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Here we present evidence that a hemianopic patient with a lésn of the left primary
visual cortex (V1) showed an unconscious above-chance orngation discrimination with

moving rather than static visual gratings presented to thellmd hemi eld. The patient did

not report any perceptual experience of the stimulus featas except for a feeling that
something appeared in the blind hemi eld. Interestinglyni the lesioned left hemisphere,
following stimulus presentation to the blind hemi eld, wedund an event-related potential
(ERP) N1 component at a post-stimulus onset latency of 180-60 ms and a source

generator in the left BA 19. In contrast, we did not nd evidece of the early visual
components C1 and P1 and of the later component P300. A positie component

(P2a) was recorded between 250 and 320 ms after stimulus ongefrontally in both

hemispheres. Finally, in the time range 320-440 ms there waa negative peak in right
posterior electrodes that was present only for the moving codition. In sum, there were
two noteworthy results: Behaviorally, we found evidence adibove chance unconscious
(blindsight) orientation discrimination with moving butat static stimuli. Physiologically,
in contrast to previous studies, we found reliable ERP comprents elicited by stimuli
presented to the blind hemi eld at various electrode locatins and latencies that are likely
to index either the perceptual report of the patient (N1 and Pa) or, the above-chance
unconscious performance with moving stimuli as is the case fothe posterior ERP
negative component. This late component can be considered & the neural correlate
of a kind of blindsight enabling feature discrimination oplwhen stimuli are moving and
that is subserved by the intact right hemisphere through ierhemispheric transfer.

Keywords: blindsight, perceptual awareness, event relate d potential, hemianopia

INTRODUCTION

The search for the neural correlates of visual consciossiesindoubtedly one of the most
exciting and challenging enterprises of cognitive neumrscé (see?anagiotaropoulos et al.,
2019. Currently, there are two basic approaches to tackle thislemgé: One is to study

healthy participants with visual stimuli rendered invisilidg means of various psychological or
psychophysical procedures, such for example visual maskingpbnsnal stimulation. The crucial

strategy here is to compare the neural response to the samalstimen yielding conscious vs.
unconscious performance, seehmid and Maier (2015for a recent review. The other approach
isto nd out what are the cognitive and neural mechanismstti@able some patients with cortical
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blindness to perform above chance in various visual taskBrocessing (RP) theory afamme (201Q)On the other side,
despite lack of perceptual awareness. This approach wteere are theories positing a later activation in fronto-eai
pioneered byPoeppel et al. (1973and Weiskrantz et al. areas, such as for example the global workspace theory (GWT)
(1974) who demonstrated that stimuli presented to theproposed byDehaene and Naccache (200Bpth theories are
blind hemield of hemianopic patients could be reliably somewhat controversial: For example, it has been shown that
spatially located either with saccadic or manual pointingsome patients with V1 lesion could still report some form of
movements despite lack of perceptual awareness. Followirgvareness especially with fast-motion stimBla(bur etal., 1993;
these initial ndings, a vast series of studies has providedfytche et al., 1996; Milner, 1998; Ffyiche and Zeki, p@t1
precious information on the functions that can be carriedwith TMS stimulation of the intraparietal sulcus (IPS)l§zzi
out without perceptual awareness, a phenomenon termedt al., 2014; Bagattini et al., 2)Hnd this is not in keeping with
“blindsight” by Weiskrantz et al. (1974)Even though some the RP theory. However, it should be noticed that whether this
ndings have been questioned (séeowey, 201)) the bulk form of awareness is visual or not is still debated and di ctdt
of the results provides robust evidence, see reviews l@emonstrate, see for exampléacpherson (2015)By the same
Weiskrantz (2004, 2009Danckert and Rossetti (2009nd  token, also the GWT has received some criticism, for example as
Tamietto and Morrone (2016) of the existence of this a result of the ndings of a negative ERP component recorded
phenomenon and of its relevance for trying to select outaround 200 ms post stimulus onset, i.e., in N1 domain, over
mechanisms related to the shift from unconscious to consxio posterior cortical areas that correlates with di erent deggeof
perception. visual awarenesspivisto and Grassini, 2016; Tagliabue et al.,

