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Abstract: Epileptic nystagmus (EN) is a quick, repetitive jerky movement of the eyeball caused by seizure activity,
unaccompanied by other ictal phenomena rare. Here, we described two cases, one characterized by binocular and
the other by monocular isolated epileptic nystagmus (IEN), and we identified the characteristics of the etiology,
clinical manifestations, electroencephalogram, imaging, treatment and prognosis in epileptic nystagmus through
reviewing literature. We found IEN occurs more frequently in children than in adults. Etiological factors included
trauma, cerebral vascular disease, tumor, and anoxia. The frequency of IEN was high, which varied from several to
hundreds of times per day, and the duration of it was usually less than 1 minute. EN and its subtypes, such as epi-
leptic monocular nystagmus, vertical epileptic nystagmus, epileptic skew deviation, periodic alternating nystagmus,
and partial oculo-clonic status, are rare. The fast phase of the nystagmus was contralateral to the epileptogenic
zone in most cases. Periodic lateralized epileptiform discharges (PLEDs) is a distinct EEG pattern in EN. Our findings
suggested that the occipital lobe may plays a key role in the origin of EN.
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Introduction

Nystagmus is an involuntary, to-and-fro move-
ment of the eyes that may reduce visual acuity
and cause oscillopsia [1]. The condition can be
congenital or acquired. Acquired nystagmus
may be caused by diseases of the eye or inner
ear, multiple sclerosis, stroke, anti-seizure
medication such as phenytoin [2], alcohol intox-
ication, deficiency of B12 or thiamine, and brain
tumors. Moreover, nystagmus can be caused
by seizure activity, that is, a type of epilepsy.

Epileptic nystagmus (EN) is a quick, repetitive
jerky movement of the eyeball caused by sei-
zure activity [3]. Féré was credited with the first
description of EN [4]. Nystagmus (the only sign)
caused by epilepsy and nystagmus occurring
during the course of epilepsy (with symptoms
including other seizure types) may differ. EN
unaccompanied by other ictal phenomena is
rare. Von proposed the term “isolated epileptic
nystagmus” (IEN) to distinguish between nys-
tagmus caused by epilepsy and that occurring
during an epileptic attack [5]. A total of 62
cases of EN have been reported in the litera-

ture between 1890 and 2014. Of those, 10
were classified as IEN and 2 cases were mon-
ocular epileptic nystagmus, 1 of which was
triggered by photic stimulation [6]. Here, we
describe two cases, one characterized by bin-
ocular and the other by monocular IEN. Then we
reviewed the literature about epileptic nystag-
mus.

Methods

Two patients presented to our epilepsy clinic
complaining of episodes of oscillopsia and dip-
lopia. Both patients provided informed written
consent for the publication of their data. The
study protocol was approved by our Institutional
Ethics Committee. We reviewed most of the
cases of EN reported since 1890 to determine
the clinical characteristics of the condition.
Clinical information was obtained from the his-
tory of the patients and their relatives and from
medical records.

Case 1

A right-handed 14-year-old male complained of
episodic vibratory sensations in both eyes for
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Figure 1. EEG data of case one: A. Periodic lateral epileptic discharge (PLED) like intermittent discharge over the
posterior of head in sleep; B. Intermittent discharge disappeared and revolved into fast rhythm; C. Then, periodic
slow waves over all leads; D. Fast rhythm appeared again; E. Fast rhythm evolved into spike and slow waves mainly
over the posterior region; F. Spike and slow waves and followed by electric resting. We cannot define the exact origin
of seizure.

