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ABSTRACT

We performed a systematic review and evaluated the level of evidence of vision interventions and assessments
for infants at high risk for or with a diagnosis of cerebral palsy from 0 to 2 years of age. Articles were evaluated
based on the level of methodologic quality, evidence, and clinical utilization. Thirty publications of vision assess-
ments and five of vision interventions met criteria for inclusion. Assessments included standard care neuroimaging,
electrophysiology, and neuro-ophthalmologic examination techniques that are utilized clinically with any prever-
bal or nonverbal pediatric patient. The overall level of evidence of interventions was strong for neuroprotective
interventions such as caffeine and hypothermia but weak for surgery, visual training, or developmental programs.
There are few evidence-based interventions and assessments that address cerebral/cortical visual impairment-
related needs of infants and toddlers at high risk for or with cerebral palsy. Recommendation guidelines include
the use of three types of standard care methodologies and two types of protective interventions.
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Introduction

The wide spectrum of sensory disturbances associated
with cerebral palsy (CP) is attributed to lesions of the de-
veloping fetal or infant brain.1 Early detection of CP is
recommended through repeated neurological assessments,
behavioral observations, and neuroimaging studies, to refer
for evidence-based services and minimize future activity
limitations.2,3 The vision problems of children with CP reflect
the interactions between perinatal brain lesions and the early
environment, with alterations of visual function resulting
from experience-expectant and experience-dependent cor-

tical processes. In children with CP, strabismus, refractive
anomalies, optic atrophy, nystagmus, ptosis, and accommo-
dative dysfunctions are frequent. Neurological vision loss,
also called cerebral/cortical visual impairment (CVI),4,5 can
result from visual neural processing dysfunctions common-
ly co-occurring with CP, rather than any defined ocular
lesion.6

Despite a high incidence of visual impairments in indi-
viduals with CP, few prospective studies have focused on
assessments and rehabilitation specifically targeting infants
with or at high risk for CP under two years of age. Instead,
a large body of clinical literature and retrospective studies
documents the use of ophthalmologic, neuroimaging, and
electrophysiological assessments to characterize vision in
infants at risk for neurodevelopmental disorders. An aggre-
gate and systematic review of these studies can provide
insights on possible effective assessment for infants with CP.
Similarly, systematically reviewing interventions aimed at
improving visual function in this population may comple-
ment other early identification and rehabilitation approaches.
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Therefore, using validated assessment tools, we aimed to
summarize the current literature on vision assessments and
interventions for infants under 24 months at high risk for
or with CP, and only with CVI.

Materials and Methods

This systematic review includes literature about vision assess-
ments and interventions including randomized controlled trials (RCTs)
and other evidence-based studies representing the current level of
evidence.

Search strategy

This review included search of relevant terms in online research da-
tabases. Searches were performed between August and October 2016,
and repeated again in March 2017 to evaluate the literature of vision
interventions for infants aged zero to two years with or at high risk for
CP.

To inform the evidence base supporting the application of early as-
sessments and interventions for infants zero to two of age with or at
high risk for CP, PubMED, Cochrane Library, MEDLINE, SCOPUS (EMBASE),
CINAHL, and gray literature were searched (see Supplemental
Appendix S1).

Inclusion criteria
Peer-reviewed publications of interventions addressing vision as-

sessments and rehabilitation interventions with infants at high risk for
or with a diagnosis of CP were included when any of the study partici-
pants were under two years corrected age. Gray literature, including
dissertations and publications in languages other than English, were
included.

Exclusion criteria
Articles were excluded if they were not peer-reviewed publica-

tions, if they were letters, editorials, notes, caregiver questionnaires, or
qualitative data-only reports.

Types of assessments

The clinical tools designed for the assessment of visual function or
visual anatomy that are utilized with children at high risk for or with a
diagnosis of CP were included. The assessments categories were divided
into electrophysiology, neuroimaging, and behavioral.

Types of interventions

Interventions provided by medical providers, licensed therapists/
professionals, or caregivers/parents trained by therapists/professionals
were included. Vision-specific training interventions as well as inter-
ventions that target visual impairment as secondary outcomes (e.g.,
neuroprotection) were identified and included.

Types of participants

The recommendations contained in this guideline apply to infants
at high risk for CP7 or with a diagnosis of CP, aged zero to two years, as
well as those with CVI.

Data review and quality appraisal

Two independent reviewers performed the searches of all data-
bases and search terms. Article abstracts were compiled and reviewed
to determine applicability to the current review. Selected articles were
retained and reviewed by an additional independent reviewer to confirm
inclusion-exclusion criteria. Included articles were then reviewed in full
text independently by three reviewers.

Assessment publications reporting instruments specifically de-
signed for infants at high risk for or with a diagnosis of CP were evaluated
with a checklist of Consensus-based Standards for the selection of health
Measurement Instruments (COSMIN).8 It is a four-point scale that evalu-
ates psychometric properties, including reliability, validity, responsiveness,
and interpretability of assessment tools.

Intervention publications review followed the guidelines of the In-
ternational Clinical Guideline for Cerebral Palsy search terms and was
performed in accordance with the principles of A Measurement Tool to
Assess Systematic Reviews (AMSTAR),9 the Grading of Recommenda-
tions Assessment, Development and Evaluation (GRADE),10 and the
Cochrane Collaboration’s tool11 for assessing risk of bias in random-
ized trials.

Results

A total of 290 assessments and 282 interventions records
were identified in the initial terms searches. After each search,
duplicates, presentation materials, and qualitative data-
only reports were excluded. Flow diagrams of study selections
in Preferred Reporting Items of Systematic Reviews and Meta-
Analyses (PRISMA) format are presented in Figs 1 and 2.

Assessments

Twenty-nine articles met the inclusion criteria. One report
included information about design of assessments specifi-
cally for infants with CP and therefore met criteria for
evaluation with COSMIN (Table 1). Twenty-eight included
clinical care neuro-ophthalmologic, neurophysiological, and
neuroimaging assessments (Table 2). The age of initial or
follow-up assessments ranged between preterm and 19 years.
Of the 29, 16 were prospective observations, and 13
retrospective.

Study size ranged from n = 11 to n = 164.

Interventions

Of the 282 articles meeting search criteria, six articles met
inclusion criteria (Table 3). These included two vision-
specific interventions studies in infants with CP and four
publications on neuroprotective interventions targeting visual
impairment as secondary outcomes in infants at high risk
for CP. Two studies were systematic reviews (Table 4), two
were RCTs (Table 5), one was an observational, cross-
sectional, prospective study, and one was a case series review.
The studies included infants and toddlers with multiple de-
velopmental delays or disorders from zero to two years of
age. Study size ranged from n = 50 to n = 1640.