Both the above approaches have yielded key informatioB016 for review se&och et al., 2016
for understanding the limits and the capacities of unconsgsio To try and further explore the problems raised by the
vision, that is, to what extent cognitive functions depend onabove controversial picture, in the present study we focused o
perceptual awareness, see recent evidence in healthy part&ipaassessing whether and at what latency stimuli presentedeto th
by Koivisto and Rientamo (2016)However, it is the latter blind hemi eld of hemianopic patients can elicit visually éweal
(neural) approach that is obviously better suited to enableesponses that might correlate with the presence of blindsigh
a search of the neural structures involved in the shift fromor residual conscious vision. ERP studies of blindsight are
unconscious to conscious vision. In particular, importantrather scanty: There have been some attempts, with contrastin
evidence has been gathered by means of various brain imagingsults, to nd reliable ERP responses following blind hertd e
techniques (se&rbanski et al., 201for a general review) such stimulation, seéavcic et al. (2015pr a review. In a pioneering
as functional magnetic resonance imaging (fMRW)e(tin et al.,  paper, Shefrin et al. (1988)found in one hemianopic patient
2012; Barleben et al., 2015; Ajina et al., 2015agdr,cevent with blindsight a P300 component when a target word was
related potentials (ERPs), sé&ilo et al. (2011for a review. presented to the blind eld. However, interestingly, no P10fsw
Moreover, further important information has been provided by found in this as well as in the hemianopics without blindsight
behavioral studies in blindsight patients with either siélec tested. InKavcic et al. (20155tudy there was no evidence
cortical lesions (see for a recent revi@nokron et al., 2016or  of reliable behavioral response to moving dots presented to
hemispherectomyTomaiuolo et al., 1997; Ptito and Leh, 2007;the blind hemi eld and no evidence of ERP response in the
Lehetal., 2010; Georgy et al., 2DHinally, interesting evidence damaged hemisphere. However, they found that the damaged
has been provided by studies of blindsight in non-humanhemisphere could be activated via interhemispheric transben f
primates Gtoerig and Cowey, 1997; Leopold, 2012; Schmid artthe intact hemisphere. Importantly, this was the case only in
Malier, 201%recently including marmosets (see reviewHngan left brain-damaged patients suggesting that the right hengsph
etal., 201p has a special ability to transfer visual motion informatianthe

All that said, one of the main unanswered questionsother hemisphere, see behavioral evidence for this posgilili
concerns the temporal aspects of the processing of unconsciol&rzi et al. (1991) At any rate, apart from possible transfer
with respect to conscious visual information. That is, atasymmetries, Kavcic et al.'s results show that the presehce o
what processing stage and at what corresponding neuraiable callosal or extracallosal connections betweercirdad
level does perceptual awareness emerge? Clearly, fMRIdiamaged hemisphere is of key importance for understanding the
not ideally suited for answering this question given itsmechanisms of plastic reorganization possibly leading toiglart
relatively low temporal resolution. In contrast, non-inigs  or total restoration of vision (see discussion@eleghin et al.,
electrophysiological techniques such as electroencepiaglog 20155).
(EEG), and in particular ERP, with its optimal temporal In the present study, we tested two hemianopic patients
resolution constitute an invaluable tool that we have usethe  with a V1 lesion as well as healthy participants in an orieotati
present study. discrimination of moving or static visual gratings while ceding

From a theoretical point of view there are two main positionsERPs. We found an interesting relationship between behalior
on the time of emergence of perceptual awareness: On omerformance, subjective report, and electrophysiological
side, there are theories positing an early activation of ikeal  responses which provides novel information on timing and site
cortex as a crucial site, such as, for example, the Recurreotemergence of a sort of rudimental perceptual awareness.
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MATERIALS AND METHODS

Participants
Healthy Participants
Eight healthy participants (3 males, 276 years old) were tested
as visually intact controls.

All were right-handed with normal or corrected-to-normal
vision and with no history of neurological or cognitive disiers.

Hemianopic Patients

Patient LF

LF (female, 49 years old, right-handed) has a left superid
quadrantanopia Figure 1A) as a consequence of an ischemic
stroke. The lesion involves the cortex of the anterior halthe
right calcarine ssure up to the origin of the parieto-occipit

ssure (Figure 10Q). The patient was tested 30 months after the FIGURE 1| Hemianopic Patients: (A) Visual eld defect in patient LF(B)
ischemic event. Visual eld defect in patient SL;(C) reconstruction of the lesion in patient LF;
(D) reconstruction of the lesion in patient SL.

