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AIM To evaluate the effectiveness of early visual training and environmental adaptation on
visual function and neurological development in infants with visual impairment.

METHOD This was a pilot intervention clinical trial study. Thirty infants (mean age 5.9mo, SD
2.1mo, range 4-11mo; 16 males, 14 females) with peripheral visual impairment (PVI, n=15) or

cerebral visual impairment (CVI, n=15) participated in a 6-month visual intervention

ABBREVIATIONS

CvI Cerebral visual impairment

GMDS Griffiths Mental Developmental
Scales

PVI Peripheral visual impairment

programme. Thirty matched infants (mean age 6mo, SD 1.4mo, range 4-9mo; 18 males, 12
females) served as a comparison group. Primary outcome measures were visual acuity,
contrast sensitivity, and qualitative ocular motor functions. Secondary outcomes were scores
on the Griffiths Mental Developmental Scales (GMDS).

RESULTS The treatment group showed a significant improvement in all the primary outcomes
(p<0.01). The comparison group improved only in visual acuity and contrast sensitivity

(p<0.01). The treatment group showed greater improvement than the comparison group in
visual fixation (p=0.033) and smooth pursuit (p<0.01). The CVI subgroup showed greater
improvement in visual acuity than the PVI subgroup (p<0.01). GMDS subscales of hand-eye
coordination (p=0.01) and performance (p<0.01) increased in the treatment group, while the
total score of the comparison group decreased, driven by language (p=0.039) and hand-eye
coordination (p=0.025) subscales.

INTERPRETATION Results suggest that, in infants with visual impairment, visual function and
certain developmental outcomes improve in response to early visual training and
environmental adaptation, in an interactive context.

According to the World Health Organization, an estimated
19 million infants are visually impaired worldwide, of
whom 1.4 million are considered blind." Visual impairment
is defined as an ‘impairment of visual capacity (in terms of
visual responses to light and structured stimuli) caused by
congenital or acquired pathologies of the eye and/or opti-
cal pathways involving the cerebral visual cortex.” The dis-
orders of the visual system can be divided into two main
groups: peripheral visual impairment (PVI) or cerebral
visual impairment (CVI). The first group includes all pre-
geniculate ophthalmological disorders of the ocular globe,
retina, and from the anterior optic nerve to the optic chi-
asm.” Most congenital PVIs are caused by genetic defects,
such as hereditary retinal dystrophies.”® Other general
common causes include cataracts and retinopathy of pre-
maturity.>® The second group involves damage or mal-
function of post-geniculate visual pathways, including the
optic radiations, occipital cortex, and visual associative
areas.*® The combination of increasing survival rates of

infants with brain injuries and greater success in managing
eye-related disorders has contributed to the fact that CVI
is the most frequent taxonomic category of congenital
visual impairment in infants in industrialized countries.”
CVI is caused by brain injury arising, for example, from
birth hypoxia/ischemia, head injury/trauma, infection (e.g.
encephalitis, meningitis), seizure disorder, genetic disorder,
and metabolic disorder.®’

Vision plays a central role in infant development,'®!!
and early and severe visual impairment may affect the
behaviour and development of motor skills,'*"* cognitive
functions,'* social-communicative abilities, and formation
of social relationships.'” Vision can also be considered as
‘a window to the brain’'® since numerous cerebral areas
and pathways participate in the processing of visual infor-
mation and many neurological developmental disorders are
often associated with visual impairments. Studies involving
infants and young children with PVI have investigated the
effects of visual impairment on early developmental

1180 DOI: 10.1111/dmcn.14865 © 2021 The Authors. Developmental Medicine & Child Neurology published by John Wiley & Sons Ltd on behalf of Mac Keith Press
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.


mailto:
http://creativecommons.org/licenses/by-nc-nd/4.0/

outcomes, with the greatest delays observed in infants with
profound blindness.”®'*1*17:18 “Specifically, infants with
profound visual impairment (i.e. no form vision or light
perception) seem to be vulnerable to developmental delays
and cognitive deficits/regression in the early years of life,
whereas infants with severe visual impairment (i.e. within
the low vision range) do not seem to be as severely
affected.”'* The presence of (albeit limited) form vision in
the first months of life seems to exert a protective effect on
early neurological developmental functions.'* The develop-
ment of the immature visual system is particularly respon-
sive to an enriched surrounding environment at very early
stages,w and vision training in a social context may modu-
late early neuroplastic changes involving local and global
functional connectivity networks.*’

Infants with congenital visual deficits are thus recognized
as being a highly vulnerable clinical population,2 which
leads to two important questions. First, what is the vulner-
ability of the developing visual system itself (and in the
context of both PVI- and CVI-related impairment)? Sec-
ond, what is the potential benefit of vision training to
improve vision and minimize vision disability and its
potential disabling associations?

Evaluating visual function is important for establishing a
child’s level of vision and creating a baseline assessment,
and for measuring progress in response to a visual train-
ing/early intervention programme.’

In typically developing infants and young children,
vision seems to develop rapidly during the first 6
months of life followed by slower, continuous develop-
ment during preschool age.'®?? In children affected by
congenital visual impairment, the possibility and the
speed of visual development can be disrupted, depend-
ing on the type of visual impairment. Compared with
PVI, CVI may be associated with a greater generalized
vulnerability implicating numerous key pathways sup-
porting the developing visual system.”*** Advanced neu-
roimaging studies in CVI have documented that the
development of key white matter tracts implicated in
visual processing seems to be markedly reduced in par-
ticipants with CVI compared with both PVI and sighted
comparison individuals.”> While sensory experience and
environmental enrichment are known to be important
for development,'® we also do not know their impact
with respect to the type of congenital visual impairment
(i.e. PVI compared with CVI).

