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OBSERVATION

Pendular Nystagmus in Patients
With Peroxisomal Assembly Disorder
Adriana A. Kori, MD; Nathaniel H. Robin, MD; Jonathan B. Jacobs, MEng; Daniel M. Erchul, MS;
Osama 0. Zaidat, MD; Bernd F. Render, MD; Lea Averbuch-Heller, MD; Louis F. Dell’Osso, PhD;
R. John Leigh, MD; Arthur B. Zinn, MD, PhD

Backgreund: Pendular nystagmus commonly occurs in
congenital and acquired disorders of myelin.
Objective: To characterize the nystagmus in 3 siblings
with an infantile form of an autosomal recessive peroxi
somal assembly disorder causing leukodystrophy.

dular nystagmus that was predominantly horizontal, at
a frequency of 3 to 6 Hz, with phase shifts of 45° to 80°
between the oscillations of each eye. Gabapentin admin
istered to 1 child caused a modest improvement of vi
sion and the reduction of the velocity and frequency of
oscillations in the eye with worse nystagmus.

Design: We examined visual function and measured eye
movements using infrared oculography. We noted changes
in eye speed and frequency before and after the admin
istration of gabapentin to 1 patient.

Cenclusien: The pendular nystagmus in these patients
was due to their leukodystrophy and may have a similar
pathogenesis to the oscillations seen in other disorders
affecting central myelin.

Results: All 3 siblings showed optic atrophy and pen-
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oscillations of
the eyes in infants are usu
ally diagnosed as idiopathic
congenital nystagmus, but
may also be associated with
visual loss or hereditary neurological
disorders.’ We evaluated the eye move
ments of 3 siblings with optic atrophy,
developmental delay, spastic quadri
paresis, and severe demyelination of the
subcortical areas and brainstem. Detailed
biochemical studies showed that these
siblings had multiple deficiencies of per
oxisomal function, thereby establishing the
diagnosis of neonatal adrenoleukodystro
phy NALD.25 Neonatal adrenoleuko
dystrophy, an autosomal recessive disor
der, is part of the recently recognized group
of disorders known as the peroxisomal as
sembly deficiencies. Each of these sib
lings had pendular nystagmus. This is the
first time that the nature of these oscilla
tions has been characterized.
PONTANEOUS

REPORT OF CASES

CASE 1

A 14-year-old Arabic boy was the prod
uct of a normal pregnancy and delivery
from parents who were first cousins. He
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was able to sit by 8 months of age and crawl
by 1 year, but he never walked indepen
dently. He stopped crawling at 3’/2 years
of age and could no longer sit indepen
dently at age 6. His language develop
ment was initially normal but deterio
rated by age 4. His father described
"jumping eye movements" that devel
oped by age 2 but apparently disap
peared 6 months later. He was given the
diagnosis of NALD at age 14 years, when
he was found to have increased plasma
concentrations of very-long-chain fatty
acids, phytanic acid, and pipecolic acid;
increased concentrations of very-longchain fatty acids in cultured skin fibro
blasts; and mildly deficient plasrnalogen
biosynthesis and abnormal catalase dis
tribution in cultured skin fibroblasts
Table 1. Similar laboratory findings
were observed for patients 2 and 3. His
neurological examination at age 14 years
showed that he had no speech output, ex
cept for some mumbling. His pupils were
equal and reacted symmetrically to light.
Ophthalmoscopic examination showed bi
lateral optic atrophy. He had a full range
of eye movements, and nystagmus was not
clinically evident. He had severe spastic
quadriparesis and areflexia. Magnetic reso
nance imaging of his head showed dif

