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Abstract: Down syndrome, caused by an extra copy of all or part of chromosome 21, is the 
most prevalent intellectual disability of genetic origin. Among numerous comorbidities 
which are part of the phenotype of individuals with Down syndrome, ocular problems appear 
to be highly prevalent. Neuro-ophthalmological manifestations, such as ocular alignment and 
motility disturbances, amblyopia, hypoaccommodation or optic nerve abnormalities, and 
other organic ocular anomalies frequently reported in Down syndrome, may lead to an 
overall decrease in visual acuity. Although numerous studies have reported ocular anomalies 
related to Down syndrome, it remains challenging to determine the impact of each anomaly 
upon the decreased visual acuity, as most such individuals have more than one ocular 
problem. Even in children with Down syndrome and no apparent ocular defect, visual acuity 
has been found to be reduced compared with typically developing children. Pediatric 
ophthalmological examination is a critical component of a multidisciplinary approach to 
prevent and treat ocular complications and improve the visual outcome in children with 
Down syndrome. This narrative review aims to provide a better understanding of the neuro- 
ophthalmological manifestations and discuss the current ophthalmological management in 
children with Down syndrome.
Keywords: Down syndrome, trisomy 21, ocular anomalies, pediatric ophthalmology, 
strabismus, optic nerve, hypoaccommodation, nystagmus

Introduction
Down syndrome, also known as trisomy 21, is the most common autosomal 
aneuploidy, with an overall incidence of 1 in 1000 live births.1 Caused by an 
extra copy of all or part of chromosome 21, Down syndrome is also the most 
common form of intellectual disability of recognized genetic origin.2 The pheno-
type of Down syndrome comprises more than 80 clinical features that are variable 
in presence and severity.3 Some features such as facial dysmorphism, cognitive 
impairment, and neonatal hypotonia occur in all individuals with Down syndrome.4

It remains poorly understood why the majority of comorbidities appear in some but 
not all individuals with Down syndrome,5 none of those comorbidities being specific to 
the syndrome and all of them being also encountered in euploid individuals.6

Approximately half of infants with Down syndrome have at least one major 
congenital anomaly7–10 versus only 0.82% in the general population.11 The most 
common major anomalies are congenital heart defects followed by digestive and 
genitourinary malformations.10,12 Various other comorbidities, such as Alzheimer's 
type dementia,13 immune and autoimmune disturbances14–16 or endocrine 
disorders,17,18 appear later in life.
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Ocular anomalies, though not the most severely handi-
capping, are frequently encountered, with most children with 
Down syndrome having at least one such condition.19–24

Some of these anomalies, such as slanting palpebral 
fissures, epicanthal folds,22 Brushfield spots (Figure 1C), 
and peripheral iris thinning, may have no impact on 
vision.19,20,25

Most children with Down syndrome have decreased 
visual acuity,26,27 which may be due to factors such as 

significant refractive errors, strabismus, amblyopia,23 

nystagmus,27,28 hypoaccommodative ability,26,29 and 
cataracts.30 A failure of development of the higher visual 
pathways, as suggested by Woodhouse and colleagues,26 

could further decrease their visual acuity, even in those 
children with Down syndrome and no major ocular 
defects. Visual deficiency in children with Down syn-
drome, especially the inability to clearly see near targets, 
may lead to poor intellectual achievements.29

Figure 1 Ocular anomalies in Down syndrome. (A) Eleven year old boy with Down syndrome, myopia and hypoaccommodation wearing bifocal spectacles. (B) Evaluation of 
accommodation by dynamic retinoscopy. (C) Brushfield spots: white iris nodules arranged circumferentially; an area of thinner iris stroma is noted peripheral to the nodules. 
(D) Blue dots cataract in a 16 year old boy with Down syndrome.
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The ophthalmologist has a critical role in the diagnosis 
and treatment of ocular and neuro-ophthalmological 
comorbidities in Down syndrome and a comprehensive 
understanding of related manifestations in children with 
Down syndrome is needed to provide the best clinical care.

This narrative review aims to explore currently recog-
nized neuro-ophthalmological manifestations of Down 
syndrome and discuss the management considerations for 
the general and the pediatric ophthalmologist, to achieve 
optimal visual outcomes in these individuals.

