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Abstract

Visual functions are frequently impaired in neurological diseases. However, insufficient information regarding
the visual function dimensions is available reflecting the sparse investigations in both research and clinical works.
Visual acuity, visual field and oculomotor function are the only few functions evaluated in neurological diseases
and in almost all cases they are worst reflections of the visual word of the patient. We present a series of studies of
visual functions in neurological diseases that are in line with a more translational research investigating the basic
functions and relating them to the neurological impairment. Future perspectives are discussed to support upcoming
researches and therapeutics more efficient and scientifically based.
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Introduction

The visual system evolved to recognize objects in the environment
from patterns of light and dark in retina by processing the luminance
differences (contrast) at the boundaries of objects and their
backgrounds, chromatic contrast, depth, texture and dynamic events
like motions.

Three major pathways involved in the visual processing: the
Magnocellular (MC), the Koniocellular (KC) and the Parvocellular
(PC) pathways [1-3]. Different characteristics of the MC, KC and PC
responses to stimulus size, color and time of presentations are reported.
MC pathway is vigorously activated to low spatial frequencies (i.e. large
stimulus elements) whereas the PC pathway is activated to high spatial
frequencies (i.e. small stimulus elements) [4,5]. The MC pathway is also
related to responses to objects with low contrast and rapidly changes
in the stimuli, while PC pathway is relatively insensitive to movement
processing slowly changing, clearly defined patterns or objects and red-
green chromatic channel [5].

The Koniocellular pathway is activated to low spatial frequencies,
high temporal frequencies and a specific subgroup (K3) is related to the
chromatic blue-yellow channel [6,7]. Thus, those differential properties
of the MC, KC and PC pathways make it possible to infer the relative
role of those pathways in the capacity of discriminate spatial details,
contrast levels, chromatic and motion perception.

These visual functions can be assessed by psychophysical and
electrophysiological procedures. Both are non invasive methods with
high sensitivity to detect subtle changes in visual performance which
turns those both methods in powerful techniques to detect impairments
in the visual pathways and also in monitoring therapeutic evolution of
patients. However, as you will see, even in the most of the neurological
diseases as cerebral palsy, multiple sclerosis and others, the knowledge
of the visual pathway impairments are poorly investigated as well as the
use of the visual functions evaluations in the diagnostic of diseases and
therapeutic follow up procedures.

Cerebral Palsy

Cerebral palsy designates a large group of motor and sensory
defects caused by a non-progressive lesion of the brain that occurred
early in life. These defects are permanent, but they may exhibit some
plasticity. The most frequent and severe motor impairment in such
children is spastic cerebral palsy (SCP) [8].

Cognitive alterations, mental retardation, epilepsy and hearing loss
are frequently associated with SCP [9]. In addition, ophthalmological
disturbances such as oculomotor abnormalities, retinopathy and
refractive error are often observed [10-14]. The visual impairment can
be secondary to these ophthalmologic abnormalities but more often
they are due to damage of the central visual pathway.

The different etiologies make a hard work to find a correlation
between cerebral damage, even in the early visual pathways, and the
visual impairment. Leukomalacia periventricular is one of the most
damage in the white matter affecting the optic radiation associated
with visual impairment in SCP [15-18]. Other findings like brain
abnormalities in the fMRI [19], parietal posterior and cingulate cortex
[20] and abnormal structural thalamus-cortical pathway in diffusion
tensor imaging (DTI) [21] in SCP children had also been correlated
with the visual impairment. However, other studies failed in found
the causal relation between cerebral damage and the visual function
impairment since lesions caused by neonatal hypoxia-ischemia could
be so small that the image techniques could not be able to detect them
[22-24].

The visual acuity is the most frequent visual function studied
and is related to the discrimination ability to spatial elements in the
visual scene. Almost all studies shown reductions in visual acuity of
the SCP children when compared with the normal children using
psychophysical [10,19,22,25,26], and electrophysiological procedures
like pattern reversal visual evoked potentials [27-30]. Since visual
acuity measured the minimum separation of spatial elements, the PC
pathway is related to this function [31,32].