Discussion

Section I: assessments

Neuroimaging
Although early studies utilized cranial ultrasound and

computed tomography scans to help identify infants more
likely to have CVI, magnetic resonance imaging (MRI) has
been the clinical tool of choice to study the structural in-
tegrity of visual pathways. Structural abnormalities of the
occipital cortex and optic radiations, as visualized on T1- and
T2-weighted sequences, is associated with abnormal visual
functions in infants with brain damage, including
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periventricular leukomalacia, brain hemorrhage, and neo-
natal encephalopathy.5,23,31 Basal ganglia involvement in
infants with neonatal encephalopathy and thalamic atrophy
in those with periventricular leukomalacia are strong pre-
dictors of abnormal visual function. In cortical visual loss,
exotropia and a normal optic disc appearance are more
common, whereas in subcortical visual loss esotropia and
optic nerve hypoplasia are reported.17 More advanced MRI
techniques can be also useful.31,34 MRI diffusion imaging offers
a quantitative evaluation of the integrity of the optic radia-
tions, by means of fractional anisotropy values, which are
highly correlated with visual function scores in preterm born
infants at term.14 Also, the extent of activation of the oc-
cipital cortex on functional MRI in infants with periventricular
leukomalacia is directly correlated with visual acuity.39

Neurophysiology
Visual evoked potential (VEP) methodology allows quan-

titative measurement of visual responses in the macular
region (not the periphery), even in infants and preverbal chil-

dren as no behavioral response is required. Flash-VEP testing
presents simple bimodal stimuli to assess patients with se-
verely impaired vision.19 Reactivity to eye closure can be
evaluated in the electroencephalography stream by quan-
tifying the occurrence, symmetry, and frequency of spikes
occurring above delta wave-baseline patterns in open-
eyed wakefulness (which also depend on maturity).15 Steady-
state VEPs, such as those measured in orientation reversal
paradigms, are a measure of visual function development
and cortical maturation.26 Sweep VEPs can determine con-
trast thresholds and visual acuity in less severely affected
infants, by modulating the frequency of the sweep patterns.25

Behavioral assessments
Abnormalities of visual function identified through be-

havioral assessments are common in infants with or at high
risk for CP, and may include poor visual acuity, reduction in
visual fields, disorders of eye movement, strabismus, and
complex visual-perceptual defects. Descriptions of fre-
quently used behavioral vision assessments follow.

FIGURE 1.
Assessments. (The color version of this figure is available in the online edition.)
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Optokinetic nystagmus is an involuntary motor reflex re-
sponsible for the ability to follow a moving object while
keeping a steady gaze. Testing is performed by rotating a
striped drum, black and white patterned board, or mirror.
The distance between the infant and the drum at cessation
of the reflex response is recorded. Visual field assessment in
infants is performed using confrontation techniques, during
which an examiner attracts the infant’s attention centrally.

An assistant introduces another object into the periphery,
and the examiner determines if the infant orients to the pe-
ripherally presented object, estimating the visual arc. A
variant of this, kinetic perimetry, utilizes two white spheres
as the objects. Oculomotor function assessments evaluate the
presence of expected or atypical eye movements such as light
gazing, light fixation, gaze fixation, and tracking. Visual acuity
of cooperative infants without severe CVI can be assessed

FIGURE 2.
Interventions. (The color version of this figure is available in the online edition.)

TABLE 1.
COSMIN Psychometric Studies Quality Assessment

Study Reliability Validity

Assessment Internal
Consistency

Reliability Measurement
Error

Content
Validity

Structural
Validity

Hypothesis
Testing

Cross-Cultural
Validity

Criterion
Validity

Responsiveness

Newcomb et al., 201012 CVI range Poor Poor x x x x x x n/a

Abbreviations:
COSMIN = Consensus-based Standards for the selection of health Measurement Instruments
CVI = Cerebral/cortical visual impairment
n/a = Not able to assess responsiveness to treatment
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TABLE 2.
Assessments

Item Population Qualifier for
Inclusion Into This
Review

Age Assessment (Function)
E: Electrophysiology
N: Neuroimaging
B: Behavioral

Conclusion Type
P: prospective
R: retrospective

Baeteman
et al., 200813

Primary exotropia
(n = 47)

WM and GM injury
hydrocephalus
(n = 47)

0-57 N: MRI (brain abnormality)
B: OM (degree of deviation)

Higher chance of abnormal MRI if
more than 10 degrees of deviation
(P < 0.05)

P

Bassi et al.,
200814

Preterm <33 w GA
(n = 37)

Preterm birth
(n = 37)

40-42 wk N: MRI, DTI (FA optic radiations)
B: Neonatal Visual Assessment
(Ricci 2008)

Optic radiations FA correlates with
neonatal visual assessment score
(P < 0.05)

Biagioni et al.,
200215

Term infants, NE or
stroke (n = 19)

CP diagnosis
(n = 10)

10-13 mo E: EEG (reactivity to eye closure,
other abnormal features)
N: MRI (optic radiations and
occipital cortex involvement)
B: Teller AC (visual acuity), KP
(visual fields)

Higher chance of abnormal vision
if EEG nonreactive to eye closure

R

Birch et al.,
199116

Primary CVI
(n = 132)

CP diagnosis
(n = 34)

0-134 mo B: FPL, projected screens (visual
acuity); pen light or toy
(fixation and tracking)

Acuity deficit correlated with
sensory motor skills (P < 0.001),
but not gross motor skills

R

Brodsky et al.,
200217

Cortical (n = 50)
and subcortical
(n = 50) visual loss

Preterm birth,
hypoxic-anoxic
injury, infectious
encephalitis,
meningitis,
hydrocephalus,
stroke (n < 50)

Pediatric N: MRI or CT (degree of injury
and cortical/subcortical
involvement)
B: Teller AC (visual acuity);
light, moving object, OKN
(visual responses), OM (gaze
deviation, strabismus, eye
movements)

In cortical visual loss, horizontal
conjugate gaze deviation,
exotropia, and a normal optic disc
appearance were significantly
more common.
In subcortical visual loss, tonic
downgaze, esotropia, and optic
nerve hypoplasia were
significantly more common.

R

Cavascan et al.,
201418

Primary CVI
(n = 115)

Preterm birth,
perinatal hypoxia,
acquired hypoxia,
hydrocephalus,
trauma, infections
(n = 75)

2 mo-15 yr E: sVEP (grating acuity deficit
and interocular acuity
difference)

Grating acuity deficit was smaller
if tested in first year (P < 0.001)
but larger with anti-epileptics
(P < 0.001).
Interocular acuity difference was
larger with strabismus and
nystagmus than orthoposition
(P < 0.02).