=

Patient SL
SL (female, 47 years old, right-handed) has a right homonysno
hemianopia with partial foveal and upper hemield sparing The behavioral paradigm F{gure 2A) consisted of four
(Figure 1B) as a consequence of an ischemic stroke withji erent trial blocks repeated four times (960 trials) and
hemorrhagic evolution. The lesion involves the median paraalternating in the following order: Static gratings in thghi and
sagittal portion of the left occipital lobe, with peri-cala@i then inthe left eld, moving gratings in the right and then ihe
ssure distribution (Figure 1D). The patient was tested 69 |eft eld. In patients the sequence started from the intactdel
months after the event. a block consisted of 60 trials of vertical or horizontal dngs
Healthy participants and patients signed an informed consengresented in random order; in 30% of the trials no stimuli were
to participate in the study as well as to their personal inforim@t  presented (catch trials). Participants were asked to perfaim a
be anonymously published. The study was approved by the Ethigsientation discrimination task regardless of whether tienuli
Committee of the Azienda Ospedaliera Universitaria Integi@t  were moving or static. Trials started when a xation cross of
Verona and of the ERC and conducted in accordance with the 15 appeared in the center of the screen for 300 ms, followed

2012-13 Declaration of Helsinki. by an acoustic tone (1,000 Hz). After a random interval (300—
600 ms) the stimulus was presented to the left or right hendi el

Behavioral Procedure and Statistical for 150 ms and participants had 1,500 ms to press as quickly as

Analysis possible one of two keyboard keys, using the right or the left

Healthy and brain-damaged participants were tested in adightindex nger to signal a vertical or horizontal grating, resfigely
dimmed room. They were comfortably seated in front of a 24{counterbalanced across subjects). The inter-trial waérwas
inch LCD monitor (ASUS VG248) with a refresh rate of 1441,000 ms. Importantly, patients were asked to press one of the tw
Hz driven by a PC used for stimulus presentation. The stimulkeys also when they did not perceive any stimulus in the blind
were black and white square-wave gratings ob#visual angle hemi eld (including catch trials).
with a Michelson contrast of 100% against a gray background For statistical analysis we used a two-tailed binomial test
of 18.33 cd/m and a spatial frequency of 0.8750 .clthe Which in patients allowed to assess if performance in the blind
gratings' mean luminance was 29.46 cdinThey could have hemi eld was signi cantly higher than chance level (50%).0r'w
either a vertical (0) or horizontal (90) orientation and could ~binomial tests were performed, one for the motion conditiorta
be static or moving (apparent motion), vertical gratings ting ~ one for the static condition.
rightward and horizontal gratings drifting downward. Stirt
were generated using PsychToolBoxe8sinard, 199yrunning EEG Recording and Analysis
on Matlatt. The retinal eccentricity of stimulus presentation EEG activity was continuously recorded from 64 active ebelets
used for healthy controls was 9neasured from the inner (actiCap, Brain Products GmbH, Munich Germany) placed
portion of the display to the central xation point along the according to the 10-10 International System and was acquired
horizontal meridian and 7 along the vertical meridian in the in one experimental session with BrainAmp (Brain Products
upper visual eld, while for hemianopic patients the eccentyici GmbH, Munich, Germany) and BrainVision software. All scalp
varied according to the eld defect (Patient LF: Iforizontally — electrodes were referenced online to the left mastoid and re
and 7 vertically; Patient SL: 16orizontally, 7 vertically). referenced o ine to the arithmetically derived average eftl
and right mastoids. The ground electrode was placed at AFz
IMATLAB version 8.2.0 (R2013b) Natick, Massachusetts: ThenWorks, Inc., position. Additionally, horizontal and vertical eye movemte
2010. were recorded with four electrodes placed at the left and
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FIGURE 2 | Experimental procedure and Behavioral results. (A ) Experimental procedure: First, a xation cross was presente for 300 ms followed by an
acoustic tone lasting 100 ms. After a random interval (300-@ ms) the stimulus was presented for 150 ms. The subject had 300 ms to respond by pressing a
keyboard button. The inter-trial interval lasted 1,000 ms(B) Behavioral results: Percentage of correct responses in edchemi eld for each condition in both patients.
The asterisk indicates that the number of correct response@ the motion condition was signi cantly different from the bance level of 50%.

right canthi and above and below the right eye, respectivelywitches or electrode cable movements were rejected and bad
Impedance was kept below & Kor each electrode. The EEG waschannels were interpolated. Independent component analysis
recorded at 1,000 Hz sampling rate with a time constant of 108CA) decomposition with logistic infomax algorithm Runica
as low cut-o and a high cut-o of 1,000 Hz with a 50 Hz notch (Bell and Sejnowski, 1995; Makeig et al., )98&s performed