The detection of cortical impairment by topographical
electrophysiology or neuroimaging evaluations like magnetic resonance
frequently did not found causal relation between cerebral and functional
damages. Diagnosis of brain lesion in MRI images can be considered
as a potential finding for visual impairment [33] but the opposite is
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not true. A more often relation found is regarding the impairment in
the visual acuity that has been positively correlated with the motor
impairment. We evaluated 37 SCP children, classified in tetraplegic,
diplegic and hemiplegic, according to their motor dysfunction, and
found higher visual acuity impairment in SCP children with higher
score in the GMFCS [29]. Other studies only pointed a worst visual
acuity in the more severe motor disabilities [10,34].

Other visual pathways were not selectively evaluated. Contrast
sensitivity and motion perception were not studied. Both had a high
relation with the MC pathway since evaluate time related visual
processing and low spatial frequencies. Inferences for a preserved
MC pathway in SCP come from the studies of May et al. and Marozas
et al. [35,36]. These studies reported a significant improvement in
performance of visual perceptual tests using a dynamic patterns
reversal stimulation comparing to a static standard stimulation for
visual acuity. Color vision could suggest a possible KC pathway
impairment but again, only one study was found [37] and the results
presented were inconclusive. Short-wavelength cones are more sensible
to variations in oxygen levels and since perinatal hypoxia is the most
frequent etiology, the absence of color vision deficits is probably due
to shortage of scientific studies. It is quite difficult to believe that only
a selective portion of the visual pathway (PC pathway) is impaired in
SCP. Oculomotor function impaired [38,39] and some findings related
to spatial vision, more related to MC pathway, suggest a more diffuse
cortical damage.

Duchenne Muscular Dystrophy

Duchenne muscular dystrophy (DMD), which affects 1:3,500
newborn males, [40-43] is the most common form of progressive
muscular dystrophy disease. It is caused by a deficiency in the protein
called “dystrophin”. The dystrophin gene, at Xp21, has 79 exons [44].
DMD is caused by deletions in the dystrophin gene in 60%-65% of
patients, by duplications in 5%-10%, and by point mutations or small
rearrangements in the remaining 20%-30%. The main pathological
effects caused by mutations in the dystrophin gene are in the skeletal
and cardiac muscles, although dystrophin is present in several other
tissues of the body, including a widespread distribution in the nervous
system [45].

In addition to full-length dystrophin, four other shorter proteins
are transcribed from the DMD gene: Dp260 (transcripts spliced to
exon 30), Dp140 (transcripts spliced to exon 44), Dp116 (transcripts
spliced to exon 56), and Dp71 (transcripts spliced to exon 63) [46-50].

In the retina, dystrophin is expressed at the level of the outer
plexiform layer (Dp260) in the inner limiting membrane (Dp71)
[46-54]. Dp260 is also found at the cone pedicle, in the region of the
ribbon synapse [55-59]. Electrophysiological studies showed that
Dp260 is essential for the physiology of the retina, since patients with
DMD and deletions downstream of exon 30 had serious impairment
in both scotopic and photopic responses obtained by full-field
electroretinogram (ERG) [49,60-72]. The role of Dp71 in the retinal
electrophysiology is still unknown. In the work of Claudepierre et al.
[52] dystrophin was associated with the Muller cells’ contribution to the
b-wave of full-field ERG. Dp427 and Dp140 are also present in mouse
retina but do not appear to contribute to the ERG [47]. The specific site
of the dystrophin in retina impairs the signaling of photoreceptors to
the bipolar and ganglionar cells the appearance of light, but preserves
the signaling of light disappearance.

