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Abstract

Infantile nystagmus syndrome (INS) is a congenital or early-onset ocular disorder characterized
by involuntary, rhythmic eye movements that can significantly impact visual acuity, binocular
vision, and overall quality of life. This review article explores the current management strategies
for INS, emphasizing a multdisciplinary approach involving ophthalmologists, optometrists,
neurologists, and geneticists. The paper discusses conservative management options, including
optical interventions such as spectacles, contact lenses, and prisms, alongside pharmacological
treatments aimed at modulating ocular motor behavior. Furthermore, the review underscores the
importance of individualized treatment plans tailored to the patient's specific visual and
functional needs. By synthesizing current evidence and clinical practice guidelines, this article
aims to provide a comprehensive overview of the available management lines for infantile
nystagmus and identify gaps requiring further research.
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Introduction

Infantile nystagmus is a developmental nystagmus with onset during the first 6 months of life. It
affects between 1 in 1000 to 1500 children, with a 2-to 3-fold male predominance. Despite the
old name congenital nystagmus, the oscillations usually begin at 2-3 months of age and are rarely
present at birth. The most common forms of infantile nystagmus are idiopathic infantile
nystagmus (IIN) and infantile nystagmus associated with albinism or retinal diseases. (Leigh and

Zee, 2015)

Idiopathic infantile nystagmus (IIN) is the most common type of infantile nystagmus. The onset
of IIN is usually between birth and 12 weeks of age. In idiopathic infantile nystagmus no
underlying eye condition or neurological problems are present. IIN is usually bilateral, conjugate,
occurring in the horizontal plane with atypical frequency of 2-4Hz, and of either a pendular or a
jerk waveform with a diagnostic accelerating slow phase, with the pendular type being more
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common in early infancy. It may rarely appear as primarily vertical or even torsional nystagmus.

(Khanna and Dell'Osso, 2006)

The cause of IIN is still unknown. It is suggested that infantile nystagmus follows a
pathophysiological sequence of events commencing with gene mutations and their effect on cell
physiology leading to disrupted development of neural function and connectivity in the afferent
visual pathway and/or ocular motor system. Gene mutations could also directly affect motor
and/or sensory innervation of extraocular muscles. (Gottlob and Proudlock, 2014)

Patients with IIN can have a strong family history of nystagmus or can be singly affected. The
most common mode of inheritance is due to X-linked mutations. The gene FRMD?7, located at
Xq26, has been identified as the major cause of hereditary X-linked nystagmus with a penetrance
of 100%in males and 53%in female carriers. Individuals with mutations in the FRMD7 gene
have relatively good visual acuity (better than 6/12), often possess stereopsis and show less
pronounced anomalous head posture compared to individuals with IIN not caused by FRMD7
mutations. (Tarpey et al, 20006)

The FRMD7 gene encodes a member of the FERM domain family of proteins. These are plasma
membrane—cytoskeleton coupling proteins many of which bind to actin or other cytoskeleton
components. In differentiating Neuro2A cells, the FRMD?7 protein co-localizes with the actin of
primary neurites. FRMD7 protein expression in these cells promotes neurite outgrowth and
knock-down of FRMD?7 causes a reduction in average neurite length. (Pu et al, 2012)

Watkins et al., 2013 found an interaction between the FRMD7 protein and calcium/
calmodulin-dependent serine protein kinase (CASK). One of the functions of CASK in neurons
is to link the plasma membrane to the actin cytoskeleton. They suggest that FRMD7 mutations
could act by disrupting the interaction between FRMD7 and CASK needed to promote
membrane extension during neurite outgrowth.

Expression of FRMD?7 in the human embryo occurs in both the developing neural retina as well
as in ocular motor structures such as the cerebellum and vestibulo-optokinetic system. The

FRMDY7 protein, therefore, could primarily influence the developing afferent or motor system.
(Pu et al, 2013)

The medications gabapentin and memantine have been shown to influence idiopathic infantile
nystagmus by reducing nystagmus intensity leading to improved visual acuity. These two
medications are central nervous system inhibitors. Gabapentin probably increases synaptic
concentration of the inhibitory transmitter GABA through voltage-sensitive calcium channels,
whereas memantine inhibits the excitatory neurotransmitter glutamate by blocking N-methyl-D-
aspartate (NMDA)-type glutamate receptors. These two transmitter systems are found in both
sensory and motor systems. (McLean et al, 2007)
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(Fig. 1) The sequence of pathophysiology that leads to infantile nystagmus; genetic
mutations are known to underlie most infantile nystagmus subtypes leading to changes in
cellular function, which in turn could effect: (1) the developing afferent visual pathway, (2)
the developing ocular motor system, (3) extraocular muscle structure and/or motor
innervation, or (4) feedback from extraocular muscle proprioceptors. (Gottlob and

