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Vertigo and dizziness are amongst the most frequent presenting symptoms in the emergency
room, accounting for up to 4% of all emergency consultations. The broadness of their differ-
ential diagnosis and the often transient nature of these symptoms pose a significant challenge to
the treating physician. Combining various subtle oculomotor signs at the bedside has been very
successful in distinguishing peripheral from central causes in acutely dizzy patients meeting
diagnostic criteria for the acute vestibular syndrome (i.e., acute and prolonged vertigo or diz-
ziness accompanied by nausea or vomiting, gait imbalance, motion intolerance, and [not man-
datory] nystagmus). While the diagnostic accuracy of the HINTS (Head-Impulse—Nystag-
mus— Test-of-Skew) algorithm has been studied extensively, less is known about the value of
various nystagmus patterns seen at the bedside in patients with an acute vestibular syndrome.
Here we review both spontaneous and triggered presenting nystagmus patterns and discuss
their impacts and limitations, including primary-gaze horizontal, vertical, and torsional nys-
tagmus, nystagmus during eccentric gaze, and nystagmus triggered by stimuli such as head-
shaking, hyperventilation, positional testing, vibration, and the Valsalva maneuver. We con-
clude that the usefulness of nystagmus patterns in discriminating peripheral and central causes
strongly depends on the pattern seen and the type of testing performed, being highly predic-
tive of a central cause for torsional and vertical spontaneous nystagmus, downbeat, or apogeo-
tropic horizontal and treatment-refractory positional nystagmus. The predictive value for cen-
tral causes was moderate only for vertical nystagmus after horizontal head-shaking (“perverted”
head-shaking nystagmus) since it can also occur in peripheral cases, while the predictive val-
ue was low for vibration-induced nystagmus and Valsalva-induced nystagmus.

Keywords acute vestibular syndrome; dizziness; vertigo; diagnostic accuracy;
nystagmus, pathologic.

INTRODUCTION

Vertigo and dizziness are amongst the most common presenting symptoms in the emer-
gency room (ER) as well as in general practice, accounting for 2%-4% of all emergency
consultations."* The differential diagnosis of acute and episodic vertigo is extremely broad
and spans numerous specialties, including neurological, psychiatric, internal medicine,
and orthopedic conditions. As a result, clinicians from a wide range of specialties are con-
fronted with this symptom. Diseases of the vestibular system (e.g., peripheral vestibular
vertigo) represent only about one-third of all causes of vertigo or dizziness. A clear classi-
fication of dizziness complaints is made difficult by no single cause accounting for more
than 5% of all dizziness diagnoses.” Typically 10%-15% of dizzy patients have a serious
underlying medical condition, with the rate increasing with age.” Initial assessments of
dizzy patients must therefore focus on identifying those patients who urgently require
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further diagnostic and therapeutic measures, such as
stroke assessments in a stroke unit or cardiac assessments
in the case of cardiac arrhythmia.’

Obvious focal neurological symptoms may be missing in
up to two-thirds of patients presenting with acute prolonged
vertigo or dizziness accompanied by nausea or vomiting, gait
imbalance, motion intolerance, and (not mandatory) nys-
tagmus (i.e., meeting diagnostic criteria of an acute vestibu-
lar syndrome [AVS]).® Furthermore, early magnetic reso-
nance imaging (MRI) (i.e., performed within the first 24-48
h) including diffusion-weighted imaging may produce false-
negative results in up to 20% of cases.” Luckily, excellent di-
agnostic accuracy can be achieved at the bedside by assessing
various oculomotor signs including eccentric gaze-holding
(assessing for gaze-evoked nystagmus [GEN]), the alternat-
ing cover test (assessing for skew deviation), and the head-
impulse test (HIT; assessing the integrity of the angular ves-
tibulo-ocular reflex [aVOR]) (Supplementary Video 1 in the
online-only Data Supplement).” This simplified combina-
tion of tests has been referred to as the HINTS (Head-Im-
pulse—Nystagmus—Test-of-Skew) algorithm® and may be
further extended by adding an assessment for new-onset
unilateral hearing loss (referred to as HINTS-plus®). While
assessing spontaneous nystagmus (SN) is not part of HINTS,
including this may further improve the diagnostic accuracy
when combined with HINTS or similar algorithms such as
the STANDING algorithm." Furthermore, reliable HINTS
findings require moderate training, and so its diagnostic ac-
curacy will be substantially lower when applied by an inex-
perienced emergency physician or neurology resident.” Al-
ternatively, assessing the gait using a grading system'' or
nystagmus patterns during primary gaze or when triggered
by specific conditions may be a more-feasible and thus valu-
able approach.

