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Abstract
The present literature review is aimed at offering a comprehensive and critical view of behavioral data collected during 
the past seventy years concerning visuoperception in severe alcohol use disorders (AUD). To pave the way for a renewal 
of research and clinical approaches in this very little understood field, this paper (1) provides a critical review of previous 
behavioral studies exploring visuoperceptive processing in severe AUD, (2) identifies the alcohol-related parameters and 
demographic factors that influence the deficits, and (3) addresses the limitations of this literature and their implications for 
current clinical strategies. By doing so, this review highlights the presence of visuoperceptive deficits but also shows how 
the lack of in-depth studies exploring the visual system in this clinical population results in the current absence of integration 
of these deficits in the dominant models of vision. Given the predominance of vision in everyday life, we stress the need to 
better delineate the extent, the specificity, and the actual implications of the deficits for severe AUD.
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Introduction

Severe alcohol use disorder (AUD) represents a major 
public health concern worldwide, constituting one of the 
most prevalent causes of death and being involved in more 
than 200 diseases (Wittchen et al., 2011). Previously labeled 
as alcoholism (DSM-III; American Psychiatric Association 
[APA], 1980) or alcohol-dependence (DSM-IV; APA, 1994), 

severe AUD (DSM-5; APA, 2013) is centrally characterized 
by a compulsion to seek and drink alcohol, together with a 
loss of control over consumption and an inability to reduce 
drinking, despite the negative consequences. Severe AUD 
is associated with a broad range of cognitive deficits (Crowe 
et al., 2019; Oscar-Berman et al., 2014; Stavro et al., 2013) 
as well as anatomical and functional brain impairments 
(Sullivan et al., 2010; Zahr, 2014), leading to a continuum 
ranging from mild cognitive alterations to more severe 
deficits, and ultimately to alcohol-related neurological 
complications, including dementia and Korsakoff syndrome 
(Brion et al., 2014; Pitel et al., 2013). Among these cognitive 
deficits, visuospatial and visuoperceptive disturbances 1 are 
frequently reported and often considered as persistent over 
time.  However, this topic has mainly been explored during 
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1 This paper will focus on both visuoperceptive and visuospatial 
processes, to address both (1) visual recognition processes based on 
the analysis of basic features such as form, pattern, and color, mostly 
linked to the ventral visual pathway and temporal cortex, also known 
as the "what" system, (2) visual-spatial analysis, generally associated 
with the dorsal visual pathway and parietal cortex, and often called 
the "where" system (Kreutzer et  al., 2017). The term "visuopercep-
tion" will be used to refer to visual perception in general, and not spe-
cifically to ventral visual processes as little distinction has been made 
so far between the two visual streams in the severe AUD literature.
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the seventies to the nineties of the  20th Century. Since then, 
far fewer studies have focused on vision, introducing a gap 
in the literature and increasing the discrepancy between 
our currently evolving understanding of visuoperceptive 
processing in healthy individuals and the limited data 
available in severe AUD. As a result, little is known about 
the specificity and the implications of visuoperceptive 
deficits for individuals with severe AUD. 

The high relapse rates in severe AUD suggest that 
our current theoretical models, and associated clinical 
rehabilitation programs, are insufficient. We propose that 
the lack of recent studies exploring visual deficits in severe 
AUD, resulting in the absence of integration of these deficits 
in the dominant models of vision, hampers the development 
of a comprehensive description of the disease, with 
substantial consequences to clinical care. Indeed, evidence 
stemming from different lines of research (e.g., studies 
on acute alcohol consumption; new models of the visual 
system in healthy individuals) suggests that the presence of 
visuoperceptive deficits should not be overlooked in severe 
AUD, as (1) alcohol consumption has a deleterious effect on 
visual performances, and (2) changes in visual perception 
could influence not only basic perceptual processes but also 
higher-level cognitive functions, consistent with the current 
view of vision as a dynamic process that can act in a top-
down fashion and need not always precede cognitive (i.e., 
attention, memory) processes (e.g., Creupelandt et al., 2019; 
D’Hondt et al., 2014a, 2014b).

While little research has investigated the long-lasting 
visuoperceptive abilities of individuals with AUD, recent 
studies focusing on acute alcohol consumption have shown 
that alcohol can slow down visual search for peripheral 
targets (Hoyer et  al., 2007), restrict visual scanning to 
central and salient image features (Harvey, 2014, 2016) 
and impair perceptual judgment (Friedman et al., 2011). 
Besides, evidence suggests subtle changes in visual contrast 
sensitivity (Andre et al., 1994; Cavalcanti-Galdino et al., 
2014; Pearson & Timney, 1998; Zhuang et al., 2012), motion 
processing (Andre et al., 1994), short-term visual memory 
(Schweizer et al., 2006) and depth perception (Nawrot et al., 
2004). Even though the effects of acute and chronic alcohol 
consumption cannot be directly compared, these studies 
show that alcohol impacts visual processing. People with 
AUD experience acute alcohol intoxication, often daily, 
and studies conducted in the ‘70s and ‘80s have suggested 
visual deficits in this population. Therefore, there is a need 
to explore the presence of long-lasting visual deficits related 
to severe AUD more systematically.

In this context, our main aim is to provide the first 
comprehensive and critical review of previous behavioral 
studies comparing visuoperceptive processing in abstinent 
individuals with severe AUD and healthy controls. To do so, 
this paper recalls the context of research on visuoperception 

in severe AUD and tracks its unfolding while distinguishing 
the precise visuoperceptive findings that punctuated the 
field from the more general results stemming from broader 
cognitive testings. It discusses the role that inter-individual 
factors (alcohol consumption characteristics, demographic 
variables, and abstinence) may play in visuoperceptive 
difficulties. Special attention is also given to the status of 
visuoperception in the overall cognitive profile of individuals 
with severe AUD, in an attempt to propose a first integrated 
description of the deficits. Finally, central limitations 
and several potential associated research perspectives are 
addressed, as well as the clinical implications for the field.

Methods

Research Question, Articles Identification 
and Selection Procedure

We specified our research question and inclusion criteria 
through the PICOS procedure (Population, Intervention, 
Comparator, Outcome, Setting; Liberati et  al., 2009). 
Regarding the population, we considered studies including 
human participants defined as alcoholics (DSM-III; APA, 
1980), alcohol-dependent (DSM-III-R, DSM-IV, DSM-
IV-TR; APA, 1987, 1994, 2000; ICD-10, ICD-11; World 
Health Organization, 2004, 2019), or suffering from severe 
alcohol use disorders (DSM-5; APA, 2013). Considering the 
number of old studies, we also included papers referring to 
“alcoholism” without further diagnostic criteria. However, 
we excluded studies focusing on cirrhotic patients or patients 
with other major comorbid organic diseases. Concerning 
intervention and exposure, we included studies exploring the 
long-term effects of chronic alcohol consumption, but not its 
acute effects. Therefore, participants had to be abstinent at 
testing time. Regarding the comparator, we included studies 
offering a reliable comparison between an experimental 
alcohol-related group and a healthy light social drinkers or 
non-drinkers control group. Articles that did not include 
a control group but referred to norms from the general 
population were considered. The outcome was focused on 
studies that proposed at least one visuoperceptive-related 
measure as a dependent variable. Studies had to explore 
visuoperception with abstract or low-level visual materials, 
except for some tasks or subtests using pictures of everyday 
objects. Papers explicitly exploring the processing of 
more complex visual stimuli (e.g., emotional faces, 
natural scenes, alcohol-related stimuli) were not included 
as they were focused on higher-level decision-making or 
emotional judgment processes, and thus exceeded our scope. 
Finally, regarding the setting, we included studies related 
to any design based on comparisons between groups or 
experimental conditions (i.e., interventional, observational, 
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cross-sectional), and thus excluded single-case or case series 
studies, as well as papers not reporting experimental data 
(i.e., review, meta-analysis, reply, commentary, erratum, 
conference proceedings).

We performed a literature review via the PubMed database 
using the following keyword algorithm:((ethanol/adverse 
effects[MeSH Terms]) OR (alcoholics[MeSH Terms]) OR 
(alcoholism[MeSH Terms]) OR (alcohol abstinence[MeSH 
Terms]) OR (alcohol-induced disorders[MeSH Terms]) 
OR (alcohol-related disorders[MeSH Terms]) AND (visual 
perception[MeSH Terms]) OR (visual disorders[MeSH 
Terms]) OR (visual pathways [MeSH Terms]) OR (occipital 
lobe [MeSH Terms]) OR (space perception[MeSH Terms])). 
The articles included in this review were peer-reviewed 
articles written in English and published between January 
1950 and June 2019. A second search round was performed 
upon abstract reading, and bibliographic references were 
reviewed to identify additional publications.

