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Abstract

Objective: To report the clinical characteristics, types, causes, and management of pediatric nystagmus diagnosed
over a 15-year period.

Patients and Methods: A retrospective study was conducted on pediatric patients under the age of 18 years old who
were diagnosed with nystagmus at Siriraj Hospital from 2005 to 2019. The patients’ demographic data, characteristics,
causes, and treatments of nystagmus were collected.

Results: A total of 328 patients were enrolled. The median age at diagnosis was 1.8 years, with 180 male patients
(54.9%). The most prevalent cause was nystagmus associated with retinal or optic nerve abnormalities (42.4%),
followed by idiopathic infantile nystagmus syndrome (INS, 17.7%), and nystagmus associated with anterior segment
abnormalities (11.6%). Idiopathic INS was more common in Down’s syndrome (37.5%) than in non-Down’s syndrome
patients (14.3%). Among the electroretinogram (ERG) results for nystagmus associated with retinal or optic nerve
abnormalities, 83.7% were abnormal. Treatments varied by cause, with isolated refractive correction being the most
common (40.5%). Nystagmus from central nervous system (CNS) tumors had the highest rate of surgical treatments
(85.7%). while nystagmus associated with anterior segment abnormalities often required multimodal treatments (34.2%).

Conclusion: This study offers insights into the characteristics, prevalence, and treatment of pediatric nystagmus
within a tertiary care hospital in Thailand. The primary cause identified was nystagmus associated with retinal or
optic nerve abnormalities. ERG is recommended in uncertain diagnosis cases or when retinal function is questionable.
Treatment modalities are determined by the underlying causes of nystagmus, with refractive correction being the most

commonly employed approach across all causes.
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Introduction

Nystagmus stands as a significant pediatric
eye problem, denoting an involuntary oscillation of
eye movement affecting either one or both eyes. It
can be a pendular or jerk type and manifest at any
stage of life. Some patients present as congenital or
infantile nystagmus in early childhood, while others
may experience its onset at a later time (acquired
nystagmus). Prior investigations have estimated the
prevalence of childhood nystagmus to range between 1
in 1,000 and 1 in 500,000 cases, predominantly reported
in European nations and certain Asian populations.'

This condition can be categorized into physio-
logical or pathological nystagmus. Pathological
nystagmus, in particular, originates from a range
of abnormalities within the visual pathway. These
encompass instances of nystagmus associated with
anterior segment abnormalities, retina or optic nerve
abnormalities, neurological pathologies, and the
presence of central nervous system (CNS) tumors.
These structural irregularities significantly impair the
eyes' ability to focus on visual stimuli. Furthermore,
a connection has been established between nystagmus
and various developmental disorders, including but
not limited to Down's syndrome, Noonan syndrome,
fetal alcohol syndrome, and septo-optic dysplasia
(de Morsier syndrome)’®. Studies have indicated
nystagmus prevalence in Down’s syndrome, ranging
from 5% to 30%®'°. Despite the generally benign
nature of childhood nystagmus and its usual lack of
oscillopsia'!, it requires thorough neurological scrutiny
and comprehensive imaging workups®. Acquired
nystagmus often necessitates additional investigations,
such as neuroimaging techniques, to rule out severe or
life-threatening etiologies.

Treatment modalities for nystagmus depend on the
distinctive pathology unique to each patient, offering

a spectrum of interventions, including glasses, eye

drops, oral medications, or surgical procedures. Ocular
surgery primarily aims for two objectives. First is to
enhance vision and diminish the severity of nystagmus,
which is often accomplished through procedures such
as cataract surgery. Second is to correct the null point
of nystagmus to mitigate abnormal head postures'>!3.

Hence, the ability to distinguish between various
types of pediatric nystagmus becomes crucial, given
the distinct etiologies and corresponding management
approaches associated with each type. This study aimed
to investigate the clinical characteristics, causes, and
treatment modalities of pediatric nystagmus in patients
at Siriraj Hospital in Thailand, specifically focusing
on cases diagnosed over a 15-year period through the
retrospective analysis of medical records of individuals

aged 18 years old or younger.