Iter. The EEG signal was processed o ine using a combination(Lee et al., 1999to separate brain and non-brain source
of custom scripts written in Matlab and EEGLAB toolbox activities. Stereotyped artifacts like blinks were coedcby
(Delorme and Makeig, 2004Continuous data were bandpassidenti cation of the corresponding ICs. After artifact cocgon
Itered o ine between 1 and 100 Hz. The continuous raw data and source localization, a mean of 24 ICs (99@.83) remained
were visually inspected and large signal jumps such as musdéte each subject. Next, data epochs were extracted (from 200
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¢

before to 800 ms after stimulus presentation) and baselin
corrected (from 200 ms before to stimulus onset). At this poin -
the data were downsampled to 250Hz. To assess the ERF "
responses of patients in the blind eld and di erences among . |_ P300
the experimental conditions, a single-case analysis proeadas
adopted. Percentile Bootstrap re-samplifigron and Tibshirani,
1993 was drawn on each trial of every condition of a patient. The
percentile bootstrap method uses surrogate tests whichigtons P
. . . V4

of randomly re-sampling with replacement for 5,000 times the
original trials among the conditions to create a data disition 2
from the shu ed data. Surrogate tests have the advantage t
make no assumptions about the data. The bootstrap simulatio
allowed estimation of the patient sampling distribution adagbt
to any shape suggested by the data, taking into account \a@&ian -6
and skewness of the sample. Next, pomt_—by-pomtANOVAS:'or _ e s
tests were performed on all channels with the bootstrap data i Time (ms)
order to identify di erences between catch trials and the rimgv
and static condition. The false discovery rate (FDR) coroact FIGURE 3 | Healthy participant's grand average ERPs for the mot ion,

. i A . static and catch condition as recorded at electrode Pz. The top and
(Benjamini and Yekutieli, 20Q1was applied to correct for | . iy )

i ) L . o ottom inlets show the topography scalp map for each conditn at the time
multiple comparisons. In addition, ERP envelope (i.e., minimum yindow of N1 (bottom) and P300 (top).
and maximum of all electrodes at every time point) was use
to calculate which IC gave the largest source contributmthe
EEG signals in term of PVAF (percent of variance accounted):

Static Catch

Potential (uV)

> O
4

data of patients in the intact eld with those of healthy cools
PVAKIC) D 100 [100 mear{var(all_data back proj)= single-case analyses were performed. The Revised Standardized
meanva(all_data)] Di erence Test (RSDT) developed liyrawford and Garthwaite
(2005)was performed to compare the di erences between the

Where “var” stands for variance; “data’ refers to EEG sigjnas patients' scores in the ipsilesional and contralesionalteldes
well as the matrix channels x time-points; nally, “back_groj for stimuli presented to the intact and blind hemield. The
refers to the ERP activity of the selected IC back-projected toean amplitude of the ERP components was identi ed by visual
the scalp ERPs (as a forward projection from cortical sourc#spection and was compared to that of healthy controls. Pair-
to the scalp channels), thus PVAF indicates the contributid ~ Wise electrodes from left and right hemisphere were seleétgd (
the IC to the ERP l(ee et al., 20)5 With this procedure we F4, F5-F6, FC3- FC4, FC5-FC6, C3-C4, C5-C6, CP3-CP4, CP5-
selected the ICs that maximally accounted for variance at thCP6, P3-P4, and P5-P6).
electrodes. The same procedure was applied for both patients and
controls, with the exception that in the control group we usedRESULTS
clusters of ICs, which were identi ed by means of an autordate
K-means algorithm procedure on scalp maps, ERPs and dipoBehavior
localizations. In order to better understand the dynamibatt Healthy Controls
underlie the generation of the ERPs in the blind eld we used ahe performance of healthy controls was accurate and fagt Rig
source reconstruction based on an empirical Bayesian approadatic stimuliD 97.3% correct responses and Reaction Time (RT)
The estimation of the current sources of the ERP components ws 567 ms; right moving stimuld 98.6%, RD 554 ms; left static
carried out by using the Statistical Parametric Mapping safev stimuli D 97.8%, RTD 561 ms; left moving stimuld 98.7%, RT
(SPM12 of the Wellcome Trust Centre for Neuroimaging, UK).D 554 ms). These data indicate a low task di culty. There were
The patient individual T1-weighted structural MRI image wasno statistically signi cant di erences in accuracy or RT veen
used. The forward computation to prepare the lead eld forhemi elds and between moving and static stimuli.
the subsequent inversions was performed using the boundary
element method (EEG-BEM) that create closed meshes #&fatients
triangles with a limited number of nodes by approximating Figure 2Bshows the discrimination accuracy of the two patients
the compartments that conform the volume conductéruchs in the two hemi elds. In the intact hemi eld performance was
et al., 200). Successively, the inverse solution was computed acomparable both in accuracy and RT to that of healthy controls
the entire ERP period after stimulus onset (i.e., from 0 to 80@Patient LF: right statid® 99.4%, RTD 608 ms; right moving
ms) by using coherent smooth prior method (COHfyr(ston, D 99.5%, RTD 552 ms. Patient SL left statid 96.2%, RT
2009 smoothness prior similar to LORETAP@scual-Marqui D 531 ms; left movindd 99.4%, RTD 577 ms). In the blind
et al., 200 Sources in each time window of interest werehemi eld LF performed at chance level with 53.9%60 0.426)
visualized in terms of maximal intensity projection (MIP) Wit correct responses for static stimuli and 41.06% correct nesgo
the corresponding MNI coordinates. Lastly, to compare the EEGr moving stimuli (o D 0.089). She did not report any visual
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FIGURE 4 | Patient LF: ERPs in the blind(top) and sighted eld (bottom) as recorded at P3 (left-intact hemisphere) and P4 (right-daaged hemisphere) for the
three stimulation condition.

