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Key Points

Question: What is the frequency and nature of visual impairments among post-coma patients with severe

acquired brain injury?

Findings: This observational study found that a majority of post-coma patients display visual
impairments with a severity and frequency that increase with the degree of consciousness alteration.
Specifically, patients with unresponsive wakefulness syndrome had significantly more vision
impairments, abnormal visual evoked potentials and visual network hypometabolism than patients in a

minimally conscious state.

Meaning: Visual impairments are frequent among post-coma patients and vary with consciousness levels,
highlighting the role of visual pathways in conscious behavior, as well as the necessity to systematically

screen these patients for ophthalmological conditions.

Abstract

Importance: Post-coma patients typically present disorders of consciousness of varying degrees, which
limit their ability to self-report visual disturbances. An early identification of visual impairments is crucial
in these patients, as deficits may bias the diagnostic evaluations, with dramatic consequences on

therapeutic decisions.

Objective: To examine the relationship between ophthalmological impairments, visual evoked potentials

(VEPs), cerebral metabolism, and consciousness levels in post-coma patients with severe brain injuries.

Design: Observational cross-sectional study between 2009 and 2020.

Setting: Study conducted in a referral center for disorders of consciousness in Belgium.

Participants: Referred sample of 74 adult patients with a history of prolonged acquired severe brain

injury resulting in coma (at least 28 days since brain injury), with a diagnosis of unresponsive



wakefulness syndrome/vegetative state (UWS/VS), minimally conscious state (MCS), emergence from
the MCS (eMCS) or locked-in syndrome (LIS). Thirteen patients were further excluded after initial

screening.

Main Outcomes and Measures: Ophthalmology reports, VEP and [*3F]fluorodeoxyglucose-positron
emission tomography ([*8F] FDG-PET) data were analyzed. Frequency of visual impairments was used as
primary outcome measurement using ten ophthalmological features: eyelid, cornea, fundus, eye
alignment, gaze deviation, pupillary reflex, ocular motility, visual pursuit and fixation. Secondary
outcome measurements included VEP amplitudes (normal versus abnormal) and hypometabolic voxel
count in visual regions using [*®F] FDG-PET. Patients were stratified by diagnostic groups based on the

Coma Recovery Scale - Revised.

Results: The final sample included 61 patients (27 female; mean age, 42.3 years), including 11 with
UWS/VS, 29 with MCS, 17 with eMCS, and 4 with LIS (median time since injury, 12 months). Seventy
percent of patients exhibited at least one ophthalmological impairment (100% UWS/VS, 69% MCS, 53%
eMCS, and 75% LIS), with ocular motility impairment being the most frequent (31%). Abnormal VEPs
were more common in UWS/VS (40%) than in MCS (5%; P = .03). UWS/VS patients had greater visual
network hypometabolism compared with MCS (P = .02) and eMCS/LIS (P =.02), with no significant
difference between MCS and eMCS/LIS (P = .86). The right occipital lobe showed a similar pattern, with
UWS/VS differing from MCS (P = .02) and eMCS/LIS (P = .03), but no difference between MCS and

eMCS/LIS (P = .64).

Conclusions and Relevance: Visual impairments were present in 70% of patients. This high frequency
calls for systematic screening of visual disturbances among severely brain-injured patients, especially
those with altered consciousness where deficits may mask covert awareness. UWS/VS patients had
greater visual network hypometabolism compared to MCS and eMCS/LIS, with no differences between

the latter groups. Increased VEP amplitude and [*®F] FDG-PET metabolism were linked to fewer



ophthalmological impairments, highlighting the role of visual pathways in consciousness recovery and the

potential of VEP and [*®F]FDG-PET in predicting outcomes.

Keywords: Disorders of consciousness, visual evoked potentials, [*®F] FDG-PET, visual network,
unresponsive wakefulness syndrome, minimally conscious syndrome, emergence from minimally

conscious syndrome, locked-in syndrome

Introduction

Disorders of consciousness (DoC) following brain injury include coma, unresponsive wakefulness
syndrome/vegetative state (UWS/VS) and minimally conscious state (MCS).%? MCS is subdivided into

MCS- and MCS+ based on the presence of language-related behaviors.3*

Clinical diagnosis relies primarily on behavioral assessment using standardized tools such as the Coma
Recovery Scale-Revised (CRS-R), which evaluates domains including visual pursuit and fixation.>
While widely used, standardized behavioral evaluations can result in misdiagnosis rates up to 40%%,

especially in patients with sensory or motor impairments that limit overt responses.?’-1°