Proudlock, 2014)

Clinically, the nystagmus often becomes right beating on right gaze and left beating on left gaze,
but remains in the horizontal plane on up, down and lateral gaze (i.e., uniplanar in all gaze
positions). The nystagmus intensity (i.e., frequencyx amplitude) increases with fixation effort and
decreases with convergence, in darkness and during sleep. Patients rarely complain of oscillopsia.
Minority of patients has an associated strabismus and some exhibit a latent component on
monocular occlusion. (Richards and Wong, 2015)

Individuals with IIN develop a foveation strategy during visual development to improve vision.
They learn how to use foveating saccades to maximize the periods when the eyes are moving
slowly. These slow periods are called foveation periods that can be defined as the length of time
during a nystagmus cycle when the eyes are more stable. This period of time corresponds to
maximum afferent attention, when the patient sees more clearly. Foveation time is a better
indicator of visual function than the intensity of the oscillation. Visual acuity is usually log-MAR
0.3 (6/12) or better in most patients and nystagmus usually becomes less evident with age.
Strabismus is not common and good stereopsis is often present. (Papageorgiou et al, 2014)

Fu et al, 2011 reported that patients with IIN showed mildly reduced visual acuity before 24
months of age and a gradual maturation of visual acuity with age after 24 months, which
paralleled with existing normative curves for visual acuity development.

IIN is usually associated with a null point that can be defined as the position of the gaze in which
the oscillation is significantly reduced and vision is maximally improved. If the null point does
not coincide with the primary gaze position, then a head position may be adopted to reduce the

nystagmus. This can result in a face turn most commonly when the nystagmus is in the
horizontal plane. (Abadi and Bjerre, 2002)
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Manifest latent nystagmus

Manifest latent nystagmus (MLN), recently known as fusion maldevelopment nystagmus
syndrome (FMNYS) is a predominantly horizontal, jerk nystagmus that becomes more apparent
when one eye is covered. The main characteristic is that, the manifest component is smaller in
intensity and subclinical in size (less evident) when both eyes are open and the amplitude
increases when one eye is occluded (the latent component). Other typical feature of MLN is that
it changes direction. The fast phases are always towards the open eye. When the right eye is
closed, it beats left, and when the left eye is closed, fast phase is right. (Abadi et al, 2006)

The underlying mechanism behind MLN is the disruption of binocular vision during visual
development, through strabismus and amblyopia. MLN is almost always associated with
congenital squint syndrome, which leads to disrupted binocular vision. Additionally, it is often
associated with conditions that cause unilateral loss of vision during visual development such as
cataract and optic nerve hypoplasia. Intensity decreases with age. MLN can be treated by

correcting the squint. Treating the underlying amblyopia using patching therapy can also reduce
the nystagmus caused by MLN. (Mravicic et al, 2019)

MLN can be differentiated from IN by full orthoptic examination looking for presence of early-
onset manifest strabismus can provide a clue towards an MLN diagnosis. A full examination of
the anterior and posterior segments of the eye can identify monocular cataract or optic nerve
hypoplasia leading to MLN. Bilateral pathology may cause IN, MLN or both. Null positions and
head postures are frequent in IN and much less common in MLN unless the child is cross-
fixating. IN onset is often earlier (<6-12 months) than MLN. (Dell’Osso et al, 2014)

Albinism

Oculocutaneous albinism (OCA) is characterized by a lack of pigmentation in the eyes, skin, and
hair and is caused by disruption in the production of melanin due to a number of genetic
mutations. In certain forms of albinism there is no apparent lack of pigmentation in hair or skin
and only the visual system is affected. This is described as ocular albinism (OA). (Grenskov et
al, 2007)

OCA is linked to mutations in four known genes and OA in one known gene. All these
mutations lead to dysfunctional melanin synthesis and storage. It is caused by mutations in the
tyrosinase gene. There are two known causes of OA: (1) due to mutations in the OAl gene

which follows an X-linked recessive inheritance; or (2) autosomal-recessive ocular albinism.