Conducting a strictly systematic review was not 
appropriate for our purpose because visuoperceptive 
disorders have rarely been at the heart of a specific research 
theme in severe AUD and have, therefore, not been 
thoroughly discussed as the main finding in most studies. 
A classical systematic search strategy would not have made 
it possible to identify all the relevant papers, given that 
the results concerning visuoperception are not necessarily 
described in the abstract. Such a methodology would thus 
have prevented us from retracing the history and complexity 
of the visuoperceptive results obtained in very different 
studies. Accordingly, we decided to adopt a more flexible 
method allowing for additional inclusions based on the type 
of neuropsychological tests used and also targeted papers 
that addressed visuoperception in their discussion. This 
strategy explains why a large part of the papers included in 
this review was found by a careful study of the bibliographic 
references of the most relevant papers. It was impossible to 
carry out a meta-analysis due to the heterogeneity of the 
studies selected, notably regarding methodological rigor and 
experimental tasks. Hence, a critical narrative review was 
the most appropriate format.

Methodological Quality Assessment

The methodological quality of each study was assessed 
via an adapted version of the "quality assessment tool 
for observational cohort and cross-sectional studies", 
developed by the National Heart, Lung and Blood Institute 
(NHLBI, 2014). This 14-item scale is appropriate for the 
cross-sectional studies considered here. We made minor 
modifications to focus the quality assessment on the 
visuoperceptive content of each paper, as many papers 
actually had a broader scope and did not necessarily focus 
on visuoperception only. Accordingly, the resulting quality 

assessment rating does not generalize to the whole paper 
but does reflect the behavioral visuoperceptive outcomes. 
More precisely, we slightly adapted the first item initially 
focused on the clarity of the main objective of the paper to 
instead evaluate the presence of any visuoperceptive-related 
explicit objective. We also split in two the content of items 
related to participants’ selection (items 4a-b) and statistical 
analyses (items 5a-b) and added two complementary sub-
items checking the presence of any visual screening before 
testing (item 4c) and complementary exposure measures 
(item 10b). This procedure resulted in a final methodological 
assessment scale composed of 18 items with a binary answer 
(Yes/No), with a maximum score of 18. Supplementary 1 
Table 1 reports the score obtained by each study on each 
item, as well as a global score (i.e., number of items with a 
"Yes" answer divided by 18).

Data Extraction and Synthesis

A systematic data extraction procedure determined the 
main characteristics of each paper regarding six categories 
(adapted from the PICOS procedure): (1) Purpose (main 
objective, primary focus on visuoperception or not); (2) 
Population (sample size, age, gender ratio, medication, 
exclusion criteria); (3) Exposures (psychiatric diagnosis, 
alcohol-consumption measures, comorbidities); (4) 
Comparator (control group sample size and characteristics, 
matching variables); (5) Experimental design (processes 
measured, tasks and stimuli); (6) Outcomes (main results, 
reported limitations, key conclusions). Supplementary 1 
Table 1 provides a comprehensive synthesis of the data 
extracted from each study regarding visuoperceptive 
processes. As for the methodological quality assessment 
scale, this synthesis focuses on the visuoperceptive content 
of each paper. The "key conclusions" section, however, 
allows the reader to get a slightly more general idea of the 
overall conclusion of the paper when relevant to the purpose 
of the present review.

Results and Discussion

The initial search yielded 1064 potentially eligible articles. 
Relevance screening led to the exclusion of 429 records 
based on the criteria of date (before 1950), language (not in 
English), human research (animal), and age (not adults). The 
remaining 635 records were assessed for eligibility based 
on the abstract and full-text, and 77 papers were eligible 
according to the inclusion criteria mentioned above. We also 
examined the references of the most comprehensive studies, 
identifying 71 additional articles. Following this search 
strategy (Fig. 1), 148 articles were included in the review 
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(Supplementary 2 Table 1). All papers are cross-sectional, 
and 21 include a test–retest measure. Figure 2 shows their 
distribution across time.

Brief Historical Background

 Visuoperception in severe AUD started driving researchers’ 
interest in the ’60-’70s, in line with the observation that 
individuals with severe AUD generally display higher 
verbal than nonverbal performances. This research notably 
led to the emergence of the "right-hemisphere hypothesis". 
Considering that visuospatial and verbal functions  depend 
predominantly on the left and right hemispheres respectively, 
this theory posited that individuals with severe AUD present 
with selective damage to right-hemisphere functions (Ellis & 
Oscar-Berman, 1989). However, the first studies exploring 
this proposal with broad neuropsychological batteries 

(especially intellectual tests) obtained mixed results. While 
some did show stronger deficits for nonverbal abilities (Di 
Sclafani et al., 1995; Fitzhugh et al., 1960, 1965; Jones, 
1971; Jones & Parsons, 1972; Obaldia et al., 1981), others 
found generalized cognitive impairments (Drake et  al., 
1990; Errico et al., 1992; Gudeman et al., 1977; Molina 
et al., 1994; Parsons et al., 1990a, b; Whipple et al., 1988). 
Studies exploring visuoperceptive memory (Beatty et al., 
1996; Bowden et al., 1992; Errico et al., 2002; Mulhauser 
et al., 2018; Quaglino et al., 2015; Wilson et al., 1988) or 
comparing verbal and nonverbal memory (Acker et  al., 
1984; Adams et al., 1980; Butters et al., 1973; Cutting, 1978, 
1979; Franceschi et al., 1984; Haxby et al., 1983; Hill, 1980; 
Leber et al., 1981; Mann et al., 1999; Nixon et al., 1987; 
Riege, 1977; Samuelson et al., 2006; Selby & Azrin, 1998; 
Zinn et al., 2004) also found inconsistent findings, even with 
tests designed to maintain a similar structure and level of 

Fig. 1  Flowchart describing the research strategy and papers included
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difficulty across verbal and visual modalities (Burnett et al., 
1996; Butters et al., 1977; Miglioli et al., 1979; Shelton 
et al., 1984). Other researchers focused more directly on 
visuoperceptive skills and compared visual scanning (Beatty 
et al., 1996; Bertera & Parsons, 1978), visual detection 
thresholds (Kostandov et al., 1982; Oscar-Berman et al., 
1973; Oscar-Berman & Weinstein, 1985; Reshchikova, 1985; 
Roberts & Bauer, 1993) or perceptual judgments (Tsagareli, 
1995) in the right and left visual fields, but failed to evidence 
a systematic pattern of right cerebral lateralization of the 
deficits. As a whole, no clear-cut distinction could be made 
between right and left hemispheres functioning (Oscar-
Berman & Schendan, 2000), and the right-hemisphere 
hypothesis is now considered outdated. Nevertheless, this 
early literature provided the first evidence of visuoperceptive 
deficits in severe AUD.

A few years later, researchers began investigating 
visuoperceptive functioning in the context of the 
premature aging hypothesis. Based on the observation 
that individuals with severe AUD and elderly people 
share neuropsychological similarities, among which 
visuoperceptive deficits, this theory suggested that the 
progressive decline expected in normal aging appears 
earlier in individuals with severe AUD (Ellis & Oscar-
Berman, 1989; Ryan & Butters, 1984). Two alternative 
models were put forward (Evert & Oscar-Berman, 2001): 
the accelerated aging model postulated that severe AUD 
accelerates age-related cognitive decline regardless of the 

age at which excessive drinking begins (Eckardt et  al., 
1980; Noonberg et al., 1985); the increased vulnerability 
model posited that vulnerability to severe AUD-related 
brain damage is increased in older individuals, i.e., after 
the expected manifestations of aging began (Goldman 
et  al., 1983; Jones & Parsons, 1971). The parallel 
between visuoperceptive functioning in normal aging and 
severe AUD has been investigated with a large variety 
of nonverbal neuropsychological tests, including broad 
intellectual (Blusewicz et al., 1977a,  b; Hamblin et al., 
1984) and memory tasks (Ryan & Butters, 1980), and 
appeared particularly marked for the tasks composing the 
"Brain-Age Quotient" (Reitan, 1967), namely the Tactual 
Performance Test, the Halstead Category Test, the Trail-
Making Test and WAIS Block Design and Digit Symbol 
subtests (Hochla & Parsons, 1982), which all comprised a 
perceptual component. However, studies directly comparing 
groups of individuals with severe AUD and healthy controls 
of varying age never provided strong evidence in favor of 
either the accelerated aging or increased vulnerability 
model. Whereas some findings suggested that individuals 
with severe AUD could perform similarly to 5–20 years 
older healthy controls (Blusewicz et al., 1977a; Hochla 
& Parsons, 1982; Noonberg et al., 1985; Ryan & Butters, 
1980) in the visuoperceptive domain, others studies did not 
replicate this finding (Blusewicz et al., 1977b; Brandt et al., 
1983; Grant et al., 1979, 1984; Oscar-Berman & Bonner, 
1985; Shelton et al., 1984). Higher performances were even 

Fig. 2  Distribution over the 
years of the papers included in 
the review (1960–2019)
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sometimes observed in old compared to young individuals 
with severe AUD, suggesting that the magnitude of severe 
AUD-related visuoperceptive decline decreased with aging 
(Evert & Oscar-Berman, 2001). Contradictory results 
were thus found for the premature aging proposal, which 
is considerably less investigated nowadays, at least from a 
behavioral perspective.

As a whole, studies investigating either the right 
hemisphere hypothesis or the premature aging hypothesis 
suffer a major limitation related to the use of multi-
determined visuoperceptive tasks. Consequently, most initial 
studies exploring visuoperception in severe AUD did not 
properly isolate the low-level perceptual processes involved 
in the tasks from high-level cognitive abilities, leaving open 
the central question of the origin of the deficits.