Visual function needs to be promoted as early as possi-
ble, given that neuroplasticity is considered maximal within
the first 2 years of age.”® Farly exposure to a rich visual
environment along with multisensorial objects combined
with social interactions that encourage natural explorative
behaviours have been shown to improve not only visual
functions but also cognitive skills, physical activity, and
social interaction.?” Environmental enrichment, which pro-
motes early sensory function and experiences, profoundly
affects the central nervous system at functional, anatomical,
and molecular levels.”® In the early stages of brain

What this paper adds

® Farly visual training and environmental adaptation are associated with
enhanced visual acuity and smooth pursuit.

® FEarly visual training and environmental adaptation are associated with an
improvement of neurological developmental outcome.

* Performance, hand—eye coordination, and language scores in Griffiths Men-
tal Developmental Scales increase after visual training.

e After training, visual acuity improves more in infants with cerebral rather
than anterior visual impairment.

® Type and complexity of visual impairment contribute to determine infants’
response to training.

development, environmental enrichment has been shown
to trigger a marked acceleration in the maturation of the
visual system, with maternal behaviour acting as a funda-
mental mediator. Although these factors have acquired
experimental support (particularly from animal studies),
there is a lack of robust practical clinical application; more-
over, clinical studies demonstrating the effectiveness of
early visual intervention programmes remain inconclu-
sive.?’

In the 1960s, Natalie Barraga®® promoted the concept
of vision rehabilitation, which eventually became common
practice in early intervention programmes and teaching
for infants with visual impairments. These rehabilitation
programmes replaced the prevailing ‘sight saving’ view, as
it became apparent that vision would not be further
impaired through continued use.’' Vervloed et al.*?
defined visual rehabilitation as interventions aimed at
improving and recovering visual function, and emphasized
the distinctions between interventions of vision stimula-
tion and visual training. The former aimed at improving
vision by enhancing and changing anatomy and physiol-
ogy, while the latter was concerned with stimulating the
development of children with visual impairments by
means of visual materials, with the goal of improving
visual function and behaviour. According to Vervloed
et al.,*? vision stimulation is characterized by the exposure
to strong visual stimuli such as flashing lights and
brightly coloured materials, without a direct link to the
behaviour of the infant and to the timing and intensity of
the stimulation (‘non-contingent stimuli’). It is most often
applied to children who show minimal responses to nor-
mal visual impressions. In contrast, visual training teaches
infants to make functional use of their sense of sight
through physical, tactile, or verbal guidance to improve
skills by changing visual behaviour.’? Visual training that
is behaviourally relevant and adapted to the infant’s needs
should improve visual functions including acuity®® and
contrast sensitivity,’* attention, and spontaneous visual
curiosity.3 36 However, little is known about the type,
duration, and age of visual training,33 which still remains
only weakly recommended according to a recent meta-
analysis.** As Elsman et al.”’ have suggested, the lack of
high-quality, well-designed, and adequately reported
research limits the conclusions that can be drawn about
these interventions. Furthermore,
is still no consensus about the most suitable
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methods or instruments required to measure the out-
comes of these interventions.

Taking these issues into consideration, we performed a
pilot intervention study of a visual training programme (last-
ing 6mo) within an interactive and social context, and in an
intensive and family-oriented manner. We incorporated key
features of clinical trial study design, allowing the assessment
of the effectiveness of early visual training combined with
environmental adaptations in infants with PVI or CVI, with
a primary focus on the development of visual functions and
secondarily on general development. Our initial hypothesis
was that early, intensive, and family-oriented visual training
in a social context would improve visual and neurological
developmental outcomes compared with a group not partici-
pating in the structured treatment programme. Second, we
hypothesized that infants would respond differently to treat-
ment on the basis of the cause (i.e. PVI compared with CVI)
and the degree of visual impairment.

METHOD

Study design

We conducted a pilot intervention clinical trial following a
prospective two-group, parallel, single-blinded assessment
design to evaluate the effectiveness of an early visual train-
ing programme combined with environmental adaptations
on visual function and neurological development in infants
with congenital visual impairment: PVI and CVI (Fig. SI,
online supporting information). The study was conducted
in accordance with the ethical guidelines established by the
Declaration of Helsinki, and was approved by the Ethics
Committee of Brescia. Written informed consent was
obtained from all participants and/or their parents before
data collection.

Participants

A convenience sample was identified on the basis of infants
with visual impairment, and sourced from the entre
national territory who were subsequently referred to our
Neuro-ophthalmological Tertiary Centre, Child Neurol-
ogy and Psychiatry Unit, ASST Spedali Civili of Brescia,
from May 2014 to May 2016.

The eligibility criteria for participation were as follows.
(1) A diagnosis of PVI or CVI. The diagnosis was made by
a multidisciplinary team comprising a child neuropsychia-
trist, ophthalmologist, orthoptist, and child therapist spe-
cializing in visual function and neurological development.
(2) Age at first assessment of less than 12 months corrected
for gestational age. Excluded from participation were
infants living with parents who did not have a sufficient
level of understanding of the Italian language to follow
instructions related to the study.