(Oectting, 2002)

OCA is associated with several changes in the eye and visual pathway, including iris
transillumination, foveal hypoplasia, retinal hypopigmentation, abnormal crossing of the optic
nerves at the chiasm, reorganization of the striate cortex, and nystagmus. Optical coherence
tomography shows a spectrum of foveal development in albinism that frequently leads to reduced
visual acuity. The optic discs can be small and dysplastic (small cupless disks or oblique cup with
situs inversus). (Lee et al, 2013)

The nystagmus shows many similarities to that observed in IIN patients. It is usually horizontal,
conjugate, with increasing slow-phase velocities and the nystagmus intensity and waveform
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changing with gaze direction. These patients also typically show a null zone and often have an
anomalous head posture. (Kumar et al, 2011)

Compared to cases of IIN associated with FRMD?7 mutations, there were slight differences in
nystagmus characteristics. The FRMD7-IIN patients showed a higher proportion of pendular
waveform types compared with the albinos. Additionally, the nystagmus frequency was
significantly lower in albinos compared with the FRMD7- IIN group. Strabismus and
anomalous head posture were seen in higher proportions in the albinism group, and stereopsis
was worse compared with the FRMD7-IIN group. (Kumar et al, 2011)

Periodic Alternating Nystagmus

Periodic Alternating Nystagmus (PAN) describes a horizontal jerk nystagmus that reverses
direction every few minutes. PAN can occur as an acquired neurological nystagmus or as an

aspect of IN (often raising suspicion of albinism as the underlying etiology). (Hertle et al.,
2009)

To test for PAN, the nystagmus should be examined for a reversal in direction for at least 5 min
(ideally 10) keeping the gaze in primary position to avoid reversal due to a gaze-evoked null shift.
Such prolonged observations can be difficult for young or non-compliant patients. If the
nystagmus beat direction (or anomalous head postures (AHP)) is different, PAN should be
suspected. When associated with INS, PAN has no sinister implications but may be a
contraindication for standard AHP surgery as it implies spontaneous null shifting. (Thomas et
al, 2011)

Acquired forms of PAN arise due to instability of the vestibulo-optokinetic systems with
instability of the velocity storage mechanism for vestibular eye movements, so as an adaptive
mechanism for this instability a periodicity of oscillations occurs for 4 min. It has also been
shown that patients with acquired PAN have abnormalities of optokinetic nystagmus, with some
patients having no optokinetic nystagmus response. (Leigh and Khanna, 2006)

Spasmus nutans

Spasmus nutans is a rare form of infantile nystagmus characterized by a triad of nystagmus, head
nodding and head torticollis. It is intermittent, fine, high-frequency (>10 Hz), pendular
dissociated nystagmus with normal MRI/CT scan of visual pathways. It appears at 1-3 years of
age and usually spontaneously remits in 2-8 years. (Wizov, 2002)

Spasmus nutans is not inherited and is more common in low socioeconomic classes. Moreover,
head nodding evoques the vestibulo- ocular reflex that may dampen the spasmus nutans and thus
improve vision. In other forms of nystagmus head nodding has not been found to benefit the
patient and might be an associated pathological phenomenon. (Ehrt, 2012)

The appearance of the nystagmus alone in spasmus nutans is fairly distinct; it resembles an ocular
shiver that may be as fine (low amplitude) and rapid as to be barely visible. It may be horizontal,
vertical or torsional in direction. The clinical appearance of spasmus nutans differs from that of
infantile nystagmus in that spasmus nutans is often asymmetrical and may actually be
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monocular. It also differs in its usual time of onset; 4 months to a year in spasmus nutans versus
2 or 3 months of age in infantile nystagmus. (Brodsky, 2016)

Spasmus nutans is usually a benign, self-limited entity. However, MR imaging is warranted in
children with spasmus nutans because children with congenital suprasellar tumors may present
with an identical constellation of findings. Neurodegenerative disorders and congenital retinal
dystrophies may also, on rare occasions, masquerade as spasmus nutans. The high-frequency
nystagmus that characterizes achromatopsia resembles that of spasmus nutans but is conjugate
rather than asymmetrical. (Rucker and Lavin, 2021)

Nystagmus associated with retinal diseases and low vision

In infancy many cases of nystagmus seen are due to abnormalities at numerous locations along
the sensory visual pathway. In nystagmus associated to afferent diseases, it is not entirely clear

whether the afferent deficits cause the nystagmus or whether the nystagmus is intrinsic to the
disease. (Gottlob, 2001)