Towards more Specific Visuoperceptive Measures

Given the little specificity of the early literature mentioned 
above, additional studies tried to better discern the presence 
of a defective visuoperceptive component. First, several 
studies addressed methodological shortfalls, notably by 
ruling out the risk of retinotopic confound through the use of 
different rather than identical stimuli in delayed matching-to-
sample tasks (e.g., Zhang et al., 1997) or by selecting more 
basic low-level “meaningless” visual material in mnemonic 
tasks, thus preventing the use of verbal encoding strategies 
(e.g., Wegner et al., 2001).

Second, these studies distinguished between the influence 
of low-level perceptual and high-level memory or executive 
cognitive components, by showing that individuals with 
severe AUD exhibit slower visually guided movement but 
preserved simple reaction speed, indicative of selective 
impairment of perceptual motor-coordination rather than 
pure motor deficits (Vivian et  al., 1973; Wilson et  al., 
1988). Researchers also assessed the impact of instructions 
emphasizing speed or accuracy and showed that these 
instructions had very little influence on lower perceptual 
skills, excluding a major role for impulsivity on differences 
in speed-accuracy thresholds in the deficits (Glenn & 
Parsons, 1991). Another set of studies checked that 
impaired performances on different visuoperceptive tasks 
usually found deficient in individuals with severe AUD, 
such as the WAIS Digit Symbol subtest (Acker et al., 1984; 
Brandt et al., 1983; Gudeman et al., 1977), were linked 
to an impoverished visuoperceptive analysis, rather than 
weaker psychomotor skills or reduced perceptual memory 
and learning capacities solely (Glosser et al., 1977; Kapur 
& Butters, 1977, but see Sassoon et al., 2007 for opposite 
results). These studies showed that the performance of 
individuals with severe AUD not only correlated with the 
ability to memorize the digit-symbol code but also with 
perceptual scores on the Embedded Figure Test (Witkin 

et  al., 1971). They also underlined the use of different 
perceptual strategies in individuals with severe AUD 
compared to healthy controls (Kapur & Butters, 1977). 
These findings were complemented by studies showing 
that impoverished constructional skills and organizational 
strategies contributed to the weaker performances recorded 
in other classical visuoperceptive tasks based on the copy of 
drawings (e.g., Rey-Osterrieth Complex Figure, Beatty et al., 
1996; Bender-Gestalt test, Snortum, 1965).

These results paved the way for the  more specific 
examinations of perceptual analysis in severe AUD, which 
will be described in the section below. They also highlighted 
how tenuous the link between low-level and high-level 
skills could be. Indeed, organizational strategies can also 
draw on executive skills, and other studies suggested that 
visuoperceptive deficits could be sustained by a weakened 
ability to temporally organize and sustain goal-directed 
behaviors (i.e., "cognitive impersistence", Alterman et al., 
1984), poor problem-solving skills (Dawson & Grant, 2000), 
inadequate planning (Munro et  al., 2000), lower motor 
control, attention, and motivation (Ceccanti et al., 2015) 
or reduced incidental learning abilities (Bowden, 1988). 
The fact that some studies documented impaired recall 
of the Rey-Osterrieth Complex Figure despite satisfying 
initial copy performances also led some authors to doubt 
the presence of any visuoperceptive (rather than memory) 
deficits at all (Errico et  al., 2002; Zinn et  al., 2004). 
However, researchers also found recall scores on the Rey-
Osterrieth Complex Figure to be strongly correlated with 
relapse rates, unlike other memory and executive scores 
(Desfosses et al., 2014), indicating that visuoperceptive 
deficits could influence drinking behavior, beyond executive 
or memory functioning alone (but see also the inconclusive 
results of Moriyama et al., 2002).

Third and finally, a few experiments also explored the 
presence of compensatory mechanisms in severe AUD. 
They assessed the use of differential cognitive strategies 
to understand how, for instance, one can exhibit normal 
perceptual learning of incomplete pictures despite basic 
visuoperceptive deficits in a simple embedded figure 
task (Fama et al., 2004, 2006). Results demonstrated that 
visuoperceptual analysis, explicit memory, and, to a lesser 
extent, frontal executive functioning predicted perceptual 
learning in healthy controls. Conversely, perceptual learning 
was predicted by explicit memory and frontal executive 
but not by visuoperceptual abilities in individuals with 
severe AUD (Fama et al., 2004). Individuals with severe 
AUD could thus display intact implicit memory for visual 
stimuli thanks to compensatory processes involving higher-
order cognitive strategies. Consistently, studies exploring 
variations in cognitive structure and organization between 
individuals with severe AUD and healthy controls showed 
that the visuoperceptual and verbal factors were more related 
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in individuals with severe AUD than healthy controls, 
suggesting that  individuals with severe AUD probably rely 
on their overall preserved verbal abilities to make up for their 
less efficient visuoperceptive skills (Ham & Parsons, 1997). 
Consistently, earlier studies have highlighted disrupted 
interactions between low-level bottom-up perceptual 
processes and higher-level top-down decisional processes in 
severe AUD. They found that individuals with severe AUD 
were less able than healthy controls to resolve the conflict 
induced by perceptual distortions like the binocular depth 
inversion illusion (Schneider et al., 1996a, b, 1998), or the 
presentation of negative photographs (reversing the locus 
of light and dark areas while leaving the edges unchanged, 
Nelson & Swartz, 1971).

Overall, those studies confirmed that visuoperceptive 
deficits cannot be explained by confounding factors 
or higher-level deficits only. They also suggested that 
individuals with severe AUD may mobilize other cognitive 
processes to partly compensate visuoperceptive deficits, 
which highlights the close connections that visuoperception 
shares with other cognitive systems. This idea, developed 
by the recent models of vision, will be discussed below. 
While refining early visuoperceptive findings, these studies 
still did not investigate specific visuoperceptive processes. 
More focused investigations have nevertheless punctuated 
the field, spanning across decades of research. These 
studies will be reviewed in the next section as they provide 
more compelling evidence of the precise visuoperceptive 
mechanisms disrupted in severe AUD.

Explorations of Distinct Visuoperceptive Processes

Mesopic and Color Vision

Studies exploring  visual factors contributing to the higher 
car accident rates of  individuals with severe AUD were 
among the first to assess more precise components of 
visuoperception in this population. Building on the fact that 
alcohol intoxication alters vision and that these alterations 
can have severe consequences when driving (National 
Highway Traffic Safety Administration, 2000), they explored 
basic visual characteristics and notably mesopic vision and 
color vision.

First, Reynolds (1979) could not find any difference 
between individuals with severe AUD and healthy controls 
in perception of depth and 3-dimensional structures (i.e., 
stereopsis), size of the visual field, position of the two visual 
axes when each eye looks at different objects in the distance 
(i.e., distance phorias), monocular eye movements (i.e., 
ductions) and the need to wear glasses. Only slight color 
vision impairments were identified. Likewise, Campbell 
et  al. (1981) did not observe any group differences in 
mesopic visual acuity or dazzle recovery times (i.e., 

recovery of visual acuity after exposure to a bleaching light). 
As mesopic visual conditions are intermediate illumination 
conditions situated between the functioning level of rods and 
cones, no conclusion can be drawn on the integrity of each 
type of photoreceptor since they may have operated together. 
Both studies concluded overall that the impairments were 
insufficient to impair night driving ability.

Regarding color perception, Nelson et  al. (1977) 
demonstrated deterioration of visual recognition of hues 
in individuals with severe AUD in a short-term memory 
task, reflecting selective color processing damage. This 
change in color vision (i.e., dyschromatopsia), possibly 
caused by macular degeneration, was replicated (Braun & 
Richer, 1993; Kapitany et al., 1993; Mergler et al., 1988; 
but see also Smith, 1972). Even though permanent damage 
to the papillomacular bundle (i.e., the nerve fibers carrying 
visual information from the macula) has been documented 
by retinoscopy in advanced forms of severe AUD (Plant & 
Perry, 1990), two studies more recently reported increased 
color discrimination thresholds in individuals with 
severe AUD without any eye anatomic alteration (de Oliveira 
Castro et  al., 2009; Martins et  al., 2019). The authors 
suggested that alcohol could lead to retinal ganglion cell 
loss progressing from preferential damage to parvocellular 
and koniocellular ganglion cells involved in color vision 
to depletion of magnocellular ganglion cells involved 
in achromatic vision. However, even though any history 
of degenerative, traumatic, toxic, or infectious diseases 
affecting the visual system constituted exclusion criteria, 
these results must be interpreted carefully as they could be 
due to metabolic diseases or nutritional deficits. Some color 
vision deficits have been linked to alcohol-related health 
issues such as cirrhosis or B-group vitamin deficiencies 
(Cruz-Coke, 1972; Orssaud et al., 2007; Ugarte et al., 1970). 
It has also been proposed (Varela et al., 1969, but see also 
Smith & Layden, 1971) that these deficits might be related 
to a higher prevalence of a genetic polymorphism related 
to color vision defects of the X-chromosomes in severe 
AUD. More recent findings also suggested that a specific 
brain-derived neurotrophic factor polymorphism might be 
implicated in the emergence of chromatic alterations (Serý 
et al., 2011).