METHODS
After obtaining informed consent from the patients’

father, we recorded horizontal movements of each eye
using infrared oculography. Patients 2 and 3 were able
to see the test targets light-emitting diodes pre
sented at a viewing distance of 1.3 m in a darkroom,
but calibration was approximate because no "fovea

tion periods" were present see below. Eyemovement signals were digitized at 200 or 400 Hz.
Digitized eye-position signals were differentiated, and
saccades were removed interactively, using a crite
ria of 40°/s. These "desaccaded" records of nystag
mus velocity typical array size >2000 points were
then converted to eye speed by taking absolute val
ues of the arrays, and the mean value was com
puted. We performed a fast Fourier transform on the
eye-velocity data to determine the predominant fre
quency of oscillations. We also made qualitative es
timates of the conjugacy, relative speed, and gain of
saccades.
Figure 1. Magnetic resonance imaging scan ofpatient I echo time, 80
milliseconds; repetition time, 2200 milliseconds shows an abnormal, diffuse
increase of signal from subcortical and pen ventricular white matter.

Table 1. Biochemical Findings in Patient 1
Biochemical Findlngs*
Plasma
Very-long-chain fatty acids, gImL
C26:0
C26:1
C241C22
C26/C22
Phytanic acid, ijg/mL
Pipecolic acid, umoI/L
Cultured fibroblasts
Very-long-chain fatty acids, pg/mg protein
C22:0
C26:0
C26:1
C26/C22
Plasmalogen synthesist
Catalase, % cytosolic

Patient 1

Controls

2.67
0.81
1.90
0.32
46
144

0.33±0.18
0.29±0.19
0.84±0.08
0.01±0.01
<3
1.9±0.9

0.62
0.36
0.28
0.58
1.01
45.5

0.90±0.40
0.07±0.04
0.09±0.07
0.08±0.03
1.65±0.66
<10

These studies were done in the Peroxisomal Diseases Laboratory,
Kennedy Krieger Laboratory, Baltimore, Md. Control data are given as
mean±SD.
tExpressed as the ratio of the rate of microsomal steps of plasmalogen
synthesis to that of peroxisomal steps of plasmalogen synthesis.

fuse demyelination subcortically Figure 1 and in the
brainstem.

father thought that it was less pronounced during the 2
months before he was seen by us. A general neurologi
cal examination, at age 11 years, showed quadriparesis,
with greater involvement of the lower extremities, and
areflexia. His speech was dysarthric, and he had tituba
tion of his head and marked dysmetria of his upper limbs.
His best near visual acuity was Jaeger 10 ÷1 in the right
eye and Jaeger 5 -1 in the left eye. He was able to iden
tify 2 of 12 of the pseudoisochromatic plates with each
eye. He did not have oscillopsia. His pupils were equal
and reacted symmetrically to light. An ophthalmo
scopic examination showed bilateral optic atrophy. His
eye movements were full and in range. There was no overt
internuclear ophthalmoparesis. Occasionally saccadic in
trusions were observed.
He had a spontaneous, conjugate, horizontal, pen
dular nystagmus that was increased in the nghtward gaze
and decreased in the leftward gaze, but unaffected by con
vergence. Magnetic resonance imaging of his brain showed
diffuse demyelination in the subcortical white matter. Ar
eas of increased signal in the T2-weighted images were

also seen at the pontine level, especially in the dorsal para
median region extending into the medulla. The inferior
olives appeared normal. There were no signs of brainstem or cerebellar atrophy.
A regimen of gabapentin, 200 mg 3 times a day, was

CASE 2

The 11-year-old brother of patient 1 had an unremark
able birth and early development. He walked at 16 months,
but his gait was reported as always being abnormally widebased and waddling. He stopped walking at age 6 years.

started, and the patient reported improved vision, more
noticeable in the left eye. His visual acuity improved to
Jaeger 7 -1 in the right eye and Jaeger 2 ÷2 in the left
eye. By clinical examination, his pendular nystagmus did
not appear to have changed.