Nystagmus associated with retinal diseases and low vision can be horizontal or vertical or a
combination of both or it can also be dissociated. The visual acuity in patients with nystagmus
associated to afferent diseases is often lower than in idiopathic nystagmus due to the anatomical

pathology of the eye. (Hussain, 2016)

Nystagmus related to afferent diseases is associated with bilateral anterior visual pathway
pathology. Congenital cataracts can lead to nystagmus if not operated on early enough. Corneal
opacities, developmental disorders of the optic disc and retina such as bilateral optic nerve
hypoplasia, chorioretinal or optic nerve coloboma and retinopathy of prematurity (ROP) are also
associated with nystagmus. Deficits of rod and cone systems, such as congenital stationary night
blindness, achromatopsia and Leber’s amaurosis are all associated with nystagmus. (Lyons and
Wiwatwongwana, 2013)

Careful history-taking is important, as photophobia with poor color discrimination may indicate
achromatopsia while night blindness with high myopia may suggest congenital stationary night-
blindness. These congenital disorders require differentiation by clinical findings, family history,
laboratory tests, radiology, and detailed electrophysiological findings under photopic and
scotopic conditions. (Papageorgiou et al, 2014)

Nystagmus associated with neurologic diseases and syndromes

A variety of developmental and neurological syndromes are associated with nystagmus such as
Down’s syndrome, Noonan’s syndrome and microcephaly. These are usually related to
abnormalities in the brainstem and cerebellum. Space occupying lesions, cerebral palsy,
periventricular leukomalacia, Chiari malformation, as well as metabolic and mitochondrial
diseases are also associated with nystagmus. Also, visual pathway disease giving rise to nystagmus
includes chiasmal and optic nerve glioma, craniopharyngioma, and optic nerve compression by

other tumors or bone anomalies. (Proudlock and Gottlob, 2011)

Neurological disease should be suspected when the nystagmus is asymmetrical (dissociated) or
unilateral. Acquired nystagmus is less frequent in children (17% of nystagmus patients) than in
adults (40%). Many patients with neurological nystagmus also have associated neurological
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symptoms or present with vertigo, nausea, and headaches due to intracranial hypertension.
Ocular signs, such as relative afferent pupillary defect, papilloedema, optic atrophy and visual loss
may also be present. (Sarvananthan et al, 2009)

Children with arrested or compensated hydrocephalus can present with sensory deficit nystagmus
with associated optic atrophy. Therefore, optic atrophy and nystagmus in infancy indicate a
strong possibility of either raised intracranial pressure and/or intracranial tumor in infancy.
Therefore, an MRI examination should be performed in the presence of atypical nystagmus,
accompanying neurological signs, developmental delay or optic atrophy. (Salati et al, 2002)

Clinical Evaluation of Infantile Nystagmus

The CEMAS definition of infantile nystagmus relies on waveform analysis of eye movement
recordings for definitive diagnosis. However, the practicality of eye movement recording as a
diagnostic requirement is limited by the availability of necessary equipment and the difficulty of
oculography in infants. Furthermore, even on eye movement recordings, there is significant

overlap in diagnosis. (Richards and Wong, 2015)

In any infant or child with abnormal eye oscillations, the nature of the movements needs to be
characterized. Children in whom early onset nystagmus has been identified still face abroad
differential diagnosis that includes infantile nystagmus, manifest latent nystagmus, spasmus
nutans and other neurologically localizing forms of nystagmus. Even within infantile nystagmus,
a wide range of underlying diagnosis must be ruled out. The clinician can navigate through this
diagnostic challenge with the aid of a focused patient history, careful clinical examination and
selective ancillary tests. (Leigh and zee, 2015)

Careful detailed history should be taken including; age of onset, history of strabismus,
amblyopia, abnormal head posture, visual impairment and family history of nystagmus.
Complications during pregnancy or childbirth, developmental delay or reports of ataxia or
headache may indicate a neurologic cause. Family history of albinism or visual symptoms as
photophobia, color blindness or night blindness suggests anterior visual pathway disease.
Nystagmus onset after age 3 months and other atypical characteristics (e.g. monocular, vertical or
shimmering nystagmus) suggest acquired nystagmus and heighten suspicion of optic pathway
glioma. (Buncic, 2004)

