctionality (see more in a separate chap-
ter that includes equipment descrip-
tion) and buy a new measuring coil.
Simultaneously the Czech-Biolmaging

In 2019, the first internal evaluation
of individual laboratories involved in
Czech-Biolmaging research infrastructu-
re took place. The evaluation was perfor-
med by members of an advisory commi-
ttee represented by external imaging
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infrastructure has been successful with
a new OP RDE project dedicated,
again, to investment development. And
therefore, in 2020-2022 it will be possi-
ble to buy more equipment and expand
the possibilities for users. This year, we
are supposed to acquire for instance
a modern eye-tracking system which
can be used together with both MR scao-
nners in the EEG laboratory. In 2020,
we will be getting ready for the rese-
arch infrastructure evaluation prepared
by the Ministry of Education, Youth and
Sports. The results of this evaluation will
be reflected in the funding support for
research infrastructures after 2022. Last
but not least, we want to inform you that
effective of January 2020 a slightly mo-
dified (above all, simplified) registrati-
on form will be available for users ac
cessing through Czech-Biolmaging.

MAFIL WAS SUCCESSFUL IN INTERNAL
EVALUATION OF CZECH-BIOIMAGING

technologies professionals from the
Czech Republic as well as from abroad
(for instance Vienna, Dresden, Bratislo-
va, Barcelona). The fact that they are
not based at worksites of CzechBiolma-
ging infrastructure should guarantee in-
dependence and objectiveness in the
assessment of laboratories and deve-
lopment of the infrastructure as a whole.
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The evaluation was focused on how
laboratories develop and how they ful-
fil the role of providing services to the
user community. The first part took pla-
ce in spring 2019. Subsequently, the la-
boratories had an option to comment
on the assessment and, if needed, im-
plement some changes from the recei-
ved recommendations. Then, a final
evaluation was performed at a com-
mon meeting of managing and advi-
sory committees in October 2019. The
advisory committee focused on how

the organizational-operational part of
laboratories works, on their staff com-
position, technical equipment of the
laboratory, laboratory utilization rate,
approach to the users and overall im-
pression. Our laboratory was rated very
positively - in most of the categories it
received the highest possible “A” rating
and in the equipment category it recei-
ved the second highest “B” rating. This
process brought many interesting sug-
gestions for further development for the
infrastructure as a whole.

EUROBIOIMAGING WAS APPROVED AS ERIC ki

In autumn 2019, after several years of
preparation, a so-called ERIC (Europe-
an Research Infrastructure Council) was
approved. Thereby, the EuroBiolmaging
research infrastructure became a fully
functioning European infrastructure. The
Czech Republic belongs among the
founding members of the consortium,
and services for the scientific commu-
nity are offered through two nodes -
in Prague and in Brno. MAFIL forms
a part of the Brno Node. In relation to the
transition from the preparatory phase
to the implementation phase, meetings
of nodes with coordinating worksites
(so-called Hubs) took place in autumn.
For the medical part of the infrastructu-
re this meeting took place in October
in Turin, ltaly. Subsequently, in Decem-
ber a constitutional meeting of the Euro-
Biolmaging Committee took place and
a new website on https://www.euro-
bioimaging.eu/ was launched. On the
website, users can find information on
the infrastructure and individual nodes,
as well as an entry portal for submitting
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requests for access to the nodes through
EuroBiolmaging. In order to attract more
users via EuroBiolmaging portal, we of-
fer new users and new technically and
methodologically innovative projects in
2020 the first 25 hours of measuring time
for free. Further hours are charged, and
users can also use a discounted pricelist
for national infrastructure Czech-Biolma-
ging users without the necessity to regis-
ter the project again through the Czech-
-Biolmaging portal. The condition is to
successfully pass the approval process
of EuroBiolmaging. There is more news -
projects based on approved grant pro-
jects (and therefore, already assessed
from the scientific point of view) will not
be assessed scientifically, but only in ter-
ms of technical feasibility.

