Ageéncia

de Gestio d’Ajuts

Universitaris

i de Recerca

Memoria justificativa de recerca de les convocatories BCC, BE, BP, CTP-
AIRE, DEBEQ, Fl, FI-ICIP, INEFC i PIV

La memaoria justificativa consta de les dues parts que venen a continuacio:
1.- Dades basiques i resums
2.- Memoria del treball (informe cientific)

Tots els camps son obligatoris

1.- Dades basiques i resums

Nom de la convocatoria

BP

Llegenda per a les convocatories:

{Modalitat A3)

BCC Convocatoria de beques per a joves membres de comunitats catalanes a l'exterior j
BDH Beques i ajuts postdoctorals del Programa DGR-Henkel KGaA
BE Beques per a estades per a |a recerca fora de Catalunya
BP Convocatoria d'ajuts postdoctorals dins del programa Beatriu de Pinds
CTP-AIRE Ajuts per accions de cooperacié en el marc de la comunitat de treball dels Pirineus.
Ajuts de mobilitat de personal investigador.
DEBEQ Beques de Cooperaci6 Internacional i Desenvolupament

Fi

Beques predoctorals per ala formacio de personal investigador

FI-ICIP Beques i ajuts per a l'etapa de formacio | de recerca de personal investigador novell en els ambits
d'interés de I'lnstitut Catala Internacional per la Pau

INEFC Begues predoctorals i de col-laboracio, dins de 'ambit de l'educacio fisica i I'esport i les ciéncies
aplicades a l'esport

PIV Beques de recerca per a professors | investigadors visitants a Catalunya

Titol del projecte: ha de sintetitzar la tematica cientifica del vostre document.
Emotional attention as a modulatory system of perception

Dades de l'investigador o beneficiari

Nom
Judith

Cognoms
Dominguez Borras

Correu electrdnic

]udith.dominguezborras@unige.ch

Dades del centre d’origen

Laboratory for Behavioral Neurology and Imaging of Co

gnition, Department of Neuroscience, University Medical Center,

1 rue Michel-Servet, 1211 Geneva, Switzerland.Tel: +44-22-37-95361.Fax:+41223795402

Nimero d’expedient

2009 BP-A 0117

Paraules clau:

cal que esmenteu cinc conceptes que defineixin el contingut de la vostra memoria.

emotion, attention, multisensory processing, refinal spikes, fMRI

Data de presentacio de la justificacié

31/10/2012




de Gesti6 d’Ajuts
"< Universitaris
“““‘j i de Recerca

PN J Agéncia
-~ )

Nom i cognoms i signatura
del/de la investigador/a

Vist i plau del/de la responsable de la
sol-licitud

Resum del projecte: cal adjuntar dos resums del document, I
s'esmenti la durada de I'accié

un en angles i l'altre en la llengua del document, on

AN Generalitat de Catalunya



'}-5 | Agéncia

v/ | deGestié d’Ajuts
L S Universitaris

~_ Ul i de Recerca

Resum en la llengua del projecte (maxim 300 paraules)
(El resum es fa directament en anglés, per indicacions de la propia administracié)

Resum en anglés (maxim 300 paraules) _

Abundant evidence suggests that negative emotional stimuli are prioritized in the perceptual systems, eliciting enhanced
neural responses in early sensory regions as compared with neutral information. This facilitated detection is generally
paralleled by larger neural responses in early sensory areas, relative to the processing of neutral information. In this
sense, the amygdala and other limbic regions, such as the orbitofrontal cortex, may play a critical role by sending
modulatory projections onto the sensory cortices via direct or indirect feedback.The present project aimed at investigating
two important issues regarding these mechanisms of emotional attention, by means of functional magnetlic resonance
imaging. In Study |, we examined the modulatory effects of visual emotion signals on the processing of task-irrelevant
visual, auditory, and somatosensory input, that is, the intramodal and crossmodal effects of emotional attention. We
observed that brain responses to auditory and tactile stimulation were enhanced during the processing of visual emotional
stimuli, as compared to neutral, in bilateral primary auditory and somatosensory cortices, respectively. However, brain
responses to visual task-irrelevant stimulation were diminished in left primary and secondary visual cortices in the same
conditions. The results also suggested the existence of a multimodal network associated with emotional attention,
presumably involving mediofrontal, temporal and orbitofrontal regions
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Resum en anglés (maxim 300 paraules) — continuacio -.

Finally, Study Il examined the different brain responses along the low-level visual pathways and limbic regions, as a
function of the number of retinal spikes during visual emotional processing. The experiment used stimuli resulting from an
algorithm that simulates how the visual system perceives a visual input after a given number of retinal spikes. The results
validated the visual model in human subjects and suggested differential emotional responses in the amygdala and visual
regions as a function of spike-levels. A list of publications resulting from work in the host laboratory is included in the
report.

2.. Memaoria del treball (informe cientific sense limitacié de paraules). Pot incloure altres fitxers de
qualsevol mena, no més grans de 10 MB cadascun d'ells.

GENERAL INTRODUCTION

Over the past century, a large body of evidence has shown that emotional stimuli, such as
faces with an emotional expressions, pictures with emotional content, or sounds with
emotional displays, have a status of priority in the processing systems, eliciting stronger and
faster attention capture than non-emotional stimuli (e.g., Ohman et al., 2001, Carretié et al.,
2004; Anderson, 2005; Vuilleumier, 2005; see Domfnguez—Borrés & Vuilleumier, 2012 and
Dominguez-Borras et al., 2012 for a review). Such a mechanism of attentional bias arises
from the limited processing capacity of sensory systems, while attending to adaptive and
evolutionary advantages, that is, the obvious necessity of rapidly reacting to crucial
information for survival. This effect, in addition, may be especially pronounced with negative
or threat-related stimuli (Lang et al., 2000). This facilitated detection of emotional stimuli
observed in behavioral studies is‘genera!ly paralleled by larger neural responses in sensory
areas, relative to the processing of neutral information. This enhancement has been observed
in early sensory cortices, including the primary visual area in the occipitél lobe (V1; Lang et
al., 1998; Pessoa, McKenna, Gutierrez, & Ungerleider, 2002; Pourtois et al, 2004), or the
primary auditory cortex in the temporal lobe (Ethofer et al., 2012; Grandjean et al., 2005), as
well as in higher level cortical regions associated with object recognition (Keil et al., 2011,
Morris et al., 1998; Sabatinelli, Bradley, Fitzsimmons, & Lang, 2005). On the other hand,