Motion, Speed and Peripheral Visual Field

Several studies investigated motion perception, especially 
through speed and eccentricity measures. Wegner et al. 
(2001) found that individuals with severe AUD were 
impaired in the detection of motion coherence for slower, 
but not faster, speeds. Wegner and associates relied on an 
anatomical model of motion processing delineating two 
distinct streams, both related to a medial portion of the 
temporal cortex (MTC): a visual stream for slow motions, 
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projecting sequentially from the lateral geniculate nucleus 
(LGN) of the thalamus to the primary visual cortex (V1) 
and the prestriate cortex including the MTC; and a visual 
stream for fast motions, projecting in a more parallel and 
direct way to V1, MTC and the prestriate cortex (Ffytche 
et al., 1995). Given that these visual streams respectively 
derive from the parvocellular and magnocellular layers of 
the LGN, severe AUD could have preferentially damaged 
parvocellular layer related slow speeds. The same 
authors also documented deficits in a unidirectional but 
not bidirectional speed discrimination task, suggesting 
that impairments may have gone unnoticed in the most 
difficult speeded tasks. Careful examination of the results 
showed that healthy controls performed efficiently from 
the start in the unidirectional task but did show elevated 
thresholds for the bidirectional task when presented 
for the first time, which may mask group differences. 
Perceptive and memory deficits in motion processing 
were also reported by Chambers and Wilson (1968), who 
did not discuss the origin of the deficits.

Other researchers examined the f licker fusion 
phenomenon and recorded lower (i.e., worse) thresholds 
in severe AUD (Pillunat et al., 1985; Williams, 1984). 
The flicker fusion threshold measures the frequency at 
which an intermittent flashing stimulus is seen as entirely 
immobile, and thus  assesses the temporal sensitivity of 
the visual system. While temporal properties are generally 
linked to the dorsal visual pathways, and magnocellular 
cells, in particular, Pillunat et  al. (1985) considered 
that depressed flicker thresholds in severe AUD could 
be due to general damage at the retinal ganglion cells 
level, without further specification. Williams (1984) 
documented specific impairments for lower temporal 
frequencies, 3  Hz and 10  Hz rather than 30  Hz, and 
concluded that tonic (parvocellular-related) rather 
than phasic (magnocellular-related) cells might be 
impaired. However, these two studies did not consider 
the influence of the location of the flicker on the retina, 
another factor of interest when exploring the dorsal and 
ventral visual pathways, associated with magnocellular 
and parvocellular retinal ganglion cells, and rod and 
cone retinal photoreceptors, respectively. Indeed, visual 
information processed by rods, located in the periphery 
of the retina, can be transmitted faster than information 
captured by cones at the center of the retina (Laycock 
et al., 2007, 2008), so that visual stimuli can be perceived 
as discontinuous at higher frequencies in peripheral 
compared to central vision (Tyler, 1985, 1987). With 
that respect, Bertera and Parsons (1978) measured how 
the visual scanning abilities of individuals with severe 
AUD varied according to target eccentricity. They 
showed that peripheral locations did not influence search 
times but impacted the number of errors, suggesting an 

impoverished exploration of the peripheral visual field. 
While they did not link their results to the different 
properties of visual streams, these findings overall 
suggest that individuals with severe AUD could exhibit 
both parvocellular and magnocellular damage.

Global and Local Processing

Global and local processing corresponds to the tendency to 
process stimuli either at the general and configural level or 
based on features and details (Navon, 1977), thus informing 
on dorsal (mainly magnocellular-based) and ventral (mainly 
parvocellular-based) visual pathways respectively (Boothe, 
2002; Hellige, 1996; Laycock et  al., 2007; Merigan & 
Maunsell, 1993; Thomas et al., 2012). In severe AUD, the 
interest for global and local processing derives from the 
observation that individuals with severe AUD use different 
constructional strategies during visuoperceptual tasks, and 
is also linked to the early concept of "field-dependence". 
Initially considered as a personality trait (Goldstein & 
Chotlos, 1965), field-dependence refers to the "relatively 
passive submission to the domination of the background 
and inability to keep an item separate from its context" 
(Witkin, 1960, p.339), and has been explored from a 
cognitive perspective via the Rod and Frame Test (Witkin 
& Asch, 1948). In this test, participants have to adjust a 
rod displayed in a tilted square frame in order for the rod 
to be perfectly horizontal or vertical and are considered as 
field-dependent or independent depending on whether they 
adjust the rod according to the frame or seem to disregard 
external cues. Given the inconclusive results obtained, 
researchers concluded that individuals with severe AUD 
do not form a homogeneous group and that external factors 
(e.g., depression) modulate the tendency to be influenced 
by irrelevant global contextual information (Goldstein et al., 
1970; Goldstein & Chotlos, 1965). The same conclusion 
applied when field-dependence was assessed via the 
Embedded Figure Test in which participants have to identify 
a target hidden in a complex background figure: individuals 
with severe AUD could not systematically be classified 
as more field-dependent than healthy controls (Jones & 
Parsons, 1972; Karp & Konstadt, 1965; Steiger et al., 1985).

Subsequent studies rather contradicted the idea that 
individuals with severe AUD might predominantly rely on 
global configural visual information, and might thus process 
featural cues less efficiently. A general opposite finding with 
that respect is that the lower performance of individuals with 
severe AUD on the Block Design subtest of the WAIS has 
generally been linked to a higher tendency to break global 
configurations (Beatty et al., 1997; Kramer et al., 1989). 
Indeed, individuals with severe AUD often struggle to solve 
puzzles configural analysis (Beatty et al., 1997). Kramer 
et al. (1991) further showed that individuals who made more 
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configural errors on the WAIS Block Design subtest also 
made fewer global choices when estimating the similarity 
between a standard figure and two optional figures sharing 
more global or local features with the standard, respectively. 
While the authors did not compare severe AUD and healthy 
controls groups, preventing any conclusion in terms of actual 
deficit (but see also Kramer et al., 1989), other findings 
confirmed the weakened influence of configurations on 
element processing by showing that individuals with severe 
AUD perceived simple single shapes in the same way as 
healthy controls but continued to use a more viewer-centered 
reference frame when contextual information was added 
(Robertson et al., 1985). The use of less effective perceptual 
and organizational strategies has also been highlighted when 
copying and recalling the Rey-Osterrieth Complex Figure. 
Daig et al. (2010) documented more piecemeal rather than 
holistic approaches at recall (but not copy), leading to a 
less detailed drawing. The unexpected lack of difference 
in strategy at copy, in contradiction with earlier results 
(Sullivan et al., 1992), might be due to the small sample. 
Still, Rosenbloom et al. (2009) obtained the same result 
with a larger sample. Even though individuals with severe 
AUD copied the figure less accurately and more slowly than 
healthy controls, they did not differ on their strategy score. A 
more holistic strategy at copy was, however, associated with 
better recall scores in both groups. These results suggested 
that copy accuracy and copy strategy made independent 
contributions to recall scores, implying that visuoperceptive 
constructional and organizational abilities represent distinct 
processes (Sullivan et  al., 1992). Other less conclusive 
results were however found by Beatty et al. (1996) who 
reported several deficits in building tasks favoring either 
featural or configural analysis, including the Block Design 
subtest, but could not link these difficulties to one specific 
level of spatial processing, implying that individuals with 
severe AUD could rely on different strategies depending on 
the task.

Eventually, another cluster of studies focused on 
hierarchical tasks requiring a shift between different levels 
of visuoperceptive processing. Using Navon letters, each 
big letter composed of a number of smaller letters, Wegner 
et al. (2001) showed that individuals with severe AUD did 
not display an overall slower processing of visual cues 
and did not differ from healthy controls in visual attention 
allocation when target letters were presented equally often 
at local and global levels (non-biased condition) or when 
target letters were more often presented at one specific 
level (biased condition). They concluded that individuals 
with severe AUD were able to shift attention between 
spatial levels correctly and did not display any general 
deficit at the global level. Besides, in the interfering 
condition, in which each local target letter was combined 
alternatively with one closely similar or dissimilar global 

distractor letter, global information appeared to influence 
their local target processing excessively compared to 
healthy controls. Individuals with severe AUD processed 
local targets faster than healthy controls when the global 
distractor letter was similar rather than dissimilar than 
the local target letter, a result implying more influence 
of global information. More recently, Müller-Oehring 
et al. (2009) disclosed different findings with a similar 
hierarchical task: individuals with severe AUD were more 
sensitive to the interference of local information when 
having to selectively direct their attention towards global 
features. Importantly though, individuals with severe AUD 
did not display less interference from global information 
when having to process local features, while this pattern 
of results was expected if they had genuine difficulties 
in perceiving and discriminating global information. 
Since distractor effects are thought to be mediated by the 
asymmetric integration of information from both cerebral 
hemispheres, they defended the proposal of a defective 
inter-hemispheric transfer in severe AUD.