At age 2 years, tremor of his hands developed. His intel

CASE 3

lectual development was mildly impaired. He has passed
the fourth grade and is fluent in both English and Ara
bic. Nystagmus was first noted at age 1 1/2 years, but his

The patient, the 41/2-year-old sister of patients 1 and 2,
was the product of a normal pregnancy, labor, and de
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Figure 2. A representative record of the spontaneous nystagmus shown by patient 2 during attempted fixation ofa target straight ahead. The horizontal
component of his right and left eyes are shown; records have been offset for clarity of display, and eye positions are relative rather than absolute. Left, The
pendular oscillation shows larger and more variable amplitudes in the left than in the right eye. Right, Record showing the effects of gabapentin. The amplitude
and frequency of oscillations have decreased in the left eye, but the amplitude has increased slightly in the right eye.

decreased to 1.5°, and when the left eye was covered,

livery. She walked at age 14 months with an unsteady
gait but has never been able to run. She is easily fa
tigued. She can feed herself, but her hands are described
as shaky. She was noted to have nystagmus 6 months be

it

decreased to 1.35°. The nystagmus in the left eye also was
modified with different gaze angles. For example, at 15°
of rightward gaze, the mean ±SD amplitude of oscilla
tions in the left eye was 2.96° ±0.60° whereas at 15° of
leftward gaze, it was 0.7° ±0.1°. Convergence pro
duced a phase shift of 90° and a decrease in the fre
quency of oscillations to 4.7 Hz but did not substan
tially change the amplitude and speed of the nystagmus.
In addition to affecting visual acuity, the adminis

fore being seen by us. On examination, her arm move
ments were dysmetric, tone was increased in the lower
extremities, and her gait was wide-based with foot-drop
and scissoring. She was areflexic. She was able to name

colors. Her pupils were equal and reacted symmetri
cally. Ophthalmoscopy revealed bilateral optic atrophy.

tration of gabapentin reduced the peak-to-peak ampli
tude of the nystagmus in the left eye to a mean ±SD of
0.96° ±0.47°, but in the right eye, the peak-to-peak am
plitude increased to 1.99° ±0.47° Figure 2, right. The

Spontaneous pendular nystagmus was noted and was

mainly horizontal but occasionally showed vertical and
torsional components. The result of her brain magnetic
imaging scan was unremarkable.

frequency of the oscillations decreased to 4.7 Hz in both
eyes, so that the mean speed of the nystagmus was 17.9°/s
in the right eye and 10.8°/s in the left eye. The phase shift
remained at approximately 45°.

RESUlTS

It was not possible to calibrate the records of this pa

tient’s eye movements because of the patient’s difficulty
in cooperating, but intermittent low-amplitude nystag
mus was evident at a frequency of about 3 Hz, with phase
shifts between the oscillations of the 2 eyes of up to 180°.

CASE 5
The calibration of eye movement records was not pos
sible because of the patient’s lack of cooperation. The re
cords showed a pendular nystagmus in the horizontal
plane with frequencies that varied from 5.0 to 6.5 Hz in
both eyes. There was usually a phase shift of 90° be

CASE 4

The patient showed a pendular nystagmus Figure 2,

tween the eyes that occasionally increased to about 180°.

left. The frequency of the nystagmus was predomi
nantly at 5.5 Hz in both eyes, sometimes with a super
imposed left-beatingjerk component. There was a phase
shift between the oscillations of the 2 eyes of about 45°.

COMMErST

When the patient attempted to fixate on a target straight
ahead, the mean ±SD amplitude of the horizontal com
ponent was 1.36° ±0.27° in the right eye and 2.35°
± 1.07 in the left eye. The mean eye speed was 14.5°/s
in the right eye and 34.6°/s in the left eye. Covering ei
ther eye to prevent fixation affected the amplitude of the
nystagmus in the left eye only; when the right eye was

This report of 3 siblings with an autosomal recessive per
oxisomal disorder and clinical evidence of leukodystro
phy expands the number of conditions in which pendu
lar nystagmus has been associated with disorders affecting
myelin of the central nervous system Table 2. To in
terpret the significance of this association, we will first
review the nature of the peroxisomal disorders and then

covered, the mean amplitude of the left eye nystagmus
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Table 2. BIochemical Findings in Peroxisomal Dlsorders*

Assembly
Biochemical Test
Plasma very-long-chain
fatty acid
Plasma phytanic acid
Urine pipecolic acid
Plasmalogen synthesis
Phytanic acid oxidation
Catalase, % cytosolic

Present

XALD

1’

1

1
‘1’
.1.