EURO ):g BIOIMAGING

Image life, discover the future


https://www.eurobioimaging.eu/
https://www.eurobioimaging.eu/
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About Euro-Biolmaging

Euro-Biolmaging is the European (andmark research infrastructure for biological and biomedical imaging as recognised by the
European Strategy Forum on Research Infrastructures (ESFRI). Through Euro-Biolmaging, life scientists can access imaging
instruments, expertise, training opportunities and data management services that they might not find at their home institutions
or among their collaboration partners. All scientists, regardless of their affiliation, area of expertise or field of activity can benefit

from these pan-European open access services, which are provided with high quality standards by leading imaging facilities.

Access Support for Users via EuroBiolmaging

In 2020, each external user can take advantage of 25 hours of measuring
time for free for their first access via EuroBiolmaging portal and further
hours for discounted prices valid for Czech-Biolmaging users.

EVENT TIVITIES IN 20

In 2020 we are preparing some traditional events as well as several new ones.
More information and further updates can be found on the laboratory website
http://mafil.ceitec.cz/en/. Here is a short overview:

e 2. April - neuroimaging workshop dedicated to the topic of diffusion MRI
and MR spectroscopy. This workshop traditionally precedes an internal fMRI
workshop in Olomouc and usually a possibility of direct transport from Brno
to Olomouc is provided.

* 19. May. - a lecture given by prof. Kamil Ugurbil (CMRR, University
of Minnesota) organized within the scope of MU Life science seminar series
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e CEITEC and MU open days - our laboratory traditionally participates
in open days organized under the auspices of CEITEC or the whole
Masaryk University. Apart from that, over the course of autumn (typically
September or October) we also realize an independent open day of MAFIL
where visitors have more time to take a look around the laboratories.

e Autumn educational course of neuroimaging (typically a three-day course

in November)

A LOOK BACK AT 2019 L&

In 2019, we organized traditional events
such as spring neuroimaging workshop,
autumn educational course and MAFIL
open day, and we participated at open
days and other popularizing events or-
ganized under the auspices of CEITEC
or MU. Except for that, several individu-
al visits for the representatives of our co-
operating institutions as well as students
of primary and secondary schools took
place. In 2019, MAFIL newly participated
in popularization-educational neurosci-
ence lectures at the Brno Observatory

and Planetarium. Contest winners from
these events were given an option to visit
the laboratory, try a short measu-
rement in magnetic resonance and
as a souvenir, they could get a prin-
ted mini 3D-model of their own brain.
MAFIL participated at the co-organiza-
tion of a neurophysiological meeting in
Brno, where we prepared a neuroscien-
tific quiz for the participants. The winner
of the quiz also got an option to visit
MAFIL and perform the measurement.




In the past year, 2,951 measurements with the total length of 4,298 hours (testing and
service measurements not included) were performed in the MAFIL laboratory. These
measurements were realized for 58 unique projects. The overall development of the
number of measuring hours in last 5 years can be seen in the following chart.

CF MAFIL equipment usage in 2015-2019 (number of hours)
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In addition to the actual measurements, the MAFIL laboratory provides the resear-
chers/users with other services such as support with data processing or new study
preparations, advanced data manipulation or conversion to non-standard formats,
etc. In the past year, these additional services reached the amount of work equal
to 2/3 capacity of a full-time equivalent (FTE), for detailed overview please see the
following chart.

Other services of CF MAFIL reported beyond the scope
of the measurement in 2019 (in %)

m Production and reparation of HW accessories -
includes production of cabling, boxes, buttons,
phantoms, etc.

m Support of measurements from intracerebral
electrodes

= Data work beyond the scope of services included in
the measuring time, preparation of scripts for data
processing for users

m Preparation/setting of a new study — for instance
reading literature, consultation of the topic,
import/export of protocols and sequences, etc.

= Training users for measurement or data processing
including various consultations (excluding trainings
booked in the calendar)

= Testing and adjusting HW and SW for studies,
including programming of stimulations, triggering
setting, etc.

m Other —not covered above

Considering the typical “delay” between the data collecting and publishing of a sci-
entific article in a high-impact journal, recently the number of publications dedico-
ted to our laboratory has also been increasing. The following figure provides a time
overview by years.

Number of publications with dedications to the MAFIL laboratory

2016 2017 2018 2019
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SELECTED PUBLICATIONS L=

So far in the past issues, we have informed about some interesting projects. Since
the laboratory has already operated a sufficient amount of time for many projects
to result in scientific outputs (see the chart presenting number of publications in
2016-2019), we will present also some interesting publications. Interested individu-
als can find an overview of all publications on the website http://mafil.ceitec.cz/en/.

