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Abstract
Background Transient ischemic attack (TIA) and non-disabling stroke are common emergency department (ED) presentations. Currently, there are no prospective multicenter studies determining predictors of neurologists confirming a diagnosis
of cerebral ischemia in patients discharged with a diagnosis of TIA or stroke. The objectives were to (1) calculate the concordance between emergency physicians and neurologists for the outcome of diagnosing TIA or stroke, and (2) identify
characteristics associated with neurologists diagnosing a stroke mimic.
Methods This was a planned sub-study of a prospective cohort study at 14 Canadian EDs enrolling patients diagnosed with
TIA or non-disabling stroke from 2006 to 2017. Logistic regression was used to identify factors associated with neurologists’
diagnosis of cerebral ischemia. Our primary outcome was the composite outcome of cerebral ischemia (TIA or non-disabling
stroke) based on the neurologists’ assessment.
Results The diagnosis of cerebral ischemia was confirmed by neurologists in 5794 patients (55.4%). The most common
identified stroke mimics were migraine (18%), peripheral vertigo (7%), syncope (4%), and seizure (3%). Over a third of
patients (38.4%) ultimately had an undetermined aetiology for their symptoms. The strongest predictors of cerebral ischemia
confirmation were infarct on CT (OR 1.83, 95% CI 1.65–2.02), advanced age (OR comparing 75th–25th percentiles 1.67,
1.55–1.80), language disturbance (OR 1.92, 1.75–2.10), and smoking (OR 1.67, 1.46–1.91). The strongest predictors of
stroke mimics were syncope (OR 0.59, 0.48–0.72), vertigo (OR 0.52, 0.45–0.59), bilateral symptoms (OR 0.60, 0.50–0.72),
and confusion (OR 0.50, 0.44–0.57).
Conclusion Physicians should have a high index of suspicion of cerebral ischemia in patients with advanced age, smoking history, language disturbance, or infarcts on CT. Physicians should discriminate in which patients to pursue stroke investigations
on when deemed at minimal risk of cerebral ischemia, including those with isolated vertigo, syncope, or bilateral symptoms.
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Résumé
Contexte L'accident ischémique transitoire (AIT) et l'accident vasculaire cérébral (AVC) non invalidant sont des présentations courantes dans les services d'urgence. Actuellement, il n'existe pas d'études prospectives multicentriques déterminant
les facteurs prédictifs de la confirmation par les neurologues d'un diagnostic d'ischémie cérébrale chez les patients sortis de
l'hôpital avec un diagnostic d'AIT ou d'AVC. Les objectifs étaient de (1) calculer la concordance entre les urgentistes et les
neurologues pour le résultat du diagnostic de l'AIT ou de l'AVC, et (2) identifier les caractéristiques associées au diagnostic
par les neurologues d'une imitation d'AVC.
Méthodes Il s'agissait d'une sous-étude planifiée d'une étude de cohorte prospective dans 14 services d'urgence canadiens
recrutant des patients diagnostiqués avec un AIT ou un AVC non invalidant de 2006 à 2017. Une régression logistique a été
utilisée pour identifier les facteurs associés au diagnostic d'ischémie cérébrale par les neurologues. Notre résultat principal
était le résultat composite de l'ischémie cérébrale (AIT ou accident vasculaire cérébral non invalidant) selon l'évaluation
des neurologues.
Résultats Le diagnostic d'ischémie cérébrale a été confirmé par des neurologues chez 5 794 patients (55,4 %). Les imitateurs
d'AVC identifiés les plus courants étaient la migraine (18 %), le vertige périphérique (7 %), la syncope (4 %) et les convulsions
(3 %). Plus d'un tiers des patients (38,4 %) avaient finalement une étiologie indéterminée pour leurs symptômes. Les prédicteurs les plus forts de la confirmation de l'ischémie cérébrale étaient l'infarctus au scanner (OR 1.83, IC 95 % 1.65–2.02),
l'âge avancé (OR comparant les 75e et 25e percentiles 1.67, 1.55–1.80), les troubles du langage (OR 1.92, 1.75–2.10) et le
tabagisme (OR 1.67, 1.46–1.91). Les prédicteurs les plus forts d’imitateurs d'AVC étaient la syncope (OR 0.59, 0.48–0.72),
le vertige (OR 0.52, 0.45–0.59), les symptômes bilatéraux (OR 0.60, 0.50–0.72) et la confusion (OR 0.50, 0.44–0.57).
Conclusion Les médecins devraient avoir un indice élevé de suspicion d'ischémie cérébrale chez les patients ayant un âge
avancé, des antécédents de tabagisme, des troubles du langage ou des infarctus au scanner. Les médecins doivent distinguer
les patients sur lesquels poursuivre des investigations sur un AVC lorsqu'ils sont jugés à risque minimal d'ischémie cérébrale,
y compris ceux présentant des vertiges isolés, une syncope ou des symptômes bilatéraux.

