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Abstract

Introduction—Infantile nystagmus has many causes, some life threatening. We determined the 

most common diagnoses in order to develop a testing algorithm.

Methods—Retrospective chart review. Exclusion criteria were no nystagmus, acquired after 6 

months, or lack of examination. Data collected: pediatric eye examination findings, ancillary 

testing, order of testing, referral, and final diagnoses. Final diagnosis was defined as meeting 

published clinical criteria and/or confirmed by diagnostic testing. Patients with a diagnosis not 

meeting the definition were “unknown.” Patients with incomplete testing were “incomplete.” 

Patients with multiple plausible etiologies were “multifactorial.” Patients with negative complete 

workup were “motor.”

Results—284 charts were identified; 202 met inclusion criteria. The 3 most common causes were 

Albinism(19%), Leber Congenital Amaurosis(LCA)(14%) and Non-LCA retinal dystrophy (13%). 

Anatomic retinal disorders comprised 10%, motor another 10%. The most common first test was 

MRI (74/202) with a diagnostic yield of 16%. For 28 MRI-first patients, nystagmus alone was the 

indication; for 46 MRI-first patients other neurologic signs were present. 0/28 nystagmus-only 

patients had a diagnostic MRI while 14/46 (30%) with neurologic signs did. Yield of ERG as first 

test was 56%, OCT 55%, and molecular genetic testing 47%. 90% of patients had an etiology 

identified.

Conclusion—The most common causes of infantile nystagmus were retinal disorders (56%), 

however the most common first test was brain MRI. For patients without other neurologic stigmata 

complete pediatric eye examination, ERG, OCT and molecular genetic testing had a higher yield 

than MRI scan. If MRI is not diagnostic, a complete ophthalmologic workup should be pursued.
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Introduction

Infantile nystagmus syndrome, an involuntary eye movement disorder, may be considered a 

diagnosis in itself with various underlying causes, or a clinical sign requiring a systematic 

evaluation. Nystagmus waveforms have been extensively studied (1) and various 

nomenclatures have been proposed over the years. The CEMAS nomenclature (2) is the 

most exhaustive. In our paper Infantile Nystagmus will be used to signify any involuntary 

oscillatory eye movement disorder that occurs in the first 6 months of life, not associated 

with medication or other causes of acquired nystagmus. We will consider Infantile 

Nystagmus a sign rather than a final diagnosis, and therefore we include those entities listed 

in the CEMAS classification as infantile nystagmus syndrome (INS), fusion 

maldevelopment syndrome or latent/manifest latent nystagmus (FMNS), spasmus nutans 

(SNS), vestibular nystagmus, gaze holding deficiency nystagmus, vision loss nystagmus, 

other pendular nystagmus, and ocular bobbing, as our purpose is to develop an algorithm for 

arriving at the etiology of the many different types of “shaking eyes” that present to the 

pediatric ophthalmologist. A major deviation from the CEMAS nomenclature is that in the 

CEMAS schema “motor nystagmus” is folded into INS. In our study we are grouping 

patients by etiology rather than nystagmus waveform type and are therefore using the term 

“motor nystagmus” to signify a diagnosis of exclusion category in which sensory and 

neurologic etiologies have been ruled out, resulting in an oculomotor diagnosis with stable, 

relatively good visual acuity. This has been referred to as Idiopathic Infantile Nystagmus 

Syndrome in some publications (3).

Infantile nystagmus is a common reason for referral to pediatric, retina and genetic eye 

disorder specialists as well as to neurologists and neuro-ophthalmologists, and yet there is 

no agreed upon protocol for the evaluation of these patients. In the clinical experience of this 

author, children often have brain magnetic resonance imaging (MRI) performed as the first 

study by the first provider they encounter, and may receive a diagnosis of “motor 

nystagmus” (or Idiopathic Infantile Nystagmus Syndrome), without further workup if the 

MRI is negative and visual acuity appears grossly normal for age. Sometime later, either 

because of decreased vision or school assessments, another consultation is requested and 

decisions must be made about how to proceed. Because of the uncertainty about which 

diagnoses are most common and which tests are most useful, we undertook a retrospective 

chart review of 202 consecutive patients referred to either pediatric ophthalmology or the 

pediatric genetic eye disease service with infantile nystagmus. Highlights of this study, 

combined with a review of the literature, will be summarized in this paper along with an 

algorithm for the workup of infantile nystagmus based on this data.
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Methods

An IRB approved retrospective chart review was performed using nystagmus and diagnoses 

associated with nystagmus as key words in the electronic medical record and in a pediatric 

genetic eye disease database for patients seen from 2008–2016 by one physician (AVD). 

Charts were excluded if nystagmus was not documented to be present, was acquired after 6 

months of age, or if there was no eye examination recorded. Clinical data was collected 

including results from complete pediatric eye examination and all testing completed both 

before and after referral, with documentation of the order in which testing was performed. 

