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a b s t r a c t

After lesion or deafferentation of the primary visual cortex, hemianopic patients experi-

ence loss of conscious vision in their blind field. However, due to the spared colliculo-

extrastriate pathway, they might retain the ability to implicitly process motion stimuli

through the activation of spared dorsal-extrastriate areas, despite the absence of aware-

ness. To test this hypothesis, Electroencephalogram (EEG) was recorded from a group of

hemianopic patients without blindsight (i.e., who performed at chance in different forced-

choice tasks), while motion stimuli, static stimuli or no stimuli (i.e., blank condition) were

presented either in their intact or in their blind visual field. EEG analyses were performed in

the time-frequency domain. The presentation of both motion and static stimuli in the

intact field induced synchronization in the theta band and desynchronization both in the

alpha and the beta band. In contrast, for stimuli presented in the blind field, significantly

greater desynchronization in the alpha range was observed only after the presentation of

motion stimuli, compared to the blank condition, over posterior parietal-occipital elec-

trodes in the lesioned hemisphere, at a late time window (500e800 msec). No alpha

desynchronization was elicited by static stimuli. These results show that hemianopic pa-

tients can process only visual signals relying on the activation of the dorsal pathway (i.e.,

motion stimuli) in the absence of awareness and suggest different patterns of electro-

physiological activity for conscious and unconscious visual processing. Specifically, visual

processing in the absence of awareness elicits an activity limited to the alpha range, most

likely reflecting a “local” process, occurring within the extrastriate areas and not partici-

pating in inter-areal communication. This also suggests a response specificity in this fre-

quency band for implicit visual processing. In contrast, visual awareness evokes changes in

different frequency bands, suggesting a “global” process, accomplished by activity in a

wide range of frequencies, probably within and across cortical areas.
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1. Introduction

Unilateral post-chiasmatic lesions to the primary visual

pathway lead to loss of vision over half of the visual field

retinotopically corresponding to the site of the lesion, a con-

dition termed hemianopia. Typically, hemianopic patients are

unaware of the presence of stimuli presented in their blind

field and are unable to discriminate their perceptual features.

However, alternative visual circuits, spared by the lesions,

can sustain residual visual abilities, in the absence of aware-

ness. Robert Rafal's excellent body of work on this topic has

greatly contributed to disentangle the role of critical subcor-

tical structures in visual processing, providing evidence of the

relevance of the superior colliculus (SC) inmediating orienting

responses to unseen visual stimuli (Dodds, Machado, Rafal, &

Ro, 2002; Rafal, Smith, Krantz, Cohen, & Brennan, 1990; Ro &

Rafal, 2006) and shedding light on the anatomical organiza-

tion of the visual subcortical pathways (Koller, Rafal, Platt, &

Mitchell, 2018; Rafal et al., 2015). Converging evidence pro-

pose a prominent role of the retinotectal pathway conveying

visual information from the retina to the superior colliculus

and then to the dorsal extrastriate visual cortices (Cowey,

2010; Leh, Johansen-Berg, & Ptito, 2006a; Leh, Mullen, & Ptito,

2006b; Tamietto & de Gelder, 2010). In line with these obser-

vations, electrophysiological studies on monkeys have

revealed that, after selective lesions or inactivation of V1, the

animals experienced a loss of conscious vision contralateral to

the lesion, but neurons in the ipsilesional extrastriate area MT

continued to respond to the presentation of motion stimuli in

the blind field (Girard, Salin, & Bullier, 1992; Rodman, Gross, &

Albright, 1989). Interestingly, the response in MT neurons was

abolished after superior colliculus removal (Rodman, Gross, &

Albright, 1990). These observations on primates indicate that,

in the absence of V1, visual processing of specific categories of

stimuli, such as motion stimuli, might be preserved, via the

retinotectal visual pathway. In humans evidence of motion

processing in the absence of awareness after V1 damage have

been more controversial. Some patients with primary visual

cortex lesions (i.e., hemianopic patients) show the uncommon

ability to detect or discriminate the attributes of the unseen

stimuli above the chance level, in forced-choice tasks

(Weiskrantz, 1986). This phenomenon, termed blindsight (for

a review, see Cowey, 2010), concerns a number of visual

abilities, among which the ability to detect or discriminate

motion stimuli seems to be one of the most preserved

(Riddoch, 1917; Weiskrantz, 1986). However, blindsight is an

atypical phenomenon, possibly arising from a peculiar reor-

ganization of visual pathways (Bridge, Thomas, Jbabdi, &

Cowey, 2008; Celeghin et al., 2017; Tamietto, Pullens, De

Gelder, Weiskrantz, & Goebel, 2012), and the majority of

hemianopic patients do not usually show preserved residual

visual abilities for unseen stimuli. It is still under debate

whether implicit visual processing for motion stimuli might

be preserved in the absence of awareness, via the spared

colliculo-dorsal pathway, in patients without blindsight. Pre-

vious functional imaging studies have shown hemodynamic

responses in the ipsilesional area MT in hemianopic patients,
elicited by motion stimuli presented in the blind field in the

absence of awareness (Ajina, Kennard, Rees, & Bridge, 2015;

Barleben et al., 2015; Martin, Das, & Huxlin, 2012). However,

the temporal resolution of fMRI is limited by hemodynamic

response time and, therefore, the temporal dynamics and the

functional meaning of the activity elicited in MT by uncon-

scious motion stimuli still need to be clarified.

The present study aimed to investigate the electro-

physiological correlates of implicit visual processing for mo-

tion stimuli, exploiting the high temporal resolution of

Electroencephalogram technique (EEG). To this aim, EEG ac-

tivity was recorded while hemianopic patients without

blindsight were presented with lateralized visual stimuli in

their blind or intact visual field. We compared activity elicited

by motion stimuli (i.e., relying on the activation of the

colliculo-dorsal pathway) with static stimuli and a control

condition in which no stimulus was presented (i.e., blank

condition). Electrophysiological activity induced by the pre-

sentation of visual stimuli was quantified in the time-

frequency domain (i.e., event-related spectral perturbations,

ERSPs). The analysis of stimulus-related electrophysiological

activity in the time-frequency domain represents an innova-

tive approach to investigate implicit visual processes. Indeed,

previous investigations have attempted to measure event-

related potentials (ERPs) in response to stimuli presented in

the blind field without awareness, but they have failed to elicit

reliable ERP components (Bollini, Sanchez-Lopez, Savazzi, &

Marzi, 2017; Dundon, L�adavas, Maier, & Bertini, 2015; Grasso,

L�adavas, & Bertini, 2016; Kavcic, Triplett, Das, Martin, &

Huxlin, 2015). This might be due to the lack of synchronized

electrophysiological signals when responses to stimuli are

weak or degraded. Event-related time-frequency analysis can

overcome this difficulty, providing the possibility of

measuring oscillatory patterns in different frequency bands,

which reflect perturbations of the spontaneous rhythmic ac-

tivity of the brain after the presentation of a stimulus (Cohen,

2011; Pfurtscheller & Lopes, 1999). Therefore, ERSPs might

uncover subtle residual stimulus processing activity, as

confirmed by studies investigating oscillatory patterns in

response to unconscious visual stimuli (Del Zotto, Deiber,

Legrand, De Gelder, & Pegna, 2013; Schurger, Cowey, &

Tallon-Baudry, 2006; Tipura, Pegna, de Gelder, & Renaud,

2017).