Clinician’s capsule
What is known about the topic?
Early initiation of stroke prevention treatment in patients
with TIA can reduce stroke recurrence.
What did this study ask?
We examined the rate of neurologists confirming cerebral ischemia in patients diagnosed with TIA or minor
stroke by emergency physicians.
What did this study find?
Cerebral ischemia was confirmed in 55.4% of patients,
and we identified characteristics associated with confirmation of cerebral ischemia.
Why does this study matter to clinicians?
Improved accuracy in diagnosing TIA may avoid unnecessary investigations and treatments, and early initiation
of stroke prevention treatments when indicated.

Introduction
Better prevented than treated, strokes are often catastrophic
events [1, 2]. Transient ischemic attacks (TIAs), and the
closely related mild, non-disabling strokes, offer a unique
but highly time-sensitive opportunity for stroke prevention,
with a 90-day subsequent major stroke risk of 10% or higher

overall, and over 50% in some in the absence of treatment
[3–7]. Yet the diagnosis of a TIA is challenging as it is based
on patient history given the typically rapid resolution of the
cardinal neurologic symptoms prior to physician assessment.
Thus, emergency physicians are often asked to distinguish
between those patients whose transient neurologic symptoms represent bona fide cerebral ischemia and are, therefore, likely to benefit from rapid advanced investigations
and urgent referral to a neurologist, and those patients more
likely to have experienced a stroke or TIA mimic.
While emergency physicians do not wish to miss a TIA,
overdiagnosis in the emergency department contributes to
increased cost, exposure to unnecessary tests, increased harm
from unwarranted anti-thrombotic medications and radiation
as well as delayed care for bona fide TIA patients [8–12]. The
Canadian Stroke Best Practice Recommendations advise that
patients presenting with suspected TIA should be evaluated
with laboratory investigations, 12-lead ECG, brain imaging
(CT or MRI), and vascular imaging preferably with CTA or
MRI [13]. While thorough patient assessment and early stroke
prevention therapy has decreased the risk for subsequent stroke
[7], the cost, harms and prioritization of TIA work-up mandates careful patient selection. Previous studies report that
consultant neurologists confirm the referring physicians’ suspicion of TIA in as few as 22% to as many as 90% of cases
[12, 14–17]. This wide range reflects different settings, but also
suggests a wide range of overdiagnosis, inefficient care, and
unnecessary investigations, referral and treatment.
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The purpose of this study was (1) to calculate the rate
of concordance between emergency physicians’ working
diagnosis of possible TIA or stroke and neurologists’ final
diagnostic impression for the cerebral ischemia (i.e. TIA or
non-disabling stroke) and (2) to identify patient characteristics associated with neurologists confirming the referring
diagnosis of possible TIA or stroke, or deeming the original
presentation to have represented a stroke or TIA mimic.

