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Isolated Bilateral Superior Cerebellar Peduncular 
Lesion Presenting Square-Wave Jerks and Ataxia

Dear Editor, 
The superior cerebellar peduncle (SCP), also known as the brachium conjunctivum, is the 

main conduit for the cerebellar efferent fibers.1 Lesions that involve the SCP can induce vari-
ous neurotologic abnormalities, including central positional nystagmus,2 saccadic contrapul-
sion,3 and ocular tilt reaction.4 We present a patient with frequent square-wave jerks (SWJs) as 
well as limb and truncal ataxia due to a discrete lesion involving both SCP in isolation.

A 75-year-old man with chronic kidney disease, hypertension, and diabetes mellitus pre-
sented with disequilibrium and dysarthria for 3 days. The patient had a pontine infarction 
presenting with dysarthria 16 years previously, but without neurologic sequelae. He experi-
enced a brief loss of consciousness for less than 1 min while walking 3 days before the pre-
sentation, since when he had been dysarthric and unable to walk on his own.

Examination revealed SWJs during visual fixation in a dimly lit room. Bedside head im-
pulse tests were normal. The patient showed exophoria of 6 prism diopters during primary 
gaze, and convergence was impaired. The patient had profound truncal ataxia and was unable 
to stand or walk even with a support. He also showed limb ataxia in all extremities, which was 
more profound on the left side. The patient showed no motor weakness, sensory changes, or 
Horner syndrome. 

Video-oculography documented frequent horizontal SWJs at an abnormally high rate of 
111.6/min without visual fixation (Fig. 1A). Right-beating nystagmus was elicited at a peak 
velocity of 7.1°/s after head shaking, but there was no nystagmus during positional maneu-
vers. Horizontal and vertical saccades were hypometric but with a normal velocity (Fig. 1B). 
Smooth pursuit was impaired in both horizontal (pursuit gain of 0.33 to the right and 0.27 to 
the left for a moving target with a peak velocity of 10°/s) and vertical directions (0.32 upward 
and 0.35 downward). Brain MRIs revealed discrete lesions that involved the bilateral SCPs 
in isolation (Fig. 1C). Holter monitoring and echocardiography did not yield any evidence of 
cardioembolism. Cerebrospinal fluid analyses and serologic tests did not reveal any infec-
tious, autoimmune, or demyelinating diseases. Under the suspicion of infarction, the patient 
received 100 g of aspirin and 40 mg of atorvastatin. The patient became able to walk with a 
cane 2 weeks later. Follow-up video-oculography performed 6 months later indicated par-
tial improvement of the SWJs (Fig. 1A). The patient did not develop tremor, rigidity, brady-
kinesia, or oculopalatal tremor initially or during the follow-up.

Our patient presented frequent SWJs, hypometric saccades, and profound limb and trun-
cal ataxia due to lesions that involved the bilateral SCPs. 

The SCP also contains efferent fibers from the cerebellar nuclei to the red nucleus, thala-
mus, and pontine reticular nuclei, which are crucially important in equilibrium and locomo-
tion.1 Similar to our findings, mechanical severance of bilateral SCPs resulted in profound 
truncal and limb dysmetria in monkeys, probably due to disconnection between the cerebel-
lar nuclei and mesencephalic locomotor region.5 
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SWJs refer to spontaneous horizontal conjugate saccades 
moving away from the intended fixation position followed by 
a return to that point with an intersaccadic interval of 200 ms.6 
They are frequently found in healthy subjects, and are known 
to increase with aging (mean frequency of 4.7/min in young 
subjects and 27/min in the elderly).7 SWJs indicate fixation 
instability in the saccadic system and have been ascribed to 
insufficient tonic inhibition of the omnipause cell activity in 
pathologic conditions.6 They have been observed in various 
diseases such as progressive supranuclear palsy, multiple scle-
rosis, and Arnold-Chiari malformation.6 The mechanism of 
SWJs has been hypothesized as disconnection between the 
burst neurons and the superior colliculus, or the fastigial nu-
cleus that normally chokes off drive to the saccadic burst neu-
rons.8 However, these burst neurons form a positive feedback 
loop in the brainstem, and disconnecting from these afferents 
often induces saccadic oscillation without intersaccadic inter-
vals,9 which did not occur in our patient. Alternately, the long-

lead burst neuron (LLBN) projection may be disrupted by the 
bilateral pontomesencephalic tegmental lesion that normally 
turns off the omnipause neurons. In this way, sustained inhibi-
tion of the excitatory and inhibitory burst neurons is not main-
tained when steady fixation is required.10 Our findings suggest 
that the disrupted connection between the saccadic premotor 
regions—such as the cerebellar fastigial nucleus, superior col-
liculus, or the LLBN projection in the pontomesencephalic 
junction—and the brainstem ocular motor network can lead to 
increased SWJ occurrence.