During the period of convenience sampling, 213 infants
(97 with PVI, 116 with CVI) were found to meet inclusion
criteria for the study. The families of 30 infants were
excluded because they did not meet the criterion of suffi-
cient proficiency in the Italian language. Eight eligible
families chose not to participate in either the treatment or
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comparison groups for personal reasons. Among the 175
eligible families, 30 children with PVI and CVI were then
recruited to participate in the treatment group. These fam-
ilies attended the training programme in its entirety and
no data were lost because of attrition. Among the remain-
ing 145 families, we selected 30 infants to serve as the
comparison group by sequential matching to infants in the
treatment group (1:1 ratio) on the basis of the PVI and
CVI subgroups, diagnosis, gestational age (6mo), chrono-
logical age (+6mo), and sex. If more than one individual in
the comparison group matched a single treated participant,
the individual was selected on the basis of random sam-
pling. For two female participants, we were unable to find
a sex-matched control. All the infants in the treatment
group were represented equally with visual impairments
due to PVI (e.g. Leber congenital amaurosis and ocular
albinism) or CVI (e.g. preterm birth associated with intra-
ventricular haemorrhage or periventricular leukomalacia)
and participated in an early visual training programme for
6 months and with monthly follow-ups (see below for fur-
ther details). The infants in the comparison group did not
undergo the structured visual training programme and
attended only monthly clinical follow-up. During the same
6-month period, the infants of the comparison group
received other types of routine treatment from their local
healthcare providers such as proper holding, handling, and
motor function, but no specific visual training was given.
The parents in both the treatment and comparison groups
received some general information and advice on activities
for stimulating children, including suggestions on how to
create an adapted environment in a very quiet and distrac-
tion-free room. Parents were aware of which group they
were assigned to as well as differences related to the inter-
vention between the two study arms.

None of the recruited families were offered financial
compensation for participation, and no specific data relat-
ing to socioeconomic status were collected. Two families
in the treatment group and three families in the compar-
ison group self-identified as members of ethnic minorities.
Families who lived close to or further away from the clini-
cal centre were similar in terms of clinical diagnosis and
types of routine treatment.

The demographic and clinical findings for the participat-
ing infants are outlined in Table 1.

Assessments

All infants participated in a detailed collection of medical
history data, neurological examination, visual assessment,
and video-recorded evaluation, as well as developmental
assessment, to obtain a developmental quotient’’>° at
baseline (7}: before starting the visual training programme)
and after 6 months (75: at the end of the visual training
programme). Neurological examination was performed
according to the Amiel-Tison protocol*’ and the neurolog-
ical examination was defined as atypical in the presence of
one or more neurological signs, and typical in the absence
of any neurological signs.



Table 1: Demographic and clinical features of the study sample

CVI comparison sub-

group (n=15)

PVI comparison sub-

group (n=15)

Comparison group

(n=30)

CVI treatment sub-

group (n=15)

PVI treatment sub-

group (n=15)

Treatment group

(n=30)

6.5+1.2 (5-8)

10/5

6.0+1.0 (4-9)

8/7

6.0+1.4 (4-9)
18/12

5.54+1.5 (4-8)

11/4

6.0+2.0 (4-11)

5/10

5.94+2.1 (4-11)
16/14

Mean age+SD (range), mo?®
Male/female distribution

39.3+1.3 (37-41.2) 29+3.4 (24-35.6) 39.1+1.1 (25.4-41) 39.1+1.1 (37.2-41) 29.2+3.7 (25.4-36.6)

39.3+1.3 (24.2-41.2)

Mean gestational age+SD (range), wks

Mean birthweight+SD (range), g

Apgar score >8, n

14831165 (587-2690)

3217+£448 (2410-4210)

15

2581+£914 (587-4210)

19

13524524 (520-2400)

31944333 (2720-3730)

15

2377+£1074 (520-3730)

Neurological examination, n
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Leber congenital amaurosis

Albinism

Ocular malformation

Preterm birth, n

With IVH

With PVL

With negative neuroimaging

2Corrected age according to expected birth date for infants born <37wks. PVI, peripheral visual impairment; CVI, cerebral visual impairment; IVH, intraventricular haemorrhage; PVL, periven-

tricular leukomalacia.

