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Abstract

Objectives To compare acute nystagmus characteristics of posterior circulation stroke (PCS) and acute vestibular neuritis
(AVN) in the emergency room (ER) within 24 h of presentation.

Methods ER-based video-nystagmography (VNG) was conducted, recording ictal nystagmus in 101 patients with PCS (on
imaging) and 104 patients with AVN, diagnosed on accepted clinical and vestibular test criteria.

Results Patients with stroke in the brainstem (38/101, affecting midbrain (n=7), pons (n=19), and medulla (n=12)), cerebel-
lum (31/101), both (15/101) or other locations (17/101) were recruited. Common PCS territories included posterior-inferior-
cerebellar-artery (41/101), pontine perforators (18/101), multiple-territories (17/101) and anterior-inferior-cerebellar-artery
(7/101). In PCS, 44/101 patients had no spontaneous nystagmus. Remaining PCS patients had primary position horizontal
(44/101), vertical (8/101) and torsional (5/101) nystagmus. Horizontal nystagmus was 50% ipsiversive and 50% contraver-
sive in lateralised PCS. Most PCS patients with horizontal nystagmus (28/44) had unidirectional “peripheral-appearing”
nystagmus. 32/101 of PCS patients had gaze-evoked nystagmus. AVN affected the superior, inferior or both divisions of the
vestibular nerve in 55/104, 4/104 and 45/104. Most (102/104) had primary position horizontal nystagmus; none had gaze-
evoked nystagmus. Two inferior VN patients had contraversive torsional-downbeat nystagmus. Horizontal nystagmus with
SPV >5.8 °/s separated AVN from PCS with sensitivity and specificity of 91.2% and 83.0%. Absent nystagmus, gaze-evoked
nystagmus, and vertical-torsional nystagmus were highly specific for PCS (100%, 100% and 98.1%).

Conclusion Nystagmus is often absent in PCS and always present in AVN. Unidirectional ‘peripheral-appearing’ horizontal
nystagmus can be seen in PCS. ER-based VNG nystagmus assessment could provide useful diagnostic information when
separating PCS from AVN.
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Introduction early diagnosis and treatment of posterior circulation stroke
(PCS) can reduce patient mortality, morbidity and prevent

Stroke accounts for 4—12% of vertigo and imbalance pres-  future cerebrovascular events [4].

entations to the emergency room (ER) and is often misdiag- The HINTS (Head Impulse, Nystagmus, Tests for Skew)

nosed [1-3]. Given the availability of reperfusion strategies, algorithm is an excellent bedside tool, that outperforms
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magnetic resonance imaging (MRI) in diagnosing PCS but
relies on the competence of the clinician detecting nystag-
mus by visual inspection [5, 6]. Capturing and measuring
nystagmus is a potentially useful adjunctive diagnostic tech-
nique that does not rely on specialty expertise, and can assist
in increasing the diagnostic accuracy of detecting PCS in
the ER [7].

Peripheral vestibular nystagmus from acute vestibular
neuritis (AVN), is expected to be unidirectionally hori-
zontal-torsional in straight-ahead gaze (primary position),
suppressed by visual fixation and obey Alexander’s law [8].
Pathologic gaze-evoked nystagmus occurs in central aeti-
ologies [8]. It can appear with or without nystagmus in the
primary position but has a gaze-dependent reversal of nys-
tagmus direction (e.g., left beating nystagmus in left gaze
and right-beating in right gaze).

Video-nystagmography (VNG) is a useful method of
nystagmus assessment. It enables the removal of nystag-
mus suppression by visual fixation, enhancing nystagmus
of peripheral causes such as AVN, more than nystagmus of
central causes such as PCS, enabling easier observation by
the examiner [9]. In the ER, VNG increases the capture rate
of acute nystagmus which otherwise would be missed by
the naked eye [10].

The nystagmus characteristics in PCS vary according
to the vascular territories involved and the location of the
resulting stroke. Posterior inferior cerebellar artery (PICA)
strokes cause either ipsiversive or contraversive horizontal,
up-beating or torsional down-beating nystagmus and gaze-
evoked nystagmus [11-13] Anterior inferior cerebellar
artery (AICA) strokes predominantly cause contraversive
horizontal peripheral type nystagmus, gaze-evoked nys-
tagmus and sometimes Bruns nystagmus [14—16] whereas
superior cerebellar artery (SCA) strokes cause ipsiversive
horizontal nystagmus or gaze-evoked nystagmus [17]. Pon-
tine perforator involvement in basilar artery stroke seldom
causes nystagmus but if present can be vertical [18]. How-
ever, these nystagmus descriptions were not recorded within
the ER and hence may be not truly reflective of the acute
nystagmus patterns of PCS seen by frontline emergency and
neurology physicians.

The aim of our study was to undertake bedside event
monitoring using VNG in the ER, in patients presenting with
the acute vestibular syndrome (AVS) and compare nystag-
mus characteristics in PCS with AVN.