More objective methods such as electrophysiology (EEG, VEP) and neuroimaging (fMRI, PET) are

increasingly used to complement clinical exams and identify covert consciousness.®*4

15 Visual behaviors, particularly pursuit and fixation, are critical indicators of consciousness and among
the earliest signs of recovery from UWS/VS.161” However, the visual system itself may be impaired in
DoC due to cortical, thalamic, brainstem, cranial nerve or ocular injury. Without ophthalmological
evaluation, such impairments may go unrecognized, potentially confound diagnosis, delay recovery, or
influence end-of-life decisions. Currently, there is no consensus on how and when to perform an

ophthalmological assessment in DoC patients and many of these visual impairments go unnoticed due to



the patients’ inability to communicate. Although studies have investigated brain metabolism using [®F]
FDG-PET and evoked responses using visual evoked potentials (VEP), the relationship between these

objective measures and clinically assessed visual function in DoC remains underexplored.

In this multimodal study, we assessed visual impairments in patients with prolonged DoC (i.e., UWS/VS
and MCS), and with preserved consciousness (i.e., who emerged from MCS - eMCS - or with locked-in

syndrome - LIS) based on detailed ophthalmological evaluations, CRS-R data, VEPs and [*®F] FDG-PET
imaging. We hypothesized that visual impairments would be more frequent in patients with lower clinical

expression of consciousness, and would correlate with reduced VEP amplitude and hypometabolism

. Methods

Participants

We retrospectively included adult patients (>18 years old) diagnosed with UWS/VS, MCS, eMCS or LIS
who were hospitalized in Liege University Hospital between 2009 and 2020. Clinical diagnosis was based
on >3 CRS-R assessments®® (see Supplementary Methods) and current guidelines.'®2°, Inclusion criteria

also required a time since injury >28 days and a written report from an ophthalmological evaluation.

Electronic records of 74 patients were retrieved using an in-house open-source tool.?* After removing
patients with non-standardized ophthalmological exams (n=10) and duplicate entries (n=3), 61 unique
patients were included. VEP data were available for 32 patients, and [*®F] FDG-PET imaging for 55; five
PET scans were excluded due to extensive anatomical damage that precluded normalization. Thirty-three
healthy participants (15 female, mean age 43.1) were included as controls for [*®F] FDG-PET analyses®2
(see flowchart, Figure 1). All procedures were approved by the University of Liege Ethics Committee.

Written informed consent was obtained from legal representatives of all patients and healthy controls.
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Figure 1. Flowchart of the study.

Clinical assessment

All included patients underwent an ophthalmological evaluation (systematically performed as part of a
multimodal assessment of consciousness). Reports were retrieved by searching for the word “ophthalm”
in the database. Reports were screened for 15 features defined collectively between a neuro-
ophthalmologist (CA) and DoC experts (AS, LS, OG): eyelid, cornea, fundus, eye alignment, gaze
deviation, baseline pupils, pupillary reflex, ocular motility, nystagmus, oculocephalic reflex, visual

pursuit, fixation, visual acuity, visual field, and VEP. Ten features were analyzed, excluding those with

excessive missing data (pupillary reflex, oculocephalic reflex, nystagmus, visual field, visual acuity).



Each feature was scored as normal, abnormal, not testable, or missing. If multiple evaluations were

performed, the most comprehensive was used.

Clinical features were compared across three diagnostic groups: UWS/VS, MCS and eMCS/LIS
(communicative group that recovered from DoC, as previously done?3). Total visual impairments per
patient were summed for correlation with imaging and electrophysiology data. Visual fixation and visual
pursuit reported by the ophthalmologists and the CRS-R examiners were also compared to assess if there

was a possible discrepancy.

Visual evoked potentials amplitude

VEPs were recorded using standard clinical procedures (see Supplementary Methods for details)

Responses were analyzed quantitatively using N1-P1 amplitudes from both eyes.

Brain metabolism

[*®F] FDG-PET voxel-wise metabolism was calculated with SPM12, comparing each patient to n=33
healthy controls (P<.05, uncorrected). The proportion of hypometabolic voxels was calculated in bilateral
occipital lobes, thalami (defined by the AAL atlas)?* and the visual network (defined by the CAREN

atlas)?®(see Supplementary Methods for [*®F] FDG-PET acquisition and preprocessing details).