1’

ND

.1.
I

N
N
N
N
N

I

1

1.

"

Visual loss including unilateral disease of the optic nerve
Disorders affecting CNS* myelin
Multiple sclerosis
Toluene abuse
Pelizaeus-Merzbacher disease
Cockayne syndrome
Peroxisomal assembly disorders
Oculopalatal myoclonus
Acute brainstem stroke
Whipple disease
Spinocerebellar degenerations
Congenital nystagmus

SingleEnzyme
Detect

Disorder
NALD

Report
1’

1

Table 3. Causes of Pendular Nystagmus

RD
N
1’
N
N
N
N

*NALD indicates neonatal adrenoleukodystrophy: XALD, X-linked
adrenoleukodystrophy; RD. Refsum disease; N, normal; ND, not determined;
up-pointing arrow, increased levels; and down-pointing arrow, decreased levels.

*

CNS indicates central nervous system.

metabolic diversity of the enzymes contained in peroxi
somes and the complex mechanisms required for the bio
synthesis and importation of these enzymes into a per
oxisome. The peroxisomal disorders are classified into
2 groups according to their morphologic appearance and
the number of peroxisomal enzymes affected: peroxi

enzyme. This group of disorders is composed of 10 clini
cally and biochemically defined entities. X-linked adre
noleukodystrophy ALD and Refsum disease are the best
known of these disorders. X-linked ALD generally has
its onset in childhood and presents as a severe, progres
sive neurodegenerative process. It may also occur as a
neurodegenerative disorder in adolescence or adult
hood or as adrenomyeloneuropathy or isolated adrenal
insufficiency. All forms of X-linked ALD are caused by
mutations affecting the same gene, which encodes for a
protein required for the transport of very-long-chain fatty
acids across the peroxisomal membrane.
The diagnosis of NALD was established for our pa
tients by demonstrating multiple enzyme deficiencies and
an abnormal intracellular distribution of peroxisomal en

somal assembly defects and single-enzyme defects. The

zymes in combination with evidence of leukodystrophy

peroxisomal assembly disorders are characterized by ab
sent or reduced numbers of peroxisomes and multiple

on magnetic resonance imaging. In addition, the studies
done with cultured skin fibroblasts showed incomplete
deficiencies, consistent with the relatively mild pheno
type of our patients. From a practical perspective, these
findings demonstrate the benefit of performing a bat
tery of peroxisomal function tests rather than simply mea
suring the concentration ofplasma very-long-chain fatty

discuss how congenital or acquired disorders involving
myelin could lead to such ocular oscillations.

SPECTRUM OF PEROXISOMAL DISORDERS
The peroxisomal disorders are a clinically diverse group
of genetic diseases.2-5 This clinical diversity reflects the

enzyme deficiencies and are caused by defects in the im
portation of peroxisomal proteins from the cytosol into
the peroxisomal matrix. This group of disorders com
prises 5 clinically defined disorders, including Zell
weger syndrome, NALD, and infantile Refsum disease.
Zellweger syndrome, the most severe disorder in the spec
trum, is characterized by a prenatal onset, craniofacial

acids, as is commonly done when a peroxisomal disor
der is suspected. This battery of tests readily distin
guishes NALD and other assembly disorders from X
linked ALD Table 2; if the results of more than 1
measurement are abnormal, a disorder of peroxisomal
assembly is present.

dysmorphism, cataracts, retinopathy, hepatocellular dis
ease, renal cysts, adrenal hypoplasia, chondrodysplasia
punctata, profound hypotonia, a neuronal migration de
fect, severe psychomotor retardation, and leukodystro
phy; death usually occurs in the first year of life. Pa
tients with NALD and those with infantile Refsum disease