Methods

Recruitment took place between Jan 2016 and December
2020 for 149 patients with radiologically confirmed PCS
presenting with acute vertigo and/or imbalance to the
emergency departments at two sites (Royal Prince Alfred
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Hospital, Sydney, Australia and Dokuz Eylul University
Hospital, Izmir, Turkey). Each patient underwent ictal nys-
tagmus recording with VNG in ER. VNG recordings were
made with the patient in the upright position. Forty-eight
patients who had VNG recording more than one day after
ER presentation were excluded from this study (Fig. 1).
Patients presenting to ER with AVS who were diagnosed
with AVN were studied for comparison. AVN was diagnosed
in patients with (1) isolated spontaneous vertigo lasting 24 h
or longer, with (2) abnormal clinical horizontal head impulse
test to only one side or an abnormal video head impulse
consistent with superior, inferior or pan-neuritis and (3)
no reported hearing loss. One hundred and one PCS and
104 AVN patients had VNG within 24 h of presentation.
Although nystagmus was recorded on day one in ER, the
median time from symptom onset to VNG for PCS was one
day (mean 1.5 +2.4, range 0-13 days). Median time from
symptom onset to VNG in AVN was also one day (mean
1.1+ 1.5, range 0-6 days).
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Consenting patients had VNG recording with our custom-
built portable monocular video nystagmus goggles [10, 19].
With the patient sitting upright, nystagmus was recorded in
the primary position without visual fixation. Nystagmus was
then recorded while gazing to the left and the right whilst
upright, followed by a recording in the left and then right
Dix-Hallpike positions. Videos were recorded in 720 X 576
pixel frames at 30 Hz and analysed using custom-written
pupil-tracker software utilising threshold-based ellipse fit-
ting and calibration on a LabVIEW (National Instruments,
Austin, Texas) platform [20]. Nystagmus was analysed in
horizontal and vertical planes, and nystagmus slow phase
velocity (SPV) was measured in degrees per second (°/s)
and plotted as a function of time. Torsional nystagmus was
observed but not measured. Whilst all patients had VNG
nystagmus recordings without visual fixation, a proportion
had then had recordings with visual fixation immediately
afterwards. All nystagmus results, reported in this study are
recorded without visual fixation unless otherwise specified.

PCS location in each patient was initially determined by
the reporting radiologist based on relevant MRI-DWI or CT
sequences and then reviewed by a neuroradiologist author
(EOT, SM, BQG) blinded to the initial report. Stroke vascular
territory was determined by the neuroradiologist, according
to a published atlas [21].

Statistical analysis

Statistics were performed using SPSS Statistics for Win-
dows, Version 26.0 (Armonk, NY). The relationship between
binary outcomes (e.g., normal and abnormal) for various
test combinations were explored using cross-tabulations
with Chi-square tests or Fisher’s exact test for analysis. For
the non-parametric SPV data, Mann—Whitney U Tests were
used. Significance was determined at the 5% level of signifi-
cance. Sensitivity and specificity were calculated using ROC
curves with Youden’s index for threshold selection.

Ethics and consent

This study received local ethics committee approval for the
use of human participants and written informed consent was
obtained from all participants in accordance with the Hel-
sinki Declaration of 1975.

Data availability statement

Data not published within the article is available and

anonymized data will be shared by request from any quali-
fied investigator.
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Results

We report 101 patients with PCS (93 ischemic, 8 haemor-
rhagic) whose neurological examination included VNG
recordings in ER on the day of presentation. PCSs were
shown on MRI in 88 and CT in 11. For comparison 104 con-
secutive patients with AVN presenting to ER over the same
overlapping 24-month recruitment period were also studied.

Presenting symptoms and demographics are summarised
in Table 1. Most (70/104) PCS patients and all AVN patients
presented with AVS. PCS patients were significantly older
(»<0.001) than AVN patients and more likely to have addi-
tional neurological abnormalities, as well as more than two
vascular risk factors such as hypertension, diabetes, dyslipi-
daemia (p <0.001).

Overall nystagmus characteristics in PCS and AVN

PCS patients had predominantly horizontal nystagmus
(44/101) or vertical nystagmus (8/101) or torsional nystag-
mus (5/101). Of the 104 PCS patients, 44 had no nystagmus.
Of the 38 patients with lateralised PCS and horizontal nys-
tagmus, 14 had ipsiversive and 14 had contraversive nystag-
mus (as defined by the nystagmus fast phase).

Only 16/44 (36.3%) of PCS patients with primary-
position horizontal nystagmus also had direction changing
‘central-appearing’, gaze-evoked nystagmus. The mean hori-
zontal SPV in PCS (3.0+4.6 °/s; range 1.3-26.5°/s) was sig-
nificantly lower than in AVN patients (12.3 +7.2 °/s; range
2.1-42.9 °/s) (Fig. 2A, p <0.001). Unidirectional horizontal
nystagmus with SPV > 5.8°/s separated PCS from AVN with
a sensitivity of 91.2% and specificity of 83.0%. Horizontal
nystagmus with SPV <5.6 °/s separated PCS from AVN
with a specificity of 90.2% and sensitivity of 61.4%.