Referring diagnosis, initial diagnosis and final diagnosis were recorded. Final diagnosis was 

considered definitive if it met published clinical criteria for a disorder (e.g. albinism with the 

triad of nystagmus, iris transillumination, and foveal hypoplasia), if it was confirmed by 

diagnostic testing such as electroretinogram (ERG) or optical coherence tomography (OCT) 

to be localized to a specific site in the eye (e.g. retinal dystrophy or degeneration, foveal or 

optic nerve hypoplasia) or brain by MRI (e.g. septo-optic dysplasia, brain malformation), 

and/or if it was confirmed with molecular genetic testing (e.g. the appropriate number of 

disease-causing mutations in a gene known to cause a specific disorder that fit the clinical 

presentation). Patients in whom a clinical or molecular diagnosis did not meet the rigorous 

definitions above after all testing was complete were called “unknown.” Patients who were 

lost to follow up, declined testing, or had investigation ongoing at the time of chart review 

were called “incomplete.” Patients in whom more than one plausible etiology of nystagmus 

was discovered were called “multifactorial.” If retinal, optic nerve, and central nervous 

system were normal and vision was 20/200 or better, the patient was classified as “motor 

nystagmus” as a diagnosis of exclusion. If vision was worse than 20/200, they were placed 

in the unknown category as this is atypical for purely oculomotor nystagmus.

Results

284 charts were identified, of which 202 met inclusion criteria. 119 were male and 83 were 

female. The 3 most common causes of nystagmus in this population were Albinism (19%), 

Leber Congenital Amaurosis (14%) and Non-Leber Congenital Amaurosis retinal dystrophy/

degeneration (13%). Anatomic retinopathies such as foveal hypoplasia, familial exudative 

vitreoretinopathy and coloboma comprised an additional 10%, with motor nystagmus 

(Idiopathic Infantile Nystagmus Syndrome) another 10% (see figure 1).

74/202 patients had MRI performed as their first test, with the majority performed before 

referral. The diagnostic yield for these 74 patients was 16%, or 3.5% of the total 202 

nystagmus patients. 28 of the 74 had MRI as their first test with nystagmus alone as the 

indication; 46 had MRI performed first because of neurologic signs in addition to 

nystagmus. 0/28 nystagmus-only patients had a diagnostic first MRI while 14/46 (30%) with 

other neurologic signs did (see figure 2). When considering all patients who had MRI, either 

as initial test or as a subsequent test, 100/202 patients had MRI scans and 24% of the total 

had findings related to nystagmus. The MRI findings were 9 septo-optic dysplasia (SOD) 

spectrum, 1 coloboma with intraconal cyst, 2 cerebellar dysplasia (Joubert syndrome), 1 

encephalocele, 1 crowded foramen magnum/mild Arnold Chiari malformation, 1 

hamartomas on optic nerves.
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All patients had a complete pediatric eye examination. This examination was able to detect 

the cause of nystagmus in 67% of cases, later confirmed by other testing as necessary. After 

MRI, the most common test to be utilized first was genetic testing when karyotype and 

chromosome microarray are included, and was ERG when only specific ocular genetic 

testing is considered. ERG as the first test had a 56% diagnostic yield, OCT 55%, and 

molecular genetic testing 47% (see figure 3a). The choice of first ocular test was driven by 

clinical signs noted in the pediatric eye examination, specifically presence or absence of iris 

transillumination, presence or absence of optic nerve anomaly, presence or absence of 

systemic neurologic signs, presence or absence of abnormal retinal pigmentation, and 

presence or absence of positive family history for a disorder associated with nystagmus. 

Overall as a first test, MRI had the lowest yield and ERG the highest, but all ocular tests had 

higher yields than MRI. In most cases if the first test was not diagnostic, other testing was 

pursued. When we calculated the percent positive yield of each test for ever using that test, 

not only as a first test, Genetic testing and OCT were tied for the highest yield at 58%, ERG 

was next at 47% and MRI was positive in 16% of cases (see Figure 3b). The complete 

pediatric eye exam actually had the highest yield for narrowing down the diagnosis to a 

specific category of etiology that could then be confirmed through other testing.

Categories of Nystagmus Etiology

We found 3 broad categories of nystagmus etiology that can help to guide workup: 

neurologic, ocular, motor. Below are exemplar cases from each of these categories to 

demonstrate the decision making process.

I. Neurologic causes of nystagmus

Exemplar case 1: A 5 month old male was referred for evaluation of nystagmus. It 

was described as intermittent and his vision appeared to be normal. Growth and 

development had been proceeding normally. On examination, there was high 

frequency horizontal nystagmus of both eyes with brief periods of cessation. Vision 

was fix and follow with each eye. Anterior segment examination revealed no 

abnormalities, including no iris transillumination. Dilated fundus examination 

revealed normal retina and macula, but markedly small, flat optic nerves (see figure 

4). MRI scan of brain was ordered due to small optic nerves: the septum pellucidum 

was noted to be absent, however the pituitary gland appeared normal. The child was 

referred for vision services, and for endocrine evaluation. At the age of 7 years visual 

acuity is 20/70 right and 20/60 left, and large amplitude horizontal nystagmus is 

present. He has not developed hypopituitarism or diabetes insipidus.

Exemplar case 2. A three year old boy was referred from neurosurgery for ocular 

examination due to nystagmus and concern for encephalocoele. Visual acuity was 

20/80 right eye, less than 20/400 left eye with bilateral horizontal jerk nystagmus. 

There was a frontonasal mass, soft to palpation, and epiphora on the left. Anterior 

segment and fundus examinations were unremarkable. There was a marked 

anisometropia. MRI confirmed a left frontal encephalocoele (figure 5), along with 

cerebellar tonsillar ectopia. Pituitary gland was normal. One year later following 
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repair, spectacle correction and patching therapy, visual acuity was 20/25 right eye, 

20/60 left eye with fine pendular horizontal nystagmus.

