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The visual processing of emotional faces is subserved by both a cortical and a subcortical route. To investigate the specific contribution
of these two functional pathways, two groups of neurologically healthy humans were tested using transcranial direct current stimulation
(tDCS). In Experiment 1, participants received sham and active cathodal-inhibitory tDCS over the left occipital cortex, while, in control
Experiment 2, participants received sham and active cathodal-inhibitory tDCS over the vertex, to exclude any unspecific effect of tDCS.
After tDCS, participants performed a go/no-go task responding to happy or fearful target faces presented in the left visual field, while
backwardly masked faces (emotionally congruent, incongruent, or neutral) were concurrently displayed in the right visual field. After
both suppressing activity in the vertex (Experiment 2) and sham stimulation (Experiment 1 and 2) areduction of reaction times was found
for pairs of emotionally congruent stimuli. However, after suppressing the activity in the left occipital cortex, the congruency-dependent
response facilitation disappeared, while a specific facilitative affect was evident when masked fearful faces were coupled with happy target
faces. These results parallel the performances of hemianopic patients and suggest that when the occipital cortex is damaged or inhibited,
and the visual processing for emotional faces is mainly dependent on the activation of the “low road” subcortical route, fearful faces
represent the only visually processed stimuli capable of facilitating a behavioral response. This effect might reflect an adaptive mecha-

nism implemented by the brain to quickly react to potential threats before their conscious identification.

Introduction

Converging evidence suggests that fear-related emotional signals
are processed by two parallel pathways: a cortical “high road,”
from the thalamic lateral geniculate nucleus to the striate cortex
and amygdala, for fine-grained, but slow evaluations of stimuli,
and a subcortical “low road,” encompassing the superior collicu-
lus, thalamic pulvinar, and amygdala, for fast, but coarse analysis
of potential threat (LeDoux, 1996).

The low road is reportedly involved in the implicit visual pro-
cessing of emotional stimuli, both in healthy participants
(Whalen et al., 1998; Morris et al., 1999) and in patients with
visual field defects (Morris et al., 2001). In particular, studies on
these patients suggest that unseen emotional stimuli in the blind
field might be processed even in the absence of explicit awareness
(de Gelder et al., 1999, 2001; Bertini et al., 2012).

However, the nature of this implicit process is still debated,
and different results have been reported in studies on patients
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with visual field defects. Classical blindsight patients, tested with
two-alternative forced choice tasks, reported above-chance dis-
crimination of the emotional content of faces presented in the
blind field (de Gelder et al., 1999) and reduced reaction times
(RTs) to congruent pairs of sad or fearful faces, during a go/no-go
task with redundant stimuli (de Gelder et al., 2001). Conversely,
in a recent study on hemianopic patients with no residual dis-
criminative abilities in their blind field, RTs were only facilitated
by unseen fearful stimuli. In contrast to blindsight patients, no
facilitation was evident in response to congruent pairs of emo-
tional stimuli (Bertini et al., 2012).

This contrasting evidence might reflect different cognitive
processes and raise the debate about the possible contribution of
different neural networks.

In particular, the above-chance emotional discrimination and
the congruency-dependent facilitative effect observed in blind-
sight patients might reflect a high-level cognitive process, requir-
ing the contribution of both the low road and some spared
occipital areas of the cortical high road. In contrast, the fear-
specific facilitation reported in hemianopic patients with no dis-
criminative abilities for unseen stimuli might reflect a low-level
process, exclusively relying on the low road.

This study used cathodal-inhibitory transcranial direct cur-
rent stimulation (tDCS) to modulate activity in healthy occipital
cortex to infer the cortical contributions to implicit emotional-
face processing. Following sham or active cathodal tDCS over
their occipital cortex, healthy participants performed a go/no-go
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task with redundant stimuli, responding to seen emotional faces
(fearful or happy) concurrently displayed with neutral, emotion-
ally congruent, or emotionally incongruent masked faces (Exper-
iment 1). To exclude any unspecific effect of tDCS, another group
was tested with the same task, after sham or active cathodal tDCS
over a control site, namely the vertex (Experiment 2). Following
sham stimulation, faster responses for pairs of emotionally con-
gruent stimuli are expected, in line with literature on healthy
participants (Tamietto and de Gelder, 2008). In contrast, the
suppression of activity of the occipital areas should disrupt the
congruency-dependent facilitation and yield a specific reduction
of RTs for unseen (masked) fearful faces, consistently with evi-
dence on hemianopic patients (Bertini et al., 2012).

