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Abstract
Objective Stroke presenting as dizziness is a diagnostic challenge in frontline settings, given the multitude of benign condi-
tions that present similarly. The risk of stroke after episodic dizziness is unknown, leading to divergent guidance on optimal 
workup and management. Prior TIA risk scores have shown a history of dizziness is a negative predictor of subsequent 
stroke. Our objective was to assess the subsequent stroke risk within 90 days following emergency department assessment 
(ED) for isolated dizziness diagnosed as TIA during the index visit.
Methods We conducted prospective, multicenter cohort studies at 13 Canadian EDs over 11 years. We enrolled patients 
diagnosed with TIA and compared patients with isolated dizziness to those with other neurological deficits. Our primary 
outcome was subsequent stroke within 90 days. Secondary outcomes were subsequent stroke within 2, 7, and 30 days, 
respectively, as well as subsequent TIA within 90 days.
Results Only 4/483 (0.8%) patients with isolated dizziness had a stroke within 90 days compared to 320/11024 (2.9%) of 
those with any focal neurological sign or symptom (RR 0.29, 95% CI 0.11–0.76). Over the first 90 days, the two groups dif-
fer significantly in their probability of stroke (p = 0.007). Subsequent TIA was also significantly less common in the isolated 
dizziness group (1.7% vs. 5.6%, p = 0.001) with a relative risk of 0.30 (95% CI 0.15–0.60).
Conclusion The risk of subsequent stroke following ED presentation for TIA is low when the presenting symptoms are 
isolated dizziness.

Keywords Stroke · Dizziness · Vertigo · Diagnosis

Résumé
Objectif Les accidents vasculaires cérébraux (AVC) se présentant sous forme de vertiges constituent un défi diagnostique 
en première ligne, étant donné la multitude d'affections bénignes qui se présentent de la même manière. Le risque d'accident 
vasculaire cérébral (AVC) après des vertiges épisodiques est inconnu, ce qui donne lieu à des conseils divergents sur le bilan 
et la prise en charge optimaux. Des scores de risque d'AIT antérieurs ont montré que des antécédents de vertiges sont un 
facteur prédictif négatif d'accident vasculaire cérébral ultérieur. Notre objectif était d'évaluer le risque ultérieur d'accident 
vasculaire cérébral (AVC) dans les 90 jours suivant l'évaluation aux urgences d'un étourdissement isolé diagnostiqué comme 
un AIT lors de la visite de référence.
Méthodes Nous avons mené des études de cohorte prospectives multicentriques dans 13 services d'urgence canadiens 
pendant 11 ans. Nous avons recruté des patients ayant reçu un diagnostic d'AIT et avons comparé les patients présentant des 
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vertiges isolés à ceux présentant d'autres déficits neurologiques. Nous avons inscrit des patients ayant reçu un diagnostic 
d’AIT et comparé des patients ayant des étourdissements isolés à ceux présentant d’autres déficits neurologiques. Notre 
résultat primaire était l'AVC subséquent dans les 90 jours. Les résultats secondaires étaient l'AVC subséquent dans les 2, 7 
et 30 jours, respectivement, ainsi que l'AIT subséquent dans les 90 jours.
Résultats Seuls 4/483 (0,8 %) des patients présentant des vertiges isolés ont eu un AVC dans les 90 jours, contre 320/11 
024 (2,9 %) de ceux présentant un signe ou symptôme neurologique focal (RR 0,29, IC 95 % 0,11-0,76). Au cours des 90 
premiers jours, les deux groupes diffèrent significativement en termes de probabilité d'AVC (p = 0,007). L'AIT ultérieur 
était également significativement moins fréquent dans le groupe des vertiges isolés (1,7 % contre 5,6 %, p = 0,001) avec un 
risque relatif de 0,30 (IC 95 % 0,15-0,60).
Conclusions Le risque d'AVC ultérieur après une présentation aux urgences pour un AIT est faible lorsque les symptômes 
présentés sont des étourdissements isolés.

Mots‑clés AVC ·  étourdissements · vertiges · diagnostic

Clinician’s capsule 

What is known about the topic?
Dizziness is a negative predictor of subsequent stroke 
when it accompanies other transient neurologic 
symptoms

What did this study ask?
What was the risk of subsequent stroke in patients 
presenting to the ED with transient, isolated dizzi-
ness?

