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Background and Purpose We aimed to determine the patterns and mechanisms of persis-
tent nystagmus (PN) lasting >1 year in lateral medullary infarction (LMI).

Methods We recruited 13 patients with PN due to LMI and another 13 with transient nystag-
mus (TN) (<1 year) as control. All patients underwent oculography, rotatory chair test, calor-

Ji-Soo Kim® ic test, bedside head impulse test, dizziness handicap inventory (DHI), and brain MRI.
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INTRODUCTION

Most cases of spontaneous nystagmus in patients with acute lateral medullary infarction
(LMI) are similar to unilateral vestibular neuritis (uWVN) the nystagmus is mixed horizontal-
torsional and usually beats to the intact side (pseudo-vestibular neuritis), with or without
gaze-evoked nystagmus (GEN)."” A lesion in the ipsilesional vestibular nuclei and/or vicin-
ity, mainly their cerebellar connections, may be the major cause of nystagmus.” Rarely, pa-

. tients with acute LMI may present with ipsilesional nystagmus, which might be explained
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with patients with transient nystagmus (TN) in whom the
initial nystagmus resolved within 1 year.

METHODS

Patients and control subjects

In our institution, patients with acute stroke were admitted
for acute stroke management and regularly visited our out-
patient clinic for secondary stroke prevention. The diagnosis
of LMI was confirmed by diffusion-weighted MRI performed
within 1 week of symptom onset. We regularly examined pa-
tients with LMI for spontaneous and GEN every 2 or 3 months
in the outpatient clinic from January 2012 to December 2012.
We classified those with persistent spontaneous and/or GEN
over 1 year in the PN group and those with TN lasting only
during the acute phase of LMI in the TN group. We exclud-
ed patients who visited our hospital after more than 1 week
from the attack, those in whom brain MRI was not performed,
and those without a description of nystagmus in the medical
records at admission. Patients with central or peripheral ves-
tibular diseases before or after the diagnosis of acute LMI
were also excluded. As a result, 15 among a total of 109 pa-
tients with LMI were excluded. Finally, 13 among 94 patients
were enrolled in the PN group. To compare the vestibular
function tests and subjective dizziness, we also enrolled 13
consecutive patients with TN in the order of visits among
patients with TN and/or GEN. This study’s protocol was
approved by the Institutional Review Board of the Bucheon
Sooncheonhyang University Hospital and received written
informed patient consent (IRB No. 2011-21).

Analyses of nystagmus, other vestibular functions,
and imaging

We retrospectively reviewed the patients’ clinical records and
brain MRI scans (Signa HDxt 1.5T, General Electric Compa-
ny, Boston, MA, USA) obtained at admission, in the acute
phase. PN in the chronic phase was evaluated by video-ocu-
lography (SMI, Teltow, Germany). Head-shaking nystagmus
was induced by passive horizontal head shaking at a rate of
2-3 Hz with an amplitude of about £10° for 15 s.” Bedside
head impulse test, rotatory chair test (Micromedical System
2000, Micromedical Technologies, Chatham, IL, USA), and
caloric response were evaluated. Gains of the vestibulo-ocu-
lar reflex (VOR) were calculated by dividing the slow-phase
velocity of the eye by the velocity of the head (measured by
chair velocity). Asymmetry of VOR was a ratio between the
slow-phase velocity of the eye to the right and that to the left.
The total scores of the dizziness handicap inventory (DHI) of
the two groups were compared to assess the effect of PN on
the activities of daily living and dizziness. The DHI consists of
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25 questions representing the impact of dizziness on the physi-
cal, functional, and emotional domains of daily life." We an-
alyzed the diffusion-weighted and T1-weighted MRI scans of
all patients using MRIcron (www.mccauslandcenter.sc.edu/
mricro/mricron). The right-sided lesions were flipped to the
left and were overlaid on a spatial template of the cerebellum
and brainstem.