Materials and Methods

Participants. Twenty-six right-handed healthy volunteers (21 females;
mean age: 24 years; range: 21-28 years) participated in Experiment 1,
while 24 (21 females; mean age: 24 years; range 21-31 years) participated
in Experiment 2. All participants gave their written consent and com-
pleted a tDCS safety screening form before taking part in the study, which
was approved by the Departmental Ethics Committee.

Brain stimulation procedure. Brain stimulation has been proven to be
effective in suppressing the occipital cortex excitability, interfering with
visual processing (Bertini et al., 2010). tDCS is a noninvasive method for
delivering weak polarizing electrical current to the human cortex, focally
altering neural resting membrane potential and inducing prolonged
changes in synaptic efficiency. More specifically, while anodal tDCS en-
hances cortical excitability, cathodal stimulation reduces it. In the visual
domain, it has been shown that tDCS is able to modulate the amplitude of
visual-evoked potentials (Antal et al., 2004a), modify the perception of
phosphenes (Antal et al., 2003a,b), and affect contrast sensitivity (Antal
et al., 2001) and motion detection (Antal et al., 2004b). In particular,
cathodal tDCS has been proven to induce a significant decrease in static
and dynamic contrast sensitivity (Antal etal., 2001) and elicit a threshold
increase for static phosphenes (Antal et al., 2003a).

Before undergoing the behavioral task, participants received either active
or sham tDCS over the left occipital cortex (Experiment 1) or the vertex
(Experiment 2). In each experiment, the order of the tDCS sessions was
counterbalanced and at least 1 week was allowed between sessions. A direct
current of 2 mA intensity was delivered by a battery-driven, constant-current
stimulator (ELDITH DC-Stimulator; Neuroconn), through a couple of rub-
ber electrodes in 5 X 7 cm saline-soaked sponges. The impedance was kept
=5 K() during the stimulation. In the active tDCS sessions, cathodal stimu-
lation was applied for 900 s (15 min; fade in-out duration: 30 s). This dura-
tion has been shown to produce a 20 min aftereffect at I mA intensity (Antal
etal.,2004a). In the sham sessions, the direct current was delivered for 30 s to
reproduce the early sensations of the active stimulation, and then it was
switched off.

To inhibit left occipital areas in Experiment 1, the cathodal electrode
was placed over left O1 (according to the EEG 10/20 system), and the
anodal electrode over Cz. The Oz-Cz montage has been proven to be the
optimal stimulating electrode position to suppress activity in the visual
cortex, compared with several other electrode montages, such as the left
O1-right O, montage or the Oz-left mastoid montage (Antal et al.,
2004a). In Experiment 2, the position of the electrodes was reversed by
placing the cathode over Cz and the anode over O1. Stimulation was
delivered only to the left hemisphere to avoid right hemisphere suppres-
sion, since a wide range of evidence in the literature has reported the
involvement of the right hemisphere in the emotional processing of faces
(for review, see Adolphs, 2002).

Experimental task. Before each experimental session, participants un-
derwent two training blocks of the behavioral go/no-go task (one with
fearful and one with happy faces as targets). After the practice, partici-
pants received brain stimulation (active tDCS or sham tDCS) over O1
(Experiment 1) or Cz (Experiment 2) before undergoing a go/no-go task
with redundant stimuli. The same task was used both in Experiments 1
and 2 and it was performed in ~16 min to stay within the 20 min tem-
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poral window of the tDCS aftereffect (Antal et al., 2004a). Each session,
including training, brain stimulation, experimental task, and a final
check of the masking procedure effectiveness, lasted 90 min overall.

