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Moyamoya disease with epileptic nystagmus: A case report
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a b s t r a c t

Epileptic nystagmus is a quick, repetitive, jerky movement of the eyeball caused by seizure activity,
which is unaccompanied by other ictal phenomena. We report a case of moyamoya disease with epileptic
nystagmus. A 23-year-old woman presented with a headache and transient hemiparesis on her left side.
Magnetic resonance imaging showed no ischemic or hemorrhagic stroke lesions. Digital subtraction
angiography confirmed stenosis of the terminal portion of the right internal carotid artery and the forma-
tion of moyamoya vessels on the right side. 123I-N-isopropyl-iodoamphetamine (123I-IMP) single photon
emission computed tomography (SPECT) showed decreased uptake in the right basal ganglia, frontal, and
parietal regions. After electroencephalography (EEG) and a hyperventilation test were performed, nystag-
mus appeared and was accompanied with a declining level of consciousness. Ictal EEG during an attack
showed no epileptiform discharge. Moreover, the patient sometimes experienced simultaneous upper
limb-shaking and gelastic attacks. After superficial temporal artery to middle cerebral artery bypass sur-
gery was performed on the right side, symptom frequency and duration gradually decreased. Decreased
123I-IMP SPECT blood flow in the right frontal region is considered a mechanism that causes the onset of
epileptic nystagmus. It is presumed that the attack was caused by an ischemic abnormality in the saccade
region of the frontal eye field. Moreover, revascularization can effectively treat the symptoms of moy-
amoya disease.

� 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Moyamoya disease is a chronic and occlusive cerebrovascular
disease, which has an unknown etiology and is characterized by
bilateral steno-occlusive changes at the terminal portion of the
internal carotid artery (ICA) and an abnormal vascular network
at the base of the brain [1]. The initial representative symptoms
are infarction and transient ischemic attack (TIA), which result
from ischemia, and hemorrhage or headache, which results from
the expansion of collateral vessels distal to the stenotic lesion. Epi-
lepsy is the third most common manifestation in moyamoya dis-
ease [2], and approximately 10–30% of moyamoya disease
patients present with seizures [3]. Recurrent seizure attacks in
moyamoya disease should be regarded as symptomatic
localization-related epilepsy caused by a stroke after ischemic or
hemorrhagic attacks [4]. Risk factors for epilepsy in moyamoya
disease are considered to be modified Rankin scale scores, early
seizures, and diffuse brain atrophy [3]. The clinical features of epi-
lepsy in patients with moyamoya disease have rarely been dis-
cussed in detail.

Here, we report a case of moyamoya disease with epileptic nys-
tagmus. Epileptic nystagmus is a quick, repetitive, jerky movement
of the eyeball caused by seizure activity, which is unaccompanied
by other ictal phenomena [5]. Its etiological factors include trauma,
cerebral vascular diseases, tumors, and anoxia. To our knowledge,
this is the first report of moyamoya disease with epileptic nystag-
mus. Moreover, the epileptic nystagmus disappeared after revascu-
larization surgery in this case, which we report along with the
relevant literature.

2. Case report

A 23-year-old woman presented with a headache and transient
hemiparesis on her left side. She had a chromosomal abnormality
(46, XX, �9+der(9)?t(6;9)pat), presented with congenital hypoto-
nia, and showed mental and motor retardation. Her father was also
diagnosed with moyamoya disease. Magnetic resonance imaging
(MRI) showed the ivy sign on the fluid attenuated inversion
recovery (FLAIR) sequence in the right hemisphere, though there
was no ischemic or hemorrhagic stroke lesion (Fig. 1A). Digital sub-
traction angiography and magnetic resonance angiography con-
firmed the stenosis of the terminal portion of the right ICA and
the formation of moyamoya vessels on the right side, and the
patient was diagnosed with moyamoya disease with Suzuki’s
angiographic staging of grade III (Fig. 1B–D). Resting state 123I-N-
isopropyl-iodoamphetamine (123I-IMP) single photon emission
computed tomography (SPECT) for cerebral blood flow showed
decreased uptake in the right basal ganglia, frontal, and parietal
regions (Fig. 1E). Computed tomography (CT) perfusion showed
decreased cerebral blood flow (CBF) and delayed mean transit time
(MTT) in the same regions (Fig. 1F).

