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Abstract
Background and purpose: Vestibular symptoms are common in emergency department 
(ED) patients and have various causes, including stroke. Accurate identification of stroke 
in patients with vestibular symptoms is crucial for timely management. We conducted 
a prospective cross- sectional study from 2015 to 2019 to determine stroke prevalence 
and associated symptoms in ED patients with vestibular symptoms, aiming to improve 
diagnosis and outcomes.
Methods: As part of the DETECT project, we screened 1647 ED patients with acute ves-
tibular symptoms. Following a retrospective analysis of 961 head and neck magnetic reso-
nance imaging (MRI) scans, we included 122 confirmed stroke cases and assessed them 
for vestibular signs and symptoms.
Results: Stroke prevalence in dizzy patients was 13% (122/961 MRI scans). Most patients 
(95%) presented with acute vestibular symptoms with or without nystagmus, whereas 
5% had episodic vestibular syndrome (EVS). Nystagmus was present in 50% of stroke 
patients. Eighty percent had a purely posterior circulation stroke, and nystagmus was 
absent in 46% of these patients. Seven patients (6%) had lesions in both the anterior and 
posterior circulation. Vertigo was experienced by 52% regardless of territory.
Conclusions: A stroke was identified in 13% of ED patients presenting with acute vestibu-
lar symptoms. In 5%, it was EVS. Most strokes were in the posterior circulation territory; 
vertigo occurred with similar frequency in anterior and posterior circulation stroke, and 
absence of nystagmus was common in both.
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INTRODUC TION

Approximately 10%– 20% of all patients [1] seen in the emergency 
department (ED) will present with acute vestibular syndrome (AVS), 
consisting of continuous dizziness/vertigo, nausea, vomiting, nys-
tagmus, gait disturbance, and motion intolerance. Up to 11% of 
these patients will have a vestibular stroke defined as an acute 
onset of vertigo, dizziness, or postural imbalance due to stroke [2]. 
Diagnosing dizzy patients and in particular diagnosing those patients 
who are at risk of stroke is a challenge. Fifty percent of patients with 
AVS do not have any focal neurological signs [3]. Younger patients 
lacking risk factors or who have nondiagnostic neuroimaging are 
at risk of being misdiagnosed [4, 5]. The proportion of dizzy stroke 
patients presenting with episodic (short duration or repeated epi-
sodes) vertigo is still unknown. That a large proportion of patients 
will present to the ED with headache and vestibular symptoms a few 
days prior their admission for stroke [6] might reflect the number of 
strokes that were misdiagnosed on first admission.

Although vestibular symptoms (dizziness/vertigo and imbalance) 
are known to be the most common presenting symptom (47%– 75%) in 
patients with posterior circulation strokes [7, 8], the prevalence of an-
terior circulation strokes in dizzy patients is less well studied [9]. Many 
supratentorial cortical areas (anterior and middle cerebral circulation) 
such as the parietoinsular vestibular cortex (PIVC; including the insular 
gyrus, inferior parietal lobule, intraparietal sulcus, middle frontal gyrus, 
middle temporal gyrus, superior temporal gyrus, precentral gyrus, cin-
gulate gyrus, hippocampus, putamen, and thalamus) have been iden-
tified as playing an important role in the vestibular system [10]. The 
proportion of patients with lesions in these areas who develop a typi-
cal vestibular syndrome remains unclear [11, 12]. In this cross- sectional 
study, we sought to investigate the prevalence of stroke in patients 
with vestibular symptoms visiting the ED. The aim was to identify the 
symptoms and signs of these patients stratified by anterior versus pos-
terior strokes and by the presence of spontaneous nystagmus (SN).

MATERIAL S AND METHODS

Study design and population

We initially conducted a prospective cross- sectional study from Feb-
ruary 2015 to October 2019 of all patients presenting with vestibular 
symptoms at the ED of a tertiary referral care center as part of the 
larger ongoing DETECT project (Dizziness Evaluation Tool for Emer-
gent Clinical Triage in AVS Patients) [3, 13– 15]. In this larger study, 
1647 patients with acute onset of vestibular symptoms with or with-
out nystagmus were prospectively screened by trained research staff 
during office hours and by emergency physicians outside of office 
hours. Research staff used Frenzel goggles (blocked visual fixation) 
to screen for nystagmus in all gaze directions. ED physicians assessed 
dizzy patients with or without Frenzel goggles as part of the standard 
care. We retrospectively analyzed clinical data (symptoms and signs) 
from all patients presenting with a new onset of vestibular symptoms 

in the ED, including patients with non- AVS- related vestibular symp-
toms, who were screened but not enrolled in the initial DETECT study.