Patients and Methods

This investigation received ethical endorsement
from the Human Research Protection Unit, Faculty of
Medicine Siriraj Hospital, Mahidol University, in strict
adherence with the Declaration of Helsinki guidelines.
The research scrutinized the medical records of indi-
viduals under 18 years old diagnosed with nystagmus at
Siriraj Hospital, a tertiary care institution, from January
2005 to December 2019. Patients with physiologic
nystagmus and those subsequently diagnosed with
saccadic eye movement disorders or other abnormal
eye movements were excluded.

Comprehensive data were collected from the date
of the initial diagnosis to the most recent visit in 2019 at
the end of the study period. The recorded demographic
variables encompassed sex, onset of the disease, age
at diagnosis, underlying diseases, family history of
nystagmus, presence of genetic disorders, visual acuity
(VA), nystagmus characteristics, causes, and treatment
modalities. The causes of nystagmus were categorized

into idiopathic infantile nystagmus syndrome
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(INS), nystagmus associated with anterior segment
abnormalities, retinal or optic nerve abnormalities,
neurological diseases, tumors of the central nervous
system (CNS), and latent or manifest latent nystagmus
(LN/MLN). Treatment options for nystagmus were
systematically classified into three primary categories:
surgery, medication, and refractive correction. Surgery
embraced various operative interventions, such as
neurologic and ocular procedures; while medication
referred to pharmaceutical interventions, and refractive
correction involved the application of glasses, prisms,
and contact lenses. All data were analyzed using SPSS
(Statistical Package for Social Science) version 18. The
interpretation of the collected data relied on descriptive

analysis.

Table 1 Baseline characteristics of the 328 enrolled patients

Results

In total, 328 patients were included in this
study, with 21 patients excluded due to missing exact
nystagmus onset. Consequently, age at diagnosis was
employed for enrollment, resulting in a median age
at diagnosis of 1.8 (0.5, 7.0) years old, and a male
prevalence of 54.9%. The majority of patients (91.8%)
displayed binocular involvement, as depicted in Table
1. Neurological conditions were identified as the
underlying cause in approximately 25.3% of patients,
including nystagmus patients diagnosed with CNS
tumors, other defined neurological disorders, cases
with no definitive diagnosis, and LN/MLN.

Characteristics n (%)
Sex

Male 180 (54.9)

Female 148 (45.1)
Age year, Median (IQR)

at diagnosis 1.8 (0.5, 7.0)

at onset 0.5(0.2,2.5)
Underlying disease

No known underlying disease 196 (59.8)

Down’s syndrome 48 (14.6)

Neurological disease 83 (25.3)

Others 1(0.3)
Eye involvement

Monocular 27 (8.2)

Binocular 301 (91.8)
Family history of nystagmus, (n = 150)

Absent 130 (86.7)

Present 20 (13.3)

** Abbreviation: IQR, interquartile range.
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As listed in Table 2, the causes of nystagmus were
as follows (in descending order): nystagmus associated
with retinal or optic nerve abnormalities (139, 42.4%),
idiopathic INS (58, 17.7%), no definitive diagnosis (43,
13.1%), nystagmus associated with anterior segment
abnormalities (38, 11.6%), neurological disease (25,
7.6%), LN/MLN (18, 5.5%), and CNS tumor (7,
2.1%). Across all nystagmus causes, a prevailing trend

indicated horizontal nystagmus was the most common
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directional manifestation, while vertical nystagmus was
least presented. Additionally, the pediatric nystagmus
characteristics in this study were recorded in 97 patients
(29.6%), comprising jerk nystagmus (62, 63.9%),
pendular nystagmus (30, 30.9%), and a combination of
jerk and pendular nystagmus (5, 5.2%). Abnormal head
positions were identified in 84 subjects (25.6%), with
head turn being the most frequent position (57.1%).

Table 2 Age at diagnosis, nystagmus direction, and ERG in different causes of nystagmus.