Visual assessment included ophthalmological evaluation
(i.e. cycloplegic refraction, anterior segment, and ocular
fundus examination), basic visual function (i.e. visual acuity
and contrast sensitivity), and ocular motor functions (i.e.
fixation, smooth pursuit, and reactive saccades). Visual field
assessment was not performed because of the technical dif-
ficulty of formally evaluating this function in infants. With
regard to ocular motor functions, fixation was defined as
present (score 1: stable for more than 3s), mildly impaired
(score 2: unstable for less than 3s), or severely impaired
(score 3: i.e. not elicited). Smooth pursuit was defined as
present (score 1: continuous), mildly impaired (score 2: dis-
continuous), or severely impaired (score 3: difficult to eli-
cit). Reactive saccadic eye movements were defined as
present (score 1: both latency and amplitude of saccade
were normal), normometric with increased latency (score
2: amplitude was normal), dysmetric but with normal
latency (score 3: altered amplitude as multiple saccades
were necessary to reach the target), dysmetric with
increased latency (score 4: amplitude was altered and
increased latency owing to impaired suppression of fixation
and generating saccades), or absent (score 5).>3% Visual
acuity was evaluated under full refractive correction using
Teller Acuity Cards*' and expressed in cycles per degree.
Teller Acuity Cards were used as they provide a quantita-
tive measure of grating acuity based on preferential look-
ing, and thus do not require a verbal response. Contrast
sensitivity was evaluated using the Hiding Heidi Low Con-
trast Face Test by Lea Test Ltd.* To assess developmen-
tal skills, the Griffiths Mental Developmental Scales®®
(GMDS) were used. The developmental quotient for the
total scores and the standard index (motor, language, per-
sonal-social, hand-eye coordination, and performance sub-
scales) were all measured with ranges defined as follows:
typical, >85; borderline, between 75 and 85; deficient, <70.
We modified the GMDS according to previous studies and
incorporated necessary accommodations for each item.*
Accommodations were made in administration conditions
and success criteria (response rate and time). This was
done mainly for items that required hand-eye coordina-
tion. Accommodations included the enhancement of outli-
nes, isolation of a visual stimulus, and contrast
enhancement (such as the use of visual targets with a more
vivid colour). The accommodations in administration con-
ditions also included better lighting in the work area. Tac-
tile exploration of the material before performing the task
was permitted. A trained expert child neuropsychiatrist
performed the neurological assessment, supported by a
child therapist who conducted the video recording. An
ophthalmologist performed the ophthalmology evaluation.
A trained neuropsychologist, who was blind to the group
assignment, assessed the developmental quotient.

Training procedure

The visual training programme implemented in this study
was characterized as early (applied when participants were
aged between 4 and 12mo corrected age), intensive (at least
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three 45-min sessions per week for 6mo), and family-ori-
ented (parents were present during the training sessions
and engaged in the rehabilitation programme). See
Appendix S1 (online supporting information) for additional
details about training procedures.

Outcome measurements

Outcomes were assessed at two time points: baseline (7})
and 6 months (7}). The primary clinical outcome was the
visual function profile (including visual acuity, contrast
sensitivity, visual fixation, smooth pursuit, and reactive sac-
cades). In both the treatment and comparison groups, par-
ticipants were stratified according to the type of visual
deficit (i.e. PVI or CVI). Secondary clinical outcomes were
measures of neurological development profile as assessed
by the GMDS, and included developmental quotient,
motor, language, personal-social, hand—eye coordination,
and performance subscales.

Statistical analysis

Data trends were described using means, standard devia-
tion, and range for quantitative variables, and counts for
categorical variables. All quantitative outcomes were anal-
ysed as continuous variables assuming normal parametric
distribution (verified using residual plots). A generalized
estimation equation approach was used to estimate robust
standard errors accounting for repeated measures. As all
outcomes (excluding visual acuity) were censored (i.e. val-
ues under a certain threshold were set to a fixed value),
data were analysed using censored regression models.
Results are reported as estimated mean values and with
95% confidence intervals. Categorical outcomes (visual fix-
ation, smooth pursuit, and reactive saccades) were treated
as ordinal variables and modelled using Cumulative Link
Mixed Models with logit link. All analyses were performed
using R statistical package (version 3.5.1; R Foundation for
Statistical Computing, Vienna, Austria) and the statistical
significance threshold was set at 5%.

RESULTS

Demographic data, clinical features, causes of visual
impairment, and ocular/ocular motor findings are shown in
Tables 1 and S1 (online supporting information). The
treatment and comparison groups were very similar in
terms of baseline characteristics. This included no statisti-
cally significant differences between the groups in baseline
visual acuity (p=0.64), contrast sensitivity (p=0.55), visual
fixadon (p=0.58), smooth pursuit (p=0.26), reactive saccades
(»=0.73), and GMDS profile subscales (motor [p=0.94],
language [p=0.76], personal-social [p=0.39], hand—eye coor-
dination [p=0.65], performance [p=0.59], and developmen-
tal quotient [p=0.92]) (Table 2).

Primary outcomes: visual function profile

After the 6-month treatment period, we observed a signifi-
cant improvement in visual function (i.e. visual acuity and
contrast sensitivity) in both groups (p<0.01; Table 2). With
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regard to ocular motor function, visual fixation, smooth
pursuit, and reactive saccades, all improved significantly in
the treatment group (p<0.01). However, the comparison
group did not show significant improvement in these same
functions (visual fixation p=0.14, smooth pursuit p=0.1,
reactive saccades p=0.4). Interestingly, the comparison
between the two groups over time (interaction effect)
showed that variation from Ty to 77 (i.e. before and after
the treatment period) was significantly different between
the groups for visual fixation scores (—0.86 treatment vs
—0.32 comparison, p=0.033) and for smooth pursuit scores
(—0.71 treatment vs —0.14 comparison, p<0.01).