We reassessed all dizzy patients who underwent diagnostic 
neuroimaging (magnetic resonance imaging [MRI]) for stroke or sus-
pected stroke either on the day of admission to the ED or 3– 10 days 
after enrollment in the initial study. A blinded experienced board- 
certified senior consultant in neuroradiology reassessed all MRIs. 
Our final study sample included all dizzy patients with an MRI- 
confirmed stroke diagnosis. In participants who presented with 
lesions in multiple vascular territories, each lesion was counted 
separately. Figure 1 shows the screening and inclusion process. All 
patients were classified into one of three categories of vestibular 
syndromes based on predefined criteria [16]: (i) AVS (state of con-
tinuous dizziness and additional symptoms and signs such as nau-
sea, vomiting, SN, head motion intolerance, or new gait/balance 
disturbance); (ii) episodic vestibular syndrome (EVS; short duration 
of <24 h or repeated episodes of vertigo); and (iii) acute imbalance 
syndrome (AIS) if patients did not fulfill all the criteria of a vestibular 
syndrome (e.g., acute vestibular symptoms such as vertigo, dizziness, 
postural symptoms, vestibulovisual symptoms with no recorded nys-
tagmus). Thus, patients with acute onset of vestibular symptoms and 
no recorded nystagmus who could therefore not be classified as hav-
ing AVS were classified as AIS [17].

Stroke prevalence was calculated as the proportion of strokes 
among all screened patients receiving an MRI.

HINTS acronym stands for Head Impulse Test, Nystagmus and 
Test of Skew. A “central HINTS” was recorded if either a gaze- evoked 
or direction- changing nystagmus, and/or a skew deviation and/or an 
absence of corrective saccades on the head impulse test could be 
detected. The head impulse test was not taken into consideration if 
the patient did not have SN. A "peripheral HINTS" was recorded if 
there was no gaze- evoked direction- changing nystagmus, no skew 
deviation, and an abnormal head impulse test in patients showing SN.

Magnetic resonance protocol

The patients were scanned in one of our six magnetic resonance 
(MR) scanners: either on a 1.5- T scanner (Magnetom Avanto and 
Magnetom Aera, Siemens Medical Solutions) or on a 3- T scanner 
(Magnetom Verio, Siemens Medical Solutions). Our standard MRI 
protocol for all patients included axial diffusion- weighted imaging 
(DWI) with apparent diffusion coefficient (ADC; 5- mm slice thick-
ness [SL]), axial fluid- attenuated inversion recovery (5- mm SL), axial 
susceptibility- weighted imaging (1.6- mm SL), and three- dimensional 
time of flight MR angiography (MRA; 0.5- mm SL). Optionally, and 
depending on the clinical symptoms, axial brainstem DWI with 
ADC (3- mm SL) and axial T2- weighted imaging over the brainstem 
(3- mm SL) were added. After administration of intravenous ga-
dobutrol (Gadovist; Bayer Schering Pharma) in an antecubital vein 
with a 5- mL/s injection rate, we acquired a standard dynamic sus-
ceptibility contrast MRI perfusion (5- mm SL) as well as a contrast- 
enhanced T1 turbo spin echo- weighted sequence (5- mm SL). Finally, 
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contrast- enhanced MRA of the head and neck vessels was acquired 
after injection of a second bolus of gadobutrol with a 3- mL/s injec-
tion rate. If indicated, the follow- up MRI was performed using the 
same scanner and field strength with the same MRI protocol or a 
short native variant of the MR protocol without acquisition of the 
sequences with contrast.

Statistical analysis

Descriptive statistics were calculated (SPSS Statistics for Win-
dows, version 25.0, IBM) for all variables of interest, and data 
are presented as counts and percentages. A two- sided exact chi- 
squared test (Fisher exact test) was performed in Excel and ap-
plied to compare the relationship of vestibular symptoms between 
anterior and posterior circulation strokes. We analyzed patients 
with lesions solely restricted to either the anterior or the posterior 
circulation.

Ethics

All enrolled patients gave written consent. This study was approved 
by the local ethics committee (Kantonale Ethikkommission Bern).