Discussion of cases 1 and 2: Neurologic disorders associated with nystagmus in 

children may be apparent, such as encephalocoele, or very subtle. During the history 

portion of the examination it may become clear that a child is not meeting 

developmental milestones, has a seizure disorder, or has other signs of a neurologic 

disorder. In some children only mild neurologic signs can be elicited by history, but 

upon examination the head circumference is noted to be large or small (it is wise to 

obtain standardized growth and head circumference curves from children’s primary 

care doctor, or to measure the head and plot it on a standard curve chart in the office). 

Other signs of a primarily neurologic disorder may be unusual nystagmus such as 

see-saw or spasmus nutans (shimmering and asymmetric) (4,5), co-occurrence of 

ocular motor apraxia (6), ataxia, pale or small optic nerves, or swollen optic nerves. 

Chorioretinal colobomas may also be associated with midline brain defects, while 

iris-only colobomas, when in an unusual position away from the inferonasal region, 

may signify Gillespie syndrome due to mutations in PAX6 or other genes (7,8). Small 

optic nerves may be due to primary optic nerve hypoplasia (ONH), with or without 

abnormalities of the septum pellucidum, pituitary gland and posterior pituitary bright 

spot. Isolated ONH may be associated with pituitary dysfunction especially if the 

gland is anatomically abnormal on MRI. Life threatening deficiency of cortisol as 

well as low growth and thyroid hormone may be present making recognition and 

treatment of great importance. Analysis of a child’s growth cures may reveal “falling 

off” a percentile curve over time as a sign of growth hormone failure. There are risk 

factors for ONH such as young maternal age (9), and there are also genetic types, for 

example due to mutations in HESX1 (10). At this writing the yield with genetic 

testing for ONH is not very high, but it should be considered in familial cases and 

discussed with parents in all cases. Many patients with albinism also have small, grey 

optic nerves. When associated with albinism there is no need for MRI as the 

association with pituitary and septum pellucidum abnormalities has not been 

reported. Some patients with partial aniridia also have optic nerve hypoplasia, and in 

these cases genetic testing of PAX6 rather than MRI is diagnostic. This makes 

differentiation between primary optic nerve hypoplasia and albinism or aniridia 

especially important. Rarely, congenital brain tumors or other brain anomalies may 

present as infantile nystagmus, especially with shimmering, spasmus nutans type 

(11). Arnold Chiari malformation and other malpositioning of the cerebellar tonsils 

have been associated with nystagmus (12). In the second case described above it is 

interesting that the nystagmus changed but did not resolve after brain surgery, and 

that vision in the non-amblyopic eye is now in the normal range.

2. Ocular Causes of Nystagmus—Exemplar case 3: A 7 year old boy presented with a 

lifelong history of “spasmus nutans.” He had been noted to have shimmering, asymmetric 

nystagmus by 6 months of age and was seen by several doctors between the ages of 1 year 

and 6.5 years. He had 4 brain MRI scans, all of them normal, the first ordered because of the 

known association of spasmus nutans with intracranial pathology, with subsequent scans 

ordered due to motion artifact obscuring some regions, a new sign (esotropia) developing, 
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and decreased vision being documented. Because the parents had been told that spasmus 

nutans was self-limited and associated with normal vision, they were surprised when 

teachers began to notice poor vision. His acuity improved with a myopic correction, but 

could not be corrected to better than 20/60. Upon referral to the genetic eye disease service 

ERG was performed (indication: nystagmus, no iris transillumination, decreased best 

corrected vision, moderate photophobia, and normal MRI) and showed markedly reduced 

amplitudes in all conditions with electronegative standard combined response (see figure 6). 

A tentative diagnosis of Leber Congenital Amaurosis/Severe Cone Rod Dystrophy vs. 

Congenital Stationary Night Blindness (CSNB) was made; the ERG fit CSNB but was 

unusual in the setting of photophobia and lack of night blindness. A mutation in CACNA1F 
was discovered, confirming this extremely variable form of “CSNB,” which may also 

present with cone dysfunction. An extended family history was obtained and multiple male 

relatives related through females were discovered with a range of signs and symptoms 

consistent with CACNA1F mutation. At the age of 12 years vision is 20/70 right and 20/40 

left. Nystagmus is less prominent but has persisted and is still asymmetric and very fine.

Discussion of case 3: Spasmus-nutans-like nystagmus is a valid reason for obtaining a brain 

MRI because this type of asymmetric, shimmering nystagmus has been associated with 

diencephalic and optic nerve tumors (4). However, if the MRI is normal, and the nystagmus 

does not resolve over the course of 2–4 years as is typical of benign spasmus nutans, the 

evaluation should shift to looking for ocular causes. Spasmus-nutans-like, asymmetric, 

shimmering nystagmus can also be caused by retinal disorders (13,14). Other clues that 

could have prompted earlier referral include photophobia, and decreased vision.

Examplar case 4: A 16 week old male was referred for infantile nystagmus. The child was 

very blond, as was the entire family. Nystagmus had been noted at about 2 weeks of age. 

Visual responses had been essentially absent, but the child was beginning to grossly follow 

faces. On examination iris transillumination was present and there was no apparent fovea on 

fundus examination. Optic nerves were small and grey. Albinism could be diagnosed 

clinically, but parents were interested in genetic testing for greater understanding of the 

syndrome and for family planning. Two mutations in OCA1 were discovered.