While an infectious, inflammatory, or autoimmune disorder 
could still have been the cause in our patient, an infarction 
may be inferred as the presumed etiology of the SCP lesion. 
The transient loss of consciousness may indicate an embolism 
or stenosis in the basilar artery and occlusion of the perforat-
ing arteries. The SCP is irrigated by the long circumferential 
arterial branches that arise from the superior cerebellar artery 
(SCA) or posterior cerebral artery (PCA).1 The vascular sup-

Fig. 1. Findings of the patient. A: Video-oculographic recording (SLVNG, SLMED, Seoul, South Korea; 120 Hz sampling rate) of the frequent square-wave 
jerks (SWJs) without visual fixation. Frequent SWJs were observed at a frequency of 111.6/min and an amplitude to 1.32° without visual fixation (83.7/
min and 0.98° with fixation) at the initial presentation. The frequency of the SWJs was then decreased to 65.2/min (45.0/min with fixation) at the 
6-month follow-up. B: Horizontal saccades were hypometric with normal velocities, but were frequently interrupted by SWJs. C: Fluid-attenuated inver-
sion-recovery and diffusion-weighted images revealed discrete lesions that involved the bilateral superior cerebellar peduncles (yellow arrowheads).
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ply to the SCP may differ among individuals depending on 
the arterial network formed by the SCA and PCA that further 
branches off the choroidal and quadrigeminal arteries.1 The 
findings in our patient imply that an isolated lesion involving 
the bilateral SCPs can impair the modulatory role of the cere-
bellum in stable fixation and balance. 

Ethics Statement 
This study followed the tenets of the Declaration of Helsinki and was per-
formed according to the guidelines of the Institutional Review Board of 
Korea University Anam Hospital (2022AN0045). This study was approved 
with a waiver of informed consent by the Institutional Review Board of 
Korea University Anam Hospital.

Availability of Data and Material 
The datasets generated or analyzed during the study are available from the 
corresponding author on reasonable request.

ORCID iDs
Jooheon Kong	 https://orcid.org/0000-0001-6589-762X
Sun-Uk Lee	 https://orcid.org/0000-0001-8660-7759
Sungwook Yu	 https://orcid.org/0000-0002-4224-4025
Ji-Soo Kim	 https://orcid.org/0000-0002-1508-2024

Author Contributions 
Conceptualization: Sun-Uk Lee. Data curation: Jooheon Kong, Sun-Uk 
Lee. Formal analysis: Jeeheon Kong, Sun-Uk Lee, Ji-Soo Kim. Funding ac-
quisition: Sun-Uk Lee. Investigation: Jooehon Kong, Sungwook Yu. Super-
vision:  Sun-Uk Lee, Sungwook Yu, Ji-Soo Kim. Visualization: Jooheon Kong. 
Writing—original draft: Jooheon Kong, Sun-Uk Lee. Writing—review & 
editing: all authors.

Conflicts of Interest
Drs. J Kong, SU Lee, and S Yu report no disclosures. Dr. JS Kim serves as an 
Associate Editor of Frontiers in Neuro-Otology and on the editorial boards 
of the Journal of Clinical Neurology, Frontiers in Neuro-Ophthalmology, Jour-
nal of Neuro-Ophthalmology, Journal of Vestibular Research, Medicine, and 
Clinical and Translational Neuroscience. Ji-Soo Kim, a contributing editor of 

the Journal of Clinical Neurology, was not involved in the editorial evaluation 
or decision to publish this article.

Funding Statement
This study was supported by the Korea Health Technology R&D Project 
through the Korea Health Industry Development Institute (KHIDI), fund-
ed by the Ministry of Health and Welfare (HR14C0007).

REFERENCES
1.	 Hans J. Clinical neuroanatomy: brain circuitry and its disorders. Lon-

don: Springer, 2011;432-441.
2.	 Anagnostou E, Mandellos D, Limbitaki G, Papadimitriou A, Anas-

tasopoulos D. Positional nystagmus and vertigo due to a solitary bra-
chium conjunctivum plaque. J Neurol Neurosurg Psychiatry 2006;77: 
790-792.

3.	 Frohman EM, Frohman TC, Fleckenstein J, Racke MK, Hawker K, 
Kramer PD. Ocular contrapulsion in multiple sclerosis: clinical fea-
tures and pathophysiological mechanisms. J Neurol Neurosurg Psychi-
atry 2001;70:688-692.

4.	 Lee SU, Bae HJ, Kim JS. Ipsilesional limb ataxia and truncal ipsipul-
sion in isolated infarction of the superior cerebellar peduncle. J Neu-
rol Sci 2015;349:251-253.

5.	 Walker AE, Botterell E. The syndrome of the superior cerebellar pe-
duncle in the monkey. Brain 1937;60:329-353.

6.	 Leigh RJ, Zee DS. The neurology of eye movements. 5th ed. New York: 
Oxford University Press, 2015;717-725.

7.	 Herishanu YO, Sharpe JA. Normal square wave jerks. Invest Ophthal-
mol Vis Sci 1981;20:268-272.

8.	 Anagnostou E, Karavasilis E, Potiri I, Constantinides V, Efstathopou-
los E, Kapaki E, et al. A cortical substrate for square-wave jerks in pro-
gressive supranuclear palsy. J Clin Neurol 2020;16:37-45.

9.	 Shaikh AG, Ramat S, Optican LM, Miura K, Leigh RJ, Zee DS. Sac-
cadic burst cell membrane dysfunction is responsible for saccadic os-
cillations. J Neuroophthalmol 2008;28:329-336.

10.	 Scudder CA, Moschovakis AK, Karabelas AB, Highstein SM. Anato-
my and physiology of saccadic long-lead burst neurons recorded in 
the alert squirrel monkey. I. Descending projections from the mesen-
cephalon. J Neurophysiol 1996;76:332-352.