RESULTS

We screened 1647 patients presenting to the ED with vestibular 
symptoms and included 122 patients aged between 24 and 93 years 
(mean age = 67.3 years, SD = 15.6) with a confirmed stroke and new 
onset of vestibular symptoms. The initial examination was con-
ducted predominantly by neurologists (n = 107, 88%) or internists 
(n = 13, 11%), whereas two stroke patients were initially examined by 
an ear, nose, and throat specialist (n = 2, 2%). Patients presented be-
tween 2 and 769 h after onset of symptoms (mean = 83 h, SD = 126.7) 
at our tertiary center ED.

Prevalence of stroke and vascular territories

The stroke period prevalence was 13% (122 of 961 patients who re-
ceived an MRI). A total of 159 acute stroke lesions were identified 
(some patients presented with multiple concomitant lesions). The 
vascular territories identified included posterior inferior cerebellar 
artery (n = 60, 38%), basilar artery (n = 29, 18%), posterior cerebral 
artery (n = 19, 12%), middle cerebral artery (n = 19, 12%), superior 
cerebellar artery (n = 11, 7%), vertebral artery (n = 13, 8%), anterior 
cerebral artery (n = 4, 3%), and anterior inferior cerebellar artery 
(n = 3, 2%; Figure 1).

F I G U R E  1  Presentation of stroke distribution in regard to the vascular territory, more precisely the clogged artery, as well as presence 
of nystagmus. *It is important to note that one subject could have multiple concomitant strokes, each individually shown in the listed artery 
strokes, with “n” representing the number of subjects. ACA, anterior cerebral artery; AICA, anterior inferior cerebellar artery; BA, basilar 
artery; MCA, middle cerebral artery; MR, magnetic resonance; PCA, posterior cerebral artery; PICA, posterior inferior cerebellar artery; 
SCA, superior cerebellar artery; VA, vertebral artery.

Subjects

n= 1’647

Exclusion

Inclusion

Inclusion criteria

- MR posi�ve stroke

- New onset of dizziness

n = 1’525

Posterior circula�on strokes only* Anterior circula�on strokes only*

Concomitant anterior + posterior 
circula�on strokes*

With nystagmus
With nystagmusWithout nystagmus Without nystagmus Without nystagmus

AICA = 3
PICA = 31
SCA = 6
VA = 9
BA = 14
PCA = 4

PICA = 27
SCA = 4
VA = 4
BA = 14
PCA = 10

MCA = 5
ACA = 1

MCA = 8
ACA = 3

n = 7

PICA = 2
SCA = 1
BA = 1
PCA = 5
ACA = 1
MCA = 6

n= 17

n= 6 n= 11
n= 53 n= 45

n = 7

n= 122

n= 98
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Of all subjects who received an MR scan based on clinical suspi-
cion of stroke, 0.2% (n = 4) had acute stroke lesions that were initially 
missed (not documented in the ED reports) and were detected on 
review of the MR images by our senior consultant in neuroradiol-
ogy. MR- positive lesions restricted to the posterior circulation were 
found in 98 patients (80%), whereas lesions restricted to the anterior 
circulation were found in 17 patients (14%). Simultaneous lesions in 
the anterior and posterior circulation were found in seven patients 
(6%).

Regarding the diagnosis of the remaining 1525 patients, the 
most frequent diagnoses were benign paroxysmal positional vertigo 
(9.7%), acute unilateral vestibulopathy (9.6%), and transient ischemic 
attack (5%). The diagnosis remained unknown in 45% of the cases. A 
recent retrospective analysis of all screened patients showed a total 
of 26 missed strokes at the follow- up [17].

Type of vestibular syndromes caused by stroke

Most stroke patients presented with acute onset vestibular symp-
toms (95%) with or without nystagmus, whereas only 5% had EVS. 
The proportion of patients with EVS was low regardless of the un-
derlying vascular territory (Table 1). Table 1 gives an overview of 
the distribution of vestibular syndromes stratified by anterior and 
posterior circulation strokes. Forty- five percent of the stroke pa-
tients (55/122) presented with acute vestibular symptoms (more 
than one symptom possible: postural symptoms n = 28, 51%; dizzi-
ness n = 6, 11%; vertigo n = 26, 47%; vestibulovisual symptoms n = 1, 
2%; unspecified n = 12, 22%) without nystagmus and were classified 
as AIS. Table 2 shows an overview of reported symptoms stratified 
by vascular territory. Only 48% of patients had vertigo regardless of 
whether the posterior or anterior circulation was involved. A small 
proportion of stroke patients reported dizziness (disorientation in 
space), which was predominantly seen in those with posterior circu-
lation strokes (15% vs. 6%, p = 0.23). The most frequent vestibular 
symptoms were postural (e.g., balance symptoms relative to mainte-
nance of postural stability, which occur only while in the upright po-
sition [18]). There was a significant difference in reporting postural 
symptoms between patients with posterior circulation stroke and 
those with anterior circulation stroke (64% vs. 41%, p < 0.001). The 
most notable contrast was observed in the occurrence of lateropul-
sion (25% vs. 12%, p = 0.2).