Previous studies on color vision in patients with DMD or Becker
muscular dystrophy (BMD), based on Ishihara and American Optical

Hardy-Rand-Rittler (AO H-R-R) tests, found that the proportion
of red-green defect in this group [73,74] was in accordance with the
proportion observed for the normal population.

We report, for the first time to our knowledge, that red-green color
vision defect is highly prevalent in patients with DMD with deletions
downstream of exon 30 [75-78]. Since all but one (11/12) of the
patients with deletions upstream of exon 30 had normal color vision,
the present study suggests that the color defect is related to possible
functional damage associated with Dp260, the dystrophin isoform
located in the outer plexiform layer [46, 47,49,50,79]. Previous studies
on evaluation of visual functions in patients with DMD reported normal
ophthalmologic conditions as well as visual functions, including visual
acuity, ocular motility, and color vision [73, 80,81].

The incidence of color vision defect among the patients with DMD
was 54% (24/44); of these 24 patients, 21 had losses of the red-green
type, whereas only 3, or 7%, had diffuse color vision loss. This is a much
higher proportion than expected for congenital protan and deutan
defects, which occur in 7%-10% of the male population [82]. Recently,
we also shown that chromaticity discrimination could suggest the
region of gene deletion in DMD children with no deletion detected.
Since color vision is dependent of deletions downstream exon 30,
chromaticity impairment suggest that gene impairment is occurring in
those region [83].

The mechanisms underlying this color vision loss are not known.
Patients with DMD present selective impairment in a function mediated
by a specific neural pathway—the PC pathway, which mediates red-
green color vision. This pathway is initiated by the response of the L
and M cones and comprises a neural network from the retina to the
lateral geniculate nucleus and, from there, to several cortical levels. The
MC pathway, which mediates achromatic functions, is also initiated
by inputs from the L and M cones [84,85]. In the MC pathway, the
signals from the L and M cones are added to convey the information
of luminance, whereas, in the PC pathway, the M and L cones signals
are compared, and the neural response expresses their difference, to
convey the chromatic information. Chromatic processing includes,
in addition, the blue-yellow pathway in which the S-cone signals are
compared with the added inputs of the L and M cones [3].

Our findings differ from the result of the work of Benoff et al. [86]
who showed that there was MC but not PC impairment in the VEPs of
patients with DMD. This disagreement could be due to two factors: (1)
The MC pathway is tuned to detect luminance stimuli as the chessboard
stimuli that varied in the size of the elements and in the contrast level
used in that study. Although the PC pathway also exhibits a response to
luminance stimuli, the chromatic stimuli, either red or green, produces
the most vigorous activation. (2) The MC pathway collects the response
of many more cones than the PC pathway. Since the VEP is a cortical
mass response of small amplitude, differences could be more evident in
responses mediated by the MC rather than PC pathway.

However, in recent studies we have been found significant reduction
in spatial contrast sensitivity of almost one log unit compared with
the control group is fundamentally important for clinical application.
Unfortunately, the clinical evaluation of spatial visual function is
limited to the measurement of visual acuity. For this reason, DMD
patients were regarded as having normal vision by Sigesmund et al.
[73].

In our work [87], contrast sensitivity was also tested for temporally
modulated stimuli. We found a reduction in the detection of luminance
contrasts for the two lowest temporal modulations (i.e., 1 and 2 Hz).
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The battery of spatial and temporal contrast sensitivity tests that we
used supports the hypothesis that the PC pathway is the most affected
visual pathway in DMD. With regard to spatial contrast sensitivity, we
found impairment at all spatial frequencies, reflecting both MC and
PC pathways impairment. However, temporal contrast sensitivity
showed a reduction for the low temporal frequencies (i.e., 1 and 2 Hz),
indicating selective PC pathway impairment.

Hydrocephalus

The clinical features of hydrocephalus, especially in the first
months of life, is the increase in cranial volume detected by frequent
measurements of head circumference, together with the help of
appropriate curves and by imaging studies [88].