R

Cioni et al.,
19965

NE or cerebral
hemorrhage
(n = 80)

NE, PVL, IVH, CP
(n = 80)

6-86 mo N: Optic radiations and visual
cortex involvement (MRI)
B: Teller AC (visual acuity)

Visual acuity deficit correlated to
the severity of optic radiation
(P < 0.0001) and visual cortex
(P < 0.0001) involvement. Optic
radiation involvement predicted
visual outcome (accuracy 85.3%,
sensitivity 84.5%, specificity 86.6)

P

Clarke et al.,
199719

Primary CVI
(n = 44)

Structural brain
lesion, meningitis,
IVH, neonatal
encephalopathy,
preterm birth
(n = 25)

5-20 mo E: Flash VEP
B: Keeler AC (visual acuity),
fixation, light response (visual
responses)

Association of early flash VEP
(normal and abnormal) and vision
outcome (P = 0.05)

P

Cohen-Maitre
et al., 200520

CVI + CP (n = 11) CP diagnosis
(n = 11)

18-72 mo B: Total fixation duration at a PL
dual monitor presentation
(visual attention to color/gray
and movement/static)

Children with CVI exhibit visual
preferences for color
and for moving objects. No
significant preference between
colors.

P

Dutton et al.,
199621

Primary CVI or
other poor vision
(n = 120)

Brain disorders,
PVL, hypoxic
ischemia, IVH,
hydrocephalus,
stroke (n = 90)

1-16 yr B: Snellen AC (visual acuity),
Cardiff/Keeler AC (preferential
looking)
E: VEP (preferential looking)
And individualized vision
assessments appropriate for each
child

Children without CVI may have
cognitive visual dysfunction (15%).
This includes problems with
recognition, orientation, depth
perception, perception of
movement, simultaneous
perception.

R

Eken et al.,
199422

Preterm and term-
born infants with
and without brain
damage (n = 65)

Preterm birth, PVL,
IVH, NE (n = 33)

0-18 mo B: Teller AC (ophthalmologic
assessment, responses to blink,
fixing, following)
N: Cranial ultrasound (brain
damage qualification)

100% of children with PVL III, IV
had ≤ 5th centile VA

R

Eken et al.,
199523

Preterm and term-
born infants with
and without brain
damage (n = 65)

CP outcome
(n = 11)

3-18 mo B: Teller AC (acuity), Griffiths
(developmental skills), OM
(tracking, blink reflex, fixing,
and following)
N: MRI or CT (optic radiations
and visual cortex involvement)

Risk of developing CP is 46 times
higher in infants with an acuity
≤10th centile compared to those
with normal acuity (95%
confidence interval 5.4)

R

(continued on next page)
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TABLE 2. (continued)

Item Population Qualifier for
Inclusion Into This
Review

Age Assessment (Function)
E: Electrophysiology
N: Neuroimaging
B: Behavioral

Conclusion Type
P: prospective
R: retrospective

Fazzi et al.,
201224

Primary CP and
CVI (n = 129)

CP diagnosis
(n = 129)

3 mo-15 yr N: MRI (brain abnormality)
B: Teller AC (binocular VA up to
2 years), OKN (monocular
responses), kinetic perimetry
(visual fields), OM (fixation,
smooth pursuit, saccadic
movements, ocular movements,
and motility)
Additional assessments with
children over 2 years

An interaction between CP type
and primary visual dysfunction.
Children with diplegia primary
strabismus (90%),
hemiplegia—refractive
errors (88%) and altered visual
field (64%), and tetraplegia—ocular
abnormalities (98%), oculomotor
dysfunction (100%), and reduced
visual acuity (98%).

P

Frank et al.,
199225

No spontaneous
visual behavior
(n = 60)

Asphyxia,
structural brain
abnormalities,
hydrocephalus,
meningitis,
encephalitis
(n = 22)

6 wk-10 yr E: sVEP flash and pattern (acuity
and contrast threshold)

Children with cerebral blindness
have preservation of occipital
VEPs to flash (more than pattern).
Their later (as opposed to early)
occipital VEP and pre-occipital
responses are deviated or absent.

Good et al.,
201226

Primary CVI
(n = 34), controls
(n = 16)

Preterm birth, NE,
hypoxia, infection
(n = 34)

5 mo-5 yr E: sVEP (spatial contrast
threshold and acuity grating)

In children with CVI contrast
sensitivity improved with age
(P < 0.01), but grating acuity did
not. Contrast and grating acuity
thresholds did not correlate.

P

Guzzetta et al.,
200127

Congenital or early
acquired
hemiplegic CP
(n = 47)

CP diagnosis
(n = 47)

8-52 mo B: Teller AC (grating acuity),
OKN (binocular horizontal
visual responses), kinetic
perimetry (visual fields),
Griffiths DQ and WISC
(developmental skills), OM
(fixation and following)
N: MRI (optic radiations, visual
cortex, basal ganglia lesions)

Vision defects were not correlated
with brain damage location and
timing of MRI. OKN was abnormal
in >50%. More than 80% were
abnormal on at least one test.

R

Jan et al.,
199028

Ocular and cortical
visual
impairment
(n = 167) CVI in 69
of 167

Preterm birth,
hydrocephalus, CP
diagnosis (n = 50)

4 mo-11 yr B: 4-Point light-gazing scale
(acuity)

In children with CP 31 were light
gazers, 19 nonlight gazers.
Children with unilateral only
lesions were never light gazers
(0 of 50). All light gazers had
bilateral disturbance of the cortex.

P

Madan et al.,
201229

Very low birth
weight infants
with and without
IVH I, II (n = 65)

IVH I or II (n = 13) 5-7 mo E: sVEP (grating acuity, contrast
sensitivity, and Vernier acuity)

Children with IVH I or II have
poorer grating acuity, contrast
sensitivity, and Vernier acuity
than their VLBW peers (P < 0.001)

P

McCulloch,
200730

Children with mild
to profound
intellectual or
motor
impairments
(n = 76)

CP diagnosis
n = 12 of 18 under
2 years

7 mo-16 yr B: Visual skills inventory: 16-
item parent questionnaire
(visual skills), Keeler and Cardiff
AC (vision acuity)
E: VEP (level of impairment,
acuity)

Inventory questions about visual
recognition and visually mediated
social interactions had some
significant, but variable,
correlations with VEP and acuity
card results.

P

Mercuri et al.,
199731

NE or abnormal
neurological signs
(n = 37)

NE, multifocal
lesions (n = 37)

5-31 mo B: ABCDEFV (ocular movements,
pupil response, refractive errors,
binocular OKN), AC (acuity),
kinetic perimetry with small
white ball (visual fields, fixation
shift), Griffiths DQ
(development)
E: s-s VEP (phase and
orientation)
N: MRI (lesions involvement)

Infants with diffuse involvement
of occipital cortex and basal
ganglia have the most severe
abnormalities of visual function.