Accompanying symptoms

Nausea was the most common accompanying symptom, with a slight 
predominance in the posterior stroke group (38% vs. 29%, p = 0.22; 
Table 3). Vomiting was even more often present in the posterior 
circulation stroke group (39% vs. 6%, p = .005; Table 3). Table S4 
gives an overview of accompanying symptoms in patients with no 
SN. Stroke patients without nystagmus (n = 61, 50%) showed the 
same symptom distribution, with focal weakness (33%), headache 
(33%), vomiting (31%), dysphagia/dysarthria 26%, and nausea (26%; 
Table S4). Two patients presented with no accompanying symptoms 
or clinical signs other than nausea or vomiting.

Clinical signs

Nystagmus was present in 50% of all stroke patients. The National 
Institutes of Health Stroke Scale (NIHSS) score was zero in 23% of 
patients with posterior circulation stroke and in 18% of patients with 
anterior circulation stroke (Table 4). SN was noted in approximately 
half the patients in both groups (54% vs. 35%, p = 0.01), although the 
nystagmus type and grade were not specifically described in most 
patients. From what was reported, patients with anterior circulation 
stroke and nystagmus presented different patterns such as (i) hori-
zontal beating unidirectional nystagmus with a torsional component, 
(ii) horizontal SN grade 3 with a normal head impulse test, (iii) slight 
dysdiadochokinesis, (iv) unidirectional SN grade 3 accompanied by 
severe neurovegetative symptoms and tinnitus as well as ear fullness, 
(v) unidirectional horizontal SN grade 3 and NIHSS = 2 (limb ataxia), 
and (vi) vertical diplopia before appearance of disbalance. NIHSS 
scores of >4 were recorded in 25% of patients without SN (Table 5). 
Cranial nerve pathologies were most frequent (44%) in these pa-
tients, followed by dysarthria (23%) and limb ataxia (20%). Facial palsy 
was the most frequent cranial nerve pathology encountered (26%). A 
small proportion of patients without nystagmus showed oculomotor 
pathologies such as ocular palsy (13%) and pathologic smooth pursuit 
(8%; Table 5). Table 5 shows details about the distribution of clinical 
signs in patients with and without SN and Table S5 those patients 
who had a stroke in the anterior or posterior circulation.

The full clinical beside HINTS examination was only performed 
by research personnel or ED physicians in 33% (Table 4) of cases. 
Overall, the HINTS results supported a central etiology in 29% of 
patients (30% in posterior circulation stroke and 24% in anterior 

Vestibular 
syndromes

Total 
strokes, 
n = 122

Posterior 
circulation stroke 
only, n = 98

Anterior 
circulation stroke 
only, n = 17

Anterior and 
posterior strokes 
simultaneously, n = 7

AVS 61 (50%) 53 (54%) 6 (35%) 2 (29%)

AIS 55 (45%) 42 (43%) 9 (53%) 4 (57%)

EVS 6 (5%) 3 (3%) 2 (12%) 1 (14%)

Abbreviations: AIS, acute imbalance syndrome; AVS, acute vestibular syndrome; EVS, episodic 
vestibular syndrome.

TA B L E  1  Distribution of vestibular 
syndromes.
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circulation stroke) and a peripheral pathology in 4% of patients (4% 
in posterior circulation stroke and 6% in anterior circulation stroke). 
There was only one patient without SN on whom all three tests were 
performed and who showed no gaze- evoked direction- changing 
nystagmus, no skew deviation, and no catch- up saccades on the 
head impulse test. This patient was classified neither as "central 
HINTS" nor as "peripheral HINTS".

Risk factors

Arterial hypertension was the most frequent risk factor encoun-
tered in this study's population (66%), and dyslipidemia was present 
in 39% of all stroke patients (Table S1). Most patients had a history 
of cardiovascular disease (66%). Almost 30% had a known central 
neurological disease, and up to 20% had an endocrinological disease 

TA B L E  2  Distribution of vestibular symptoms.