Discussion of case 4: Oculocutaneous albinism can be autosomal recessive or X-linked. In 

the past only patients with complete albinism, lacking all or most pigment, could be 

diagnosed. The advent of genetic testing has taught us that some people have partial enzyme 

activity and can have quite normal appearing pigmentation despite having foveal hypoplasia 

and other signs of albinism. In blond families light pigmentation is not a helpful sign and 

even normal blue irides may have a few iris transillumination defects. Genetic testing for the 

16 plus genes now known to cause albinism can allow for family planning and can rule in or 

out the rare but real forms of albinism that are associated with other morbidity such as 

Hermansky Pudlak Syndrome (bleeding diathesis, pulmonary fibrosis) and Chediak Higashi 

Syndrome (immune deficiency). In infants and older patients with diffuse iris 

transillumination this sign can be easily seen with a penlight or other illuminator. In more 

subtle cases iris transillumination can only be seen at the slit lamp. In the case of young 

children it is often useful to have a slit lamp photograph taken with the light positioned to 

show the red reflex through the pupil. This may reveal subtle but diffuse iris 
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transillumination not readily apparent on the fleeting examination otherwise possible (see 

figure 7).

Exemplar case 5: A 20 month old female was referred with infantile nystagmus and possible 

achromatopsia due to intense photophobia since a few months of age. Vision was central, 

unsteady and maintained at distance and near in each eye. There was photophobia to room 

light. Nystagmus was fine, horizontal, pendular. Anterior segment and fundus examination 

were unremarkable and low hyperopia was present. Because she was at an age when 

electroretinogram must be obtained under anesthesia, molecular genetic testing was the first 

test obtained with the idea that if positive, anesthesia could be avoided. Testing was sent for 

achromatopsia with reflex to LCA since there is significant overlap in the presentation 

during infancy. Achromatopsia testing was negative, but the LCA panel revealed two 

pathologic mutations in RPGRIP1.

Exemplar case 6: An 11 month old boy was referred with infantile nystagmus and possible 

optic nerve hypoplasia. Vision was fix and follow each eye at near but there was no distance 

fixation. Horizontal nystagmus was present. Anterior segment was normal without 

transillumination of iris. Fundus exam was normal with borderline small optic nerves. 

Cycloplegic refraction revealed high hyperopia. Because nerves were only borderline small, 

visual acuity was worse than nerves would suggest, and high hyperopia was present, LCA 

was suspected. Molecular genetic testing was ordered (LCA panel) and ERG under 

anesthesia was scheduled for a future date in case genetic testing was non-diagnostic. 

Genetic testing revealed 2 disease causing mutations in CEP290, obviating the need for 

ERG. Visual acuity was 20/400 by Teller cards at age one year, however at age 8 years 

vision had decreased to light perception.

Discussion of cases 5 and 6: Because commercial testing for relatively common conditions 

like LCA and achromatopsia is advanced and rapid, molecular genetic testing is often the 

most efficient first test for young children who present with classic symptoms and signs. 

ERG is difficult to perform in an awake child between the ages of approximately 1 to 5 

years, so genetic testing is a good first option in these patients. Infants with achromatopsia, 

LCA, and albinism can present with almost identical findings, especially if the child is 

blond. It is important to note that photoaversion occurs in some patients with LCA (15), 

which is less well known than the photoaversion seen in albinism and achromatopsia (16). If 

ERG cannot easily be obtained, molecular genetic testing starting with the most likely of the 

3 disorders can be used to rapidly distinguish between them. Everyone carries multiple 

single copies of mutated recessive genes. When exome sequencing or large panels of genes 

are queried without a diagnosis in mind, it is common to find single mutated alleles for 

unrelated disorders that can inaccurately sway the diagnosis. An hypothesis should guide 

genetic testing based on the clinical findings and the narrowest molecular genetic “question” 

should be asked to avoid misleading results (17).

3. Motor Nystagmus (Idiopathic Infantile Nystagmus)—Examplar case 7: A 6 

month old boy was referred to evaluate infantile nystagmus present since shortly after birth. 

He was blond, as was most of his family. His mother, brother and maternal uncle also have 

infantile nystagmus. On examination he had horizontal left beating jerk nystagmus of 
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moderate amplitude with good fixation and following visual responses. There was no iris 

transillumination. Retinas, optic nerves and foveas appeared normal. Mother’s vision, with 

horizontal jerk nystagmus, was 20/30 each eye. OCT was performed on mother and showed 

a normal fovea. There was no night blindness or photophobia present in any affected family 

member. A pedigree was obtained of XL inheritance with manifesting females and good 

visual acuity. FRMD7 gene sequencing was obtained and was normal. Intragenic deletion 

testing was obtained and an intragenic deletion was detected in FRMD7 that segregates with 

the nystagmus in the family.

Discussion of case 7: X-linked motor/idiopathic infantile nystagmus has been described in 

many publications (18,19) and mutations in FRMD7 are common (20,21,22) and intragenic 

deletions have also been reported (23,24). This type of nystagmus appears very similar to the 

nystagmus seen in albinism, however on nystagmography there are subtle differences (25). 

Patients with FRMD7 motor nystagmus have no iris transillumination defects and a fovea is 

present on OCT, although at least one report states the foveas may be thinner than normal 

(26). Both X Linked ocular albinism and FRMD7 nystagmus are inherited as X linked traits, 

so either OCT or molecular genetic testing is vital to differentiate the two (27); patients with 

FRMD7 mutations will likely have significantly better visual acuity in adulthood. In infants, 

the hand held OCT may be very useful to differentiate these disorders (28), although 

sedation or anesthesia is often required during the toddler years. Molecular genetic testing 

may be a good first step in some patients.