In healthy participants, visual cortex excitability and visual

performance have been shown to be related to a reduction of

synchronized activity (i.e., desynchronization) in the alpha

band (Romei, Rihs, Brodbeck, & Thut, 2008; Rosanova et al.,

2009). In patients, desynchronization in the alpha range over

ipsilesional posterior brain areas might therefore be expected

in response to motion stimuli presented in the blind field,

reflecting implicit visual processing. Moreover, since extras-

triate areas are disconnected after V1 lesions, the implicit vi-

sual processing of motion stimuli is expected to elicit activity

only in the alpha range and not in other frequency bands,

reflecting local physiological activity (Silvanto, 2015). In

contrast, conscious processing of both motion and static

stimuli presented in the intact field is expected to elicit
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activity in a wide range of frequencies over posterior regions.

Indeed, conscious perception has been shown to be related to

changes in both low and high frequencies (Dehaene &

Changeux, 2011), which might reflect recurrent feedback and

feedforward processing (Lamme & Roelfsema, 2000), linking

multiple cortical areas in order to reach awareness.
2. Materials and methods

2.1. Participants

Fifteen patients (5 females, mean age ¼ 52.1 years, SD ¼ 12.8)

with chronic visual field defects (mean time since lesion¼ 15.9

months) took part in the study (Table 1). Patients were

recruited based on reported visual field defects, the avail-

ability of a full visual field perimetry and CT/MRI scans of the

lesion (with the only exception of P15, whose CT/MRI scans

were not available; Fig. 1 and Fig. 2). Right-lesioned patients

were screened using the Behavioral Inattention Test neglect

assessment (Wilson, Cockburn, & Halligan, 1987) to ensure

performance was in the normal range. All patients showed

normal or corrected-to-normal visual acuity. Patients were

informed about the procedure and the purpose of the study,

and gave written informed consent. The study was designed

and performed in accordancewith the ethical principles of the

Declaration of Helsinki, and was approved by the Ethics

Committee of the Psychology Department at the University of

Bologna.

2.2. Apparatus and stimuli

Patients underwent a series of two-alternative forced choice

(2AFC) tasks and an EEG task. They were seated in a sound-

controlled room in front of a 2400 LCD monitor (refresh rate:

60 Hz, 1920 � 1080 pixel resolution) at a viewing distance of

57 cm. Eye movements were constantly monitored by a Pan/

Tilt optic eye-tracker (Eye-Track ASL-6000; sampling rate:

60 Hz) during the 2AFC tasks, whereas electrooculography

(EOG) was used during EEG registration. Patientswere asked to

hold their gaze on a central fixation cross (0.5�).
Table 1 e Demographic and clinical data of patients.

ID Sex Age Onset Lesion Si

P01 M 60 47 Left Occipital

P02 M 50 7 Left Temporo-Occip

P03 M 66 36 Left Occipital

P04 M 58 6 Left Temporo-Occip

P05 M 45 7 Left Temporal

P06 F 57 28 Left Temporo-Occip

P07 M 69 5 Left Temporo-Occip

P08 M 72 27 Right Temporo-Occi

P09 F 34 26 Right Fronto-Tempo

P10 F 58 22 Right Temporo-Occi

P11 M 51 4 Right Temporo-Occi

P12 F 37 4 Right Temporo-Parie

P13 M 56 3 Right Occipital

P14 F 38 13 Right Occipital

P15 M 31 3 Right Occipital

M ¼ Male; F¼Female; Age in years; Lesion onset in months; AVM ¼ Arter
The same visual stimuli were used both in the 2AFC tasks

and in the EEG task. They consisted of 300 white dots (dot

size: 2 � 2 pixels) on a black background, within a circular

area (diameter: 5�). Stimuli were presented for 2000 msec

and could either move (100% coherence of motion direction;

velocity: 8�/s) or remain static. Stimuli were presented on a

PC running Presentation software (Version .60, www.

neurobs.com).

2.3. Two-alternative forced choice tasks

To ensure that patients had no awareness of the stimuli pre-

sented in their blind field and no ability to detect or discrim-

inate them above chance (i.e., they had no form of blindsight;

e.g. Weiskrantz, 1986), they underwent three separate 2AFC

tasks, in which they were asked to detect or discriminate, by

guessing, stimuli presented in the blind field. Stimuli had a

duration of 2000 msec and were presented in the patient's
blind field at 20� of eccentricity. For patients with hemianopia,

the stimuli were presented on the horizontal axis alignedwith

the fixation cross. For patients with quadrantopia (i.e., P02:

right upper quadrantopia; P08 and P10: left upper quad-

rantopia), stimuli were presented 10� above the horizontal

axis, in order to ensure presentation of stimuli in the blind

field. In the first task (2AFC motion stimulus detection), mo-

tion stimuli or a blank screen (i.e., catch trials) were randomly

presented and patients were instructed to guess about the

presence or the absence of the stimulus. Similarly, in the

second task (2AFC static stimulus detection), patients were

randomly presented with either static stimuli or a blank

screen and were instructed to guess about the presence or the

absence of the stimulus. Finally, in the third task (2AFC mo-

tion/static discrimination), patients were randomly presented

with motion or static stimuli and were instructed to guess

about the nature of the stimulus (motion vs static).

During the tasks, patients had to maintain their gaze on a

central fixation cross, which was present throughout the task.

