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  General overview


  Chapter 1 - Visual function and neurodevelopment in children: from neuroscience to rehabilitation
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  Summary: It is well known that visual function has a crucial role in the child's development, and in recent years, there has been great interest in the consequences of early brain damage on the visual system. Cerebral visual impairment has become one of the leading causes of childhood visual impairment (VI). This reflects the growing survival rate of children born preterm who are potentially at risk of brain damage, and the improvement in VI diagnostic capacity, even at a very early age, that has allowed us to better identify complex and/or previously unidentified clinical conditions.


  Clinical profiles of VI are widely heterogeneous, according to the different levels of involvement of visual pathways, and due to environmental influences and neuroplasticity that can induce reorganization of maturing visual functions. Despite this heterogeneity and variability, early identification of VI is critical because it can lead to the provision of intervention at a time when the potential to employ the processes of maturation, plasticity, and adaptation of the visual system is maximal. It is clearly crucial that professionals who come into contact with these children are able to recognize these developmental risk signs. A greater understanding of this issue may allow for the development of specific strategies of intervention for children with VI, designed to promote investigation of environmental factors and to encourage alternative channels of communication.

  


  Introduction


  The increasing range of childhood visual disorders, as well as the way their nature has changed over recent decades (particularly in Western countries), along with new knowledge concerning the development, functioning and plasticity of the visual system, has markedly increased the range of diagnoses and potential approaches for rehabilitation available for visual impairment (VI).


  It is well known that visual function has a key role in the child's psychomotor development, contributing significantly to early cognitive, motor, and social skills, due to the capacity of the visual system to coordinate all other perceptual-sensory systems with a central role in sensorimotor adaptation (Fraiberg, 1971).


  Despite our growing knowledge of these issues, there is still much to learn about how visual function and early cognitive, motor, and social development are related to specific aetiologies, such as cerebral visual impairment (CVI), as well as other key variables, such as the amount of vision a child has (visual acuity values) and other additional disabilities (although the amount of vision present can be difficult to demonstrate in children who have multiple disabilities).


  Moreover, every child can present a heterogeneous complex of signs and symptoms related to the area involved (Fazzi et al., 2007), to the type of lesion (Khetpal & Donahue, 2007), and to the timing of insult (Guzzetta et al., 2010; Ortibus et al., 2011).


  It is therefore easy to understand why, in the past 30 years, the visual system has become a specific focus for study, especially from the perspective of early brain damage. The visual system provides one of the most widely used models to investigate mechanisms of both degeneration of the central nervous system (CNS) and its plasticity following early injury. This is because it is easily accessible for experimental procedures and measurement, and because the development of the visual cortex is strongly influenced by visual experience during very early development, when there is heightened developmental plasticity, known as the `critical period' (Berardi et al., 2003; Hooks & Chen, 2007).


  This chapter will explore the effects of VI on the functional and structural organization of the brain, which will provide a useful context in which to consider the development of visually impaired children. First, the role of vision in early development is briefly reviewed. Recent research on the consequences of prematurity on the visual system, and in particular CVI, will be addressed. Second, early identification of VI will be discussed, as the early identification of VI has implications for almost all areas of development. Lastly, the chapter will conclude with implications for practice, including suggestions for intervention.


  Role of vision in early human development


  Many studies have found that, overall, children with VIs, particularly those whose vision is severely affected, attain many developmental milestones at later ages than typically-sighted peers (Pring & Tadic, 2010; Tröster & Brambring, 1992; Chen, 1999; Braid et al., 1997; Jakobson et al., 2006; Rogers & Puchalski, 1984), and that congenital or early-onset VIs may interfere with a series of functions and abilities. These include: organization of sleep-wake patterns, gross and fine motor functions, spatial concepts, cognitive abilities, attention and memory, communication skills, learning processes, behaviour, bonding, social responsiveness, and communication (Fraiberg, 1971; Burlingham, 1975; Warren, 1994; Pérez-Pereira & Conti-Ramsden, 2001; Sonksen & Dale, 2002; Lueck et al., 2008).


  Without vision, which helps organize and integrate incoming information from different senses, initial learning processes, such as those used to understand and move towards objects, can become complex. For example, it has long been known that during early development, self-initiated mobility, posture, and locomotion can be delayed (Fraiberg, 1971; Tröster & Brambring, 1992; Levtzion-Korach et al., 2000; Fazzi et al., 2002) because children with VIs and blindness have difficulties understanding their position within the physical environment, in relation to objects. This can result in a lack of explorative-tactile function, usually strongly reinforced by sight and key milestones in early cognitive and motor development, such as the development of object permanence, and the formation of mental images may be at risk.