Children diagnosed with hydrocephalus often present, in addition
to visual changes and ocular signs that are very evident from the
earliest stages of the disease, failures in the development of cognitive
functions. However, the role of the neuropathological abnormalities
and complications of hydrocephalus in the genesis of those changes is
still poorly understood [89].

The true incidence of vision loss is not known in this population.
There are several studies on the complications of the shunt, but the
loss of vision as a complication has not been mentioned in any of
these [90,91]. Therefore the aim of our study is to measure visual
acuity and verify the effectiveness of the method in children diagnosed
with hydrocephalus, with or without shunt and if the time using the
derivation presents reflections on visual function, relating possible
complications of the shunt and changes in the visual acuity.

The normal visual acuity depends on the integrity of the central
nervous system Increased cranial pressure due to hydrocephalus is
one of the factors that most often negatively affects the visual function.
One of the first studies to describe the visual impairment as a result of
hydrocephalus was published in 1768 by Robert Whytt. In that work,
the authors found an incidence of strabismus between 60% - 75% of
children with hydrocephalus [91] a higher than in normal population
(around 3% - 4%).

The increase in the intracranial pressure leads to a compressive
stimulation of the brainstem nucleus generating strabismus [90,92] or
tonic upward-gaze [93], chiasmal compression leading to visual field
defect [94, 95], and visual pathway damage [96] including the optical
radiation due to ventricular enlargement [97].

The assessment of visual acuity in children with hydrocephalus
has not been frequently studied and, as a logical consequence, there
are few studied regarding to the visual functions and even fewer that
follow those children as we did. The studies involving children with a
diagnosis of hydrocephalus are mostly series of retrospective case and
they consider different etiologies as a unique group [98,99].

Among the fifty-five children studied forty-five were derived.
Considering the complications arising from the presence of
periventricular derivation, we noticed that a large proportion of children
in this group (a total of thirty-seven) suffered some complication.
Considering the complications presented in our sample, we found that
thirty-six were due to obstruction and infection that occurred between
the visual acuity measurements.

Kliemann and Rosemberg [100] claim in their study that the
infection and mechanical malfunction of the shunt system are the main
complications of periventricular derivation. Mechanical complications
such as obstruction of the drainage catheter have been reported with a

frequency between 30% and 60%, occurring most frequently in the first
two years after bypass.

The infection rate of the drainage system varies between 2%
and 15%, with a major influence on morbidity and quality of life of
patients and in mortality risk that could be as higher as 30% - 40%.
An interesting finding in our study was the fact that the group with no
shunt complications presented better values of visual acuity compared
to those group in which the complications had occurred.

In our study [101], another important factor related to
complications and their impact on the visual system is the fact that the
more complications in the shunt system the greater the reduction in
the development of visual acuity with the passing of time, since the
values of visual acuity values remained similar against the expectation
of an evolution of this function, normally observed in normal children
with those ages.

Children who experienced complications in the period comprising
two consecutive tests of visual acuity, the values measured were lower
than those children who had complications in only one examination.
Again, we found in the literature which correlates the number of
complications of periventricular derivation with visual function over
time.

We obtained results showing that the time between diagnosis and
surgery to perform the bypass impairs the visual function. We are lead
to conclude it since children who had the latency greater than 15 days
between diagnosis and the need to the bypass procedure, had the worst
values of visual acuity. This finding is of great impact and gives more
information to consider one that can help medical staffs when deciding
on the procedures to be performed in those children, mainly surgeries.

Even hydrocephalus have been a disease known for centuries and
have as main signs the ocular and visual impairments the only visual
function studied in this population is visual acuity. Thus, it is only
possible to affirm the existence of damage in the PC pathway. However,
visual aspects which could give indications of changes involving other
visual pathways such as MC and KC were not properly investigated.