Each trial started with a central fixation cross (1000 msec),

followed by the stimulus (2000msec). After the presentation of

each stimulus, the central fixation cross turned into a question

mark, prompting patients to verbally respond. Responses
te Visual Field Defect Aetiology

Right hemianopia Ischaemic

ital Upper right quadrantopia Ischaemic

Right hemianopia Ischaemic

ital Right hemianopia Ischaemic

Right hemianopia Hemorragic

ital Right hemianopia AVM

ital Right hemianopia Ischaemic

pital Upper left quadrantopia Ischaemic

ral Left hemianopia Tumor

pital Upper left quadrantopia Ischaemic

pital Left hemianopia Tumor

tal-Occipital Left hemianopia Tumor

Left hemianopia Ischaemic

Left hemianopia Hemorrhagic

Left hemianopia AVM

iovenous malformation.
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Fig. 1 e Lesion reconstruction images from MRI or CT scans, projected onto the normalized MNI template. Lesions

documented by the most recent clinical CT or MRI were traced onto the T1-weighted MRI template from the Montreal

Neurological Institute provided with MRIcron software (Rorden & Brett, 2000; Rorden et al., 2007).
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were manually recorded by the experimenter. A new trial

began when patients were fixating the central fixation cross.

Trial onset was manually controlled by the experimenter.

Patients were instructed to keep fixation on the central cross

during the task and trials where eye movements occurred

were discarded from the analysis (6%). Each task consisted of

100 trials equally distributed between the two alternatives

(i.e., 50 valid trials vs. 50 catch trials in the first and second

tasks; 50 motion stimuli vs. 50 static stimuli in the third task).

The three tasks were performed in a counterbalanced order.

For each task, the number of correct responses was computed

and was compared to the chance level (50% correct responses)

using a binomial test. Statistical validity of the patient's per-

formance was established by computing the two-tailed prob-

ability value of the number of correct responses on the
binomial distribution (Bertini, Cecere, & L�adavas, 2013; Pegna,

Khateb, Lazeyras, & Seghier, 2005).

2.4. EEG experimental task

EEG was recorded while the patients were presented with

stimuli either in their blind or intact field, and theymaintained

their gaze on a central fixation cross, which was present

throughout the task (Fig. 3). Each trial started with the pre-

sentation of the fixation cross (random duration of 2000 or

3000msec), then a lateralized visual stimulus (motion or static)

randomly appeared in the blind or in the intact visual field (20�

eccentricity), for 2000 msec. For patients with hemianopia, the

stimuli were presented on the horizontal axis aligned with the

fixation cross. For patients with quadrantopia (i.e., P02: right

https://doi.org/10.1016/j.cortex.2018.08.009
https://doi.org/10.1016/j.cortex.2018.08.009


Fig. 2 e (A) Computerized automated visual perimetry (Medmont M700 automated perimetry apparatus, Melbourne,

Australia). Axial hash marks denote 10 visual degree increments. LE ¼ left eye; RE ¼ right eye. (B) Schematic view of the

visual field maps, depicting the location of visual stimulation; color map reports decibel values.
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upper quadrantopia; P08 and P10: left upper quadrantopia),

stimuli were presented 10� above the horizontal axis, in order

to ensure presentation of stimuli in the blind field. In addition,

blank trials (no stimulus presentation) were included. At the

end of stimulus presentation, a small dot appeared (100 msec)

either above or below the fixation cross. Patients were

instructed to maintain central eye-fixation throughout the

entire trial, to ignore the lateralized visual stimuli, but to report
whether the dot appeared above or below the fixation cross by

pressing the upward or downward arrow, respectively

(response time window: 2000 msec). Patients performed 5

experimental blocks. Each block consisted of 40 lateralized

motion stimuli (half presented in the blind visual field, and half

presented in the intact visual field), 40 lateralized static stimuli

(half presented in the blind visual field, and half presented in

the intact visual field) and 20 catch trials (blank screen).

https://doi.org/10.1016/j.cortex.2018.08.009
https://doi.org/10.1016/j.cortex.2018.08.009


Fig. 3 e Schematic representation of the experimental

paradigm.
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2.5. EEG recording and analysis

EEG data were recorded with a BrainAmp DC amplifier

(BrainProducts GmbH, Germany) and Ag/AgCl electrodes

(Fast'nEasy Cap, Easycap GmbH, Germany) from 59 scalp sites

(Fp1, AF3, AF7, F1, F3, F7, FC1, FC3, FC5, FT7, C1, C3, C5, T7, CP1,

CP3, CP5, TP7, P1, P3, P5, P7, PO3, PO7, O1, Fp2, AF4, AF8, F2, F4,

F8, FC2, FC4, FC6, FT8, C2, C4, C6, T8, CP2, CP4, CP6, TP8, P2, P4,

P6, P8, PO4, PO8, O2, FPz, AFz, Fz, FCz, Cz, CPz, Pz, POz, Oz) and

the right mastoid. The left mastoid was used as reference,

while the ground electrode was positioned on the right cheek.

Vertical and horizontal EOG components were recorded from

above and below the left eye, and from the outer canthus of

both eyes. Data were recorded with a band-pass filter of

.01e100 Hz and digitized at a sampling rate of 1000 Hz.

EEG recordings were pre-processed off-line and analyzed

with EEGLAB v10.2.5.8b (Delorme & Makeig, 2004) and custom

routines developed in Matlab (R2011a; The Mathworks Inc.,

USA). Data from all electrodes were re-referenced to the

average of bothmastoids and filteredwith a band-pass filter of

1e100 Hz. Continuous signals were segmented into epochs

from 1000 msec before to 2000 msec after the lateralized

stimulus onset (i.e., motion, static, blank). The interval be-

tween �1000 msec and 0 msec was considered the baseline.

Epochs containing horizontal eye-movements were excluded

by visual inspection, while vertical EOG artefacts were cor-

rected through an independent component analysis (ICA).

Remaining epochs were then divided into five separate data-

sets, based on the type of the stimulus and the side of pre-

sentation (i.e., Motion-Blind, Motion-Intact, Static-Blind,

Static-Intact and Blank).

2.6. Time-frequency analysis

A time-frequency (TF) analysis was performed to investigate

ERSPs after stimulus presentation. A complex Morlet wavelet

(linear-spaced frequencies from 4 Hz to 40 Hz, frequency bin

of 1 Hz, 3 cycles at lowest frequency to 15 at highest fre-

quency) was applied to each single epoch, using the newtimef

function from EEGLAB. Epochs were averaged and normal-

ized (divisive baseline; Grandchamp & Delorme, 2011) to a
pre-stimulus period of 500 msec (-500-0 msec). Electrodes

were swapped cross-hemispherically for patients with lesions

to the left hemisphere. Thus, the data were analyzed as if all

participants were right-lesioned.