Statistical analyses

Patients’ demographic data and the results of the vestibular
function tests were compared between the two groups using
Student’s t-test or Mann-Whitney’s U test for continuous vari-
ables and Pearson’s y* test for categorical variables. Statisti-
cal analyses were performed with a commercially available
software package (IBM SPSS Statistics version 24, IBM Cor-
poration, Armonk, NY, USA). A p-value <0.05 was considered
significant.

RESULTS

Clinical characteristics

The clinical characteristics and nystagmus patterns of the PN
group are presented in Table 1. The clinical characteristics of
all enrolled patients and comparisons of the two groups are
presented in Table 2. There were 26 patients with chronic
LMI included, with 13 in the PN group (9 men and 4 wom-
en) and 13 in the TN group (10 men and 3 women). Their
ages ranged from 34 to 61 years (mean, 52.77111.51). The
mean follow-up period for all patients was 4.2 years (1-10
years). There was no significant difference in sex, age, time
from onset, and laterality of the lesions between the two
groups. All patients presented severe vertigo with typical
symptoms of LMI during the acute stage. According to the
admission records, all patients exhibited spontaneous nys-
tagmus beating to the contralesional side and/or GEN in the
acute phase, with various components (horizontal, torsional,
mixed, and vertical). One patient with PN had a small ipsile-
sional cerebellar border zone involvement. Since video-oc-
ulography was not performed for most patients in the acute
phase, we could not determine if the patients also had GEN.
There were more patients without symptoms of dizziness
(DHI 0) in the TN group (five patients) than in the PN group
(one patient). However, the total DHI scores did not show a
significant difference between the two groups (16.15+12.37
in the PN and 10.15£14.78 in the TN group).

Various patterns of persistent nystagmus

(Table 1, Fig. 1)

All patients with PN showed nystagmus on horizontal gazes.
Five patients also showed spontaneous nystagmus (center
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Table 1. Clinical characteristics and nystagmus patterns of PN in lateral medullary infarction

Persistent nystagmus

Lesion side TO (years) HSN DHI

Ipsilesional Center Contralesional
PN 1 50/M Left 2 cT cT cT i 8
PN 2* 57IM Left* 8 cT cT cT,D i 4
PN 3 60/F Right 8 i iT i i 16
PN 4 60/F Left 7 iT - i - 34
PN 5 44/M Right 5 i - i i 22
PN 6 36/F Right 2 i - i D 30
PN 7 49/F Left 2 i - - i 30
PN 8 48/M Right 6 iT, D iT iT,D i 0
PN 9 41/M Left 1 imD - - i 10
PN 10* 44/M Right 8 iH iH - i 6
PN 11* 56/M Right 1 iH - - i 12
PN 12* 36/M Left 4 iH - il i 4
PN 13 38/M Right 1 iH - iTD - 34

*Supplementary video files are attached for these four patients, *This patient had a concomitant ipsilateral cerebellar infarction in the border zone area

of the posterior inferior cerebellar artery.

c: contralesional, D: down, DHI: dizziness handicap inventory, H: horizontal transient nystagmus, HSN: post-headshaking nystagmus, i: ipsilesional,

PN: persistent nystagmus, T: torsional, TO: time from onset.

Table 2. Comparison of the demographic characteristics and DHI score between the PN and TN groups in lateral medullary infarction

Total (n=26) PN (n=13) TN (n=13) p
Sex* 1.000
Male 19 (73.1) 9(69.2) 10 (76.9)
Lesion® 0.234
Right 11 (42.3) 4(30.8) 7 (53.8)
Left 15(57.7) 9(69.2) 6 (46.2)
Age (years)* 527711151 55.23111.86 50.31+11.05 0.287
Duration (years)* 4.19%2.79 4.15%2.79 4.2312.89 0.960
DHI score’ 13.15+13.70 16.15+12.37 10.15%14.78 0.091

Data are n (%) or mean®SD values.
*Fisher's exact test, *Chi-square test, "Mann-Whitney U test.