  Therefore, children with VIs and blindness are at risk of becoming socially withdrawn (closed or focused), which in turn limits the connection they have between themselves and the outside world (Fazzi et al., 2010). The mother's capacity to provide extra inputs and to predict the child's behaviour is crucial for emotional development of the blind child and an essential element for secure attachment. On the other hand, parents are likely to become overprotective and tend to establish a highly dependent relationship.


  Moreover, developmental setback in children initially thought to be of normal cognitive potential could be a significant clinical problem among children with a more profound VI, often related to disorders of social interaction, communication, and imagination in association with a restricted and repetitive repertoire of activities. Severe VI can prevent early interactive experiences and the ability to connect with others, leading to the development of autistic-like features (Jan et al., 1977; Ek et al., 1998; Hobson & Lee, 1999; Carvill, 2001; Hobson & Lee, 2010; Pring & Tadic, 2010; Hobson, 2011; Brambring & Asbrock, 2010). A whole series of behaviours, corresponding to expressions of considerable social isolation, have been reported in blind children; the presence of stereotyped behaviours are known to occur with great frequency in visually impaired children, in particular with oculo-digital phenomena (Tröster et al., 1994; Fazzi et al., 1999; Molloy & Rowe, 2011).


  It is important to note that it may be hard for sighted parents and clinicians alike to understand the behaviours exhibited by children who have VI, because these behaviours will serve a different function in children with VI, compared to the sighted child (Bigelow, 2003). For example, it is assumed that stereotyped behaviour acts as a modulator to maintain an optimal state of arousal, increasing the level of stimulation or reducing tension (Fazzi et al., 1999).


  In most instances, children with visual loss, rather than a lack of abilities, appear to follow a different developmental sequence. Babies with VI experience the world differently, and this has significant implications for the child and his/her family in terms of education, future autonomy, and personal and social wellbeing throughout life.


  Very often, blind children do not have as many opportunities as children with normal sight to demonstrate a given ability, since visual experience may have a triggering function and may offer additional opportunities for a behaviour to appear. Children with VI may need additional time, adequate circumstances, or additional experience for abilities to develop. The challenge for the future will be to improve our understanding and differentiate between the alternative paths of development in children who are visually impaired. Further studies should turn their attention to investigate the adaptive-compensatory approach in larger samples of visually impaired children, as well as the specific paths of development in these children with additional impairments.


  The impact of visual impairment on child development: insights from the study of preterm infants


  The increasing survival rate of children born preterm has led to an increase in neurological sequelae related to prematurity (Stephens & Vohr, 2009). It has been documented that brain hypoxic-ischaemic injury gives rise to ophthalmologic disorders (e.g. strabismus, refractive errors, and retinopathy), but also to visual problems due to the brain damage. Moreover, CVI, a neurological disorder caused by damage to, or malfunctioning of, the retrogeniculate visual pathways (Good et al., 2001; Afshari et al., 2001), has been recognised as an important part of the visual picture in preterm newborns (Fazzi et al., 2012a). A main reason for the association between early brain damage, particularly in preterm infants, and CVI is the contiguity between the site of periventricular leukomalacia (PVL), the most frequent cerebral lesion due to hypoxic-ischaemic damage in preterms, and the visual pathway structures (e.g. optic radiations of the lateral geniculate body, calcarine cortex, and visual associative area) (Cioni et al., 1997). Moreover, PVL, which could be considered as a paradigmatic example of an anatomo-pathological substrate, involves not only the visual structure but also the contiguous cortico-spinal fibres, justifying the association between visual and motor symptoms (Fazzi et al., 2012b).


  Clinical profiles of CVI are highly heterogeneous, nevertheless, in recent years, many studies have defined the main characteristics of CVI in preterm children (Dutton et al., 2004; Fazzi et al., 2007; Hoyt, 2003; Hood & Atkinson 1990; Jacobson et al., 2006). From a clinical point of view, the signs and symptoms of CVI may correspond to a reduction of visual acuity or/and visual field, alteration of contrast sensitivity, stereopsis (related to damage of the retrogeniculate systems), or disorders of fixation, smooth pursuit, or saccadic movements (related to damage of the oculomotor control system) (Fazzi et al., 2007). Moreover, the clinical spectrum of CVI also includes disorders linked to impairment of the ability to analyse and process visual information, which manifest through a disorder of higher visual abilities (Dutton, 2003), related to malfunctioning of the occipito-temporal system (the ventral stream concerned with visual object recognition) and/or occipito-parietal system (dorsal stream concerned with visual-spatial abilities) (Goodale, 1998).