Causes of nystagmus (n = 328 patients)

Anterior  Retina or optic  Idiopathic LN/MLN CNS tumor Neurologic No definite
segment nerve INS diagnosis
abnormalities abnormalities
n (%) 38 (11.6) 139 (42.4) 58 (17.7) 18 (5.5) 7(2.1) 25(7.6) 43 (13.1)
Age, Median (IQR)* 1404,6.1) 13(04,40) 25(0.7,7.7) 3.8(14,93) 12.0(4.7,147) 1.3(0.7,12.8) 2.0(0.5,8.0)
Nystagmus directions (%)
n (%) 18 (47.4) 93 (66.9) 49 (84.5) 7(38.9) 4(57.1) 14 (56.0) 25 (58.1)
Horizontal 71.8 78.5 89.8 100.0 100.0 50.0 84.0
Vertical 5.6 43 2.0 0.0 0.0 14.3 4.0
Torsional 5.6 43 4.1 0.0 0.0 14.3 8.0
Mixed 11.1 129 4.1 0.0 0.0 21.4 4.0
ERG
Abnormal, n (%) 0 43 (60.6) 16 (22.5) 0 0 6(8.5) 6 (8.5)
ERG, n (%valid) 0 36 (83.7) 1 (6.3) 0 0 0 0
Abnormal head position, n (%) 4 (10.5) 30 (21.6) 29 (50.0) 4(22.2) 2(28.6) 7(28.0) 8 (18.6)

*Age at diagnosis (year).

Abbreviation: INS; infantile nystagmus syndrome, CNS; central nervous system, IQR; interquartile range, ERG; electroretinogram, LN/MLN; latent or

manifest latent nystagmus.

Regarding VA, among the cases where VA
measurement was possible, nystagmus associated with
CNS tumor exhibited the highest VA, where 7 out of
14 eyes (50%) had an optimal VA defined as 20/20 to
20/40.The majority of eyes with VA equal to or worse
than 20/200 were nystagmus associated with anterior

segment abnormalities (63.3%) and retina or optic

nerve abnormalities (60.8%). Additionally, 68.9% of
idiopathic INS patients demonstrated VA superior to
finger counting. On the contrary, in situations where VA
measurement was not possible, Idiopathic INS (97.1%),
anterior segment abnormalities (84.6%), and LN/MLN
(80.0%) demonstrated the highest three proportions

among patients that were able to fix and follow. The
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lowest assessment of infantile VA, characterized by
neither fixed nor follow responses, was most prominent
in nystagmus resulting from neurological diseases at
40.9%, affecting 9 out of 22 cases. (Table 5)

In terms of the results of the investigations
performed (Table 2), 37 out of 71 patients, who
underwent electroretinogram (ERG) (52.1%),
exhibited abnormal findings. Among patients with
abnormal ERG results, 97.3% were diagnosed with
nystagmus from retina or optic nerve abnormalities,
in which 36 out of all 43 ERGs performed in this

group (83.7%) were abnormal. Additionally, Down's
syndrome was diagnosed in 14.6% of the 328 patients.
Table 3 shows a higher prevalence of idiopathic INS
and no definite diagnosis in Down's syndrome (37.5%
and 37.5%) compared to non-Down’s syndrome
patients (14.3% and 8.9%, respectively). Furthermore,
an increased occurrence of LN/MLN was found in
Down's syndrome individuals (10.4%), as opposed
to the comparatively lower rate of 4.6% in the non-

Down’s syndrome counterparts.

Table 3 Causes of nystagmus in Down’s syndrome and non-Down’s syndrome patients (total = 328 patients)

Causes of nystagmus Number (%)
Non-Down’s syndrome Down’s syndrome
n =280 n =48

Anterior segment abnormalities 36 (12.9) 2 (4.2)
Retina or optic nerve abnormalities 134 (47.9) 5(10.4)
Idiopathic INS 40 (14.3) 18(37.5)
LN/MLN 13 (4.6) 5(10.4)
CNS tumor 7 (2.5 0
Neurologic 25 (8.9) 0

No definite diagnosis 25 (8.9) 18(37.5)

INS = infantile nystagmus syndrome, CNS = central nervous system, LN/MLN = latent nystagmus or manifest latent nystagmus.

