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Purpose: We aimed to define the characteristics of epileptic nystagmus and correlate those with other clinical
findings in a large number of patients.
Methods:We report a patientwith epileptic nystagmus and additionally reviewed the reported clinical features of
36 more patients through a systematic literature search. We analyzed the characteristics of epileptic nystagmus
and attempted correlations of those with alertness of the patients and epileptic foci on EEG.
Results: All 33 patients with unilateral horizontal nystagmus showed nystagmus beating away from the side of
ictal discharges. Epileptic nystagmus was preceded by gaze deviation in 21 patients, with contraversive in 19
and ipsiversive in 2. Seizures associatedwith epileptic nystagmusweremostly focal (25/29, 86.2%) with orwith-
out loss of awareness. Ictal discharges originated from the occipital (n= 16), parietal (n= 9), temporo-occipital

(n= 6), frontal (n= 4), and temporal (n= 3) areas, and two patients hadmultiple epileptic foci. Seizures were
usually symptomatic (24/37, 64.9%). The presence of preceding gaze deviation and midline crossing of the nys-
tagmus did not correlate with the ictal onset zone or alertness of the patients. Recording of epileptic nystagmus
was available only in 6 patients, and the epileptic nystagmus could be localized to the saccadic areas in two and to
the smooth pursuit areas in another two. Two patients showed the features of epileptic nystagmus from both
areas.
Conclusion: Even though the localizing value of epileptic nystagmus seems limited in previous reports, the fast
phase of epileptic nystagmus was almost always directed away from the epileptic focus that mostly arose from
the posterior part of the cerebral hemisphere.

© 2014 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
1. Introduction

Even though nystagmus mostly indicates a lesion involving the pe-
ripheral vestibular labyrinth, brainstem, or cerebellum, it may occur in
lesions involving the cerebral hemisphere [1–3]. Nystagmusmay be ob-
served in association with seizures or epileptiform discharges originat-
ing from the cortical areas involved in the generation of eye
movements [1,4]. It has been postulated that the epileptic nystagmus
stemming from the saccadic areas occurs only in the contraversive
hemifield without crossing the midline and has a decreasing slow-
phase velocity (SPV) [4]. In contrast, the epileptic nystagmus from the
smooth pursuit regions has been proposed to have a linear SPV and cor-
rective quick phases crossing themidline [4,5]. Even though this distinc-
tion seems reasonable in view of the anatomical correlates [4], its
eoul National University College
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clinical applicability has not been validated in a larger number of pa-
tients. Indeed, an individual patient may show co-activation of both
areas or propagation of the epileptic discharges from one to the other,
making the distinction difficult [2]. We also recently encountered a pa-
tient who showed epileptic nystagmus with features originating from
both the saccade and smooth pursuit areas [2]. Even though there
have been numerous reports on epileptic nystagmus since the first re-
port in a patient with focal seizure [1], a systematic review on the fea-
tures of epileptic nystagmus and the correlation of those with the
areas of ictal discharges on EEG has not been available.

To address this issue,we describe a patientwith epileptic nystagmus
and analyzed the characteristics of epileptic nystagmus in the previous-
ly reported cases with a systematic review.

2. Methods

2.1. Laboratory work-ups in our patient

Our patient had continuous EEG monitoring with simultaneous
recording of eye movements in the absence of visual fixation using a
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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Fig. 1. A flow chart for the systematic review in this study.
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video-Frenzel goggle system (SLMED, Seoul, Korea). BrainMRIwas con-
ducted with a 3.0-T scanner (Achieva, Philips, OH, USA). Ictal and
interictal single photon emission computed tomography (SPECT, Infinia
Hawkeye 4 SPECT–CT, GE Healthcare, Waukesha, WI, USA) were per-
formed using a radiotracer (99mTc-HMPAO, Ceretec, Amersham,
Chalfont, UK).

2.2. Literature review

Literature search was done using PubMed (upto August 2013). The
keywords used for searching included epileptic nystagmus, ictal nystag-
mus, and non-convulsive status epilepticus (NCSE). We included all the
patients described in systematic reviews, clinical studies, and case re-
ports published in English (Fig. 1). The references cited by the retrieved
articles were also reviewed. The diagnosis of epileptic nystagmus was
based on the following: 1) clearly documented seizure activity on the
Fig. 2. A. Image shows an increased signal intensity in the left temporo-occipital region on fluid
tomography shows hyperperfusion in the left temporo-parieto-occipital junction.
ictal EEG, 2) occurrence of nystagmus in accordance with the epileptic
discharges, and 3) documentation of the nystagmus using oculography,
video clip, or periorbital electrodes.