studies using time-resolved techniques, such as event-related brain potentials (ERPs) and
EATERl —~ . o1t od kb ey 1
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magneto-encephalography (MEG) in humans, give support to the idea that an emotional
modulation of perception may take place at early stages of stimulus processing. Early
components associated with visual attention ~100-200 ms after stimulus onset show
increased amplitudes to emotional faces, emotional scenes, or fear-conditioned stimuli
(Dolan, Heinze, Hurlemann, & Hinrichs, 2006; Pourtois et al., 2004). Less frequent
modulations are reported for components associated with object-categorization processes,
such as the occipitotemporal N170, which may code for face features or configuration more
than emotion information. Accordingly, direct intracranial recordings of fusiform responses to
faces have shown an emotional enhancement starting only after the N170 peak (Pourtois,
Spinelli, Seeck, &Vuilleumier, 2010a). In some cases, even earlier increases may occur for
the C1 (a component arising ~80-90 ms poststimulus and presumably generated in the
primary visual cortex) when fearful or threat-conditioned faces are presented in the peripheral
visual field (Pourtois et al., 2004; Stolarova et al., 2006). In the auditory domain, fearful
vocalizations or sounds conditioned with pleasant and unpleasant scenes may also elicit
larger ERPs relative to neutral stimuli already ~150 ms after onset. Finally, later modulations
of brain responses are also frequent (i.e., 300400 ms), including larger P3 or sustained late
positive potentials (LPPs; e.g. Sabatinelli, Lang, Keil, & Bradley, 2007), which might reflect
more elaborate affective and cognitive evaluations, as well as memory. Moreover, the face-
responsive fusiform cortex may show sustained activation to fearful exbressions (> 700-800
s), clearly outlasting stimulus duration itself (Pourtois et al., 2010a).

Emotional processing does not elicit a general boosting of visual or auditory processing, but
rather modulates cortical areas that are selectively responsive to the stimulus type (Peelen et
al., 2007). This is similar to the effects typically produced by endogenous or exogenous
attention mechanisms mediated by frontoparietal systems, leading to more robust neural
representation of attentionally relevant stimuli, with a remarkable category specificity (Driver,
2001). However, emotional and attentional mechanisms seem relatively independent,
involving partly distinct neural circuits, and showing additive effects to each other (Amting et
al., 2010; Brosch, Pourtois, Sander, & Vuilleumier, 2011; Keil, Moratti, Sabatinelli, Bradley, &
Lang, 2005; Lucas & Vuilleumier, 2008). Emotional biases cannot be simply designated as
top-down or bottom-up, because they share components with both attentional systems. These
biases might rather be understood as reflecting specialized neural mechanisms for emotional
attention (Vuilleumier, 2005) or motivated attention (Lang et al., 1998), contributing to select
sensory information in parallel with other top-down and bottom-up attentional mechanisms.

Thus, perception can be modulated by multiple sources simultaneously, including not only
endogenous, exogenous, or object-based attention but also emotional feedback signals. In
this vein, converging evidence from anatomy, imaging, and neuropsychology suggests that,
the amygdala, a nuclear complex located in the medial temporal lobe, may play an important
role in this modulatory effect (see Vuilleumier, 2005, Pourtois et al., 2012; Dominguez-Borras
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& Vuilleumier, 2012). In the visual modality, one hypothesis suggests that rudimentary visual
signals might be extracted through subcortical-visual (perhaps magnocellular) pathways
including the superior colliculus, and pulvinar nucleus of the thalamus, then projecting directly
to the amygdala (Tamietto & de Gelder, 2010). This subcortical route was postulated hased
on residual emotional processing in patients with blindsight after destruction of the occipital
cortex (Tamietto & de Gelder, 2010) and on preserved fear conditioning in animals without the
sensory cortex (Romanski & LeDoux, 1992). Direct connections between visual pulvinar and
amygdala remain questionable in humans (Pessoa & Adolphs, 2010), but exist in lower
primates (Day-Brown, Wei, Chomsung, Petry, & Bickford, 2010). Other subcortical visual
pathways from the brainstem to the amygdala were also reported in rodents (although
unknown in humans; Usunoff, Itzev, Rolfs, Schmitt, & Wree, 2006). Alternatively, blindsight
may depend on direct inputs from the lateral geniculate nucleus to extrastriate temporal
cortex (Schmid et al., 2010) or from the pulvinar to fusiform in humans (Clarke, Riahi-Arya,
Tardif, Eskenasy, & Probst, 1999), providing another route bypassing early occipital cortex,
potentially projecting to the amygdala and other brain regions. This subcortical route would
correspond to a more unconscious, rather automatic, route of emotional attention. However,
emotional attention in healthy subjects may also be achieved through cortico-cortical
pathways, through which unconscious and conscious or attentive processing may converge,
yet with different latencies, oscillatory frequencies, or amplitudes (Pourtois et al., 2012;
Vuilleumier, 2005). The orbitofrontal cortex (OFC) may also be critically involved in this
modulatory effect (see Dominguez-Borras & Vuilleumier, 2012). It is plausible that both the
amygdala and other limbic regions involved in affective appraisal, such as the OFC, might
activate at early latencies through an initial volley of feedforward inputs (Vuilleumier, 2005),
before or in parallel with the recruitment of exogenous or endogenous attentional systems.
Thus, the early activation of the amygdala (or other areas such as the OFC) would then
modulate sensory cortices via direct feedback (Amaral et al.,, 2003; Vuilleumier, 2005) or

indirect projections to the dorsal attention system in prefrontal and parietal areas (Vuilleumier,

2005). In any case, the effects and neural substrates of emotional attention on perception are

still poorly understood.

AIMS OF THE PROJECT
1. To explore the intramodal, crossmodal and multimodal effects of visual emotional
attention on auditory, visual and tactile processing (Study I).
2. To examine the relative timing, in terms of retinal spikes, of visual and limbic regions
during emotional processing, defining their role in the neural networks subserving

visual emotional attention (Study I1).
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Introduction

We have seen that sensory information is differently processed when it is affectively loaded in
relation to when it is neutral, that is, that the emotional load of a given stimulus modulates its
subsequent processing. Of recent interest, on the other hand, is the question of whether the
processing of negative emotional stimuli extends this modulatory effect to the whole
perceptual field, and even to other sensory pathways. In this sense, psychophysiological
studies yielded that visualizing aversive pictures intensifies blink reflexes towards sudden
auditory stimuli (e.g. Bradley et al., 2006). Recent experiments, in addition, showed that novel
environmental sounds elicited larger novelty P3, a positve ERP associated with the
evaluation of these novel events, while subjects responded to emotionally negative pictures in
relation to when responding to the neutral ones (e.g. Dominguez-Borras et al., 2008a, b). This
modulation was observed as early as 200 ms after the occurrence of the sounds (Dominguez-
Borras et al., 2008b), increasing phase-synchronization of EEG gamma-band oscillations
even at 100 ms after sound onset (Garcia-Garcia et al., 2009). Likewise, hemodynamic
responses in superior temporal gyri showed enhanced activation to these novel events when
responding to negative emotional faces (Dominguez-Borras, 2009). Similarly, auditory cues
containing emotional prosody enhanced N1-responses to visual targets, although possibly
through facilitated spatial attention to either side of the screen (Brosch et al., 2008). All these
results suggest that unexpected auditory events, irrelevant in neutral environmental
conditions per se, may have become more available to the attentional set in a threatening
environment, providing thus, if necessary, useful information for survival.