Regarding the treatments in general, the nystagmus
patients required refractive correction (64.6%),
surgery (28.7%), and medication (16.5%). Overall,
isolated refractive correction was the most common
treatment modality employed in 40.5% of cases
in this series (Table 4). Also, surgical intervention
was most frequently performed in patients with

nystagmus caused by CNS tumors (6 of 7, 85.7%),

followed by those with nystagmus associated with
anterior segment abnormalities (28 of 38, 73.7%).
Patients with nystagmus associated with anterior
segment abnormalities most often required multimodal
treatments (34.2%), including surgical, medical, and
refractive interventions, while those with nystagmus
of no definitive diagnosis mostly required no definitive

treatment.
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Table 4 Treatments of different causes of nystagmus

Causes of nystagmus (n = 328 patients)

Overall Anterior Retina or  Idiopathic LN/MLN CNS tumor Neurologic No definite
segment optic nerve INS diagnosis

abnormalities abnormalities

n (%) 328 (100) 38 (11.6) 139 (424) 58 (17.7) 18 (5.5) 7(2.1) 25 (7.6) 43(13.1)
Single treatment
Surgery 19 (5.8) 4 (10.5) 322 1 (1.7) 4(222) 3(42.9) 2 (8.0) 2(4.7)
Medication 7 (2.1) 1 (2.6) 2 (14) 2(3.4) 1 (5.6) 01(4.0) 0
RC 133 (40.5) 4 (10.5) 70 (50.4) 29 (50.0) 8 (44.4) 08(32.0) 14 (32.6)
Combined treatments
Surgery & Medication 7 (2.1) 1 (2.6) 2 (14) 1 (1.7) 02(28.6) 01(2.3)
Surgery & RC 39 (11.9) 10 (26.3) 12 (8.6) 8 (13.8) 1 (5.6) 1(14.3) 3 (12.0) 4(9.3)
Medication & RC 11 (34) 2 (5.3) 5 (3.6) 1 (1.7) 1 (5.6) 00 2 (4.7
Medication, typo , Surgery & RC 29 (8.8) 13 (34.2) 10 (7.2) 3(52) 2(11.1) 001 (2.3)
No definite treatment 83 (25.3) 3(7.9) 35 (25.2) 13 (22.4) 1(5.6) 1(14.3) 11 (44.0) 19 (44.2)

INS = infantile nystagmus syndrome, CNS = central nervous system, LN/MLN = latent or manifest latent nystagmus, RC = refractive correction.

Table 5 Visual acuity of nystagmus categorized by causes

Causes of nystagmus (n = 656 eyes) , n (%)

Anterior  Retina or optic  Idiopathic LN/MLN CNS tumor Neurologic No definite
segment nerve INS diagnosis

abnormalities abnormalities

Total (eye), n (%) 76 (11.6) 278 (42.4) 116 (17.7) 36 (5.5) 14 (2.1) 50 (7.6) 86 (13.1)
Measurable VA
n (eyes) 49 189 80 26 14 28 47
VA >20 /40 4(8.2) 6(3.2) 8 (10.0) 5(19.2) 7 (50.0) 7(25.0) 6(12.8)
20/40 > VA > 20/100 3(6.1) 32(16.9) 32 (40.0) 11 (42.3) 1 (7.1) 11(39.3) 28 (59.6)
20/100 > VA > 20/200 11(22.4) 36 (19.0) 20 (25.0) 4(15.4) 1 (7.1) 3 (10.7) 8(17.0)
20/200 > VA > CF 17(34.7) 83 (43.9) 20 (25.0) 6(23.1) 4(28.6) 6 (21.4) 3(6.4)
Count fingers 1(2.0) 13 (6.9) 0 0 0 1(3.6) 0
Hand motion 4(8.2) 7 (3.7 0 0 0 0 1(2.1)
Light projection 3(6.1) 2 (L1.1) 0 0 0 0 0
Light perception 3(6.1) 5 (2.6) 0 0 1 (7.1) 0 1(2.1)
No light perception 3(6.1) 5 (2.6) 0 0 0 0 0
Infantile VA
n (eyes) 26 87 34 10 0 22 36
Fixed and followed 22 (84.6) 51(58.6) 33(97.1) 8 (80.0) 0 13 (59.1) 26 (72.2)
Fixed, not followed 0 4 (4.6) 0 2(20.0) 0 0 2(5.6)
Not fixed nor fellowed 4(15.4) 32 (36.8) 1(2.9) 0 0 9 (40.9) 8(22.2)
Phthisis bulbi
n (eyes) 1 2 2 0 0 0 3

INS = infantile nystagmus syndrome, CNS = central nervous system, LN/MLN = latent nystagmus or manifest latent nystagmus; VA = visual acuity ; CF = counting finger.