AVN diagnosis was based on history (acute spontaneous
vertigo and/or imbalance), examination (clinically positive
bedside head impulse test) and confirmatory vestibular test-
ing. Vestibular testing comprised of video head impulses to
assess all three semicircular canals and vestibular-evoked
myogenic potentials to assess the utricle and sacculus. Cases
were classified as pan-, superior- or inferior- vestibular neu-
ritis (43.3%, 52.9%, 3.8%).

Unlike in PCS, nystagmus characteristics in AVN were
distinctive: nearly all AVN patients (98.1%) had contraver-
sive, unidirectional horizontal nystagmus (Fig. 2B). Two
patients with AVN had contraversive, downbeat-torsional
nystagmus consistent with inferior neuritis.

PCS patients were more likely than AVN patients to have
pathologic gaze-evoked nystagmus (31.4% of PCS, 0% of
AVN, Fig. 2C, p<0.001).

Three characteristics were highly specific for PCS: (1)
direction-changing gaze-evoked nystagmus (100%), (2)
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Table 1 .Patient demqgr?lphics Stroke (n=101) Vestibular neuritis ~ p-value

and clinical characteristics (n=104)
Age, mean years (SD) 67.0 (12.3) 56.9 (17.0) <0.001
Female, n (%) 33(32.7) 45 (43.2) 0.118
Vascular risk factors, n (%)
Hypertension 68 (67.3) 31 (29.8) <0.001
Diabetes 30 (29.7) 5(4.8) <0.001
Hyperlipidaemia 50 (49.5) 20 (19.2) <0.001
Atrial fibrillation 16 (15.8) 5(4.8) 0.009
Smoking 22 (21.8) 11 (10.6) 0.029
Arterial dissection (previous or recent), n (%) 9(8.9) 1(1.0) 0.008
Haemorrhagic stroke, n (%) 8(7.9) N/A N/A
Ischemic stroke, n (%) 93 (92.1) N/A N/A
Presenting vertigo syndrome, n (%)
Acute vestibular syndrome 70 (69.3) 104 (100) <0.001
Acute transient vestibular syndrome 10 (9.9) 0 0.001
Acute/Subacute ataxia 17 (16.8) 0 <0.001
Episodic spontaneous vertigo 1(1.0) 0 0.493
Episodic positional vertigo 0 0 N/A
Other 3(3.0) 0 0.118
Gaze evoked nystagmus, n (%) 32 (31.7) 0(0) <0.001
Laterality of stroke/neuritis, n %
Right sided 39 (38.6) 58 (55.7) 0.014
Left sided 46 (45.5) 46 (44.2) 0.927
Multiple or midline 16 (15.9) N/A
Nystagmus (dominant SPV), n (%)
Nil 44 (43.5) 0 <0.001
Horizontal 44 (43.5) 102 (98.1) <0.001
Vertical 8 (8.0) 0 0.003
Torsional 5(5.0) 2(1.9) 0.445
Additional neurological signs, n (%)
Weakness 22 (21.8%) 0 <0.001
Hemisensory loss 10 (9.9%) 0 <0.001
Dysarthria 24 (23.7%) 0 <0.001
Limb ataxia or incoordination 30 (29.7%) 3(2.9%) <0.001
Truncal ataxia or severe gait ataxia 60 (59.4%) 6 (5.8%) <0.001
Diplopia 20 (19.8%) 0 <0.001
Acute hearing loss 2 (2.0%) 0 0.118

primary position vertical or torsional nystagmus (98.1%)
AND (3) absence of nystagmus even in the absence of visual
fixation (100%).

Nystagmus by location and vascular territory

We summarize the most common anatomic locations and
vascular territories of PCS in descending order (Table 2).
Nystagmus features of PCS by anatomical location and vas-
cular territory are shown in Figs. 3 and 4.

Nystagmus characteristics by anatomical location

Twenty-six strokes involved more than one anatomical loca-
tion in the posterior circulation. Common locations were the
brainstem (n =58) and cerebellum (n=52).

Isolated Cerebellar strokes: Of 52 PCSs involving the cer-
ebellum, 31 were isolated to the cerebellum and the patient
either had no nystagmus (17/31) or purely horizontal nystag-
mus (14/31: 8 ipsiversive, 5 contraversive and 1 left-beating
in a bilateral cerebellar hemispheric stroke).