P

Mercuri et al.,
199932

NE or stroke
(n = 29)

NE, hemorrhagic
ischemic
lesions (n = 29)

24-mo
Outcomes

B: ABCDEFV (ocular movements,
pupil response, refractive errors,
binocular OKN), AC (acuity),
vision behavior (visual fields,
attention over distance, fixation
shift), Griffiths DQ
(development)
E: s-s VEP (phase and
orientation)
N: MRI (lesions involvement)

Fixation shift, visual field
assessment have 100% negative
predictive value for abnormal DQ,
whereas OKN has 100% positive
predictive value for abnormal DQ.

P

(continued on next page)
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TABLE 2. (continued)

Item Population Qualifier for
Inclusion Into This
Review

Age Assessment (Function)
E: Electrophysiology
N: Neuroimaging
B: Behavioral

Conclusion Type
P: prospective
R: retrospective

Ricci et al.,
200633

Primary PVL,
preterm birth
(n = 12)

CP diagnosis
(n = 10)

12-24 mo B: OKN (ocular movements),
Teller AC (acuity), kinetic
perimetry with small white ball
(visual fields, fixation shift)
N: MRI (optic radiations, visual
cortex, basal ganglia, and
thalami involvement)

Children with more severe PVL
had most severe impairment of
vision function, also associated
with atrophy of thalami.

R

Ricci et al.,
201134

Primary preterm
birth (n = 145)

CP outcome
(n = 23)

Term,
3-12 mo

B: Moving object (visual
tracking), Teller AC (acuity),
kinetic perimetry with small
white ball (visual fields, fixation
shift), Griffiths
Mental Development Scales
(development)
N: cranial ultrasound (brain
abnormality)

Infants with cystic PVL, thalami,
and optic radiations involvement
had most severe vision
impairment. Early visual and
developmental assessments at
1 yr were correlated: sensitivity
0.92, specificity 0.74.

P

Salati et al.,
200135

Primary NE
(n = 11)

CP diagnosis
(n = 11)

1-9 yr B: Low vision checklist (light
perception, visual exploration,
fixation, following, grabbing,
grabbing a moving object,
deambulation, OKN); Keeler AC
(preferential looking)

Residual visual function in
children with CVI was detected in
100% of patients, with checklist
quotient score and AC.

P

Schenk et al.,
199236

Primary CP
(n = 164)

CP diagnosis
(n = 164)

6m-19 yr B: Teller AC (cards) More children with CP showed
lower acuity using AC. Using both
methods prevalence of CVI was
84%.

R

Uggetti et al.,
199637

PVL and CP
(n = 27)

CP diagnosis
(n = 27)

16m-8 yr B: Teller AC (acuity)
N: MRI (visual cortex, optic
radiations involvement)

CVI in 63% of cohort. The degree of
CVI correlated with PVL and
occipital atrophy (P < 0.0001)

P

Watson et al.,
200738

Primary CVI
(n = 39)

NE, hydrocephalus,
PVL, childhood
hypoxia, IVH, static
encephalopathy,
trauma, infection
(n = 37)

1-16 yr E: sVEP (acuity and contrast
sensitivity)

Half of the cohort had
improvements after mean 6.5 yr
between assessments. Children
with more severity had more
improvements in visual acuity and
contrast threshold.

R

Watson et al.,
201038

Primary CVI
(n = 33)

Birth asphyxia,
hypoxia, infection,
PVL, trauma, static
encephalopathy,
hydrocephalus
(n = 25)

1-19 yr B: Berkeley Grating AC (forced
choice preferential looking
acuity)
E: sVEP (acuity)

Degree of CVI in children was
more accurately assessed with
VEP initially. Behavioral re-
assessment ~ 7 yr later and initial
VEP not statistically different
P = 0.45

R

Yu et al.,
201139

PVL (n = 24),
controls (n = 12)

CP diagnosis
(n = 24)

6-18 mo N: fMRI (time to peak of
hemodynamic response
functions)
B: Teller AC (binocular acuity)

Infants with PVL have deviated,
weak, or absent PVC activation.
Number of activated voxels in
occipital lobe was correlated with
the TAC assessment (P < 0.001)

P

Abbreviations:
AC = Acuity cards
CP = Cerebral palsy
CUS = Cranial ultrasound
CVI = Cerebral/cortical visual impairment
DQ = Developmental quotient
fMRI = functional Magnetic resonance imaging
GAC = Grating acuity cards
GAD = Grating acuity deficit
IAD = Interocular acuity difference
IVH = Intraventricular hemorrhage
KP = Kinetic perimetry
MRI = Magnetic resonance imaging
NE = Neonatal encephalopathy
OKN = Optokinetic nystagmus
OM = Oculormotor function
PHH = Posthemorrhage hydrocephalus
PVC = Primary visual cortex
PVD = Posthaemorrhagic ventricular dilatation
PVL = Periventricular leukomalacia
s-sVEP = Steady-state visual evoked potential
sVEP = sweep Visual evoked potential
VA = Visual acuity
VEP = Visual evoked potential
VLBW = Very low birth weight
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using preferential looking toward patterned cards (Teller,
Keeler, Cardiff, Griffiths, Berkley, and variations). Acuity is
measured in cycles per degree, and recorded as the thresh-
old of the smallest width of the grating on presented cards
that elicit a typical response as referenced to normative
data.46,47 Visual acuity can also be tested using optotypes in
children as young as three years, but none are designed for
infants under two years.

Only one assessment battery met criteria for evaluation
using COSMIN and had been previously included in a pub-
lished systematic review of older children and adolescents.48

The CVI range is an assessment of visual function, partially
validated in a doctoral dissertation. Although its reliability
and discriminative validity as relates to functional levels in
CP and responsiveness to interventions may yet be studied
in the future, the CVI range currently has only internal con-
sistency and limited aspects of content validity (see Table
1). Therefore, as it relates specifically to visual function im-
pairments of infants under two years with or at high risk
for CP, there is currently not enough evidence to make a rec-
ommendation regarding the use of the CVI range.