Horizontal or horizontal-torsional SN beating away from
the affected ear is a hallmark sign in patients with acute uni-
lateral vestibulopathy (AUVP)" and may also be observed in
patients with vertebrobasilar stroke.” Furthermore, it has
been proposed that the SN pattern may be useful in distin-
guishing between peripheral and central causes, with tor-
sional and vertical SN pointing to the latter cause® and vari-
ous triggered nystagmus patterns having been linked to either
peripheral or central causes.

In this critical review we discuss the value of the bedside
assessment of various nystagmus patterns in the diagnostic
workup of acutely dizzy patients. We summarize both the
current evidence and also emphasize the limitations and pit-
falls. A principal distinction is made between primary-gaze
nystagmus (i.e., SN), eccentric-gaze nystagmus, and triggered
nystagmus patterns.
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OVERALL FLOW OF BEDSIDE
EXAMINATIONS IN AVS

After taking the patient’s history, a standardized neurotolog-
ical examination is required to assess a patient with an AVS.
The examination begins with evaluating the head and ocular
alignment using the alternate cover test. Next, any SN is char-
acterized during visual fixation and visual blockage as well
as by analyzing the nystagmus components. The patient is
then instructed to follow a visual target placed eccentrically,
both horizontally and vertically, to detect any GEN and any
restriction in ocular motility. The bedside HIT is essential in
every AVS patient. Following this, saccades and pursuit eye
movements are assessed. The evaluation continues with an
assessment of truncal stability and a general neurological ex-
amination. Positional testing and other triggering maneuvers
can be reserved for last, especially if the patient’s cooperation
is uncertain. Below we provide a focused review of the clini-
cal implications of SN and triggered nystagmus.

SN PATTERNS

Analyzing the pattern of SN can aid in differentiating AVS of
central origin (cAVS) from AVS of peripheral origin (pAVS).
A recent systematic review and meta-analysis assessed the
diagnostic accuracy of SN patterns in 1,599 patients with ei-
ther pAVS or cAVS." The key findings of that study includ-
ed the observations that 1) SN was observed in almost all
PAVS patients but in fewer than half of cAVS patients (97.6%
vs. 43.6%), 2) the SN pattern varied with the underlying cause,
and 3) the directionality of any horizontal SN was predictive
of the lesioned side only in pAVS cases. Specifically, while
horizontal or horizontal-torsional SN was significantly more
common in pAVS than cAVS patients (94.8% vs. 43.4%, p<
0.001), isolated torsional, isolated torsional-vertical, and/or
vertical SN patterns were more prevalent in cAVS than pAVS
patients (15.1% vs. 2.6%, p<0.001) (Supplementary Video 2
in the online-only Data Supplement). When present, such
patterns were highly predictive of a central cause (specifici-
ty=97.7%, 95% confidence interval [CI]=95.1%-100.0%),
but such patterns of high diagnostic value were rarely seen,
resulting in a low sensitivity of only 19.1% (95% CI=10.5%-
27.7%)." 1t is particularly interesting that a predominance of
either ipsilesional or contralesional horizontal-torsional SN
was found for certain lesion locations (e.g., medulla oblon-
gata) and certain vascular patterns (strokes in the peripheral
inferior cerebellar artery [PICA] and anterior inferior cere-
bellar artery [AICA] vascular territory). This review identi-
fied inferior-branch AUVP (also called inferior vestibular
neuritis)—resulting in a combined torsional-downbeat (con-



tralesional) SN pattern—as the most frequent cause of false-
positive findings.">'® When combined with HINTS-plus test-
ing, this condition is likely to be classified as central as well
due to normal horizontal HIT findings. Performing a quan-
titative (usually video-based) HIT in all six canals is critical
in such cases,"”"® since it allows canal-specific testing of the
aVOR" and thus is able to demonstrate isolated impairment
of the posterior semicircular canal, supporting the diagnosis
of pAVS due to inferior-branch AUVP (Supplementary Vid-
eo 3 in the online-only Data Supplement).”” Importantly, the
absence of SN in AVS patients was highly predictive of a cen-
tral cause with a specificity of 97.9% (95% CI=96.9%-98.9%)
in this systematic review;'* and should therefore be consid-
ered a central sign in this clinical situation (Tables 1 and 2).%°

In cAVS cases, the nystagmus beating pattern may be as-
sociated with specific lesion locations. For example, a tor-
sional component of SN was observed more frequently in
AICA than PICA strokes and in lateral than medial medul-
lary lesions." Dissociated torsional-vertical nystagmus can
be observed in lesions involving the medial longitudinal fas-
ciculus, due to disruption of the vertical canal pathway (Sup-
plementary Video 4 in the online-only Data Supplement).
Predominant upbeat nystagmus (UBN) was anecdotally re-
ported in lesions involving the medial medulla, which is
probably due to damage to the nucleus intercalatus unilater-
ally or bilaterally (Supplementary Video 2 in the online-only
Data Supplement).”!