  These disorders are known as cognitive visual dysfunctions (CVDs) or grouped as `visual-perceptual impairment' (Fazzi et al., 2004; Stiers et al., 2001). They can be associated with the neuro-ophthalmological dysfunctions that are typical of CVI, or alternatively constitute the main clinical signs of CVI in subjects with normal or near-normal visual acuity (`higher-functioning CVI') (Dutton, 2003). In a recent study (Fazzi et al., 2009), Fazzi et al. assessed higher visual abilities in a sample of children who had PVL using an extensive battery and observed widespread impairment of higher visual processing, involving both the ventral and dorsal visual systems. These observations suggest that in preterm children with PVL, CVDs are represented by a neuropsychological picture characterized not only by a visual-spatial dysfunction, but also by a deficit in object recognition. This pattern supports the notion of integration between the two pathways, even though a correlation between visual cognitive profile and structural brain lesions has not been identified. The authors hypothesized that visual cognitive impairments may depend on atypical processing of information in a widespread network of brain areas, which is not necessarily detected by structural brain imaging and linked to the well-known problem of brain disconnectivity, which is the basis of preterm encephalopathy (Fazzi et al., 2009).


  The assessment of these dysfunctions should not be limited to merely ocular, visual, and oculomotor components, but be more extensive and include higher levels of integration among attentional, perceptual, and visual-spatial functions.


  Many children with CVI, identified at very young ages, have additional disabilities (Roman-Lantzy, 2007), since these children are more likely to be detected as a result of screening related to their other neurological impairments. However, many children with CVI have visual perceptual disabilities that can affect performance even when visual acuity, field, and contrast are close to typical levels and are identified later in life when they reach school age. In these children with CVI, lesions occurring during development induce a reorganization of maturing functions secondary to cerebral plasticity (Guzzetta et al., 2010; Ortibus et al., 2011), and children can show some residual vision which often improves over time (Fazzi et al., 2007).


  In this light, it is desirable to have an appropriate timely assessment of visual function during the early days of life in order to enable early detection of those at risk of brain damage and to put in place procedures to allow intervention with positive effects on the processes of maturation, plasticity, and adaptation of the visual system (Spolidoro et al., 2009), as well as global psychomotor development of the child.


  Early identification of visual impairment


  It has become clear that visual function is associated with various aspects, including variable onset and timing of maturation, and that the visual system includes several cortical and subcortical areas, each with a specific role in processing specific aspects of visual information. On the basis of experimental research, from the first studies of Fantz (1964, 1965), the newborn infant is now considered to have a significant level of perceptual competence and it is now possible to evaluate parameters such as visual acuity or contrast sensitivity, just hours after birth (Mercuri et al., 2007; Ricci et al., 2008). These capabilities rapidly become more efficient in the first weeks of life and the importance of visual assessment in the neonatal period has led several authors to seek an objective method to test visual skills in this population.


  Recently, Fazzi and colleagues assessed visual function in term and preterm newborns using an easily administered clinical instrument called `NAVEG (Neonatal Assessment Visual European Grid)', a tool which provides a detailed and complete analysis of visual function through three main sections (ocular, motor and perceptual visual components). Using this approach, it was possible to highlight a profile that was specific to preterm infants, particularly those with brain lesions, which was different to that for term infants. The NAVEG was effective in discriminating between healthy and pathological preterm infants in relationship to neurological/neuroimaging data (Rossi et al., 2013).


  Early detection of impaired visual function might make it possible to optimize early intervention programmes, which could improve infants' visual, neuromotor and cognitive outcome. The development of a method to evaluate visual function in the neonatal period, with particular attention to those at higher risk, is therefore of utmost importance, as it may lead to early diagnosis and implementation of rehabilitation at the time when the child's brain shows the highest degree of plasticity (Guzzetta et al., 2010).


  Monitoring of visual function may allow us to track CNS maturation and its potential adaptive capacities following brain damage. This may help us to identify functionally significant cerebral impairment in very preterm infants, and to gauge plasticity and recovery from perinatal brain damage in early life (Atkinson & Braddick, 2011).


  The assessment of visual function in the neonatal period plays an important role, not only for the purpose of rehabilitation, but also as a means to integrate the neurological examination. As visual processing involves 80 per cent of the CNS (both cortical and subcortical structures, as well as mesencephalon and cerebellum), visual deficits are often associated with neurodevelopmental disabilities, such as cerebral palsy, malformations, and syndromes associated with intellectual disability. In this sense, visual findings may serve as an indicator of neurological status of the subject and, therefore, the finding of a significant VI can be a wake-up call for the possible presence of brain damage, and therefore a neurological disability. Reviewing childhood neurological disease also from a neuro-ophthalmological point of view can lead to a better definition of the semiological aspects of diseases, increased diagnostic precision, and appropriate selection of instruments for intervention and rehabilitation.