sensation upon stimulus presentation. In contrast, SL perfmim These di erences were mainly observed in the right hemisphere
at chance level with static stimuli (55.03p0D 0.400) but with  regardless of the side of visual eld of stimulus presentation
moving stimuli her performance was signi cantly above chanc

with 65.56% correct responses € 0.005). Interestingly, the Patients

patient reported “a feeling of something appearing in the blindLF

eld” during stimulus presentation without any idea of gratjs' Blind hemield. Figure4 shows the ERP responses as

orientation or whether they were static or moving. recorded at electrode P3 (intact hemisphere) and P4 (damaged
hemisphere) for the two hemi elds and the three stimulation
EEG conditions. As can be seen froFigure 4 there are no reliable

ERP responses when the stimulus was presented in the blind
Healthy Controls eld, in keeping with the performance of the patient that was
Figure 3 shows the ERP responses as recorded at electrode BZ.chance level and without any stimulus-related sensatfon
With a peak detection procedure we found a negative C1 Hootstrap ANOVA did not yield any di erence between stimulus

75 ms, the sign being in keeping with the site of stimulugyresent and stimulus absent (catch) @Value were above 0.05
presentation in the superior quadrant of the visual elé(reys  wjithout multiple comparisons correction).

and Axford, 197pand therefore with a V1 generator. We found

a P1 component at 110 ms; a N1 at 185 ms and a large PStact hemield. In contrast, when the stimulus was presented

between 310 and 480 ms. A non-parametriest on the mean in the intact hemield ERP responses were similar to those
amplitude of the peaks showed a di erence between static anaf healthy participants both in latency as well as in amplitude
moving stimuli only for the N1 component with a larger negativ (Figure 4bottom panel). The di erences between responses from
amplitude at the following electrodes: CP6, P1, P2, P4, P6, H&ft and right hemisphere were similar to those of the control

P8, PO3, PO4, PO8, PO10, O1, Oz, 02 (wifmalue< 0.05). group as demonstrated by the RSDT test where no pair of
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FIGURE 5 | Patient SL: ERPs in the blind(top) and sighted eld (bottom) as recorded at P3 (left-damaged hemisphere) and P4 (rightiact hemisphere) for the
three stimulation condition.

electrodes yielded reliably di erent responses with respect tthat index dierent aspects of the patient performance and
controls (allp-value> 0.05). subjective report.