The clinical examination begins as the child enters the room, particularly observing for signs of:
photophobia, head postures (variable/ alternating/consistent) and/or head nodding as well as
signs of associated systemic and neurological features. (Self et al, 2020)

Complete examination of all children presenting with nystagmus is essential for assessment of
visual function and visual acuity throughout the critical period of visual development and also for
investigation of ocular alignment and binocular vision. Cycloplegic refraction is obtained. Best
corrected visual acuity (BCVA) is measured with both eyes open and monocularly, noticing the
presence or absence of abnormal head posture. (Osborne et al, 2019)

The presence of any abnormal head posture (AHP) and its degree should be recorded for both
near and distance fixation. Infantile nystagmus related AHP is noted according to the axis. It can
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be anomalous horizontally (right or left head turn), vertically (chin up or down), torsionally
(right or left head tilt), or in a mixed pattern (kraft, 2012)

Moreover, presence or absence of any involuntary head nodding should be recorded. The
involuntary head nodding often seen in infantile nystagmus can be distinguished from other
rhythmic head movement; if the child can voluntarily stop the head movement when asked, it is
caused by the nystagmus. Also, binocular single vision is examined to evaluate sensory and motor
fusion with assessment of stereoacuity when possible. Stercopsis can be measured by Titmus test

(Chopin et al, 2019)

Ocular alignment has to be evaluated due to increased prevalence of strabismus in the presence of
childhood nystagmus that was reported between 16 and 52%. Children with idiopathic IN are
less likely to develop strabismus, whereas those with congenital retinal dystrophies or albinism are
at intermediate risk, and those with bilateral optic nerve hypoplasia are at particularly high risk.
(Self et al, 2020)

Complete ocular examination is performed with the best age-appropriate equipment available.
Slit-lamp examination should be done looking for ocular signs commonly associated with
nystagmus including; size of cornea (e.g. microcornea associated with coloboma), anterior

segment dysgenesis, aniridia, iris transillumination seen in albinism, cataract, aphakia

(congenital/acquired). (Khanna and Dell'Osso, 2006)

On funduscopy, special attention should be given to optic disc morphology (e.g., optic nerve
hypoplasia or coloboma), signs of foveal hypoplasia (e.g., albinism or aniridia), retinal
abnormalities (e.g., Leber congenital amaurosis or achromatopsia), and fundus

hypopigmentation (e.g., albinism) or atrophy from congenital infection. (Bertsch et al, 2017)

On clinical examination, the eyes should be observed in five positions of gaze (primary, right, left,
up and down) noting the nystagmus waveform (pendular or jerk), frequency (how fast),

amplitude (how big), direction and plane of oscillation. Presence or absence of a null zone should
be noted and recorded. (Hertle, 2008)

Cover- uncover test should also be done to check for latent nystagmus which is relatively
common ecither alone or in conjunction with IN. Cover test is best performed with a +4 D to
+10 D lens as an occluder to fog the vision. Occlusion with an opaque object has an undesirable
effect of increasing nystagmus intensity. (Richards and Wong, 2015)

Typically, idiopathic infantile nystagmus (IIN) is horizontal and remains so in elevation and
depression. The nystagmus often has a null region and increases in intensity, becoming jerkier

farther from the null. IIN is characterized by being worse by visual attention and stress. (Cham
etal., 2021)

Videos of head postures and nystagmus can be extremely useful in evaluation and recording.
Documenting nystagmus can be achieved in a variety of ways one of them is the diagrammatic

representations (Osborne et al, 2019)
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(Fig. 2) Diagram showing recording of nystagmus amplitude, frequency, direction and waveform
in 9 positions of gaze. (Osborne et al, 2019)

Visual electrodiagnostics are used to assess the function of the afferent visual pathway from retina
to cortex. Retinal function is assessed using the electroretinogram (ERG) and the visual pathway
using visual evoked potentials (VEP). They are non-invasive objective tests not requiring
anesthesia, sedation or mydriasis, relatively quick to perform (30-40 min) with immediate access

to results. (McCulloch et al, 2015)

For children with IN, in the absence of an obvious cause of vision loss or suggestion of a
neurologic cause, an ERG is warranted to rule out retinal dystrophy or degeneration. The
diagnostic yield of ERG in such cases is as high as 56%. If ERG returns a normal result, a brain
magnetic resonance imaging (MRI) with contrast is recommended because an optic pathway
glioma can masquerade as infantile-like nystagmus or spasmus nutans syndrome in rare cases.