4. Ocular versus Neurologic: you decide—Examplar case 8: A baby boy was seen at 

4 months of age for infantile nystagmus, present since birth. He was noted to have 

developmental delays and had two MRI scans which were read as normal. His eye 

examination which unremarkable and the cause of the nystagmus was suspected to be 

neurologic, related to developmental delay but without a localizing MRI. He was followed 

for many years and at the age of 14 years he was noted to have optic nerve pallor. He had 

walked late and had balance problems his entire life. A repeat MRI was obtained, also read 

as normal, and he was referred for ocular re-evaluation. An ERG was performed, which was 

essentially nonrecordable. Because of the combination of infantile nystagmus and non-

recordable rod and cone ERG responses, LCA genetic testing was obtained but was negative. 

Testing was broadened to a retinal exome panel, and 2 pathologic mutations were discovered 

in AHI1, known to be associated with Joubert syndrome. Oculomotor apraxia was not 

present. A repeat reading of his most recent MRI after genetic testing results were shared 

with the radiologist led to detection of a subtle molar tooth sign. At age 16 years with his 

myopic correction visual acuity is 20/70 each eye.

Discussion of case 8: In this patient neurologic signs led appropriately to an early MRI, then 

repeat MRIs, as his findings progressed, however radiologists are best able to diagnose 

subtle findings when they know where to look. In this case the molar tooth sign was not 

detected until the molecular genetic diagnosis of Joubert syndrome was made. Joubert 

syndrome was not initially suspected due to the negative MRI scan reports but became part 

of the differential diagnosis after ERG results were obtained. This case demonstrates the 

need to periodically reassess patients with nystagmus who do not have a definite diagnosis, 
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and to communicate with other specialties in cases of complex patients. New technologies 

can diagnose many patients with subtle findings who could not be diagnosed in the past.

Discussion

Based on our data, a child presenting with infantile nystagmus and no other neurologic signs 

or symptoms is far more likely to have an ocular sensory cause of nystagmus than a 

neurologic cause. However, despite falling into several broad groups, the etiologies of 

infantile nystagmus are many and varied (see table 1), making the diagnostic workup a 

challenge. It is best described to patients and families as a process in which a logical 

stepwise evaluation will be performed. Despite best efforts, about 4% of patients will have 

an unknown cause of infantile nystagmus, and another 10% will be grouped as motor 

nystagmus or idiopathic, a diagnosis of exclusion which nonetheless has a good prognosis 

for stable, near normal vision.

Pediatric ophthalmologists and genetic eye disease specialists have a vested interest in 

developing an algorithm for the evaluation of these patients. The CEMAS classification of 

nystagmus (2), while helpful for categorizing the waveforms of nystagmus, has not been 

proven useful in diagnosing the etiologies. Because nystagmography is not routinely 

available in pediatric ophthalmology offices, and because the utility of such recordings for 

diagnosis in a large clinical sample have not been studied, this would be a fertile area for 

further research. A study comparing the nystagmus of albinism patients and FRMD7-related 

patients found that while there were group differences the differences between individuals 

were not diagnostic (25). In our study population we found essentially the same 

phenomenon (Figure 8). For example, roving nystagmus was over represented in LCA, but 

was also found in many other disorders. While nystagmus waveform is not currently helpful 

in diagnosis to most practitioners, many other current technological and molecular genetic 

resources are.

We have found it helpful to think about the differential diagnosis of infantile nystagmus by 

first dividing it into 3 broad categories: Neurologic causes, Vision/Ocular related causes, and 

Oculomotor/Eye Movement disorder causes. For brevity we refer to these groups as the 

Neurologic, Ocular and Motor groups. The first dividing point is based on the patient’s birth 

and family history, growth and development. If there is no relevant family history, and there 

are any signs of neurologic issues, a brain MRI is the first test. If there is no relevant family 

history and there are NO neurologic signs, the findings on a complete pediatric eye 

examination are used to direct ancillary testing with the most likely tests being ordered first. 

Is the vision very poor and accompanied by high hyperopia? This best fits LCA and 

molecular genetic testing would be ordered first. Are there iris transillumination defects? 

Macula OCT can be obtained, or if the child is too young, molecular genetic testing for 

albinism can be considered, especially if the child has easy bruising or bleeding, and/or if 

the family would use the information for family planning. Hand held OCT is especially 

useful in young infants, in whom it may be accomplished while awake (28), or in toddlers it 

may be performed under anesthesia. Is the pupil ectopic or oval? PAX6 testing should be 

considered. If there are no obvious findings to direct the testing, ERG is often the best first 
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test. This test can divide the causes broadly into genetic retinal dystrophies versus all others 

(neurologic, anatomic, motor).

Asymmetric VEP has been reported to be a specific feature of albinism. This is due to 

anomalous optic chiasm crossing of fibers leading to a larger potential in the contralateral 

visual cortex. The asymmetry between potentials varies by age as well as by patient (29). In 

the molecular era, we have found VEP to be far more difficult to interpret than other tests 

that are available. For that reason, we have not incorporated VEP into our algorithm, 

however, some practitioners who are very experienced in its use with albinism patients may 

choose to incorporate it into their personal work-up for infantile nystagmus patients. Figure 

9 represents one possible algorithm, which is a modification of a flow chart submitted to the 

American Academy of Ophthalmology Knights Templar Pediatric Ophthalmology 

Education Site(www.aao.org).