However, the underlying neural circuitry originating this modulatory effect is still unknown.
One remaining question is, for instance, whether emotion modulates the processing of task-
irrelevant information specifically in primary sensory cortices. Examining this aspect would
help us to determine whether the processing of task-irrelevant information is modulated at the
very primary stage of cortical processing or, on the contrary, it occurs on later phases. Recent
unpublished results, for instance, showed that visual emotional inputs enhanced the
processing of complex tones at N1 stage (thus, plausibly in primary sensory cortices, as
corroborated with subsequent dipole modelling), in relation to the visual neutral ones, when
these sounds were presented 100-150ms after picture onset (Selinger, L., Dominguez-
Borras, J., Escera, C., in preparation). A second question would be whether this modulation is
a real multisensory effect. That is, if negative emotional processing may be able to modulate
the processing of other stimuli that occur concomitantly, regardless of the sensory modality
through which they are presented. If so, it should extend its effects to auditory, visual and
somatosensory stimuli. Olfaction and taste, although rdbustly connected to the limbic system
(e.g. Buck, 2000), should be considered differently due to the fact that their underlying
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circuitry is phylogenetically more primitive (Buck, 2000). Finally, a third question would be if
the subcortical pathways originating this modulatory effect on concomitant stimuli are similar
to those enhancing activations for direct emotional processing (see General Introduction).
Given, for instance, the connections between the amygdala and the visual (Freese & Amaral,
2005), auditory (LeDoux, 2000) and somatosensory pathways (Friedman et al., 1986), it is
therefore plausible that, after a short stimulation by the visual emotional input, regions
involved in emotional attention would potentiate the excitability, either directly or indirectly, of
these sensory areas. Another possible model would give rise to direct modulation of

multisensory integration circuits.

The present study aimed at investigating the modulatory effects of visual emotion on the
processing of auditory, visual and somatosensory task-irrelevant stimuli at hemodynamic

levels in humans.

Methods
Subjects
Nineteen subjects (Mean age: 22.21; StDev: 4.10), right-handed, with no neurological or
psychiatric history, normal hearing, normal or corrected-to-normal vision and normal

somatosensory processing, participated in the present study.

Stimuli

Visual task-relevant stimuli were 26 neutral and 26 fearful faces from the NimStim database
(Tottenham et al., 2009) and the Karolinska Directed Emotional Faces set (Lundqvist, D.,
Flykt, A., Ohman, A. -1998. Department of Neurosciences, Karolinska Hospital, Stockholm,

Sweden). All pictures were of similar size and luminance.

Auditory task-irrelevant stimuli were a complex tone, presented binaurally, consisting of a
fundamental frequency of 500 Hz and two harmonics of 1000 Hz, and 1500 Hz. The
amplitude of every subsequent harmonic tone was decreased in a scale of 50% of the
intensity of the fundamental tone. The voiume was manually set to 40dB sensation level for
each individual subject. Visual task-irrelevant stimuli were two flickering checkerboards
presented on each side of the screen (vertical size: 150; horizontal size: 150; 10
cycles/100pixels). Finally, tactile task-irrelevant stimuli consisted of a static single tap,
presented to both lower cheeks with an MR-compatible pneumatic plastic cylinder, especially
developed for the study. All task-irrelevant stimuli were presented with a duration of 100 ms.

Task, conditions and procedure
Faces (task-relevant stimuli) appeared in the middle of the screen for 400 ms. Then, one task-

irrelevant stimulus appeared, which followed the faces by 125425 ms, according to the
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“optimal window” established in previous unpublished results (Selinger et al., in preparation).
Thus, trials could consist of a neutral face with a task-irrelevant auditory (NEU-Aud condition,
n=26), visual (NEU-Vis condition, n=26) or tactile (NEU-Touch condition, n=26) stimulus, of a
fearful face with a task-irrelevant auditory (NEG-Aud condition,: n=26), visual (NEG-Vis
condition, n=26) or tactile (NEG-Touch condition, n=26) stimulus, of a neutral face alone
(NEU-Alone condition, n=78) or of a negative face alone (NEG-Alone condition, n=78), being
the two latter conditions the experimental controls. The trial length ranged from 3600 to 4400
ms-(mean 4000 + 400 ms). A unique sequence was designed (with counterbalanced order
across subjects) alternating the emotional conditions (NEU or NEG) in pseudorandomized
blocks of different lengths, were the shortest emotional block lasted 10.5-seconds. Finally,
subjects had to respond whether the face corresponded to a male or a female by pressing a
response button with their right hand (buttons counterbalanced across subjects), while

ignoring the task-irrelevant stimuli.

Scan parameters

MRI data were acquired on a 3T whole body MRI scanner (Trio TIM, Siemens, Germany),
using a 12-channel head coil. Structural images were acquired with a T1-weighted 3D
MPRAGE sequence (TR/TI/TE=1900/900/2.27ms, flip angle = 9 degrees, voxel dimensions: 1
mm isotropic, 256 x 256 x 192 voxel). Functional images were obtained using a susceptibility
weighted EPI sequence, optimized for blood oxygenation level dependency (BOLD) contrast.
The EPI sequence comprised 36 slices (TR/TE = 2100/30 ms, flip angle = 80 degrees, PAT
factor = 2, 64 x 64 pixel, 3.2 x 3.2 mm, 3.2 mm slice thickness, 20% slice gap), with non-
interleaved sequential descending acquisitions. Functional images were slice time corrected,
realigned, normalized spatially to the Montreal Neurological Institute (MNI) template and
smoothed with an 8-mm FWHM gaussian kernel using SPM8 (Wellcome Department of
Cognitive Neurology, Institute of Neurology, London, UK, http://www.fil.ion.uncl.ac.uk/spm).

Peripheral measures

Indirect measures of arousal consisted of pupil diameter (EyeTrac 6, Applied Science
Laboratories, USA).