Vestibular 
symptoms

Total, 
n = 115a

Posterior circulation stroke only, n = 98b Anterior circulation stroke only, n = 17b

p- Value 
(χ2)c

With 
nystagmus, 
n = 53

Without 
nystagmus, 
n = 45

Total, 
n = 98

With 
nystagmus, 
n = 6

Without 
nystagmus, 
n = 11

Total, 
n = 17

Postural symptoms 70 (61%) 39 (74%) 24 (53%) 63 (64%) 2 (33%) 5 (45%) 7 (41%) <0.001

Lateropulsion 26 (23%) 17 (32%) 7 (16%) 24 (25%) 0 2 (18%) 2 (12%) 0.20

Unsteadiness 35 (30%) 18 (34%) 13 (29%) 31 (32%) 2 (33%) 2 (18%) 4 (24%) 0.37

Balance- 
associated fall

11 (9%) 6 (11%) 3 (7%) 9 (9%) 0 2 (18%) 2 (12%) 0.76

Balance- 
associated 
near- fall

5 (4%) 4 (8%) 1 (2%) 5 (5%) 0 0 0 0.34

Vertigo 55 (48%) 23 (44%) 24 (53%) 47 (48%) 4 (67%) 4 (36%) 8 (47%) 0.95

Unspecified 32 (28%) 18 (34%) 8 (18%) 26 (27%) 2 (33%) 4 (46%) 6 (35%) 0.15

Dizziness 16 (14%) 9 (17%) 6 (13%) 15 (15%) 0 1 (9%) 1 (6%) 0.23

Vestibulovisual 
symptoms

6 (5%) 4 (8%) 1 (2%) 5 (5%) 1 (17%) 0 1 (6%) 0.54

aPatients with concomitant anterior and posterior stroke were not included in this table.
bOnly magnetic resonance- positive strokes.
cComparing anterior and posterior circulation strokes.

TA B L E  3  Distribution of accompanying symptoms (patient history).

Accompanying 
symptoms

Total, 
n = 115a

Posterior circulation stroke only, n = 98b Anterior circulation stroke only, n = 17b
p- Value 
(χ2)c

With 
nystagmus, 
n = 53

Without 
nystagmus, 
n = 45

Total, 
n = 98

With 
nystagmus, 
n = 6

Without 
nystagmus, 
n = 11

Total, 
n = 17

Vomiting 39 (34%) 21 (40%) 17 (38%) 38 (39%) 1 (17%) 0 1 (6%) 0.005

Nausea 42 (37%) 24 (45%) 13 (29%) 37 (38%) 3 (50%) 2 (18%) 5 (29%) 0.22

Headache 33 (29%) 16 (30%) 12 (27%) 28 (29%) 0 5 (45%) 5 (29%) 0.55

Dysphagia, dysarthria 28 (24%) 17 (32%) 8 (18%) 25 (26%) 0 3 (27%) 3 (18%) 0.39

Abnormal vision/
acuity

19 (16%) 9 (17%) 10 (22%) 19 (19%) 0 0 0 0.04

Focal weakness 27 (23%) 9 (17%) 10 (22%) 19 (19%) 2 (33%) 6 (54%) 8 (47%) 0.005

Double vision 18 (16%) 11 (21%) 6 (13%) 17 (17%) 1 (17%) 0 1 (6%) 0.19

Impaired sensation 21 (18%) 12 (23%) 5 (11%) 17 (17%) 1 (17%) 3 (27%) 4 (24%) 0.42

Tinnitus 3 (3%) 1 (2%) 1 (2%) 2 (2%) 1 (17%) 0 1 (6%) NA

Hearing loss 1 (1%) 1 (2%) 0 1 (1%) 0 0 0 NA

Abbreviation: NA, not available.
aPatients with concomitant anterior and posterior stroke were not included in this table.
bOnly magnetic resonance- positive strokes.
cComparing anterior and posterior circulation strokes.
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(e.g., diabetes, hypothyroidism) (Table S2). Table S3 shows the most 
common therapeutic agents given, with antihypertensive medica-
tion predominating.

DISCUSSION

In this cross- sectional study, we found a stroke prevalence of 13% 
in patients with acute onset of vestibular symptoms visiting the ED. 
Half of these stroke patients presented with AVS; however, a small 
proportion (<5%) had EVS, and the remaining 45% had AVS without 
nystagmus or AIS. Approximately half of all the stroke patients in-
cluded reported vertigo as the chief complaint, even those with an 

anterior circulation stroke. Almost half of the patients had no SN, 
and only one third of them reported having no focal weaknesses at 
admission and were thus at risk of being misdiagnosed. One third 
of dizzy patients with an anterior circulation stroke initially had an 
undiagnosed concomitant posterior circulation stroke.