What did this study find?
This prospective, multicenter study showed patients 
with isolated dizziness had fewer strokes within 
90  days than those with accompanying focal neuro-
logic signs

Why does this study matter to clinicians?
Dizziness remains a challenging clinical presentation, 
but transient dizziness without other focal signs por-
tends a relatively low risk of future stroke

Introduction

Dizziness is the single symptom most commonly associated 
with missed ischemic stroke [1, 2]. Accordingly, the last two 
decades have seen much progress in an evidence-based clini-
cal approach to acute dizziness, including the development 
of highly sensitive and specific bedside oculomotor exams 
to distinguish central from peripheral causes [3]. Like any 
potentially cerebrovascular symptom, important distinctions 
between persistent and transient dizziness, and between iso-
lated dizziness and dizziness accompanied by other neuro-
logical symptoms, are central to stroke risk stratification. 
However, there is no universally accepted management strat-
egy for transient isolated dizziness, and few studies have 
prospectively examined only transient, isolated dizziness, 

defined here as patients’ subjective experience of ‘dizziness’, 
‘vertigo’, ‘lightheadedness’, or ‘unsteadiness’, in the absence 
of other neurologic signs or symptoms.

Partly for these reasons, frontline providers have been 
offered divergent and at times contradictory guidelines for care. 
Some, like Nadarajan et al. [4], argue that isolated transient 
dizziness is much more likely to be peripheral in origin rather 
than cerebrovascular. Similarly, Halmagyi et al. [5] stress that 
vertebro-basilar ischemia rarely causes spells of isolated dizzi-
ness. These authorities are partly at odds with studies that found 
a certain proportion (about 10–20%) of posterior circulation 
stroke patients do retrospectively endorse transient episodes of 
isolated dizziness prior to their stroke presentation [6, 7]. Our 
own work has found that patients with a history of transient 
dizziness are less likely to experience a subsequent stroke than 
others, when both groups are seen in the ED for possible TIA 
[8, 9]. While these studies assessed the impact of dizziness, they 
did not necessarily assess isolated dizziness in patients with no 
other neurological symptoms or examination findings.

Our objective was to assess the subsequent stroke risk 
within 90 days following emergency department assess-
ment (ED) for isolated dizziness diagnosed as TIA during 
the index visit.

Methods

Data availability

Data will be made available to all interested researchers 
upon request. All requests will be reviewed by the Steering 
Committee and the data will be available from the corre-
sponding author upon reasonable request.

Study population and setting

We analyzed data from prospective multicenter cohort stud-
ies at 13 Canadian EDs (10 university affiliated tertiary care 
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hospitals and three urban community hospitals) [9]. The pri-
mary purposes of the main studies were to derive [8] and 
validate [9], respectively, a score for determining subsequent 
stroke risk after ED presentation for TIA. Patients were 
enrolled over two phases from October 2006 to May 2017. 
In both phases, we prospectively enrolled patients attending 
the ED seven days a week, 24 h a day at all sites. Patients 
were aged 18 years or older, with transient ischemic attack or 
minor stroke as their final ED diagnosis at time of discharge 
or specialist consultation. We excluded patients who had 
neurological deficits lasting longer than 24 h, decreased level 
of consciousness from baseline, or an alternate diagnosis (for 
example, hypoglycemia, seizure, an electrolyte imbalance, 
or migraine) at the time of initial ED assessment. We also 
excluded patients presenting more than 7 days from onset 
of the neurological symptoms or those treated with tissue 
plasminogen activator or endovascular thrombectomy for an 
acute stroke. Patients who were diagnosed with peripheral 
vertigo, or with presyncope not due to cerebrovascular dis-
ease, were by definition not enrolled in this study. Enrolled 
patients endorsing ‘lightheadedness’ or ‘vertigo’ without any 
other neurologic signs or symptoms (such as weakness, pro-
nator drift, sensory loss, language disturbance, confusion, 
visual deficit, true syncope, or appendicular ataxia) made up 
the “isolated dizziness” group. This group was compared to 
the rest of the cohort. Ultimately, judgment was left to the 
managing ED physician (emergency medicine-trained) in 
terms of determining whether a particular patient endorsed 
‘lightheadedness’ or ‘vertigo’ but the intention was to keep 
these two categories as broad and inclusive as possible. As 
such, there were no specific definitions for the terms ‘light-
headedness’ or ‘vertigo’ on the clinical record form used at 
enrollment. Patients who had “gait disturbance” in addition 
to dizziness were assigned to the isolated dizziness group 
unless weakness, altered sensation, appendicular or truncal 
ataxia, or visual loss was also noted.