The first step is always a complete pediatric eye examination including cycloplegic 

refraction with suspicion for, and use of techniques necessary to detect, very high refractive 

errors. Very high refractive error alone can cause nystagmus (generally greater than −15D 

myopia or +10D hyperopia) and can be easily missed in a fussy infant without very careful 

cycloplegic retinoscopy. If the retinoscopy reflex appears to be plano, i.e. no movement with 

the usual working distance offset, high plus and high minus lenses (−10, +10 etc.) should be 

used to assess whether one of these gets the reflex to move, signifying extremely high 

refractive error.

Nystagmus of any type and in any direction may be referred to pediatric ophthalmologists 

and genetic eye disease specialists. Two patients in our series had shimmering, asymmetric, 

fine nystagmus that is typical of spasmus nutans. Spasmus nutans is defined as a self-limited 

benign nystagmus of childhood, often thought to be related to neurologic immaturity. This 

type of nystagmus can also be present with infantile brain tumors, so physicians are acutely 

aware of the risk of missing a lesion that can be seen on MRI. But although this pattern of 

nystagmus is typical of spasmus nutans, or, more ominously, diencephalic or optic chiasm 

tumors, it is not specific for those disorders. If the MRI is negative, further workup must be 

explored. Several patients in our series had a delay of years between obtaining a negative 

MRI scan and receiving a full ophthalmic workup. Of interest, the two patients with an 

initial diagnosis of spasmus nutans in our series both had an electronegative ERG with a 

final diagnosis of CSNB due to CACNA1F in one patient and TRPM1 in another. Neither of 

these patients complained of night blindness and both had lessening of nystagmus over time, 

though it still persisted in early adolescence. Nystagmus is known to resolve in some CSNB 

patients. There are many reports in the literature of spasmus nutans-like nystagmus being 

caused by retinal dystrophies (30,31), and even an excellent article entitled, 

“Electroretinography is necessary for spasmas nutans workup” because of these diagnoses 

(32). Still, many spasmus nutans patients may never have a full workup if their vision is near 

normal and the nystagmus resolves, and because many CSNB patients have very protean 

manifestations of their genetic mutations, it is possible that many more patients with 

“spasmus nutans” have CSNB than we know.
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These cases demonstrate that a normal or negative MRI in a child with nystagmus should 

never be the last step—ophthalmologic workup should follow a negative MRI. By the same 

token, if an ophthalmologic workup is performed and there is an ocular diagnosis, if there 

are changes, or if the diagnosis does not fit the clinical picture, MRI should still be 

performed. We have seen a patient with classic negative wave ERG and nystagmus and 

visual acuity consistent with CSNB who later started losing vision. An MRI revealed a 

midline brain tumor. While unusual, some patients will have two disorders. Clinical acumen 

plays an important role in the workup of these complex patients.

Careful slit lamp exam must be done to examine irides for transillumination, which can be 

seen in albinism, aniridia, and PAX6 disease without complete aniridia, all of which are 

associated with foveal hypoplasia and nystagmus. PAX6 disease may present with complete 

aniridia or with cataract, ellipsoid iris or other mild iris anomalies (33,34). Waardenburg 

syndrome patients may also have iris transillumination and may possibly have foveal 

hypoplasia and nystagmus as well; one patient in our foveal dysplasia category has 

Waardenburg syndrome with an MITF mutation, and foveal hypoplasia. There is a report in 

the literature of a Waardenburg patient with MITF mutation and nystagmus which the 

authors attribute to digenic inheritance with an OCA1 mutation (35), however it is more 

likely that Waardenburg syndrome alone may be associated with foveal hypoplasia and 

nystagmus since MITF is in the pigmentation cascade. More study on this is needed. A 

condition called FHONDA has been reported, which is foveal hypoplasia without decreased 

pigmentation (36,37). We have included the gene for FHONDA in our albinism gene panel. 

Slit lamp photographs taken specifically to capture iris transillumination may demonstrate 

defects that were not visible at the slit lamp in a young, moving child. Lisch nodules or other 

anomalies of the iris may offer clues to tumors and syndromes associated with nystagmus, 

such as neurofibromatosis. Another important part of the slit lamp examination is to view the 

anterior vitreous under high magnification and assess the presence or absence of cells. 

Vitritis may be a primary immune condition, or can be secondary to some, but not all, 

pediatric onset retinal degenerations (38).

The discovery of FRMD7 as a “motor” nystagmus gene is fascinating and the function of 

this gene and protein should pave the way to better understanding of the mechanisms behind 

nystagmus and of treatment targets (39). Likewise, while Down syndrome has long been 

known to be a predisposition for nystagmus, only recently have the ocular or neurologic 

aberrations responsible for nystagmus in trisomy 21 patients been studied and reported (40).

In our study as in other studies of infantile nystagmus, there are more affected males than 

females. This likely represents the importance of X linked disorders such as XL Albinism, 

XL FEVR, XLRP and FRMD7.

Fundus examination is vital and often holds the key to diagnosis. As with slit lamp 

examination, if a child is not able to fully cooperate it may be easier to get a quick fundus 

photograph than to get a full look with the indirect ophthalmoscope. The retina must be 

examined for the bone-spicule-like pigmentation in the periphery seen in various types of 

retinitis pigmentosa (however this is not usually present in early childhood even if it will 

develop as time goes on), nummular pigment, or narrowed arterioles. The macula must be 

Bertsch et al. Page 11

Ophthalmic Genet. Author manuscript; available in PMC 2018 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



examined for pigmentary changes, and the fovea for blunting, or for absence as is seen in 

foveal hypoplasia. In its most severe form, vessels may course directly over the area that 

should be the fovea. OCT has revolutionized our ability to diagnose two causes of 

nystagmus: foveal hypoplasia and cystoid macular edema (CME). Foveal hypoplasia may be 

seen in several conditions and is very commonly associated with nystagmus. CME is much 

less commonly a cause of nystagmus, however if it is severe and of early onset, such as is 

seen in some cases of Usher Type 1, or if it is not true CME but the foveal cysts seen in 

Juvenile X-linked retinoschisis with a severe early onset, nystagmus can be present.