Multiple Sclerosis

Multiple sclerosis (MS) is the most common disabling neurological
disease in young adults and the visual pathway is particularly susceptible
to damage [102,103]. Visual involvement was first described as early
as 1890 by Uhthoff, cited in Volpe [104,105]. In MS, a spectrum of
pathologies exists, ranging from acute optic neuritis, with relatively
sudden loss of vision, to subtle sub-clinical disturbances evident only
with neurophysiologic or psychophysical testing [106,107].

The neurological impairment in multiple sclerosis is highly variable
from only inflammatory markers in blood exams to disseminated
brain lesions [108,109]. The most common ophthalmologic disease
associate is the optical neuritis [110,111], but retrobulbar neuritis
[112], optical atrophy [113,114] and oculomotor manisfestations like
strabismus [115,116], pendular nystagmus [117,118] and internuclear
ophthalmoplegia [103] have also been related to the MS.

Peripheral constriction in visual fields is a common find in MS
patients, frequently related to a cortical atrophy or retrochiasmal
damage in visual pathway [116,119-122]. Additionally, spatial and
temporal resolutions are also affected since the demyelination insult
impairs the brainstem and also subcortical areas [123-127] evidenced
by imaging studies [128].
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Color vision testing in neurophthalmology is traditionally carried
out with Ishihara pseudoisochromatic plates (Ishihara), Farnsworth
D-15 test (D-15), Lanthony D-15 desaturated test (D-15d), and the
Farnsworth-Munsell 100 hue test (FM-100). All of these tests are
effective in detecting congenital color deficiencies, and are useful for
monitoring neurophthalmologic dysfunction. Despite its extensive
use, the Ishihara was not designed for detecting defects along the blue-
yellow axis.

Optic neuritis is frequently present in ophthalmological evaluation
in patients with MS and can affect one or both eyes. Color vision
impairment has been observed in subjects with no history of optic
neuritis and tends to be more impaired than luminance sensitivity
[129-132]. A number of investigators have attempted to determine
if there is a selective effect on red-green or blue-yellow mechanisms
in optic neuritis. Using psychophysical methods, a number of studies
found no preference for loss in a specific chromatic channel [129,130].

Pupil response to a chromatic stimulus has also been used as an
additional tool in evaluating this patients’ group evaluation. Barbur et
al. [133] found abnormal pupil response in optic neuritis with the color
response being more affected than the achromatic reflex, and even
following the recovery of vision, after a optic neuritis attack, the pupil
response remains abnormal.

Our study show statistically significant losses in chromatic
discrimination in MS patients as assessed by the CCT [134]. The
impairmentis present in MS even with no history of optic neuritis [131],
although the ON group had more impairment. Both patient groups
manifested significant losses along the protan and tritan axes, and the
ON group had losses along the deutan axis as well. Such a tendency
would suggest a greater impairment in the PC pathway, consistent with
some results with other optic neuropathies such as Leber’s hereditary
optical neuropathy [135], but not others [136-141].

Mercury Vapor Intoxication

Impairment of visual functions has been studied in patients
exposed to mercury. These studies have been shown partial loss of color
vision in workers exposed to several solvents and to metallic mercury
[142-148].

The effect of mercury in the central nervous system is very aggressive
since mercury is found in all CNS structure including cortex [149,150],
brainstem, cerebellum [151], putamen [152] and retina [148,149,153].

Color vision and contrast sensitivity (CS) impairment were
also found in fish-eating Amazonian populations due to mercury
release from gold-mining activities. The loss of color vision and CS
has been demonstrated in these populations, at methyl mercury
levels of contamination below 50 mg/g of total hair Hg, which is
traditionally considered the threshold for clinical effect [145,154-156].
The measurement of CS in 7-yr old children with prenatal exposure
to methylmercury also showed impairment in their CS [157]. CS
impairment relating exposure to mercury vapor was reported by
Hudnell et al. [158] in an evaluation of children living in polluted areas,
who were exposed to mercury vapor. Psychophysical measurement of
their CS showed impairment in low to middle spatial frequencies.