Manifestations
Strabismus and Amblyopia
Strabismus is reported in up to half of children with Down 
syndrome.21,22,31–34 Esotropia is usually the most frequent 
type of strabismus, in European and North American 
populations, varying between 19%35 and 70%,36 while 
exotropia reportedly occurs in 0%35,36 to 6%37 of cases. 
In Asians, exotropia is more prevalent, accounting for 
a third of all types of strabismus encountered in Down 
syndrome.38

Esotropia is usually acquired rather than congenital, 
and factors such as hyperopia and hypoaccommodative 
ability are considered important contributors to the devel-
opment of strabismus.32 In children with Down syndrome, 
acquired esotropia may be associated with lower levels of 
hyperopia than in the general population.32 The hypoac-
commodative ability, often present in children with Down 
syndrome,26,29,39–41 leads to an increased accommodative 
effort which may precipitate the onset of near esotropia.32 

While also encountered in non-strabismic children with 
Down syndrome, hypoaccommodation is associated with 
hyperopia and strabismus in this group.42 Weak fusional 
capacity and dysfunctions in accommodation and conver-
gence may also predispose children with Down syndrome 
to strabismus.21

Ljubic and colleagues reported amblyopia in almost 
20% of 56 children and young adults with Down syn-
drome, aged between 2 and 28 years old.33 Despite the 
high prevalence of acquired accommodative esotropia, 
children with Down syndrome seem to have potential for 
binocular vision with stereopsis present in almost half of 
this group.32 A later age of onset of strabismus, refractive 
correction and the intermittent nature of esotropia may 
explain good binocularity in some children with Down 
syndrome and acquired esotropia.

Infantile esotropia, defined as constant esotropia with 
an onset before 6 months of age, is less prevalent, and is 
found in 5% to 12% of individuals with Down 
syndrome.32,33

Acquired nonaccommodative esotropia and esotropia 
with high accommodative-convergence ratios in myopic 
patients are also frequently found in children with Down 
syndrome.22

Refractive Errors and Failure to 
Emmetropize
High incidence of refractive errors and deficits of emme-
tropization have been found in people with Down 
syndrome.34,35,39,43–45 Oblique astigmatism seems to be 
the most common refractive error in children with Down 
syndrome,34,45,46 and irregular astigmatism may be an 
indicator of keratoconus. Clinical keratoconus has been 
associated with Down syndrome in some studies.31,47,48 

However, using more sensitive corneal topographic meth-
ods, a study of 112 patients with Down syndrome aged 
between 3 months and 60 years found that up to 75% of 
individuals with Down syndrome have corneal irregulari-
ties compatible with subclinical and clinical keratoconus.49 

Anomalies in collagen VI formation induced by overex-
pression of genes on chromosome 2150 and the habit of 
eye rubbing could explain the high incidence of corneal 
abnormalities in Down syndrome.

Spherical equivalent measures of hyperopia and myo-
pia vary with age and ethnicity and are linearly related to 
axial length and corneal curvature.48,51 In Asians, similar 
to the refractive errors encountered in the general popula-
tion, myopia occurs more frequently in those affected by 
Down syndrome,38 while in Caucasian children with 
Down syndrome, hyperopia is more common.21,22 High 
myopia is reportedly associated with the presence of con-
genital heart defects, based on a study of 185 children and 
young adults with Down syndrome.52 However, we were 
unable to confirm this association in a smaller sample of 
children with Down syndrome.34

In addition to refractive error, children with Down 
syndrome may also have higher-order aberrations of 
refraction with impact on central optical quality.53

A failure to emmetropize is characterized by abnormal 
axial growth of the ocular globe, in which hyperopia 
remains stable, while myopia progresses towards patholo-
gical values. This deficit is often encountered in children 
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with Down syndrome48,54 and leads to persistent refractive 
error later in life.

Nystagmus
An estimated 18%–30% of children with Down syndrome 
reportedly have some form of nystagmus.22,34,55 The cause 
of increased prevalence of this condition in individuals 
with Down syndrome is not yet fully understood. The 
nystagmus is mainly latent and latent-manifest, and it is 
commonly associated with esotropia.34,56

Weiss and colleagues studied 18 children with Down 
syndrome aged between 4 months and 15 years, with 
nystagmus unrelated to strabismus and proposed neurolo-
gical abnormalities as substrate for their nystagmus.57 

However, neuroimaging did not reveal any progressive 
neurological processes or anatomical brain anomalies to 
support this hypothesis.58

Nystagmus may be of sensory origin in individuals 
with impaired visual acuity. Various factors such as uncor-
rected high myopia, congenital dense lens opacities, or 
amblyopia can diminish visual acuity in children with 
Down syndrome and lead to sensory nystagmus.