@ Springer
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A Nystagmus SPV Table 2 Vascular territories and Anatomical location of PCS
PCS (n=101)
AVN *
Vascular territory
bCs " PICA 41
Basilar perforators 18
Multi-territorial 17
0 ’ SPV (deg/s) * h AICA 7
Midbrain perforators 7
B Nystagmus direction PCA
[ SCA ?
Nil Brainstem alone (n=) 38
Midbrain 7
ool | e Pons 1
Medulla 12
- Cerebellum alone (n=) 31
Vertical Lateral hemispheres involved 13
Inferomedial hemisphere involved 17
Torsional Superior vermis involved
Tonsil involved
0 20 40 60 80 100 120 Uvula/nodulus involved 5
Number of patients Flocculus involved 1
C Gaze evoked nystagmus Brainstem and cerebellum (n=) 15
MCP involved 7
Thalamus (n=) 4
No GEN Multiple (n=) 1
Multiple posterior territory infarcts 6
GEN Anterior and posterior territory infarcts 5
Cortex (n=) 2
0 20 40 60 80 100 120 Occipital cortex 2

Number of patients

Fig.2 Comparison of PCS and AVN nystagmus characteristics.
Red bars denote PCS and blue bars denote AVN. In Fig. 2A, Nys-
tagmus SPV was significantly faster in AVN (11.7 +6.5°/s) than PCS
(6.1+4.7°/s) (p<0.001) Nystagmus direction was almost always
horizontal (98.1%) in AVN whereas PCS patients had predominantly
no nystagmus (i.e., absence of nystagmus) or horizontal nystagmus
with a small proportion of vertical and torsional nystagmus (Fig. 2B)
No patients with AVN had bidirectional GEN whilst 31.7% of PCS
patients had bidirectional GEN (Fig. 2C). AVN acute vestibular neuri-
tis, deg/s degrees per second, GEN gaze-evoked nystagmus, PCS pos-
terior circulation stroke, SPV slow phase velocity]

Brainstem strokes: Nystagmus prevalence was high in
PCSs with brainstem involvement (37/58), but no signifi-
cant difference was detected compared with all PCSs (Xz,
p=0.07). Brainstem-only strokes were more likely to have
vertical (Xz, p=0.007) and torsional (XZ, p=0.012) nystag-
mus compared to other locations (Fig. 3). The pons was the
most common location (19/38) of brainstem-only stroke and
was less likely to have horizontal nystagmus compared with
other brainstem sites (X2, p=0.015). The medulla was more
likely to have horizontal nystagmus than other brainstem
sites (X2, p=0.003). The medulla had a higher prevalence of

@ Springer

AICA anterior inferior cerebellar artery, MCP middle cerebellar
peduncle, PCA posterior cerebral artery, PICA posterior inferior cer-
ebellar artery, PCS posterior circulation stroke, SCA superior cerebel-
lar artery

ictal nystagmus (Xz, p=0.014) and gaze-evoked nystagmus
(X2, p=0.044) compared to the other brainstem sites. Four
of 7 midbrain strokes did not have nystagmus.

Nystagmus characteristics by vascular territory

In terms of vascular territory involvement, PICA strokes
were most common and SCA territory infarcts least com-
mon (Table 2).

PICA: Nystagmus was absent in 15/41 of PICA strokes
(Fig. 4); 22/41 had predominantly horizontal nystagmus
(11/21 ipsiversive, 10/21 contraversive, 1/21 left beating
in bilateral PICA, SPV 6.1 £4.7 °/s) followed by torsional-
vertical in 4/41 (SPV 18.7+22.1 °/s). Multiple nystagmus
planes (horizontal-torsional =5, horizontal-torsional-verti-
cal=6) were recorded in 11 strokes. PICA infarcts including
those involving the uvula, nodulus or lateral medulla were
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Midbrain (n=7) Thalamus (n=4)
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Fig.3 Breakdown of nystagmus characteristics by stroke location.
[Pie chat abbreviations: H horizontal nystagmus (orange), N nil nys-
tagmus (blue), T torsional nystagmus (yellow), V vertical nystagmus
(grey)] ant anterior, MCP middle cerebellar peduncle, lat lateral,

significantly more likely to have gaze-evoked nystagmus,
compared to all other territories combined (Xz, p=0.025).
PICA strokes affecting the brainstem alone (PICAb) were
significantly more likely to produce contralesional horizon-
tal nystagmus compared with all other PCS with nystagmus
(xz, p=0.04) whereas pure PICA cerebellar strokes (PICAc)
were more likely to have ipsilesional horizontal nystagmus
compared with all PCS with nystagmus (Xz, p=0.025).
AICA and SCA: There were seven AICA strokes: one
solely involving the brainstem, two involving the cerebel-
lum alone and four involving both brainstem and cerebel-
lum i.e., the cerebellar peduncles. Six of seven patients
had nystagmus, five presented with horizontal nystagmus
(1/5 ipsiversive, 4/5 contraversive) with a mean SPV of
5.2 +3.9 °/s, the remaining patient had contraversive

@

Lat hemisphere (n=13)

Inferomedial
hemisphere (n=17)

Tonsil (n=8)

sup superior][Colours of anatomical locations: Green=rostral ante-
rior cerebellum and superior vermis, Purple =lateral cerebellar hemi-
sphere, Blue=Inferomedial cerebellum, Dark brown=Middle cer-
ebellar peduncle, Red =Flocculus, Maroon = Tonsil, Grey = Nodulus]

torsional nystagmus. Two patients with AICA PCS also
had acute ipsilesional hearing loss. Only one of the 5
SCA strokes showed nystagmus; this was horizontal and
contraversive.