Three frequency bands (i.e., theta, alpha, and beta) were

specifically inspected in steps of 50 msec in the interval be-

tween 0 and 1000 msec post-stimulus onset. Time windows

and electrodes that better represented spectral perturbations

(i.e., synchronization or desynchronization) in each frequency

band were selected by visually inspecting the scalp distribu-

tions of the average activity, elicited by the presentation of

both motion and static stimuli only in the intact field (i.e., the

scalp distribution obtained by averaging the mean activity

elicited by motion stimuli and the mean activity elicited by

static stimuli in the intact field). All the subsequent analyses

for the presentation of stimuli in the intact field and for the

presentation in the blind field were based on this selection.

This procedure enable to avoid possible bias towards the ex-

pected differences based on the hypothesis (i.e., circularity

analysis; Kriegeskorte, Simmons, Bellgowan, & Baker, 2009).

The average activity in the alpha band (8e12 Hz) showed

event-related desynchronization (ERD) between 200 and

800 msec, with maximal modulation in contralateral parieto-

occipital electrodes (P3, P5, P7, PO7, PO3, O1). These elec-

trodes cover the lateral parieto-occipital region of the scalp in

which ERD has been described in previous studies investi-

gating visual processing and spatial attention (Herring, Thut,

Jensen, & Bergmann, 2015; Romei, Rihs, et al., 2008; Romei,

Brodbeck, et al., 2008; Rosanova et al., 2009; Thut, 2006). In

addition, to better investigate early and late alpha activities,

we divided this time window into two time windows: 200e500

and 500e800 msec. The average activity in the beta band

(15e25 Hz) showed ERD in contralateral parietal electrodes

(PO7, PO3, P3, P5) between 200 and 500 msec. Finally, the

average activity in the theta range (4e7 Hz) showed event-

related synchronization (ERS) in contralateral centro-parietal

electrodes (P3, P5, P7, CP3) between 100 and 300 msec. These

electrodes are similar to those reported in previous studies

which have also shown a correlation between ERP compo-

nents’ amplitude (i.e., P1, N2pc, and N170) and the increase of

phased-locked activity in the theta range (Dowdall, Luczak, &

Tata, 2012; Ponjavic-Conte, Dowdall, Hambrook, Luczak, &

Tata, 2012; Zhang, Wang, Luo, & Luo, 2012).

In all the analyses, the corresponding electrodes in the

lesioned hemisphere were also included. Specifically, P4, P6,

P8, PO8, PO4, and O2 were selected for the alpha band, PO8,

PO4, P4 and P6 were selected for the beta band, and P4, P6, P8,

and CP4 were selected for the theta band. For each frequency

band, average frequency power in the selected time windows

and electrodes in both the intact and the lesioned hemi-

spheres were submitted to statistical analyses.

In order to compare the ERSPs elicited by stimuli pre-

sentation, a repeated-measures ANOVA with the factors

Hemisphere (Intact, Lesioned) and Stimulus Type (Motion,

Static, Blank) was conducted separately for each field of

stimulus presentation (i.e., intact field and blind field) and for

each time window. All post-hoc comparisons were con-

ducted using the NewmaneKeuls test. Significance level was

set at p ¼ .05.

https://doi.org/10.1016/j.cortex.2018.08.009
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3. Results

3.1. Two-alternative forced choice tasks

Patients did not significantly performed above chance in any

of the three 2AFC tasks (see Table 2; all ps > .107). One patient

(P07) revealed a significant performance below the chance

level (38%; p ¼ .018) in the motion task, which might indicate

the presence of a response bias. These results indicate that

patients were not aware of the presence or the nature of

stimuli presented in the blind field and did not show any form

of blindsight. Moreover, anecdotally, patients spontaneously

reported the absence of any visual sensation throughout the

entire test, regardless of the type of stimulus presented in the

blind field.

3.2. Event-related spectral perturbations (ERSPs) in
response to stimuli presented in the intact field

3.2.1. Alpha range (8e12 Hz)
Time interval 200e500 msec. The ANOVA for the presentation of

stimuli in the intact visual field showed a significant main

effect of Stimulus Type (F2,28 ¼ 15.03, p < .001). The post-hoc

analysis revealed that both motion (M ¼ �1.23 dB, p < .001)

and static (�.89 dB, p ¼ .001) stimuli elicited significantly

greater alpha desynchronization compared to blank condition

(�.14 dB), while no difference in alpha desynchronization was

found between motion and static stimulus presentation

(p ¼ .106). The main effect of Hemisphere approached signif-

icance (F1,14 ¼ 4.54, p ¼ .051) and was explained by greater

alpha ERD measured in the intact hemisphere (�.96 dB),

compared to the lesioned one (�.55 dB). The interaction be-

tween Hemisphere and Stimulus Type was not significant

(F2,28 ¼ 2.83, p ¼ .076) (Fig. 4A, C and D left histogram).

Time interval 500e800 msec. The ANOVA showed a signifi-

cant main effect of Stimulus Type (F2,28 ¼ 11.49, p < .001), and

the post-hoc analysis revealed that both motion (�1.15 dB,

p < .001) and static (�.93 dB, p ¼ .002) stimuli elicited signifi-

cantly greater alpha desynchronization compared to the blank

condition (�.18 dB), while no difference was found between
Table 2 e Accuracy rates of patients’ performance in the
two-alternative forced choice tasks (2AFC).

ID Static Motion Static/Motion

P1 53% 47% 55%

P2 58% 46% 54%

P3 55% 43% 54%

P4 52% 51% 52%

P5 46% 47% 49%

P6 56% 45% 51%

P7 49% 38% 51%

P8 45% 48% 52%

P9 55% 46% 51%

P10 49% 47% 52%

P11 46% 42% 49%

P12 48% 44% 44%

P13 45% 48% 51%

P14 43% 44% 51%

P15 42% 43% 50%
motion and static stimulus presentation (p ¼ .308). The main

effect of Hemisphere and the interaction were not significant

(all ps > .170) (Fig. 4A, C and D right histogram).

In summary, both motion and static stimuli presented in

the intact field elicited an alpha ERD significantly greater than

in the blank condition. In addition, no differences in alpha

ERD were found between motion and static stimuli, suggest-

ing that their different physical features elicit similar elec-

trophysiological activity.

3.2.2. Beta range (15e25 Hz)
Time interval 200e500 msec. A significant main effect of

Stimulus Type (F2,28 ¼ 16.82, p < .001) was revealed by the

ANOVA for the presentation of stimuli in the intact visual

field. The post-hoc analysis showed that both motion

(�.66 dB, p < .001) and static (�.50 dB, p < .001) stimuli elicited

significantly greater beta desynchronization than blank con-

dition (�.02 dB). No difference was found between motion

and static stimulus presentation (p ¼ .175). The main effect of

Hemisphere (p ¼ .062) and the interaction (p ¼ .162) were not

significant (Fig. 6A, C and D).