SL N1. A bootstrap ANOVA was conducted for the three conditions
Blind hemield. Figure5 shows the ERP responses aof stimulus presentation (static, motion and catch). The mai
recorded at electrode P3 (damaged hemisphere) and P4 (inta@sults are shown ifigure 7. Signi cant FDR correcteg-values
hemisphere) for the two hemi elds and the three stimulationranged between 0.00084 and 0.04977. As shown by the ragter plo
conditions. In contrast to LF, visual inspection shows anlyear the main di erence between stimulus present and catch was in
prominent negative component (N1) immediately followed by athe N1 domain, in particular in the left posterior channels. In
positive (P2a) peak and later on by a long lasting negativing T order to assess the reliability of the N1 peak two bootstrtgsts
N1 is more pronounced in the damaged hemisphere. were conducted: Moving vs. catch condition and static vstcat
As can be observed iRigure 8the results of the two tests were
Overall scalp distribution. Figure 6 shows the overall scalp very similar (all signi cant FDRp-values ranged between 0.00042
distribution of responses for the two hemields of SL. Asand 0.04430). An important point is that the N1 component was
mentioned above, a large negative peak (N1) is clearly visibieainly present in the ipsilesional electrodes, i.e., coateadl to
between 180 and 260 ms after stimulus onset. It is presettte blind hemi eld in the damaged hemisphere, $égure 6. In
both for static and moving stimuli and is widespread acro$is le order to examine its origin the PVAF (i.e., what percent of the
hemisphere electrodes with a larger amplitude with respedi@o t scalp signal is reduced when a speci ¢ independent component
right hemisphere. It is important to underline the absenceh# t IC is removed) was calculated from the ERP envelope for each
early ERP components C1 and P1 and also of the later componecdndition of stimulus presentatiorF{gure 9). The result of this
P3. Immediately after the early negative frontal peak (NEr¢h analysis showed that IC16 accounted for more than 80% of the
is a positive component (P2a) visible in both hemispheres and BRP variance in that window; for the moving condition the PVAF
later component at posterior electrodes in the right hemisgher was 81.8% with the maximum of variance at 224 ms; for the static
Below we describe and analyze in detail these three compsnemondition was 82.2% with the maximum at 220 ms.
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FIGURE 6 | Patient SL: Scalp distribution of the ERPs when the  stimulus is presented in the blind eld. Note that the large negative peak (N1) is present in
most electrodes in the left (damaged) hemisphere, while thizontal peak (P2a) is present in both hemispheres in the from-central electrodes. Finally, in the right
posterior electrodes is present a late negativity select&for the motion stimuli.

For the catch condition the IC16 accounted only for the 4.4%he typical characteristics of the P2a. Moreover, we fountitia
of the variance while the IC with the highest PVAF accounteccomponent was signi cantly di erent from catch trials for both
for the 18.8% (IC4). Thus, IC16 was speci cally involved inmotion and static stimuli.
the generation of the N1 peak following stimulus presentation ) o B
Furthermore, we conducted a 3D source reconstruction in th-2t€ posterior negativitfinally, an additional bootstrap-test
time window of the peak. In this window the MIP was at MNI Was conducted between static and moving trials in the time

coordinates (47, 79, 12), i.e., in the left extra-striate area,fange of 320-440 m&gure 19. This time window was chosen
BA19, se€igure 10 because of the presence of a negative peak in right posterior

electrodes that was present only for the moving condition.
The results showed a signi cant di erence between static and
motion conditions for posterior right channels (P4, P6, P840
PO10, and Oz) as well as T7 in left hemisphere (signi cant

R correcteg-values ranged between 0.0024 and 0.0175). The
envelope in this time window, sdggure 9 showed that the IC
ccounting for most of the variance was IC16 with PVAF of
5.4% in the moving condition, while in the static conditids i
contribution was negligible (PVAF 3%).

P2a. At left fronto-central electrodes a signi cant positive peak
was found immediately after N1, with a small amplitude and
a latency between 250 and 320 ms after stimulus onset. It w
present for both moving and static stimuli (the signi cant D
correctedp-values for the motion condition against the catch
ranged between 0.0031 and 0.0443 and those for the staﬁ
condition ranged between 0.0061 and 0.0351)Fpare 11

This component has a spatio-temporal distribution similar to
a positive component referred to in the literature as anteR@ Intact hemi eld. The patients ERPs when the stimulus was
(P2a:Potts et al., 1996; Potts and Tucker, 2001; Brignani et apresented in the intact hemield were similar to healthy
2009 or frontal P3 (P3fMakeig et al., 199%nd also as frontal participants in latency as well as in amplitudéigure 5
selection positivity (FSR{enemans et al., 1993; Martens et al.bottom panel). Notice the presence of a large P3 component
2009. Indeed, its latency between 200 and 300 ms after stimulus the contralateral hemisphere. The dierence between the
onset, a positivity distribution in the frontal electrodes)d the responses from the impaired and unimpaired hemisphere are
fact that its peak emerges immediately after the N1 are siriwla similar to responses from the two hemispheres in the control
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DISCUSSION

N1-P2a Components

As described in the Results, patient SL upon stimulus
presentation in the blind hemi eld reported that she had no clue
as to the features of the stimuli, i.e., about their orieiutator
whether they were static or moving. However, she was consisten
in discriminating catch from stimulus trials, as reported in
preliminary testing and in another study/azzi et al., 201 as
well as after each trial block of the present study, in repgrtin
the occurrence of the stimuli as “something appearing in the
visual eld.” In contrast, the other hemianopic patient LF
never experienced the presence of the stimuli or a di erence
between catch and stimulus trials. An important nding is
a clear correspondence between the subjective reports of the
two patients and their electrophysiological responses to stimu
presented to the blind eld. Patient LF did not provide any
perceptual report while in SL two ERP components could be
considered as likely correlates of her report, namely N1 and
P2a. Both components were present irrespective of whether
the stimuli were static or moving and therefore cannot be
considered as related to the behavioral evidence of a static
motion discrimination but rather to the “feeling that sontehg
appeared in the blind eld”. The time window of the N1-
P2a components is roughly compatible with that of the Visual
Awareness Negativity (VAN) that is, a ERP component resulting
from the di erence between conscious and unconscious stirsiul

group as demonstrated by the RSDT test, where no pairs @rocessing Koivisto and Grassini, 2016; Koivisto et al., 2))16

electrodes of SL resulted di erent from controls (pivalue>

0.05).