TABLE 3.
Interventions

Item N Intervention ES Cohen d Design Comments Grade

Ghasia et al.,
201140

50, all CP Operative
(esotropia and exotropia
surgery)

NR Observational, cross-
sectional, prospective
study

Low

Jacobs et al.,
201341

328; 252
with CP

Therapeutic hypothermia Typical RR 0.57 (95% CI
0.30, 1.08), typical RD
−0.06 (95% CI −0.13, 0.01)

Systematic review Encephalopathic asphyxiated
newborn infants
8 trials

High

Lanners et al.,
199942

76; 15
with CP

Multiple: including black and
white, and colored slides,
black light and fluorescent
material, Snoezelen
Multisensory Experience

n/a Clinical review, group
case studies

Visual and intellectual
disabilities

Very low

Natalucci et al.,
201643

448; 16
with CP

rhEPO or placebo 0.3 RCT 26-31 Birth GA High

Schmidt et al.,
201244

1640; 182
with CP

Caffeine therapy 0.18 RCT follow-up Mental
Development Index score 1 SD
below the mean

High

Schulzke et al.,
200745

552 Therapeutic hypothermia NR Systematic review 5 trials High

Abbreviations:
CP = Cerebral palsy
GA = Gestation age
NR = Not reported
RCT = Randomized controlled trial
SD = Standard deviation

TABLE 4.
AMSTAR Methodologic Quality Rating Checklist

Items

1 2 3 4 5 6 7 8 9 10 11

Schulzke et al.45 Y Y Y Y Y Y Y Y Y Y Y
Jacobs et al.41 Y Y Y Y Y Y Y Y Y Y Y

Abbreviations:
AMSTAR = A Measurement Tool to Assess Systematic Reviews
? = Can’t answer
N/A = Not applicable
N = No
Y = Yes
The AMSTAR methodological quality rating items are: (1) Was an “‘a priori’” design
provided (e.g., inclusion/exclusion criteria)? (2) Was there duplicate study selec-
tion and data extraction (e.g., 2 independent assessors)? (3) Was a comprehensive
literature search performed? (4) Was the status of publication (i.e., gray litera-
ture) used as an inclusion criterion? (5) Was a list of studies (included and excluded)
provided? (6) Were the characteristics of the included studies provided? (7) Was
the scientific quality of the included studies assessed and documented? (8) Was
the scientific quality of the included studies used appropriately in formulating con-
clusions? (9) Were the methods used to combine the findings of studies appropriate?
(10) Was the likelihood of publication bias assessed? (11) Was the conflict of in-
terest included?

TABLE 5.
Cochrane Risk of Bias Table for Randomized controlled trials

Reference Random
Sequence
Generation

Allocation
Concealment

Blinding of
Participants
and Personnel

Blinding of
Outcome
Assessments

Incomplete
Outcome Data
Addressed

Free of
Selective
Reporting

Free of
Other
Bias

Schmidt et al.43 H H U L H H H
Natalucci et al.42 H H H L H H H

Abbreviations:
H = High
L = Low
U = Unclear
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Recommendations. Our recommendations are to use the stan-
dard care clinical visual function examinations available for
infants. Although these tools have been validated with typ-
ically developing populations, they are also useful in
characterizing deficits in infants with CP. No evidence to date
indicates that they are not applicable to the CP population,
although items 1 and 3 may be more challenging in pa-
tients with disabilities.

(1) MRI and diffusion-weighted imaging are recommended
to evaluate the integrity of the optic nerve, optic ra-
diations, visual cortex, and other structures involved
in cerebral/cortical visual function.

(2) VEPs are particularly recommended for measure-
ment of macular visual function, maturation, acuity,
and contrast threshold as they do not require active
participation of the infants.

(3) A battery of behavioral assessments is recommended
in cooperative and less impaired infants to evaluate op-
tokinetic nystagmus, visual fields, acuity, and
oculomotor function.

Section II: interventions

Neuroprotective interventions for vision
Most neuroprotective interventions in populations of

infants at high risk for CP aim to improve neurodevelop-
mental outcomes in the broadest sense, by decreasing the
occurrence of neurosensory impairments. Some of these in-
terventions have proven more effective than others in
specifically improving vision.

In a Cochrane Review updated in 2013,41 infants with
moderate to severe neonatal encephalopathy at high risk for
CP had a nonsignificant reduction in blindness after receiv-
ing hypothermia as compared to a noncooled control group
(typical relative risk 0.62 (95% confidence interval [CI] 0.38
to 1.01), typical risk difference −0.04 (95% CI −0.08 to 0.00)
as supported by seven studies (749 infants). Another sys-
tematic review had similar conclusions but no calculated
effect sizes.45 In a large multicenter RCT, infants treated with
caffeine scored an average 3.5 points higher in the visual per-
ception domain on the Beery-Buktenica Developmental Test
than those who were not treated (odds ratio [OR] 3.2, CI 1.2
to 5.2, P = 0.001).44 In a large RCT43 2 of 191 preterm infants
treated with recombinant human erythropoietin (rhEPO) had
severe visual impairment versus 0 of 174 in the placebo
control group (OR −0.01, CI −0.02 to 0.04, P = 0.5). Notably,
infants in this study received rhEPO in a dose of 3000 IU/
kg, three times within the first 42 hours after birth, a dosing
schedule not common to all current rhEPO trials.

Surgical correction of esotropia and exotropia
In an observational study of 50 children with CP,40 the re-

lationship between severity of CP, timing of surgery, and
alignment and binocular fusion was examined. In this cohort,
the duration of esotropia/exotropia in children who achieved
optimal alignment and in those who did not was 2.6 ± 1.2
years versus 4.8 ± 2.6 years (P < 0.05). Similarly, the dura-
tion of esotropia/exotropia in children who gained versus
those who did not gain a grade of fusion was 2.2 ± 0.9 years
versus 5.1 ± 3.7 years (P = 0.02). Of the children with CP, 46%

(n = 23) gained at least one grade of binocularity after one
or more surgeries. Independent of CP severity, 58% of the
children had good alignment after surgery. Fifty percent of
children with mild CP who had improved binocularity gained
sensory fusion (i.e., Worth or Polaroid four-dot) versus 19%
in those with severe CP. A gain of stereopsis (greater than
3000 arc seconds) was achieved in 25% with mild CP. Chil-
dren with mild CP had two- to threefold greater chance of
gaining Worth or Polaroid four-dot fusion or stereopsis than
those with more severe CP.

Visual training for cerebral impairment
An observational study of 78 infants aged seven months

to four years included 15 infants with CP, 30 of whom had
received at least one course of rehabilitation (two 4-week
cycles of training with black-and-white slide exposures, black
light training, and multisensory stimulation).42 After train-
ing, 20 of 30 infants (66.6%) had increased attention and
spontaneous visual curiosity and required less marked con-
ditions of contrast and light for daily interactions than at
baseline. Six children (20%), who had the most severe neu-
romotor damage, had no change after treatment.

Other related intervention research and expert opinion
There is a paucity of interventions aimed specifically at

improving visual function in infants at high risk for or with
CP. Expert opinion mainly focuses on rehabilitative inter-
ventions for infants with CVI, in whom parent-guided
activities for integration of vision with other sensory expe-
riences may amplify visual information or compensate for
severely impaired vision.23,45,49 The underlying mechanism
for success of interventions for infants with CVI is pur-
ported in most literature on the topic to be promotion of an
infant’s emotional-relational development through the
support of the parent-infant relationship. In support of this
concept, in Optimum VI, a novel clinical trial for infants with
severe or profound visual impairment, guided parent-
focused journaling of visual impairments is evaluated as a
possible adjunct to community-based early intervention
programs.50 The Early Support Developmental Journal for babies
and children with visual impairment has activity cards and
guides parents through the progression of their child with
visual impairments development.51

Recommendations.