Methods
We had previously conducted a prospective cohort study at
14 Canadian emergency departments (ED) assessing clinical characteristics of adult patients diagnosed with possible
TIA or non-disabling stroke from 2006 to 2017 [18, 19]. In
this planned sub-study, we assessed the cohort who were
evaluated by a neurologist either immediately or within
90 days.
Patients were excluded if they were diagnosed with a
disabling stroke (i.e. could not manage activities of daily
living) in the ED, had an altered level of consciousness [i.e.
Glasgow Coma Scale (GCS) score < 15], presented more
than 7 days after symptom onset, received thrombolytics or
intravascular thrombectomy, or if they were not assessed by
a neurologist. This study was approved by each institution’s
Research Ethics Board (REB) and the need for explicit written consent from patients was waived in this minimal risk
observational study. Verbal informed consent was obtained
for telephone follow-ups.
All patients were initially assessed by emergency physicians who completed standardized data collection forms at
the time of the index ED visit that included history, physical examination, past medical history, and investigations.
Data collection forms were completed without knowledge
of the neurologists’ final diagnoses. All patients enrolled in
the study were referred to an outpatient stroke prevention
clinic staffed by neurologists. Information about patients’
follow-up visits with neurology was obtained by trained
research personnel performing structured, 90-day medical
record review of hospital, ED and outpatient clinic visits,
and of diagnostic imaging. Patients were also contacted by
telephone at 7 and 90 days to identify any subsequent stroke
or neurologic symptoms. Every possible subsequent stroke
was adjudicated by a local committee of three physicians
with expertise in stroke.
Our primary outcome was the composite outcome of cerebral ischemia, defined as TIA or non-disabling ischemic
stroke at the time of the index visit. Our reference standard
for final diagnosis was based on all notes by the consultant
neurologist, whether generated during hospital admission or
outpatient clinic follow-up, as extracted by study research
personnel. These personnel extracted the neurologists’ most
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probable diagnoses for the index event as based on their
final assessment within 90 days of the initial emergency
department visit. This final diagnosis was further classified as being “cerebral ischemia” (i.e. TIA or stroke) if any
qualifying language included the terms “possible” or “may
have” but not “unlikely” or “do not believe”, “not cerebral
ischemia” if a different diagnosis was deemed more likely
(i.e. stroke or TIA mimic), and “unknown” when the final
diagnosis included language such as “not yet determined
(NYD)”.
We calculated descriptive statistics and used logistic
regression to identify factors associated with a final diagnosis of cerebral ischemia using nineteen pre-selected candidate variables based on clinical judgment (Supplemental,
eTable 1). Multiple (N = 10) imputation was used to deal
with missing values on predictor variables. The imputation model included all candidate variables as well as the
dependent variables, and imputations were generated using
aregImpute function (Hmisc package). Variance inflation
factors (VIFs) were used to examine potential multicollinearity prior to analysis. The continuous variable “age”
was modelled using a restricted cubic spline function with
3 knots at the 10th, 50th, and 90th percentiles. The association between each predictor and the outcome was expressed
using odds ratios (OR) and 95% confidence intervals (CI).
For the continuous variable “age”, the ORs were expressed
comparing 75th–25th percentile values. A more parsimonious approximation to the full model was derived using
the fast step-down procedure within the rms package of R
[20]. To assess the performance of the model, we used 1,000
bootstrap samples, with the step-down procedure applied in
every step, and calculated the optimism-corrected C-statistic
[21]. Statistical significance was assessed at the 0.05 level.
All analyses were conducted using R programming language
build 3.4 and SAS 9.4 statistical software.

Data availability
Requests for sharing of the de-identified data will be
considered and reviewed by the study’s steering committee. Requests can be made to the corresponding author.

Results
Overall, 11,508 patients were referred to a consultant neurologist by emergency physicians for possible TIA or nondisabling stroke and enrolled prospectively into the study;
another 2927 patients were potentially eligible based on
medical record review but did not have a study form completed by the treating physician and were thus deemed
missed (Fig. 1). Of the patients referred, 1042 patients were
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Table 2  Neurologists’ final diagnosis of patients initially diagnosed
with TIA and non-disabling stroke in the emergency department

Fig. 1  Study flow for patients presenting with TIA or non-disabling
stroke to the emergency department

not assessed by a neurologist, and thus removed. In total,
10,466 patients were included in our analysis. Overall,
20.5% of patients had missing data on at least one candidate
predictive variable.
The mean patient age was 68.1 years (75th percentile
of 80 years), and just over half were female (Table 1). Most
patients presented with their first ever TIA or non-disabling
stroke (72.5%). Computed tomography (CT) and magnetic resonance imaging (MRI) were performed on 97.0% and 12.7% of
patients, respectively. Cerebral infarcts were identified in 28.0%
of CT and in 46.2% of MRI studies obtained. A minority of
patients (7.2%) were admitted on their index visit and 18.3% of
patients were assessed by a neurologist in the ED.
Table 1  Baseline characteristics of patients diagnosed with TIA and
non-disabling stroke in the emergency department
Characteristics
Demographics (%)
Mean age in years (SD)
Female, %
First ever TIA or stroke, (N = 10,419)
Baseline medications (%)
Antiplatelets
Warfarin
Other anticoagulants
Past medical history (%)
Coronary artery disease
Hypertension
Atrial fibrillation
Diabetes
Smoker
Outcomes (%)
Cerebral ischemia confirmed by a neurologist