The diagnostic value of SN fixation suppression in distin-
guishing peripheral from central lesions has been contro-
versial. While decreased or even abolished SN by fixation
and enhanced SN by removal of visual fixation is considered
an important finding in peripheral-vestibular causes such as
AUVP" the lack of an impact of fixation on the SN intensity
has been described in neurology textbooks as being associ-
ated with central causes.”> However, a previous systematic
review of the literature has emphasized that evidence is lack-
ing for the accuracy of such a clinical suppression sign.® It is
particularly noteworthy that quantitative data now provide
a more-detailed view. Complete nystagmus fixation sup-
pression may be observed in both patients with AUVP and
those with vestibular strokes at similar frequencies (40% vs.
62.5%),” but the magnitude of nystagmus reduction as mea-
sured quantitatively may be helpful in distinguishing pe-
ripheral from central causes. The conventional wisdom of a
cutoff value of 0.5 for the fixation index originated from ear-
lier measurements of caloric nystagmus with and without
visual fixation in monkeys.* Patients with a reduction in the
nystagmus velocity of less than 2°/s were more likely to have
cAVS than pAVS (sensitivity=62.2%, specificity=84.8%) in
one study.” Another study found that the reduction in the
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nystagmus slow-phase velocity (SPV) during visual fixation
was smaller in patients with AUVP than in those with pos-
terior circulation stroke (5.9+4.7°/s vs. 0.7+2.3°/s [mean+
standard deviation], p<0.001).”° Other researchers reported
that a ratio >0.42 between the SPV during fixation and that
in darkness could be considered as a failure of fixation sup-
pression, which was found in 41% of cerebellar stroke cases.”

The modulation of SN by fixational varies substantially in
cAVS and may show patterns other than failure of fixational
suppression. For example, the direction of SN can reverse de-
pending on the presence of visual fixation (Supplementary
Video 5 in the online-only Data Supplement). Likewise, SN
can emerge only during visual fixation nystagmus and be
nullified in darkness (i.e., fixation nystagmus) when lesions
affect the cerebellar circuits® that are involved in visual-
vestibular interactions.”’

The effect of visual fixation also seems to depend on the
SN plane. Upon removal of visual fixation, an increase in
the intensity of horizontal-torsional SN was noted in stroke
patients with lateral or dorsolateral medullary lesions.?® In
another study of dorsolateral medullary stroke, the horizon-
tal and vertical components of SN were found to be mark-
edly suppressed by visual fixation, with less suppression of
the torsional component.” A minor impact of visual fixation
on torsional SN was also reported in patients with mesence-
phalic stroke and predominantly torsional SN, with no in-
crease in SN in darkness or with Frenzel goggles.*

Thus, at the bedside, the impact of assessing SN fixation
suppression is limited as a qualitative assessment may not be
sensitive enough to depict differences in the magnitude of
response to fixation and fixation removal, and quantitative
assessments may not be readily available. Importantly, the
presence of fixation suppression does not rule out cAVS.”

GEN PATTERNS

Eccentric gaze-holding is controlled by a brainstem neural
velocity-to-position integrator that is thought to be inher-
ently leaky and hence requires cerebellar input to calibrate
its output precisely in proportion to the eye position.” Im-
pairment of this network will reduce the ability to main a
steady gaze in an eccentric horizontal or vertical position.
Thus, a centripetal drift of the eyes may be observed, and a
central compensatory outward-directed saccade is initiated
to compensate for this type of unwanted positional change
of the eyes. By definition, GEN changes with the current eye
position, always beating toward the direction of gaze (Sup-
plementary Video 1 in the online-only Data Supplement).
Horizontal GEN is a central sign with an excellent specific-
ity but only a low-to-moderate sensitivity for distinguishing
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Table 2. Etiologies of various nystagmus patterns

e JCN NG

Peripheral

Central

Observations

SN
Horizontal or
horizontal-torsional
nystagmus

DBN

Upbeat nystagmus

Torsional nystagmus
GEN
Horizontal GEN

Triggered nystagmus
HSN

PN

VIN

Hyperventilation-induced
nystagmus

Valsalva-induced
nystagmus

AUVP, MD, vestibular paroxysmia

Inferior-branch AUVP
(if combined with down
beat-torsional nystagmus)
None

None

None

AUVP, MD, BPPV

BPPV, vestibular tone imbalance
after AUVP

SSCDS, vestibular tone imbalance
after AUVP

Vestibular paroxysmia

SSCDS, perilymph fistula

Vertebrobasilar stroke or hemorrhage,
drug intoxication (e.g., AED,
neuroleptics), WE, epileptic seizure,
M