From these reports, we analyzed the type of seizure, ictal onset zone
and maximal ictal frequency on EEG. We also determined the direction
and midline crossing of the nystagmus and the presence of preceding
gaze deviation and its direction. We also analyzed findings of oculography
even though it was available only in a small number of patients. Based on
these findings, we attempted any correlation among the epileptic foci
andother features of epileptic nystagmususing linear-to-linear correlation.

3. Results

3.1. Case report

A 74-year-old woman presented with aphasia for 2 weeks. She had
suffered from hypertension and diabetes mellitus for seven years, and
Alzheimer's disease for a few years. She had also been admitted to the
hospital 4 months earlier because of myocardial infarction and cerebral
infarction involving the territory of the right anterior cerebral artery.
Examination at presentation showedweak left beatingnystagmuswith-
out fixation (Video). Because of global aphasia and dementia, smooth
pursuits and saccades could not be fully evaluated, but the reflexive sac-
cades appeared to be intact. She was able to stay alert most of the time.
However, she intermittently (10 per day) lapsed into a drowsy and le-
thargic statewith both eyes closed and did not respond to noxious stim-
uli. This altered mental status lasted no more than 1 min, and she
recovered to her previous alert state. During the attacks, she showed
rightward deviation of both eyes followed by vigorous right-beating
nystagmus without any convulsive movements or abnormal postures.
Electroencephalography revealed 19- to 22-Hz polyspikes that were
maximal over the left temporo-occipital region, and eye movement re-
cording showed right beating nystagmus at 3–4 Hz, which did not cross
the midline (Video).

Magnetic resonance imaging showed an edematous lesion without
gadolinium enhancement on the left temporo-parieto-occipital junc-
tion,whichwas considered a seizure-induced change (Fig. 2A). Analysis
of cerebrospinal fluid was unavailable. single photon emission comput-
ed tomography during the ictus showed hyperperfusion in the left
temporo-parieto-occipital junction (Fig. 2B).

With a suspicion of seizure from a small infarction or Alzheimer's
disease itself, fosphenytoin (450 mg per day) and levetiracetam
(2000 mg per day) were initiated. Her neurological status gradually
attenuated inversion recovery image (arrows). B. Ictal single photon emission computed

image of Fig.�1
image of Fig.�2
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improved, and follow-up video-EEG oneweek later showed no epilepti-
form discharges but regional slowing over the left temporal area. She
was discharged two weeks after the admission still with aphasia but
without any seizures.

3.2. Literature review

Through the literature review, we were able to additionally
reviewed the reported clinical features of 36 patients (21 women, age
range: 0–75 years, median age: 32 years, mean age ± SD = 35.7 ±
24.1, Table 1). Except for four patients [one (patient 17) with pendular
nystagmus, another (patient 35) with upbeat nystagmus, another (pa-
tient 30) with generalized ictal discharges on EEG, and the remaining
one (patient 36) with alternating nystagmus], all the other 33 (33/37,
89.2%) patients showed nystagmus beating away from the side of ictal
discharges on EEG (Table 1). The preceding gaze deviation was de-
scribed in 25 patients, and 19 of them showed contraversive deviation,
while only two had ipsiversive deviation. Four patients showed no gaze
deviation. Since oculography was performed in only six patients, the
patterns of SPV could not be determined in most patients, but four (pa-
tients 4, 5, 10, and 15, Table 1) of the six patients showed a linear SPV,
while two (patients 11 and 14) had a decreasing SPV.

Eight patients, including one with incomplete description of the sei-
zure semiology, had more than one type of seizure in association with
the epileptic nystagmus. However, the seizures were mostly focal
(25/29, 86.2%) with (n = 17) or without (n = 8) loss of consciousness
Table 1
Characteristics of epileptic nystagmus.