(1) For infants with a history of moderate to severe en-
cephalopathy, hypothermia is strongly recommended
to decrease risk of CVI, with benefits clearly outweigh-
ing the risks.

(2) For very preterm infants, caffeine is strongly recom-
mended to increase visual perception, with benefits
also clearly outweighing risks. For very preterm infants,
rhEPO is not recommended to decrease the risk of
severe visual impairment, although the recommen-
dation is weak.

(3) Based on two studies and expert opinion in the field,
the following very weak recommendations can be
made, meaning that alternative approaches are likely
to be better for some patients under some circum-
stances. Surgical correction of esotropia (bilateral
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medial rectus recession) and exotropia (bilateral lateral
rectus recession) may be beneficial in children with CP
when it is performed to approximate surgery sched-
ules for typically developing children, with surgeries
completed by two years of age for optimal outcomes.
Surgical treatment can achieve good alignment in the
large majority of infants, independently of CP severi-
ty. However, success of surgical treatment to achieve
repair of sensorial binocular fusion is dependent on se-
verity of CP, with improved outcomes for those with
milder CP. Visual training programs for gains of atten-
tion to visual stimuli are very weakly recommended,
although no adverse events are reported.

Limitations

Although the search for the current review was compre-
hensive and included a review of gray literature, additional
vision assessments and interventions may be available for
infants at high risk for or with CP, as some reports did not
meet our strict inclusion criteria. Protocol-driven practice
and expert opinion publications may add to the current body
of knowledge and reduce the gap in available research lit-
erature about effective assessments and interventions for
infants and toddlers at high risk for CP. The large majority
of identified assessment tools was currently in clinical prac-
tice and thus could be considered reference assessments.
Additionally, many of the studies included in this review were
published before tools and guidelines for early detection of
CP were developed, limiting the specificity of assessments
and interventions in this age range.

Conclusion

The assessments and interventions for infants at high risk
for or with CP are sparse. However, clinical ophthalmo-
logic methodologies can effectively characterize the structural,
neurophysiological, and functional characteristics of CVI in
this population. No recommendations can be made at this
time for CVI-specific behavioral assessments of visual func-
tion in this population of infants. Few promising interventions
for CVI have been identified, and they are not specific to
infants with CP.

The results of this review underline the gap in targeted
and rigorously validated assessments to allow early recog-
nition and characterization of visual impairments in infants
at high risk for and with CP, to differentiate them from other
non-CVI problems. This type of future research may allow
the design and evaluation of novel of interventions. In par-
ticular, measurement of preventive treatment efficacy could
leverage existing quantitative visual tools. Early interven-
tions could differentiate treatments for infants with CP with
CVI from those without, and build on parent-infant trans-
action models proven effective in early rehabilitation of other
CP-related impairments.

The authors thank Ms. Linda Demur, MLS, the director of Library Services, Nation-
wide Children’s Hospital, for her assistance with completing the literature search.
Research reported in this publication was partially supported by 1R01HD081120-
01A1 from the NICHD to N.L.M. The content is solely the responsibility of the authors
and does not necessarily represent the official views of the funding organizations.

Supplementary data

Supplementary data related to this article can be found at
http://dx.doi.org/10.1016/j.pediatrneurol.2017.07.011.

References

1. Rosenbaum P, Paneth N, Leviton A, et al. A report: the definition and
classification of cerebral palsy April 2006. Dev Med Child Neurol Suppl.
2007;109(suppl 109):8-14.

2. Novak I. Evidence-based diagnosis, health care, and rehabilitation for
children with cerebral palsy. J Child Neurol. 2014;29:1141-1156. SAGE
Publications, Los Angeles, CA.

3. Novak I, Morgan C. Early detection of cerebral palsy: International
Clinical Guidelines [Internet]. Available at: https://worldcpday.org/
our-campaign/medical-therapeutic/early-detection-of-cerebral
-palsy-international-clinical-guidelines/. Accessed May 1, 2017.

4. The American Foundation for the Blind. Cerebral/cortical visual
impairment: a national conversation. [Internet]. Available at:
http://www.afb.org/info/about-us/events-and-awards/american
-foundation-for-the-blind-leadership-conference-2016-2017/cvi
-a-national-conversation/1235. Accessed July 2, 2017.

5. Cioni G, Fazzi B, Ipata AE, Canapicchi R, Duin JVH-V. Correction
between cerebral visual impairment and magnetic resonance imaging
in children with neonatal encephalopathy. Dev Med Child Neurol.
1996;38:120-132. Blackwell Publishing Ltd.

6. Novak I, McIntyre S, Morgan C, et al. A systematic review of
interventions for children with cerebral palsy: state of the evidence.
Dev Med Child Neurol. 2013;55:885-910.

7. Morgan C, Darrah J, Gordon AM, et al. Effectiveness of motor
interventions in infants with cerebral palsy: a systematic review. Dev
Med Child Neurol. 2016;58:900-909. 2nd ed.

8. Terwee CB, Mokkink LB, Knol DL, Ostelo RWJG, Bouter LM, de Vet
HCW. Rating the methodological quality in systematic reviews of
studies on measurement properties: a scoring system for the
COSMIN checklist. Qual Life Res. 2012;21:651-657. Springer
Netherlands.

9. Shea BJ, Hamel C, Wells GA, et al. AMSTAR is a reliable and valid
measurement tool to assess the methodological quality of systematic
reviews. J Clin Epidemiol. 2009;62:1013-1020. Elsevier.

10. Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines: 1.
Introduction—GRADE evidence profiles and summary of findings
tables. J Clin Epidemiol. 2011;64:383-394. Elsevier Inc.

11. Higgins JPT, Altman DG, Gøtzsche PC, et al. The Cochrane
Collaboration’s tool for assessing risk of bias in randomised trials.
BMJ. 2011;343:d5928. BMJ Group.

12. Newcomb S. Reliability of the CVI range: a functional vision
assessment for children with cortical visual impairment. Dissertation.
University of Maryland, College Park; 2009.

13. Baeteman C, Denis D, Loudot C, et al. Intérêt de l’IRM cérébrale dans
les exotropies précoces. J Fr Ophtalmol. 2008;31:287-294. Elsevier
Masson SAS.

14. Bassi L, Ricci D, Volzone A, et al. Probabilistic diffusion tractography
of the optic radiations and visual function in preterm infants at term
equivalent age. Brain. 2008;131:573-582.