Statistical analysis

Demographic and clinical variables were compared using Chi-square, ANOVA, or Kruskal-Wallis tests,
depending on data distribution. Normality of distributions was tested with the Shapiro-Wilk test. When
expected counts were <5, Fisher exact test was used. Post-hoc comparisons were performed with t-tests or
Mann-Whitney U tests as indicated. Subgroup analysis was conducted for MCS- and MCS+. Bonferroni
correction was applied for multiple comparisons. Correlations between total visual impairments, VEP
amplitude, and [*®F] FDG-PET hypometabolism were examined using Spearman’s rank correlation.

Significance was set at P<.05.



Results

Demographic information

We included 61 patients (44% female, mean age: 42.3 years): 11 UWS/VS, 29 MCS (12 MCS-, 17
MCS+), 17 eMCS, and 4 LIS. Median time since injury was 12 months (IQR 5.7-30.7). Etiologies
included traumatic brain injury (41%), anoxia (26%), stroke (23%) and other causes (10%) (Table 1, see

also Supplementary Table 1 for full breakdown).

Table 1: Diagnostic and Etiologic Information of Diagnostic Groups.

Total UWS/VS  |MCS eMCS/LIS p-value
N (%) 61 11 (18%) |29 (48%) |21 (34%)
fsgg)’)years (meanlyy 3 (15.7)  l43.4 (15.2) [41.9 (16.8) |42.4 (15.2) 97
Gender (males, \o) ey |5 a506) 17 (59%) 12 (57%) 75
N (%)) '
Etiology 75
TBI 25 (41%)  |4(36%) |13 (44%) |8 (38%)
Stroke 14 (23%)  [0(0%)  |6(21%) 8 (38%)
Anoxia 16 (26%) |6 (55%) |6 (21%) 4 (19%)
Other 6 (10%) 1(9%) |4 (14%) 1 (5%)
TSI, months
(median (10R)) [L6(257)  [108(69) [138(28.1) (114 (639) 43
CRS-R total
score (median (10 (8) 5(2) 9.5 (4.25) 18 (6) <.001
(IQR))




Abbreviations: CRS-R: Coma Recovery Scale-Revised, eMCS: Emergence from minimally conscious
state, IQR: Interquartile range, LIS: Locked-in syndrome, MCS: Minimally conscious state, SD: Standard
deviation, TBI: Traumatic brain injury, TSI: Time since injury (months), UWS/VS: Unresponsive

wakefulness syndrome/vegetative state.

Clinical assessment

Seventy percent of patients exhibited at least one visual impairment. The most impaired features were
ocular motility (31.2% abnormal, 34.4% not testable), visual fixation (34.4% absent) and visual pursuit
(32.8% absent). An ophthalmological diagnosis was reported in 45.9% of cases, most commonly
exophoria (9.8%) and anisocoria (8.2%) (see Supplementary Table 2). Pupillary reflex was abnormal for

41.9% of reported cases (unreported in 50.8% of patients) (Figure 1).

When comparing the 10 analyzed clinical features across diagnostic groups (UWS/VS, MCS, eMCS/LIS),
visual pursuit and fixation were significantly more preserved in higher consciousness states (P<.001 and
P=.002 respectively), as expected, because they are diagnostic criteria for MCS (Figure 2). When VEP
was treated as a binary clinical variable (i.e., normal vs. abnormal) in 45 patients (11 UWS/VS, 20 MCS,
14 eMCS/LIS), abnormalities were more common in UWS/VS (40%) compared with MCS (5%, P=.04),
while rates in eMCS/LIS (14%) did not differ from either group. Four cases (8.9%) showed abnormal

VEPs due to low amplitude, while 3 cases (6.6%) had prolonged latency.

The total number of visual impairments per patient ranged from 0 to 4 (mean 1.46). Impairments were
more frequent in UWS/VS (mean 2.64) than in MCS (1.21) or eMCS/LIS (1.14), P=.002. This difference
was no longer significant when fixation and pursuit were excluded (P=.93). No difference was observed
between MCS- and MCS+ in impairment rate (P=.51). Comparing the same-day CRS-R and
ophthalmological reports revealed a mismatch in 6.6% (pursuit) and 9.8% (fixation) of cases, where

ophthalmologists rated behaviors as present, and the CRS-R examiner did not.
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Figure 2. Distribution of Ophthalmological Abnormalities Across Diagnostic Groups.

Radar plot illustrating the percentage of patients with abnormal findings across ophthalmological and

visual domains in unresponsive wakefulness syndrome/vegetative state (UWS/VS), minimally conscious

state (MCS), and emerged from minimally conscious state or locked-in syndrome (eMCS/LIS). Higher
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values indicate higher prevalence of ophthalmological abnormalities. Exact values and statistical

comparisons are provided in Supplementary Table 3.