3.2.3. Theta range (4e7 Hz)
Time interval 100e300 msec. The ANOVA for the presentation of

stimuli in the intact visual field revealed a significant main

effect of Hemisphere (F1,14 ¼ 6.25, p ¼ .026), showing greater

theta synchronization measured from the intact hemisphere

(.56 dB) than from the lesioned one (.29 dB). Moreover, the

main effect of Stimulus Type (F2,28 ¼ 9.15, p < .001) was also

significant. The post-hoc analysis revealed that both motion

(.56 dB, p ¼ .003) and static (.69 dB, p ¼ .001) stimuli elicited

significantly greater theta synchronization than blank condi-

tion (.02 dB). No difference between motion and static stim-

ulus presentation (p ¼ .441) was found. Lastly, a significant

interaction between Hemisphere and Stimulus Type was

found (F2,28 ¼ 4.19, p ¼ .026). The post-hoc analysis revealed

that the theta synchronization elicited by both motion and

static stimuli was greater when measured from the intact

than from the lesioned hemisphere (motion: intact hemi-

sphere M ¼ .75 dB, lesioned hemisphere M ¼ .37 dB, p ¼ .027;

static: intact hemisphere M ¼ .93 dB, lesioned hemisphere

M ¼ .46 dB, p ¼ .006) (Fig. 7A, C and D).

In summary, similarly to alpha and beta oscillations, the

presentation of both motion and static stimuli in the intact

field elicited significantly greater theta ERS compared to the

blank condition.

3.3. Event-related spectral perturbations (ERSPs) in
response to stimuli presented in the blind field

3.3.1. Alpha range (8e12 Hz)
Time interval 200e500 msec. The ANOVA for the presentation of

stimuli in the blind field showed no significant main effects or

interactions (all ps > .348) (Fig. 4B, C and E left histogram).

Time interval 500e800 msec. The ANOVA for the presenta-

tion of stimuli in the blind field showed a significant main

effect of Stimulus Type (F2,28 ¼ 5.29, p ¼ .011). The post-hoc

analysis revealed that motion stimuli (�.62 dB) elicited

significantly greater alpha desynchronization than the blank

condition (�.18 dB, p¼ .008). In contrast, no difference in alpha
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Fig. 4 e Brain response in the alpha band (8e12 Hz) after presentation of stimuli in the intact and the blind field. (A)

Timeefrequency plots depicting spectral perturbations in response to motion stimuli (upper panels) and static stimuli

(lower panels) presented in the intact visual field. (B) Timeefrequency plots depicting spectral perturbations in response to

motion stimuli (upper panels) and static stimuli (lower panels) presented in the blind visual field. (C) Timeefrequency plots

depicting spectral perturbations in the blank condition. Left panels represent ERSPs averaged across posterior electrodes on

the intact hemisphere (left ROI on the corresponding scalp topographies), while right panels represent ERSPs averaged

across posterior electrodes on the lesioned hemisphere (right ROI on the corresponding scalp topographies). The black

boxes indicate the time intervals (200e500 msec and 500e800 msec) and the frequency band considered for the statistical

analysis. Scalp topographies depict ERD in the alpha band in a time window between 200 and 800 msec post-stimulus

onset. (DeE) Mean ERD in the alpha band (8e12 Hz) in response to stimuli presented in the intact visual field between 200

and 500 msec (left histogram) and between 500 and 800 msec (right histogram) post-stimulus onset (D) and in response to

stimuli presented in the blind between 200 and 500 msec (left histogram) and between 500 and 800 msec (right histogram)

post-stimulus onset (E). Bar plots show mean ERD values across all the selected electrodes on the two hemispheres (i.e.,

intact and lesioned). Error bars represent SEM. Significant or marginally significant comparisons are indicated as follows:

* p < .05; # p ¼ .07.
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Fig. 5 e Brain response in the alpha band (8e12 Hz) after presentation of stimuli in the blind field. (A) Timeefrequency plots

depicting spectral perturbations in response to motion stimuli (upper panels) and static stimuli (middle panels) presented in

the blind visual field, and in the blank condition (lower panels). Left panels represent ERSPs averaged across centro-

posterior electrodes on the intact hemisphere (left ROI on the corresponding scalp topographies), while right panels

represent ERSPs averaged across posterior electrodes on the lesioned hemisphere (right ROI on the corresponding scalp

topographies). The black boxes indicate the time interval (500e800 msec) and the frequency band considered for the

statistical analysis. Scalp topographies depict ERD in the alpha band in a time window between 500 and 800 msec post-

stimulus onset. (B) Mean ERD in the alpha band in response to stimuli presented in the blind visual field between 500 and

800 msec post-stimulus onset. The bar plots shows mean ERD values across the selected electrodes on the intact and

lesioned hemispheres, separately. Error bars represent SEM.
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desynchronization was found between static stimulus pre-

sentation (�.36 dB, p ¼ .183) and the blank condition. In

addition, there was a trend toward significance for the alpha

desynchronization elicited by the presentation of motion

stimuli being greater compared to static stimuli (p ¼ .072). The

main effect of Hemisphere and the interaction were not sig-

nificant (all ps > .393) (Fig. 4B, C and E right histogram).

However, visual inspection of the scalp distribution of

average alpha activity in the interval between 500 and

800 msec showed that the presentation of motion stimuli in

the blind field elicited the greatest alpha desynchronization in

a more anterior region, compared to the region of interest

selected for the presentation of stimuli in the intact field.

Thus, to better investigate the alpha ERD elicited by the pre-

sentation of motion stimuli in the blind field, an additional

analysis was conducted, selecting the electrodes in the

lesioned hemisphere showing the greatest alpha desynchro-

nization in response to motion stimuli in the blind field (i.e.,
CP2, CP4, CP6, P2, P4, P6) and the corresponding contralateral

electrodes (i.e., CP1, CP3, CP5, P1, P3, P5) (see topographies on

Fig. 5A). Average signals in these electrodes were analyzed

with a repeated-measures ANOVA with the factors Hemi-

sphere (Intact, Lesioned) and Stimulus Type (Motion, Static,

Blank) for the 500e800 ms interval. The ANOVA showed a

significant main effect of Stimulus Type (F2,28 ¼ 5.85, p ¼ .008).