We have been performing psychophysical measurements of CS
in adults with occupational exposure to mercury vapor. Workers at
fluorescent-lamp manufacturing plants [140,148,159] had a uniform
reduction in the luminance CS function from low to high spatial
frequencies measured psychophysically. Measurements using sweep

visual evoked potential (sVEP) showed a reduction in luminance CS
in low to middle spatial frequencies [160]. Psychophysical chromatic
red-green and blue-yellow CS were also tested and showed a reduction
for low and middle spatial frequencies. Dentists exposed to mercury
vapor due to the use of dental amalgam in restorative work showed a
diffuse impairment (comprising low to high spatial frequencies) in CS
measured psychophysically for luminance and for chromatic stimuli
[161]. Those results also confirm psychophysical finding from other
authors measuring the CS in methylmercury intoxicated patients
[145,156,162].

The preliminary results measured in 14 patients, and those of the
current study, are the only sVEP evidence of mercury vapor effects on
CS of which we are aware [159]. In a following paper, we evaluated 41
patients [160]. Our results confirm and extend those of the preliminary
study showing reduction of luminance spatial CS at middle and low
spatial frequencies. CS in patients was reduced primarily at low and
middle spatial frequencies, but also at high spatial frequencies in severe
cases [145,154-156]. Other studies of visual function in mercury vapor
intoxication have focused in color vision aspects [142-144,148,163].

Our electrophysiological results showing impairment in CS
constitutes indication of damage in the visual neural pathways by the
mercury vapor exposure. The presence of asymmetry in almost all
patients strongly suggests a retinal effect of the mercury rather than a
cortical effect since both sides of the visual cortex receives information
coming from the both eyes. Our data are in line with our previous
electroretinogram results showing impairment in retina function of
these patients in full field and multifocal ERG measurements [148].
They also agree with morphological and image studies showing the
mercury deposits in primates in retina [164,165] and in the human
visual cortex [152,166-168].

Traumatic Cranial Injury

Impairment of visual functions is a common found in patients
with traumatic brain injury (TBI). The ocular alterations includes since
eye surface alterations like the dry eye disease [169] as eye movement
impairment saccade or pursuit dysfunction, the third, fourth, or sixth
cranial nerve palsy, visual field deficit, visual spatial inattention/neglect,
vestibular dysfunction and nystagmus [170,171].

Visual functions are poorly investigated in head injuries. The
main functions are visual acuity and visual perimetry [172-174]. In
general, visual acuity function is well preserved or normal or close-
to-normal, in traumatic brain injuries [175] even in cases of bilateral
hemianopia outcome [176]. However, the complexity and the high
variability of brain lesions that can lead to visual impairment become
more interesting functional studies. Unfortunately, few studies analyze
other visual functions such as contrast sensitivity, color vision, depth
perception and movement [177,178]. Only one study evaluated the
distance perception of mild TBI subjects. The authors found a slightly
reduction for stereoacuity in those subjects compared to normal [179].
Most studies limited to findings of gross ocular motility, pupillary
reflexes and anatomical changes of eyeballs. Some studies report
impairment in vergencial movements [170,180], some related to
abnormal accommodation [181,182].

The oculomotor performance during reading has been reported
impaired in TBI subjects [183,184]. In addition, the Critical Flickering
Fusion has been found reduced in subjects with TBI measured
psychophysically. The authors concluded that the decrease in sensitivity
to flickering stimuli was related to the visual pathway damage [182].
Those stereoacuity, eye movement during reading and the reduction
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in the critical flickering fusion findings strongly suggest MC pathway
impairment since the binocular spatial integration oculomotor system
and the temporal processing are processed by their cells.