Data collection

Data were collected in a standardized process as previ-
ously described [8, 9]. Study personnel reviewed all avail-
able medical records (imaging reports, subsequent hospital 
encounters, etc.). Scripted telephone follow-up seven and 
90 days was attempted for all subjects not in hospital at these 
time points, and the outcomes of subsequent stroke or sub-
sequent transient ischemic attacks were ascertained using 
the previously validated Questionnaire for Verifying Stroke 
Free Status (QVSFS) [10, 11]. In addition, patients were 
asked whether they had experienced subsequent neurological 
deficits or been admitted to hospital for stroke. Data manage-
ment, study coordination and all analyses were conducted at 
the Ottawa Hospital Research Institute.

Outcome measures

The primary outcome was subsequent stroke within 90 days 
of the index ED presentation. We defined subsequent stroke 
as new, rapidly developing clinical symptom(s) of focal (or 
occasionally) global disturbance of cerebral function lasting 
more than 24 h or until death, with no apparent non-vascular 
cause [12]. As secondary outcomes, we also examined stroke 
within 2, 7, and 30 days, respectively, as well as subsequent 
TIA within 90 days.

Outcome assessment

Research assistants reviewed hospital records for subsequent 
ED visits, neurology clinic visits, and admissions to hospital. 
Autopsy records were flagged for potential outcomes and 
patients answering affirmatively to one or more telephone 
follow-up questions concerning outcome were also flagged. 
Two stroke neurologists and one ED physician, who were 
blinded to the initial ED visit, independently assessed each 
possible outcome as part of local adjudication committees. 
Outcomes required the agreement of two adjudicators.

Data analysis

Patient characteristics (including demographics, history, 
diagnostic tests received, and disposition) were presented 
as frequencies with percentages for categorical variables 
and means with standard deviations (SD) or medians with 
interquartile ranges (IQR) for continuous variables. The 
characteristics were compared between groups using chi-
square tests, t tests, or Mann–Whitney U tests, as appropri-
ate. Relative risk of stroke, in the isolated dizziness group 
was calculated, with 95% confidence interval (CI). We then 
compared the proportion of patients with subsequent stroke 
between the two groups from day 0 to 90 using the log-rank 
test. All analyses were performed in SAS 9.4 (SAS Institute 
Inc., Cary, NC, USA).

Results

Demographics and clinical characteristics

Characteristics of the 11,507 total patients are available in 
Table 1. Of the entire cohort, 483 patients (4.2%) presented 
with isolated dizziness. When compared to the rest of the 
cohort, these patients were older (age 72.6 vs.68.1 years, 
p < 0.001) and less likely to be female (47.0% vs. 52.0%, 
p = 0.03). In both groups, more than half had symptoms last-
ing 60 min or longer.
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Table 1  Patient characteristics

Isolated dizziness patients Non-isolated dizziness patients p-value*
N = 483 (4.2%) N = 11,024 (95.8%)

Demographics
 Age in years, mean (SD) 72.6 (10.8) 68.1 (14.7)  < 0.001+

  Median (IQR) 74 (66–81) 69 (58–80)  < 0.001^

  Range 41–97 18–103
 Female (%) 227 (47.0) 5728 (52.0) 0.03

History (%)
 Arrival by ambulance 179 (37.1) 4107 (37.3) 0.93
 First ever TIA 361 (74.7) 7921 (71.9) 0.17
 Symptoms on arrival to ED 241 (49.9) 4982 (45.2) 0.04
 Duration of symptoms
  < 1 min 26 (5.4) 284 (2.6)  < 0.001
  1–4 min 23 (4.8) 704 (6.4)
  5–9 min 15 (3.1) 633 (5.7)
  10–29 min 60 (12.4) 1927 (17.5)
  30–59 min 57 (11.8) 1531 (13.9)
  ≥ 60 min 299 (61.9) 5868 (53.2)