Analysis

Only those trials with a correct subject behavioral response were analyzed. At the first level, 9
event types were modeled, referred to each experimental condition (8) and 1 for trials with
errors and 6 additional regressors referred to the movement parameters, which would be
regressed out later. Data were high-pass filtered (1/128 Hz), corrected for intrinsic
autocorrelations, and convolved with a standard HRF. Second-level analysis was performed
on single-subject statistical parametric maps, which served as random effects. Three
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contrasts of interest were defined, by means of voxel-referred t--tests, to compare BOLD
signal for the following ¢onditions: [(NEG-Aud > NEG-Alone) > (NEU-Aud > NEU-Alone)] as
“emotional enhancement of auditory processing”, [(NEG-Vis > NEG-Alone) > (NEU-Vis >
NEU-Alone)] as “emotional enhancement of visual processing” and [((NEG-Touch > NEG-
Alone) > (NEU-Touch > NEU-Alone)] as “emotional enhancement of somatosensory
processing”. Furthermore, emotional enhancement of visual processing was replaced by the
opposite contrast, due to the absence of surviving voxels in the first one: [(NEG-Vis > NEG-
Alone) < (NEU-Vis > NEU-Alone)], as “emotional suppression of visual processing”.
Moreover, subsequent ROI analyses were carried out using anatomical masks from the
Anatomy toolbox (Eickhoff et al., 2005) and “WFU Pickatlas" (Maldjan et al., 2003), were only
voxels surviving a p-value threshold of 0.05 (FWE-corrected) were considered significant. In a
subsequent analysis, values of pupil diameter (accounting for arousal), as well as time values
(accounting for habituation effects), were used as parametric modulators of every condition
regressor in the General Linear Model. Finally, a conjunction analysis of all three contrasts of
interest was performed, as well as Psychophysiological Interactions (PPI) using the peak of

activation for each contrast of interest as seed region.

Results

As seen in Figure1, brain responses to task-irrelevant stimuli were isolated from those to the
faces, by contrasting each Aud/Vis/Touch-condition to the corresponding Face Alone
condition (e.g. NEU-Aud > NEU-Alone, NEG-Aud > NEG-Alone, see Methods). As expected,
activations associated to the auditory, visual and somatosensory task-irrelevant stimuli were
observed in corresponding primary and secondary auditory, visual and somatosensory
regions. Furthermore, those sensory-specific activations processed during the presentation of
an emotional face (NEG-Aud, NEG-Vis and NEG-Touch, with NEG-Alone contrasted out)
were compared to those during the presentation of a neutral face NEU-Aud, NEU-Vis and
NEU-Touch, with NEU-Alone contrasted out). In this sense, hemodynamic responses
associated to the NEG-Aud condition were stronger than those for the Aud-NEU condition in
bilateral primary auditory cortices, as well as left area of Wernicke (Fig. 2), indicating that the
processing of task irrelevant sounds was enhanced during the processing of fearful faces, as
compared to neutral. This effect was more prominent during the beginning of the experimental
session, fading progressively over time, as it was only evident when accounting for time
habituation effects. On the other hand, brain responses in the NEG-Touch condition were
stronger than those for the Touch-NEU condition in bilateral primary (SI) and secondary (Sll)
somatosensory cortices (Fig. 3), indicating that the processing of task irrelevant touch
stimulation was enhanced during the processing of fearful faces, as compared to neutral.
However, brain responses in the NEG-Vis condition were indeed weaker than those for the
NEU-Vis condition in bilateral primary and secondary (V1/V2) visual cortices (Fig. 4),
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indicating that the processing of task irrelevant visual stimulation was suppressed during the
processing of fearful faces, as compared to neutral.

Interestingly, conjunction analysis across all three (Aud, Vis and Touch) contrasts of interest
revealed bilateral inferofrontal (bilateral Rolandic operculum and bilateral frontal inferior
operculum) as well as left insula, associated with these attentional modulations by emation.
Subsequent PPIs using left and right Rolandic operculum as seed regions (i.e. those showing
the peak values in the conjunction analysis) yieldled a common modulatory network
covariating for all three sensory modalities, which includes right middle frontal regions and
right superior temporal gyrus (with the left hemisphere seed), and right middle frontal regions
(with the right hemisphere seed). Finally, when pupil size was introduced in the model for
conducting the same conjunction analysis of the three contrasts of interest, as it is a reliable
index of arousal (Sterpenich et al., 2009; see Kreibig, 2010 for a review), an activation was
observed in left orbitofrontal cortex.

Conclusions

The present results provide an interesting insight on how emotional attention modulates
perception and attention. On one hand, they replicate the previous studies showing that a
context of visual emotion modulates the processing of concomitant sounds (Dominguez-
Borras et al, 2008a,b, 2009), while extending the conclusions towards other sensory
modalities. In fact, the results suggest that emotional processing modulates perception both
within and across sensory pathways, albeit with a different impact as a function of the intra- or
cross-modality relationship between stimuli. Thus, emotional processing enhances the
perception of concomitant stimuli when these are crossmodal (e.g. visual emotion vs
auditory/tactile concomitant stimulus), but suppresses the perception of those stimuli coming
from the same sensory modality as the emotional stimulus (e.g. visual emotion vs visual
concomitant stimulus). The latter effect is likely to reflect a mechanism of sensory competition
between the emotional and the task-irrelevant stimulus (e.g. Schwartz et al., 2005), in favor of
the emotional one. Furthermore, the results demonstrate that emotion modulates the
processing of task-irrelevant information specifically in primary and secondary sensory
cortices. Thus, the processing of task-irrelevant information is modulated at the very primary
stage of cortical processing. Finally, the present results also point to the existence of a
multisensory network associated with emotional attention in the human brain, presumably
involving mediofrontal, temporal and orbitofrontal regions, the latter highly related to
mechanisms of arousal (see Dominguez-Borras & Vuilleumier, 2012).
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STUDY I

Introduction

Regarding the neural networks underlying emotional processing, commented in the General
Introduction, there is still much controversy around the latency of the responses within the
limbic system, as well as in cortical sensory areas, during emotional processing in the visual
domain (see Pessoa & Adolphs, 2010). For instance, the latency of amygdala responses to
emotional cues remains poorly known. Differential amygdala activations to emotional faces
have been reported around 40-140 ms poststimulus onset in humans with MEG (Luo et al,,
2010), but around 140 ms (Pourtois et al., 2010b) or 200 ms poststimulus onset with
intracranial recordings (e.g., Krolak-Salmon et al., 2004). These effects may thus arise just
before, or in parallel with, the neural signature of stimulus identification in the cortex. Early
activations in the orbitofrontal cortex have also been reported around 120 ms after onset,
using intracranial (Kawasaki et al., 2001) and scalp recordings (Pourtois et al., 2005; Pourtois,
et al., 2004). Furthermore, intracranial recordings revealed similar amygdala responses up to
140 ms after onset when fearful faces are presented at attended or unattended locations, but
a later and prolonged response after 600 ms that is enhanced by overt attention to faces.
Scalp recordings using the same task also found an early emotional effect around 100 ms
over frontal sites, but at top-down attentional effects starting around 200 ms (Holmes et al.,
2003). Therefore, it is plausible that both the amygdala and other limbic regions involved in
affective appraisal, such as the OFC, might activate at early latencies through an initial volley
of feedforward - inputs (Vuilleumier, 2005), before or in parallel with the recruitment of
exogenous or endogenous attentional systems (see Dominguez-Borras & Vuilleumier, 2012).