Although optical coherence tomography studies are 
rare in children with Down syndrome due to poor coopera-
tion, using this technique O’Brien and colleagues reported 
increased retinal macular thickness in 5 out of 17 children 
with Down syndrome, aged between 6 and 16 years.59 

These findings are supported by other recent optical coher-
ence tomography findings that children with Down syn-
drome have abnormal development of foveal 
morphology60 or an increased retinal thickness.61 Thus, 
mild foveal hypoplasia could contribute to decreased 
visual acuity and sensory nystagmus in some children 
with Down syndrome. Further, Laguna and colleagues 
and Ugurlu and colleagues, with the aid of optical coher-
ence tomography, found increased thickness of the neural 
retina in individuals with Down syndrome as well as in the 
trisomic mouse model, probably due to genetic influences 
on retinal development.61,62

Hypoaccommodation
Accommodation is the capacity of the eye to change focus 
to enable clear vision at near.26 Numerous studies have 
reported accommodation deficits in individuals with Down 
syndrome.26,29,39–41 Figure 1A shows a 11-year-old boy 
with myopia and hypoaccommodation wearing his bifocal 
spectacles, and B illustrates the accommodation evaluation 
by dynamic retinoscopy. A parent provided written 

informed consent for the images to be published. 
Hypoaccommodation was thought to be caused by prema-
ture ageing of the lens,29 as Down syndrome is associated 
with greatly increased risk of congenital as presenile 
cataracts.12,21,63,64 Congenital cases of cataract may be 
due to abnormalities of the vascular system during embry-
ological development.19 However, most children with 
Down syndrome do not have significant lens opacities,21 

the frequencies of significant congenital and early age 
cataracts in Down syndrome being 1% and 1.4%, 
respectively.65

After adolescence, about half of individuals with Down 
syndrome have some form of notable lens opacity, due in 
most cases to an accumulation of amyloid precursor pro-
tein (APP)-derived amyloid-beta peptides,66 with visually 
significant cataract developing at a much earlier age com-
pared to the general population.21,64 Figure 1D illustrates 
a blue dot cataract in a 16-year-old boy with Down 
syndrome.

However, not all children with lens opacities have 
accommodation deficits,42 and lens thickness and power 
are reportedly similar in people with Down syndrome with 
and without hypoaccommodation.51 The neurological and/ 
or muscular basis of hypoaccommodation in Down syn-
drome is yet to be established and constitutes a further area 
for investigation.67

However, it is understood that poor accommodation 
ability is associated with hyperopia and strabismus in 
children with Down syndrome68 and that hypoaccommo-
dation contributes to reduced visual acuity due to poor 
near focus and bilateral amblyopia.39

Optic Nerve Anomalies
An increased number of blood vessels crossing the optic 
disc margin is a commonly noted anomaly of the posterior 
segment of the eye in Down syndrome.21,69–71 Parsa and 
Almer suggested that the retinal vasculature is not 
increased in absolute value; rather, retinal vessels radiating 
from the disc center branch slightly earlier, before reach-
ing the optic disc margin, and hence “crowd” the papillae. 
This could be due to reduced expansion of the central optic 
disc hyaloid vessel during its transformation to central 
retinal vasculature as a result of a mild deficiency in 
angiogenesis.71 Figure 2A shows a small, crowded papilla 
with supernumerary vessels crossing the optic disc margin, 
in a child with Down syndrome.