(Buncic, 2004; Brodsky and Keating, 2014)

In contrast, children who have a significant perinatal history suggestive of a neurologic cause, a
brain MRI should be performed to rule out cortical visual impairment (CVI) e.g., periventricular
leukomalacia, hypoxic ischemic encephalopathy, traumatic brain injury, infections or metabolic
diseases. If the brain MRI is normal, then an ERG should be ordered. If ocular or
oculocutaneous albinism is suspected, genetic testing may be offered, and a multi channel VEP
that demonstrates chiasmal misrouting is sometimes helpful to support the diagnosis. (Soong et

al, 2000)

The term idiopathic infantile nystagmus (IIN) has been used to describe infantile nystagmus
where no disease has been found in the brain or retina. However, this terminology may become
redundant as recent high-resolution imaging of the retina using optical coherence tomography
(OCT) has shown that retinal deficits indeed exist in individuals with IIN including foveal
thickening, thinning of the retinal nerve fiber layer and shortened cone outer segments. (Lee et

al, 2013)
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By identifying the presence or absence of typical or atypical foveal hypoplasia and the presence
of other abnormal morphological features, it is possible to divide IN into four diagnostic
categories: (1) typical foveal hypoplasia; (2) atypical foveal hypoplasia; (3) abnormal foveal
morphology; and (4) normal foveal morphology Furthermore, the severity of foveal hypoplasia
can be graded and this can potentially be used as a visual prognostic indicator. (Thomas et al,

2011)

I Infantile Nystagmus Syndromel
Foveal Hypoplasia
Yes No
Typical Atypical Abnormal Normal
Morphology Morphology
(Category 1) (Category 2) (Category 3) (Category 4)
Albinism/PAX6 Idiopathic
Isolated Foveal Achr psi Retinal Dystrophy Manifest Latent
Hypoplasia Nystagmus
VEP* ERG ERG
Genetic Testing Genetic Testing Genetic Testing Genetic Testing
(Albinism/PAX6) (Achromatopsia) (Rod-Cone (FRMD?7)
Dystrophies)

(Fig. 3) Diagnostic use of OCT in IN. An algorithm adapted from ‘potential of hand-held
optical coherence tomography to determine cause of INS in children by using foveal

morphology’. (Lee et al, 2013)
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(Fig. 4) Grading foveal hypoplasia. An algorithm for grading foveal hypoplasia on the basis of
OCT findings. (Thomas et al, 2011)

Eye movement recordings (EMRs) in IN if available, provides a means for objectively visualizing
the details of eye movement that are not visible to the naked eye or occur transiently. It can also
provide a permanent quantitative record for comparisons to monitor disease progression or
remission. On eye movement recordings of IN pendular wave- forms are often punctuated by
brief foveation periods, whereas jerk waveforms have highly characteristic increasing velocity slow

phases. (Richards and Wong, 2015)
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Routine screening for FRMD7 gene mutations has a low diagnostic yield and is not
recommended as part of the workup for isolated cases of idiopathic INS. It may be considered,
however, for patients with a pedigree indicating X-linked inheritance. (Self et al, 2007)

A 1 second
Right ' I

o f——=A_-A_ _A
Left N 1 7

Foveation periods

B
Right

or | NN TN
Left N | /

Foveation periods

(Fig. 5) Schematic diagram of typical infantile nystagmus syndrome (INS) nystagmus
waveforms. (A) Jerk-type INS exhibits an increasing velocity slow phase followed by a saccade in
the opposite direction. (B) Pendular-type INS has slow-phase movements only, often interrupted

by brief foveation periods. (Wong, 2008)

Diagnostic workflow

When seeking a diagnosis for children with nystagmus, it is important to recognize the
limitations and inconsistent access to clinical equipment. Some clinical diagnostic tools are freely

available (such as anterior and posterior segment examination) and some are scarcer (such as

hand-held OCT, EMREs or electrodiagnostics). (Self et al, 2020)

Most diagnostic workflows used in practice have the aim of diagnosing for as many children as
possible by relying on the most freely available diagnostic tests and secking the most urgent
diagnoses as a priority. In practice, most diagnostic workflows seck to identify which of seven
common patient groups children referred with nystagmus fall into as they broadly guide
subsequent management or further investigation. (Papageorgiou and Gottlob, 2021)