Abbreviations: eMCS, Emergence from minimally conscious state, LIS, Locked-in syndrome, MCS,

Minimally conscious state, UWS/VS, Unresponsive wakefulness syndrome, VEP, visual evoked potentials

Visual evoked potentials amplitude

Thirty-two patients were eligible for the quantitative analysis of VEP amplitudes: 17 female (53%), mean
age: 41.9 (SD: 17), median time since injury 11.2 (IQR 5.6-22.9) months, 9 UWS/VS, 15 MCS, 7 eMCS,
1 LIS, 13 patients with traumatic brain injury, 13 with anoxia, 5 with hemorrhagic stroke, and 1 with
hypoglycemia.

No significant difference was found between diagnostic groups for the average VEP amplitude of both

eyes (P=.310), as well as for the right eye (P=.152) and left eye (P=.607) individually.

Brain metabolism

Fifty patients were eligible for [*®F]JFDG-PET analysis: 24 female (48%), mean age: 43.2 (SD: 15.6)
years, median time since injury 12 (IQR 7.1-33.9) months, 10 UWS/VS, 22 MCS, 15 eMCS, 3 LIS, 18
patients with traumatic brain injury, 19 with anoxia, 7 with hemorrhagic stroke, 3 with mixed etiology
and 3 other causes. The [*®F] FDG-PET control group included 33 participants: 15 female (45%), mean
age: 43.2 (SD 15.1) years.

FDG-PET results showed an average hypometabolism in 32% of voxels in the right occipital lobes, 31%
in the visual network, and 53% in the thalami across all diagnostic groups compared to healthy controls.
UWS/VS, MCS, and eMCS/LIS patients showed varying degrees of hypometabolism in the visual regions
(Figure 3, Supplementary Table 4). UWS/VS showed greater hypometabolism than MCS and eMCS/LIS
in the visual network (P=.037) and right occipital lobe (P=.014). In the left occipital lobe, eMCS/LIS had

less hypometabolism than UWS/VS (P=.003) and MCS (P=.019); however, UWS/VS and MCS did not

11



differ (P=.861). There was no significant difference between groups for the metabolism of the left and

right thalamus (P=.30 and P=.66 respectively) (Figure 3).

The subgroup analysis showed no difference between MCS+ (n=14) and MCS- (n=8) for visual network
(P=.63), left occipital (P=.73), right occipital lobe (P=.36), left thalamus (P=.34) and right thalamus

(P=.68).

Brain-behavior correlations

There was a significant correlation between the total number of impairments and the amplitude of VEP
(r=-0.34, P=.029, Figure 4A). There was also a correlation between number of visual impairments and
hypometabolism in the visual network (r=0.27, P=.027, Figure 4B), as well as hypometabolism in the left
occipital lobe (r=0.30, P=.017). A non-significant trend was observed for the right occipital lobe (r=0.23,

P=.057).

12
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Figure 3: Comparison of Brain Hypometabolism in UWS/VS, MCS and eMCS/LIS patients. (A)
Figure shows voxel-wise hypometabolism maps of each clinical group; the value of each voxel indicates
the group frequency (%) of voxel-wise hypometabolism, as computed based on single-subject SPM T-
maps. We observe large hypometabolic areas (in blue) in the parieto-occipital region in UWS/VS patients,
that is improved in MCS patients mostly in occipital lobes and further normalized across the whole brain
in eMCS/LIS patients. Renders in neurological convention are superimposed on a high resolution T1
anatomical template as available in MRIcroGL (https://www.nitrc.org/projects/mricrogl). (B) Raincloud
plots show the proportion (%) of hypometabolic voxels in each clinical group (UWS/VS in yellow, MCS
in red, eMCS/LIS in blue), in a series of visual ROls. UWS/VS patients display significantly more
hypometabolism in bilateral occipital lobes and the visual network compared to other diagnostic groups,
without significant differences in the thalamus. Significant differences (*) at p<0.05 were determined
based on Kruskal-Wallis nonparametric test. The raincloud plots were generated in R (v. 4.3.2) based on
the raincloud package.?® ROls, including the left and right thalamus and left and right occipital lobe
(based on the Automated Anatomical Labeling Atlas) and a consensus fMRI bilateral visual network
(based on a Consensual Atlas of REsting-state Networks), were rendered in neurological convention using

BrainNet Viewer?’