Mareckova, K; Klasnja, A; Andryskova, L; Brazdil, M and Paus, T, 2019: Developmental ori-
gins of depression-related white matter properties: Findings from a prenatal birth co-
hort. HUMAN BRAIN MAPPING, Vol. 40, No. 4, P. 1155-1163. ISSN 1065-9471, doi:10.1002/
hbm.24435

These are results of one of the first projects on which the measurement started in 2015 after
MR scanners were put into operation. The article was published in one of the most presti-
gious journals in the field, Neurolmaging (in various years it appears on the first or second
place of importance based on the so-called impact factor and it shares the first positions
with the Neuroimage journal), as well as highly appreciated in the areas of “RADIOLOGY,
NUCLEAR MEDICINE & MEDICAL IMAGING” and “Neurosciences”, in both of them ranked in
the first quarter.

Spilakova, B; Shaw, DJ; Czekoova, K and Brazdil, M, 2019: Dissecting social interaction: du-
al-fMRI reveals patterns of interpersonal brain-behavior relationships that dissociate
among dimensions of social exchange. SOCIAL COGNITIVE AND AFFECTIVE NEUROSCIEN-
CE, Oxford: Oxford University Press, Vol. 14, No. 2, P. 225-235, ISSN 1749-5016, doi:10.1093/
scan/nsz004

This is an article presenting results of one of the so-called hyperscanning studies (a study
where two participants are being measured at the same time in two MR scanners). We in-
formed about this study (Study of social interactions using hyper scanning fMRI and “Pattern
game” protocol) in our bulletin No. 4 from 2017. A journal, where the study was published, is
positioned in the first quarter (i.e. in the first quarter of the best journals in the specific field)
of Psychology and Experimental Psychology areas.

Klobusiakova, P, Marecek, R; Fousek, J; Vytvarova, E and Rektorova, |, 2019: Connectivity
Between Brain Networks Dynamically Reflects Cognitive Status of Parkinson’s Disease:
A Longitudinal Study. JOURNAL OF ALZHEIMERS DISEASE, Amsterdam: |OS Press, Vol. 67,
No. 3, P. 971-984. ISSN 1387-2877, doi:10.3233/JAD-180834

The article is related to a project which was realized in our laboratory by prof. Rektorovd
following the international consortium APGeM focused on the study of neurodegenerative
diseases. This project also represents one of the first ever started in the laboratory in 2015.
In this instance, this project included a long-term monitoring of patients, and therefore their
repeated measurement.
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NEW CF EQUIPMENT

Neuromodulatory system
GTEN 100

We have added a GTEN 100 neuromo-
dulatory system to our current 256-cha-
nnel HD-EEG EGI system. The GTEN 100
system performs an accurate electrical
neuromodulation using the same EEG
cap, which is worn by the proband du-
ring the HD-EEG scanning. This solution
allows localization of cortical activity
and direct stimulation of selected bro-
in areas by different protocols with the
possibility of response monitoring. The
system for creation of a head model
works with individual MR images of the
tested person and uses the electrode
position discovered by the scanner,
thereby reaching maximum accuracy
for stimulation targeting.

Flexible surface coil for
phosphorus measurement

Recently we have equipped our magne-
tic resonance laboratory with a surface
measuring coil for phosphorus signal
measurement. The phosphorus plays
an important role for energetical me-
tabolism in our body. The newly acqui-
red coil is constructed as flexible -
it is soft, and it can be freely bent
around the researched area. Therefo-
re, it is useful particularly for upper and
lower limbs muscle examination and it
can be also used for liver inspection.
In our laboratory we use a phosphorus
coil for energetical metabolism measu-
rement in the area of head, or brain.

DCEITEC
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GET TO KNOW THE INTERESTING PROJECTS AT CF

Creation of individualized
models of brain activity

This is a project realized for Dr. Andre-
as Spiegler. Its purpose is to create indi-
vidualized brain models based on mo-
nitoring time-spatial patterns of brain
activity as a response to different type
of stimuli. Such stimuli are audio, visual
and tactile. The measurement has the
form of simultaneous recording of brain
activity by EEG and fMRI and the sti-
mulation rhythm frequency is set indivi-
dually for each person based on the
maximum performance in alpha range
of the EEG recording.