15. Biagioni E, Cioni G, Cowan F, et al. Visual function and EEG reactivity
in infants with perinatal brain lesions at 1 year. Dev Med Child Neurol.
2002;44:171-176.

16. Birch EE, Bane MC. Forced-choice preferential looking acuity of
children with cortical visual impairment. Dev Med Child Neurol.
1991;33:722-729. Blackwell Publishing Ltd.

17. Brodsky MC, Fray KJ, Glasier CM. Perinatal cortical and subcortical
visual loss: mechanisms of injury and associated ophthalmologic
signs. Ophthalmology. 2002;109:85-94.

18. Cavascan NN, Salomão SR, Sacai PY, Pereira JM, Rocha DM, Berezovsky
A. Contributing factors to VEP grating acuity deficit and inter-ocular
acuity difference in children with cerebral visual impairment. Doc
Ophthalmol. 2014;128:91-99. Springer Berlin Heidelberg.

19. Clarke MP, Mitchell KW, Gibson M. The prognostic value of flash
visual evoked potentials in the assessment of non-ocular visual
impairment in infancy. Eye (Lond). 1997;11:398-402. Nature
Publishing Group.

ARTICLE IN PRESS

10 O.D. Chorna et al. / Pediatric Neurology ■■ (2017) ■■–■■

http://dx.doi.org/10.1016/j.pediatrneurol.2017.07.011
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0010
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0010
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0010
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0015
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0015
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0015
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0020
https://worldcpday.org/our-campaign/medical-therapeutic/early-detection-of-cerebral-palsy-international-clinical-guidelines/
https://worldcpday.org/our-campaign/medical-therapeutic/early-detection-of-cerebral-palsy-international-clinical-guidelines/
https://worldcpday.org/our-campaign/medical-therapeutic/early-detection-of-cerebral-palsy-international-clinical-guidelines/
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0025
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0025
http://www.afb.org/info/about-us/events-and-awards/american-foundation-for-the-blind-leadership-conference-2016-2017/cvi-a-national-conversation/1235
http://www.afb.org/info/about-us/events-and-awards/american-foundation-for-the-blind-leadership-conference-2016-2017/cvi-a-national-conversation/1235
http://www.afb.org/info/about-us/events-and-awards/american-foundation-for-the-blind-leadership-conference-2016-2017/cvi-a-national-conversation/1235
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0030
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0030
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0030
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0030
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0035
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0035
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0035
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0040
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0040
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0040
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0045
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0045
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0045
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0045
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0045
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0050
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0050
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0050
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0055
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0055
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0055
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0060
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0060
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0060
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0065
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0065
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0065
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0070
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0070
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0070
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0075
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0075
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0075
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0080
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0080
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0080
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0085
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0085
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0085
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0090
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0090
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0090
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0095
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0095
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0095
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0095
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0100
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0100
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0100
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0100


20. Cohen-Maitre SA, Haerich P. Visual attention to movement and color
in children with cortical visual impairment. J Vis Impair Blind.
2005;99:389-402.

21. Dutton G, Ballantyne J, Boyd G, et al. Cortical visual dysfunction in
children: a clinical study. Eye (Lond). 1996;10:302-309.

22. Eken P, Nieuwenhuizen O, Graaf Y, Schalij Delfos NE, Vries LS. Relation
between neonatal cranial ultrasound abnormalities and cerebral
visual impairment in infancy. Dev Med Child Neurol. 1994;36:3-
15.

23. Eken P, Vries LS, Graaf Y, Meiners LC, Nieuwenhuizen O.
Haemorrhagic-ischaemic lesions of the neonatal brain: correlation
between cerebral visual impairment, neurodevelopmental outcome
and MRI in infancy. Dev Med Child Neurol. 1995;37:41-55. Blackwell
Publishing Ltd.

24. Fazzi E, Signorini SG, La Piana R, et al. Neuro-ophthalmological
disorders in cerebral palsy: ophthalmological, oculomotor, and visual
aspects. Dev Med Child Neurol. 2012;54:730-736.

25. Frank Y, Kurtzberg D, Kreuzer JA, Vaughan HG. Flash and pattern-
reversal visual evoked potential abnormalities in infants and
children with cerebral blindness. Dev Med Child Neurol. 1992;34:305-
315.

26. Good WV, Hou C, Norcia AM. Spatial contrast sensitivity vision loss
in children with cortical visual impairment. Invest Ophthalmol Vis Sci.
2012;53:7730-7735.

27. Guzzetta A, Cioni G, Cowan F, Mercuri E. Visual disorders in children
with brain lesions. Eur J Paediatr Neurol. 2001;5:107-114.

28. Jan JE, Groenveld M, Sykanda AM. Light-gazing by visually impaired
children. Dev Med Child Neurol. 1990;32:755-759. Blackwell
Publishing Ltd.

29. Norcia AM, Good WV, Hou C, Pettet MW, Madan A. Effect of grade I
and II intraventricular hemorrhage on visuocortical function in very
low birth weight infants. Seeing Perceiving. 2012;25:143-154.

30. McCulloch DL, Mackie RT, Dutton GN, et al. A visual skills inventory
for children with neurological impairments. Dev Med Child Neurol.
2007;49:757-763. Blackwell Publishing Ltd.

31. Mercuri E, Atkinson J, Braddick O, et al. Basal ganglia damage and
impaired visual function in the newborn infant. Arch Dis Child Fetal
Neonatal Ed. 1997;77:F111-F114.

32. Mercuri E, Haataja L, Guzzetta A, et al. Visual function in term infants
with hypoxic-ischaemic insults: correlation with neurodevelopment
at 2 years of age. Arch Dis Child Fetal Neonatal Ed. 1999;80:F99-F104.
BMJ Publishing Group.

33. Ricci D, Cowan F, Pane M, et al. Neurological examination at 6 to 9
months in infants with cystic periventricular leukomalacia.
Neuropediatrics. 2006;37:247-252. Georg Thieme Verlag KG Stuttgart
· New York.

34. Ricci D, Romeo DM, Gallini F, et al. Early visual assessment in preterm
infants with and without brain lesions: correlation with visual and
neurodevelopmental outcome at 12 months. Early Hum Dev.
2011;87:177-182. Elsevier Ireland Ltd.

35. Salati R, Schiavulli O, Giammari G, Borgatti R. Checklist for the
evaluation of low vision in uncooperative patients. J Pediatr
Ophthalmol Strabismus. 2001;38:90-94.

36. Schenk-Rootlieb AJ, Nieuwenhuizen O, Graaf Y, Wittebol-Post D,
Willemse J. The prevalence of cerebral visual disturbance in children
with cerebral palsy. Dev Med Child Neurol. 1992;34:473-480.

37. Uggetti C, Egitto MG, Fazzi E, et al. Cerebral visual impairment in
periventricular leukomalacia: MR correlation. AJNR Am J Neuroradiol.
1996;17:979-985.