A stratified analysis according to the type of visual
impairment (PVI and CVI) was also performed (results
summarized in Tables 3 and 4). Visual acuity did not
improve in either subgroup and contrast sensitivity showed
a similar improvement in both treatment and comparison
PVI subgroups (p<0.01). Visual fixation (p=0.01), smooth
pursuit (p<0.01), and reactive saccades (p<0.01) improved
in the PVI treatment subgroup. The PVI comparison sub-
group did not show a significant improvement (visual fixa-
tion p=0.29; smooth pursuit p=0.34; reactive saccades
p=0.24) (Fig. 1). Variation from T}, to 7} was significantly
different between the PVI treatment and comparison sub-
groups for visual fixation (—0.74 treatment vs —0.08 com-
parison, p<0.03) and for smooth pursuit (—1.08 treatment
vs —0.09 comparison, p<0.01). For the CVI subgroup,
visual acuity and contrast sensitivity significantly improved
in both CVI treatment and comparison subgroups (visual
acuity: p<0.01 in both subgroups; contrast sensitivity:
p<0.01 on treatment subgroup; p=0.02 in the comparison
subgroup). With regard to ocular motor functions, only
the CVI treatment subgroup showed significant improve-
ment (visual fixatdon p<0.01; smooth pursuit p<0.01; reac-
tive saccades p=0.02).

Variation from 7T, to 7; was significantly different
between the CVI treatment and comparison subgroups for
visual acuity (3.13 treatment vs 1.19 comparison, p<0.01).
Moreover, the CVI subgroups showed significantly greater
improvement over time in visual acuity compared with the
variation in Ty to 7; in the PVI subgroups (p<0.01).

Secondary outcomes: neurological developmental profile

Assessment of the neurological developmental profile
before and after the training period is summarized in
Tables 2-4. After 6 months, the treatment group showed
increased scores according to the GMDS in developmental
quotient and for all subscales. Hand—eye coordination and
performance subscales reached statistical significance (de-
velopmental quotient: rate of increase 4.08 standard scores,
p=0.13; motor: rate of increase 1.38 standard scores,
p=0.71; personal-social: rate of increase 2.57 standard
scores, p=0.45; language: rate of increase 0.91 standard
scores, p=0.79; hand-eye coordination: rate of increase
7.81 standard scores, p=0.01; performance: rate of increase
9.01 standard scores, p<0.01). In the comparison group,
GMDS scores decreased in developmental quotient and in
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Figure 1: Primary outcomes.
all the subscales, reaching statistical significance in the DISCUSSION

developmental quotient and language subscales (develop-
mental quotient: rate of decrease 10.4 standard scores,
<0.01; motor: rate of decrease 6.63 standard scores, p=0.1;
personal-social: rate of decrease 4.83 standard scores,
p=0.37; language: rate of decrease 17.8 standard scores,
£<0.01; hand-eye coordination: rate of decrease 8.05 stan-
dard scores, p=0.04; and performance: rate of decrease
—8.21 standard scores, p=0.02) (Fig. 2). The comparison of
the two groups over time (interaction effect) showed that
variation from Ty to 7T was significantly different between
treatment and comparison groups for the developmental
quotient (4.08 treatment vs —10.4 controls, p<0.01) and for
language (0.91 treatment vs —17.81 controls, p<0.01),
hand-eye coordination (7.81 treatment vs —8.05 controls,
p<0.01), and performance (9.01 treatment vs —8.21 con-
trols, p<0.01) subscales. Stratified analysis of secondary
outcomes was performed according to the type of visual
impairment (PVI and CVI); the results are presented in
Tables 3 and 4. The PVI treatment subgroup improved in
performance scores (p=0.03). The CVI treatment subgroup
confirmed the results of the total treatment group and
showed a significant improvement in hand-eye coordina-
tion (p=0.03) and performance (p=0.04) scores. The PVI
and CVI comparison subgroups both showed a statistically
significant decrease in all the scores for developmental
quotient (p<0.01), and language (p<0.01) and hand-eye
coordination (p=0.05) subscales in the CVI comparison
subgroup; in language (p=0.04) and performance (p=0.05)
subscales in the PVI comparison subgroup.

1188 Developmental Medicine & Child Neurology 2021, 63: 1180-1193

The results of this pilot intervention study suggest that a
6-month early, intensive, and family-oriented visual train-
ing programme (including environmental adaptations and
the promotion of social interactions) can improve visual
function and specific aspects of neurological development
in infants with visual impairment. Specifically, we found
that the treatment group showed a greater improvement
than the comparison group for visual fixation, smooth pur-
suit, and in specific subscales of the GMDS (performance,
hand-eye coordination, and language). Moreover, the CVI
subgroup showed a significantly greater improvement over
time in visual acuity than the PVI subgroup.

Although the results should still be considered prelimi-
nary, they are promising in supporting the effectiveness of
early visual training in visually impaired children within a
context of social interaction. Our vision training pro-
gramme can be considered as intensive, highly structured,
individualized, and with a high degree of social interaction,
all serving as key features. More specifically, visual stimuli
were delivered to the infant according to their responses.
Their attention was continuously sustained by an adult
through communication in a dynamic socially interactive
context. The adult was also responding to the child’s own
focus of interest, intentions, and desires, and thus was
encouraged to socially interact and play with the child
throughout the session.

Recent reviews have discussed the fact that studies
implementing early visual intervention training pro-
grammes have provided promising, but often inconclusive,
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Figure 2: Secondary outcomes.

results in visually impaired children.?”?*** Several con-
tributing factors need to be considered including the qual-
ity, design, and reporting of results. For example, the
nature of the intervention programme proposed (e.g. visual
stimulation compared with visual training, the timing and
duration of the intervention, and outcome measurements
used) as well as the incorporation of a comparison group,**
blinded assessment,** and method of treatment allocation®
are all design features that need to be clearly described and
considered. In this study, we provide extensive details of
the intervention programme (although it is important to
consider participants were not randomized to treatment),
and we implemented single-blinded assessment of infants
(the neuropsychologist, who assessed the developmental
quotient, was blind to the group assignment) before and
after treatment with a comparison group matched for cor-
rected age, sex, and diagnosis. The incorporation of these
study design features allows a more robust characterization
of the effect of our intervention programme on visual func-
tion and specific aspects of neurological development.