Basilar perforator: There were eighteen basilar perfora-
tor strokes—sixteen involving the pons and two involving
the pontomedullary junction. No nystagmus was observed
on 9/18, followed by horizontal (5/18: 3 ipsiversive, 2
contraversive), vertical (2/18: 1 upbeat, 1 downbeat) and
torsional (2/18) nystagmus.
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PCA (n=6)

D

Midbrain perf (n=7)
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BA (n=17)

v

AICA (n=7)

Fig.4 Nystagmus characteristics by stroke vascular territory. [Pie
chart abbreviations: H horizontal nystagmus (orange), N nil nystag-
mus (blue), T torsional nystagmus (yellow), V vertical nystagmus

Effect of visual fixation

Seventy-two PCS and ninety AVN patients had VNG nys-
tagmus recordings with a visual fixation for immediate
comparison with their VNG nystagmus recordings with-
out visual fixation. Mean horizontal nystagmus SPV with
fixation in PCS (1.6 +2.5 °/s, range 0-9.6 °/s) was sig-
nificantly slower than in AVN (6.4 +5.2 °/s, range 0-28.3
°/s) (p <0.001). There was a greater increase in nystagmus
SPV with visual fixation suppression in AVN compared to
PCS. Mean absolute nystagmus SPV difference between
no visual fixation and fixation conditions was significantly
higher in AVN (5.9 +4.7 °/s) compared to PCS (0.7 £2.3
°/s) (p <0.001).
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SCA (n=5)

Multiple territory
(n=17)

PICA (n=41)

(grey)] AICA anterior inferior cerebellar artery, BA basilar artery per-
forators, PCA posterior cerebral artery, PICA posterior inferior cer-
ebellar artery, SCA superior cerebellar artery, VA vertebral artery]

Discussion

We found that more than half of our 104 PCS patients pre-
senting acutely to ER with vertigo, dizziness or imbalance
demonstrated ictal nystagmus on bedside VNG.

Our study draws attention to two observations:

(1) Even with visual fixation removed, 34.5% of PCS
patients had no nystagmus in the primary position. In
contrast, all AVN patients demonstrated ictal nystag-
mus when visual fixation was removed. Thus, in the
context of acute vestibular syndrome, the absence of
nystagmus in a symptomatic patient was 100% specific
for a diagnosis of PCS. This finding of a high rate of
absent nystagmus is PCS, even with VNG use, is novel.
Previous investigators found that 17% of all PCS pre-
senting with AVS had no nystagmus, with 75% of a
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small subset of these patients with “false negative cen-
tral HINTS pattern” having absent nystagmus despite
video-Frenzel glasses [22].

The neurologist could then erroneously equate the
absence of nystagmus with the absence of abnormal-
ity in the patient with acute spontaneous vertigo and
thereby inappropriately discharge them from ER with-
out further investigation. In this clinical situation, as
in some others, absence of evidence is not evidence of
absence. Thus, we recommend that in a symptomatic
patient with AVS, the absence of spontaneous nystag-
mus with visual fixation removed should be interpreted
as a central sign within the HINTS algorithm. A full
neurological examination for abnormalities such as
localising brainstem deficits and truncal ataxia should
be sought to strengthen any suspicion. These recom-
mendations have already been proposed in the setting
of the acute transient vestibular syndrome [23, 24].
In comparison to our cohort of predominantly AVS
patients, the yield of central lesions in a separate cohort
of patients with no nystagmus and imbalance was only
33% [3]. This probably reflects the prevalence of non-
neurological causes of imbalance e.g., orthostatic hypo-
tension or electrolyte disturbance.

Of the PCS patients, 63.6% with horizontal nystagmus
appeared to have “peripheral-appearing” nystagmus
i.e., they did not have direction-changing, gaze-evoked

nystagmus. Primary position vertical or torsional nys-
tagmus, considered to be indicative of central nystag-
mus, was not common in PCS and accounted for less
than 13% of all nystagmus observations in our PCS
patients. Our observations reinforce the importance of
the head impulse test in differentiating PCS from AVN
within the HINTS algorithm. The HINTS plus algo-
rithm may incorrectly classify the rare cases of infe-
rior vestibular neuritis as central and in these situations
VHIT may be helpful [25].

The present study reproduced 3 previously reported ana-
tomical correlations: (1) Gaze-evoked nystagmus occurs in
PICA territory strokes — sites implicated in the literature and
represented in our study (without sufficient power) include
the lateral medulla, uvula and tonsil [13, 26]; (2) Ipsiver-
sive horizontal nystagmus is common in PICAc strokes; and
(3) Contraversive horizontal is common in PICADb infarcts
[26]. This direction preponderance is thought to be due to
the involvement of the medial vestibular nucleus in PICAc
strokes and the caudal lateral vestibular nucleus in PICAb
strokes [27, 28].