The post-hoc analysis revealed that the motion stimuli eli-

cited significantly greater alpha desynchronization (�.58 dB)

than both static stimuli (�.17 dB, p ¼ .009) and the blank

condition (�.13 dB, p ¼ .013). In contrast, no significant dif-

ferencewas found in alpha ERD between static stimuli and the

blank condition (p ¼ .814). Furthermore, the interaction be-

tween Hemisphere and Stimulus Type was also significant

(F2,28 ¼ 4.55, p ¼ .019). The post-hoc analysis revealed that, in

the lesioned hemisphere, the motion stimuli elicited signifi-

cantly greater alpha desynchronization (�.77 dB) compared to

the static stimuli (�.17 dB; p ¼ .001) and to the blank condition
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Fig. 6 e Brain response in the beta band (15e25 Hz) after presentation of stimuli in the intact and the blind fields. (A)

Timeefrequency plots depicting spectral perturbations in response to motion stimuli (upper panels) and static stimuli

(lower panels) presented in the intact visual field. (B) Timeefrequency plots depicting spectral perturbations in response to

motion stimuli (upper panels) and static stimuli (lower panels) presented in the blind visual field. (C) Timeefrequency plots

depicting spectral perturbations in the blank condition. Left panels represent ERSPs averaged across posterior electrodes on

the intact hemisphere (left ROI on the corresponding scalp topographies), while right panels represent ERSPs averaged

across posterior electrodes on the lesioned hemisphere (right ROI on the corresponding scalp topographies). The black

boxes indicate the time interval (200e500 msec) and the frequency band considered for the statistical analysis. Scalp

topographies depict ERD in the beta band in a timewindow between 200 and 500msec post-stimulus onset. (DeE) Mean ERD

in the beta band in the interval between 200 and 500 msec post-stimulus onset, in response to stimuli presented in the

intact visual field (D) and in the blind visual field (E). Bar plots show mean ERD values across all the selected electrodes on

the two hemispheres (i.e., intact and lesioned). Error bars represent SEM.
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(�.23 dB; p < .001), while no difference in alpha ERDwas found

between static stimuli and the blank condition (.02 dB,

p ¼ .528). In contrast, in the intact hemisphere, no differences

in alpha ERD were found between motion stimuli (�.40 dB),

static stimuli (�.16 dB) and the blank condition (�.24 dB; all

ps > .264) (Fig. 5A and B).2

In order to control for possible confounding effects due to

different lesion profiles on alpha desynchronization in

response to motion stimuli in the blind field, patients were

divided into two subgroups, according to the presence of

damage to V1 (patients with V1 lesion: P01, P02, P03, P07, P08,

P10, P13, P14; patientswithout V1 lesion: P04, P05, P06, P09, P11,

P12). The presence of lesion to V1 was assessed by overlapping

each individual lesion reconstruction on the Brodmann tem-

plate provided with MRIcron software (Rorden & Brett, 2000;

Rorden, Karnath, & Bonilha, 2007; P15, whose CT/MRI scans

were not available, was excluded from the analysis). Again,

ERSPs elicited by stimuli presented in the blind field in the

500e800 msec time window were analyzed with an ANOVA

with Hemisphere (Intact, Lesioned) and Stimulus Type (Mo-

tion, Static, Blank), as within-subjects factors, and Group (pa-

tients with V1 lesion, patients without V1 lesion), as between-

subjects factor. The analysis confirmed the previous results,

showing a significantmain effect of Stimulus Type (F2,24¼ 4.79,

p ¼ .018) and a significant interaction between Hemisphere

and Stimulus Type (F2,24 ¼ 6.63, p ¼ .005). Again, the post-hoc

comparisons showed a significantly greater alpha desynchro-

nization (�.78 dB) in the lesioned hemisphere for motion

stimuli, compared to the static stimuli (�.17 dB; p < .001) and to

the blank condition (.02 dB; p < .001), while no difference in

alpha ERD was found between static stimuli and the blank

condition (p ¼ .318). In contrast, in the intact hemisphere, no

differences in alpha ERD in response to both stimuli were

found (all ps > .374). Importantly, no significant main effect of

Group (p¼ .116) nor significant interactions between the factor

Group and the other factors were found (all ps > .191),

suggesting that different lesion profiles (i.e., damage or

sparing of V1) do not have an impact on the observed effect.

In summary, only the presentation ofmotion stimuli in the

blind field elicited significantly greater alpha ERD compared to

the blank condition, and this activity was mainly recorded in

the lesioned hemisphere.
2 An additional analysis was also conducted on the ERSP in the
more anterior region (i.e., CP2, CP4, CP6, P2, P4, P6, CP1, CP3, CP5,
P1, P3, P5) in the 500e800 msec time window elicited by the
presentation of stimuli in the intact field. ERSPs were analyzed
with a repeated-measures ANOVA with factors Hemisphere
(Intact, Lesioned) and Stimulus Type (Motion, Static, Blank).
Similarly to the ERSPs recorded from the posterior electrodes (see
paragraph 3.2.1), the results showed a significant main effect of
Stimulus Type (F2,28 ¼ 9.73, p < .001). The post-hoc comparisons
revealed that both motion (�.95 dB, p < .001) and static (�.75 dB,
p ¼ .004) stimuli elicited a significantly greater alpha desynchro-
nization compared to blank condition (�.13 dB), while no differ-
ence was found between motion and static stimuli presentation
(p ¼ .308). No other main effect or interaction were significant (all
ps > .268). This suggests that the presentation of stimuli in the
intact field induces an alpha desynchronization in a broad area
on the scalp, including electrodes in occipito-parietal and central-
parietal regions.
3.3.2. Beta range (15e25 Hz)
Time interval 200e500 msec. The ANOVA for the presentation of

stimuli in the blind field showed no significant main effects or

interactions (all ps > .091) (Fig. 6B, C and E).

3.3.3. Theta range (4e7 Hz)
Time interval 100e300 msec. The ANOVA for the presentation of

stimuli in the blind field showed no significant main effects or

interactions (all ps > .102) (Fig. 7B, C and E).
4. Discussion

Patients with visual field defects without blindsight showed

event-related desynchronization in the alpha band (8e12 Hz)

in response to motion stimuli presented in the blind field, in

the absence of awareness. This evidence suggests that pa-

tients who perform at chance in forced choice tasks and who

are completely unaware of the stimuli presented in the blind

field can implicitly process visual signals relying on the acti-

vation of the dorsal pathway.