RELATIONSHIP BETWEEN PEROXISOMAL
ASSEMBLY DISORDERS AND PENDULAR
NYSTAGMUS

have a similar but milder clinical course; they do not have
renal malformations or chondrodysplasia punctata, and
they may survive into childhood or, rarely, adulthood.
When a patient has evidence of leukodystrophy, the di
agnosis of NALD is made.4 Detailed genetic studies, in

A factor common to disorders that have been previously
reported in association with pendular nystagmus
Table 3 and the peroxisomal disorder that afflicted

cluding complementation analysis, have shown that the
peroxisomal assembly disorders are genetically heterog
enous, ie, the same phenotype may be caused by muta
tions of different loci. Conversely, mutations of a spe
cific locus may produce different phenotypes.
Complementation studies using direct gene transfer are
currently under way to define the molecular basis of this
complicated genotype-phenotype relationship.

our patients is the involvement of central myelin. Fur
thermore, the visual system is commonly involved in dis
orders of central myelin, including the peroxisomal dis
orders. For example, Zellweger syndrome is characterized
by pigmentary retinopathy and NALD by optic atrophy,
whereas visual involvement in X-linked ALD is less se

vere, with most patients having normal visual acuity.68
Unlike with X-linked ALD, disorders of peroxisome as
sembly may show neuronal lipidosis.9 Nystagmus has been

The single-enzyme disorders are characterized by a
normal number ofperoxisomes and deficiency of a single
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previously noted in NALD, but it was neither character
ized nor recorded.’°" Our 3 patients’ nystagmus was pen
dular in waveform, with predominant frequencies of 3.0,
5.5, and up to 6.5 Hz; these characteristics are similar to
the forms of pendular nystagmus reported with other dis

orders of myelin, such as multiple sclerosis."2 A correla
tion was noted between the severity of visual acuity loss
and the amplitude of nystagmus in patients with multiple
sclerosis, which led to the hypothesis that delays in visual
transmission may be responsible for these ocular oscilla
tions.’3 This hypothesis, however, was tested, and find
ings indicated that delays in the control of eye movements
by vision are not the root cause of such nystagmus; it was
suggested that these oscillations occur when feedbackloops
between the brainstem and cerebellum go awry.’2 Further
more, disorders that do not affect vision, such as oculo
palatal tremor following brainstem stroke, may lead to pen
dular nystagmus.’ In such disorders, the frequency of
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oscillation tends to be lower 1-2 Hz than in our patients
or in patients with other demyelinating diseases. These dis
orders may reflect the interruption ofvisual inputs that reach
the cerebellum via the inferior olive and are important for
optimal eye movements. Magnetic resonance imaging of
the brain of patient 2 showed an area of demyelination in
the paramedian dorsal pons and medulla. This is similar
to the location of demyelinative lesions in patients with ac
quired pendular nystagmus,’4 and it has been suggested that
cell groups of the paramedian tracts,’5 which project to the
cerebellar flocculus, may be involved. Lesions within these
brainstem-cerebellar feedback circuits might lead to insta
bility and produce pendular nystagmus.’2 Autopsy find
ings have shown that cerebellar degeneration is particu
larly severe in patients with NALD," with marked gliosis
and demyelination of the cerebellar white matter and at
rophy of the granular layer, along with Purkinje cell loss
and Bergmann gliosis.
In adults, acquired pendular nystagmus may be re

duced or abolished by the use of gabapentin.’6 The mecha
nism of action of gabapentin in pendular nystagmus re
mains uncertain, although ‘y-aminobutyric acid is known
to be important in brainstem and cerebellar circuits con
cerned with holding the gaze steady.’7"8 Inpatient 2, the
administration of gabapentin decreased the amplitude and
frequency of oscillations in the left eye, with a corre
sponding improvement in visual acuity. There was a small

increase in the amplitude of oscillations in the right eye,
however. These findings suggest that the pendular os
cillations in our patients-like those shown by other dis
orders affecting central myelin-probably reflect com
mon involvement in brainstem-cerebellar circuits
important for holding the gaze steady.
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