It is clear that patients with an abnormal retinal examination should have ERG, OCT or 

genetic testing for retinal disorders. The the other group of patients who need this workup, 

paradoxically, are those with a completely normal appearing retina. Many types of LCA, 

neuronal ceroid lipofuscinosis, CSNB, achromatopsia and other disorders have no retinal 

signs on fundoscopy early in life.

Optic nerve hypoplasia is fairly common. It has been found to be more common in offspring 

of very young mothers with their first pregnancy (41). If it is mild and subtle, optic nerve 

OCT may be helpful to confirm the size of the disc and thickness of the retinal nerve fiber 

layer. If it is suspected, brain MRI must be performed to evaluate the pituitary and the 

septum pellucidum. If the nerves are pale there may have been pre- or peri-natal insult 

causing optic atrophy, which may be confirmed with MRI. This may also be associated with 

extremely premature birth.

A careful family history, especially asking about family members with poor vision who 

developed neurologic signs, kidney disease or other associated findings should be taken. The 

patient’s history is important as well, even if they are very young. Premature birth, 

expecially extreme prematurity of 28 weeks gestational age or less, may be associated with 

sequellae of retinopathy of prematurity, abnormalities of the fovea and macula, and 

neurologic sequellae. Several children with very premature birth are in our series spread 

between the foveal dysplasia, neurologic and multifactorial categories, demonstrating how 

complex the etiology may be.

Growth charts for height, weight, and head circumference should be obtained from the 

primary care doctor as well as ages at which children met developmental milestones. Watch 

the child walk across the room, reach for toys, sit unassisted. Any deviation in these 

neurologic parameters should suggest the utility of an MRI scan.

The findings on the pediatric eye examination as well as the history should direct the next 

step in the workup. If there are optic nerve anomalies, an MRI may be the appropriate first 

step. However, patients with albinism and PAX6 related disorders often have small, grey or 

abnormal optic nerves. In order to spare them an unnecessary MRI, the search for iris trans 

illumination and for foveal hypoplasia must be avid. Hand held OCT is now available and 

while it is difficult to obtain in an awake child, it can be done more quickly under anesthesia 

than an MRI. Another option is to consider genetic testing for albinism or PAX6 very early 

if there signs that the iris and fovea are not normal, yet definitive slit lamp and OCT cannot 

be obtained. In these cases if 2 definite disease causing mutations are found in a known 
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albinism gene, or one definite mutation is found in PAX6, further workup may be 

unnecessary.

In an infant with nystagmus, especially if roving with very poor vision and no other ocular 

abnormalities, the most likely diagnosis is Leber Congenital Amaurosis. A non-recordable 

electroretinogram can make the diagnosis of this category, however it cannot specify which 

of the 19 known genes is causing it. There have been successful clinical trials of subretinal 

gene replacement for one type of LCA, RPE65-associated, and patients with mutations in 

this gene may benefit from treatment (42,43,44). In addition, it is possible for parents to do 

in vitro fertilization (IVF) with pre-implantation genetic testing for future children if they 

know the mutations in their affected child. Because genetic testing for LCA is now standard 

and commercially available, a molecular genetic diagnosis is the most accurate one for these 

children. In addition, ERG in an awake child is a challenge for both parent and child (and 

whomever performs the ERG) while doing ERG under anesthesia carries risks of anesthesia. 

If the genetic testing is not diagnostic, the algorithm reflexes back to ERG since this may 

provide a surprise, such as a pattern more suggestive of CSNB or achromatopsia than LCA, 

which can guide further genetic testing. There are likely more than the 19 known genes for 

LCA since some typical patients still have no mutations found; these patients can be offered 

enrollment in a research protocol designed to find these unknown genes.

Another benefit of molecular genetic testing in children with a clinical diagnosis of LCA, 

either before or after ERG, is prognosis for kidney failure. Senior-Loken syndrome, or 

nephronophthisis in the setting of retinal degeneration, used to be a black box with no way 

of knowing which LCA patients were at risk. We now know that mutations in the NPHP 

genes can cause LCA alone, LCA with renal failure, or renal failure with later onset retinitis 

pigmentosa (45,46). Identifying these patients early can get them to renal providers before 

kidney failure occurs.

In our series, even when MRI was the correct first test, it sometimes turned out not to be the 

most helpful first test. Four children in two unrelated families presented with nystagmus, 

ataxic gait, developmental delay and delayed speech to their primary care doctors. These 

children had MRI scans which were read as normal. Several years later they were referred 

for genetic eye disease evaluation and ERG was performed for the indication of nystagmus 

and nightblindness. The electroretinograms were remarkably abnormal. This combined with 

their other symptoms and signs put Joubert syndrome in the differential diagnosis, and 

retinal exome sequencing panel revealed 2 mutations in a gene known to cause Joubert 

syndrome in each family. After these ERG and molecular genetic diagnoses were made, we 

asked to have the scans re-read and a “molar tooth” sign was noticed in one child of each 

family. This is yet another example of why children with infantile nystagmus deserve a full 

pediatric eye evaluation early in life, with a complete workup, even if neurologic signs are 

also present.