Notably, the electrode location where the N1 was clearly
detectable was widespread in the ipsilesional hemisphere, see
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FIGURE 9 | Patient SL: Envelope of the ERP (black line) for the t  hree conditions of stimulus presentation to the blind eld. The green line represents the
contribution of the most prominent IC when the stimulus, eitér static or moving is presented. The red line represents theontribution of the most prominent IC during
catch trials. The dotted lines represent the time window cosidered for the PVAF.

Figure 6. Its source could be located mainly in the extrastriatean early onset of perceptual awareness seems to have solid
cortex (BA 19) of the left and, to a lesser extent, of the righgrounds.

hemisphere. It is important to underline that, in contrast ta.N

the early components, C1 and P1, and the later component, P30oate Posterior Negativity

were absent following blind eld stimulation. The absendecd  Starting from the historical nding byRiddoch (1917) who
and P1 might explain the incapacity of SL to discriminate theprovided evidence of residual degraded vision for moving
orientation of static stimuli and is a likely consequencetta#  stimuli in cortically blind patients Zeki and Ffytche, 1998
striate cortex lesion impairing initial basic sensory prsieg that motion stimuli are the most frequent protagonists of
with static stimuli. In healthy subjects, the N1 was followedabove chance unconscious discrimination (blindsight type 1
by a small amplitude complex P2-N2 and by a very largés a well-established notion, se&jina and Bridge (2016)
P300 while this was not the case in SL. This is in keepinfpr a recent review andAzzopardi and Cowey (2001for
with her lack of full stimulus awareness. Thus, we believeontroversial evidence. In the present study, the novel ngdi
that the presence of N1 and P2a might be considered ds that the presence of motion made possible the above-
an electrophysiological correlate of degraded consciosisrvi  chance discrimination of another visual feature, namely gratt
This possibility is reinforced by the source of N1 in BA 19orientation. Patient SL was able to discriminate oriemati
which is broadly in agreement with Bagattini et al., (2015)pnly when the gratings drifted either horizontally or vedily.
Koivisto and Grassini (2016and Tagliabue et al. (2016and  This e ect might be attributed to activity of cortical motion
with the hypothesis of an early site of emergence of perceptualea V5/MT receiving input from subcortical centers bypassing
awareness. In the present case, however, it is awarenessVdf (Ajina et al., 2015a; Kavcic et al., 2)Ehd retaining the
degraded rather than full vision. The relationship betwé¢h capacity of discriminating apparent motion in the absence of V1
and perceptual awareness is controversial. On one hand Ninportantly, the ERP results in patient SL showed a di erence
has been repeatedly associated with selective attenti@n, dgetween the static and the motion condition in the posterior
Mangun (1995) rather than with consciousness. In keepingelectrodes of the intact right hemisphere, $éigure 13 as a
with that, Sergent et al. (20059 an attentional blink paradigm negative peak around 390 ms post stimulus onset. The PVAF
found that the presentation of unseen words yielded a P&nalysis showed that this peak could be accounted for by the
and N1 component prior to emergence of consciousness thatame ICs as for the N1 but bilaterally distributed and is in
occurred at later processing stages. On the other hand, theegireement with V5/MT activity. Thus, moving stimuli engage
is evidence for a link of N1 with awareness. For example, ifarge neuronal pools that enable an e ective interhemispheric
a face inattentional blindness paradigdmafto and Pitts (2015) transfer of directional movement information presumably at
found that the N170 was present only in the aware conditionparietal level. In keeping with this possibility is the nding
Studies of binocular rivalry have also provided importantin the present study of ERP di erences between moving and
information on the physiological correlates of consciouse static stimuli in the right hemisphere of healthy controls. In
For exampleKaernbach et al. (199@nd Roeber and Schroger addition, these results are in accord withvcic et al. (2015Vho
(2004) have shown that changes of perceptual awareness dmind an interhemispheric transfer of motion information in
witnessed by changes of the N1 component and this is imemianopic patients with left but not right hemisphere damage.
accord with an early emergence of consciousness proballydeed, one likely possibility is that the blindsight exéal by
made possible by feedback processes involving V1,C8ee patient SL might be subserved by the intact (right) hemisphere
Lollo et al. (2000) Lamme and Roelfsema (200@nd Tong as a result of interhemispheric integration and this is in ddlo
(2003) Thus, although debated, the involvement of N1 inagreement with the results ofeleghin et al. (2015awho
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FIGURE 10 | Patient SL: 3D source reconstruction of the ERPs w  hen the stimulus was presented in the blind hemi eld. (A) Time course of the region with
maximal activity for the three conditions. For both motion iad static stimuli the MIP is at the same time (corresponding tdl1 latency) in the extra-striate cortex (BA19).
(B) MIP of the 512 greatest source strengths within MNI space prejcted onto a glass brain for the motion condition. The area athe highest density correspond to left
BA 19. (C) MIP of the statistical map for the motion condition projectecn the T1-weighted images of patient SL showing both the lesin and in red the source
reconstruction. (D) Summary power image from source reconstruction of motion siuli presentation to the blind hemi eld on a 3D rendered imag.