VEP are rarely used and even when they are, its validity is restricted
by the fact that their analysis only be related to the physiological activity
of the primary visual pathway [185]. Visual functions such as visual
acuity, contrast sensitivity and motion perception are measures of
functional and visual activity could certainly tell us much more about
the functional status of the vision and not just an indication of the
physiology of the primary visual pathway, as some studies have been
suggesting [186].

When we think about the underlining processes of visual
rehabilitation, we found that the procedures are aligned with the visual
measurements in the assessment and therefore only found visual
rehabilitation activities in order to improve visual acuity and visual
field [187-195]. Still, there are few studies that diagnose or measures
that apply to periodic visual tracking rehabilitation treatments in
patients with brain trauma.

Future Perspectives

Visual changes in head injuries are frequent events but still
treated somewhat important, is in the process of understanding their
pathophysiological changes, either as a subsidy for the subsequent
visual rehabilitation. The multiple aspects of visual impairment as
spatial and temporal visual functions, reducing the visual abilities
and the oculomotor alterations damaging eye movements impairing
eye-gaze and reading are evidences for alert us to think in visual
impairment, even in mild TBI.

Certainly, future studies should consider increasing the possibility
of expanding to more complete understanding of the visual changes in
these health conditions. Knowing how they are all visual dimensions
allowed the development and planning approaches safer diagnostic
and therapeutic rehabilitation.

The first step should be towards understanding the changes that
occur in diseases and their impact on vision. For example, we show that
there is a very high correlation between the severity of motor and visual
impairment in cerebral palsy [27,28,75,196]. In cerebral palsy children,
contrast sensitivity function for both spatial and temporal aspects are
not studied as related functions of depth perception, motion perception
and color vision. Our data also point to important maturational
changes of the nervous system in infants with bronchopulmonary
dysplasia, since they exhibit a delay in the appearance and quality of
executable rights of eye movements compared with normal babies
(Pereira & Costa, in press). Duchenne Muscle Dystrophy children
had more evident impairments in their PC and a weaker in MC visual
pathways but a normal KC pathway [77,78,87]. It is important to stress
here that our studies contribute to understand the physiological and
behavioral effects of different location sites of the lesions. In children
with Duchenne had a visual impairment that starts at retina level,
differing from cerebral palsied children and multiple sclerosis patients
in which the damage is more located in higher levels of the visual
pathways.

It is of paramount importance to know the fact that children with
hydrocephalus had changes in their visual acuity. However, the most
impressive is related to complications. Whenever a child needs new
surgery to maintain its drain valve, their visual functions suffer a loss
of quantity and quality. Two important consequences of this can be
directly derived from our result. The first is the fact that multiple

surgeries and interventions lead to loss of primary brain functions,
such as the ability to separate visual elements in space. Hence we can
assume that possibly, even more severe impacts may be occurring in
higher-order cortical functions since these are direct dependents of
low-level information processing.

Memory, attention, language, visuospatial functions, all certainly
will have some degree of impairment in when most basic functions are
impaired [197-204]. Although there are processing in parallel, in those
cases, the hierarchical processing is much stronger and influencer.
The second point concerns the very fact that the visual system can
be used as a direct indicator of the patient’s neurological status. Eye
movements are related to functions such as attention, learning and
search; pupil changes are present in judgment, reasoning and decision-
making; flashing the amount is dependent on the attentional status and
conducting high level cognitive tasks such as solution problems and
making decisions. In this direction, we have been found alterations
in neuropsychological tests for visual memory, visuospatial attention
related with performances and scores in visual function tests in
mercury vapor occupationally intoxicated patients [205,206].

The knowledge of different visual functions can help us understand
what levels of change more dependent on sensory inputs, whereas
changes in oculomotor function can give us more evidence of cognitive
functioning. Anyway, the visual functions are highly valuable for
understanding the functional impact on neurological and certainly
will ensure therapeutic rehabilitation processes more effective and
scientifically sound. However, translational researches in those fields
are rare and we have a lot of ground to walk on knowledge of brain
phenomena in normal and disease.
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