Table 3 Anatomical-nystagmus correlation with vascular territory and lesion site

Territory Horizontal Vertical Torsional Vert-Tors Horiz-Tors

Med PICA medial VNc [10], ICP Nodulus (bilateral) [28]

[12, 23], tonsil [12,
23], nodulus [12, 23],
uvula [12, 23]

Superior VNc [25,26] ICP [12, 23]

Lat PICA Lateral medulla [8, 33], Caudal medulla [23] Lateral medulla [32] Lateral medulla [32] Lateral medulla [32]

Caudal lateral VNc
[24, 26]

AICA Vestibular root entry Dorsal pontine tegmen- MCP [33] MCEP [33] Vestibular root entry
zone [11, 12] Inner tum [14, 30], Floccu- zone [11, 12], Inner
ear [11], flocculus lus (bilateral) [27] ear [11], MCP [33]

SCA

(unilateral) [29],
pontine tegmentum
[12, 23]
Superior vermis [13], BC [26, 28]
rostral anterior cer-
ebellum [13]

Basilar perf NPH [12, 23], pontine ~ PMT [28], VTT [23,

Midbrain perf

tegmentum [11] 28], MLF [26, 28]

PMT [28], VTT [23,
28], MLF [26, 28]

INC [23, 31], riMLF INC [23, 31], riMLF
[23,31] [23,31]

AICA anterior inferior cerebellar artery, BC brachial conjunctivum, Horiz-tors Horizontal-Torsional, /CP inferior cerebellar peduncle, /NC Inter-
stitial nucleus of Cajal, Lat lateral, Med medial, MCP middle cerebellar peduncle, MLF medial longitudinal fasciulus, NPH nucleus prepositus
hypoglossi, perf perforators, PICA posterior inferior cerebellar artery, PMT paramedian tract, riMLF rostral interstitial nucleus of medial longi-
tudinal fasciculus, SCA superior cerebellar artery, VNc vestibular nucleus, Vert-Tors Vertical-torsional, VTT ventral tegmental tract
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PCS can occur in a diverse range of locations, which
are associated with different patterns of horizontal, verti-
cal and/or torsional nystagmus in the literature (Table 3).
Downbeat nystagmus has been attributed to lesions with
the brainstem affecting the medial longitudinal fasciculus,
which was seen in our study, or bilateral lesions within the
cerebellar flocculus or paraflocculus [29-31]. Isolated uni-
lateral flocculus infarcts are reported to cause ipsilesional
horizontal nystagmus [32]. Flocculus involvement in our
study demonstrated contraversive nystagmus, but this was
probably because other structures were also affected. Upbeat
nystagmus has been associated with any location within the
brainstem, mainly in the paramedian areas and especially
when the ventral tegmental tract is involved [33]. Finally,
we found five strokes with torsional nystagmus attributed to
lesions within the midbrain, middle cerebellar peduncle or
lateral medulla. Interrupted brainstem projections from the
vertical semicircular canals or involvement of mesencephalic
torsional quick-phase generators may have been responsible
[34-36].

Study limitations

The high rates of the absence of nystagmus recorded in PCS
may be due to patients’ delayed presentation to ER. However,
the prevalence of nystagmus in earlier reports of PCS was less
than 100% (24-63%) [37-39]. Our AVN group whilst having
diagnostic quantitative vestibular testing, did not all receive
MRI imaging. Additionally, nystagmus could only be analysed
in the horizontal and vertical plane using a monocular trace
with torsional-plane traces unavailable. Positional nystagmus,
which has value in the assessment of AVS [40], was inconsist-
ently tested as patients were often too unwell to have those
recordings done. Despite recruitment being at two interna-
tional sites, further studies are required to enhance the gener-
alizability of our findings to other population groups. Finally,
multiple testing of statistical inferences on the same database
was not controlled for in the analyses and some subgroup anal-
ysis was limited due to stroke numbers and diversity.

Conclusions

Our study found that: (1) There was no single distinctive nys-
tagmus pattern for PCS. (2) Given the paucity of nystagmus
in some PCSs, we recommend a high index of suspicion for
stroke in the symptomatic AVS patient who demonstrates
absence of nystagmus with Frenzel glasses or fixation denied
VNG. (3) The nystagmus recordings in a majority of AVN, in
contrast, demonstrated unidirectional horizontal nystagmus.

@ Springer

(4) The absence of typical “peripheral-appearing” nystagmus
features should suggest PCS however the converse is not true:
peripheral nystagmus does not imply a peripheral cause. (5)
The presence of vascular risk factors can be useful in separat-
ing PCS from AVN. Thus, nystagmus recordings in the ER are
a helpful and easy tool to assist the clinician in the diagnosis
of PCS presenting with vertigo or imbalance.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00415-022-11202-y.