Drug intoxication (antiepileptics,
lithium), WE, paraneoplastic
syndromes

WE, vertebrobasilar stroke or
hemorrhage

Vertebrobasilar stroke or hemorrhage

Vertebrobasilar stroke or hemorrhage,
WE, drug intoxication, paraneoplastic
syndromes

Vertebrobasilar stroke (nodulus,
flocculus, lateral medulla), VM,
paraneoplastic syndromes

CPA tumor, acute demyelinating
lesion, VM, vertebrobasilar stroke,
autoimmune cerebellar syndromes

Paraneoplastic syndromes
Demyelinating multiple sclerosis

lesion
Arnold-Chiari malformation

Broad differential diagnosis,
observed less frequently in central
causes

Rarely seen in AVS due to
vertebrobasilar stroke

Usually not suppressed by fixation

Usually not suppressed by fixation

Distinguishing between peripheral and
central causes depends on the PN
pattern seen (being most difficult
for apogeotropic horizontal PN)

AED, antiepileptic drugs; AUVP, acute unilateral vestibulopathy; AVS, acute vestibular syndrome; BPPV, benign paroxysmal positional nystagmus; CPA,
cerebellopontine angle; DBN, downbeat nystagmus; GEN, gaze-evoked nystagmus; HSN, head-shaking nystagmus; MD, Méniere's disease; PN, position-
al nystagmus; SN, spontaneous nystagmus; SSCDS, superior semicircular canal dehiscence syndrome; VIN, vibration-induced nystagmus; VM, vestibular

migraine; WE, Wernicke encephalopathy.

peripheral from central causes, as recently summarized in a
systematic review and meta-analysis of the diagnostic accu-
racy of subtle oculomotor signs in patients with AVS (sensi-
tivity=37.3%, 95% CI=27.2%-47.3%; specificity=98.2%, 95%
CI=96.8%-99.7%) (Tables 1 and 2).” However, data on the
diagnostic impact of vertical GEN are scarce.

Thus, when acutely dizzy patients are examined at the bed-
side, testing for GEN needs to be combined with testing for
other, subtle oculomotor signs in order to achieve high di-
agnostic accuracy. Implementing the HINTS approach® pro-
duced an excellent diagnostic accuracy, with a sensitivity of
95.3% (95% CI=92.5%-98.1%) and a specificity of 92.6% (95%
CI=88.6%-96.5%).” Evaluating eccentric gaze-holding is also
part of the STANDING algorithm, but this is done only in
patients who also present with SN.'

A potential pitfall when assessing horizontal eccentric gaze-
holding at the bedside is asking the patient to look too far
left or right, since GEN may be confused with the physiolog-
ical drift that is observed at extreme angles (>40°), referred
to as “end-point nystagmus,” which is usually of low ampli-
tude and frequency, and is not sustained.”>” Therefore, an
angle of eccentricity of 30° or less is reccommended when as-
sessing eccentric gaze-holding, with the gaze maintained at
the position for at least 5 s.** This also ensures that testing is
performed within the binocular field of view. While a path-
ological GEN is sustained, its amplitude often reduces over
time. This reflects a central compensatory phenomenon, which
will result in subsequent rebound nystagmus when the eyes
are brought back to the primary gaze. While rebound nystag-
mus is a hallmark of subacute and chronic cerebellar diseas-
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es such as spinocerebellar ataxias and episodic ataxia type 2,
it is assumed to be rare in cAVS. However, this has not been
studied systematically, which might be due to the need to first
establish the central compensatory mechanisms in order to
enable rebound nystagmus.

CONVERGENCE-INDUCED
NYSTAGMUS

The effect of convergence on SN has been reported only rare-
ly in cAVS. For example, convergence can induce UBN, down-
beat nystagmus (DBN), or pendular nystagmus in patients
with multiple sclerosis and brainstem infarctions.”*® The
modulation pattern may differ between pAVS and cAVS;
horizontal nystagmus can be evoked in a patient with a ves-
tibular nuclei lesion, while no such effect has been found in
patients with AUVP” Since the neural substrates as well as
modulation patterns remain speculative, future research is
warranted to determine the diagnostic yield of convergence-
induced nystagmus in patients presenting with AVS.