DHI: dizziness handicap inventory, PN: persistent nystagmus, TN: transient nystagmus.

position). Two patients (2/13, 8%) showed direction-fixed,
consistent, contralesional torsional nystagmus from the acute
phase (first pattern, PN 1, 2). Regarding the contralesional
nystagmus (third pattern) in PN 2, the torsional component
was observed in all positions, but the downward component
was noticeable on horizontal gaze only (Supplementary
Video 1 in the online-only Data Supplement). Except these
two, all other patients (11/13, 85%) with PN showed evolu-
tion of the initial contralesional nystagmus within the first
year of infarction. The direction of the PN underwent rever-
sal from 1 week to several months after LMI onset. The pat-
terns of the ipsilesional PN were torsional in five patients
(PN 3,4, 5, 6, and 7), torsional downbeat (TD) in two (PN 8
and 9), horizontal in two (PN 10 and 11), and horizontal while
looking at the lesion side and torsional while looking at the
opposite side in two (PN 12 and 13). Nystagmus was augment-

ed when the patients were not fixating. The ipsilesional tor-
sional nystagmus (second pattern) in PN 3 aggravated on
lateral gaze; thus, it did not follow Alexander’s law. The ip-
silesional horizontal nystagmus (fourth pattern) in PN 10 was
observed in the central position (1 deg/sec, linear slow phase)
and on ipsilesional gaze (Supplementary Video 2 in the on-
line-only Data Supplement). However, the ipsilesional hori-
zontal nystagmus (decreasing slow phase) in PN 11 showed
when looking at the lesion side (Supplementary Video 3 in
the online-only Data Supplement). In PN 12, the ipsilesional
horizontal nystagmus (7 deg/sec, linear slow phase) when
looking at the lesion side changed to a torsional component
(2.5 deg/sec, linear slow phase) during contralesional gazing
(fifth pattern, Supplementary Video 4 in the online-only Data
Supplement, Fig. 2).
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Comparison of horizontal VOR tests between the
groups

The ipsilesional VOR gains of the PN group were signifi-
cantly lower than those of the TN group at 0.02 Hz (p=0.039)
and 0.64 Hz (p=0.001) during the rotatory chair test (Table 3).
Asymmetry of horizontal VOR was significantly greater in
the PN group than in the TN group at 0.64 Hz (p=0.016)
and 0.02 Hz (p=0.034). The mean and contralesional VOR
gain at 0.02 Hz and contralesional 0.64 Hz were not signifi-
cantly different between the two groups. After the head-shak-

Ipsilesional nytagmus (n)

l’\ iPC cPC f\l
iH (2) — iHC @ Q cHC 4—
iT.D(2) ]f\ iAC AC f\
iT (5) M VCs
iHand T (2) — iHC | [ ™ ives

Contralesional nystagmus (n)

T M VCs

Fig. 1. Various patterns and mechanisms of persistent nystagmus de-
velopment in lateral medullary infarction. The various patterns of per-
sistent nystagmus can be described by vestibular tone imbalance from
the SCCs. iH nystagmus is caused by overactivation of the iHC. This fig-
ure also explains the possible mechanisms of iT, D nystagmus caused
by iPC, iT nystagmus caused by iVC, and ipsiversive iH and contraver-
sive iT caused by iHC and iVC activation. One patient showed cT nys-
tagmus caused by hypoactivation of the iVCs. AC: anterior canal, c:
contralesional, D: down, H: horizontal, HC: horizontal canal, i: ipsile-
sional, n: number, PC: posterior canal, SCC: semicircular canal, T: tor-
sional, VC: vertical canals.

Table 3. Results of the VOR test for patients with PN and TN
PN (n=13) TN (n=13)
MeantSD  MeanxSD

VOR 0.64 Hz Gain Mean  0.65%0.18 0.77%0.11 0.029

i 0.55+0.19 0.7810.12 0.001

C 074022  0.76%0.13 0.713

Asymmetry 17.05+£1598 5.90%£5.93 0.016

002 Hz Gain Mean 0.39%0.13 0.45%0.12 0.362

*

p

i 0.36%0.14 0.47%0.12 0.039

C 0.42+0.16 0.4410.14 0.740

Asymmetry 21.46122.89 7.4816.75 0.034

Canal paresis (i) 3 2 0.619"
Abnormal HIT (i, bedside) 1 1 1.000"

Canal paresis [(WR+CR)—(WL+CL)/WR+WL+CR+CL] =25%.