 Light headed 251 (52.0) 1890 (17.1)  < 0.001
 Vertigo 380 (78.7) 843 (7.6)  < 0.001
 Confusion 0 (0.0) 1526 (13.8)  < 0.001
 Gait disturbance 278 (57.6) 2195 (19.9)  < 0.001

Past medical history (%)
 Hypertension 326 (67.5) 6482 (58.8)  < 0.001
 Coronary artery disease 105 (21.7) 1908 (17.3) 0.01
 Atrial fibrillation 45 (9.3) 1111 (10.1) 0.59
 Peripheral vascular disease 17 (3.5) 407 (3.7) 0.84
 Diabetes mellitus 102 (21.1) 2091 (19.0) 0.24
 Known prior stroke 57 (11.8) 1428 (13.0) 0.46
 Current smoker 35 (7.2) 1312 (11.9) 0.002
 Carotid stenosis 24 (5.0) 381 (3.5) 0.08
 Congestive heart failure 11 (2.3) 298 (2.7) 0.57
 High cholesterol 203 (42.0) 3864 (35.1) 0.002
 Dementia 6 (1.2) 372 (3.4) 0.01
 Valvular heart disease 19 (3.9) 378 (3.4) 0.55

Diagnostic tests in ED (%)
 Electrocardiogram (ECG) 437 (90.5) 10,094 (91.6) 0.40
  Sinus rhythm 314 (65.0) 7567 (68.6) 0.41
  Atrial fibrillation/flutter 28 (5.8) 643 (5.8)

 Computed tomography of head 462 (95.7) 10,663 (96.7) 0.20
  Normal 133 (27.5) 3707 (33.6) 0.01
  Infarct 121 (25.1) 3065 (27.8) 0.19
   Acute 5 (1.0) 431 (3.9) 0.001
   Old 117 (24.2) 2801 (25.4) 0.63
  Bleed 0 (0.0) 14 (0.1) 0.43
   Intracerebral hemorrhage 0 (0.0) 5 (0.0) 0.64
   Subarachnoid hemorrhage 0 (0.0) 9 (0.1) 0.53

 CT Angiogram 141 (29.2) 3620 (32.8) 0.10
  Dissection 3 (0.6) 68 (0.6) 1.00
  Aneurysm 13 (2.7) 251 (2.3) 0.57
  Any thrombus in intracranial arteries 2 (0.4) 62 (0.6) 0.57
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Patients in the isolated dizziness group were more likely 
to have hypertension (67.5% vs. 58.8%, p < 0.001), high cho-
lesterol (42.0% vs. 35.1%, p = 0.002), and coronary artery 
disease (21.7% vs. 17.3%, p = 0.01) but were less likely to 
be current smokers (7.2% vs. 11.9%, p = 0.002).

Imaging findings

Almost all patients in both groups underwent computed 
tomography (CT) scan of the head (95.7% and 96.7%, 
respectively). About a third of patients in each group also 
underwent CT angiogram (29.2% vs. 32.8%, p = 0.10). 
About ten percent underwent MRI in ED (7% vs. 10.2%, 
p = 0.02) and another twenty percent underwent MRI after 
the ED visit (20.3% vs. 19.7%, p = 0.75).

Seven patients (1.4%) in the isolated dizziness group were 
felt to have an acute finding of ischemia on neuroimaging 
in the ED. This included four patients with acute infarcts 
on CT only, two patients with acute infarcts on MRI only, 
and one patient with acute infarcts by both modalities. The 
MRI lesions were in the left cerebellum, the left para-median 
midbrain, and the right thalamus, respectively, for each of 
the three patients with positive MRI findings.

Disposition from ED

Fewer patients with isolated dizziness were admitted to hos-
pital compared to the other group (2.7% vs. 7.4%, p < 0.001).

Follow‑up

A majority of patients had direct follow-up—86% were 
reached by phone at either 7 days, 90 days or both. More 
specifically, 71.1% were reached at 7 days (among those 
lost to follow-up, 0.2% were deceased, 2.8% refused, 2.8% 
were admitted to hospital). At 90 days, 68.9% were reached 
(among those lost to follow-up, 1.2% were deceased, 5.0% 
refused, and 0.8% were admitted to hospital).