TRIGGERED NYSTAGMUS PATTERNS

Various triggered nystagmus patterns may be assessed in the
acutely dizzy patient to further support distinguishing be-
tween benign, self-limited peripheral causes, and dangerous,
potentially life-threatening central causes (Tables 1 and 2).
Triggering maneuvers may be challenging to perform in
acutely dizzy patients, and are generally more feasible once
nausea and vomiting have subsided. Nevertheless, triggered
nystagmus should not be omitted in the standard neuroto-
logical evaluation since it provides invaluable insights into
the integrity and symmetry of vestibular afferents, as well as
helping to localize the lesion. Standardized testing for posi-
tional nystagmus (PN) is implemented in the STANDING
algorithm for patients who do not present with SN.° PN test-
ing was implemented mainly to identify benign paroxysmal
positional nystagmus (BPPV) and thus to distinguish trig-
gered episodic vestibular syndromes from spontaneous AVS
cases. However, PN testing may also be useful for identifying
central causes, as discussed further below. While not includ-
ed in the current bedside algorithms for assessing acutely
dizzy patients, testing for head-shaking nystagmus (HSN),
vibration-induced nystagmus (VIN), and hyperventilation-
induced nystagmus may be valuable in reducing the number
of possible alternatives during the differential diagnosis of
acutely dizzy patients.

Positional nystagmus
PN testing should be performed in all patients who report in-
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termittent (episodic) vertigo and position-dependent verti-
go (PV) or dizziness. However, it may also be combined with
the HINTS or STANDING algorithm in assessments of AVS
patients. Motion intolerance and the resulting increases in
vertigo, dizziness, and nausea may restrict or even prohibit
positional testing in AVS patients. Notably, it is important
to include head tilting and extension maneuvers to identify
pseudo-SN observed in horizontal canal cupulolithiasis or
canalolithiasis.” Since the HIT produces mostly normal find-
ings bilaterally in BPPV, misinterpretation of pseudo-SN as
true SN could lead to misleading conclusions, such as a pa-
tient having central vestibulopathy.

In positional testing, a distinction must be made between
different forms of triggered (position-dependent) nystagmus
(i.e., PN) and vertigo (i.e., PV). If the nystagmus and symp-
toms last for less than 60 s, they are referred to as paroxys-
mal PV and nystagmus, while if they persist for longer they
are referred to as persistent, and the nystagmus is then clas-
sified as persistent PN.*

PN was found in 10.5%-21% of patients evaluated for diz-
ziness or balance disorders.” In two retrospective studies,
11%-12% of the patients with PN had a central cause,*"*
which underlines the importance of a dedicated investiga-
tion and the search for structural causes. PN is also very com-
mon in vestibular migraine (VM). In a prospective study, up
to 90% of patients with VM exhibited central position-de-
pendent nystagmus (CPN) during attacks.” One study that
considered all patients with cAVS together found that one in
three patients had CPN.* Applying comprehensive investi-
gations to a cohort of patients with a suspected diagnosis of
cupulolithiasis of the lateral semicircular canal resulted in
11% being diagnosed with CPN.*

The classification of PV and PN includes searching for
BPPV related both to the posterior semicircular canal (and
the contralateral anterior semicircular canal) using the Dix-
Hallpike maneuver (DHM) and to the lateral semicircular
canal using the supine roll test (SRT).* These triggering ma-
neuvers revealing nystagmus patterns that do not match the
plane of the stimulated semicircular canal represents evi-
dence against the presence of BPPV. For example, observing
a purely vertical DBN instead of the torsional-geotropic nys-
tagmus seen in posterior-canal BPPV during the DHM should
prompt further diagnostic testing. This nystagmus pattern is
suggestive of a central cause, but could also be confused with
BPPV related to the contralateral anterior semicircular canal.
However, anterior-canal BPPV is responsible for fewer than
5% of all cases* and may present with isolated DBN or in
combination with torsional apogeotropic nystagmus.*” Thus,
the PN patterns seen when performing the DHM usually al-
low peripheral (BPPV) and central causes to be clearly dis-



tinguished, with a low risk of misdiagnosis. However, if the
SRT reveals horizontal geotropic or apogeotropic (paroxys-
mal or persistent) PN, this may be due to lateral-canal BPPV
(IcBPPV) as well as having a central cause (Table 1). While
the apogeotropic variant of IcBPPV is significantly rarer than
the geotropic variant, apogeotropic PN is the most common
form of central PV. Thus, the risk of misdiagnosis is signifi-
cantly higher in this condition.

Various peripheral and central causes can mimic the clini-
cal picture of BPPV. The time course is decisive for the dif-
ferential diagnosis. If there is a (sub)acute onset, the differ-
ential diagnosis differs significantly from cases in which PV
has been present for weeks or months. In (sub)acute onset,
inflammatory as well as neoplastic and ischemic or hemor-
rhagic lesions are the most-likely causes of central position-
al vertigo (CPV).*** In addition, VM is considered the most
common nonlesional cause of CPV, characteristically with
a persistent geotropic or, more rarely, apogeotropic CPN.*?>>*
However, paraneoplastic syndromes or intoxication with sub-
stances such as antiepileptic drugs can also lead to CPN.>>*
Among patients presenting in the ER, VM can be considered
in young females, particularly those younger than 60 years
and those with a history of motion sensitivity.”’ In such cas-
es the nystagmus intensity is usually significantly lower than
in BPPV, and there is no clear asymmetry when examining
both lateral semicircular canals.*>”*

