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Abstract

Objective: According to a seminal hypothesis stated by Crick and Koch in

1995, one is not aware of neural activity in primary visual cortex (V1) because

this region lacks reciprocal connections with prefrontal cortex (PFC). Methods:

We provide here a neuropsychological illustration of this hypothesis in a

patient with a very rare form of cortical blindness: ventral and dorsal cortical

pathways were lesioned bilaterally while V1 areas were partially preserved.

Results: Visual stimuli escaped conscious perception but still activated V1

regions that were functionally disconnected from PFC. Interpretation: These

results are consistent with the hypothesis of a causal role of PFC in visual

awareness.

In a seminal paper published more than a quarter century

ago, Crick and Koch hypothesized that one is not aware of

neural activity that occurs in primary visual cortex (V1).1

They proposed that the lack of direct reciprocal neuronal

connections between prefrontal cortex (PFC) and V12

should prevent awareness of V1 activity. We would only be

aware of visual representations coded within ventral

(occipito-temporal) or dorsal (occipito-parietal) cortical

pathways that are fed by V1 and connected to PFC.3 This

hypothesis is also supported by a study suggesting that

extrastriate lesion involving V2/V3 while preserving V1

may be sufficient to create a visual field defect.4 This pre-

diction is difficult to test in healthy volunteers in whom V1

is connected indirectly to PFC through ventral and dorsal

cortical pathways. Checking its validity is still crucial today

because it is compatible with only one group of current

theories of consciousness,5–7 while incompatible with

another group.8–10 We provide here a case report compati-

ble with this prediction through the exploration of a neuro-

logical patient with cortical blindness caused by an

extremely rare pattern of posterior brain lesions: While

ventral and dorsal cortical pathways were severely lesioned

in both hemispheres, V1 areas were partially preserved.

Using a set of behavioral, electrophysiological, and fMRI

data, we show visual stimuli were still activating V1 areas in

this patient, but that bilateral lesions of ventral and dorsal

pathways abolished the indirect functional connectivity

between V1 and PFC present in healthy sighted volunteers.

A 59 years-old male patient free of any prior neurolog-

ical or psychiatric history was hospitalized in Intensive

Care Unit for an acute respiratory distress syndrome sec-

ondary to SARS-CoV-2 infection. He presented several

complications and notably a severe posterior encephalop-

athy syndrome with refractory status epilepticus. We

examined and tested this patient between February–
August 2021 (see Supplementary Material for Ethical

agreement and consent, and for detailed clinical report),

and his condition was stable across all sessions: When

awake, he was conscious and aware of his blindness. He

often complained about it (e.g., “I am so so sad, I am

blind, I can’t see!”), with emotionally congruent facial and

prosodic expressions of sadness. He also showed the fol-

lowing cognitive deficits: (i) impaired executive functions

including working memory and cognitive control deficits,

as well as perseverations, (ii) short-term memory deficit,

(iii) space and time disorientation, and (iv) language
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deficits combining impaired lexical access, impaired repe-

tition with a phrase-length effect, and impaired under-

standing of complex syntactic structures (see Table S1)

and (iv) parietal symptoms including astereognosia.

Examination of motor and primary somatosensory sys-

tems was normal. Finally, the patient did not present evi-

dence of unilateral neglect in auditory and tactile sensory

modalities.

Neurovisual examination showed preserved direct and

consensual photomotor reflexes, confirming functionality

of retinal and brainstem visual pathways. However,

behavioral examination could not reveal any evidence of

visual cortical processing: blink to visual threat, optoki-

netic reflex, visual fixation, and pursuit were absent.11

When presented with visual stimuli, he invariably denied

any subjective conscious perception. He could not read

any word, letter or number. When engaged on color

naming and object naming tasks on visual input, he

remained silent and could not produce any correct

response. The patient could not perform any of the classi-

cal visual tasks related to ventral (word reading, letter

reading, digit reading, color naming, object naming,

object discrimination) or to dorsal (fixation, saccade

orienting, pointing, grasping) visual cortical pathways (see

Table S2).

Engaged in a forced-choice semantic discrimination

task (artifact versus natural object), he performed at

chance-level in the visual modality (22/48 correct

responses =45.8%; Z-test = �0.58; p-value = 0.56), con-

trasting with an almost perfect performance with auditory

input (47/48 correct responses =97.9% vs 50%; Z-

test = 6.64; p-value <0.0001). A chi-square test confirmed

the massive difference between these two modalities

(v2 = 26.6; p-value <0.00001). The semantic knowledge

required to perform this task correctly was therefore fully

preserved, confirming the perceptual origin of his chance-

level performance with visual input.

Structural brain MRI revealed severe bilateral and atro-

phic lesions of ventral and dorsal pathways in each hemi-

sphere, contrasting with an anatomical preservation of

more anterior structures including frontal lobes. Crucially,

V1 cortices were partially preserved (see Fig. 1a).

This unique lesion pattern causing cortical blindness

invited us to test the two seminal predictions stemming

from Crick and Koch’ hypothesis: (Prediction 1) Visual

stimuli should still activate V1 in this patient lacking con-

scious vision, and (Prediction 2) functional connectivity

between V1 and PFC should be massively impaired, as

compared to healthy sighted volunteers.