*t-test, *Chi-square.

c: contralesional, CL: cool stimulus in left ear, CR: cool stimulus in right
ear, HIT: head impulse test, i: ipsilesional, PN: persistent nystagmus, TN:
transient nystagmus, VOR: vestibulo-ocular reflex, WL: warm stimulus in
left ear, WR: warm stimulus in right ear.
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ing maneuver, 10 patients in the PN group showed ipsile-
sional horizontal nystagmus and one patient had downbeat
nystagmus. In the TN group, post-head shaking ipsilesional
nystagmus was observed in seven and downbeat nystagmus
was observed in three patients. The results of the bedside
head impulse test and caloric test were not significantly dif-
ferent between the two groups.

Analysis of brain MRI of acute LMI

Ischemic lesions in the lateral medulla were confirmed by
diffusion-weighted MRI performed in the acute phase (Fig. 3).
All patients had caudal lesions in the dorsolateral medulla
including the medial vestibular nucleus. In the PN group,
one patient had a concomitant ipsilateral cerebellar lesion
corresponding with the border-zone area of the posterior in-
ferior cerebellar artery. In the PN group, the lesion analysis
on MRI along with the clinical findings suggested damage
to the ventrolateral part of the vestibular nuclei, such as the
afferent pathway from the semicircular canals (SCCs) or the
cerebellovestibular inhibitory pathway through the inferior
cerebellar peduncle (Fig. 3). In addition, subtraction imaging
revealed that patients in the PN group had relatively preserved
rostral part of the vestibular nuclei and more ventrolateral
damage than those in the TN group.

DISCUSSION

LMI causes symptoms, including vertigo, tilt illusion, skew
deviation, nausea/vomiting, diplopia, and severe gait ataxia
due to damage to the vestibular nuclei or vestibular cerebel-
lar connections. Most cases of spontaneous nystagmus in acute
LMI might result from central vestibular imbalance by stim-

A
o PlseC
H
B Right gaze / Left gaze
T s
T i | |
2.5%sec : : |_
A P / T iH 2 sec

Fig. 2. MRI and persistent nystagmus in patient 4 with left lateral
medullary infarction. A: Initial T2-weighted axial MRI demonstrates
acute left lateral medullary infarction. B: Oculography of patient 4
shows counter-clockwise torsional nystagmus (2.5°/sec) while looking
to the contralesional side (right) and left beating nystagmus (slow-
phase velocity 7°/sec) while looking to the ipsilesional side (left). H: hori-
zontal, i ipsilesional, T: torsional, V: vertical.
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Fig. 3. Lesion analyses of the patients with LMI. Overlay images of 11
patients with PN (A), overlay images of 13 patients with TN (B), and
subtraction images (C). A: The overlapping areas of the 11 LMIs with
PN were located in the dorsolateral medulla, mainly in the vestibular
nuclei and vicinity. The numbers of overlapping lesions are illustrated
by different colors, from violet (n=1) to red (n=10). B: The lesions of 13
patients with TN were also located in the dorsolateral medulla. The num-
bers of overlapping lesions are illustrated by different colors, from vi-
olet (n=0) to red (n=6). C: Subtractions of B from A shows that the PN
group had relatively preserved rostral part of the vestibular nuclei com-
pared to the TN group and more ventrolateral damage. These findings
are probably related with damage of the afferent pathway from the
vestibular nerve or the inferior cerebellar peduncle; color-coded pre-
sentation from violet (0%) to red (100%). LMI: lateral medullary infarc-
tion, PN: persistent nystagmus, TN: transient nystagmus.