Acknowledgements A Young acknowledges receipt of a scholarship
grant from the University of Sydney, and the Garnett Passe and Rodney
Williams Memorial Foundation. M Welgampola receives grant funding
from the National Health and Medical Research Council, and the Gar-
nett Passe and Rodney Williams Memorial Foundation. The remaining
authors have no disclosures relevant to the manuscript.

Funding Open Access funding enabled and organized by CAUL and
its Member Institutions. This research was funded by the Garnett Passe
and Rodney Williams Memorial Foundation and the National Health
and Medical Research Council of Australia.

Declarations

Conflicts of interest None.

Ethical standard This study received local ethics committee approval
for the use of human participants (Protocol X13-0425 and HREC/13/
RPAH/591).

Informed consent Written informed consent obtained from participants
in accordance with the Helsinki Declaration of 1964.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Kerber KABD, Lisabeth LD et al (2006) Stroke among patients
with dizziness, vertigo, and imbalance in the emergency depart-
ment: a population-based study. Stroke 37:2484-2487

2. Goeldlin M, Gaschen J, Kammer C, Comolli L, Bernasconi CA,
Spiegel R et al (2019) Frequency, aetiology, and impact of ves-
tibular symptoms in the emergency department: a neglected red
flag. J Neurol 266(12):3076-3086

3. Machner B, Choi JH, Trillenberg P, Heide W, Helmchen C
(2020) Risk of acute brain lesions in dizzy patients presenting


https://doi.org/10.1007/s00415-022-11202-y
http://creativecommons.org/licenses/by/4.0/

Journal of Neurology (2023) 270:632-641

641

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

to the emergency room: who needs imaging and who does not?
J Neurol 267:126-135

Abilleira S, Cardona P, Rib6 M, Millan M, Obach V, Roquer
J et al (2014) Outcomes of a contemporary cohort of 536 con-
secutive patients with acute ischemic stroke treated with endo-
vascular therapy. Stroke 45(4):1046-1052

Kattah JC, Talkad AV, Wang DZ, Hsieh YH, Newman-Toker
DE (2009) HINTS to diagnose stroke in the acute vestibular
syndrome: three-step bedside oculomotor examination more
sensitive than early MRI diffusion-weighted imaging. Stroke
40(11):3504-3510

Kene MVBD, Vinson DR, Rauchwerger AS, Iskin HR, Kim
AS (2015) Emergency physician attitudes, preferences, and risk
tolerance for stroke as a potential cause of dizziness symptoms.
West J Emerg Med 16(5):768-786

Kim MBBS, Ban JH (2013) Nystagmus-based approach to ver-
tebrobasilar stroke presenting as vertigo without initial neuro-
logic signs. Eur Neurol 70:322-328

Eggers SDZ, Bisdorff A, von Brevern M, Zee DS, Kim JS,
Perez-Fernandez N et al (2019) Classification of vestibular
signs and examination techniques: Nystagmus and nystagmus-
like movements. J Vestib Res 29(2-3):57-87

Mantokoudis G, Wyss T, Zamaro E, Korda A, Wagner F, Sauter
TC et al (2021) Stroke prediction based on the spontaneous nys-
tagmus suppression test in dizzy patients: a diagnostic accuracy
study. Neurology 97(1):e42—e51

Halmagyi GM, McGarvie LA, Strupp M (2020) Nystagmus gog-
gles: how to use them, what you find and what it means. Pract
Neurol 20(6):446-450

Kumral E, Kisabay A, Ata¢ C, Calli C, Yunten N (2005) Spec-
trum of the posterior inferior cerebellar artery territory infarcts.
Clinical-diffusion-weighted imaging correlates. Cerebrovasc
Dis (Basel, Switzerland). 20(5):370-380

Choi KD, Oh SY, Park SH, Kim JH, Koo JW, Kim JS (2007)
Head-shaking nystagmus in lateral medullary infarction: pat-
terns and possible mechanisms. Neurology 68(17):1337-1344
Baier B, Dieterich M (2011) Incidence and anatomy of gaze-
evoked nystagmus in patients with cerebellar lesions. Neurology
76(4):361-365

Kim HA, Lee H (2010) Isolated vestibular nucleus infarc-
tion mimicking acute peripheral vestibulopathy. Stroke
41(7):1558-1560

. Lee HKJ, Chung EJ, Yi HA, Chung IS, Lee SR, Shin JY (2009)

Infarction in the territory of anterior inferior cerebellar artery
spectrum of audiovestibular loss. Stroke 40(12):3745-3751
Kheradmand A, Colpak Al, Zee DS (2016) Eye movements in
vestibular disorders. Handb Clin Neurol 137:104-117

Lee HKH (2013) Nystagmus in SCA territory cerebellar infarc-
tion: pattern and a possible mechanism. J Neurol Neurosurg
Psychiatry 84(4):446-451

Kataoka S, Hori A, Shirakawa T, Hirose G (1997) Parame-
dian pontine infarction. Neurol Topograph Correl Stroke
28(4):809-815