Stroke prevalence and vestibular syndromes

The reported stroke prevalence (13%) in this cohort of patients with 
dizziness was higher than that reported in the current literature 
(~4%) [19, 20]. Our previous retrospective study reported a similar 
stroke prevalence of 12.5% of all patients with vestibular symptoms, 

TA B L E  4  Distribution of clinical signs comparing posterior and anterior circulation.

Clinical signs
Total, 
n = 115a

Posterior circulation onlyb Anterior circulation onlyb

p 
[χ2]c

With 
nystagmus, 
n = 53

Without 
nystagmus, 
n = 45

Total, 
n = 98

With 
nystagmus, 
n = 6

Without 
nystagmus, 
n = 11

Total, 
n = 17

Spontaneous nystagmus 59 (51%) 53 (100%) 6 (100%) 0.01

Vertical nystagmus 6 (5%) 6 (11%) 0 NA

Horizontal nystagmus 27 (23%) 23 (43%) 4 (67%) NA

Unspecified 
nystagmus 
direction

26 (23%) 24 (45%) 2 (33%)

NIHSS = 0 26 (23%) 8 (15%) 15 (334%) 23 (23%) 0 3 (27%) 3 (18%) 0.60

NIHSS = 1– 3 51 (44%) 29 (55%) 18 (40%) 47 (48%) 1 (17%) 3 (27%) 4 (24%) 0.07

NIHSS ≥ 4 28 (24%) 12 (23%) 11 (24%) 23 (23%) 0 5 (45%) 5 (29%) 0.60

NIHSS unspecified 10 (9%) 4 (8%) 1 (2%) 5 (5%) 5 (83%) 0 5 (29%)

Central HINTSd 33 (29%) 21 (21%) 8 (18%) 29 (30%) 4 (67%) 0 4 (24%) 0.62

Peripheral HINTSd 5 (4%) 4 (40%) 0 4 (4%) 1 (17%) 0 1 (6%) 0.62

Unspecified HINTS 77 (67%) 28 (53%) 37 (82%) 65 (66%) 1 (17%) 11 (100%) 12 (70%)

Cranial nerve 
pathologies

50 (43%) 24 (45%) 21 (47%) 45 (46%) 0 5 (45%) 5 (29%) 0.21

Ocular palsy 17 (15%) 10 (19%) 7 (16%) 17 (17%) 0 0 0 0.06

Facial palsy 28 (24%) 12 (23%) 11 (24%) 23 (23%) 0 5 (45%) 5 (29%) 0.60

Accommodation reflex 
pathology

9 (8%) 7 (13%) 2 (4%) 9 (9%) 0 0 0 0.19

Impaired pursuit 10 (9%) 5 (9%) 4 (9%) 9 (9%) 1 (17%) 0 1 (6%) 0.66

Dysarthria 34 (30%) 22 (42%) 10 (22%) 32 (33%) 0 2 (18%) 2 (12%) 0.08

Dysesthesia 19 (17%) 12 (23%) 3 (7%) 15 (15%) 0 4 (36%) 4 (24%) 0.40

Limb paresis 18 (16%) 7 (13%) 8 (18%) 15 (15%) 0 3 (27%) 3 (18%) 0.81

Finger– nose dysmetria 30 (26%) 22 (42%) 6 (13%) 28 (29%) 0 2 (18%) 2 (12%) 0.15

Limb ataxia 36 (31%) 23 (43%) 9 (2%) 32 (33%) 1 (17%) 3 (27%) 4 (24%) 0.45

Abbreviations: NA, not available; NIHSS, National Institutes of Health Stroke Scale.
aPatients with concomitant anterior and posterior stroke were not included in this table.
bOnly magnetic resonance- positive strokes.
cComparing anterior and posterior circulation strokes.
dHINTS acronym signifies Head Impulse Test, Nystagmus and Test of Skew. A “central HINTS” was recorded if either a gaze- evoked or direction- 
changing nystagmus, and/or a skew deviation and/or an absence of corrective saccades on the head impulse test could be detected. The head 
impulse test was not taken into consideration if the patient did not have SN. A “peripheral HINTS” was recorded if there was no gaze- evoked 
direction- changing nystagmus, no skew deviation, and an abnormal head impulse test in patients showing SN.
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including those with dizziness as an accompanying symptom [1]. 
Stroke prevalence was probably skewed due to the wider inclusion 
criteria, a potential referral bias (tertiary care stroke center), and a 
higher proportion of patients receiving a safety MRI (60%– 80%) 
compared to that reported in the literature (2.3%) [21]. Moreover, we 
cannot exclude a possible selection bias, as not all screened patients 
underwent an MRI.