found that in hemianopic patients the above-chance visuoanot CONCLUSION

responses in a simple RT paradigm depended on the inta¢h conclusion, we found that a hemianopic patient with a
hemisphere as a result of interhemispheric transfer. Thisiis iselective lesion of left V1 showed an above-chance distaition
broad keeping wittSilvanto et as (2007 results on hemianopic  of the orientation of moving visual gratings presented to the
patient GY. They found that he experienced visual phosphenasiind hemi eld. Importantly, the patient reported no visual

in the blind hemi eld following bilateral transcranial magtic  experience of the di erent features of the stimuli but a visual
stimulation (TMS) of area V5/MT, while this was not the casesensation that something appeared in the blind hemi eld. This
with unilateral stimulation on the damaged hemisphere. Thissubjective observation found an electrophysiological datesn

is clearly in support of a crucial contribution to the emergenc the presence of a N1 and of a frontal P2a component. In contrast,
of a form of visual awareness in an otherwise blind visuaihe earliest visual components such as C1 and P1 and the later
eld. P300 could not be identi ed.
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FIGURE 11 | Patient SL: Percentile Bootstrap re-sampling  t-test FIGURE 13 | Patient SL: Envelope of the ERP (black line) for the  motion
between stimulus against no-stimulus conditions in the time wi ndow of condition of stimulus presentation to the blind eld. The green and blue
the P2a. On the left side, Scalp maps representing the motion againstatch lines represent the contribution of the two most prominent I€. The dotted
conditions (upper panel) and static against catch conditios (lower panel); lines represent the time window considered for the PVAF.

Right side, distribution of thep-values after correction for multiple comparison.

the perceptual awareness experienced by the patient in so far
as she reported the same degraded visual sensation for both
static and motion stimuli, while the unconscious above-a®&n
performance emerged only in the motion condition.

Finally, one should note that patient SL underwent a stroke
about 6 years before the present testing and that this suggest
the possibility of plastic neuronal reorganization of her tozal
and subcortical areas. It would be interesting to gatherhfert
information in future testing sessions to nd out whetherish
reorganization is still in progress and might further enahlghift
from totally or partially unconscious behavior to full perceatu

) ' ) awareness.
FIGURE 12 | Patient SL: Percentile Bootstrap re-sampling  t-test

between Blind Motion and Blind Static conditions in the time w indow

from 320 to 440 ms. On the left side, Scalp maps representing the Bootstrap AUTHOR CONTRIBUTIONS

t-test to compare the motion against static; on the right sidethe distribution of
the p-values after the correction for multiple comparison. AB conducted the research, analyzed the data, and drafted
the manuscript. JS conducted the research and collaborated

) ) ) to data analysis. SS discussed the data and revised the
Thus, as to the earliest physiological correlate of perceptughanuscript. CM  discussed the data and revised the
awareness our results support an early stage occurrenGganyscript.

However, this conclusion applies to a form of degraded visual
experience and might not necessarily be generalized to omsetﬁUNDlNG
full perceptual awareness.
As far as the blindsight e ect found for the discrimination 1hjs research was supported by ERC Grant 339939 Perceptual
of the orientation of moving stimuli is concerned, a Very pyareness (PI: CM).
likely physiological correlate is represented by the posterio
late negative component in the intact right hemisphere. FACKNOWLEDGMENTS
is important to reiterate that the behavioral performance of
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