  Recently, the clinical spectrum of VI was evaluated in a sample of 129 children with CP (Fazzi et al., 2012b) in order to establish whether different types of CP are associated with different patterns of visual involvement. The study concluded that neuro-ophthalmological disorders are one of the main symptoms in CP, and each type of CP presents a specific neuro-ophthalmological profile. The authors suggest that this specific neuro-ophthalmological profile can provide indications for a tailored early intervention in these subjects.


  Using information gained through the systematic assessment of the child's unique visual and behavioural characteristics, professionals can formulate specific intervention programmes and environmental adaptations to overcome the child's difficulties.


  Strategies for early intervention


  All these considerations account for why there is so much interest in strategies for early intervention for children with VI, based on an ecological model and a multidisciplinary approach involving different professionals.


  The goal of visual rehabilitation is to help the child become conscious of the potential amount of vision, to preserve and improve its use, to facilitate the acquisition of new adaptive functions, and to promote social flexibility in order to minimize the adverse impact of visual disability (Vervloed et al., 2006).


  In view of the important role certain acquisitions play in neuropsychological development, it is crucial that the visually impaired child is able to acquire, through his/her other senses, the knowledge that he/she is not able to acquire through sight. In this approach, the sensory experience plays a central role.


  The integrated sensory approach meaningfully brings together the components of the incoming sensory information, by presenting it in such a way that the child can understand and respond to it. The approaches and instruments used bring touch together with sound and sight (the child responding to different levels of each at the same time). The aim is to ensure optimal attentional coupling of the incoming information so that it has meaning and promotes recognition and understanding of the incoming multisensory data. This approach aims to improve integration capabilities, enhance cognitive skills, and produce motor actions that progressively become more accurate, goal orientated, and meaningful.


  Recent studies have shown that children with low vision and/or blindness may exhibit unique ways to reach key cognitive and motor milestones. Fazzi and colleagues (Fazzi et al., 2002, 2011) have found the `reach and touch on sound' milestone (the ability to reach out for and grasp an object that has been presented exclusively through the medium of sound) to be a critical developmental phase in the child with VI and blindness. The development of `reach on sound' probably relates to a growing awareness of object permanence in the absence of sight, indicating progressive cognitive development, and seems to serve as the organizer of motor experience, appearing to be a hallmark that indicates the child's readiness to achieve locomotion. It can be deduced from these studies that `reach on sound' is a breakthrough skill in children's development, and for children who are visually impaired or blind, this skill immediately serves a role, and a catalyst, for all their subsequent cognitive and motor achievements.


  Other research has found that growth in an `enriched' environment may even influence development of the visual system in animal models (Sale et al., 2004; Cancedda et al., 2004; Scali et al., 2012). These enriched environments seem to have effects on the development and plasticity of the central nervous system, in particular, on the visual pathway, by changing the start and end of the `critical period' for the development of functions, such as, for example, visual acuity. Therefore, change in the environment, to make it more easily perceptible, plays a key role in the activation of brain plasticity (Prusky et al., 2008), especially in the postnatal period when cortical circuits show the greatest sensitivity to sensory stimuli induced by experience (Spolidoro et al., 2009; Hooks & Chen, 2007). These experimental data corroborate the importance of providing the visually impaired child with environmental contexts that are meaningful and enriched, and which are intended to encourage the development of skills that can be used for interaction with the world.


  Conclusions


  In recent years, there has been growing interest in the consequences of early brain damage on the visual system. It has been shown that the developing visual system is a highly plastic structure and the failure to use visual functions leads to degeneration of the structures making up the visual pathways, moreover, an enriched environment plays a fundamental role in activating CNS plasticity. Early detection of signs of risk of VI, carried out through careful monitoring of infants at risk of brain damage, associated with a detailed investigation of visual functions and provision of early intervention strategies, has a positive impact not only on functional vision outcome, but on all adaptive functions. Monitoring the development of visual function since the early days of life may be helpful to follow the maturation of the CNS and its potential re-adjustment after brain damage. The development of a specific method to evaluate visual function, especially in very young and uncooperative children, may lead to early diagnosis and therefore promote tailored programmes of early intervention, in order to help the child become aware of his/her visual potential and implement environmental exploration, that can be exploited to improve overall development.
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