Half of the dizzy patients with a stroke had AVS, characterized 
by a state of continuous dizziness and/or vertigo lasting >24 h, which 
also corresponds to what is reported in the literature [7, 22]. Epi-
sodes of vertigo or recurrent vertigo, however, may occur a few days 
before stroke admission [6].

Can anterior circulation strokes cause vertigo?

The strokes provoking vestibular symptoms mostly occurred in 
the posterior circulation. In 80% of patients, strokes were purely 
localized in the posterior circulation, involving the vertebral, 
basilar, posterior inferior cerebellar, anterior inferior cerebellar, 
superior cerebellar, and posterior cerebral arteries. This can be 
explained by the anatomical location of the vestibular pathways 
in the posterior fossa and the brainstem. Vertigo (sensation of 
self- motion), however, also occurred in patients with anterior cir-
culation strokes (47%, Table 2), which is potentially an underes-
timate, as reported in a previous study [9, 23] and unfortunately 
not mentioned in the definition of “vascular vertigo and dizziness” 
of the classification of vestibular disorders of the Bárány society 
[24]. Lesions in the PIVC, for example, are well known to induce 
vertigo [23], but this occurs only rarely and transiently [25]. In our 
study, 14% of all MR- positive strokes were purely localized in the 
anterior circulation.

Is the presence of nystagmus a hallmark of acute 
vestibular syndrome?

Half of the stroke patients included exhibited an acute state of con-
tinuous vestibular symptoms but no detectable SN. Current defini-
tions of vestibular syndrome consider the presence of nystagmus 
as a necessary "biomarker" [16, 26]. This is plausible, as current di-
agnostic approaches such as the bedside HINTS examination [27] 
show the greatest sensitivity and specificity when nystagmus is pre-
sent. AIS seems to be a new and specific diagnostic category, and 
further investigation is required to clarify the use and significance of 
the HINTS triad for this type of patients [28]. Caution is necessary, 
especially when performing and interpreting a head impulse test 
in patients without SN, as a "normal" result (no catch- up saccades) 
might lead to false- positive results regarding a central pathology. 
The low prevalence of SN in our study is in line with recent studies 
[29, 30], but might be accentuated due to prospective but nonstand-
ardized eye examinations by nonexperts outside office hours (~20% 
of all dizzy patients screened).

Nystagmus was described in six of 17 patients who had an 
anterior circulation stroke, but is not a typical sign. A secondary 
review revealed that one of these six patients had concomitant 
strokes in the posterior circulation, which were only detected in a 
delayed (48– 72 h) MRI. Three other patients were thought to have 
had an MR- negative stroke in the posterior circulation, with two of 
them presenting with grade 3 horizontal SN. One was initially di-
agnosed with a vestibular migraine and also presented with grade 
3 SN. No concomitant pathology was diagnosed in the others. It 
is known that >50% of small strokes (<1 cm) are not detectable in 
early MRI- DWI [31]. In addition, a supratentorial stroke might hide 
another stroke or other underlying cause. Vestibular symptoms 
might also arise from other simultaneously occurring pathologies 

Clinical signs

Stroke without 
spontaneous nystagmus, 
n = 61

Stroke with 
spontaneous 
nystagmus, n = 61 p [χ2]

NIHSS = 0 20 (33%) 10 (16%) 0.036

NIHSS = 1– 4 26 (43%) 31 (51%) 0.36

NIHSS > 4 15 (25%) 13 (21%) 0.67

Pathologic cranial nerves 27 (44%) 24 (39%) 0.58

Facial palsy 15 (26%) 13 (21%) 0.52

Ocular palsy 8 (13%) 10 (16%) 0.61

Pathologic 
accommodation reflex

4 (7%) 7 (11%) 0.34

Dysarthria 14 (23%) 21 (34%) 0.16

Limb ataxia 12 (20%) 24 (39%) 0.02

Pathologic motor system 11 (18%) 7 (11%) 0.31

Pathologic smooth pursuit 5 (8%) 6 (10%) 0.75

Pathologic finger- to- nose 
test

8 (13%) 22 (36%) 0.003

Pathologic sensory system 7 (11%) 12 (20%) 0.21

Abbreviation: NIHSS, National Institutes of Health Stroke Scale.

