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The existence of intrinsic neuronal activity has been demonstrated at many
scales using a variety of methodological approaches, yet its biological relevance
is only beginning to be understood. One way to study intrinsic neuronal activ-
ity in humans is by using resting-state (RS) functional magnetic resonance ima-
ging (fMRI). In this thesis, I investigated the neuroanatomical organization
and the biological relevance of RS-fMRI activity recorded from the human
visual cortex. Using novel analysis methods, I examined the spatial and tem-
poral organization of intrinsic fluctuations in fMRI activity across striate (V1)
and extrastriate visual cortex (V2 and V3).

First, I asked whether cortico-cortical neuronal interactions between differ-
ent cortical visual field maps could be characterized using RS-fMRI. I show that
it is possible to map, based on RS-fMRI recordings, the cortico-cortical neur-
onal interactions between V1, V2 and V3. My results corroborate the view that
intrinsic neuronal activity reflects underlying neuroanatomical organization.

Next, I asked whether intrinsic fMRI activity was comparable to that evoked
by visual field mapping (VFM) stimulation. By detecting patterns of spatially-
localized synchronized activity in fMRI activity, I found spatial patterns of syn-
chronized fMRI activity that were similar in RS and VFM. However, for the
activity obtained during stimulation, synchronization was spatially more extens-
ive, reflecting the stimulus driven interactions between neighboring locations in
the visual cortex. The resemblance of the synchronization patterns derived from
RS and VFM suggest that their underlying causes share common organizational
principles.

Building on these first two experiments, I also examined the feasibility of
reproducing the findings of the previous two experimental chapters using data
acquired with a 3T rather than a high-resolution 7T scanner. Despite the lower
resolution and signal-to-noise ratio of the 3T data, I find that the results ob-
tained with it are in agreement to those obtained previously with 7T data. I also
made suggestions for how the quality of measurements at 3T could be further
improved.

Finally, I asked whether the propagation of fMRI activity within and between
V1, V2 and V3 relates to structured neuronal activity. To explore this question,
I implemented a descriptive model aimed at disentangling various contribu-
tions to measured fMRI activity. Applying this approach to 7T fMRI data re-
vealed changes in cortical excitability and directed interactions in RS and VFM.
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Thesis summary

Moreover, my results pointed to a task-dependent reconfiguration of local, feed-
forward and feedback interactions within and across V1, V2 and V3. Here, my
main contribution is that I show that it is possible to separate the contribution
of local cortical activity and directed influences at the scale of cortical visual field
maps.

I conclude my thesis by interpreting and discussing my findings in the light
of various theoretical perspectives. I stress that –in addition to externally triggered
responses– there is a constant stream of internal processes that we should take
into account as well. Drawing from Shannon’s information theory, I propose
that, for a signal to be truly informative, it has to make a difference to a receiver
–in this case the brain. In most contemporary neuroimaging studies, brain sig-
nals are interpreted from the perspective of the experimenter as receiver. How-
ever, the key question is how those signals are actually received and used by the
rest of the brain. Retinotopic maps are a prime example of this.

In summary, my studies show that RS-fMRI recordings can reveal a remark-
able amount of detail regarding the functional neuroanatomical organization of
the human visual cortex. Furthermore, my findings justify and facilitate the
comparison of RS and stimulus-evoked activity. While I have focused on RS
and VFM activity, the methods presented in this thesis can also be applied to
study task-dependent changes in a variety of experimental and behavioral con-
ditions, both in health and disease. From this, I conclude that the brain is not
only concerned with the demands imposed by the environment but also with
internally generated dynamics.
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Het bestaan   van intrinsieke neuronale activiteit op vele schalen is aangetoond
met behulp van verschillende methodologische benaderingen, maar de biolo-
gische relevantie ervan begrijpen we nog niet goed. Een manier om intrins-
ieke neuronale activiteit bij mensen te bestuderen is door gebruik te maken van
rusttoestand (resting-state; RS) functionele magnetische resonantie beeldvorm-
ing (fMRI). In mijn proefschrift, getiteld ”The Neuroanatomical Organization
of Intrinsic Brain Activity Measured by fMRI in the Human Visual Cortex”,
beschrijf ik nieuwe RS-fMRI analyses die een opmerkelijke mate van detail
onthullen over de functionele neuro-anatomische organisatie van de menselijke
visuele cortex. Ik heb deze analyses toegepast om de lokale en gedistribueerde
hersendynamiek binnen en tussen verschillende delen van de visuele cortex te
onderzoeken. Ik laat daarbij zien hoe deze dynamiek als gevolg van verschil-
lende manieren van stimulering verandert. Ik besluit mijn proefschrift door
mijn bevindingen te interpreteren en te bespreken in het licht van verschillende
theoretische perspectieven. Ik benadruk dat er, naast extern opgewekte reacties,
ook een constante stroom van interne processen bestaat. Daarmee moet reken-
ing worden gehouden omdat ze ook bijdragen aan de neuronale activiteit in
de visuele cortex. Hoewel ik me heb gericht op het visuele systeem, kan de
benadering die ik heb ontwikkeld worden toegepast op elk corticaal netwerk
om veranderingen in hersendynamiek te bestuderen onder verschillende exper-
imentele omstandigheden. Samenvattend, de bevindingen verkregen met be-
hulp van mijn nieuwe fMRI-analyses leveren bewijs dat de intrinsieke fluctu-
aties in activiteit in de vroege corticale visuele cortex wijzen op functioneel rel-
evante processen. Mijn bevindingen ondersteunen het gebruik van RS-fMRI
voor het karakteriseren van de corticale functie en connectiviteit bij gezonde
personen en mensen met een aandoening.
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I would like to dedicate this thesis to the Chilean matorral, shrublands that
cover the area between the western slopes of the Cordillera de los Andes and
the coastal ranges of the southern Pacific Ocean. Without the influence they
exert on my dreams, I may have missed big part of the joy and sense of mystery
that observation of natural phenomena educe.