Regarding visual functions, we observed that, after the
6-month period, visual acuity and contrast sensitivity
improved significantly in both the treatment and compar-
ison groups. It has been reported in the literature that both
visual acuity and contrast sensitivity progressively improve
between birth and 48 months of age*’ as a consequence of
postnatal maturation of the visual system and, in particular,
the development of foveal cones and the refinement of the
retinal and cortical architecture.¥’ Grating visual acuity
also improves rapidly in the first 6 months of life in
response to visual experience.*®

Furthermore, we found differences in relation to the
type of visual impairment between the PVI and CVI sub-
groups. In our study, visual acuity showed greater improve-
ment in infants with CVI compared with PVI, in
agreement with previous clinical studies.*®** The CVI
treatment subgroup included infants born preterm and it is
interesting to note that this cohort showed the greatest
improvement after early visual training, especially with
regard to visual acuity. Early exposure to an unnatural
postnatal environment, together with early and unexpected
removal from a protective milieu, are exclusive and pecu-
liar factors of preterm birth that interfere with the typical
development of the visual system in infants born preterm.’°
Retinopathy and CVI (secondary to brain lesions affecting
the central visual pathway) are often associated findings in
infants born preterm. In this context, myelination acts as a
protective factor and may be useful for predicting visual
outcome. Indeed, the immature brain can ‘amplify’ visual
function through neuroplastic changes involving local and
global functional connectivity networks by activating, mod-
ulating, and strengthening residual visual signals.zo The
development of the immature brain, in particular the visual
system, is particularly responsive to a surrounding enriched
environment at very early stages.'”

An early enriched environment, defined as ‘a combina-
tion of complex inanimate objects and social stimulation’,”*
plays an important role in the maturation of visual path-
ways and structures, triggering a sort of ‘reactive plasticity’
(a form of activity-dependent plasticity) after chronic sen-
sory deprivation or brain injury.”® Environmental enrich-
ment is known to have positive effects on the maturation
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of the visual system’” and can induce long-term changes in
visual neural circuits with enduring modifications in brain
structure and visual function.'” In our study, we focused
particularly on ensuring environmental adaptations accord-
ing to the skills of the infants with visual impairment. For
example, we introduced brightly coloured and/or multi-
sensorial toys that were easy to reach and handle and
engaged parents/caregivers in social interaction and in
accordance with the principle of the usefulness of the
enriched environment.”” We also found that, after visual
training, the CVI subgroup showed a greater improvement
in visual acuity compared with the PVI subgroup. It is
important to note that at the start of the study, most of
the infants in the PVI subgroup presented with a visual
acuity lower than 1 cycle per degree (owing to damage to
the ocular globe, retina, and/or the optic nerve). Thus,
severely reduced visual acuity in the PVI subgroup at base-
line may be a factor that contributed to less of an improve-
ment after the training programme. Future studies should
match all groups on the basis of entering visual acuities to
investigate and clarify the potential effect of this factor
with respect to response to treatment.

Ocular motor functions characterized by visual fixation,
smooth pursuit, and reactive saccades also significantly
improved in the treatment group. These functions are con-
sidered to be extremely immature at birth, but improve
with age.”” Fixation seems more stable from 4 to 15 years
of age, when the duration of fixation increases and the
number of intruding saccades decreases.”> Smooth pursuit,
even if it undergoes significant improvement during the
first year of life,”® seems more accurate during childhood
and adolescence (the speed of slow eye movements gets
close to that of the moving target because of an increase in
ability to predict the movement of the target). It has also
been found that saccade accuracy seems to reach adult-
level performance by 8 years of age, and saccade latency
stabilizes at approximately 14 to 15 years of age.”” These
age-related changes in eye movement control are probably
related to maturation in brain anatomy and function owing
to the integration of long-range brain circuits encompass-
ing cortical, subcortical, and cerebellar structures and to
the increase in speed of information processing supported
by synaptic pruning and myelination.”? Indeed, several
neural structures and pathways have been implicated in the
generation of ocular motor functions including frontal eye
fields, superior colliculus, basal ganglia, thalamus, and
cerebellum.*

Beyond the timing of natural development of the ocular
motor system, our visual training programme seems to
have a positive effect on developmental trajectories of fixa-
tion, smooth pursuit, and reactive saccades. In our study,
the treatment group showed a better rate of improvement,
expressed as a greater number of infants whose visual fixa-
tion, smooth pursuit, and reactive saccades more frequently
shifted from severe to mild impairment or even typical
functioning. As previous literature suggests, visual experi-
ence as well as sensory-motor learning can improve ocular
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motor functions and, in particular, reactive saccades (sac-
cadic adaptation) in infants within the first year of develop-
ment.”**> Adaptation ability thus seems to be influenced
by training and experience within this period, given that
the basic neural circuitry involved in reactive saccadic
adaptation already exists in infancy, while the brain contin-
ues to undergo structural changes in grey matter and white
matter throughout childhood and adolescence.’