Phamonvaechavan P., et al. Clinical Characteristics, Diagnosis, and Treatments of Pediatric Nystagmus 27

Discussion

This study endeavored to delineate the clinical
characteristics, types, and treatments of nystagmus
in individuals below the age of 18, with a focus on
subdividing the cases based on their causes. While
the most predominant cause identified was nystagmus
associated with retinal or optic nerve abnormalities,
supporting an earlier study'4, our results revealed
notable deviations in the prevalence rates of the other
nystagmus subcategories. Specifically, our study
identified the most common causes in decreasing
order as: nystagmus associated with retinal or optic
nerve abnormalities (42.4%), idiopathic INS (17.7%),
and nystagmus associated with anterior segment
abnormalities (11.6%). In contrast, a study by Nash
et al. in 2017 reported different leading causes, with
nystagmus associated with retinal or optic nerve
abnormalities at 32.4%, idiopathic INS at 31.1%,
and manifest latent nystagmus (MLN) at 24%'.
The differing prevalence of nystagmus subtypes
between our study and Nash et al. may be attributed
to differences in study design and population source,
with our data derived from a tertiary referral center and
theirs from a community-based cohort. Additionally,
our study was conducted in an Asian-based population,
in contrast to the predominantly White population in
Olmsted County, which may contribute to differences
in the distribution of underlying etiologies.'*

Our findings regarding the direction of nystagmus
revealed that horizontal oscillation was the most
prevalent characteristic, consistent with those of
previous research'>. Additionally, various forms of
nystagmus, such as down-beat, torsional, periodic
alternating, and see-saw nystagmus, may be indicative
of diseases affecting the central connections of the
vestibular system'>'®. Interestingly, while vertical
nystagmus typically raises concerns on brainstem nuclei

and pathways that mediate vertical eye movement!'”?,

all patients with CNS tumors in our study exhibited
horizontal rather than vertical nystagmus. Notably,
among the nine patients who presented with vertical
nystagmus, 4 (44.4%) were ultimately diagnosed
with nystagmus associated with retinal or optic nerve
abnormalities. This finding underscores the need
to consider other ocular causes in the differential
diagnosis of vertical nystagmus, despite its traditional
association with CNS pathology.

An assessment of diagnostic modalities indicated
that ERG is preferable when the diagnosis is unclear
or the clinical presentations suggest retinal dystrophy.
Among our patients, 21.6% had ERG investigated.
Our study showed that 83.7% of the ERGs performed
in cases associated with retinal or optic nerve abnor-
malities yielded abnormal results, supporting the
recommendation for ERG to evaluate retinal function
in patients with normal structural retinal examinations.
Without ERG investigation, those 36 patients might
possibly be misdiagnosed as idiopathic INS. Prior
research also showed a high incidence of congenital
achromatopsia (29%) diagnosed by ERG, which
otherwise might be undiagnosed with early onset
nystagmus.'® Therefore, it is important to consider
performing ERG where the diagnosis is uncertain.
In our study, one (6.7%) idiopathic INS case had
an abnormal ERG result as mildly decreased retinal
function, which was not correlated with any specific
retinal degeneration or any other photoreceptor disease.

A significant observation pertained to Down's
syndrome, a genetic disorder associated with
nystagmus. Down’s syndrome is the most commonly
identified genetic disorder affecting multiple organ
systems, including ocular and visual abnormalities,
and has a reported association with nystagmus'**°. Our
study reports a higher prevalence of Down's syndrome
(37.5%) compared to previous research (9.7%), and