the previous 6 months. During the attack, he
had an unsteady gait and was unable to judge
distance or direction for 10-25 s. He had no
visual or auditory hallucinations, spasms, or
loss of consciousness. During the seizures, the
patient had a horizontal, left-beating nystag-
mus in which the eyes did not cross the midline
of the orbit during the slow phase. Seizures
occurred during the day and evening, and the
patient had dozens of seizures daily. He had no
history of dystocia or head trauma, but had a
febrile seizure at the age of 1 year. The family
medical history was not remarkable. No abnor-
malities were found in the routine ophthal-
mological examination, electronystagmogram,
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electrooculogram, or vestibular function test
completed at another hospital before the
patient visited our neurological clinic. Electro-
encephalograms (EEG) were recorded digitally;
electrodes were attached according to the
International 10-20 system. The background
EEG was normal. The interictal EEG showed
periodic spike-slow wave complexes with a
frequency of 1.5-2.5 Hz and amplitude of 150-
330 mV over the parietal, occipital, and post-
temporal regions (right lateral predominant)
lasting 10 s during sleep. The ictal discharges
manifested as intermittent discharges abruptly
shifted to a fast rhythm over the parietal and
occipital regions and variated to spike-slow

Int J Clin Exp Med 2015;8(8):13500-13507



Fal-Al

O1-A1

Fol-Al

Fp2-A2

Epileptic nystagmus

i et B A i e i G o e e U
It N et A et N et ANt Pt A A N AN PPN 50 PPN
et Y A o 1 SN PN A o NI\ NP A P
et P A oS s S N e on it e AP AP PP\ P s s
It A s PN ot s A\ AN s AR N A A I PP
T W
e e B L e e S
e L L4 A hae
AR AAAANA AN i AR A A AANAAIAAAANNANAASANA A rn s My
A Ao AN A A A A A o A AN e U S A NS ol o,
e o T R SV VP IRV
A s 8 AP A A s 8 PN
e e e e STV
e b e,
P A AP AR A AN A AN A AN ASARMAAAARANA AN ABI A NANANANNAN ot AT
i L e e e

e AN A e P

Lo me;waﬂ«WWAm
AN AN AN AN NI AN A i pard AN NS St it
A AAAAANAAAA G A A A A et S o bt o bodecr

b I e LWVMMV/WMW

e e e g At e A A NS T sttt ettt ot

g P i 0 O o /"'WW"“\ Ve T DU Vah T VAV
o A g b A A A el e Sy
e AU A B A P S Attty PN AR Ao A

o A

n Aigpr M AT AN AAAAA AV
mw,,\wmwmvw p,wwwm-wmm‘w AW A MAAAAAN
T LA L e ST
Wﬁvwwmwmmmwmw\wwmjw
WWMMNWMWW Mt
i ¥ L )
ek R B e i i
i St PRI AR
T T
TP A AR

2l A I

e e

RTINS v ¥

A, o,

Fpt-Al

Fot-Al
Fr2-A2
F3A1

Fa-AZ

v lcar

AT N At Lot bl Nttt o Jos e i A\

N U P VY PP W
HAAAA A M IAASAAN AT AAA L 4 AP A
MWMW\M
N P A i e e e B e A P Pyttt ol et
R S LSS [ A A SO N NP SR ST N
A N M D A P ]
I T T a Ve WL L SRS W W R O O N T
N i W e o o g N ¥ P W W WA VAN W ¥

s o gt NI NN i pr e e NN PPN Nt
et N fofsrin NN AN A oo A e s e o P SO P\ N b
T e T T e R T e
T T SV SR
e A A Y e RN ST A O o APt PN PSP g NI
b PP o e AN AT ot B S AR et APt Ao s b £ ANV
b U sl et hafirogpeoi et bl PN
B e T e Y

P il el
et NS N Pt H O AN 5N s a0

I T W I ]
I YT W e A T e
WA A A B I N AL, sttt W e e o it ot

AT AP AU e it e PN i, it Lo
ANPANN A AN A e e N ettt
MPAMA A AP A eem A R b ) ——
T Y e U A e
P T i T e e
i ot el e I
A e e
P WAAN A A A AP A At e o P oS e
|t e eI eI e e P e