In this sense, more work is needed to clarify the timing of emotion and attention effects in
different brain regions, and to test the causality of interactions between them. Some of the
reasons for the current controversy are the technical difficulties to-properly localize and
register, for instance, responses of the amygdala and other subcortical nuclei with virtually all
main techniques used in humans, such as electroencephalography (EEG),
magnetoencephalography (MEG; in terms of proper localization), functional magnetic
resonance imaging (fMRI; in terms of timing) and even intra-cranial recordings (in terms of
interpretation of the results). Given these factors, indirect timing measures, such as simply
manipulating the nature of the stimuli used, combined with neurcimaging and
electrophysiological techniques that provide good spatial and timing resolution, respectively,
may become very helpful. The aims of the present study were to examine, with fMRI and
behavioural measures, the variation of responses, linear or not, of different brain regions
along the low-level visual pathways and limbic regions; such as the amygdala, as a function
of the amount of spikes occurring in the retina during visual emotional processing. The
experiment followed Van Rullen and Thorpe’s model of temporal spike coding in the low-level
visual system (e.g. VanRullen & Thorpe, 2001; Thorpe et al, 2001). Thorpe's group
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developed an algorithm that simulates how the visual system perceives a visual input after a
given amount of spikes in different processing stages such as in the retina (Perrinet et al.,
2004). We used the images generated with this algorithm in order to, on one hand, validate
the visual model in human subjects, and, on the other hand, address the abovementioned

questions about emotion.

Methods

Subjects

Sixteen subjects (8 males; Mean age 26.06; StDev: 5.07), right-handed, with no neurological
or psychiatric history, normal hearing, normal or corrected-to-normal participated in the

present study.

Stimuli

Visual task-relevant stimuli were 25 neutral and 25 fearful faces; all in grayscale, from the
NimStim database (Tottenham et al., 2009) and the Karolinska Directed Emotional Faces set
(Lundgvist, D., Flykt, A, Ohman, A. -1998. Department of Neurosciences, Karolinska
Hospital, Stockholm, Sweden). All pictures were of similar size and luminance (within each
spike level). From these stimuli, a set of images was created simulating the outputs of 8
different degradations (i.e. “spike levels”) according to how every image would be perceived
by the visual system after 50, 100, 500, 1000, 5000, 10000, 50000 and 100000 retinal spikes,

chosen after preliminary piloting.

Task, conditions and procedure

Faces (task-relevant stimuli) appeared in the middle of the screen for 200 ms. Trials could
consist of a neutral face with a resolution of 50 retinal spikes (Face50_NEU condition), 100,
(Face100_NEU condition), 500 (Face500_NEU condition), 1000 (Face1000_NEU condition),
5000 (Face5000_NEU condition), 10000 (Face10000_NEU condition), 50000
(Face50000_NEU condition) and 100000 (Face100000_NEU condition), or a fearful face with
a resolution of 50 retinal spikes (Face50_NEG condition), 100, (Face100_NEG condition),
500 (Face500_NEG condition), 1000 (Face1000_NEG condition), 5000 (Face5000 _NEG
condition), 10000 (Face10000_NEG condition), 50000 (Face50000_NEG condition) and
100000 (Face100000_NEG condition). Total trial duration was of 3500 +800 ms. A sequence
‘was designed (with counterbalanced order across subjects) alternating the emotional
conditions (NEU or NEG) randomly. Subjects had to respond whether the face corresponded
to a male or a female, or they were not sure, by pressing a response button with their right
hand (all 3 buttons counterbalanced across subjects).

Scan parameters

MRI data were acquired on a 3T whole body MRI scanner (Trio TIM, Siemens, Germany),
using a 12-channel head coil. Structural images were acquired with a T1-weighted 3D TR:
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1900; Echo Time: 2.27; sequence VOXxel dimensions: 1 mm isotropic, in a 2566 mm field of
view). Functional images were obtained using a susceptibility weighted EPI sequence,
optimized for blood oxygenation level dependency (BOLD) contrast. The EPI sequence
comprised 40 slices (TR/TE = 2000/20 ms, flip angle = 80 degrees, base resolution: 64;, 3.2 X
32 mm, 2.5 mm slice thickness, 0.8mm slice gap), with non-interleaved sequential
descending acquisitions. Functional images were slice time corrected, realigned, normalized
spatially to the Montreal Neurological Institute (MNI) template and smoothed with an 8-mm
FWHM gaussian kernel using SPM8 (Wellcome Department of Cognitive Neurology, Institute
of Neurology, London, UK, http:flwww.fil.ion.uncl.ac.uk/spm).

Analysis

Behavioral responses (Response Time —RT. Hit Rate —HR, Error Rate —ER, and Omissions).
At the first level, 22 or 14 event types were modeled in 2 different analyses: 16 or 8 (Spike
Level conditions pooled into half the original amount) referred to each experimental condition,
respectively, and 6 additional regressors referred to the movement parameters, which would
be regressed out later. Data were high-pass filtered (1/128 Hz), corrected for intrinsic
autocorrelations, and convolved with a standard HRF. Second-level analysis was performed
on single-subject statistical parametric maps, which served as random effects. Contrasts of
interest were “Face visibility”, based on the behavioral results (all Spike Levels from 5000
onwards > all Spike Levels from 50 to 1000), “Emotional effect” (all NEG Spike Levels > all
NEU Spike Levels), “Emotional effect in INvisible faces” (all NEG conditions for Spike Level
50 to 1000 > all NEU conditions for Spike Level 50 to 1000) and “Emotional effect in Visible
faces” (all NEG conditions for Spike Level 5000 to 100000 > all NEU conditions for Spike
Level 5000 to 100000). An additional Full Factorial analysis was performed, with the factors
Emotion (x2) and Spike Level (x8 or x4, respectively). ROI analyses were carried out using
anatomical masks from the Anatomy toolbox (Eickhoff et al., 2005) and "WFU Pickatlas”
(Maldjan et al., 2003), were only voxels surviving a p-value threshold of 0.05 (FWE-corrected)

were considered significant.