While not directly in line with global and local 
processing, Schulte et  al. (2004) also drew attention to 
potential inter-hemispheric processing deficits in based 
on the "redundant target effect", i.e., the gain in reaction 
time observed when confronted with a double (i.e., a target 
in both visual fields) rather than a single (i.e., a target in 
one visual field only) visual stimulation (Corballis, 2002). 
They showed that older individuals with severe AUD did 
not benefit from the redundant target effect as much as 
healthy controls or younger individuals with severe AUD 
did and that the nature of the sensory input influenced this 
effect. More precisely, the use of equiluminant stimuli, that 
is, with equal luminance of the background which restricts 
visual processing to the parvocellular system (Livingstone & 
Hubel, 1988), was associated with a higher redundant gain 
in older participants. In contrast, the use of bright luminance 
contrast stimuli, linked to the magnocellular system, was 
associated with lower redundancy gains (Livingstone & 
Hubel, 1988). Following the hypothesis of a less efficient 
inter-hemispheric transfer, the authors also documented 
delayed reaction times for crossed targets compared to 
uncrossed targets in older individuals with severe AUD. 
Compared to healthy controls, individuals with severe AUD 
did not show the expected pattern of increase and decrease 
in speed when responding to targets presented in a visual 
field on the same side as the response hand (uncrossed) or 
on the opposite side (crossed). A subsequent study (Schulte 
et al., 2010) replicated a variation in the redundant target 
effect. Unlike healthy controls, individuals with severe 
AUD showed a higher processing advantage for unilateral 
rather than bilateral visual stimulations, especially when 
responding with their dominant hand. Given that no crossed-
uncrossed difference was found, this processing asymmetry 
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could not be attributed solely to impaired interhemispheric 
transfer time. The authors thus suggested the presence of 
complementary intra-hemispheric changes in connectivity. 
Altogether, these results support a role for degraded inter- 
as well as intra-hemispheric connections in some weakened 
visual performances.

Other Low‑Level Visual Abilities

Other visual properties have also occasionally been assessed 
to measure additional low-level visual functions. For example, 
visual acuity appeared preserved in severe AUD (Nicolás 
et al., 1997; Wegner et al., 2001), even under mesopic visual 
conditions (Campbell et al., 1981). Visual contrast sensitivity 
(VCS) measures conversely yielded mixed results. Using 
sinusoidal gratings of various spatial frequencies, Roquelaure 
et al. (1995) documented a reduction of VCS in severe AUD. 
This reduction was more pronounced for low and high spatial 
frequencies than intermediate ones. Optimal sensitivity was also 
associated with a lower spatial frequency range compared to 
healthy controls. Despite noticeable inter-individual differences, 
the authors concluded that severe AUD could be associated with 
optic nerve dysfunction, as reflected by changes in low spatial 
frequencies, and with isolated ametropia (a refractive disorder, 
such as myopia, hyperopia or astigmatism), as shown by changes 
in high spatial frequencies. Either way, the fact that individuals 
who displayed significant VCS changes also displayed higher 
gamma-glutamyl transpeptidase (i.e., a liver enzyme used as a 
biomarker for heavy alcohol use) and higher mean corpuscular 
volume levels (i.e., an increase in the size of red blood cells 
considered as a possible hematological complication of severe 
AUD) led to the conclusion that chronic alcohol consumption 
is involved in these visual changes. Two other studies examined 
VCS but could not replicate these findings. While the first did 
not find any difference in VCS in severe AUD (de Oliveira 
Castro et al., 2009), the second found significant lower VCS 
for low spatial frequencies (Martins et al., 2019). This second 
study also revealed that the individuals who displayed VCS 
alterations exhibited concurrent changes in color vision and that 
this last measure could better distinguish individuals with severe 
AUD from healthy controls. Color vision status influenced 
VCS results, namely, individuals with severe AUD showing 
color impairments displayed impaired VCS for a broader 
range of spatial frequencies, and especially higher ones. Unlike 
Roquelaure et al. (1995), the authors did not, however, speculate 
on the potential origin of VCS deficits.

One study also explored the low-level spatiotemporal 
properties of the visual system of individuals with severe AUD 
via the "shine-through effect" (Chkonia et al., 2012). The shine-
through effect refers to the fact that a single misaligned vernier 
followed by a mask grating of 25 aligned verniers actually 
"shines" through the 25 elements, appearing as a distinct entity. 
Conversely, when the misaligned vernier is followed by a mask 

composed of fewer elements, such as only five aligned verniers, 
it cannot be as easily processed, leading to lower performances 
(Kunchulia et al., 2012). In both healthy controls and individuals 
with severe AUD, discrimination of the vernier offset was 
similarly affected by backward masking conditions, suggesting 
comparable spatiotemporal processing of the mask.

Finally, ophthalmologic studies showed that individuals 
with severe AUD could also display reduced static amplitude 
of accommodation. This change in the ability of the eye to 
adapt its optical power to maintain a suitable level of focus on a 
visual stimulus depending on its distance could be more severe 
in younger than older individuals with severe AUD compared 
to age-matched healthy controls (Campbell et al., 2001). Severe 
AUD could also be associated with slight mydriasis (i.e., larger 
pupil dilatation). Both results are consistent with the idea that 
severe AUD could cause a form of peripheral parasympathetic 
neuropathy (Campbell et al., 2001). More generally, many 
diseases of the visual system, among which cataract (e.g., 
Kanthan et al., 2010) or age-related macular degeneration 
(e.g., Chong et al., 2008) have been associated with alcohol 
consumption (but see Wang et al., 2008).

How Do Visuoperceptive Deficits Vary Across 
Individuals with Severe AUD?

Besides age (see the Brief Historical Background section), 
other factors might modulate visuoperceptive impairments. The 
influence of gender has been studied. Since women metabolize 
ethanol more slowly than men and reach, as a result, higher blood 
alcohol concentration, they might experience more severe short-
term consequences and be more vulnerable to the long-term 
deleterious effects of severe AUD (Acker, 1985). Perceptual 
processes such as perceptual matching, spatial planning, or 
orientation have been associated with this gender vulnerability, 
along with working memory, problem-solving and cognitive 
flexibility in the visual modality (Acker, 1985; Flannery et al., 
2007; Parsons et al., 1990b). A few studies showed that women 
displayed visuoperceptive deficits similar to men despite shorter 
abstinence durations and lower lifetime alcohol intake (Acker, 
1985; Sullivan et al., 2002), and that this gender difference 
persisted when consumption was statistically equated (Acker, 
1986). Accordingly, the functional reorganizations of brain 
systems due to severe AUD may occur at different rates across 
genders (Sullivan et al., 2002). However, contradictory findings 
revealed an absence of gender differences on visuoperceptive 
measures ranging from broad multi-determined test (such as 
the WAIS Digit Symbol subtest or Rey-Osterrieth Complex 
Figure; Wilson et al., 1987) to more specific measures (such 
as the Witkin Embedded Figure Test; Sparadseo et al., 1983), 
or reported more deficits in men (Drake et al., 1990; Fabian 
et al., 1981, 1984; Silberstein & Parsons, 1979, 1981). In the 
absence of consensus, it might be more relevant to delineate the 
exact pattern of visual deficits of women and men rather than 
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compare their severity, notably as all studies did not include both 
genders in the same experiment (e.g., Acker, 1985; Fabian et al., 
1981; Jones et al., 1980; Silberstein & Parsons, 1979, 1981; 
Sullivan et al., 2002). Cross-study comparisons often contrasted 
heterogeneous groups with different comorbidities, various 
lifetime alcohol consumption rates, and diverse abstinence 
durations, making it challenging to draw conclusions (e.g., 
Silberstein & Parsons, 1981; Sullivan et al., 2002). A core 
issue is that men and women drinking habits often differ, and 
selecting women with longer drinking histories to match that of 
men may result in the creation of atypical samples, impairing 
the generalizability of the results.

Several studies investigated the influence of severe AUD 
duration and the amount of alcohol consumed to assess whether 
visuoperceptive deficits are linked to alcohol neurotoxicity, and 
most of them found non-significant correlations (e.g., Alterman 
et al., 1984; Bagga et al., 2014a, b; Beatty et al., 1995, 1997; 
Davies et al., 2005; Durazzo et al., 2013; Fabian et al., 1981; 
Fein et al., 2006; Forsberg & Goldman, 1985; Franceschi 
et al., 1984; Goldman et al., 1983; Hochla & Parsons, 1982; 
Mann et al., 1999; Noonberg et al., 1985; Rosenbloom et al., 
2009; Wilson et  al., 1987). This lack of correlation may 
reflect a differential influence of alcohol-related variables on 
various visuoperceptive abilities. For instance, changes in 
color vision have been found to correlate with severe AUD 
duration (Braun & Richer, 1993) and alcohol intake (Mergler 
et al., 1988). Individuals with severe AUD generally display 
primary alterations in the perception of the blue-yellow range 
but can present more complex dyschromatopsia involving 
the red-green axis in more advanced disease phases (Mergler 
et al., 1988). However, this gradation of the deficit might be 
more difficult to observe for other visual components. A few 
group comparisons contrasting sub-groups of individuals with 
varying severe AUD durations nevertheless supported this idea 
of progression in the severity of visuoperceptive impairments, 
by noting more severe deficits in individuals with longer severe 
AUD history (Bertera & Parsons, 1978; Ciesielski et al., 
1995; Jones, 1971; Jones & Parsons, 1971). However, these 
studies did not focus on specific visuoperceptive processes 
and often relied on different arbitrarily chosen cut-offs for 
severe AUD durations. At present, one of the most interesting 
result concerning drinking history is probably the observation 
that individuals with longer severe AUD duration process 
peripheral cues less efficiently than healthy controls, while 
individuals with shorter severe AUD duration appear to fall 
in-between (Bertera & Parsons, 1978). Finally, while some 
visual properties might be linearly related to lifetime drinking 
amount, others might be impaired once a certain amount of 
consumption is reached, and might thus be better appraised as 
a critical threshold rather than continuous phenomena. Overall, 
the effects of alcohol may also be cumulative and probably 
depend on a more complex interaction between the quantity 
consumed and the severe AUD duration.