Lesional causes include circumscribed lesions in the cer-
ebellar peduncle, the cerebellar nodule, and/or the uvula,
the tonsils, or the brainstem (pontine and medullary re-
gions).****¥% In addition, tumors in the brainstem or cere-
bellum can manifest as purely position-dependent symp-
toms. Inflammatory lesions, such as in the context of multiple
sclerosis, can also cause CPV.* Méniére’s disease can mani-
fest as position-dependent geotropic or apogeotropic nys-
tagmus and dizziness during an attack.™*'

Head-shaking nystagmus

HSN allows that dynamic imbalance of vestibular function
to be assessed at the bedside. With fixation removed (i.e.,
with the patient wearing Frenzel goggles), the head is rotat-
ed at 2-3 Hz in the horizontal or vertical plane for 10-20 s.
Any induced nystagmus pattern is then assessed, still with
fixation removed. For patients with unilateral or asymmetric
peripheral vestibular dysfunction, nystagmus beating toward
the less-affected or unaffected ear can be observed after hor-
izontal head-shaking, which may be monophasic or bipha-
sic (i.e., where the beating direction alternates over time).*
Such post-HSN was explained by a central velocity-storage
mechanism and asymmetric vestibular input following Ewald’s
second law, which states that at high head accelerations, ex-
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citatory vestibular inputs are more effective than inhibitory
vestibular inputs.”

Thus, horizontally beating HSN may confirm an acute ves-
tibular imbalance but may also help unmasking a centrally
compensated unilateral (or asymmetric bilateral) loss of ves-
tibular function at follow-up even when canal paresis in-
duced by caloric irrigation has normalized.”® However, the
diagnostic value of HSN has been questioned, including
since HSN may also be a physiological sign.* It is particu-
larly noteworthy that horizontal nystagmus after horizontal
head-shaking was also observed in 43% of patients with
IcBPPV (apogeotropic variant), and so HSN does not neces-
sarily indicate vestibular dysfunction.® Vertical head-shak-
ing is less-well characterized, and may demonstrate minor
horizontal nystagmus patterns in cases of unilateral vestib-
ular loss only.®

HSN may also be observed in patients with cAVS, espe-
cially if lesions are located within the medulla or cerebellum.
If horizontal head-shaking results in HSN in the vertical
plane (i.e., cross-coupled [also referred to as “perverted”]
HSN), this is considered predictive of a central lesion locat-
ed in the vestibulocerebellum (i.e., flocculus or parafloccu-
lus, nodulus, or ventral uvula) or, less frequently, in the brain-
stem involving the pathways for the vertical aVOR (e.g., the
crossed ventral tegmental tract). Abnormal or asymmetric
stimulation of the vertical aVOR pathway has been proposed
for explaining such cross-coupling.”** HSN may be observed
in most patients with (hemi)nodular strokes, beating either
horizontally or vertically.*”* HSN was found to be frequent
(88%) in patients with lateral medullary stroke (sparing the
rostral portion), and the horizontal component was always
beating toward the lesioned side, and sometimes was unusu-
ally strong.” About half of patients demonstrated horizontal
HSN after horizontal head-shaking, beating contralateral to
the side of their SN. Profound fixation suppression and un-
usually strong HSN have been considered central (medullary)
signs of HSN.* Unilaterally impaired nodulouvular inhibi-
tion of the velocity storage mechanism has been proposed.”
HSN has been a frequent finding in AICA stroke presenting
with acute audiovestibular loss, with various planes being
affected including purely horizontal contralesional or down-
beat or upbeat HSN after horizontal head-shaking.”? Overall,
50% of patients demonstrated central-type HSN, with most
being the perverted type, but also in the opposite direction
to SN or toward the lesioned side as seen in the HIT. These
patients have frequently demonstrated floccular lesions in
brain MRI. It is particularly noteworthy that in one patient
with isolated audiovestibular loss, central-type HSN was the
only other bedside finding supporting a central cause.” Per-
verted HSN has also been reported in a patient with an acute-
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onset paraneoplastic syndrome.”