Results and preliminary conclusions

Subjects responded faster as the Spike Level increased (Spikes: F(7,63)= 19,884, p=
0.000002). This effect was more pronounced for the emotional faces than the neutral ones
(Emotion x Spikes: F(7,63)= 3,759; p= 0,014). Subjects responded more accurately as the
Spike Level increased (Spikes: F(7,63)= 100,26; p= 0.000000000006) and when responding
to the emotional faces, in relation to the neutral ones (Emotion: F(1,9)= 61; p= 0.00002).
Similarly, the amount of “Not Sure” responses decreased as the- Spike Level increased
(Spikes: F(7,63)= 42,506; p= 0,000002), being almost absent from the Spike Level 5000
onwards. Omissions were also affected by Emotion and Spike Level (Emotion: F(1,9)=
30.480; p= 0.0004; Spikes: F(7,63)= 19,414; p= 0,00000003; Emotion x Spikes: 6,429; p=
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0,002; Fig. 5). Preliminary analysis of BOLD responses show a main effect of Spike Levels in
bilateral fusiform, bilateral inferior temporal gyrus, bilateral inferior occipital cortex and
bilateral orbitofrontal cortex, suggesting a linear response of main visual and face processing
regions as a function of retinal spikes (Fig. 6). Finally, a trend of Spike Level x Emotion effect
was observed in right amygdala and left inferior temporal gyrus, suggesting that the
modulation by emotional processing expected in visual and limbic regions (see General
lritroduction) varies as a function of the retinal Spikes (Fig. 7). Subsequent analyses of
“Emotional effect in INvisible faces” (that is, from 50 to 1000 Spikes) and Emotional effect in
Visible faces” (that is, from 5000 to 100000 Spikes) revealed no emotional modulation of
visual or limbic regions in the Invisible faces, but a stronger response of right fusiform, right
insula and left temporal pole for the fearful faces, as compared to those neutral. In this
analysis, no differential amygdala responses were observed. The present results provide a
preliminary validation of the model by Perrinet et al. (2004) in humans. Further analyses will
examine the specific progression of these activations, by means of parametric designs, and
will try to- establish the amount of retinal spikes needed for both limbic and visual processing

regions during emotional processing.

Publications written in the host laboratory

e Dominguez-Borras, J., Saj, A, Armony, J. L., Vuilleumier, P. (2012). Emotional
processing and its impact on unilateral neglect and extinction. Neuropsychologia, 50(6),
1054-1071.

» Dominguez-Borras, J., Vuilleumier, P. Affective biases in attention and perception. In: P.
Vuilleumier and J. L. Armony (Eds.), Handbook of Human Affective Neuroscience.

Cambridge University Press (in press).

UNDER REVIEW

o Dominguez-Borras, J., Armony, J.L., Maravita, A., Driver, J., Vuilleumier, P. Partial
recovery of visual extinction by Pavlovian conditioning in a patient with hemispatial
neglect (under second review).

IN PREPARATION

e Dominguez-Borras, J., Rieger, S. W., Vuilleumier, P. Intra, crossmodal and multimodal
effects of emotional attention (in preparation).
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Presentations in conferences of work conducted in the host laboratory

:

o Dominguez-Borras, J., Vuilleumier, P., Escera, C. Crossmodal effects of visual emotional
stimuli on the processing of task-irrelevant sounds: electrophysiological and
hemodynamic evidence. Invited participation in symposium. Psychologie und Gehirn,
Heidelberg, Germany, 2011. Organizers: Deutsche Gesellschaft fur Psychologie (DGP)
and Deutsche Gesellschaft fur Psycholgie und ihre Anwendung (DGPA).

e Rieger, S. W., Dominguez-Borras, J., Vuilleumier, P. An MRI compatible somatosensory
stimulation device for the investigation of crossmodal effects of emotion on the
processing of tactile, visual, and auditory input. Poster presentation. 28™ Annual Scientific
Meeting, Leipzig, Germany, 2011. Organizers: European Society for Magnetic
Resonance in Medicine and Biology (ESMRMB).

° Dominguez—Borrés, J., Rieger, S. W., Vuilleumier, P. Effects of visual emotional events
on the processing of simultaneous auditory, visual, and somatosensory input. Poster
presentation. Alpine Brain Imaging Meeting (ABIM), Champery, Switzerland, 2012.
Organizers: Patrik Vuilleumier, Sophie Schwartz, Dimitri Van De Ville, Ray Dolan.

e Dominguez-Borras, J., Rieger, S. W., Vuilleumier, P. Effects of visual emotional events
on the processing of simultaneous auditory, visual, and somatosensory input (Best poster
presentation award). Affective Sciences Annual Research Forum, 2012. Organizers:
National Center of Competence in Research (NCCR) in Affective Sciences.

e Dominguez-Borras, J., Rieger, S. W, Vuilleumier, P. Intramodal, crossmodal and
multimodal effects of emotional attention. Poster presentation. 18th Annual Meeting of the
Organization for Human Brain Mapping (OHBM), Beijing, China, 2012. Organizers:
Organization for Human Brain Mapping (OHBM).

e “Emotional processing and attention as modulatory systems of perception”. Simposium
organization. 8° Congreso de la Sociedad Espafiola de Psicofisiologia y Neurociencia
Cognitiva y Afectiva (SEPNECA), Barcelona, Spain, 2012. Organizer: Sociedad Espaiiola
de Psicofisiologia y Neurociencia Cogniﬁva y Afectiva (SEPNECA).

e Dominguez-Borras, J., Rieger, 5. W., Vuilleumier, P. Effects of visual emotion on the
processing of auditory, visual and somatosensory input. Oral communication. 8°
Congreso de la Sociedad Espafiola de Psicofisiologia y Neurociencia Cognitiva y Afectiva
(SEPNECA), Barcelona, Spain, 2012. Organizer: Sociedad Espafiola de Psicofisiologia y
Neurociencia Cognitiva y Afectiva (SEPNECA).
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e Dominguez-Borras, J., Rieger, S. W., Vuilleumier, P. Intramodal, crossmodal and
multimodal effects of emotional attention. Poster presentation. 8th FENS Forum of
Neuroscience, Barcelona, Spain, 2012. Organizer: Federation of European Neuroscience

Societies.

e Dominguez-Borras, J., Rieger, S. W., Vuilleumier, P. Intramodal, crossmodal and
multimodal effects of emotional attention. Invited oral communication in symposium. 52nd
Annual Meeting of the Society for Psychophysiological Research (SPR), New Orleans
(Louisiana) USA, 2012. Organizer: Society for Psychophysiological Research (SPR).

REFERENCES
Amaral, D. G, Bauman, M. D., Capitanio, J. P., Lavenex, P., Mason, W. A., Mauldin-Jourdain,
M. L., Mendoza, S. P. (2003). The amygdala: is it an essential component of the neural

network for social cognition? Neuropsychologia, 41(4), 517-22.

Amting, J.M., Greening, S. G., Mitchell, D. G. (2010). Multiple mechanisms of consciousness:
the neural correlates of emotional awareness. Journal of Neuroscience, 30(30), 10039-10047.

Anderson, AK. (2005). Affective influences on the attentional dynamics supporting

awareness. Journal of Experiméntal Psychology. General, 134(2), 258-281.

Bradley, M.M., Codispoti, M., Lang, P.J. (2006). A multi-process account of startle modulation
during affective perception. Psychophysiology, 43, 486-497.

Brosch, T., Grandjean, D., Sander, D., Scherer, K.R. (2008). Cross-modal emotional
attention: emotional voices modulate early stages of visual processing. Journal of Cognitive
Neuroscience, 21(9), 1670-1679.