Recovery of Visuoperception: Do Deficits Persistent 
Over Time?

It has often been suggested that visuoperceptive deficits could 
persist long after alcohol detoxification (Crowe et al., 2019; 
Oscar-Berman et  al., 2014). Several studies have shown 
residual deficits weeks (Clarke & Haughton, 1975; Forsberg 
& Goldman, 1985; Jacobson et al., 1970; Müller-Oehring 
et al., 2015; Obaldia et al., 1981), months (Ioime et al., 2018; 
Miglioli et al., 1979) or years (Fein et al., 2006; Parsons et al., 
1990a; Yohman et al., 1985) after abstinence onset on several 
visuoperceptive tests. More precise lasting deficits, such as lower 
complex figure-ground analysis, have also been reported. In a 
cross-sectional study comparing short-term (1–2 months), long-
term (1–3 years) and prolonged (> 5 years) abstinent individuals 
with severe AUD (Brandt et  al., 1983), visual short-term 
memory and psychomotor skills were recovered in three to five 
years, whereas scores on the Embedded Figures Test remained 
impaired after five years. Despite evidence of some recovery 
following abstinence, these results suggest that even long-term 
abstinence is sometimes insufficient to achieve full recovery.

However, contrary reports suggesting intact performances on 
the Trail Making Test or WAIS Block Design subtest in long-
term abstinent individuals with severe AUD (8 months‒7 years) 
indicated that total visuoperceptive recovery could happen 
(Emmerson et al., 1987; Fein & McGillivray, 2007; Harris 
et al., 2003; Reed et al., 1992; Templer et al., 1975). Recovery 
of perceptual-motor speed, visuoconstructive ability, nonverbal 
reasoning, and spatial imagination, after only five weeks of 
abstinence, have also been documented (Mann et al., 1999). 
These findings partly match those in a recent study (Mulhauser 
et al., 2018), which suggest that visuoperception might be more 
responsive to abstinence than other cognitive skills, as illustrated 
by a significant improvement on a figure copy test after ten 
days without alcohol compared to other verbal, attentional 
and memory tests (see also Ritz et al., 2014). The precise time 
course of recovery is still debated, and some authors have 
suggested that most visuoperceptive scores could normalize 
early with abstinence (Davies et  al., 2005; Konrad et  al., 
2012; Leber et al., 1981). According to Grant et al. (1984), the 
intermediate phase between withdrawal syndrome (2–3 weeks 
of abstinence) and the plateau of improvement (one year of 
abstinence) might be characterized by a "subclinical alcohol-
related neuropsychological disorder" that may go unnoticed.

Recovery timings may diverge according to the 
visuoperceptive sub-skills considered. For instance, visual 
motion perception and speed discrimination may remain 
impaired after 3 weeks of abstinence, whereas global and local 
visual processing may normalize during this period (Wegner 
et al., 2001). Despite improvements in movement detection 
and visual search within 2–3 weeks of abstinence, a subtle 
impairment in locating very rapid visual changes could persist 
beyond one month (Wilson et al., 1988). Color vision may 
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also recover quickly during the first month (Kapitany et al., 
1993), implying that specific visual-related neurobiological 
processes might be at work during this early period. More 
precisely, alcohol-related unspecific color vision deficits may 
rapidly decrease with abstinence, while specific blue-yellow 
impairments may persist in line with hepatic damage (Verriest 
et al., 1980). Such observations stress the need to consider 
other medical risk factors before attributing every long-term 
residual and permanent neuropsychological deficit to alcohol 
neurotoxicity. Besides, just as with severe AUD duration, 
most studies also failed to report a strong correlation between 
abstinence duration and visuoperceptive abilities (Davies et al., 
2005; Fein et al., 2006; Hochla & Parsons, 1982; Wilson et al., 
1987), suggesting that factors other than abstinence duration 
influence recovery.

Actually, visuoperceptive recovery may also depend on 
practice opportunities, and thus be experience-dependent 
in addition to being time-dependent (Ellenberg et al., 1980; 
Forsberg & Goldman, 1985). Importantly, visuoperceptive 
practice effects are not limited to increased familiarity with 
the visuoperceptive stimuli of a particular test. They also 
induce a significant performance transfer on comparable new 
visuoperceptive tasks, even during early abstinence (Forsberg & 
Goldman, 1985, but see Adams et al., 1980). This result implies 
that experience-dependent processes might also trigger recovery, 
a result of primary importance for rehabilitation. However, it 
remains unknown whether normalization of visuoperceptive 
performances reflects a restoration or a compensatory 
mechanism. In particular, some individuals with severe AUD 
might compensate for their low-level perceptual deficits through 
alternate higher-level executive strategies (Fama et al., 2004; 
Sassoon et al., 2007).

It thus cannot be concluded that visuoperceptive deficits 
fully recover with abstinence, nor that they remain stable in 
the long run. In general, behavioral and cerebral alterations 

do not follow a linear pattern of recovery in severe AUD: 
Improvement is usually substantial in the short-term while more 
modest changes are observed in the mid- and long-term (Bates 
et al., 2013; Durazzo et al., 2015). Regarding visuoperception, 
reviews of between-group comparisons with healthy controls 
showed significant moderate effect sizes within the first year 
of abstinence, and smaller ones afterward (Crowe et al., 2019; 
Stavro et al., 2013).

Here again, methodological flaws (e.g., multi-determined 
visuoperceptive tasks, limited use of size effect estimates, lack 
of longitudinal explorations) limit the insights offered by these 
studies. Furthermore, measuring recovery at the group level may 
also mask substantial inter-individual differences (Bates et al., 
2013), as recovery is multi-determined. Alcohol-consumption 
variables and demographic factors also interact with each other. 
For instance, recovery could be influenced by the combination 
of age and severe AUD duration, results suggesting lower 
recovery in older individuals with severe AUD (Goldman et al., 
1983), particularly those with longest severe AUD durations 
(Ellenberg et al., 1980; Munro et al., 2000; but see also Fein & 
McGillivray, 2007).

Visuoperceptive Deficits in the Broader Cognitive 
Profile of Individuals with Severe AUD

While studies on visuoperception in severe AUD rarely 
clarified the different levels of processing, severe AUD 
appears associated with deficits all along the classical 
retino-geniculate-cortical visual pathway (Fig. 3). Damage 
could arise at the level of the retina, and especially retinal 
ganglion cells, as indicated by achromatopsia and lower 
flicker fusion thresholds (de Oliveira Castro et al., 2009; 
Martins et al., 2019; Pillunat et al., 1985). Severe AUD could 
also affect the successive visual relays, from optic nerves, 
as suggested by contrast sensitivity changes (Roquelaure 

Fig. 3  Deficits all along the retino-geniculo-cortical pathway and 
beyond. Note. Visuoperceptive deficits in severe AUD are thought 
to implicate various structures, from the eye up to cortical regions, 
including the prefrontal cortex. The contour of the figure shows the 
bidirectionality of visuoperception, which relies on bottom-up and 
top-down mechanisms and can thus be disrupted by dysfunctional 

feedforward or feedback mechanisms. Impaired processes related to 
more precise components of the visual system are mentioned below 
the corresponding boxes. In line with the idea of widespread deficits, 
the figure also underlines the potential contribution of the corpus cal-
losum and the cerebellum. LGN, Lateral Geniculate Nucleus; V1, pri-
mary visual cortex
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et al., 1995), to the LGN up to the primary visual cortex 
and extrastriate cortex, as illustrated by impaired motion 
(Wegner et al., 2001) and global–local processing (Schulte 
et al., 2010). It is more challenging to delineate impairments 
according to the subdivision of the retino-geniculate-
cortical pathway into the functionally distinct ventral 
(mostly parvocellular) and dorsal (mostly magnocellular) 
streams. This subdivision originates at the retina but is more 
evident in the LGN, which contains dedicated layers for 
each type of cells, as well as at the cortical level, where 
parvocellular and magnocellular projections pass through 
primary and secondary visual regions before progressively 
feeding the temporal and parietal streams, respectively 
(Merigan & Maunsell, 1993). Results of studies on color 
vision and specific patterns of deficits, such as impairment 
for low speeds and low temporal frequencies, have initially 
linked the impairments to parvocellular damage (Wegner 
et al., 2001; Williams, 1984). However, the processing of 
motion, speed, and global visual cues, ordinarily falls under 
the scope of the magnocellular pathway. Combined with 
signs of impoverished peripheral field exploration, these 
results suggest that this pathway could also be impaired in 
individuals with severe AUD.