Bargaining Game

This is another project using hyperscan-
ning or a simultaneous measurement of
two individuals in two MR scanners. The
project focuses on monitoring of chan-
ges in decision making. For people to
come to an agreement they need to
take into account their needs and tho-
se of others. In the division of a sum
of money people are likely to take one
half for them and expect the other to
take the rest. When others deviate from
this expectation a decision maker must
adapt to avoid being taken advantage
of. We aimed to reproduce this shift in
decision making during a scanning se-
ssion by simulating the average bargai-
ning behavior of people, and watching
how participants in our experiment
adapt their behavior to maximize their
share of the division.

Evaluation of model self-
defense situations and stress
tolerance of students

This interdisciplinary project performed
in cooperation among the Faculty of
Sports Studies (FSPS), Faculty of Medi-
cine and CEITEC MU started in June
2019. The project goal is to find out
whether it is possible, based on exami-
nation of structure and function of the
brain and other physiological examina-
tions, to predict individual's ability to
stand up in an urgent stress scenario in
which the participants were confronted
with an aggressor. 60 young adult men
participated in the study. A third was re-
presented by professionals working for
the Police of the Czech Republic, ano-
ther third by trained FSPS students and
the rest by untrained volunteers. On the
first day, all participants undertook an
examination of structure and function of
the brain by MRI, physiological measu-
rements (EKG, respiration, skin condu-
ctivity) during a resting-state fMRI and
stressful fMRI task, and blood and sa-
liva sampling. In the subsequent days,
the participants had to face stressful
scenarios including a physical attack by
knife, during which their physiological
response was monitored again (EKG,
respiration, skin conductivity, blood and
saliva markers). This year, when the
analysis and interpretation of the resul-
ts are being performed, CF MAFIL conti-
nues to participate on the project.
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GET TO KNOW INTERESTING TECHNICAL SOLUTIONS

Perfusion MR imaging with ASL =

Tissue perfusion is one of the modalities
which can be measured by MR. In order
to display and quantify perfusion, the ar-
terial spin labelling (ASL) method can be
used, which, for this purpose, uses magne-
tically marked blood, particularly its water
molecules. The ASL method has several
versions (continual cASL, pulsed pASL and
pseudo-continual pcASL) differing in the
way of magnetic marking. The principle is
always the same. Pairs of scans are meo-
sured, marked as “tag” and “control” (see
picture).

Readout
(measured volume)

Area of magnetic RF
pulse application

Readout
(measured volume)

During the “tag” scan measurement, the
magnetic marking (magnetization inversi-
on) is performed with the help of radiofrequency pulse on water molecules of ar-
terial blood, which then flows to the examined organ, for instance the brain. After
a predetermined time of waiting for the marked blood to get into the target areq,
the image scanning follows. During the “control” image measurement, only the sca-
nning part is performed, not the marking. Subsequently both images are deducted
from each other, thereby a perfusion-weighted image is obtained. This image can
be then converted to a quantitative perfusion image usually given in units of ml of
blood per 100 g of tissue per minute. In order to achieve a more accurate estimation
of perfusion, it is advisable to base the calculation on a bigger number of “tag” -
“control” pairs, see the picture scheme below.

Tag Control Difference




It is also necessary to count with the fact that magnetically marked blood keeps its
marking approximately for 1,300 - 1,750 ms. The advantage of this method is its
non-invasiveness, since it uses native contrast and it is not necessary to apply a spe-
cial contrast substance such as gadolinium when using the method of Dynamic Con-
trast Enhanced (DCE) imaging.

An example of the use of quantitative perfusion maps is a search for epileptic fo-
cus of patients with nonlesional epilepsy, which we realize in CF MAFIL. We use the
change in perfusion qualities of brain tissue which is included in patient’s epileptic
seizure. The epileptic focus is not visible on standard clinical structure MR images.
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This issue of CF MAFIL Bulletin was prepared
for you by:

Veronika Fabikovd, Martin Kojan, Petr Kudlicka,

Marie Novdkovd, Michal Mikl, Tomds Slavicek,
Michaela Vanharovd.

mafil.ceitec.cz/en
Ei nttps://www.facebook.com/CFMAFIL/
www.ceitec.eu
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