38. Watson T, Orel-Bixler D, Haegerstrom-Portnoy G. Early visual-evoked
potential acuity and future behavioral acuity in cortical visual
impairment. Optom Vis Sci. 2010;87:80-86.

39. Yu B, Guo Q, Fan G, Liu N. Assessment of cortical visual impairment
in infants with periventricular leukomalacia: a pilot event-related
fMRI study. Korean J Radiol. 2011;12:463-472.

40. Ghasia F, Brunstrom-Hernandez J, Tychsen L. Repair of strabismus
and binocular fusion in children with cerebral palsy: gross motor
function classification scale. Invest Ophthalmol Vis Sci. 2011;52:7664.

41. Jacobs SE, Berg M, Hunt R, Tarnow-Mordi WO, Inder TE, Davis PG.
Cooling for newborns with hypoxic ischaemic encephalopathy.
Cochrane Database Syst Rev. 2013;(1):CD003311. Jacobs SE, editor,
Chichester, UK: John Wiley & Sons, Ltd.

42. Lanners J, Piccioni A, Fea F, Goergen E. Early intervention for children
with cerebral visual impairment: preliminary results. J Intellect Disabil
Res. 1999;43:1-12. Blackwell Science Ltd.

43. Natalucci G, Latal B, Koller B, et al. Effect of early prophylactic
high-dose recombinant human erythropoietin in very preterm infants
on neurodevelopmental outcome at 2 years. JAMA. 2016;315:2079-
2085. American Medical Association.

44. Schmidt B. Survival without disability to age 5 years after neonatal
caffeine therapy for apnea of prematurity. JAMA. 2012;307:275-282.
American Medical Association.

45. Schulzke SM, Rao S, Patole SK. A systematic review of cooling for
neuroprotection in neonates with hypoxic ischemic encephalopathy—
are we there yet? BMC Pediatr. 2007;7:753. BioMed Central.

46. Mohn G, Duin JVH-V, Fetter WPF, Groot L, Hage M. Acuity assessment
of non-verbal infants and children: clinical experience with the acuity
card procedure. Dev Med Child Neurol. 2008;30:232-244. Blackwell
Publishing Ltd.

47. Van Hof-van Duin J, Heersema DJ, Groenendaal F, Baerts W, Fetter
WP. Visual field and grating acuity development in low-risk preterm
infants during the first 2 1/2 years after term. Behav Brain Res.
1992;49:115-122.

48. Deramore Denver B, Froude E, Rosenbaum P, Wilkes-Gillan S, Imms
C. Measurement of visual ability in children with cerebral palsy: a
systematic review. Dev Med Child Neurol. 2016;58:1016-1029.

49. Sonksen PM, Petrie A, Drew KJ. Promotion of visual development of
severely visually impaired babies: evaluation of a developmentally
based programme. Dev Med Child Neurol. 1991;33:320-335. Blackwell
Publishing Ltd.

50. Dale N, Salt A. OPTIMUM study: investigating early development and
support in babies and young children with visual impairment
[Internet]. Available at: http://www.gosh.nhs.uk/medical
-information/clinical-specialties/neurodisability-information-
parents-and-visitors/clinics-and-services/developmental-vision-
clinic. Accessed May 20, 2017.

51. Early Support Information for parents. Developmental journal for
babies and children with visual impairment booklet. [Internet].
Available at: https://councilfordisabledchildren.org.uk/sites/
default/files/field/attachemnt/merged-developmental-journal-for-
babies-and-children-with-visual-impairment_0.pdf. Accessed May 19,
2017.

ARTICLE IN PRESS

11O.D. Chorna et al. / Pediatric Neurology ■■ (2017) ■■–■■

http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0105
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0105
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0105
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0110
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0110
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0115
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0115
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0115
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0115
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0120
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0120
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0120
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0120
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0120
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0125
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0125
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0125
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0130
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0130
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0130
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0130
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0135
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0135
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0135
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0140
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0140
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0145
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0145
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0145
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0150
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0150
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0150
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0155
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0155
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0155
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0160
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0160
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0160
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0165
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0165
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0165
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0165
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0170
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0170
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0170
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0170
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0175
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0175
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0175
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0175
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0180
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0180
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0180
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0185
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0185
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0185
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0190
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0190
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0190
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0195
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0195
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0195
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0200
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0200
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0200
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0205
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0205
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0205
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0210
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0210
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0210
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0210
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0215
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0215
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0215
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0220
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0220
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0220
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0220
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0225
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0225
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0225
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0230
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0230
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0230
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0235
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0235
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0235
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0235
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0240
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0240
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0240
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0240
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0245
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0245
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0245
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0250
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0250
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0250
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0250
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0255
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0255
http://www.gosh.nhs.uk/medical-information/clinical-specialties/neurodisability-information-parents-and-visitors/clinics-and-services/developmental-vision-clinic
http://www.gosh.nhs.uk/medical-information/clinical-specialties/neurodisability-information-parents-and-visitors/clinics-and-services/developmental-vision-clinic
http://www.gosh.nhs.uk/medical-information/clinical-specialties/neurodisability-information-parents-and-visitors/clinics-and-services/developmental-vision-clinic
http://www.gosh.nhs.uk/medical-information/clinical-specialties/neurodisability-information-parents-and-visitors/clinics-and-services/developmental-vision-clinic
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0260
http://refhub.elsevier.com/S0887-8994(17)30544-1/sr0260
https://councilfordisabledchildren.org.uk/sites/default/files/field/attachemnt/merged-developmental-journal-for-babies-and-children-with-visual-impairment_0.pdf
https://councilfordisabledchildren.org.uk/sites/default/files/field/attachemnt/merged-developmental-journal-for-babies-and-children-with-visual-impairment_0.pdf
https://councilfordisabledchildren.org.uk/sites/default/files/field/attachemnt/merged-developmental-journal-for-babies-and-children-with-visual-impairment_0.pdf

	 Vision Assessments and Interventions for Infants 0-2 Years at High Risk for Cerebral Palsy: A Systematic Review
	 Introduction
	 Materials and Methods
	 Search strategy
	 Inclusion criteria
	 Exclusion criteria

	 Types of assessments
	 Types of interventions
	 Types of participants
	 Data review and quality appraisal

	 Results
	 Assessments
	 Interventions

	 Discussion
	 Section I: assessments
	 Neuroimaging
	 Neurophysiology
	 Behavioral assessments
	 Recommendations. 


	 Section II: interventions
	 Neuroprotective interventions for vision
	 Surgical correction of esotropia and exotropia
	 Visual training for cerebral impairment
	 Other related intervention research and expert opinion
	 Recommendations. 


	 Limitations

	 Conclusion
	 Supplementary data
	 References