Optic nerve hypoplasia, elevation, pallor, crescents, 
tilted discs, peripapillary atrophy, and pigment anomalies 
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have been sporadically described in some studies and case 
reports.19,72–82 Schneier and colleagues retrospectively 
analyzed optic nerve head appearance in a large series of 
806 children with Down syndrome and found 14% to be 
abnormal.83 Optic nerve hypoplasia and the presence of 
a double ring sign in individuals with Down syndrome 
have been occasionally reported in the literature.72,73,84–86

In a study based on fundus photographs of 50 children with 
Down syndrome (mean age 9.8 ±3.8 years) and of 52 typically 
developing children (mean age 7.6 ± 3.0 years), we confirmed 
that optic discs were smaller in children with Down syndrome 
than in controls, and in some cases, a mild optic disc hypoplasia 
was present.34 Absence of the physiological cup was observed 
in almost half of the images, while 8% showed a double ring 

Figure 2 Optic nerve anomalies in Down syndrome. (A) Small, crowded papilla with an increased number of vessels crossing the optic disc margin, in an 11 year old boy 
with Down syndrome. (B) Posterior segment photograph of a 13 year old boy with Down syndrome, high myopia, tilted disc, tessellated fundus and posterior pole 
staphyloma. (C) Fundus imaging showing an optic disc drusen in a 16 year girl with Down syndrome. (D) The aspect of the drusen in the same eye as seen with B-scan 
ultrasonography.
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sign. These findings are both indirect signs of a small optic 
nerve head.

The optic nerve head also more frequently appeared 
tilted, torted, or featured a crescent or pigment anomaly.34 

While in the general population, these anomalies are often 
related to refraction, especially myopia and 
astigmatism,87,88 in children with Down syndrome this 
spectrum of optic nerve head anomalies was unrelated to 
refractive errors.34 Figure 2B illustrates the ocular poster-
ior segment of a 13-year-old boy with Down syndrome, 
high myopia, tilted disc, tessellated fundus and posterior 
pole staphyloma.

Optic disc elevation has been linked to Down syn-
drome and may be either pseudo75,77 or true 
papilledema.74

Optic disc drusen has been reported in some series and 
case reports on people with Down syndrome.34,83,89 

B-scan ultrasonography has been particularly useful in 
the differential diagnosis of papilledema, as some of the 
comorbidities of Down syndrome, such as obesity or 
hypothyroidism, are risk factors for intracranial 
pressure.74 An optic disc drusen in a girl with Down 
syndrome is illustrated in Figure 2 (C: fundus imaging 
and D: B-scan ultrasonography).

Small optic disc size, a lack of physiological cupping 
and crowded vasculature might constitute risk factors for 
drusen accumulation at the optic nerve head in individuals 
with Down syndrome.34,90

Other optic nerve anomalies such as morning 
glory,91,92 optic nerve coloboma,93 optic nerve glioma,94 

optic nerve pit82 and optic nerve atrophy43 have been 
sporadically reported in the literature and may represent 
coincidental findings.

Visual Acuity in Children with Down 
Syndrome
Compared to their peers without Down syndrome, children 
with Down syndrome have decreased visual acuity.26,27 

Such reduction in recorded visual acuity may reflect ocular 
comorbidities such as accommodative deficiency, strabis-
mus or refractive errors, anterior and posterior segment 
anomalies or simply a lack of patient cooperation during 
subjective visual acuity testing.

Anterior segment ocular anomalies which may affect 
the visual acuity include keratoconus and lens opacities.

Posterior segment anomalies are less frequently 
described and consist of retinal anomalies, including 

hemorrhage,79,95 coloboma,76 retinal detachment,22,42,43,76 

retinal arterial embolism,27 and congenital stationary night 
blindness.76 While retinal detachment could be due to 
a higher risk of ocular trauma in patients with intellectual 
disabilities, the other retinal anomalies probably represent 
sporadic findings and are not specifically associated with 
the syndrome.

Tessellated fundi are more often encountered in chil-
dren with Down syndrome than in controls, and are unre-
lated to the presence of myopia, but are not a cause for 
decreased visual acuity in these individuals.45

We have previously shown an association between 
nystagmus (horizontal and either latent-manifest or man-
ifest) and reduced vision in children with Down 
syndrome.34 Although the causes of nystagmus in Down 
syndrome are not fully understood,57,96,97 this condition is 
more likely to be a consequence of impaired vision than 
a cause of it. Even in children with Down syndrome with 
no apparent ocular anomalies, visual acuity test perfor-
mance is often lower than in typically developing 
children.27 Woodhouse and colleagues reported normal 
visual acuity in children with Down syndrome under two 
years of age, with deviation from the normal after this 
age,26 while earlier work by Courage et al showed devia-
tion from the normal after the age of 6 months.27 Recently, 
Zahidi and colleagues found visual acuity below normal 
levels in children with Down syndrome from three to four 
years of age and provided reference values for binocular 
vision in this group up to 12 years of age.98 In addition, 
measures of contrast sensitivity99 and visual evoked 
potentials100 may be abnormal in children with Down 
syndrome; such findings could potentially be due to diffi-
culties in obtaining full concentration in these children.