B s

Figure 2. EEG data of case two: A. The background showed o waves deceased and its amplitude lower in right oc-
cipital region than that of left side; B, C. Periodic lateral epileptic discharge (PLEDs) notable in both occipital regions;
D, E. PLEDs evolved into fast rhythm in all regions; F. Spike and slow waves over the both occipital-temporal regions,
at last electric resting.

wave complexes with a frequency of 4.5-5.5 Hz
and amplitude of 100-175 uV and spreading to
other regions lasting 45 s (Figure 1). Magnetic
resonance imaging (MRI) was performed using
a 1.5 Tesla scanner (T1-, T2-, diffusion-weight-

ed
60

images) and was normal. Oxcarbazepine
0 mg twice daily (b. i. d.) did not completely

control the seizures; thus, her regimen was
supplemented with levetiracetam 0.5 g b. i. d.
The patient had no seizures during the follow-
ing year.

Case 2

A right-handed 57-year-old female presented
complaining of episodes of left eye subsultus

13
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and diplopia accompanied by dizziness from
the age of 7 years. She was diagnosed with
viral hepatitis type C in her 40 s. The patient
had no history of asphyxia, febrile seizures, or
head trauma, and her growth and develop-
ment were normal. During the seizures she
felt the line on the ceiling separated gradually
and had diplopia and did not experience loss of
consciousness, hallucinations, rotation of the
head, or secondary generalized tonic-clonic sei-
zures (GTCS). During the seizures, her left eye
had a horizontal left-beating nystagmus in
which the eye did not cross the midline of
the orbit during the slow phase. Her seizures
occurred dozens to hundreds of times daily per-
sisting for several seconds, but no longer than

Int J Clin Exp Med 2015;8(8):13500-13507
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Table 1. The feature of the patient’s age

included dizziness, halluci-

percentage

71~80y 3. 60%
61~70y T8, 90%

nation, head rotated to one
side, cortical blindness,
automatisms, secondary
GTCS, and loss of con-
sciousness with the excep-
tion of nystagmus. 10

O percentage

51~60y | 117. 90% patients were classified as
41~50y 7. 10% IEN (Table 2). Abnormal
MRI, positron emission
31~40y 7. 10% tomography (PET), and sin-
21~30v I 114, 30% gle-photon emission com-
puted tomography (SPECT)

~ [ |
11~20y 14.30% findings were documented
= 10y | : 126. 80% in 17 cases. The greatest
number of lesions was
0. 00% 10. 00% 20.00% 30. 00% located in the occipital lobe

Note: the axis of ordinate was age (years), the axis of abscissas was percentage of patients.

1 min. The seizures occurred during the day
and night and awakened her from sleep.
Episodes could be triggered by certain visual
stimuli such as reading a book or watching tele-
vision. Her neurological and ophthalmological
examinations were normal. The background
EEG revealed decreased o-wave amplitude
over the right occipital region lower than that of
the left side. The intermittent discharge was
long time course periodic spike-slow wave
with a frequency of 1.5-3 Hz and amplitude of
55-115 pV over the occipital and post-temporal
regions lasting for 110 s. Ictal discharges mani-
fested that periodic discharges which contin-
ued 70 seconds evolved into a fast rhythm
(about 20 s) over the occipital regions and prop-
agated to other regions and then variated to
spike-slow wave complexes with frequency of
3-6 Hz and amplitude of 35-75 pV (Figure 2).
Her brain MRI scan was normal. Following
the administration of carbamazepine 0.1 gram
b. i. d., her seizures decreased markedly. She
refused anti-epileptic drugs (AEDs) owing to
concerns about potential side effects to her
liver and the minimal impact of seizures on her
daily life.