Abbreviations: eMCS, Emergence from minimally conscious state, LIS, Locked-in syndrome, MCS,

Minimally conscious state, UWS/VS, Unresponsive wakefulness syndrome
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Figure 4. Associations Between Clinical Visual Impairment Burden and VEP Amplitudes and FDG-
PET Metabolism.

(A) Correlation between the number of clinical ophthalmological impairments and visual evoked potential
(VEP) amplitude.

(B) Correlation between the number of clinical ophthalmological impairments and the percentage of
hypometabolic voxels within the visual network on ['*F] FDG-PET.

Each point represents an individual patient, color-coded by diagnostic group (UWS/VS, MCS,
eMCS/LIS). Red lines indicate linear regression fits, and black lines represent 95% confidence intervals.
Abbreviations: eMCS, Emergence from minimally conscious state, LIS, Locked-in syndrome, MCS,

Minimally conscious state, UWS/VS, Unresponsive wakefulness syndrome, VEP, Visual evoked potentials

Discussion

In this multimodal study, we evaluated visual impairments, VEP and brain metabolism in visual regions
among post-coma patients. Seventy percent of patients displayed at least one visual impairment, with
ocular motility, pursuit, and fixation most frequently affected. Individual clinical variables did not
demonstrate significant differences across the three diagnostic groups, except for abnormal VEP, visual
pursuit and fixation. The two latter variables are diagnostic criteria of the MCS, and they also showed a
higher detection rate by the ophthalmologist compared to the CRS-R examiners, possibly linked to
different testing methods. [*8F] FDG-PET revealed more hypometabolism in the visual network and
occipital lobes in UWS/VS compared to MCS and eMCS/LIS. Visual impairments correlated with
reduced VEP amplitude and greater hypometabolism in visual regions. The high prevalence of
ophthalmological abnormalities has important diagnostic implications, as visual pursuit and fixation are
often the first signs of transition from UWS/VS to MCS**282°_ Given an estimated 40% misdiagnosis rate
in DoC when using clinical consensus®°, standardized ophthalmological evaluation should be integrated

into routine DoC assessment to prevent diagnostic inaccuracies.3!
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Ocular motility deficits were the most common, but abnormalities in eye alignment, fundoscopy, or acuity
were present in 8-20% of all patients and may also confound visual behaviors. Tools such as mirrors,
multidirectional pursuit testing, and eye-tracking devices can improve diagnostic accuracy.32-%¢ Although
not seen in our sample, Terson’s syndrome can cause reversible vision loss in up to 19% of subarachnoid
hemorrhage patients, reinforcing the value of early eye examination.3":38

Our VEP results align with previous studies showing better electrophysiological responses in patients
exhibiting conscious behaviors.® While amplitude differences alone were nonsignificant, combining
amplitude and latency into a binary normal/abnormal measure distinguished groups with UWS/VS
showing more abnormalities. This suggests both parameters are relevant for assessing visual processing in
DoC. While our study focused on validated visual behaviors such as pursuit and fixation, emerging
research suggests that other clinical indicators could play a significant role in diagnosing DoC.

Resistance to eye opening, pupillary light-off reflex and spontaneous eye blink rate, although not
analyzed in this study, may also warrant consciousness at the bedside and should be integrated in future
research on visual function in DoC).40-43

In our work, the presence of visual pursuit and fixation was detected approximately 6-10% more often by
the ophthalmologist than the CRS-R examiners, which may suggest better sensitivity is achieved by the
specialist’s assessment. Reasons for this difference could be attributed to two potential reasons. First,
ophthalmologists devote more time and attention to the ophthalmological examination, leading to
increased sensitivity in their assessment of these features. Alternatively, it could be argued that the criteria
for scoring visual pursuit and fixation in the CRS-R protocol are more stringent than those used by the
ophthalmologist, leading to a lower detection rate.