Visual deficits encountered in Down syndrome may in 
part have a cortical basis. The brain in Down syndrome is 
globally reduced in volume,101 mostly due to fewer differ-
entiated neurons in the prefrontal cortex, hippocampus, 
parahippocampal gyrus and cerebellum than in 
controls.101–103 This is observed early in fetal life, and 
further decreases in brain size continue postnatally.104 As 
individuals age, brain atrophy compounds pre-existing 
development anomalies.105

The dendritic structures that constitute the neuronal 
synapses are also reduced in length and show less branching 
in the hippocampus and cortex in Down syndrome.106–109 

Beyond gross brain structural anomalies, at a molecular level 
protein encoded by the Down syndrome critical region on the 
long arm of chromosome 21 contribute to neurodegeneration 
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and impaired synaptic function.110,111 Further research on 
brain structure centered on the visual cortex is needed to 
determine the impact of brain anomalies upon visual acuity.

Diagnosis and Management
Due to the high prevalence of ocular comorbidities, the 
ophthalmologist plays an essential role, together with 
a multidisciplinary team, in the medical care of children 
with Down syndrome. Each child with Down syndrome 
would benefit from a neonatal visual screening in order to 
exclude a potentially blinding congenital cataract65 and 
a routine ophthalmological examination at least once 
per year. In typically developing children, school screen-
ing is usually performed prior to specific ophthalmological 
examination. However, the reliability of photoscreening in 
children with Down syndrome is lower than in other 
children,112 highlighting the importance of adequate ocular 
examination in this population, ideally performed by an 
experienced pediatric ophthalmologist.

Purpura and colleagues examined very young children 
with Down syndrome, aged between 6 and 18 months, 
using Teller Acuity Cards and found a correlation between 
visual acuity and ocular anomalies at this age.113 If 
detected early, anomalies such as cataracts, strabismus, 
refractive errors, and amblyopia may be managed before 
developing adverse sequelae.114

Refractive correction, especially the use of bifocal 
spectacles in those children with hypoaccommodation or 
accommodative esotropia, may not only compensate for 
inaccurate accommodation,115,116 but also ameliorate asso-
ciated strabismus.117

Children with Down syndrome and esotropia or exo-
tropia should be offered surgical correction when needed.

The surgical treatment for esotropia in Down syndrome 
is highly effective, with no need to adjust the surgery 
dosage recommended for typically developing 
children.118,119 The success rate after classical surgical 
procedures is reported to be between 66 and 90%.37,120–122

Visual acuity and accommodation tests, suitably 
adapted for intellectual level, will allow amblyopia to be 
detected then treated, and therefore improve visual out-
comes in children with Down syndrome.

A careful assessment of the anterior and posterior seg-
ment of the eye would allow the treatment of potentially 
blinding ocular comorbidities such as cataract, keratoco-
nus, retinal detachment or papilledema due to increased 
intracranial pressure.

Limitations
This narrative review lacks systematic study selection and 
analysis. However, the authors sought relevant studies and 
attempted to maintain a neutral viewpoint throughout.

Conclusion
This review summarizes the major ocular anomalies encoun-
tered in Down syndrome with emphasis on neuro- 
ophthalmological manifestations. Most of these ocular and 
neuro-ophthalmological problems may lead to decreased 
visual acuity.

Individuals with cognitive and visual impairment report 
greater difficulties in performing daily activities than those 
with cognitive impairment alone. As children with Down 
syndrome have social, behavioral and emotional difficulties, 
visual impairment significantly reduces their overall quality 
of life.24 Therefore, the pediatric ophthalmologist must 
strive to provide the best advice and intervention for 
improved visual acuity and to minimize ocular complica-
tions in all children with Down syndrome. Further, parents 
and teachers must be aware that despite refractive correction 
children with Down syndrome may have poor visual acuity, 
which may lead to failure in performing intellectual tasks 
and be erroneously attributed to their cognitive impairment.
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