A diagnostic workflow forms the basis of clinical practice It is important to note that workflow
mainly focuses on the initial route to diagnosis only, and in many cases, additional tests will be
required to support clinical management and to quantify visual pathway lesions and visual
prognosis in most cases. (Bertsch et al, 2017)

From a different point of view, IN is a genetically heterogenous disorder associated with
mutations of genes expressed in the retina and brain. Thomas et al, 2017 developed a next-
generation sequencing (NGS) panel for nystagmus patients, in order to facilitate early diagnosis
and enable accurate genetic counseling. This information is a first step toward individualized

diagnosis for patients with atypical manifestations of INS and personalized genetic treatment
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(Fig. 6) Flow chart algorithm for the workup of infantile nystagmus. (Bertsch et al, 2017)

[Key: MRI, magnetic resonance imaging; TIDs, transillumination defects; OCT, optical
coherence tomography; LCA, Leber congenital amaurosis; ONH, optic nerve hypoplasia; CVI,
cortical vision impairment; CSNB, congenital stationary night blindness; JXLR, juvenile X-
linked retinoschisis; Abnl, abnormal; achroma, achromatopsia; RP, retinitis pigmentosa; PAX6,
PAXG6 gene, responsible for aniridia and related syndromes; FRMD7, FRMD?7 gene, an X-linked
gene associated with IIN].
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(Fig. 7) Diagnostic workflow for patients with nystagmus. (Thomas et al, 2017)
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Management of Infantile Nystagmus

The treatment of infantile nystagmus (IN) has 3 broad components; management of underlying
systemic disease, treatment of associated ocular disease and symptomatic therapy for nystagmus.
Underlying systemic disease such as albinism may require consultation with pediatric services.
For heritable systemic and ocular conditions, referral for genetic counseling should be

considered. (Richards and Wong, 2015)

Even in the absence of an identifiable cause, management should begin with correction of all
significant refractive errors and therapy for amblyopia as needed. Although patching may elicit a
latent component, this effect usually subsides with 48 hours of continuous occlusion. Patching or
atropine penalization is still recommended for patients with amblyopia and IN. (Scaramuzzi et

al, 2020)

Asymptomatic benign forms of early-onset nystagmus do not require specific treatment beyond
that outlined earlier. Reassuringly, idiopathic IN and secondary IN with good visual acuity
become much less obvious as the child becomes older. Further symptomatic treatment is
considered in patients who demonstrate abnormal head posture or reduced visual acuity related
to unstable fixation. These issues may be addressed through optical, pharmacologic, and surgical
means. (Papageorgiou et al, 2014)

Non-surgical management of nystagmus
(A) Optical methods
1. Glasses:

Effort should be made to correct any underlying refractive error which will decrease the
nystagmus. Retinoscopy may be difficult to perform accurately when the nystagmus amplitude is
large and should be performed with the eyes in the null zone if such is present. (Rucker, 2005)

2. Contact lenses:

Contact lenses (CL) have been reported to have reduced amplitude and frequency and are helpful
in high ammetropias to reduce prismatic effects of glasses. It has the optical advantage of moving
synchronously with the eyes so that the visual axis coincides with the optical center of the lens at
all times and shows improvement in visual acuity. There is a theory that contact lenses
additionally damp nystagmus via a presumed trigeminal afferent tactile feedback mechanism.
(Biousse et al, 2004)

3. Over minus lenses:

Adding concave glasses to distant correction accompanied with secondary convergence. This
induced convergence diminishes amplitude and rate of nystagmus thus enhancing vision.
Overcorrection with minus lenses stimulates accommodative convergence and may improve
visual acuity at distance fixation by nystagmus dampening. (Jenkins, 2017)

Prisms:
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Prisms are used for two purposes in the treatment of nystagmus: (1) to improve visual acuity and
(2) to eliminate an anomalous head posture. In patients whose nystagmus is suppressed by
viewing a near target, Optical Base-out prisms (7PD) may be combined with slight myopic
overcorrection(—1.00 D) to exploit convergence damping in patients with intact binocular vision
and thus improving visual acuity. Congenital nystagmus responds well to it. (Khanna and

Dell'Osso, 2006)