Pt. Age Sex MSE GD Epileptic nystagmus Ictal EEG (Hz)

Direction SPV Midline
crossing

1 25 M Alert ? C ? ? O (4–7)
2 33 M Alert C C ? ? O (10–15)
3 68 M Coma C C ? None F (4–6)
4 52 F Alert None C L ? T-O (8–16)
5 27 M Alert C C L None T-O (8–10)
6 19 F Coma ? C ? None F (11–12)
7 43 F Alert ? C ? + O (11)
8 23 M Alert ? C ? None O (6–9)
9 51 M Alert ? C ? ? P (9–10)
10 11 M Alert I C L None O (12–14)
11 70 M Alert C C D None T-O (3–4)
12 8 M Alert C C ? + O (19)
13 75 F Alert None C ? None T (?)
14 70 F Drowsy C C D ? T-O (11–14)
15 0 F Alert C C L + P (6–7)
16 31 F Drowsy ? C ? ? O (7–8)
17 10 F Alert ? ? ? ? Generalized (3)
18 32 F Vegetative state C C ? None O (1–5)
19 72 M Drowsy C C ? None F, O (4–5)
20 69 F Drowsy C C ? None F, T, P (1–3)
21 54 M Drowsy C C ? None P (2–4)
22 44 M Alert C C ? None P (10–11)
23 7 F Stupor C C ? None P (2)
24 25 F Alert C C ? None P (10–12)
25 58 M Alert C C ? None O (12–15)
26 50 F Alert I C ? + O (9–12)
27 14 F Alert ? C ? ? P (10–14)
28 19 M Alert ? C ? ? O (20)
29 22 F Alert ? C ? ? T-O (3–4)
30 15 F Alert ? ? ? ? Generalized (N10
31 6 M Alert None C ? None T (11–12)
32 4 F Alert C C ? ? O (8–9)
33 32 F Alert ? C ? ? P (12–20)
34 43 F Alert ? C ? ? O (20–25)
35 66 F Stupor ? ? ? ? O (3–4)
36 0 F Alert None ? ? + O (2–3)
37 74 F Alert C C ? None T-O (19–22)

D, decreasing; F, frontal; GCSE, generalized convulsive status epilepticus; GD, gaze deviation; I,
stroke; MSE, mental status exam; NCSE, nonconvulsive status epilepticus; O, occipital; P, parie
focal (LOC), focal seizure with loss of consciousness.
(LOC). The ictal discharges originated from the occipital (n= 17), pari-
etal (n = 9), temporo-occipital (n = 5), frontal (n = 4), and temporal
(n = 3) areas, and two patients had multiple epileptic foci (patients
19 and 20, Table 1). Generalized ictal discharges were found only in 2
patients (patients 17 and 30, Table 1).

Underlying etiologies included cerebral infarction in 7 patients,
cerebral hemorrhage in 3, infection in 2, cortical dysplasia in 2, and
head trauma, cerebral metastasis, uremic encephalopathy, hypoglyce-
mic encephalopathy, MELAS (mitochondrial myopathy, encephalopa-
thy, lactic acidosis, and stroke), Sturge–Weber syndrome, arachnoid
cyst, physostigmine intoxication, and birth asphyxia in one patient
each. Except for one patient (patient 13) without description of the fre-
quency of ictal discharges, almost half (16/36, 44.4%) of the previously
reported patients showed ictal discharges less than 10 Hz. Even in pa-
tients who were alert, epileptic nystagmus occurred with ictal dis-
charges of less than 10 Hz (patients 1, 8, 11, 15, 16, 29, and 34, Table 1).

The presence of preceding gaze deviation andmidline crossing of the
nystagmus did not correlate with the ictal onset zone (p = 0.509 and
p = 0.385, respectively, linear-to-linear correlation). The presence of
midline crossing of the nystagmus did not show a correlation with the
seizure type either (p ≈ 1.000, linear-to-linear correlation). However,
after excluding patients who had more than one type of seizure, all
patients with focal seizure and LOC showed epileptic nystagmus with
preceding gaze deviation, either contraversive (n = 12) or ipsiversive
(n = 2). By contrast, the focal seizures without LOC (n = 3) did not
have accompanying preceded by a gaze deviation. The gaze deviation
Seizure type Cause Ref.