A similar feeling I dedicate to the Cochayuyo1 (%VSWJMMBFB BOUBSDUJDB), a wig-
gly seaweed covering the coastal rocks of the southern Pacific. Their graciously
elongated tubular shapes makes one think about the rare abyssal creatures of
an unrecorded underwater sci-fi epic. Incessantly clashing with the ocean, they
seem to have been waiting eons for us to awash our deepest ruminations about
underwater life.

Furthermore, I would like to express my admiration and gratitude to all
the wonderful people who made this journey possible. To Frans Cornelissen
for his kind assistance and the amount of tolerance he demonstrated when
directing me towards the correct path. I could not have imagined a better
supervisor for my project. To Remco Renken, for always keeping a careful
eye on my research as well as for his optimistic perseverance and full dedic-
ation to creative scientific thought. To Nomdo Jansonius, for his grounded
wisdom and generous advocacy for research. To Ben Harvey, for mentoring
me throughout the project as well as for his personal and professional advice.
To Serge Dumoulin and Branislava Curčić-Blake, for their worthy advice and
enthusiasm. To Koen Haak, for opening the venues from which my research
branched. To Gustavo Deco, for helping me understand the complex dynam-
ics emerging from the brain. To Matthieu Gilson, for patiently guiding me
through complicated mathematical concepts. To Diana Koopmans, for her pa-
tience and support. To Barbara Nordhjem, Funda Yildirim, Joana Carvalho,
Alessandro Grillini, Hinke Halbertsma, Sandra Hanekamp, Michelle Servaas,
Azzurra Invernizzi, Tharcila Chaves, Ruud Kortekaas, Mendel Kaelen, Leor
Roseman, Christopher Timmermann, Alessio Fracasso, Etienne Hugues, Rik-
kert Hindriks, Thomas Pfeffer, Joao Barbosa, Simón Guendelman, Natalia
Bielczyk, Vinod Kumar, Juan Carlos Letelier, Jorge Mpodozis, Gonzalo Marín,
Daniel Margulies, Mauricio Toro, Tomás Ossandón and José Hurtado, for their
openness to share their knowledge and enthusiasm for science. To the reading

1From Quechua: cocha = water, yuyo = weed.
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Stellingen behorende bij het proefschrift:

The Neuroanatomical Organization of Intrinsic Brain Activity
Measured by fMRI in the Human Visual Cortex

van

Nicolás Gravel

1. The neuroanatomical organization of the visual cortex can be revealed from resting
state fMRI recordings (chapters 2 & 4, this thesis).

2. A direct comparison of resting state and stimulus-evoked brain activity is justified
since they are anchored by common neuroanatomical connections (chapters 2 & 3, this
thesis).

3. A task-dependent reconfiguration of directed interactions can be found at the scale of
cortical visual field maps, similar to that at the scale of the whole brain (chapter 5,
this thesis).

4. The topographically organized fluctuations observed during resting state fMRI are like
the ripples that indicate that a stone was thrown in the water: they need not be func-
tionally relevant themselves, but are an epiphenomenon related to actual functionally
relevant events.

5. “Because models act as bridges between levels of understanding, they must be de-
tailed enough to make contact with the lower level yet simple enough to provide clear
results at the higher level.”Peter Dayan and Larry Abbott. Theoretical Neuroscience:
Computational and Mathematical Modeling of Neural Systems (2001).

6. The neuronal signals underlying feedforward and feedback interactions are neither
purely sensory, nor purely intrinsic or modulatory, but contain all of these compo-
nents and thereby reveal us as organisms actively involved in the world, rather than
as its passive observers (chapters 5 & 6, this thesis).

7. “When we take a general view of the wonderful stream of our consciousness, what
strikes us first is the different pace of its parts. Like a bird’s life, it seems to be made of
an alternation of flights and perchings.”William James.The Principles of Psychology
(1890).
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