However, perverted HSN (upbeat or downbeat) was also
found in about half of patients with peripheral-vestibular le-
sions including AUVP and Méniere’s disease in one study”™
and in 19.6% of patients with various peripheral-vestibular
disorders in another study.” This included pure vertical HSN
after horizontal head-shaking in about 5% of patients with
Meéniere’s disease and in 4% of patients with VM, but in none
of the AUVP patients.”*

While the presence of pure vertical HSN after horizontal
head-shaking seems predictive of a central cause in patients
with AVS, allowing for a distinction from AUVP cases at the
bedside, overlap exists for patients with episodic or chronic
vestibular syndromes, which reduces the predictive value of
perverted HSN.”*” Furthermore, HSN with horizontal-ver-
tical components in AVS may be seen in both pAVS and cAVS,
indicating the need to combine HSN with other subtle ocu-
lomotor signs in this setting as well.

Vibration-induced nystagmus

VIN can be considered a triggered type of nystagmus in
which both the otolith organs and the semicircular canals
are stimulated, and it indicates the presence of vestibular
tone imbalance, such as in persistent unilateral vestibulopa-
thy. VIN points toward the side with better excitability, and
so usually to the healthy ear. Deciding upon an appropriate
stimulation frequency and restrictions in the availability of
suitable stimulators are important limitations. The strongest
responses have been observed for stimulation at 40 Hz.”®
VIN is rarely seen in central vestibular disorders’ other than
paraneoplastic syndromes.” Its applicability in the acute ER
setting may be restricted by the nonavailability of suitable vi-
brators. Moreover, VIN is primarily observed in episodic or
chronic vestibular disorders, such as superior semicircular
canal dehiscence syndrome (SSCDS), and is rarely observed
in patients presenting with AVS.

Hyperventilation-induced nystagmus

Hyperventilation-induced nystagmus is a valuable indicator
of latent vestibular asymmetry in both peripheral and cen-
tral pathologies. It works via metabolic mechanisms that
have an excitatory effect on nerve tissues’ or (much less fre-
quently) by changes in the cerebrospinal fluid pressure. This
type of nystagmus is usually induced over 60-70 s with the
subject in a sitting position. Eventually both paretic nystag-
mus and excitatory nystagmus may be observed. The pres-
ence of AUVP may enhance a paretic or excitatory pattern,
leading to changes in SN in about 75% of cases. SN usually
does not appear in cases with unilateral vestibular schwan-
noma, and so a paretic or excitatory nystagmus pattern may
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be elicited. At the bedside, the hyperventilation-induced
nystagmus test may be valuable in distinguishing vestibular
schwannoma from idiopathic sudden-onset unilateral hear-
ing loss. However, hyperventilation may also lead to an in-
hibitory (downbeat-torsional) nystagmus pattern in patients
with SSCDS.”® Demyelinating disease is highly likely when
hyperventilation inhibits a central type of SN such as DBN
or UBN.” In patients with cerebellar disease, hyperventila-
tion may induce or augment DBN.* Thus, by suppressing
inhibition by the cerebellum, hyperventilation may unmask
cerebellar loss of function.” It was particularly interesting
that the diagnostic criteria for VM were met by half of 22 cas-
es of an episodic vestibular syndrome with DBN that were
enhanced or induced by hyperventilation.*'

In summary, when evaluating acutely dizzy patients, hy-
perventilation may prove useful in the differential diagnosis
of patients presenting with AVS showing vertical nystagmus,
as well as among those presenting with sudden-onset unilat-
eral hearing loss.

Valsalva-induced nystagmus

Testing for nystagmus induced by the Valsalva maneuver is
more established in outpatients presenting with episodic
vestibular syndromes than in acutely dizzy patients seen in
the ER. This is mainly due to the differential diagnosis of
Valsalva-induced nystagmus and vertigo being associated
with either the third mobile window syndrome and Tullio
phenomenon (i.e., sound-induced vertigo and/or nystag-
mus) in the case of SSCDS (presenting as vertical-torsional
nystagmus),* perilymph fistula, or in the presence of cranio-
cervical junction anomalies such as Arnold-Chiari malfor-
mation.”? Due to a pathophysiological condition needing to
be present for triggering nystagmus by applying the Valsalva
maneuver (i.e., a third mobile window or an obstructive in-
tracranial mass), it is unlikely that there will be a significant
diagnostic yield in acutely dizzy patients. To our knowledge
the value of the Valsalva maneuver has not been systemati-
cally studied in acutely dizzy patients presenting in the ER.

CHALLENGES AND
FUTURE DIRECTIONS

While nonspecialists with a moderate amount of training
can apply the HINTS-plus algorithm or the STANDING al-
gorithm to achieve a high diagnostic accuracy in distinguish-
ing peripheral from central causes in acutely dizzy patients
in the ER,”* the interpretation of nystagmus patterns at the
bedside is less straightforward and has not been systemati-
cally validated. While it is mostly low sensitivity that restricts
the usefulness of SN patterns and GEN, the usefulness of trig-



gered nystagmus patterns is also reduced by their moderate
specificity. This is especially true for perverted HSN, which
may also be observed in peripheral vestibular syndromes.
Furthermore, the correct identification, classification, and
interpretation of subtle nystagmus patterns requires consid-
erable experience and skill.