Patients (N = 10,466)
68.1 (14.5)
5397 (51.6)
7555 (72.5)
4187 (40.0)
540 (5.2)
339 (3.2)
1788 (17.1)
6173 (59.0)
1030 (9.8)
1969 (18.8)
1229 (11.7)
5794 (55.4)

SD standard deviation, TIA transient ischemic attack

Diagnosis

Patients (N = 10,466)

Confirmation of cerebral ischemia—TIA or
Stroke (%)
Migraines and headaches
Peripheral vertigo and dizziness
Syncope and pre-syncope
Seizure
TGA
Bell’s palsy
Anxiety
Symptoms NYD
Other non-neurological disorders
Other neurological diagnoses

5794 (55.4)
825 (17.7)
333 (7.1)
191 (4.1)
157 (3.4)
116 (2.5)
63 (1.4)
53 (1.1)
1792 (38.4)
834 (17.9)
308 (6.6)

TIA transient ischemic attack, TGAtransient global amnesia, NYD not
yet determined

Neurologists agreed with the final diagnosis of cerebral
ischemia in 5,794 patients (55.4%) (Table 2). The most common identified cerebral ischemia mimics were migraine (18%),
peripheral vertigo (7%), syncope (4%), and seizure (3%). In over
a third of patients (38.4%) whom neurologists felt had a diagnosis other than TIA or stroke, the final diagnosis of “symptoms
not yet determined” or of unknown aetiology was made. The rate
of subsequent stroke within 90 days in those with confirmation
of cerebral ischemia was 4.7% compared to 0.5% when neurologists overturned the diagnosis of TIA or stroke. In patients for
whom cerebral ischemia was not confirmed, the rate of subsequent stroke within 90 days was 0.2% when neurologists determined a specific alternate diagnosis and 0.8% when the final
diagnosis was “symptoms not yet determined”.
Table 3 presents the results from the logistic regression
analysis after applying the step-down procedure, identifying features associated with cerebral ischemia confirmation
as compared to a mimic. No substantial multicollinearity was
detected. The strongest predictors of cerebral ischemia confirmation were infarct on CT (OR 1.83, 95% CI 1.65–2.02),
advanced age (OR comparing 75th–25th percentiles 1.67,
1.55–1.80), language disturbance (OR 1.92, 1.75–2.10), and
smoking (OR 1.67, 1.46–1.91). Conversely, the strongest predictors of stroke mimics were syncope (OR 0.59, 0.48–0.72),
vertigo (OR 0.52, 0.45–0.59), bilateral symptoms (OR 0.60,
0.50–0.72), and confusion (OR 0.50, 0.44–0.57). The optimism-corrected C-statistic was 0.70 (CI 0.69–0.71).

Discussion
In our study of 10,466 patients diagnosed with TIA or nondisabling stroke in the ED, we found the rate of confirmation for the diagnosis of TIA or non-disabling stroke
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Table 3  Results from logistic regression analysis of variables associated with cerebral ischemia confirmation after applying the stepdown procedure
Variable

Odds ratio (95% CI)

Demographics
Age (75th vs. 25th percentile)
Female
History or exam
Vertigo
Confusion
Syncope
Language disturbance
Gait disturbance
Abnormal physical exam
Bilateral symptoms
Past medical history
Smoking
Investigations
Infarct on CT

1.67 (1.55–1.80)
0.71 (0.65–0.77)
0.52 (0.45–0.59)
0.50 (0.44–0.57)
0.59 (0.48–0.72)
1.92 (1.75–2.10)
1.36 (1.22–1.51)
1.25 (1.15–1.36)
0.60 (0.50–0.72)
1.67 (1.46–1.91)
1.83 (1.65–2.02)