The improvement of visual skills and, in particular, ocu-
lar motor functions could have a significant impact on
object handling because visual feedback is essential for the
control of goal-directed arm movements’® and is a prereq-
uisite for the attentive capacity to predict where and when
an object is moving. In our study, it seems that the visual
training programme improved not only visual functions
but also specific aspects of neurological development.’”
Visual training had a positive effect on specific subscales as
assessed by the GMDS. Specifically, developmental quo-
tient, hand-eye coordination, and performance subscales
significantly improved after 6 months of training in the
treatment group, while all the subscales worsened in the
comparison group.

The benefit of the visual training for specific neurologi-
cal developmental functions could be explained by the
strong relationship between vision and infant neurological
development’ and between early intervention and the
development of mental skills.”® On the other hand, the
comparison group’s decreasing GMDS scores might be
related to the fact that visual impairment, as has long been
recognized, is disruptive to early neurological development,
with delays being observed in neuromotor, cognitive, lan-
guage, and social domains.'* With particular regard to lan-
guage scores (which increased slightly in the treatment
group and were significantly decreased in the comparison
group), vision is implicated in general language develop-
ment, as visually driven joint attention experiences in early
childhood provide a framework for language learning.
From the first months of life, infants use visual behaviours
such as eye contact, gaze following, and joint attention to
establish and sustain communication, and to learn about
the behaviours and intentions of others especially during
the pre-linguistic stage. During the training sessions, care-
givers in the treatment group may have learned to interpret
and respond sensitively to their infants’ signals, thus indi-
rectly promoting their infants’ communication strategies.
On the other hand, the lack of direct suggestions and
structured activities aimed at supporting social interaction
in the families belonging to the comparison group proba-
bly led to poorer joint attention engagement and, thus, a
lack of opportunities for enhanced communication.”®¢!

The type of visual impairment seems to be insignificant
in determining neurological developmental function after
visual training. We found that, in the treated group,
infants with PVI and CVI showed the same level of devel-
opmental quotient at baseline, infants in both groups
improved their developmental quotient significantly
according to the performance subscale, and those in the



CVI subgroup improved in hand-eye coordination. An
early, intensive, and personalized intervention has the
potential of maximum effect in the promotion of specific
aspects of neurological developmental functions’®®? and
can encourage compensatory neuroplastic reorganization
both in infants with PVI**** and those with CVL%* This
seems to be possible despite the view that the brain devel-
ops and adapts differently in the context of damage to
visual cerebral structures compared with damage to the
eye,” and the fact that widespread neuronal damage (often
found in children with CVI) could be very detrimental to a
child’s development and learning.®> Our study emphasizes
the potential role of early intervention for modulating the
specific aspects of neurological developmental trajectory of
infants with visual impairment exposed to a carefully
designed and structured early visual training programme.
These findings also provide a more optimistic perspective
about the potential of improved visual function and devel-
opmental outcomes, particularly in infants with CVI, as
well as the importance of early diagnosis and intervention
within the setting of early-onset neurological injury.

Regarding potential limitations associated with this
study, we need to consider the heterogeneous nature of the
visual impairments of the participants. Despite the fact that
groups were closely matched with respect to several devel-
opmental variables, including disease aetiology as well as
other potential variables of interest such as age and sex
(however, see the comment above about visual acuity), it is
important to realize that all these factors could also be
potential covariates. The heterogeneity of visual impair-
ment aetiology is particularly evident in infants belonging
to the PVI subgroup, consisting mainly of infants affected
by Leber congenital amaurosis and ocular albinism. These
eye disorders are characterized by different visual out-
comes. Specifically, children with Leber congenital amau-
rosis (and other retinal disorders) show relatively slow
progression and most remain with severe visual impairment
as they grow older, regardless of their level of cognitive
ability. In contrast, ocular albinism has very slow visual
development in the first months of life but then rapid pro-
gression, and by 1 to 2 years many children will have mod-
erate visual impairment.

Another limitation is related to the methodology of our
evaluations. For example, ocular motor outcomes lacked
quantitative accuracy. To quantify ocular motor functions,
researchers typically use invasive and uncomfortable tech-
niques such as scleral search coils and electro-oculography,
or less intrusive eye tracking technology. Therefore, the
level of compliance to task instructions, the presence of
glasses or contact lenses, and eye physiology are all rele-
vant factors for collecting high-quality eye tracking data.
For these reasons, these instruments could not be easily
applied in this study, and, furthermore, are not typically
used in clinical practice for infants with visual impairment
aged less than 12 months.%® Furthermore, the use of Teller
Acuity Cards for measuring visual acuity in infants and
young children with visual impairment may have led to an

evaluation bias since about half of the children with sev-
ere—profound visual impairment had an acuity below the
largest stripes used, and thus were unable to see the grat-
ings target. Finally, it is important to note that while the
GMDS was used to evaluate the developmental quotient, it
is not validated for assessing development in infants and
young children with visual impairment. Our choice of
using the modified GMDS to assess the developmental
quotient was driven by the necessity to apply the same out-
come measure to all the study participants.

Regarding the training programme, the high frequency
of training sessions (at least three sessions per week) can
be considered time consuming and costly, and thus imprac-
tical for some families. Finally, there remains the issue of
not controlling the activities and environmental adaptations
of the infants in the comparison group. Even though sug-
gestions about activities aimed at promoting general and
visual functions were provided to the families in the com-
parison group as well, it is likely that a similar structured
and intensive procedure was followed as with the treatment
group (e.g. environmental adaptations and infant—parent
interactions). This may also be a source of experimental
variability. Further research should consider alternative
means to verify the effects of visual rehabilitation pro-
grammes such as remote assessment by telerehabilitation
to further enhance the quality of data capture.