Some patients with acquired nystagmus and in patients whose nystagmus is worse during near
viewing, base-in prisms may help inducing divergence. Prisms with base opposite to preferred
direction of gaze can be prescribed to correct a small amount of face turn. For example, in a
patient with left head turn, the null zone is in dextroversion and a prism base-in before the right
eye and base-out before the left eye will be helpful in correcting the AHP. (Serra et al, 2006)

The prisms are also inserted with the base opposite the preferred direction of gaze for
preoperative evaluation for correction of the head turn. Thus, the results of surgery for head turn
in nystagmus can be reasonably well predicted on the basis of the patient’s response to prisms,
and a postoperative residual head turn may be alleviated further with prisms. (Kavitha, 2015)

Optically coupled device:

Rushton and Cox, 1987 described an optical system that stabilizes retinal images This system
consists of a high-positive-power spectacle lens (+32D) combined with a high-negative-power
contact lens (-58D). The system rests on the principle that stabilization of images on the retina is
achieved if the spectacle lens focuses the primary image close to the center of rotation of the eye.
Such images however, are defocused, and a contact lens is required to extend back the focus onto
the retina. This system achieves up to 90% stabilization of retinal images. But, it is only useful
while the patient is stationary and views monocularly with limited visual field. (Kavitha, 2015)

(B) Electrical devices

Use of electronic devices has been advocated and is most useful in patients with pendular
nystagmus. Eye movements are measured with an infrared sensor and fed to a phase-locked loop
that generate a signal similar to the nystagmus but is insensitive to other eye movements, such as
saccades. This electronic signal is then used to rotate Risley prisms, through which the patient
views the world. When the Risley prisms rotate in synchrony with the patient’s nystagmus, they
nullify the visual effects of the ocular oscillations. (Smith et al, 2004)

Another biofeedback based device depends on that electrical stimulation or vibration over the
forehead or neck may suppress congenital nystagmus, possibly by an action on the trigeminal
system, which receives extra ocular proprioception. (Thurtell and Leigh, 2010)

(C) Acupuncture

Acupunture by insertion of needles into the sternocleidomastoid muscle has been shown to
improve foveation characteristics in congenital nystagmus on a temporary basis. (Blechschmidt
et al, 2017)

(D) Botulinum toxin
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Botulinum toxin is a neurotoxin protein produced by the bacterium Clostridium botulinum.
Injection of highly diluted doses of botulinum toxin into affected muscles temporarily prevents
the release of acetylcholine from synaptic nerve terminals, blocking neuromuscular transmission,
resulting in reduction in muscle activity without significant functional weakness. The length of
time for which the paralysis lasts depends on the individual, but it usually lasts for 2-6 months,
before it wears off. (Nigam and Nigam 2010)

Botulinum toxin has shown some effectiveness in the treatment of oscillopsia secondary to
acquired nystagmus. The concept is that injection of botulinum toxin into either the extraocular
muscles or the retrobulbar space will reduce the motility of all of the extraocular muscles and
thus damp the nystagmus and improve vision in some patients. Studies of botulinum treatment
for nystagmus are small retrospective case series, with a typical dosage of 20-30 units per eye.

(Wan et al, 2019)

Limitations of this approach are the short action period (2-6 months), ptosis and diplopia,
which may be more annoying to patients than visual symptoms due to the nystagmus. In some
patients, the nystagmus may become worse in the non-injected eye. This is because botulinum
toxin weakens all types of eye movement, not just the nystagmus. This paresis stimulates the

brain to increase innervation that may worsen the nystagmus in the non-injected eye. (Hobson
and Rowe, 2009)

(E) Drugs

The aim of pharmacologic treatment is to dampen the nystagmus and thereby improve visual
symptoms without adversely affecting normal eye movements. However, drugs are not preferred
because of their side effects and the need for prolonged treatment. The choice of pharmacologic
agent depends on the nystagmus type. For IN, the pharmacologic agents can be used are;
Gabapentin (300-600 mg, qid), Memantine (10 mg, qid), Acetazolamide (250—1000 mg, bid)
or Brinzolamide 1% eye drops (1 drop, bid). (Thurtell and Leigh, 2012)

For idiopathic IN, oral and topical carbonic anhydrase inhibitors showed some promising results.
Thurtell et al, 2010 reported that Acetazolamide resulted in improved-foveation of IN
waveforms over a broadened range of gaze angles, probably acting at more than one site. Hertle
et al, 2015, a prospective cross over study of topical brinzolamide, showed improved wave form
characteristics, but only a 0.12 log-MAR improvement in visual acuity.
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