TA B L E  5  Distribution of clinical signs 
comparing patients with and without 
spontaneous nystagmus.
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like migraine or vestibular neuritis. We conclude that in anterior 
stroke patients with vestibular symptoms and nystagmus, one 
should look for secondary stroke locations in early and delayed 
MRI- DWI.

How to detect strokes with no focal neurological 
signs?

In patients with AVS, central vestibular disorders can often mimic 
peripheral diseases and more than 50% lack any focal neurological 
signs [3].

Any solution to improve diagnostic accuracy in these patients is 
crucial. The current scales (e.g., the NIHSS) are not very sensitive in 
detecting posterior circulation strokes, which leads to delayed treat-
ment and potentially worse outcomes [32, 33]. An expanded version 
of the NIHSS (e- NIHSS) was designed to improve sensitivity for pos-
terior circulation strokes [34]; however, this was not routinely used 
in the current study.

In our study, 36 patients (30%) without focal neurological signs 
had a central HINTS and five (4%) patients had a HINTS examination 
with peripheral vestibular features. Previous studies have shown 
that the unfiltered application of HINTS to all dizzy patients, includ-
ing those without nystagmus, will decrease its sensitivity and spec-
ificity [27, 28, 35– 37].

In dizzy patients without nystagmus, the BE- FAST (balance, eyes, 
face, arm, speech, time) algorithm showed a higher accuracy in de-
tecting stroke compared to the FAST (face, arm, speech, time) algo-
rithm [38]. Our data support this finding, as a nonnegligible number 
of patients had facial palsy, dysarthria, and limb ataxia (Table 4). In 
addition, we suggest that a more precise examination of oculomotor 
function (saccades, smooth pursuit, optokinetic nystagmus) could 
detect the only clinical signs leading to the suspected diagnosis, as 
demonstrated in recent literature [39].

In patients who exhibit only vestibular symptoms without any 
other neurological signs, the use of risk stratification rules, specif-
ically the ABCD2 score, which has a stroke sensitivity of 61% [37], 
may be applicable [40]. Furthermore, the use of video- oculography 
may assist ED physicians in the diagnostic process [41].

Strengths and limitations

This study aimed to determine stroke prevalence in patients with 
AVS and non- AVS symptoms by prospectively screening a large 
number of dizzy patients in the ED. However, it has several limita-
tions. Retrospective data review and variability in the skill level and 
experience of the examiner might have introduced biases and an 
underestimation of stroke prevalence. Variability in MRI protocols 
and the small number of HINTS examinations performed and fully 
documented probably affected accuracy. Exclusion of patients with 
subtle signs might have skewed results toward those with more pro-
nounced symptoms.

Clinical implications

The HINTS examination is an easy and sensitive clinical bedside 
test to differentiate central from peripheral vestibular disorder in 
the acute phase after symptom onset. However, a large proportion 
of patients do not have nystagmus, and thus the test's accuracy re-
mains unknown. We recommend the use of video- Frenzel goggles 
or video- oculography devices to increase the sensitivity of nystag-
mus assessment. Acute strokes produce rather low- intensity nys-
tagmus with slow phase velocities ranging from 1 to 13°/s, which 
can be reliably detected by video- oculography [3]. In patients with 
no vestibular syndrome or no detectable nystagmus, further as-
sessments with the e- NIHSS and BE- FAST including specific ocu-
lomotor examination (e.g., smooth pursuit, saccades, head- shaking 
nystagmus) can be helpful. The patient's history and vascular risk 
factors assessed with the ABCD2 score [37] should also be taken 
into consideration in patients with atypical clinical symptoms and 
signs.

Patients with anterior circulation strokes and nystagmus should 
be reassessed to check for an undiscovered concomitant posterior 
circulation stroke. In addition to a second, delayed MRI, we recom-
mend a more intensive effort to look for a proximal cardioembolic 
cause such as atrial fibrillation and to evaluate the need for more 
invasive tools such as implantable recording devices.

CONCLUSIONS

A stroke was identified in 13% of ED patients presenting with acute 
vestibular symptoms. In 5%, it was EVS. Most strokes were in the 
posterior circulation territory; vertigo occurred with similar fre-
quency in anterior and posterior circulation stroke, and absence of 
nystagmus was common in both.
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