In summary, the preliminary results from this pilot
intervention clinical trial suggest that early visual training
(along with environmental adaptations and high social
engagement) can improve vision-related performance and
specific aspects of neurological development outcomes in
infants with visual impairment; both in the case of impair-
ment of anterior pathways (PVI) as well as CVI. While our
study demonstrates the efficacy of this intervention, other
alternative models need to be considered to explain these
observed improvements of visual function in infants with
visual impairment.®*%” Finally, further research is required
to understand whether these improvements in visual func-
tion and neurological development after visual training can
be sustained over a longer period. Further evidence about
the clinical effectiveness of these visual training interven-
tions is thus needed.?”**-**
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ENTRENAMIENTO VISUAL TEMPRANO Y ADAPTACION AMBIENTAL PARA BEBES CON DISCAPACIDAD VISUAL
OBJETIVO

Evaluar la efectividad del entrenamiento visual temprano y la adaptacién ambiental en la funcion visual y el desarrollo neuroldgico
en bebés con discapacidad visual.

METODO

Este fue un estudio piloto de intervencion clinica. Treinta lactantes (edad media 5,9 meses, DE 2,1 meses, rango de 4 a 11 meses;
16 varones, 14 mujeres) con discapacidad visual periférica (PVI, n = 15) o discapacidad visual cerebral (CVI, n = 15) participaron en
un programa de intervencion visual que duro 6 meses. Treinta lactantes emparejados (edad media 6 meses, DE 1,4 meses, rango
4-9 meses; 18 varones, 12 mujeres) sirvieron como grupo de comparacion. Las medidas de resultado primarias fueron la agudeza
visual, la sensibilidad al contraste y las funciones motoras oculares cualitativas. Los resultados secundarios fueron puntuaciones
en las Escalas de desarrollo mental de Griffiths (GMDS).

RESULTADOS

El grupo de tratamiento mostré una mejora significativa en todos los resultados primarios (p <0,01). El grupo de comparacion
mejord solo en agudeza visual y sensibilidad al contraste (p <0.01). El grupo de tratamiento mostré una mayor mejora en la
fijacion visual (p = 0,033) y la bidsqueda suave (p <0,01). El subgrupo CVI mostré una mayor mejora en la agudeza visual que el
subgrupo PVI (p <0,01). Las subescalas del GMDS de coordinacién ojo-mano (p = 0,01) y rendimiento (p <0,01) aumentaron en el
grupo de tratamiento, mientras que la puntuacion total del grupo de comparacion disminuyd, impulsada por el lenguaje (p =
0,039) y la coordinacion ojo-mano (p = 0,025) subescalas.

INTERPRETACION

Los resultados sugieren que, en los bebés con discapacidad visual, la funcion visual y ciertos resultados del desarrollo mejoran en
respuesta al entrenamiento visual temprano y la adaptacién ambiental, y en un contexto interactivo.

TREINAMENTO VISUAL E ADAPTAGAO AMBIENTAL PRECOCES PARA LACTENTES COM DEFICIENCIA VISUAL

OBJETIVO

Avaliar a efetividade do treino e adaptacao ambiental precoces sobre a fungao motora e desenvolvimento neuroldgicos para lac-
tentes com deficiéncia visual.

METODO

Este foi um estudo piloto de intervengao clinica. Trinta lactentes (média de idade 5,9m, DP 2,1m, variagao 4-11m; 16 do sexo mas-
culino, 14 do sexo feminino) com deficiéncia visual periférica (DVP, n=15) ou deficiéncia visual cerebral (DVC, n=15) participaram
de um programa de intervencao visual de 6 meses. Trinta lactentes pareados (média de idade 6m, DP 1,4m, variagao 4-9m; 18 do
sexo masculino, 12 do sexo feminino) serviram como grupo de comparagao. As medidas de desfecho primarias foram a acuidade
visual, a sensibilidade a contrastes, e fungoes 6culo-motoras qualitativas. Desfechos secundarios foram as pontuagoes na Escala
de Desenvolvimento Mental de Griffiths (EDMG).

RESULTADOS

O grupo tratado mostrou melhora significativas em todos os desfechos primarios (p<0,01). O grupo de comparagao melhorou ape-
nas na acuidade visual e sensibilidade a contrastes (p<0,01). O grupo tratado mostrou mais melhora na fixacao visual (p=0,033) e
acompanhamento suave (p<0,01). O subgrupo DVC mostrou mais melhora na acuidade visual do que o grupo DVP (p<0,01). As
subescalas de coordenacao olho-mao (p=0,01) e desempenho (p<0,01)da EGMG aumentaram no grupo tratado, enquanto a pon-
tuacao total do grupo de comparagao diminuiu, guiadas pelas subescalas de linguagem (p=0,039) e coordenacao olho-mao
(p=0,025). ~

INTERPRETACAO

Os resultados sugerem que, em lactentes com deficiéncia visual, a fungao visual e certos resultados desenvolvimentais melhoram
em reposta ao treinamento visual e adaptagoes ambientais precoces, e em um contexto interativo.