Literature review

We found a total of 62 patients from several
countries diagnosed with EN between 1890
and 2014. Of those, 27 were male, 26 were
female, and the sex of the remaining 9 patients
had not been noted (Table 1). The youngest
patient was 10 days old, and the oldest was 75
years of age. The signs and symptoms of EN

13503

(n = 9) followed by the tem-
poral (n = 7), parietal (n =
6), and frontal (n = 4) lobes
(Table 3). The fast phase of the nystagmus was
contralateral to the epileptogenic zone in 83%
of the cases. The remaining 17% included
cases with deviations ipsilateral to the epilepto-
genic zone, upbeat nystagmus, generalized
ictal discharges on the EEG, or the direction of
the fast phase was not recorded. The treatment
outcome was recorded in 22 cases and of
those, 12 were seizure-free following treat-
ment. Phenytoin sodium and carbamazepine
were the most frequently administered AEDs.

Results

IEN is a rare condition that affects children
more often than adults. The etiological factors
include trauma, cerebral vascular diseases,
tumors, and anoxia. IEN seizures occurred fre-
quently (from several to hundreds of episodes
daily) and the duration was short, typically last-
ing less than 1 min. In most cases, the fast
phase of the nystagmus was contralateral to
the epileptogenic zone. Our findings suggest
that the occipital lobe plays a key role in the
origin of EN.

Discussion
Nystagmus

Nystagmus is a common sign of central ner-
vous system disease and is frequently encoun-
tered in clinical practice; however, binocular
EN is rare in patients without brain lesions.
Monocular nystagmus (MN) is an uncommon,
yet heterogeneous phenomenon associated

Int J Clin Exp Med 2015;8(8):13500-13507
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Table 2. Information of 10 IEN cases

Direction Duration

Ref Sex Age(y) Etiology of EN (Sec) Frequency IEEG MIR/CT Therapy  Prognosis
1 F 9 UN L 20 >10/d RT UN CBz SF

2 UN 4 UN L 10-20 UN FT UN TPM UN

3 M 24 UN L UN UN RTO UN UN UN

4 F 43 Cl R 50 Several/h  LTPO UN OXC SF

5 F  Newborn Apnea L <60 Decades/d RO Ischemia UN UN

6 M 58 Cl L 120 UN RTO UN UN UN

7 F 7 CP R UN UN LPTO UN UN UN

8 M 11 UN L 10-15 Several/d  RTPO UN UN UN

9 M 7 Trauma L UN 5-6/d RO CT- Clonazepam SD
10 M 7 Parasites L 30-90 Several/d RP  Calcification of RP PHT Not good

F female; M male; y years; d day; UK unknown; L left; R right; F frontal; T temporal; P parietal; O occipital; CBZ carbamazepine; TPM topiramate;
OXC oxcarbazepine; PHT phenytoin; SF seizure free; SD seizure decrease.

Table 3. The localization of ictal EEG

Location of affected lobe The numbers of patients

Frontal lobe 9
Temporal lobe 19
Parietal lobe 18
Occipital lobe 32

with anterior visual pathway lesions, monocular
blindness [7], spasmus nutans [8], brainstem
infarction, and multiple sclerosis. Epileptic
monocular nystagmus (EMN) triggered by pho-
tic stimulation has been reported in a patient
with mental retardation, severe uniocular visu-
al loss, and generalized seizures [6]. However,
Grant et al. described a case of EMN in a cogni-
tively normal adult with normal vision, similar to
our patient [9]. They found focal seizures origi-
nating in the occipital lobe contralateral to the
involved eye and an associated structural
lesion thought to represent a forme fruste of
Sturge-Weber syndrome. The primary differ-
ence between our patient and that of Grant et
al. was that our patient had a normal MRI.
Grant and colleagues hypothesized that the sei-
zure discharge activated a cortical saccade
region causing simultaneous supranuclear inhi-
bition of the ipsilateral eye movement or trig-
gered monocular eye movement commands.
Other types of EN have been described, such
as vertical epileptic nystagmus [10], epileptic
skew deviation [11], periodic alternating nys-
tagmus [12], and partial oculo-clonic status
[13].