Focal Unknown [14]
Focal (LOC) Unknown –

Focal (LOC) Hemorrhage [15]
Focal Unknown [16]
Focal (LOC) MELAS [2]
Focal (LOC) Infection [17]
Focal Infarction [18]
Focal, focal (LOC), generalized Trauma –

Focal Sturge–Weber syndrome [19]
Focal (LOC) Unknown [4]
Focal, focal (LOC), generalized NCSE Hemorrhage [20]
Focal (LOC) Unknown [21]
Focal Infarction [22]
Focal (LOC) Unknown [1]
Focal (LOC) Cortical dysplasia [23]
Focal (LOC) Infarction [24]
Generalized Electroclinical syndrome [25]
Focal (LOC) Hypoglycemic encephalopathy [11]
Focal (LOC) Infarction –

Focal (LOC), generalized Cerebral metastasis –

Focal (LOC) –

Focal (LOC) Infarction –

Focal (LOC) –

Focal, focal (LOC), generalized –

Focal, focal (LOC) Infarction [26]
Focal (LOC) [27]
Focal [28]
Focal (LOC) –

Focal, focal (LOC) Infection –

) Generalized [29]
Focal Arachnoid cyst [30]
GCSE Infarction [31]
Focal [32]
Focal, focal (LOC), generalized Cortical dysplasia [33]
NCSE Drug (physostigmine) [34]
? Birth asphyxia [35]
Focal (LOC) Our study

ipsilateral; L, linear; MELAS, mitochondrial myopathy, encephalopathy, lactic acidosis, and
tal; T, temporal; T-O, temporo-occipital; focal, focal seizure without loss of consciousness;
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was mostly observed in seizures which accompanied LOC (p = 0.027,
linear-to-linear correlation).

Of the 6 patients who had both EEG and oculography, two (patients
11 and 14, Table 1) showed the characteristics of nystagmus from in-
volvement of the saccadic areas, while the other two (patients 4 and
15, Table 1) had the characteristic nystagmus associated with smooth
pursuit areas. By contrast, two patients (patients 5 and 10, Table 1)
showed epileptic nystagmuswith a linear slowphase butwithout cross-
ing the midline, which cannot be classified into one type based on the
previous distinction [4]. All 6 patients had the ictal foci in the posterior
part (temporo-occipital, parietal, or occipital areas) of the cerebral
hemisphere and the frequency of ictal discharges on EEG ranged from
2 to 16 Hz.

4. Discussion

The findings in our patient and systematic review may be summa-
rized as follows: 1) in almost all of the patients, the nystagmus beat
away from the side of ictal discharges; 2) seizures were mostly symp-
tomatic; 3) seizures mostly originated from the posterior part of the
brain; and 4) the characteristics of epileptic nystagmus (presence of
preceding gaze deviation and midline crossing) and patterns of SPV
were poorly documented and did not correlatewith the ictal onset zone.

Irritative lesions in the cerebral cortex are known to cause deviation
of both eyes to the contralesional side, which was demonstrated by
electrical stimulation [6]. Introduction of EEG and oculography allowed
an accurate analysis of eye movements and localization of the corre-
sponding cortical areas responsible for generating such eyemovements
during the epileptic events [4]. Epileptic nystagmus has been ascribed to
disruption of cortical controls over saccades or smooth pursuit [1,4]. The
cortical regions involved in the generation of saccades include the
frontal, parietal, and supplementary eye fields [7]. It has been
proposed that epileptic nystagmus from the cortical saccadic areas re-
sult in contralesional ocular deviation, has decreasing SPV, and does
not cross the midline toward the ipsilesional hemifield [4].

Seizures from the middle temporal (MT) and medial superior tem-
poral (MST) areas, which are involved in the generation of smooth pur-
suit are also known to generate epileptic nystagmus [4]. When the
regions responsible for smooth pursuit are stimulated, the eyes drift
ipsiversively to the eccentric position, and reflexive resetting quick
phases beat to the contralateral side crossing the midline. Accordingly,
contrary to those commencing from the saccadic areas, epileptic nystag-
mus from the areas involved in the generation of smooth pursuit is
known to cause ipsilesional ocular deviation, has linear SPV, and crosses
the midline toward the contralesional hemifield [4].