During the go/no-go task, participants sat in front of a 17 inch LCD
monitor (sampling rate 60 Hz), at a distance of 57 cm. Participants were
asked to respond by pressing a button on a standard keyboard. Stimulus
display and RTs were recorded and controlled by a computer running
E-Prime software (E-Prime 1.1; Psychology Software Tools). Partici-
pants’ eye movements were controlled on-line throughout the experi-
ment by an infrared eye-tracking system (Eye-Track ASL-6000; sampling
rate 60 Hz). Trials with eye movements (<1% in total) were marked
on-line by the experimenter via a mouse button press and subsequently
discarded from analyses.

Stimuli consisted of 18 gray scale photographs (7.5° X 11°) from the
Pictures of Facial Affect set (Ekman and Friesen, 1976), featuring six
different identities (three males) displaying a fearful, happy or neutral
facial expression.

In each trial, target stimuli consisted of fearful or happy faces displayed
for 200 ms in the left visual field (LVF), ipsilateral to the stimulated site.
Concurrently, backwardly masked fearful, happy, or neutral faces were
presented in the right visual field (RVF), contralateral to the stimulated
site. The stimulus/mask compounds consisted of fearful, happy, or neu-
tral faces presented for 33 ms, immediately replaced by a mask (167 ms),
to prevent conscious perception. The mask consisted of a neutral face of
different identity to the previous stimulus. Targets and stimulus/mask
compounds were always presented bilaterally at 10° to the left and to the
right of the central fixation cross. The 33 ms stimulus onset asynchrony
(SOA) used for the masking procedure was proven to be effective in
preventing conscious perception by a preliminary pilot experiment, con-
sistently with previous studies (Esteves and Ohman, 1993; Morris et al.,
1998; Whalen et al., 1998; Etkin et al., 2004).

Each trial started with a blank screen with a central fixation cross (500
ms), followed by the presentation of the targets and stimulus/mask com-
pounds (200 ms) and a subsequent blank screen with a central fixation
cross (1000 ms). Intertrial intervals ranged between 500 and 800 ms.

While fixating at the central cross, participants were assigned to respond,
with their right hand and as quickly and accurately as possible, to the target
emotional face in the LVF (fearful or happy), paired with the masked face in
the RVF (fearful, happy, or neutral; Fig. 1). In half of the blocks the target
faces in the LVF were fearful faces and nontargets were happy faces, while in
the other half the target/nontarget faces were reversed. As a result, there were
six possible conditions of stimulus presentation: (1) target fearful face/
masked neutral face (Fn), (2) target fearful face/masked fearful face (Ff), (3)
target fearful face/masked happy face (Fh), (4) target happy face/masked
neutral face (Hn), (5) target happy face/masked happy face (Hh), and (6)
target happy face/masked fearful face (Hf).

In each tDCS session, eight experimental blocks were run in a coun-
terbalanced order. Each block consisted of 36 trials (18 valid trials, 6
repetitions per condition), resulting in 288 trials overall (144 valid trials,
24 repetitions per condition). At the end of each experimental session, a
forced triple-choice task, also used in the pilot experiment to set the SOA
parameters, was performed to check the effectiveness of the masking
procedure (see below).

Masking procedure effectiveness analysis. After performing the behav-
ioral go/no-go task, the effectiveness of the backward masking procedure
in preventing conscious perception was checked in each participant, us-
ing a forced triple-choice task with the same masked stimuli used
throughout the experiments. A single block of 144 trials (lasting ~8 min)
was run, where participants were required to fixate on a central cross and
to discriminate masked fearful, happy, and neutral faces, by pressing
different keys on a standard keyboard. All stimuli were presented unilat-
erally in the RVF at 10° eccentricity from the fixation cross. Stimulus
display and SOA parameters were the same as in the experimental ses-
sions. Sensitivity (d') scores were computed for each participant and
those with discriminative ability above the chance level were excluded
from the statistical analysis (2 of 26 participants in Experiment 1;all d’ >
0.7, all ps < 0.03).

Since half of the trials in the task used to test the masking effectiveness
fell inside the aftereffect window of cathodal/anodal tDCS over O1, we
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Figure 1.