All other patients had a health records review.

Stroke outcomes

Outcomes for stroke and adjudicated TIA at 2, 7, 30, and 
90 days are seen in Table 2. Only four patients (0.8%) with 
isolated dizziness had a subsequent stroke within 90 days 
of their initial TIA presentation, compared to 320 patients 
(2.9%; p = 0.03) of the others, for a relative risk of 0.29 
(95% CI 0.11–0.76). Of the four patients with subsequent 
stroke in the isolated dizziness group, two were referred to a 
dedicated stroke prevention clinic. Both of them had a final 
stroke clinic diagnosis of ischemic stroke.

SD standard deviation, IQR interquartile range
* Chi-square test unless otherwise noted; +t-test; ^Mann–Whitney U test

Table 1  (continued)

Isolated dizziness patients Non-isolated dizziness patients p-value*
N = 483 (4.2%) N = 11,024 (95.8%)

  Vertebral artery stenosis ≥ 50% 3 (0.6) 155 (1.4) 0.14
  Vertebral artery (occluded) 8 (1.7) 53 (0.5)  < 0.001
  Basilar artery (occluded or stenosis present) 3 (0.6) 21 (0.2) 0.06
  Vertebral artery (stenosis < 50%) 14 (2.9) 284 (2.6) 0.69
  Any acute thrombus in vertebral arteries or basilar 

artery
0 (0.0) 3 (0.0) 0.97

 MRI done in ED 34 (7) 1125 (10.2) 0.02
  Normal 14 (2.9) 206 (1.9)  < 0.001
  Acute Infarct 3 (0.6) 542 (4.9)  < 0.001
  Old Infarct 12 (2.5) 572 (5.2) 0.008

Investigations done after ED visit (%)
 MRI done after ED visit 98 (20.3) 2174 (19.7) 0.75
  Normal 17 (3.5) 561 (5.1) 0.12
  Acute infarct 3 (0.6) 538 (4.9)  < 0.001
  Old infarct 20 (4.1) 629 (5.7) 0.14

Disposition (%)
 Admitted 13 (2.7) 816 (7.4)  < 0.001
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Subsequent TIA within 90 days was also significantly 
less common in the isolated dizziness group (1.7% vs. 5.6%, 
p = 0.001) with a relative risk of 0.30 (95% CI 0.15–0.60). 
Survival analysis confirmed the groups differ significantly 
in stroke risk (Fig. 1, p = 0.007).

Discussion

There have been few prior studies looking at the propor-
tion of cerebrovascular events among patients with dizziness 
symptoms presenting to the ED [13, 14]. Ours is the first 
large, prospective study evaluating the risk of subsequent 
stroke after ED presentation for TIA specifically, where the 
presenting symptom is isolated dizziness with no other neu-
rological signs or symptoms.

Interpretation of findings

We found that the risk of subsequent stroke was low in 
patients with isolated dizziness, even among presenta-
tions felt likely neurovascular in etiology by the manag-
ing emergency physician. Compared to the overall cohort 
of patients with other neurologic findings, a very small 
number of patients (0.8%) with isolated dizziness had a 
subsequent stroke within 90 days of initial presentation. 
For comparison, the 90-day risk of major stroke after TIA 
in the literature ranges between 10 and 20% [15]. The rate 
of subsequent stroke was low in the isolated dizziness 
group even though those patients were older, were more 
likely to be male, and had higher prevalence of vascular 
risk factors (including hypertension, high cholesterol and 
coronary artery disease). The presence of these vascular 
risk factors may partially explain why these patients with 

Table 2  Outcomes (%)

RR relative risk, CI confidence interval
* Chi-square test

Isolated dizziness Other patients p-value* RR (95% CI)
N = 483 (4.2%) N = 11,024 (95.8%)

Stroke within 2 days 1 (0.2) 125 (1.1) 0.06 0.18 (0.03–1.30)
Stroke within 7 days 1 (0.2) 193 (1.8) 0.01 0.12 (0.02–0.84)
Stroke within 30 days 3 (0.6) 259 (2.3) 0.01 0.26 (0.09–0.82)
Stroke within 90 days 4 (0.8) 320 (2.9) 0.03 0.29 (0.11–0.76)
TIA within 90 days 8 (1.7) 612 (5.6) 0.001 0.30 (0.15–0.60)