Even though the pattern of SPV and integrity of saccades or smooth
pursuit could not be fully evaluated in our patient due to aphasia and
underlying Alzheimer's disease, the epileptic nystagmus occurred only
in the contralateral right hemifield without crossing the midline,
which corresponds to the characteristics of epileptic nystagmus
from the saccadic areas. However, our patient also showed interictal
spontaneous nystagmus, probably pursuit-paretic, beating to the lesion
side (Video) [3], and the ictal onset zone on the SPECT and EEG
corresponded to the lateral occipital cortex (Brodmann area 19) and
the adjacent ventrocaudal aspect of Brodmann area 39, which are
known as the human homologues of MT and MST areas [5].

As in our patient, previous reports on epileptic nystagmus frequently
encountered the features from both the saccadic and smooth pursuit
areas. This may be explained by propagation of the ictal discharges
fromone to the adjacent cortices [8]. Alteration in the level of conscious-
ness during the seizures also indicates propagation of the ictal dis-
charges [8]. As various cortical regions responsible for ocular motility
can be involved during the ictus, ictal eye movements may take various
features. It seems less likely that the epileptic discharges would stimu-
late either the saccadic or the smooth pursuit regions only. Especially
in focal seizures with LOC or generalized seizures, more than one neural
substrate may contribute to generate epileptic nystagmus. Therefore,
the dichotomization of epileptic nystagmus based on the disruption of
cortical control over smooth pursuit or saccades may not be applicable
to most patients with epileptic nystagmus in clinical practice [2].

Although we found a correlation between the characteristics of epi-
leptic nystagmus, the presence of accompanying gaze deviation, and
seizure type, it should be interpreted with caution. Contraversive gaze
deviation is known to be followed by epileptic nystagmus from the sac-
cadic areas [4]. However, other characteristics such as midline crossing
and pattern of SPV did not correlate with the seizure type. Moreover,
patients who had more than one type of seizure (n = 8) exhibited the
same semiology of preceding contraversive gaze deviation during the
focal seizure without LOC (patients 8, 11, 24, and 25).

Epileptic nystagmus appears infrequent in that it was reported in
only 10% of 42 patients with occipital lobe epilepsy [9]. In an epilepsy
monitoring unit, epileptic nystagmus was observed in only 0.5% of
1838 patients who had been monitored for 46 months [10]. The infre-
quency of epileptic nystagmus has been ascribed to the rarity of the con-
ditions that meet the following: 1) involvement of the regions
responsible for epileptic nystagmus and2) high-frequency epileptic dis-
charges sufficient to generate epileptic nystagmus (more than 10 Hz)
[11]. However, the ictal frequency required to generate nystagmus
was suggested to be lower in patients with decreased mental status or
in thosewith severe neurological impairment [11]. Yet, systematic anal-
ysis of previous literature showed that epileptic nystagmus can occur
with an ictal frequency less than 10 Hz, regardless of the neurological
status. Epileptic nystagmuswas observed even seizures absence seizure
with 3-Hz spikes (patient 17, Table 1). This implies that factors other
than the ictal discharge frequency contribute to the rarity of epileptic
nystagmus.

The incidence of epileptic nystagmus may have been under-
estimated since it may escape recognition when abnormal postures or
movements are not observed. Since most epileptic nystagmus occurs
in focal seizures or NCSE, the ancillary movements may be as subtle as
eye blinking or head rotation. Furthermore, propagation of ictal dis-
charges to the frontal areas may suppress the generation of epileptic
nystagmus. As stated previously, most epileptic nystagmus has been
observed with lesions involving the posterior part of the cerebral hemi-
sphere. It has rarely occurred when the epileptic foci reside in the fron-
tal lobe. The dorsolateral prefrontal cortex is known to inhibit the
superior colliculus and may act as a saccadic suppressor [12,13].
Accordingly, involvement of the frontal lobe by ictal discharges may
have suppressed the generation of epileptic nystagmus.

5. Conclusion

Detailed characteristics of epileptic nystagmus have rarely been
sought in previous reports. Even though the localizing value of epileptic
nystagmus seems limited in previous reports, the fast phase of epileptic
nystagmus was almost always directed away from an epileptic focus
that mostly arose from the posterior part of the cerebral hemisphere.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ebcr.2014.08.004.
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