A weakness of our study is that patients with a neurologic cause for infantile nystagmus may 

have been missed because these patients were referred to pediatric ophthalmology or genetic 

eye disease services. There may be other patients who present elsewhere with nystagmus 

alone, have an MRI with a diagnostic abnormality found for their nystagmus, and are never 
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referred. This is possible and it would be interesting to see a study of diagnoses of infantile 

nystagmus in children presenting to other types of physicians to do a comparison. It would 

be necessary, however, only to include patients with a complete workup. The more patients 

without a full workup in a series, the higher the percentage of the “motor” or idiopathic 

category. For example, a study of 62 patients with nystagmus at a school for the blind in 

Sweden found that about 43 had an obvious underlying condition, and of 19 with isolated 

“congenital nystagmus” as their only diagnosis; upon workup 2 had albinism, 4 apparently 

isolated foveal hypoplasia, 3 achromatopsia, 1 rod cone dystrophy, and 1 high myopia (47). 

In a paper by Fu et al. (3), the visual acuity in 214 patients with Infantile Nystagmus 

Syndrome was assessed. It was concluded that visual acuity correlated with underlying 

etiology of nystagmus, which was garnered from records as being Idiopathic INS in 84, 

albinism in 71, ONH in 23, congenital retinal disorder 36 (including achromatopsia/blue 

cone monochromacy in 13), LCA in 8, cone rod or cone degeneration in 9. Foveal 

hypoplasia was diagnosed in 6. Thus is a series similar in size to our own, the most common 

diagnosis was idiopathic, similar to our “motor” classification. Congenital Idiopathic 

Nystagmus (CIN), equivalent to our “motor nystagmus” and Idiopathic Infantile Nystagmus, 

can be inherited as an autosomal dominant, recessive or X linked disorder, but because the 

only gene known so far is FRMD7, it must still be a diagnosis of exclusion for most patients 

(48). Without a standard workup, however, one cannot be sure how many of the patients in 

this category have another, more specific, diagnosis.

Many patients in our series who have an underlying neurologic diagnosis were first seen by 

neurologists, were diagnosed with MRI, and then were referred for pediatric eye evaluation 

because of the understanding that nystagmus might be affecting their vision, or might be a 

sign of vision problems in addition to the primary cause of the nystagmus. Despite this 

referral pattern, only 2% of patients in this series had nystagmus due to a purely neurologic 

cause.

Conclusion

The most common causes of infantile nystagmus in this pediatric ophthalmology cohort are 

retinal disorders, totaling 56% of all cases. Conversely, the most common first test in the 

nystagmus work-up was brain MRI. MRI is not the best first test for patients with infantile 

nystagmus in the absence of other neurologic stigmata. Complete pediatric eye examination, 

ERG, OCT and molecular genetic testing in an order determined by clinical findings should 

be performed early in patients with infantile nystagmus who do not have other neurologic 

signs. In patients with neurologic signs MRI should be obtained, and if it is non-diagnostic, 

a complete workup considering ERG, OCT and molecular genetic testing should be pursued.
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Figure 1. 
Causes of infantile nystagmus in 202 patients.
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Figure 2. 
Yield of MRI as first test in patients with no neurologic signs, vs. those with neurologic 

signs. The Y axis represents number of patients. The non-neurologic signs group had solely 

ocular findings at pediatric eye examination. The neurologic group had abnormal optic nerve 

appearance, abnormal head circumference, developmental delay, or other neurologic signs at 

the time of pediatric eye examination.
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Figure 3. 
(a) First test results. (b). All tests results. The Y axis represents number of patients in each 

category. The number of patients receiving each test ever is shown by the blue bar, and 

number of patients who had an abnormality found that was related to nystagmus is on the 

orange bar. MRI = brain magnetic resonance imaging; OCT = optical coherence 

tomography; ERG = electroretinogram; Genetic testing = all molecular genetic testing 

including chromosome microarray and karytype; Genetic Eye Tests = specific testing of eye-

related genes by gene panels, exome sequencing, and del/dup testing; Eye Examination = 

complete pediatric eye examination.
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Figure 4. 
Right eye with severe optic nerve hypoplasia, left with mild in a child with vertical and 

horizontal nystagmus and septo-optic dysplasia.
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Figure 5. 
Frontal encephalocoele presenting with infantile nystagmus. Cerebellar tonsillar ectopia was 

also present.
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Figure 6. 
Electroretinogram of patient with CACNA1F mutation and spasmus-nutans-like nystagmus, 

compared to normal ERG.
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Figure 7. 
Hazel iris in oblique illumination on the top, with pupillary illumination on the bottom. Note 

the edge of the crystalline lens visible with surrounding iris transillumination temporally.
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Figure 8. 
Nystagmus waveform type versus diagnosis by percentage. The y-axis represents the 

nystagmus waveform types. The x-axis represents a selection of the most common 

diagnoses. The waveform types may add up to more than 100% per diagnosis due to some 

patients having more than one waveform type mentioned in the clinical description of their 

nystagmus in the chart.
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Figure 9. 
Flow chart algorithm for the workup of infantile nystagmus. Used with permission from 

American Academy of Ophthalmology Knights Templar Pediatric Ophthalmology 

Education Site(www.aao.org).

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 Xlinked retinoschisis; Abnl=abnormal; achroma=achromatopsia; 

RP=retinitis pigmentosa; PAX6=PAX6 gene, responsible for aniridia and related syndromes; 

FRMD7=FRMD7 gene, an X linked gene associated with motor (idiopathic infantile) 

nystagmus.
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