Of the 62 EN cases reported previously, 58
were associated with partial seizures. We found
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that horizontal EN was most often associated
with seizure activity involving the occipital cor-
tex (32 cases), although adjoining portions of
the parietal and temporal cortexes may be
involved.

Mechanisms underlying epileptic nystagmus

EN has been classified into three pathogenic
types according to the clinical features of the
nystagmus [13]:

EN caused by epileptic activation of a cortical
saccade region. The nystagmus is limited to the
opposite side of the focus with quick, contra-
versive phases and slow phases with diminish-
ing speed, which do not cross the midline of the
orbit. The quick phase is caused by activation
of the cortical saccade region, and the slow
phase is due to a defect in the gaze-fixing
mechanism (“leaky neural integrator” or “veloc-
ity storage mechanism”), possibly after antiepi-
leptic medication or coma, although this mech-
anism has been questioned [14].

EN caused by epileptic activation of a cortical
pursuit region. Here, the nystagmus has wide
amplitude, the epileptic activation of the corti-
cal pursuit region triggers a slow, ipsiversive
saccade that crosses the midline and presents
linear velocity. The quick (contraversive) phase
is generated reflexively.

EN caused by epileptic activation of a cortical
optokinetic region. This involves seizure-
induced, ipsiversive slow phases associated
with reflexive quick phases. They also lead to
vertigo because of the connection with the ves-
tibular nucleus in the brain stem.

Int J Clin Exp Med 2015;8(8):13500-13507
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Despite the fact that EN is a unique phenome-
non, it has been increasingly associated with
cryptogenic or symptomatic occipital epilepsy
(or that from adjacent areas). In a recent study,
Gire et al. reported the case of an 8-year-old
child who presented with EN as a manifestation
of (idiopathic) non-lesional benign epilepsy
[15].

Most previous studies have not provided suffi-
cient detail to determine the patients’ patho-
genic type; however, the pathogenic type was
identified in 15 of the patients in our literature
review. Of those, 11 were type 1 and four were
type 2. Both of our patients were type 1.

Epileptic activation of the frontal areas is not
thought to be essential to trigger conjugate eye
deviations or EN [4, 16]. In fact, the posterior
cortical areas may control ocular saccades.
Recent mapping studies have revealed three
small saccade eye fields that elicit contraver-
sive saccades: an area in the posterior portion
of area 8 (frontal eye field), an area in the dor-
sal portion of area 6, and a region in area 7
within the intraparietal sulcus [17, 18].

In the monkey, two small eye fields that support
smooth pursuit eye movements have been
shown to elicit ipsiversive slow-phase eye
movements or an increase in eye velocity dur-
ing ongoing ipsiversive slow phases when stim-
ulated. These areas are located in the inferior-
most portion of the frontal eye field and a region
in the superior temporal sulcus within the tem-
poro-occipital cortex [19, 20]. A small optoki-
netic cortical area within the temporo-occipital
cortex projects to the nucleus of the optic tract
(NOT), which in turn projects to the vestibular
nucleus. Stimulation of the NOT induces ipsiver-
sive slow phases followed by a resetting quick
phase [21].

Furthermore, Kaplan and Tusa attributed the
rarity of EN to the infrequency of the underlying
conditions: an ictal focus in the temporo-parie-
to-occipital (TPO) junction, an ictal discharge of
at least 10 Hz, and a leaky neural integrator
[22].

The intermittent and ictal EEGs revealed peri-
odic lateralized epileptiform discharges (PLEDs)
in our patients. Two cases of EN with PLEDs
have been reported previously [23]. Chatrian et
al. argued that although PLEDs generally occur
in structural brain diseases of vascular origin,
severe metabolic disorders may contribute by
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lowering the seizure threshold and upsetting
the recovery process of the neurons after they
discharge [24]. However, our patients did not
have brain lesions. The MRI findings revealed
no lesions in our patient with EMN. The ictal
EEG originated from the occipital lobe, suggest-
ing that the occipital lobe, but not the TPO area,
may be the source of EN.