Specifically, the results show that motion stimuli pre-

sented in the blind field elicited greater alpha desynchroni-

zation in a late time window (500e800 msec), compared to

the control condition (i.e., the blank condition) in which no

stimulus was presented, suggesting the presence of implicit

visual processing. In addition, the alpha desynchronization

following the presentation of motion stimuli in the blind

field was greater compared to the alpha desynchronization

following static stimuli. More importantly, the desynchro-

nization induced by unseen static stimuli was not different

to the one elicited in the blank condition, suggesting that

only motion stimuli are implicitly processed in the blind

field. No significant activity in other frequency bands was

found after presentation of stimuli in the blind field. In

contrast, after presentation in the intact field, activity in

different frequency bands was found for both motion and

static stimuli. Specifically, both categories of stimuli evoked

greater synchronization in the theta range and greater

desynchronization in the alpha and beta range, compared to

the control blank condition, reflecting conscious perceptual

mechanisms.

Desynchronization in the alpha range has been suggested

to reflect visual cortex activation or enhanced visual cortex

excitability (Pfurtscheller, 2001; Romei, Rihs, et al., 2008) and

has been associated with visual stimulus presentation

(Pfurtscheller, Neuper, & Mohl, 1994). Therefore, the alpha

desynchronization over the posterior-dorsal electrodes

following the presentation of motion stimuli in the blind field

seems to reveal enhanced cortical activity in posterior ipsile-

sional extrastriate areas, suggesting the ability to process

motion-related visual information in the absence of aware-

ness. In line with this idea, functional imaging studies on

hemianopic patients revealed BOLD responses in the ipsile-

sional area MT, elicited by the presentation of unseen motion

stimuli (Ajina, Kennard, et al., 2015; Barleben et al., 2015;

Martin et al., 2012). These findings suggest that, despite le-

sions or deafferentation of V1, the dorsal extrastriate cortices

can still receive motion-related visual information from V1-

independent pathways.
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Fig. 7 e Brain response in the theta band (4e7 Hz) after presentation of stimuli in the intact and the blind fields. (A)

Timeefrequency plots depicting spectral perturbations in response to motion stimuli (upper panels) and static stimuli

(lower panels) presented in the intact visual field. (B) Timeefrequency plots depicting spectral perturbations in response to

motion stimuli (upper panels) and static stimuli (lower panels) presented in the blind visual field. (C) Timeefrequency plots

depicting spectral perturbations in the blank condition. Left panels represent ERSPs averaged across posterior electrodes on

the intact hemisphere (left ROI on the corresponding scalp topographies), while right panels represent ERSPs averaged

across posterior electrodes on the lesioned hemisphere (right ROI on the corresponding scalp topographies). The black

boxes indicate the time interval (100e300 msec) and the frequency band considered for the statistical analysis. Scalp

topographies depict ERS in the theta band in a time window between 100 and 300 msec post-stimulus onset. (DeE) Mean

ERS in the theta band in the interval between 100 and 300 msec post-stimulus onset, in response to stimuli presented in the

intact visual field (D) and in the blind visual field (E). Bar plots show mean ERS values across the selected electrodes on the

intact and lesioned hemispheres, separately. Error bars represent SEM.
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The analysis in the time-frequency domain adds to previ-

ous knowledge the possibility of describing the properties of

the motion-related electrophysiological responses in the

extrastriate cortices after lesion or deafferentation of V1.

Indeed, the effects of the loss of V1 inputs on neuronal re-

sponses in extrastriate areas, in patients with lesions to the

primary visual pathway, still need to be characterized

(Silvanto, 2015). First, the response to the presentation of

motion stimuli in the blind field suggests that the visual input

reaching the extrastriate cortex can elicit activity selectively

in the alpha range. This might indicate that, in the absence of

signals from V1, the activity of the extrastriate cortex is

limited to the range of its natural frequency (i.e., alpha band;

Rosanova et al., 2009). This finding suggests that the observed

alpha desynchronization, reflecting implicit visual processing,

represents a “local” process that occurs within the extrastriate

area and does not participate in feedback-feedforward

mechanisms, which are instead typical of conscious visual

processing (Dehaene & Changeux, 2011; Lamme, 2001;

Silvanto, 2015). In addition, the present results reveal that

the alpha desynchronization in response to unseen motion is

observed only at a late time window (i.e., 500e800 msec post-

stimulus presentation). This finding is in line with evidence

from primates revealing that, in the absence of V1, neurons in

V5/MT show bursts of highly variable spontaneous activity

(Rodman et al., 1989, 1990), with abnormally long response

latencies (Azzopardi, Fallah, Gross, & Rodman, 2003).

The activity in the ipsilesional extrastriate cortex induced

by unseen motion stimuli, processed in the absence of

awareness, has different features than the activity evoked in

the extrastriate cortex of the intact hemisphere by

consciously perceived visual stimuli. Indeed, a pattern of

oscillatory activity in different frequency bands was observed

in the occipito-parietal electrodes of the intact hemisphere

after presentation of both motion and static stimuli in the

intact field. At an early stage (100e300 msec), synchronization

in the theta band (4e7 Hz) was observed, most likely reflecting

the visual event-related potentials (Dowdall et al., 2012; Jutai,

Gruzelier, & Connolly, 1984; Michalareas et al., 2016; Zhang

et al., 2012). In addition, desynchronization both in the alpha

(8e12 Hz) and the beta (15e25 Hz) band was observed,

revealing activity related to visual cortex activation

(Pfurtscheller, 2001; Romei, Rihs, et al., 2008) and stimulus

encoding processes (Klimesch, Doppelmayr, Pachinger, &

Russegger, 1997; Pfurtscheller & Lopes, 1999). These findings

show that visual awareness is achieved through a more

complex pattern of activity in a broad range of frequencies,

compared to implicit visual processing. This suggests that

visual awareness is accompanied by changes in different

frequency bands and is a “global” visual function, defined by

the presence of inter-areal communication (Silvanto, 2015).

Indeed, conscious visual perception seems to be accom-

plished only with recurrent activity between V1 and extras-

triate cortices (Lamme & Roelfsema, 2000) and through

synchronous neural activity in different frequency bands

within and across cortical areas (Fries, 2005).