Brosch, T., Pourtois, G., Sander, D., Vuilleumier, P. (2011). Additive effects of emotional,
endogenous, and exogenous attention: Behavioral and electrophysiological evidence.
Neuropsychologia, 49(7), 1779-1787.

Buck, L. Smell and taste: the chemical senses. In. E. R., Kandel, Schwartz JH, Jessell TM,
editors. Principles of Neural Science. USA: McGraw-Hill; 2000; 626-647.

Carretié, L., Hinojosa, J. A., Martin-Loeches, M., Mercado, F., Tapia, M., (2004). Automatic
altention to emotional stimuli: neural correlates. Human Brain Mapping, 22, 290-299.

HTIE Canaralitat Aa Catall inyga



Agéncia

de Gestid d’Ajuts
Universitaris

i de Recerca

Clarke, S., Riahi-Arya, S., Tardif, E., Eskenasy,A. C., Probst, A. (1999). Thalamic projections
of the fusiform gyrus in man. European Journal of Neuroscience, 11(5), 1835-1838.

Day-Brown, J. D., Wei, H., Chomsung, R. D., Petry, H. M., Bickford, M. E. (2010). Pulvinar
projections to the striatum and amygdala in the tree shrew. Frontiers in Neuroanatomy, 4,

143.

Dolan, R. J., Heinze, H. J., Hurlemann, R., Hinrichs, H. (2006). Magnetoencephalography
(MEG) determined temporal modulation of visual and auditory sensory processing in the
context of classical conditioning to faces. Neuroimage, 32(2), 778-789.

Dominguez-Borras, J., Garcia-Garcia, M., Escera, C. (2008a). Negative emotional context

enhances auditory novelty processing. Neuroreport, 19, 503-507.

Domlnguez-Borras, J., Garcia-Garcia, M., Escera, C. (2008b). Emotional context enhances
auditory novelty processing: behavioural and electrophysiological evidence. European Journal
of Neuroscience, 28(6), 1199-1206.

Dominguez-Borras, J., Trautmann, S.A., Erhard, P., Fehr, T., Herrmann, M., Escera, C.
(2008c). Emotional context enhances auditory novelty processing in superior temporal gyrus.
Cerebral Cortex, 19(7), 1521-1529.

Dominguez-Borras, J., Saj, A., Armony, J. L., Vuilleumier, P. (2012). Emotional processing
and its impact on unilateral neglect and extinction. Neurapsychologia, 50(6), 1054-1071.

Dominguez-Borras, J., Vuilleumier, P.(in press). Affective biases in attention and perception.
In: P. Vuilleumier and J. L. Armony (Eds.), Handbook of Human Affective Neuroscience.

Cambridge University Press.

Driver, J. (2001). A selective review of selective attention research from the past century.
British Journal of Psychology, 92, 53-78.

Eickhoff, S.B., Stephan, K.E., Mohlberg, H., Grefkes, C., Fink, G., Amunts, K., Zilles, K.
(2005). A new SPM toolbox for combining probabilistic cytoarchitectonic maps and functional

imaging data. Neurolmage, 25, 1325-1335.

175 1 1 S T D 1T Y T DR WA TR



Agéncia

de Gestio d’Ajuts

Universitaris

i de Recerca

Ethofer, T., Bretscher, J., Gschwind, M., Kreifelts, B., Wildgruber, D., Vuilleumier, P. (2012).
Emotional voice areas: Anatomic location; functional properties, and structural connections
revealed by combined fMRI/DTI. Cerebral Cortex, 22(1), 191-200.

Freese, J. L., Amaral, D. G. (2005). The organization of projections from the amygdala to
visual cortical areas TE and V1 in the Macaque monkey. The Journal of Comparative
Neurology, 486(4), 295-317.

Friedman, D.P., Murray, E.A., O'Neill, J.B., Mishkin, M. (1986). Cortical connections of the
somatosensory fields of the lateral sulcus of macaques: evidence for a corticolimbic pathway
for touch. Journal of Comparative Neurology, 252, 323-347.

Garcia-Garcia, M., Dominguez-Borras, J., SanMiguel, 1., Escera, C. (2008).
Electrophysiological and behavioral evidence of gender differences in the modulation of
distraction by the emotional context. Biological Psychology, 79, 307-316.

Grandjean, D., Sander, D., Pourtois, G., Schwartz, S., Seghier, M. L., Scherer, K. R,, &
Vuilleumier, P. (2005). The voices of wrath: Brain responses to angry prosody in meaningless
speech. Nature Neuroscience, 8(2), 145-146.

Holmes, A., Vuilleumier, P.,, & Eimer, M. (2003). The processing of emotional facial
expression is gated by spatial attention: Evidence from event-related brain potentials. Brain
Research: Cognitive Brain Research, 16(2), 174-184.

Kawasaki, H., Kaufman, O., Damasio, H., Damasio, A. R., Granner, M., Bakken, H., Adolphs,
R. (2001). Single-neuron responses to emotional visual stimuli recorded in human ventral

prefrontal cortex. Nature Neuroscience, 4(1), 15-16.

Keil, A., Costa, V., Smith, J. C., Sabatinelli, D., McGinnis, E. M., Bradley, M. M., & Lang, P. J.
(in press). Tagging cortical networks in emotion: A topographical analysis. Human Brain

Mapping.

Keil, A., Moratti, S., Sabatinelli, D., Bradley, M. M., & Lang, P. J. (2005). Additive effects of
emotional content and spatial selective attention on electrocortical facilitationl. CerebralCorfex,
15(8), 1187-1197.

Kreibig, S.D. (2010). Autonomic nervous system activity in emotion: a review. Biological
Psychology, 84, 394-421.

FATY  ~mmem et e Coatal im e



Agéncia
: de Gestio d’Ajuts
(4 | Universitaris
UE j de Recerca
Krolak-Salmon, P., Henaff, M. A., Vighetto, A., Bertrand, O., Mauguiere, F. (2004). Early
amygdala reaction to fear spreading in occipital, temporal, and frontal cortex: A depth

electrode ERP study in human. Neuron, 42(4), 665-676.

Lang, P. J., Bradley, M. M., Fitzsimmons, J. R., Cuthbert, B. N., Scott, J. D., Moulder, B.,
Nangia, V. (1998). Emotional arousal and activation of the visual cortex: An fMRI analysis.
Psychophysiology, 35(2), 199-210.

Lang, P.J., Davis, M., Ohman, A. (2000). Fear and anxiety: animal models and human

cognitive psychophysiology. Journal of affective disorders, 61, 137-159.

LeDoux, J. E. (2000). Cognitive-emotional interactions: listen to the brain. In R. D. Lane & 1. L.
Nadel (Eds.), Cognitive neuroscience of emotion (pp. 129-155). Oxford/New York: Oxford

University Press.