ulation of the contralesional posterior and horizontal SCCs
or by damage to the central SCC pathways from the ipsilesion-
al horizontal and anterior SCCs.> Therefore, most cases of
spontaneous nystagmus in acute LMI are contralesional mixed
horizontal type, similar to that in unilateral uVN. However,
the direction and components of spontaneous nystagmus
in lesions of the vestibular nuclei are less predictable than
those in peripheral vestibulopathy and depend on the loca-
tion and extent of the lesion." GEN is also observed in most
patients with LMI and is mostly horizontal (bilateral, ipsile-
sional, or contralesional).’ LMI can damage the caudal aspects
of the vestibular nuclear complex, the projections between
the vestibular nuclei and the cerebellum, the olivocerebellar
fibers in the inferior cerebellar peduncles, and the vestibulo-
cerebellum."? Ipsilesional nystagmus is observed in some pa-
tients with acute LMI, which is thought to be caused by di-
rect damage to the rostral part of the superior or medial
vestibular nuclei.*”

Most cases of spontaneous nystagmus in LMI resolve
through central vestibular compensation. Some patients in

enas JCN NI

the chronic phase of LMI have PN and most of them showed
ipsilesional nystagmus through the evolution of the initial
nystagmus within the first year of infarction. A few earlier re-
ports have described ipsilesional, contralesional, or bidirec-
tional PN in the chronic stage of LMIL."%"

Compared with these reports, our study demonstrated
greater variation in the patterns of PN in the chronic phase
of LMI. Contralesional torsional nystagmus was observed
for over 1 year in two patients, which may be related to in-
complete vestibular compensation, followed by hypoactiva-
tion of the vertical SCCs pathway. Similarly, two cases report-
ed by Amari et al.® in 2016 exhibited contralesional nystagmus
in chronic LMI. However, they described only the horizon-
tal direction of the nystagmus without fixation; thus, the ver-
tical and torsional components are unknown.

Most cases of PN in our study showed reversal of the nys-
tagmus direction to the ipsilesional side within 1 year. Most
cases of spontaneous nystagmus without fixation disappear
over days or weeks through central compensation in the
chronic phase of uVN. Rarely, there is minute spontaneous
nystagmus without fixation to the same direction 1 year af-
ter uVN onset.'"> However, there was no report of evolution
of the spontaneous nystagmus in uVN.

The vestibular nuclei are hubs for vestibular compensa-
tion and multisensory interaction.”” Therefore, damage to the
vestibular nuclei and their connections may alter the direc-
tion and components of nystagmus due to inappropriate
compensation, unlike uVN. Additionally, severe damage to
the horizontal, rather than the vertical SCC pathway, can
cause ipsilesional torsional nystagmus with or without a
downbeat component via disproportionate cerebellar or com-
missural fiber inhibition. In 2017, Jeong et al.” reported a case
with LMI, similar to ours (PN 8 and 9), demonstrating the
evolution and persistence of TD nystagmus over several
years. The torsional nystagmus in five patients was probably
caused by relative hyperactivation of the ipsilateral vertical
SCCs, and the TD nystagmus in two patients may be explained
by relative hyperactivation of the ipsilateral anterior canal
pathway. The low gain of the ipsilesional horizontal VOR and
the spared rostral part of the vestibular nuclei in the PN group
indicate that PN is caused by damage to the afferent vestib-
ular pathway from the horizontal SCCs, followed by over-
compensation of the vertical SCC pathways.