Schematic representation of the experimental task. The figure depicts examples of neutral (), congruent (b), and incongruent (c) trials, when the target is a happy face. In each trial,

the target face was displayed for 200 ms in the LVF. Concurrently, backwardly masked neutral, emotionally congruent, or emotionally incongruent faces were presented in the RVF. The stimulus/
mask compounds consisted of fearful, happy, or neutral faces presented for 33 ms, immediately replaced by a neutral face (167 ms), to prevent conscious perception.

performed an additional analysis to control for possible differential ef-
fects of cathodal and anodal stimulation on perceptual sensitivity (i.e.,
masking effectiveness). For each participant from the two groups receiv-
ing cathodal and anodal tDCS over O1, we split the 144-trial block into
two parts (72 in-window trials and 72 out-window trials) and computed
the d’ in each of the four resulting conditions (cathodal group/in-
window, cathodal group/out-window and anodal group/in-window, an-
odal group/out-window). None of the participants had resulting d’
values significantly above chance (all ps> 0.74). d’ values were entered
into an ANOVA with time (in-window, out-window) as a within-
participants factor and group (cathodal, anodal) as a between-
participants factor. Neither the main effects (all Fs < 0.8; all ps > 0.37)
nor the interaction (F(, 45, = 0.09; p = 0.76) was significant. Moreover,
we directly compared d’ values between the in-windows of the cathodal
and anodal tDCS groups. d’ values were not significantly different be-
tween the two groups (t = —0.31; p = 0.99). In summary, analyses did
not show any difference in sensitivity either between trials falling inside
and outside the tDCS aftereffect window, or between cathodal and an-
odal tDCS.

Data analysis. To control for outliers, RTs exceeding 1.5 SDs above or
below each participant’s condition mean were removed from the analy-
ses. The rejection rates resulting from this procedure were as follows:
11% of the trials in the O1 active cathodal, O1 sham and Cz active
cathodal tDCS sessions; 10% of the trials in the Cz sham tDCS session.
Statistical analyses were performed on RTs of correct responses; mean
error rates were as follows: 5% (*7%) in the O1 active cathodal, 4%
(£6%) in the O1 sham, 3% (*+4%) in the Cz active cathodal, and 4%
(£5%) in the Cz sham tDCS sessions.

All RTs from all of the experiments were entered in a general ANOVA
with session (active cathodal tDCS, sham tDCS), target emotion (fear,
happiness), and condition (neutral, congruent, incongruent) as within-

participants factors and experiment (target area O1, target area Cz) as a
between-participants factor. The results revealed a significant session by
condition by experiment interaction (F, g,y = 3.33; p = 0.04). There-
fore, Experiments 1 and 2 were separately analyzed, performing two
ANOVAs with session (active cathodal tDCS, sham tDCS), target emo-
tion (fear, happiness), and condition (neutral, congruent, incongruent)
as within-participants factors. All resulting significant effects and inter-
actions were further analyzed using the Duncan post hoc test.

Results

Experiment 1: sham versus active cathodal tDCS over the
occipital cortex

In the main experiment participants received, in two separate
sessions, either active cathodal or sham tDCS over left occipital
areas before the execution of a behavioral go/no-go task. RTs
were recorded in response to target emotional faces (fearful of
happy) presented in the LVF, ipsilaterally to the stimulated site,
which were coupled with masked emotional faces (emotionally
congruent, emotionally incongruent, or neutral) presented in the
RVF, contralaterally to the stimulated site.

The results of the 2 X 2 X 3 ANOVA on RTs with session
(active cathodal tDCS over left O1, sham tDCS), target emotion
(fear, happiness), and condition (neutral, congruent, incongru-
ent) as within-participants factors revealed a significant three-
way interaction (F, 4,5y = 3.59, p = 0.036). To further investigate
the three-way interaction, two separate analysis for the cathodal
tDCS over O1 and the sham tDCS sessions were carried out, by
means of two 2 X 3 ANOVAs, with target emotion (fear, happi-
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Figure2.  Experiment 1: Sham tDCS over 01. Mean RTs are reported for the neutral condition

(Fn, Hn), the congruent condition (Ff, Hh), and the incongruent condition (Fh, Hf). Error bars
indicate SEM. Asterisks indicate significantly faster RTs in the congruent condition than in the
neutral and incongruent conditions (all ps = 0.04) and significantly slower RTs in the incon-
gruent than in the neutral condition (p = 0.04).

ness) and condition (congruent, incongruent, neutral) as within-
participants factors.