TIA transient ischemic attack, CT computed tomography, CI confidence interval, Age 75th percentile = 80 years, 25th percentile = 58 years

between emergency physicians and neurologists to be
55.4%. Migraines were the most common mimicker of cerebral ischemia (18%) consistent with previously reported
studies, followed by vertigo (7%), and syncope (4%) [12].
The incidence of seizures (3%) as a stroke or TIA mimic in
our study was lower than in a systematic review from various settings in which seizures were diagnosed in 19.6% of
patients with suspected stroke [22]. We found six variables
to be modestly predictive of the neurologist confirming
cerebral ischemia: increasing age, language disturbance,
gait disturbance, abnormal physical exam, smoking, and
presence of infarct on CT. Conversely, female sex, vertigo,
confusion, syncope, and bilateral symptoms all predicted
an alternate diagnosis. The risk of subsequent major stroke
within 90 days was 4.7% in patients with cerebral ischemia
confirmation, compared to 0.5% in patients with an alternate diagnosis.
The 55.4% cerebral ischemia-diagnosis confirmation rate
found in our study is lower than three previously reported
studies; however, significant differences distinguish our
study. Kothari conducted a review of 446 patients admitted with stroke and found a diagnosis confirmation rate of
98.6%; however, our population included TIA and nondisabling stroke patients who were mostly discharged rather than
the sicker cohort in their study [16]. It is not unexpected
that in a group of patients with prominent, persistent deficits
that the concordance is much higher. Moreover, the prospective aspect of our study reduces the risk of selection bias
that retrospective studies introduce. Morgenstern analysed
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1,800 TIA or stroke patients in the ED from a prospectively
enrolled surveillance database and found a confirmation rate
of 89.1% [17]. Two notable differences in their study from
ours include their significantly higher admission rate (82%),
and their determination of TIA confirmation from neurologists reviewing hospital documentation and results without
examining the patient. Lastly, Merino analysed prospectively collected data of 8,187 patients who were assessed
by a stroke team and found a confirmation rate of 70% [23].
A major difference between their study and ours is that they
analysed patients referred to the stroke team for assessment
in the ED (75%), or as inpatients (25%), while our study
focused on outpatient referrals for TIA and non-disabling
stroke.
In contrast to the aforementioned studies, our cerebral
ischemia confirmation rate of 55.4% is significantly higher
than that found by Lee in 2015 of 22% [12]. Their study
included referrals from general practitioners and other hospital units in addition to emergency physician referrals. Furthermore, their study is limited by a small sample size of
82 patients.
Our finding that female sex was identified as an independent predictor of an alternate diagnosis must be interpreted
carefully. Previously, female sex had also been associated
with higher likelihood of a diagnosis of stroke mimic [23,
24]. Moreover, rates of misclassification of stroke mimic and
cerebral ischemia are higher in women than in men [25] and
the prevalence of atypical presentations of stroke is higher in
women [26, 27]. These findings could potentially be partially
explained by the higher prevalence of migraine in women
[28], which can both manifest as a true stroke mimic but also
increase the likelihood of stroke [29–31]. Thus, given the
existing tendency to underestimate the likelihood of TIA or
stroke in women [32], one must be cautious to not overturn
a suspicion of cerebral ischemia based on the patient’s sex.
In our study, vertigo predicted an alternate diagnosis
other than cerebral ischemia. Dizziness and vertigo are common presenting complaints in the ED, and can potentially
be due to posterior circulation cerebral ischemia [33, 34].
While the prevalence of cerebrovascular etiologies explaining vertigo is low compared to vestibular and cardiovascular causes [33], clinicians should ensure no other findings
of posterior circulation cerebral ischemia (e.g. pathologic
nystagmus, dysmetria, ataxia, diplopia, dysarthria, and lateralizing weakness to name a few) are present in patients
with vertigo before making the diagnosis of a stroke mimic.
A strength of our study is that it is a large multicenter prospective cohort study involving 14 different
EDs. All patients were seen and enrolled in the ED,
and we extracted a large number of historical, clinical, and diagnostic variables. Further, 90-day stroke
outcomes were adjudicated by blinded committees of
stroke specialists including two stroke neurologists and
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one experienced emergency physician (two sites without
two stroke neurologists used two experienced emergency
physicians and if they disagreed with the local stroke
neurologist, an external stroke neurologist verified their
adjudication).