Interestingly, when stimuli were presented in the blind

field, alpha desynchronization was observed only for motion

stimuli, revealing the presence of implicit visual processing

only when that processing relies on the dorsal pathway
(Kolster, Peeters, & Orban, 2010; Tootell et al., 1995; Watson

et al., 1993; Zeki et al., 1991). This suggests that implicit pro-

cessing ofmotion stimulimight be subserved by an alternative

visual pathway, bypassing the damaged (or deafferented) pri-

mary visual cortex and involving the dorsal extrastriate area

MT.Neuroimagingdata fromhemianopic patientshave shown

that the ipsilesional area MT responds to unseen motion

stimuli with a pattern of activity resembling that of the

contralateral intact V1 in response to seen motion (i.e.,

showing signal decreases with a high level of motion coher-

ence; Ajina, Kennard, et al., 2015). This suggests that activity in

MT after V1 damage is mainly driven by subcortical input and

become, therefore, similar to the activity of low-level visual

cortices (Ajina & Bridge, 2017). Indeed, motion information is

known to reach MT through a number of V1-independent

subcortical pathways, which might account for this implicit

processing (Tamietto & Morrone, 2016). On one hand, primate

studies have suggested a pivotal role of a retinotectal pathway

conveyingmotion information to ipsilesional areas V5/MT, via

the superior colliculus, after lesions or inactivation of V1

(Girard et al., 1992; Rodman et al., 1989, 1990). The structures

involved in this circuit are usually spared in hemianopic pa-

tients andmight, therefore, represent the anatomical pathway

subserving the implicit motion processing. Accordingly, a

recent tractography study (Ajina, Pestilli, Rokem, Kennard, &

Bridge, 2015) has provided support for this view by showing

intact connections between SC and MT in patients with hem-

ianopia without blindsight. On the other hand, animal studies

also revealed a possible contribution of the connecting fibers

between the pulvinar and MT (Bourne &Morrone, 2017) in the

processing of motion stimuli, after V1 lesion. However, this

circuit has a prominent role in visual processing in the

neonatal brain, whereas in adults these fibers result sparse,

due to the increasing dominance of the projection from V1 to

MT (Warner, Kwan, & Bourne, 2012). In line, the connections

between the pulvinar and MT has been proven to be

strengthened only after early V1 damage, but notwhen animal

sustained lesions in the adult life (Warner et al., 2015). This

suggests that this circuit should not be responsible for the

motion-specific implicit visual processing reported here in the

hemianopic patients without blindsight, since they suffered

frombrain lesionswithonset in their adult life. In contrast, this

circuit has been proposed to contribute to the residual visual

abilities of patients with blindsight, who often report early le-

sions (Bourne &Morrone, 2017). This reasoning offers support

to the idea that the motion-specific implicit visual processing

of hemianopic patients and the visual residual abilities in

blindsight patients might represent distinct neuropsychologi-

cal conditions, mediated by different anatomical pathways.

Indeed, multiple alternative visual pathways have been

accounted for the multifaceted aspects of residual visual

abilities in blindsight patients, indicating that blindsight

might represent the result of a massive reorganization of the

visual circuits. In addition to the above mentioned contribu-

tion of pulvinar-MT connections (Bourne & Morrone, 2017;

Warner et al., 2015), tractography studies showed intact ipsi-

lesional geniculo-MT connecting fibers in patients with

blindsight, providing support for a critical role of this

anatomical pathway inmediating above chance performances

in motion discrimination (Ajina, Pestilli, et al., 2015). Evidence
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has also been provided of a significant role of the SC (Leh,

Johansen-Berg, & Ptito, 2006a; Tamietto et al., 2010) and of

the recruitment of visual areas in the intact hemisphere

(Tinelli et al., 2013), throughout transcallosal connections

(Celeghin et al., 2017), when blindsight patients respond to

unseen simple visual stimuli. In line with this body of evi-

dence, blindsight seems to be subserved by a peculiar

neuronal reorganization, occurring after lesions to V1. The

early onset of these patients’ lesions has been proposed to

play a critical role in the reorganization of visual cortices in

blindsight (Celeghin, de Gelder, & Tamietto, 2015; Celeghin

et al., 2017; Mikellidou et al., 2017), although the precise

mechanisms promoting these plastic changes still needs to be

elucidated.

On the contrary, hemianopic patients without blindsight

represent a separate neuropsychological category compared

to blindsight. At variance with patients with blindsight, who

show visual residual abilities and above chance performance

with a variety of visual stimuli (Cowey, 2010), they never

perform above chance and show implicit visual processing

only for specific features of the unseen stimuli. More precisely,

here we show selective electrophysiological responses for

motion stimuli, demonstrating an implicit visual processing

for motion, which might be speculatively defined as a “sight-

less motion processing” effect and which could be attributed to

the spared SCeMT circuit. Interestingly, hemianopic patients

without blindsight have shown the ability of implicitly process

also another specific category of stimuli, namely fearful

stimuli (i.e., a “sightless fear processing” effect; Bertini et al.,

2013; Bertini, Cecere, & L�adavas, 2017; Cecere, Bertini, Maier,

& L�adavas, 2014). This fear-specific implicit visual processing

has been reported to induce a facilitation in the behavioral

and electrophysiological responses to stimuli presented in the

intact field (Bertini et al., 2013, 2017), therefore suggesting a

mechanism able to prioritize the visual processing of the

external environment, and has attributed to the activity of the

subcortical circuit encompassing the SC, the pulvinar and the

amygdala, spared after V1 damage (Rafal et al., 2015; Tamietto

et al., 2012).

The implicit visual processing for these specific categories

of salient stimuli (i.e., motion and fear) in the absence of

awareness seems to have a great adaptive value and might

reflect a useful mechanism, enabling efficient defensive re-

sponses in the presence of potential threat. A recent TMS

study on healthy participants brought further support to this

notion, showing that early V5 processing of salient motion

signals is to some extent decoupled from its conscious

experience (Grasso et al., 2018). This phenomenon might

represent an adaptive ability which could be commonly

found in all the patients with lesions or deafferentation of V1.

However, if the circuits mediating these “sightless process-

ing” effects are lesioned, it might be predicted that the im-

plicit visual processing of these stimuli would not be evident.

In line, patients with lesions to the SC or the dorsal pathway

should not reveal the above-mentioned “sightless motion

processing” effect. Similarly, recent evidence from our labo-

ratory has shown that lesions involving a pivotal structure of

the circuit responsible for the “sightless fear processing”
effect (i.e., the pulvinar) disrupt the fear-specific implicit vi-

sual processing in hemianopic patients. Finally, these results

suggest that time-frequency analysis could represent a sen-

sitive approach to studying implicit visual functions. Studies

of the mechanisms and the neural substrates underlying

implicit visual processing in hemianopic patients can reveal

properties of the neural pathways that are masked in

conscious perception, but are still essential to visual pro-

cessing. This study provides evidence that desynchronization

in the alpha range over parieto-occipital electrodes can

reflect implicit visual processing, suggesting a response

specificity in this frequency band for visual stimuli processed

in the absence of awareness through a spared colliculo-

extrastriate pathway.
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