When sham stimulation was delivered, the target emotion by
condition ANOVA showed a significant main effect for the con-
dition factor (F, 45) = 8.69, p = 0.0006). As revealed by the post
hoc comparisons, RTs were significantly faster in the congruent
conditions (Ffand Hh, mean RT 502 ms) compared with both the
neutral conditions (Fn and Hn, mean RT 507 ms, p = 0.04) and
the incongruent conditions (Fh and Hf, mean RT 513 ms, p =
0.0002). Moreover, RTs in the incongruent conditions were
slower compared with the neutral condition (p = 0.04; Fig. 2).
The main effect of target emotion and the target emotion by
condition interaction were not significant (F, 53, = 0.26, p =
0.61; F, 46y = 0.74, p = 0.48, respectively). To sum up, when
participants received sham stimulation, RTs were maximally fa-
cilitated by emotionally congruent pairs of target and masked
faces, while the presence of emotionally incongruent pairs signif-
icantly delayed RTs.

After suppressing the activity in occipital areas (active cath-
odal tDCS over left Ol session), results of the target emotion
(fear, happiness) by condition (congruent, incongruent, neutral)
ANOVA showed a significant interaction between the two factors
(F2,46) = 5.58, p = 0.007). Post hoc comparisons showed a sig-
nificant reduction of RTs in the condition where target happy
faces were coupled with masked fearful faces (Hf, mean RT 510
ms), compared with all remaining conditions (Ff, mean RT 520 ms,
p = 0.049; Fh, mean RT 520 ms, p = 0.05; Hn, mean RT 527 ms, p =
0.001; Hh, mean RT 521 ms, p = 0.036) except the Fn condition
(mean RT 516 ms, p = 0.26; Fig. 3). Main effects of target emotion
(F123 = 0.02, p = 0.88) and condition (F, 45, = 1.15, p = 0.32)
were not significant.

To reveal the specific effects of inhibiting left occipital areas
and exclude any unspecific confounding effect of the stimulation
procedure, data from the session where tDCS was applied over
left O1 were sham-normalized: mean RTs recorded during the
sham tDCS session were subtracted from mean RTs recorded
during the tDCS over left Ol session for each subject, in each
separate condition (ART = active cathodal tDCS over left O1 —
sham tDCS), in accordance with procedures used in other studies
(Romei et al., 2010, 2011). This index represents the difference
between the performance after active tDCS and the performance
in normal physiological state (sham tDCS). Negative ART val-
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Figure 3.  Experiment 1: Active tDCS over 01. Mean RTs are reported for each condition

(neutral, congruent, incongruent) when the targets were fearful faces (columns on the left) and
happy faces (columns on the right). Error bars indicate SEM. The asterisk indicates significantly
faster RTs in response to a target happy face coupled with a masked fearful face (Hf) compared
with Ff, Fh, Hn, and Hh conditions (all ps =< 0.05).
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Figure4. Experiment 1: Active tDCS over 01, sham-normalized data. Mean normalized RTs
(ARTs) are reported for each condition (neutral, congruent, incongruent) when the targets
were fearful faces (columns on the left) and happy faces (columns on the right). Error bars
indicate SEM. The asterisk indicates significantly faster RTs in response to a target happy face
coupled with a masked fearful face (Hf) relative to all the remaining conditions (Fn, Ff, Fh, Hn,
and Hh, all ps < 0.03).