Ipsilesional horizontal nystagmus may be caused by over-
compensation of the horizontal VOR due to damage to the
inhibitory cerebellovestibular pathway (PN 10, linear wave-
form) or severe damage to the vertical canals, followed by
overcompensation of the horizontal SCC pathways. In addi-
tion, ipsilesional horizontal nystagmus during ipsilesional
gaze can be caused by abnormal gaze-holding mechanisms
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(PN 11, decreasing waveform). Ipsilesional horizontal (on
ipsilesional gaze) and torsional (on contralesional gaze) nys-
tagmus found in two patients is a unique phenomenon in
LMI and cannot be explained simply by asymmetry of VOR.
However, it is known that the vestibular tone imbalance from
SCC or otolith organs may change depending on the eye po-
sition. Although it is triggered by horizontal gaze, it differs
from gaze-holding nystagmus owing to dysfunction of the
neural integrators.'® This is similar to the aggravation or ap-
pearance of downbeat nystagmus on horizontal gaze.”” Ac-
cording to Listing’s law, the eye position has a zero torsional
component when expressed as a single rotation.'® Therefore,
if vertical and torsional neural integrational deficits do not
follow Listing’s law; vertical or torsional nystagmus can be ob-
served in the horizontal gaze."” Large amplitude blips were
also found pathologically in patients with a dorsolateral med-
ullary lesion.”

Considering all above, we can assume the pathophysiolo-
gy of PN in LMI. First, damage of the vestibular afferents
pathway and incomplete vestibular compensation results in
contralesional nystagmus. Second, selective damage to the
vestibular nuclei or vestibular afferents and inappropriate
compensation of sparing SCC pathways can result in ipsile-
sional PN in LMI. Third, damage to the cerebellar inhibitory
fibers or increased velocity storage can cause high gain of
VOR and ipsilesional PN. Fourth, impaired vertical or hor-
izontal neural integrators can cause horizontal, vertical, or
torsional nystagmus in the horizontal gaze.

The presence of spontaneous nystagmus was not related
to subjective dizziness in our study. In 2016, Amari et al.® re-
ported spontaneous head-shaking and positional evaluation
for post-LMI dizziness. They argued that chronic dizziness
in LMI is associated with greater ipsilateral VOR gains caused
by the increased velocity-storage mechanism in the dizziness
group. We were unable to discover the correlation between
patterns of spontaneous or post-head shaking nystagmus
and subjective dizziness. We believe that various factors, in-
cluding damage to the VOR (emotional component, vestibu-
lospinal reflexes etc.), may be responsible for subjective dizzi-
ness in chronic LMI. We also did not analyze the quantitative
data of nystagmus in the acute phase of LMI, vertical canal
functions through the video head impulse, and otolith func-
tion through the vestibular evoked myogenic potential tests.
Additionally, the inability to include all 81 patients with TN
in the control group is considered a limitation of this study.
We expect to determine the pathomechanism of PN in LMI
through documentation of the nystagmus change from the
acute phase and analysis of the vertical SCCs or otolith func-
tions in the future.

In conclusion, Rarely, some patients with LMI have PN and
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most of them showed ipsilesional nystagmus with various
components through the evolution of the initial nystagmus
within the first year of infarction. We demonstrated five pat-
terns of PN; contralesional torsional, ipsilesional torsional,
ipsilesional TD, ipsilesional horizontal, and ipsilesional hor-
izontal when looking at the lesion side and torsional when
looking at the opposite side. Resultant vestibular asymmetry
due to damage to the vestibular afferents or cerebellar inhib-
itory pathway as well as impaired neural integrators may be
responsible for PN in LMI. The presence of PN does not nec-
essarily indicate more severe dizziness in LML

Supplementary Video Legend

Video 1. Contralesional TD nystagmus in PN 2. Torsional com-
ponents are observed in all positions, and the downbeat com-
ponents are noticeable on horizontal gaze.

Video 2. Ipsilesional horizontal nystagmus in PN 10. The nys-
tagmus looks linear in central position (1°/sec, linear slow
phase) and ipsilesional gaze.

Video 3. Ipsilesional horizontal nystagmus in PN 11 shows
when looking at the lesion side with decreasing slow phase
velocity.

Video 4. Ipsilesional horizontal nystagmus of PN 12 (7°/sec,
linear slow phase) is observed when looking at the lesion side.
It changes into a torsional component (2.5°/sec, linear slow
phase) when looking at the opposite side.

Supplementary Material
The online-only Data Supplement is available with this arti-
cle at https://doi.org/10.3988/jcn.2020.16.2.285.
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