The interpretation of the deficits is further complexified 
by the lack of well-defined a priori hypotheses 
stemming from a pre-established theoretical framework 
of visuoperception in severe AUD. Beyond the right 
hemisphere and premature aging hypotheses, it has 
been proposed that visuoperceptive deficits are part of 
a generalized cerebral dysfunction (Nicolás et al., 1993; 
Tivis et al., 1995) accounting for the widespread cognitive 
impairments in severe AUD (Crowe et al., 2019; Stavro 
et al., 2013). Drawing on the systematic presence of other 
concomitant deficits, alternative proposals stressed the 
importance of other specific structures in the occurrence 
of visuoperceptive-related deficits, such as the prefrontal 
cortex (Ciesielski et al., 1995; Davies et al., 2005; Sullivan 
et al., 1992, 2000; Uekermann et al., 2003), the cerebellum 
(Fitzpatrick & Crowe, 2013; Hillbom et al., 1986; Sullivan 
et al., 2000) or the corpus callosum (Müller-Oehring et al., 
2009; Schulte et al., 2004, 2006). In particular, ascribing 
a specific role to the prefrontal cortex is consistent with 
the "frontal lobe hypothesis", which suggests that frontal 
impairments is a cardinal sign of severe AUD (Moselhy 
et  al., 2001), as cerebral damage appears to be more 
severe in the frontal lobe (Pfefferbaum et al., 1997). These 
proposals thus support an anatomically widespread deficit, 
which appears coherent with current data showing diffuse 
brain damage in severe AUD, with some areas, however, 
being more sensitive than others (Bühler & Mann, 2011).

The idea that visuoperception interacts with other 
cerebral networks is at the heart of the contemporary 
conceptualizations of vision. These models no longer 

consider vision as an isolated and purely sensory mechanism 
(Newen & Vetter, 2017; O’Callaghan et  al., 2017) but 
rather postulate that cognitive and affective factors like 
our goals, motivations, and current emotional states, 
influence visuoperceptual processes (Bar, 2004; Barrett 
& Bar, 2009). Such new theoretical models of vision 
acknowledge the presence of bottom-up and top-down 
feedback between low-level sensory-perceptual routes 
and higher-level cortical regions (Newen & Vetter, 2017), 
implying that visuoperception communicates flexibly with 
other cerebral systems. The anatomo-functional properties 
of the visuoperceptive system and the close connections 
it maintains with prefrontal regions, and especially the 
orbitofrontal cortex (Bar et al., 2006; Kringelbach, 2004; 
Kveraga et  al., 2007), further support this proposal. 
Accordingly, visuoperception impairments could arise from 
damage to the visual system, higher-level cerebral areas, or 
communication paths between these structures.

Recontextualizing visuoperceptive deficits in the broader 
cognitive profile of individuals with severe AUD might 
provide a way to reconnect the severe AUD literature 
with the new models of vision. However, the present work 
reviewed behavioral studies using very different tasks, most 
of them lacking sensitivity. Any conclusion regarding the 
cerebral correlates of visuoperception impairments in severe 
AUD remains, therefore, hypothetical.

Limitations and Research Perspectives

Numerous limitations have been highlighted throughout this 
review, notably regarding the heterogeneity of tasks and 
participants’ characteristics. The lack of visuoperceptive 
sensitivity of many tasks is probably the most problematic 
issue. The use of broad visuoperceptive tasks (e.g., Trail-
Making Test, WAIS Block Design and Digit Symbol 
subtests, Rey-Osterrieth Complex Figure)  may be 
explained by the aim of early studies to explore the right 
hemisphere or premature aging hypotheses rather than to 
target specific visuoperceptive processes. However, little 
effort has been made since then to refine these tasks so 
that recent studies still rely on these multi-determined 
tasks to assess visuoperception (Crowe et al., 2019; Oscar-
Berman et al., 2014). This concern also applies to recent 
neuroimaging studies that link anatomical and functional 
changes to visuoperceptive deficits using similar tests that 
do not distinguish perceptual from mnemonic or executive 
processes (Bagga, et  al., 2014a,  b). Moreover, studies 
exploring more precise visuoperceptive components have 
not capitalized on a robust theoretical framework. This lack 
of up-to-date, careful, and systematic investigation of the 
visual system in severe AUD results in the total absence 
of an integrated model of visuoperception. Nevertheless, 
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this limitation is probably the easiest to overcome. The first 
step may be to study the dorsal-magnocellular and ventral-
parvocellular pathways more thoroughly through their 
distinct properties, before exploring their interactions, and 
then the impact of the deficits on other cognitive processes 
implicated in severe AUD (see Creupelandt et al., 2019 
for a detailed research agenda and examples of tasks). In 
particular, the fact that the new models of vision ascribe 
different functions to the two visual pathways, from the early 
processing of basic temporal and spatial visual features to 
higher-level visual recognition and judgments processes 
(Bar, 2004; Barrett & Bar, 2009; O’Callaghan et  al., 
2017), further justifies the need to understand the specific 
contribution of these two pathways to visuoperceptive 
deficits in severe AUD. Such investigations have been 
conducted in other populations (e.g., dyslexia: Ahmadi 
et al., 2015; Schulte-Körne & Bruder, 2010; autism and 
schizophrenia: Laycock et al., 2007; Robertson & Baron-
Cohen, 2017; Tsermentseli et  al., 2008) and could be 
conducted in relation to severe AUD.

The second significant limitation is the heterogeneity 
of the severe AUD population. While most recent papers 
referred to the DSM-IV or DSM-5 criteria, many studies 
conducted before the ‘90s did not provide any information 
regarding severe AUD criteria or only mentioned the quantity 
and frequency of alcohol consumption. As a result, different 
definitions of severe AUD may have been adopted. Then, 
the lack of systematic assessment and control of comorbid 
psychiatric symptoms or diagnoses among individuals with 
severe AUD may also have influenced the results (D’Hondt 
et al., 2018). For instance, depression, which is frequently 
comorbid with severe AUD (Jeanblanc, 2015), can affect 
visual functions (Bubl et al., 2010; Norton et al., 2016). 
Finally, the visual system is highly vulnerable to subtle 
changes in chemicals so that the side effects of medication, 
not to mention other addictive chemicals, including nicotine, 
might have influenced some results (Ceballos et al., 2005, 
2006; Durazzo et  al., 2013). Greater standardization of 
patient inclusion criteria and screening of comorbidities are 
thus needed to facilitate future comparisons across studies.

Those two limitations contribute to the difficulty 
of isolating the specific contribution of alcohol to 
visuoperceptive deficits. The problem in assessing the 
causal role of alcohol applies for most severe AUD 
studies and cannot be overcome by cross-sectional group 
comparisons. However, the limited correlations found 
between alcohol-related variables and visuoperceptive 
impairments further call into question the specific impact 
of alcohol on these deficits. The existence of premorbid 
differences cannot be excluded either, especially since 
the relatives of individuals with severe AUD may display 
visuospatial deficits (Schandler et  al., 1988; Whipple 
et al., 1988). Longitudinal studies, however, showed that 

adolescents with a family history of severe AUD might 
present pre-existing frontal deficits while displaying reduced 
temporo-parietal volumes and experiencing visuoperceptive 
deficits as a post-drinking consequence (Squeglia et al., 
2014a, b). Several alternative explanations have been put 
forward to explain the lack of relationship between alcohol 
consumption and visuoperceptive deficits: First, some very 
subtle visuoperceptive deficits might only be observable 
at the cerebral level, and some visual deficits might only 
reveal themselves in combination with other impairments, 
especially frontal ones. This proposal, which builds on the 
"frontal lobe hypothesis" (Pfefferbaum et al., 1997), is also 
compatible with the principles of the new models of vision, 
positing that visuoperception does not act in isolation and 
mobilizes other cortical circuits, especially in frontal areas. 
Accordingly, deficits would be more likely to be evidenced 
by visuospatial tasks engaging executive functions because 
they simultaneously recruit multiple cognitive functions and 
cerebral circuitries (Zinn et al., 2004). Second, there might 
be a threshold beyond which varying degrees of alcohol 
abuse lead to similar neuropsychological impairments 
(Beatty et al., 1995). The relationship between severe AUD 
duration and neuropsychological performance might thus 
not be linear, and considering other drinking parameters 
(e.g., repeated withdrawal, physical impairment induced 
by alcohol, or personality characteristics) might be 
more relevant (Goldman et al., 1983; Mann et al., 1999). 
Alternatively, the recovery of some visuoperceptive deficits 
in the course of abstinence could mask correlations and 
explain why many studies did not find significant links 
(Davies et al., 2005). Studies may have targeted specific 
visuoperceptive skills at the time at which alcohol not longer 
appeared influential, because this specific skill had already 
recovered, or because recovery of intertwined deficits 
(e.g., executive ones) no longer allowed visuoperceptive 
impairments to be evidenced at the behavioral level. 
Importantly, all these proposals might not be mutually 
exclusive, and efforts should thus be made to determine the 
exact manner in which alcohol impacts visuoperception in 
the long run.