Limitations
Our study has some limitations. First, the transition from a
“time-based” to a “tissue-based” definition of TIA presents
challenges due to the variable use of MRI. In an attempt to
mitigate this issue, we used a combination of “TIA” and
“stroke” to determine cerebral ischemia confirmation to
capture all focal cerebral ischemic events. While we believe
that this is a small limitation as the goal of TIA and stroke
care is the prevention of a subsequent stroke, MRI has been
shown to potentially confirm cerebral ischemia in patients
who were deemed to clinically not have experienced a TIA
or stroke and will likely have an increasingly important role
in cases of suspected TIA with negative CT [25].
Second, approximately 20% of patients had missing values on at least one predictor variable; however, no patients
were excluded from analysis as we used state of the art multiple imputation methodology for dealing with missing values. No single variable had more than 5% missing values.
Given that the multiple imputation procedure used all available information to create a complete dataset for analysis,
we do not anticipate substantial bias due to missing values.
Third, our gold standard diagnosis for cerebral ischemia
was based on a neurologist’s clinical evaluation of the
patient and interpretation of all the tests and information
available. Since the timing of neurology consultation was
often after the patient’s index ED visit (i.e. within 90 days),
neurologists would have more information available (e.g.
CT, MRI, carotid Doppler, echocardiograms) to help them in
making the diagnosis. MRI was only performed on 12.7% of
patients; however, this reflects the practice of most Canadian
tertiary stroke centres.
Fourth, some emergency physicians may not have definitively diagnosed a TIA or minor stroke but referred patients
to a neurologist for further assessment to “rule out” this
diagnosis. As such there may be some misclassification in
both directions: falsely concordant when emergency physicians did not really think that it was cerebral ischemia
but with further time and assessments this diagnosis was
confirmed, versus falsely discordant when emergency physicians thought that it was cerebral ischemia but new information available after the index visit allowed neurologists
to rule out this diagnosis. Although the degree of misclassification is difficult to quantify, we believe that its impact in
our study was relatively small given that most patients had

817

most of their testing (including cerebral imaging) completed
in the ED.
Fifth, our study did not delineate anterior circulation vs.
posterior circulation stroke syndromes. The presentation of
posterior circulation cerebral ischemia is unique and mandates a comprehensive cerebellar and brainstem examination. Further studies would be needed to explore whether
the predictors of cerebral ischemia differ between anterior
and posterior circulation events.
Lastly, it is also possible that our study underestimates
the confirmation rate, given that neurologists had a final
diagnosis of “symptoms not yet determined” in over 1/3 of
patients. At least some of these patients likely had a true
cerebral ischemic event at the time of their initial assessment. In a recent prospective study of patients with low-risk
TIA symptoms, MRI identified infarcts in 13.5% of patients,
the diagnosis was altered in 30% of patients, and the risk
of recurrent stroke at 1 year was 0.7%, similar to the 0.5%
risk of recurrent stroke within 90 days in the patients in our
cohort for whom neurologists disagreed with the diagnosis
of cerebral ischemia [35]. Of the patients that neurologists
made an identifiable diagnosis (i.e., excluding those with
final diagnosis of “symptoms NYD”), the diagnosis of TIA
or non-disabling stroke was confirmed in 66.8% of patients.
Since our cohort represents only patients referred from the
ED, it is possible that the incidence of stroke mimics in other
settings would differ.

Future research
Future studies should explore the safety of using a set of
clinical predictors to rule out cerebral ischemia in patients
deemed at low risk of TIA or stroke, including patient outcomes and resource utilization. Moreover, how the prognosis of patients with clinical predictors for stroke-mimics
identified in this study compares between patients with and
without cerebral ischemia on MRI remains to be elucidated.

Conclusions
We have identified a set of patient characteristics that are
associated with confirmation of cerebral ischemia by neurologists and presence of a stroke mimic. Patients who had
a diagnosis of cerebral ischemia confirmed by neurologists
experienced a significantly higher subsequent rate of stroke
compared to patients with alternate diagnoses. Physicians
should have a high index of suspicion of stroke and TIA
in patients with advanced age, smoking history, language
disturbance, or infarcts on CT. Physicians should think carefully before pursuing stroke investigations or initiating therapies in patients deemed at minimal risk of cerebral ischemia,
including those presenting with vertigo in the absence of
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other findings of posterior circulation cerebral ischemia,
confusion, syncope, or bilateral symptoms.
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