[*®F]FDG-PET, which has been shown to be highly sensitive and congruent with CRS-R in the diagnosis
of DoC?, can complement clinical examination by assessing brain metabolism underlying visual function
in post-coma patients. We observed that UWS/VS patients had more hypometabolism in the visual
network and right occipital lobe compared to MCS and eMCS/LIS patients. The reason we obtained

lateralized results could be due to a small sample size, or the fact that we did not control for the laterality

17



of the etiology. The pattern observed in visual network metabolism parallels behavioral findings: visual
behaviors typically emerge during UWS/VS-MCS transition but do not necessarily change between MCS
and eMCS. Prior fMRI studies in DoC showed functional connectivity differences in the default mode,
frontoparietal and auditory networks.*-4° Subsequent research replicated these findings but also showed
differences in visual, somatosensory and salience networks, with visual and auditory connectivity most
sensitive for discriminating MCS from UWS/VS.%° Hypometabolism in regions mediating visual signal
processing in UWS/VS but not MCS or eMCS/LIS may account for the higher frequency of functional
visual deficits, consistent with prior PET studies showing disconnection of visual, auditory and
somatosensory information between primary and secondary areas in UWS/VS.5! The absence of
significant differences in visual network or occipital metabolism between MCS and eMCS/LIS suggests
that visual regions are not reliable to distinguish these states metabolically.

Neither clinical nor neuroimaging analysis revealed differences between MCS- and MCS+, as previously
demonstrated for the occipital lobe.>? This is consistent with the fact that these subgroups are defined by
language-dependent behaviors, not visual functions.®*

Patients with more ophthalmological impairments also had lower VEP amplitudes, supporting the link
between visual pathway dysfunction and reduced cortical responses. This correlation should be
interpreted cautiously in MCS, due to its important clinical and radiological heterogeneity.*>? A higher
impairment load was also associated with more severe visual network hypometabolism. Together, these
results suggest that ophthalmological findings, VEP and PET provide convergent information on visual
system integrity and could serve as proxies for visual performance. A prior study using multimodal data
from 54 DoC patients showed structural MRI and VEPs predicted visual pursuit, with the primary visual
cortex as a critical predictor, and demonstrated. correlations between visual behavior and cognitively
mediated responses®3. Similarly, case-level multimodal assessments combining fMRI paradigms and VEP
validated behavioral observations.>* Further studies should test composite models integrating behavioral,

ophthalmological, electrophysiological, and neuroimaging data to better predict outcomes. Emerging
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tools such as eye-tracking and novel interventions (e.g., light therapy) may also improve detection,
prognostication and recovery in DoC.3¢:5°

Clinical recommendations

Our findings support the following recommendations for clinicians assessing post-coma patients. Given
the high frequency of ophthalmological impairments, clinicians should be aware of these potential
confounding factors when evaluating visual function. Ophthalmological evaluation should be
systematically requested when visual abnormalities are suspected, including the assessment of visual
pursuit, fixation, ocular motility, baseline gaze, gaze deviation, eyelids, cornea, fundus, pupillary reflex,
oculocephalic reflex, nystagmus, visual acuity and field. Objective tools such as pupillometry, automated
perimetry, OCT or fundoscopy are particularly useful, especially in patients with hemorrhagic etiologies
where Terson’s syndrome must be excluded. Clinicians should carefully observe pursuit and fixation in
UWS/VS patients, since these are often the first signs of transition to MCS, and monitor emerging
indicators such as resistance to eye opening or increased blink rate. Given their correlation with clinical
impairments, VEP and [*®F] FDG-PET should be used as supplementary diagnostic tools when diagnostic

uncertainties or inconsistencies remain after standardized clinical examination.

Limitations

This study has limitations. Its retrospective design and reliance on non-standardized clinical reports
resulted in missing data for certain measures, notably the pupillary reflex*3. Inclusion based on
ophthalmological evaluation may have introduced selection bias, and ophthalmologists were not
systematically blinded to DoC diagnoses. The absence of a VEP control group and relatively small
sample size limit interpretation. PET results may also have been influenced by lesion laterality, which
was not accounted for. Finally, the frequency and distribution of visual impairments in this sample
referred to a university center for multimodal assessment may not reflect the broader DoC population.

Prospective studies using standardized ophthalmological protocols and consistent use of objective
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measures are needed. Importantly, our results demonstrate correlations between visual impairments and

consciousness levels or brain activity measures, but causality relationships remain unresolved.

Conclusion

This study provides the first multimodal evaluation of visual function in patients with DoC following
severe brain injury. We found that over two-thirds of patients exhibited visual impairments, particularly
those in UWS/VS, who also showed higher rates of abnormal VEPs and visual network hypometabolism.
Importantly, visual abnormalities correlated with both electrophysiological and metabolic measures,
highlighting the value of combining ophthalmology with VEP and [*®F] FDG-PET in diagnostic
workflows. Visual deficits may confound the identification of residual consciousness if not recognized
early. Systematic screening for ophthalmological impairments, alongside validated behavioral scales, may

improve diagnostic accuracy, prognostic estimates and decision-making in post-coma patients.
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