On the seventh day of hospitalization, the patient underwent
electroencephalography (EEG), and after hyperventilation test,
she complained of a poor physical condition, and nystagmus
appeared that was accompanied by a declining level of conscious-
ness. Ictal EEG during an attack showed only a prominent muscle
artifact caused by eye movements due to nystagmus, and no
epileptiform discharge was observed. During the seizures, her eyes
had a horizontal left-beating nystagmus in which her eyes did not
cross the midline of the orbit during the slow phase. From that day
onwards, similar seizures appeared frequently. Most of the nystag-
mus involved eye movement, which occurred horizontally and to
the left. The patient sometimes reacted to a call and sometimes
had impaired consciousness (Video 1). The duration of the seizures
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ranged from 3 to 30 min. Moreover, she sometimes suffered an
upper limb-shaking and a gelastic attack simultaneously. It was
impossible to confirm whether this gelastic attack onset was asso-
ciated with a feeling of mirth because of the patient’s decreased
awareness. This attack often occurred after hyperventilation due
to crying or discomfort. After the appearance of the attack, we
began administering antiepileptic drugs (Levetiracetam 1000 mg).
The course of the appearance of epileptic nystagmus in the patient
is shown in Fig. 2. On the fourteenth day after admission, superfi-
cial temporal artery to middle cerebral artery bypass surgery was
performed on the right side. After the operation, symptom fre-
quency gradually decreased and almost disappeared after approx-
imately two months.

3. Discussion

From a neurophysiological view point, the mechanisms of
epileptic nystagmus are classified into two patterns: saccadic eye
movements and smooth pursuit eye movements [5]. Fig. 3 shows
the origins of these two patterns. First, the regions causing saccadic
movements include the frontal eye field near the precentral sulcus,
the supplementary eye field in the superior frontal region near the
sulcus, the dorsolateral prefrontal cortex, the parietal eye field in
the anterior part of the angular sulcus, and the posterior parietal
cortex [6–8]. Epileptic nystagmus originating in cortical regions
causing saccadic movements produce the fast phase of the nystag-
mus beating opposite the side of the epileptic focus without cross-

Video 1.

Fig. 1. FLAIR imaging showed the ivy sign in the right hemisphere without a stroke lesion (A). AP view (B) and lateral view (C) of digital subtraction angiography showed the
stenosis of the terminal portion of the right ICA and moyamoya vessels around the circle of Willis on the right side. The stenosis of the terminal portion of the right ICA was
observed on magnetic resonance angiography (D). Interictal 123I-IMP SPECT showed decreased uptake in the right basal ganglia, frontal, and parietal regions (E). CT perfusion
showed decreased CBF, delayed MTT, and prolonged T-max in the same regions. Changes in CBV and TTP in the right hemisphere were limited (F).
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ing the midline during the slow phase. Second, the regions causing
smooth pursuit eye movement include Brodmann areas 37/19/39
and the primary visual cortex [7]. Epileptic nystagmus originating
in a cortical area involved in smooth pursuit eye movements shows
a slow ipsiversive eye movement that crosses the midline [5,7].
The symptoms in our case were similar to saccadic eye move-
ments. Although MRI showed no infarction, SPECT and perfusion
CT showed decreased blood flow in the right frontal region, which
is presumed that a functional abnormality caused by ischemia

occurred in the saccade region, and this might have induced
epileptic nystagmus.

Together with nystagmus, some cases have been associated
with other symptoms: episodic gaze deviation, visual hallucina-
tions, cortical blindness, vertigo, and impaired consciousness
[5,7,9–11]. In our case, dizziness, impaired consciousness, limb-
shaking, and gelastic seizure accompanied epileptic nystagmus.
Limb-shaking is considered to be one of the movement disorders
due to vascular etiology, and presumed to be caused by impaired
perfusion of the frontal lobe [12]. Gelastic seizures occur most
commonly in epilepsy arising from hypothalamic hamartoma,
and have subsequently been described in frontal or temporal lobe
epilepsies [13]. We previously reported a case of moyamoya dis-
ease with gelastic seizure that should be occurred due to frontal
lobe ischemia [14]. Ohara et al. reported a case of epileptic nystag-
mus accompanying gelastic seizure, and the attack was considered
to originate in the frontal lobe [15]. The gelastic attack in our case
is also presumed to be an abnormality of the frontal lobe because
SPECT showed decreased blood flow in the right frontal region.
Gelastic attack due to frontal lobe epilepsy occurs without feelings
of mirth, and is most likely originated in the anterior cingulate and
superior frontal gyrus [16]. These regions are close to the frontal
eye field (FEF) and hence, ischemia may spread to the anterior cin-
gulate or superior frontal gyrus that is associated with gelastic
seizures.