ues correspond to faster RTs. Normalized RTs (ARTs) were
entered in a 2 X 3 ANOVA with target emotion (fear, happi-
ness) and condition (neutral, congruent, incongruent) as within-
participants factors. A main effect of condition was evident
(F2.46) = 6.51, p = 0.003), while the main effect of target emotion
was not significant (F(, ,3) = 0.08, p = 0.78). More interestingly,
and paralleling the results on raw data, the analysis highlighted a
significant target emotion by condition interaction (F, 4, =
3.58, p = 0.036). Post hoc comparisons showed that during the
session where tDCS was applied over left O1, participants were
significantly faster when responding to a target happy face in the
LEV coupled with a masked fearful face in the RVF (Hf condition,
mean ART = —6 ms), compared with all the remaining condi-
tions (Fn, mean ART = 10 ms, p = 0.026; Ff, mean ART = 18 ms,
p = 0.002; Fh, mean ART = 11 ms, p = 0.024; Hn, mean ART =
18 ms, p = 0.002; Hh, mean ART = 19 ms, p = 0.002; Fig. 4).
Together, these results show that, when the activity of occipital
areas (O1) is suppressed, the RT facilitation for emotionally con-
gruent pairs (either fearful or happy) of target and masked faces
disappears and a specific facilitative effect is evident in the pres-
ence of masked fearful faces.
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Experiment 2: sham versus active cathodal tDCS over

the vertex

To ensure that the effects reported in Experiment 1 are specifi-
cally due to suppression of activity of O1, it is crucial to demon-
strate that the inhibition of a different, nonvisual, area does not
provide the same outcome. For this reason, in a control experi-
ment, a group of healthy controls was tested with the same go/
no-go task used in Experiment 1 in two separate sessions; one
after receiving sham and another after active cathodal tDCS over
a control area, namely the vertex (Cz). The session (active cathodal
tDCS over Cz, sham tDCS) by target emotion (fear, happiness) by
condition (congruent, incongruent, neutral) repeated-measures
ANOVA revealed only a main effect of condition (F, 4¢) = 7.79, p =
0.001). Post hoc comparisons showed faster RTs in the congruent
conditions (Ffand Hh, mean RT 546 ms) compared with both neu-
tral (Fn and Hn, mean RT 553 ms, p = 0.01) and incongruent con-
ditions (Fh and Hf, mean RT 556 ms, p = 0.0005), which did not
differ statistically from each other (p = 0.2; Fig. 5). Interestingly, no
other main effect (session: F; ,5, = 0.1, p = 0.76; emotion: F, 53, =
3.35, p = 0.08) or interactions (all Fs < 0.71, all ps > 0.5) were
significant, suggesting that active cathodal tDCS over the vertex does
not affect RTs compared with the sham stimulation. Overall, the
control Experiment 2 revealed contrasting findings to Experiment 1,
because performances were similar between the sham session and
the session where tDCS was applied over the vertex, i.e., a reduction
of RTs with pairs of emotionally congruent target and masked faces.
Notably, this pattern of results was similar to the participants’ per-
formance during the sham session of Experiment 1.

Discussion
Recent studies have revealed different patterns of implicit visual
processing in patients with blindsight (de Gelder et al., 1999,
2001) and patients with hemianopia (Bertini et al., 2012). There-
fore, since the cortical contribution to the implicit visual process-
ing of emotional faces is still debated, the present study was
designed to investigate this issue by using backward masking and
active cathodal tDCS over the occipital cortex (Experiment 1),
with stimulation at the vertex (Experiment 2) as a control site.
After sham stimulation over the occipital cortex in Experi-
ment 1, results revealed a reduction of RTs for consciously per-
ceived emotional target faces ipsilateral to the stimulated site
when coupled with emotionally congruent masked faces concur-
rently presented contralateral to the stimulated site. The effect
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was evident both for happy and fearful congruent couples of
target and masked faces. This congruency-dependent effect sug-
gests that when using backward masking, although the conscious
discrimination of emotional faces is prevented, some implicit
visual processing is still intact and this results in a response facil-
itation for pairs of emotionally congruent stimuli, in line with
previous evidence testing healthy participants (Tamietto and de
Gelder, 2008) and blindsight patients (de Gelder et al., 2001).
However, after active cathodal tDCS over occipital sites (Experi-
ment 1), the facilitative effect for emotionally congruent pairs of
stimuli disappeared, revealing that the congruency effect for pairs
of targets and emotional masked faces requires the contribution
of the occipital visual cortex. Notably, the inhibition of the occip-
ital cortex induced not only a disruption of the congruency-
dependent facilitation, but also revealed a significant reduction of
response times when consciously perceived target happy faces,
ipsilateral to the stimulated site, were coupled with masked fear-
ful faces, contralateral to the stimulated site. This pattern of re-
sults is in line with previous evidence on hemianopic patients
(Bertini et al., 2012). The control experiment (Experiment 2),
where both sham and active cathodal tDCS were applied over the
control site (vertex), revealed a reduction of RTs for congruent
pairs of emotional stimuli, confirming the crucial role of the
occipital cortex in mediating the congruency-dependent facilita-
tion on response times.