Electroretinographic recordings first confirmed the nor-

mality of retinal processing: P50 and N95 components

evoked by visual stimulation of each eye showed normal

latencies and amplitudes.12 Recordings of visual evoked

potentials (VEP) using the standardized checkerboard

procedure revealed the preservation N75 and P100 VEP

components that originate from V1 areas13–15 (see

Fig. S1). P100 latencies showed a moderate but significant

slowdown: 124 and 122 ms, respectively, after right-eye

and left-eye stimulation, versus 107 � 3.61 ms in healthy

male participants of comparable age (Z-scores = 4.24 and

4.79 respectively; both p-value <10�5). N75/P100 peak-to-

peak responses showed a non-significant decrease of

amplitudes: 3.6 lV and 5.8 lV, respectively, after right-

eye and left-eye stimulation, versus 8.75 � 3.13 lV for

healthy participants (Z-scores = �1.64 and �0.94 respec-

tively; both p-value >0.1).
We then scanned the patient with fMRI in order to

confirm V1 functionality with a space-resolved technic.

He was presented with images from different categories

(i.e., printed words, numbers, faces, houses, and tools; see

Supplementary Material for details). When contrasting all

visual categories versus rest, we found an activation in the

left primary visual cortex (MNI �3 �63 �22, Z = 3.78,

n = 17 voxels), significant only after small volume correc-

tion with the primary visual cortex smoothed mask

(p = 0.034 FWE-correction, see Fig. 2). The reverse con-

trast (rest >all categories) did not reveal any significant

result at the whole brain level, or restricted to the above-

mentioned inclusive mask. VEP and fMRI therefore con-

firmed Prediction 1, by demonstrating unconscious

neural activity elicited by visual stimuli in patient’s resid-

ual V1. Interestingly, the mismatch between normal

amplitudes of N75-P100 VEP components on the one

hand (that reflect early cortical processing), and (ii)

reduced amplitudes of V1 fMRI signal on the other hand,

is highly suggestive of a lack of recurrent processing

between V1 and extrastriate areas—that were massively

lesioned in this patient—required for V1 sustained

activity.10

In order to test the V1-PFC disconnection prediction,

we then recorded resting-state fMRI. We used as a seed

fMRI time-series averaged within V1 inclusive mask

defined above and found a higher connectivity in healthy

volunteers as compared to the patient in two regions:

right temporal pole (MNI: 16 14 �40) and left anterior

prefrontal cortex (MNI: �32 58 4, Z = 4.31; see Table 1).

Crucially, this last PFC region has previously been

reported in a lesion study as playing a putative causal role

in conscious access to visual stimuli16 (MNI �32 54 �6;

peak-distance between two studies = 11 mm). Impor-

tantly, the reverse contrast did not reveal any area that

would have been more connected to V1 in the patient

than in healthy volunteers.

One may wonder why this contrast did not also

capture additional areas, in particular those contributing

to visual ventral pathway downstream V1 (e.g., V2, V4,
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. . .) all the way to the right infero-temporal cortex area

that was found significant. In order to better explore this

question, we first ran restricted analyses for controls and

for the patient separately. However, both in controls and

in the patient, we did not find any significant correlation

between V1 seed and ventral pathway areas. We then

replicated these restricted analyses using a less stringent

approach: We removed from our statistical model the age

covariate—which is already partially accounted for by the

group regressor (the two controls groups differed in age

and were acquired on two distinct 3 T MRI magnets, so

this group regressor is absolutely necessary). Using this

Figure 1. Bilateral severe structural lesions of ventral and dorsal cortical pathways with partial structural preservation of V1. Brain axial sections

of FLAIR MRI reveal bilateral hyperintensities and severe brain atrophy of occipito-temporal (ventral) and occipito-parietal (dorsal) cortical

pathways. Crucially, V1 area of each hemisphere appeared partially preserved.

ª 2024 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association. 1367

F. Hauw et al. Cortical Blindness with Partial V1 Preservation



Figure 2. Loss of conscious vision associated with V1 activation and impaired functional connectivity with PFC. (A) Patient’s left primary visual

cortex (shown in native space) was activated by visual stimuli (voxel p ≤ 10�3; p = 0.034 FWE-correction within V1 inclusive mask). (B) As

compared to healthy sighted volunteers, patient’s V1 area (overlaid on healthy anatomy in MNI space) showed a significant decrease of functional

connectivity with a left PFC region previously identified as playing a causal role in conscious vision.15
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less stringent approach, we could observe the two

expected results: (i) no correlation between V1 seed and

other cortical areas in the patient, and (ii) in controls

only an extensive ventral pathway cluster of functional

connectivity with V1: This cluster was correlated with the

visual cortex using the as a seed the mask defined in the

patient (voxelwise p < 0.001 and clusterwise p < 0.05 cor-

rected for multiple comparisons across the whole brain,

see below a transversal view at Z = 0; see Fig. S2). There-

fore, the absence of significant difference in V1 functional

connectivity in controls as compared to the patient seems

to stem from a lack of statistical power that could origi-

nate at different levels. The massive atrophy of these pos-

terior ventral pathway areas in the patient may contribute

to this lack of power: CSF and motion related signals

probably out-weighted neuronal signal in these areas.

Indeed, the right temporal cortex region (included within

right temporal pole cluster) was much less atrophied to

posterior areas of ventral pathways.

To conclude, we first found that bilateral structural

lesions of visual pathways preserving substantial part of

V1 cortices induced a state of cortical blindness compara-

ble to bilateral lesions of V1. We then demonstrated that

visual stimuli he was not aware of were still processed in

patient’s V1 areas. Finally, we showed that in healthy vol-

unteers V1 is functionally connected to PFC indirectly

through ventral pathways relays, and that this indirect

V1-PFC connectivity was lost in this patient. These find-

ings are consistent with Crick & Koch’s hypothesis and

suggest that we are not aware of V1 neural activity.
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