4. Conclusion

Epileptic nystagmus may develop due to hypoperfusion of the
frontal lobes in moyamoya disease. Although it is difficult to judge
whether it is a symptom of epileptic seizures or ischemic attack,
revascularization can effectively control epileptic nystagmus.
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Fig. 2. The clinical course of the patient presenting with epileptic nystagmus. The total duration of epileptic nystagmus is plotted, and the treatment modality is mentioned in
the figure. STA-MCA bypass: superficial temporal artery to middle cerebral artery bypass, LEV: Levetiracetam, LTG: Lamotrigine.

Fig. 3. Schematic drawings of the human saccade regions that should be an origin
of epileptic nystagmus. Green shows the regions causing saccadic movements, and
orange shows the regions causing smooth pursuit eye movements. Upper left small
window shows the saggital view of the volume data of the right hemisphere on
123I-IMP SPECT, and white arrow shows the decreased uptake in the right frontal
lobe. FEF: frontal eye field, SEF: supplementary eye field, DLPFC: dorsolateral
prefrontal cortex, PEF: parietal eye field, PPC: posterior parietal cortex, PVC:
primary visual cortex, 37/19/39: Brodmann areas 37/19/39.
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a b s t r a c t

Hypokalemic periodic paralysis secondary to distal renal tubular acidosis presenting with prominent bul-
bar symptoms is extremely rare. The exact pathophysiology by which hypokalemia causes weakness is
yet to be elucidated though muscle and nerve membrane hyperpolarization have been hypothesized.
The pathophysiology of bulbar involvement in this condition is even more unclear. We report a case pre-
senting as acute flaccid quadriplegia with prominent bulbar symptoms that reversed once potassium
levels returned to normal. Serial nerve conduction studies were performed at various potassium levels
revealing electrophysiologic abnormalities that corrected with potassium repletion. A systematic review
of the literature was also conducted focusing on bulbar symptoms and electrophysiologic findings in
hypokalemic periodic paralysis. Nerve conduction abnormalities in this condition are seldom docu-
mented, but reports have shown reduced amplitudes of compound motor action potentials and abnormal
F-waves during acute attacks of hypokalemic paralysis.

� 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Hypokalemic periodic paralysis (HPP) is a rare condition caused
by low serum potassium levels (<3.6 mmol/L) [1]. Distinct from
primary heredofamilial HPP, secondary HPP arises from endocrine,
renal, and iatrogenic etiologies [1–4] Weakness typically begins in
the proximal limb musculature and spreads distally without
involving the respiratory and cranial nerve musculature [2,5].

To our knowledge, the incidence of bulbar symptoms in hypo-
kalemia is unknown. Similarly, very few reports have documented
electrophysiologic changes during attacks of weakness in HPP
[6,7]. Herein, we describe an atypical case of secondary HPP from
distal renal tubular acidosis (DRTA) which presented with promi-
nent bulbar symptoms. Serial nerve conduction studies (NCS)
demonstrated reversible electrophysiologic changes. A systematic
review was also conducted focusing on bulbar symptoms and elec-
trophysiologic findings in HPP.

2. Case description

A 50-year-old male with no co-morbidities presented at the
emergency department with a 3-day history of first onset, acute,
generalized, flaccid paralysis with dysphonia, dysphagia, and
dysarthria. This was not preceded by infection, heavy exercise, or
carbohydrate loading. Family history was non-contributory. The
patient was awake and oriented with severely weak gutturals, lin-
guals and gag reflex. Muscle stretch reflexes were diminished on
all extremities while sensory testing was normal.

Serum electrolytes done in another institution were normal,
hence, a stat nerve conduction study (NCS) was performed. Com-
pound muscle action potential (CMAP) amplitudes were reduced
with slowing of distal latencies and conduction velocities.
F-waves were prolonged on the tibial nerves and absent on the
median and ulnar nerves. Sensory nerve conduction studies were
normal. Guillain Barre Syndrome was considered and plasma
exchange contemplated due to unavailability of intravenous
immunoglobulin. However, repeat serum electrolytes at our insti-
tution showed severe hypokalemia (1.7 mmol/L). Oral and intra-
venous potassium correction caused significant improvement in
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