EN characteristics

EN may occur at any age; however, we observed
two peaks: prior to the teenage years and
among adults in their 50 s. The fast phase of
the nystagmus was contralateral to the epilep-
togenic zone in all but one patient. Seizure fre-
quency was high, ranging from several to hun-
dreds daily, and the duration was short, persist-
ing less than 1 min. Symptoms reported before,
after or during EN included dizziness, hallucina-
tions, head rotated to one side, cortical blind-
ness, automatism, secondary GTCS, and loss
of consciousness. The etiology included head
trauma (22%), brain cerebral vascular disease
(22%), anoxia (13%), tumor (10%), abnormal
blood glucose (8%), intracranial infection, and
unknown (17%). Our primary goal was to char-
acterize EN and identify its underlying mecha-
nisms. The data were obtained from scalp
EEGs, which is not a precise method for local-
izing seizures; thus, our findings are an approxi-
mation of the seizure origin among the five
cerebral lobes.

Most of the ictal EEG data revealed involve-
ment of more than one lobe during EN, such
as the temporal-occipital, forehead-temporal,
parietal-occipital or temporal-parietal-occipital;
however, the involvement of only one lobe was
observed in the occipital (eight cases), parietal
(three cases), frontal (five cases), and temporal
(three cases) lobes. Overall, the occipital lobe
was the most frequently involved lobe (32
cases). Four patients had a generalized ictal
EEG, two of which had 3-Hz spike-slow waves
[25].

Diagnostic procedure for patient complaining
of oscillopsia or diplopia

Patients complaining of oscillopsia or diplopia
should first be assessed to determine whether
the nystagmus is caused by peripheral or cen-
tral nervous system disease. Peripheral nystag-
mus may be caused by dysfunction of the

Int J Clin Exp Med 2015;8(8):13500-13507
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eyeball or extraocular muscles or vestibular
diseases. Central nystagmus may be caused
by brainstem, cerebellar, or cerebral cortex
lesions. In cases where the etiology is difficult
to determine, diagnostic tools, such as the ves-
tibular function test, electronystagmogram,
electrooculogram, brain MRI, video EEG, and
SPECT may be useful [26]. The shortcoming of
our cases is lack of electronystagmogram
meanwhile with EEG. If abnormal findings are
not revealed, we initiate tentative treatment
with AEDs according the patient’s condition.
Voluntary nystagmus can be a component of a
nonepileptic seizure. In our patient, an EEG dur-
ing a nonelileptic seizure showed normal rest-
ing background activity at 9 Hz with infrequent
sharp and spike discharges arising from the
temporal regions independently (clearly not an
ictal pattern), and occasional delta and theta
slow waves arising independently from both
temporal regions. The presence of volitional
nystagmus during an apparent seizure should
prompt the evaluation of possible nonepileptic
events, including attempts to record an epi-
sode on EEG. Physicians should strive to accu-
rately document the nature of the nystagmus,
whether by history or on examination and
should not assume that the presence of nystag-
mus is an objective sign of a physiological epi-
leptic event [27].

EN treatment and prognosis

The outcome of treatment and follow-up was
reported for 21 of 62 patients in our study.
Perhaps because of time issure, most patients
were treated with phenytoin sodium (nine
cases), and the remaining patients were treat-
ed with carbamazepine, lamotrigine, sodium
valproate, or other AEDs. Of the 21 patients, 12
(57%) were seizure-free throughout treatment;
thus, the prognosis was good.

Conclusion

EN is a rare condition, particularly types such
as EMN, vertical epileptic nystagmus, epileptic
skew deviation, periodic alternating nystag-
mus, and partial oculo-clonic status. When the
etiology of the nystagmus is not known, epilep-
sy should consider when the seizure frequency
is high and the nystagmus duration is short.
The fast phase of the nystagmus was mostly
contralateral to the epileptogenic zone. Our
findings suggest that the occipital lobe plays a
key role in the origin of EN.
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