Lucas, N., Vuilleumier, P. (2008). Effects of emotional and non-emotional cues on visual
search in neglect patients: Evidence for distinct  sources of attentional guidance.
Neuropsychologia, 46(5), 1401-14.

Luo, Q., Holroyd, T., Majestic, C., Cheng, X, Schechter, J., Blair, R. J. (2010). Emotional
automaticity is a matter of timing. Journal of Neuroscience, 30(17), 5825-29.

Maldjian, J.A., Laurienti, P.J., Kraft. R.A., Burdette, J.H.(2003). An automated method for
neuroanatomic and cytoarchitectonic atlas-based interrogation of fMRI data sets.
Neuroimage, 19, 1233-12309.

Morris, J. S., Friston, K. J., Buchel, C., Frith, C. D., Young, A. W., Calder, A. J., & Dolan, R. J.
(1998). A neuromodulatory role for the human amygdala in processing emotional facial
expressions. Brain, 121(Pt. 1), 47-57.

Ohman, A., Lundquist, D., Esteves, F. (2001). The face in the crowd revisited: a threat
advantage with schematic stimuli. Journal of Personality and Social Psychology, 80, 381-396.

Peelen, M. V., Atkinson, A. P., Andersson, F., & Vuilleumier, P. (2007). Emotional modulation

of body-selective visual areas. SCAN — Social Cognitive and Affective Neuroscience, 2, 274—
83.

1 77 1 2 S e Y LY T I U T TR



N Agéncia
Gy / de Gesti6 d’Ajuts
% | Universitaris
VIS | de Recerca
Perrinet, L., Samuelides, M., Thorpe, S. (2004). Coding static natural images using spiking
event times: do neurons cooperate? IEEE Transactions on neural networks, 15(5), 1164-

1176.

Pessoa, L., McKenna,M., Gutierrez, E., Ungerleider, L. G. (2002). Neural processing of
emotional faces requires attention. Proceedings of the National Academy of Sciences, 99(17),
11458-63.

Pessoa, L., Adolphs, R. (2010). Emotion processing and the amygdala: From a “low road” to
“many roads” of evaluating biological significance. Nature Reviews. Neuroscience, 11(11),
773-83.

Pourtois, G., Grandjean, D., Sander, D., Vuilleumier, P. (2004). Electrophysiological
correlates of rapid spatial orienting towards fearful faces. Cerebral Cortex, 14(6), 619-33.

Pourtois, G., Dan, E. S., Grandjean, D., Sander, D., Vuilleumier, P. (2005). Enhanced
extrastriate visual response to bandpass spatial frequency filtered fearful faces: Time course
and topographic evoked-potentials mapping. Human Brain Mapping, 26(1), 65-79.

Pourtois, G., Spinelli, L., Seeck, M., Vuilleumier, P. (2010a). Modulation of face processing by
emotional expression and gaze direction during intracranial recordings in right fusiform cortex.
Journal of Cognitive Neuroscience, 22(9), 2086-2107. '

Pourtois, G., Spinelli, L., Seeck, M., Vuilleumier, P. (2010b). Temporal precedence of emotion
over attention modulations in the lateral amygdala: Intracranial ERP evidence from a patient
with temporal lobe epilepsy. Cognitive, Affective & Behavioral Neuroscience, 10(1), 83-93.

Pourtois, G., Schettino, Vuilleumier, P. (in press). Brain mechanisms for emotional influences
on perception and attention: what is magic and what is not. Biological Psychology,

Romanski, L.M., LeDoux, J. E. (1992). Equipotentiality of thalamo-amygdala and
thalamocortico- amygdala circuits in auditory fear conditioning. Journal of Neuroscience,
12(11), 4501-4509.

Sabatinelli, D., Bradley, M. M., Fitzsimmons, J. R., & Lang, P. J. (2005). Parallel amygdala
and inferotemporal activation reflect emotional intensity and fear relevance. Neuroimage,
24(4), 1265-70.

Sabatinelli, D., Lang, P. J., Keil, A., Bradley, M. M. (2007). Emotional perception: Correlation
of functional MRI and event-related potentials. Cerebral Cortex, 17(5), 1085-1091.

TS A oo oo 1 e 2l oo



de Gesti6 d’Ajuts
Universitaris

1 Agéncia
UIEY i de Recerca

)
(_ y ,,"
¢
> r| {
| U

Schmid, M. C., Mrowka, S. W., Turchi, J., Saunders, R. C., Wilke, M., Peters, A.J., Leopold,
D. A. (2010). Blindsight depends on the lateral geniculate nucleus.Nature, 466(7304), 373-
377.

Schwartz, S., Vuilleumier, P., Hutton, C., Maravita, A., Dolan, R.J., Driver, J. (2005).
Attentional load and sensory competition in human vision: modulation of fMRI responses by
load at fixation during task-irrelevant stimulation in the peripheral visual field. Cerebral Cortex,

15, 770-786.

Sterpenich, V. D’Argembeau, A., Desseilles, M., Balteau, E., Albouy, G. Vandewalle G.,
Degueldre, C., Luxen, A., Collette, F. Maquet, P. (2008). The locus ceruleus is involved in the
successful retrieval of emotional memories in humans. Journal of Neuroscience, 26(28),

7416-7423.

Stolarova, M., Keil, A, Moratti S. (2008). Modulation of the C1 visual event-related
component by conditioned stimuli: Evidence for sensory plasticity in early affective perception.
Cerebral Cortex, 16(6), 876-887.

Tamietto, M., de Gelder, B. (2010). Neural bases of the non-conscious perception of

emotional signals. Nature Reviews. Neuroscience, 11(10), 697-709.

Thorpe, S., Delorme, A., VanRullen, R. (2001). Spike-based strategies for rapid processing.
Neural Networks, 14, 715-725.

I

vanRullen, R., Thorpe, S. (2002). Surfing a spike wave down the ventral stream. Vision
Research, 42, 25693-2615.

Tottenham, N., Tanaka,J.W., Leon, A.C., McCarry, T., Nurse, M., Hare, T.A., Marcus, D.J.,
Westerlund, A., Casey, B.J., Nelson, C. (2009). The NimStim set of facial expressions:
Judgments from untrained research participants. Psychiatry Research, 168, 242-249.

Usunoff, K. G., ltzev, D. E., Rolfs, A., Schmitt, O, Wree, A. (2006). Brain stem afferent
connections of the amygdala in the rat with special references to a projection from the
parabigeminal nucleus: A fluorescent retrograde tracing study. Anatomy and Embryology,
211(5), 475-496.

T = s S - g e ik



i Ageéncia

. de Gestio d’Ajuts
f Universitaris

| ide Recerca

Vuilleumier, P. (2005). How brai ns beware: neural mechanisms of emotional attention.
Trends in Cognitive Sciences, 9(12), 585-592.

YRS o~ e B p AT Tl Pt e