idiopathic nystagmus was found more frequently in
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Down's syndrome patients than those without Down's
syndrome. Additionally, our result showed a higher LN/
MLN in Down’s syndrome (10.4%) than in the non-
Down’s syndrome population (4.6%), supporting that
MLN is usually associated with Down’s syndrome?'.
LN/MLN is typically associated with binocular fusion
dysfunction resulting from childhood strabismus?.
Subgroup analysis further corroborated our findings,
revealing that 83.3% of our LN/MLN patients also
had a history of strabismus, thereby reinforcing the
connection between LN/MLN and strabismus.
Measurable VA assessments highlight that all
idiopathic INS and LN/MLN cases in our study
exhibited a VA better than counting fingers. This finding
may be attributed to the preservation of normal anterior
and posterior segment structures in these patients, which
likely contributes to the relatively better VA observed
in both idiopathic INS and LN/MLN. Fu et al. reported
the LogMAR VA of idiopathic INS patients aged more
than 2 years old as 0.29 + 0.25", corroborating the
trend of a VA superior to finger counting. However,
our investigation yielded a mean LogMAR VA of
idiopathic INS patients aged more than 2 years old of
0.68 +0.36. This discrepancy in visual acuity might be
attributed to differences in research methodology. Fu
et al. primarily calculated the value from binocular VA
with some monocular VA of the better eye in strabismic
patients. Conversely, our mean VA was derived from
isolated monocular VA assessments. Nonetheless,
despite the different VA calculation method, both our
research and that of Fu et al.'” emphasize the trend in
which idiopathic INS patients show VA better than
finger counting. Therefore, further investigation should
be considered in patients who are suspected of having
idiopathic INS with poor VA at initial presentation.
In discussing the treatment approaches, it is crucial
to note that the plan for addressing nystagmus is specific

to its etiology. Nystagmus from CNS tumors (85.7%)

and anterior segment abnormalities (73.7%) are the
two leading causes involving surgery in the treatment
plan. The specified surgical procedures encompass
brain surgery for CNS tumors, cataract surgery for lens
abnormalities, and muscle surgery designed to adjust
the null point for individuals experiencing abnormal
head positions. Beyond surgical options, alternative
choices, such as medications and refractive corrections,
are available for managing nystagmus. It is noteworthy
that refractive correction plays a substantial role in
the overall correction of nystagmus across various
causes. Specifically, approximately 40% of all patients
underwent isolated refractive correction, and 24%
more had refractive correction integrated into their
comprehensive treatment plan. This highlights the
significance of considering multiple modalities to
ensure a thorough and effective approach to addressing
nystagmus based on its underlying causes.

Despite these findings, it is crucial to acknowledge
certain limitations of our study, including the inadequate
sample size, recruitment methods, and missing data due
to the retrospective nature of the study. We mainly
retrieved the data from patients who were diagnosed
with nystagmus. However, latent nystagmus (LN),
usually found related to infantile strabismus, and
manifest latent nystagmus (MLN) are also commonly
associated with strabismus®!?. Therefore, some LN/
MLN cases who presented with strabismus were
not included in this study, resulting in much lower
number of LN/MLN cases in our study compared to
those in previous research!!. Also, our research was a
retrospective study, in which data were tracked back to
the patient’s first visit, some as far back as 18 years, with
some data such as details of nystagmus characteristics
and treatments missing. Additionally, there were 43
(13.1%) patients in the No definitive diagnosis group
due to an unclear diagnosis determination in their

medical records. However, the No definite diagnosis
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group showed some similarities with the idiopathic
INS group, such as the distribution of treatment
choices (Table 4) and VA (Table 5), suggesting that
some data regarding the distribution of nystagmus by
etiology may be underestimated relative to their true
prevalence. Lastly, the data in this study were collected
in a tertiary care hospital, in which cases were referred
from other local hospitals. Some patients might have
gone unreported at their primary care hospitals, so our
prevalence rates might deviate from the actual ones in

the population.

Conclusions

In conclusion, this study provides valuable
insights into the clinical characteristics, prevalence,
and treatments of pediatric nystagmus in a tertiary
care hospital in Thailand. The most common type
was nystagmus associated with retinal or optic nerve
abnormalities. In cases where the cause of nystagmus
is unclear, especially questionable idiopathic INS,
ERG investigation is recommended for diagnosis
confirmation. Treatments including surgery, medication,
and refractive correction depend on the causes of
nystagmus, with refractive correction was the most
common treatment modality used across all nystagmus
causes. This research contributes valuable information
to the understanding of pediatric nystagmus, prompting
further exploration and refinement of the diagnostic and

treatment approaches.
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