Combining different bedside examination techniques and
providing sufficient training to frontline healthcare providers
in both applying and interpreting these tests may be an effec-
tive strategy for overcoming these limitations and increasing
their application in daily clinical practice. Alternatively, im-
plementing automated quantitative assessment algorithms*
and telemedicine®* for providing appropriate diagnoses may
be another useful strategy. However, the lack of expertise in
interpreting findings, infrastructure including suitable vid-
eo-oculography devices, and technicians for data collection
may impede attempts to implement such interventions.

CONCLUSIONS

Interpreting SN or triggered nystagmus patterns observed
in acutely dizzy patients is less straightforward than for oth-
er subtle oculomotor bedside findings, such as testing for
GEN, vertical divergence, the integrity of the aVOR, and
new-onset unilateral hearing loss, which allow peripheral
and central causes to be differentiated with high diagnostic
accuracy (HINTS-plus: sensitivity=99.2%, 95% CI=96.1%-
100.0%; specificity=97.0%, 95% CI=90.4%-99.5%°). While
the specificity is excellent for predicting central causes in
patients with (isolated) vertical and/or torsional SN and the
absence of horizontal SN, such patterns are seen in only 15%
of patients with cAVS, and the presence of horizontal or hor-
izontal-torsional SN does not allow peripheral and central
causes to be distinguished."* Likewise, the presence of visual
fixation suppression does not rule out cAVS. While several
HSN patterns have been considered to have central causes,
such as vertical nystagmus after horizontal head-shaking
(perverted nystagmus) or nystagmus whose direction re-
verses after horizontal head-shaking or beating toward the
aVOR deficit, perverted HSN may also be observed in pe-
ripheral vestibular syndromes, which restricts its diagnostic
accuracy. For PN, the performed maneuver and the pattern
observed have significant impacts on their diagnostic accu-
racy. While specificity is high for DBN during the DHM,
persistent apogeotropic horizontal nystagmus in the SRT
may be of peripheral or central origin. The lack of a treatment
response and MRI abnormalities favor a central cause. The
diagnostic value of VIN, hyperventilation-induced nystag-
mus, and Valsalva-induced nystagmus data in the acutely
dizzy patient is either preliminary only or completely lacking.
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In conclusion, it is essential to perform an initial detailed
characterization and documentation of the observed nys-
tagmus pattern. Since most such patients present in the ER,
it is of great importance to provide dedicated training to
frontline healthcare providers including ER physicians and
neurology or otolaryngology residents in describing and in-
terpreting nystagmus patterns. Combining these approaches
with other subtle oculomotor findings is mandatory.

Supplementary Video Legend

Video 1. HINTS (Head-Impulse—Nystagmus— Test-of-Skew)
examination in a 68-year-old male with left anterior inferi-
or cerebellar artery hemorrhage. The patient shows gaze-
evoked nystagmus during eccentric gaze, which is more
prominent during rightward gaze. The head-impulse test is
positive bilaterally, but more conspicuous to the left. The pa-
tient shows right concomitant hypertropia in the alternate
cover test, which is compatible with skew deviation to the left.
Video 2. Upbeat nystagmus (UBN) and bowtie nystagmus in
a 61-year-old male with a medial medullary infarction. The
patient shows UBN during primary gaze. Vigorous gaze-
evoked nystagmus is seen during eccentric gaze. The UBN
changes to bowtie nystagmus during upward gaze. The video
was provided by Dr. Hong-Kyun Park.

Video 3. A 40-year-old female with inferior left vestibular
neuritis. The bedside head-impulse test is positive for the left
posterior canal. Video-oculography (SensoMotoric Instru-
ments [SMI], Germany) shows downbeat nystagmus with a
clockwise component with and without visual fixation. The
video was modified from Kim and Kim" and provided by Dr.
Ji-Soo Kim.

Video 4. A 62-year-old female with a left medial medul-
lary infarction. The patient shows dissociated torsional up-
beat nystagmus (UBN), showing predominant UBN in the
right eye and counterclockwise torsional nystagmus in the
left eye. The video was modified from Lee et al.,”* and pro-
vided by Dr. Ji-Soo Kim.

Video 5. A 46-year-old female with cerebellitis due to neu-
ro-Behget’s disease presenting with an acute vestibular syn-
drome. The patient shows paroxysmal alternating nystag-
mus with visual fixation, which changes to left-beating
nystagmus when wearing video-Frenzel goggles. The vid-
eo was modified from Park et al.”

Supplementary Materials
The online-only Data Supplement is available with this arti-
cle at https://doi.org/10.3988/jcn.2025.0105.
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