Young ASLC, Bradshaw AP, MacDougall HG, Black DA, Hal-
magyi GM, Welgampola MS (2019) Capturing acute vertigo:
A vestibular event monitor. Neurology 92:el—-ell

Young AS, Lechner C, Bradshaw AP, MacDougall HG, Black
DA, Halmagyi GM et al (2019) Capturing acute vertigo: a ves-
tibular event monitor. Neurology 92(24):e2743-e2753

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Tatu L, Moulin T, Bogousslavsky J, Duvernoy H (1996) Arterial
territories of human brain: brainstem and cerebellum. Neurology
47(5):1125-1135

Kerber KAMW, Brown DL, Burke JF, Hofer TP, Tsodikov A,
Hoeffner EG, Fendrick AM, Adelman EE, Morgenstern LB (2015)
Stroke risk stratification in acute dizziness presentations: a pro-
spective imaging-based study. Neurology 85:18691878

Choi J, Park MG, Choi SY, Park KP, Baik SK, Kim JS, Choi KD
(2017) Acute transient vestibular syndrome: prevalence of stroke
and efficacy of bedside evaluation. Stroke 48:556-562

Choi KDKIJ (2018) Vascular vertigo: updates. J Neurol
266:1835-1843

Nham B, Reid N, Bein K, Bradshaw AP, McGarvie LA, Argaet
EC et al (2021) Capturing vertigo in the emergency room: three
tools to double the rate of diagnosis. J Neurol 269:294-306
Leigh JZ, Zee DS (2015) The neurology of eye movements. 5 Ed.
Oxford University Press, New York

Highstein SM, Holstein GR (2006) The anatomy of the vestibular
nuclei. Prog Brain Res 151:157-203

Lee SH, Kim JM, Schuknecht B, Tarnutzer AA (2020) Vestibular
and ocular motor properties in lateral medullary stroke critically
depend on the level of the medullary lesion. Front Neurol 11:390
Zee DS, Friendlich AR, Robinson DA (1974) The mechanism of
downbeat nystagmus. Arch Neurol 30(3):227-237

Zee DS, Yamazaki A, Butler PH, Giicer G (1981) Effects of abla-
tion of flocculus and paraflocculus of eye movements in primate.
J Neurophysiol 46(4):878-899

Pierrot-Deseilligny C, Milea D (2005) Vertical nystagmus: clinical
facts and hypotheses. Brain 128(Pt 6):1237-1246

Park HK, Kim JS, Strupp M, Zee DS (2013) Isolated floccu-
lar infarction: impaired vestibular responses to horizontal head
impulse. J Neurol 260(6):1576-1582

Kim JS, Yoon B, Choi KD, Oh SY, Park SH, Kim BK (2006)
Upbeat nystagmus: clinicoanatomical correlations in 15 patients.
J Clin Neurol 2(1):58-65

Helmchen C, Rambold H, Kempermann U, Biittner-Ennever JA,
Biittner U (2002) Localizing value of torsional nystagmus in small
midbrain lesions. Neurology 59(12):1956-1964

Rambold H, Helmchen C (2005) Spontaneous nystagmus in dorso-
lateral medullary infarction indicates vestibular semicircular canal
imbalance. J Neurol Neurosurg Psychiatry 76(1):88-94

Kim SH, Kim JS (2019) Eye movement abnormalities in middle
cerebellar peduncle strokes. Acta Neurol Belg 119(1):37-45
Searls DE, Pazdera L, Korbel E, Vysata O, Caplan LR (2012)
Symptoms and signs of posterior circulation ischemia in the new
England medical center posterior circulation registry. Arch Neurol
69(3):346-351

Ling XSW, Shen B, Li K, Si L, Yang X (2019) Diagnostic value
of eye movement and vestibular function tests in patients with
posterior circulation infarction. Acta oto-laryng 139(2):135-145
Ogawa YOK, Hagiwara A, Inagaki T, Shimizu S, Nagai N,
Konomi U, Itani S, Kondo T, Suzuki M (2016) Clinical evalua-
tion of acute phase nystagmus associated with cerebellar lesions.
J Laryngol Otol 130(6):536-540

Lemos J, Martins Al, Duque C, Pimentel S, Nunes C, Goncalves
AF (2019) Positional testing in acute vestibular syndrome: a trans-
versal and longitudinal study. Otol Neurotol 40(2):e119-e129

@ Springer



	Capturing nystagmus in the emergency room: posterior circulation stroke versus acute vestibular neuritis
	Abstract
	Objectives 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Statistical analysis
	Ethics and consent

	Data availability statement
	Results
	Overall nystagmus characteristics in PCS and AVN
	Nystagmus by location and vascular territory
	Nystagmus characteristics by anatomical location
	Nystagmus characteristics by vascular territory
	Effect of visual fixation

	Discussion
	Study limitations
	Conclusions
	Acknowledgements 
	References