Finally, the current lack of precise understanding of 
the pathophysiology underlying visuoperceptive deficits 
in severe AUD may also strongly contribute to the limited 
insights regarding the causal role of alcohol. Pathophysiology 
was rarely mentioned in the papers  included. Direct 
neurotoxic effects of alcohol consumption on visual 
structures have initially been postulated within the 
framework of toxic optic neuropathies. However, this 
proposal is now criticized as optic neuropathies in severe 
AUD have often been linked to nutritional deficiencies 
rather than alcohol toxicity (Sharma & Sharma, 2011; 
Spinazzi, 2019). Vitamin B12 or folic acid shortage could 
cause accumulations of formic acid, which could inhibit the 
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electron transport chain and impair mitochondrial functions, 
leading to disruption of adenosine triphosphate production 
and, eventually, to defective ATP-dependent axonal 
transport and demyelination of the optic nerve (Sharma & 
Sharma, 2011). Impaired oxidative phosphorylation due 
to malnutrition could also cause axonal loss, especially 
of parvocellular neurons in the papillomacular bundle, 
resulting in a thinning of retinal fibers (Ahuja et al., 2016). 
Still, the studies examined in the present review focused 
on individuals with severe AUD who did not show signs 
of nutritional-related dementia onset, which argues against 
the idea that nutritional factors may solely explain visual-
related damage. Animal studies controlling for dietary intake 
of rats showed that alterations of the retina and optic nerves 
could occur in the absence of nutritional deficiencies. These 
studies also implicated oxidative stress mechanisms but 
interpreted the related biological changes (namely, increase 
in lipid peroxidation products, decrease in endogenous 
antioxidants and dysregulation of antiapoptotic proteins) 
as a direct consequence of ethanol toxicity (Aviñó et al., 
2002; Sancho-Tello et  al., 2008). Consistently, retinal 
analyses of monkeys who had been chronically exposed 
to alcohol revealed a decrease in fatty acids, which are 
abundant in rod membranes and protect photoreceptors from 
oxidative stress-induced apoptosis (Pawlosky et al., 2001). 
Besides, chronic alcohol intake influences the weight and 
neuronal density of the LGN and superior colliculus in rats, 
emphasizing that alcohol toxicity also damages visual relays 
(Fakunle et al., 2012). In this case, alcohol was thought to 
induce autoimmune inflammatory responses, promoting 
the production of cytotoxic cytokines in the microglia. 
Several human studies also documented signs of reduced 
grey matter integrity (Durazzo et al., 2015, 2017; Fein et al., 
2009; Mackey et al., 2019; Rando et al., 2011; Sullivan et al., 
2018; Wang et al., 2018; Zhu et al., 2018), and white matter 
integrity (Bagga et al., 2014b; Schmahmann & Pandya, 
2007), in various nodes of the visual system, distributed 
in the occipital, temporal and parietal cortices, suggesting 
mechanisms of apoptosis and demyelination. While the exact 
underlying pathophysiology of these cortical damages also 
remains to be clarified, a recent study showed that occipital 
changes in N-acetyl-aspartate (considered as a marker of 
neuronal viability), glutamate, and choline (considered as 
a marker of myelination and cell membrane metabolism) 
ratios could be involved in the visuoperceptive deficits 
of individuals with severe AUD (Bagga et  al., 2014a). 
Additional work is needed to examine the interactions and 
influence of these various biological mechanisms.

In sum, we stress the need to adopt a process-centered 
approach of visuoperception and to develop more precise 
hypotheses through a careful investigation of the anatomo-
functional properties of the human visual pathways. We 
also emphasize the necessity to consider the inter-individual 

variability inherent to the severe AUD population, or at least 
to standardize inclusion procedures and to interrogate the 
role of visuoperceptive deficits for other cognitive systems. 
In parallel, the pathophysiology of the deficits should be 
clarified by bridging behavioral and neuroimaging studies, 
to develop a new integrated model of visuoperception in 
severe AUD.

Clinical Implications

The paucity of precise visuoperceptive investigations in 
severe AUD and the absence of theoretical models also 
have significant repercussions at the clinical level. We do 
not precisely know which visuoperceptive processes might 
be impaired in individuals with severe AUD, to what extent, 
and in which timeframe. Accordingly, no precise practical 
guidelines can be provided as it remains unclear as to which 
components to act upon, at what time point, and for what 
purpose. Omnibus remediation of visuoperception is a non-
operationalizable objective, and cognitive programs should 
also capitalize on preserved subfunctions and potential 
compensatory mechanisms, which also remain barely 
known. Although visuoperceptive skills could improve with 
practice among individuals with severe AUD (Forsberg & 
Goldman, 1985), we did not identify any interventional 
study in this review, suggesting that no rehabilitation 
program directly exploring visuoperception has been 
assessed. This reduced clinical interest appears related to a 
series of interrelated factors.

First, the fact that visuoperceptive deficits have been 
found to persist after long-term abstinence may have 
promoted the idea that visuoperception could not improve 
in individuals with severe AUD. Nevertheless, even though 
visuoperceptive impairments in severe AUD might be too 
subtle to affect autonomy and appear to partially improve 
in the long run (Crowe et al., 2019; Stavro et al., 2013), 
functional approaches might be justified for individuals 
with severe AUD who display particularly severe and 
disabling visuoperceptive deficits. In these specific cases, 
psychoeducation combined with the implementation of 
concrete functional adjustments (e.g., brighter lighting, 
visual magnification) might reduce visuals demands in 
private and occupational contexts (Prakash et al., 2011; 
Markowitz et al., 2006).

Second, although we promoted the idea that alcohol 
consumption led to visuoperceptive deficits and not the 
other way round, the influence of visuoperceptive deficits on 
severe AUD maintenance or relapse should be considered. 
Visuoperception might have been ignored because its influence 
on relapse is less conceptually evident than that of the 
executive or emotional deficits (Rupp et al., 2017; Czapla et al., 
2016; Wilcox et al., 2014). However, the limitations raised by 
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the present review regarding the literature on visuoperception 
in severe AUD suggest that it is premature to conclude to the 
total absence of a link between visuoperception and relapse 
(Desfosses et al., 2014). This idea is further reinforced by 
neuroimaging studies showing that functional changes in 
visual-related cerebral areas and disrupted connectivity 
between visual and frontal regions could be linked to relapse 
(Rando et al., 2011; Wang et al., 2018).

Third and finally, the current situation may also spring 
from the tendency to consider visuoperception from a strictly 
bottom-up perspective. Still, in light of the above-mentioned 
recent models of vision, visuoperceptive deficits are relevant to 
consider in the management of severe AUD as (1) individuals 
with severe AUD may process visual information less 
efficiently and therefore, base their decisions on degraded visual 
information (bottom-up deficit), and (2) their visuoperceptive 
processes may also be disrupted by the presence of concurrent 
higher-level cognitive and emotional deficits, as these systems 
are supposed to guide and monitor visuoperception. As a 
result, the subsequent cognitive stages would not be adequately 
anticipated and facilitated (top-down deficit). In this updated 
context, early visuoperceptive deficits may thus affect the whole 
cognitive continuum during information processing. Future 
research should reconsider the role of visuoperceptive deficits 
in some of the classical cognitive and affective impairments 
associated with severe AUD (e.g., attentional biases, emotional 
facial expression decoding), which depend on the visual 
modality and influence relapse (Creupelandt et al., 2019; 
D’Hondt et al., 2014a, b).

From a clinical perspective, reassessing the importance of 
visuoperceptive disorders in the overall profile of individuals 
with severe AUD could help to determine whether introducing a 
preliminary visuoperceptive rehabilitation program would have 
a positive effect on the early sensory stages of the cognitive 
continuum, which may then accelerate the recovery of other 
visual-related memory or executive processes. Encouraging 
results in healthy individuals suggest that training basic visual 
features could transfer from elementary stimuli to complex ones 
(Peters et al., 2017). These results promise significant benefits 
and open new perspectives on how to complement already 
existing cognitive training programs with visuoperceptive 
exercises.

Conclusions

This review confirmed the presence of visuoperceptive 
deficits in individuals with severe AUD but also highlighted 
the lack of deep understanding of these impairments, which 
have not been conceptualized within a clear theoretical 
framework. Whereas our understanding of vision has 
recently evolved, this sensory activity being now considered 
as a dynamic process that involves rapid interactions 

between visual and frontal areas, researchers’ interest for 
visuoperception in severe AUD appears to have faded. 
As a result, the actual implications of visuoperceptive 
alterations in individuals with severe AUD and the way 
these impairments interact with other deficits (e.g., executive 
ones) remain unknown. We thus stress the need to build a 
more integrated model of visuoperceptive deficits in severe 
AUD and to reduce the gap with the new theoretical models 
of vision. This paper, focusing on the behavioral literature, 
only constitutes the first attempt to bring together a very 
heterogeneous and scattered literature. Delineating a proper 
"map" of the deficits and developing concrete clinical 
applications will only be achieved by combining the present 
results with data stemming from neuroscience research and 
studies investigating higher-level visual processing.
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