The facilitation for pairs of emotionally congruent stimuli,
observed both during the sham sessions (Experiment 1 and 2)
and the session where the vertex was inhibited, suggests that the
backward masked stimuli were visually processed in the absence
of any conscious perception. Indeed, backward masking is
known to affect visual processing by leaving intact the feedfor-
ward sweep of visual information, but interrupting the re-entrant
feedback projections from the higher visual areas to the lower
visual areas (Lamme and Roelfsema, 2000), thus preventing con-
scious processing. The processing of masked emotional signals
has been shown to require the contribution of the subcortical low
road pathway, as suggested by neuroimaging studies, which have
shown specific patterns of activation in the amygdala in response
to masked emotional faces. Amygdala activation increases during
the presentation of subliminal fearful faces (Whalen et al., 1998;
Liddell etal., 2005) or faces expressing negative emotions (Morris
etal., 1999), while decreased blood oxygenation level-dependent
signal intensity is observed in response to masked happy faces
(Whalen et al., 1998).

However, the observation, in the present study, that the
congruency-dependent facilitation disappeared after the inhibi-
tion of the occipital cortex, suggests that this effect might rely not
only on the activity of the low road circuit, but also on the con-
tribution of the occipital cortex and, possibly, of other visual
areas of the cortical pathway. Interestingly, the lack of facilitation
for congruent pairs of emotional stimuli following inhibition of
the occipital cortex is in line with the performance of patients
with hemianopia due to lesions or deafferentation of the occipital
cortex (Bertini et al., 2012), but in contrast with performances
observed in blindsight patients, when tested with similar go/
no-go tasks with emotional faces (de Gelder et al., 2001). Indeed,
the blindsight patient G.Y. showed a reduction in response times
when presented with bilateral congruent pairs of sad or fearful
faces, compared with unilateral or bilateral incongruent pairs (de
Gelder et al., 2001). In addition, blindsight patients also demon-
strated above-chance performances in two alternative forced-
choice tasks requiring discrimination of emotional stimuli (de
Gelder et al., 1999), the gender of neutral faces (Morris et al.,
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2001), or the color of simple visual stimuli (Brent et al., 1994) and
residual visual functions for several other visual features, such as
spatial location, object orientation, and movement (for review,
see Weiskrantz, 1986, 2001; Cowey, 2010). This pattern of results
suggest that although blindsight patients report lesions to the
primary visual cortex, their residual visual abilities might be me-
diated not only by the activity of the subcortical low road visual
pathway, but also by the sparing of some cortical visual areas. In
line with this hypothesis, sustained hemodynamic responses were
found in the lateral occipital cortex and in the posterior fusiform
gyrus of blindsight patients, during the presentation of images of
natural objects (Goebel et al., 2001).

In contrast, the present results showed that when the activity
of the occipital cortex was suppressed, the congruency-
dependent facilitation disappeared and a specific response facili-
tation for pairs of target happy faces and masked fearful faces
became evident. Interestingly, this fear-specific facilitative effect
is in line with the results of a recent behavioral study on hemian-
opic patients (Bertini et al., 2012), where unseen fearful faces
facilitated behavioral responses to stimuli presented in the intact
field, both during emotional and nonemotional tasks. These re-
sults suggest that when the occipital cortex is damaged or inhib-
ited, and the visual processing for emotional faces is mainly
dependent on the activation of the low road subcortical route,
fearful faces represent the only stimuli visually processed and
capable of mediating a behavioral response.