Fig. 1  Days to stroke within 90 
days of index ED visit. Prob-
ability of stroke within 90 days 
in each group. The groups differ 
significantly in the probability 
of stroke at 90 days, based on 
the log-rank test (p = 0.0071, 
see text)
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isolated dizziness were initially diagnosed with TIA as 
opposed to being sent home with a diagnosis of “periph-
eral vertigo.” Another explanation for our study’s findings 
may be the high prevalence of benign conditions causing 
transient dizziness (when compared to the prevalence of 
posterior circulation stroke causing only dizziness). We 
should also note the relatively high percentage of patients 
in the “isolated dizziness” group (1.4%) who had find-
ings of acute ischemia on neuroimaging (CT or MRI). 
This number (1.4%) is likely an overestimate of positive 
imaging findings in isolated dizziness, given our popu-
lation includes only patients in whom the ED physician 
suspected cerebral ischemia.

Comparison to previous studies

Our findings add important data to the debate around risk 
of subsequent stroke after transient, isolated dizziness. 
Prior studies have found that some patients (approximately 
10–20%) [6, 7] do retrospectively endorse episodes of dizzi-
ness in the days–weeks prior to a confirmed vertebrobasilar 
stroke. The present study helps add an important dimen-
sion to that work, by looking at the inverse (i.e., how many 
patients with episodic dizziness go on to have a subsequent 
stroke). As we have shown here, in this latter case, the risk 
of stroke is low.

A number of additional factors may explain the low 
observed subsequent stroke rate seen here. For one, patients 
who were older, male, and have vascular risk factors may 
have erroneously been diagnosed with TIA even when they 
presented with benign causes of dizziness (such as vestibular 
migraine, which can present with or without headache and 
is one of the most common causes of dizziness). The use 
of vascular risk by clinicians as a surrogate for probability 
of stroke in this study is supported by the bias toward these 
demographics and toward vascular risk in the isolated dizzi-
ness cohort. These results may also reflect the broader point 
that patients with dizziness whose syndrome is episodic, or 
who are asymptomatic at presentation, present a consider-
able challenge as highly sensitive and specific findings for 
stroke (particularly oculomotor signs) may be absent [16].

Strengths and limitations

Methodological strengths of this study include its size (with 
data from multiple sites across multiple health care systems), 
its capture of granular historical data, down to individual 
symptom descriptions, and most importantly, validated 
and adjudicated stroke outcomes. The dedicated symptom 
data collection and adjudicated outcomes makes its gener-
alizability better than studies from administrative datasets. 
Our study population was also enriched with patients ED 

physicians felt at high risk of stroke or TIA, and the risk of 
stroke in a more general ED population of isolated dizziness 
is likely much lower. Thus, our result is likely an overestima-
tion of stroke risk.

Study limitations include the lack of systematic collec-
tion of data on eye movement findings on all patients and 
the lack of universal MRI for all patients. That said, the risk 
of missing strokes was mitigated through strict validation 
and adjudication of all subsequent stroke outcomes. We also 
did not collect data about subsequent non-cerebrovascular 
diagnoses (such as benign paroxysmal positional vertigo or 
vestibular neuritis), or the diagnoses of excluded patients, 
and thus cannot comment on the misdiagnosis rate in those 
patients.

Clinical implications

Our study confirms that transient, isolated dizziness is a 
difficult clinical presentation because, while some of these 
patients do go on to have a subsequent stroke, the proportion 
is very small even in a relatively high risk cohort which does 
not include patients confidently diagnosed with a peripheral 
vestibulopathy (and thus not enrolled in a TIA/minor stroke 
study).

Research implications

The present study is among the first to look prospectively 
at risk of stroke following an ED diagnosis of TIA, where 
the presenting symptom is dizziness in the absence of focal 
neurological signs. Future work should look systematically 
at MRI imaging and oculomotor findings, to further risk 
stratify ED patients with this challenging presentation.

Conclusion

The risk of stroke following ED presentation for isolated, 
transient dizziness is low, even in those diagnosed with TIA 
as the cause of their symptoms. In other words, few patients 
with isolated dizziness in the absence of focal neurologic 
signs ultimately go on to suffer a subsequent stroke.
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