Notably, the response facilitation was observed only in the
presence of masked fearful faces, coupled with target happy faces,
while no facilitative effect was evident with congruent pairs of
target and masked fearful faces. This pattern of results suggests
that the presentation of consciously perceived (unmasked) fear-
ful faces in the field ipsilateral to the stimulated site might have
elicited inhibitory modulation of the implicit visual processing
for masked fearful stimuli, possibly mediated by the low road
subcortical circuit. In line with this hypothesis, it has been ob-
served that conscious fear perception elicits negative functional
connectivity within visual pathways to the amygdala (Williams et
al., 2006). This finding suggests the possibility of a dynamic in-
terplay between the high road and the low road, which is also
supported by the evidence that the two pathways do not exhibit a
complete anatomical segregation (Williams et al., 2006). Indeed,
the amygdala has a crucial role in the subcortical pathway, but is
also a pivotal structure in perceiving and recognizing conscious
fearful signals, most notably, fearful faces (Adolphs et al., 1994,
1995; Morris et al., 1996). In addition, the pulvinar is a subcorti-
cal structure, which is not only connected with many other sub-
cortical sites, but also shows reciprocal connections throughout
the entire cortex and contributes to conscious fear recognition
(Ward et al., 2005, 2007).

Alternatively, the observation of a facilitative effect only in the
presence of pairs of target happy faces and masked fearful faces
might be explained by a greater activation of the subcortical path-
way in ambiguous and uncertain environmental circumstances,
consistent with recent evidence showing a greater activation of
the amygdala in the presence of ambiguous threat (Adams et al.,
2003) or during an unpredictable series of auditory tones (Herry
etal., 2007).

Opverall, the results of the present study disentangle the con-
tribution of the occipital cortex in the implicit visual processing
of emotional faces. In particular, the occipital cortex seems to
play a crucial role in mediating high-order implicit visual pro-
cesses, such as the congruency-dependent facilitative effects. In
contrast, the fear-specific facilitation observed after inhibition of
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the occipital cortex might be mainly mediated by the activation of
the subcortical pathway. Although the existence of a subcortical
pathway for emotional visual processing has been debated (for
review, see Pessoa and Adolphs, 2010), evidence for the anatom-
ical substrate of the low-road subcortical circuit has been pro-
vided by animal studies, reporting reciprocal connections
between structures involved in emotional and implicit visual pro-
cessing such as the superior colliculus, the thalamus, and the
amygdala (Jones and Burton, 1976; Romanski et al., 1997; Linke
etal., 1999; Shiand Davis, 2001). In addition, other recent studies
have demonstrated the existence of a direct visual pathway en-
compassing these neural sites, both in animals (Chomsung et al.,
2008; Day-Brown et al., 2010) and in humans (Tamietto et al.,
2012). Due to the crucial involvement of the amygdala, this neu-
ral circuit is preferentially activated by fear-related signals and,
therefore, might have a great relevance for survival, with conse-
quent evolutionary advantage. Indeed, this pathway, showing an
automatic and fast activation (Luo et al., 2010), is presumably
involved in implementing adaptive defensive behaviors (de
Gelder et al., 2004).

The present findings also shed light on the performances of
blindsight and hemianopic patients, suggesting that their dif-
ferent behavioral results might be ascribed to different lesional
profiles. Patients described in classical blindsight studies dem-
onstrate high-order visual processing, similar to the performance
of healthy participants where the conscious visual processing was
prevented by backward masking. This finding suggests that their
performances might rely on a peculiar functional and anatomical
reorganization of the visual system, allowing first for contribu-
tions from the subcortical low road pathway, but also from the
high road cortical circuit, by way of some spared occipital areas.
In contrast, the performance of hemianopic patients reveals a
fear-specific effect, similar to the facilitation observed in
healthy participants when the conscious visual processing was
prevented by backward masking and the occipital cortex was
inhibited by tDCS, and might reflect an automatic, low-order
process, mainly dependent upon the activation of the low road
subcortical circuit.
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