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Diagnosis of non-consensus transient ischaemic attacks with 
focal, negative, and non-progressive symptoms: 
population-based validation by investigation and prognosis
Maria A Tuna, Peter M Rothwell, on behalf of the Oxford Vascular Study

Summary
Background Diagnosis of transient ischaemic attacks (TIAs) can be difficult. There is consensus on classic symptoms 
(eg, motor weakness, dysphasia, hemianopia, monocular visual loss) but no consensus on several monosymptomatic 
events with sudden-onset, non-progressive, focal negative symptoms (eg, isolated diplopia, dysarthria, vertigo, ataxia, 
sensory loss, and bilateral visual disturbance), with much variation in investigation and treatment.

Methods We prospectively ascertained and investigated all strokes and sudden onset transient neurological symptoms in 
a population of 92 728 people (no age restrictions) from Oxfordshire, UK, who sought medical attention at nine primary 
care practices or at the John Radcliffe Hospital, Oxford, UK (Oxford Vascular Study). Patients classified at baseline with 
minor ischaemic stroke (National Institutes of Health Stroke Score <5), classic TIA, or non-consensus TIA were treated 
according to secondary prevention guidelines. Risks of stroke (7-day, 90-day, and 10-year risks) and risks of all major 
vascular events (from the time of first event, and from the time of seeking medical attention) were established by face-to-
face follow-up visits and were compared with the risk expected from age and sex-specific stroke incidence in the 
underlying study population.

Findings Between April 1, 2002, and March 31, 2018, 2878 patients were identified with minor ischaemic stroke 
(n=1287), classic TIA (n=1021), or non-consensus TIA (n=570). Follow-up was to Oct 1, 2018 (median 5·2 [IQR 2·6–9·2] 
years). 577 first recurrent strokes after the index event occurred during 17 009 person-years of follow-up. 90-day stroke 
risk from time of the index event after a non-consensus TIA was similar to that after classic TIA (10·6% [95% CI 
7·8–12·9] vs 11·6% [95% CI 9·6–13·6]; hazard ratio 0·87, 95% CI 0·64–1·19; p=0·43), and higher than after amaurosis 
fugax (4·3% [95% CI 0·6–8·0]; p=0·042). However, patients with non-consensus TIA were less likely to seek medical 
attention on the day of the event than were those with classic TIA (336 of 570 [59%] vs 768 of 1021 [75%]; odds ratio 
[OR] 0·47, 95% CI 0·38–0·59; p<0·0001) and were more likely to have recurrent strokes before seeking attention 
(45 of 570 [8%] vs 47 of 1021 [5%]; OR 1·77, 95% CI 1·16–2·71; p=0·007). After excluding such recurrent strokes, 7-day 
stroke risk after seeking attention for non-consensus TIA (2·9% [95% CI 1·5–4·3]) was still considerably higher than 
the expected background risk (relative risk [RR] 203, 95% CI 113–334), particularly if the patient sought attention on 
the day of the index event (5·0% [2·1–7·9]; RR 300, 137–569). 10-year risk of all major vascular events was similar for 
non-consensus and classic TIAs (27·1% [95% CI 22·8–31·4] vs 30·9% [27·2–33·7]; p=0·12). Baseline prevalence of 
atrial fibrillation, patent foramen ovale, and arterial stenoses were also similar for non-consensus TIA and classic TIA, 
although stenoses in the posterior circulation were more frequent with non-consensus TIA (OR 2·21, 95% CI 
1·59–3·08; p<0·0001).

Interpretation Patients with non-consensus TIA are at high early and long-term risk of stroke and have cardiovascular 
pathological findings on investigation similar to those of classic TIA. Designation of non-consensus TIAs as definite 
cerebrovascular events will increase overall TIA diagnoses by about 50%.
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Introduction
Up to 25% of strokes are preceded by a transient 
ischaemic attack (TIA).1 The early risk of stroke after a 
TIA is high, and urgent investigation and treatment are 
required.2–4 In particular, treatment with antiplatelets 
is needed because these drugs substantially reduce the 
risk of early recurrent stroke.5 Diagnosis of TIA usually 
relies on the patient’s description of symptoms and on 

the ability of clinicians to interpret them correctly.6–8 
However, the high-level definition of TIA as a sudden, 
focal neuro log ical deficit of presumed vascular origin 
lasting less than 24 h8,9 provides no guidance on which 
symptoms are likely to be vascular in origin.

Agreement between clinicians regarding diagnosis 
of TIA is only moderate.10–14 Diagnostic criteria of the 
National Institute of Neurological Disorders and Stroke 
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(NINDS) were developed by expert consensus to aid 
clinical practice and recruitment into research.9 Spe-
cifically, these criteria disqualify several sudden onset 
and focal monosymptomatic events deemed not to be 
TIAs, including isolated diplopia, dysarthria, vertigo, 
ataxia, sensory loss, and bilateral visual impairment.9 
The argument is that these isolated symptoms often have 
a non-vascular cause,8,9 but interobserver agreement in 
diagnosis between clinicians is poor.11,15

Current guidelines on management of TIAs simply 
refer back to the NINDS consensus for diagnosis,9,16 or 
ignore interobserver reproducibility of clinical diagnosis, 
and they focus on imaging criteria for minor stroke.17,18 
However, since most patients with TIA have no acute 
ischaemia on imaging,19–21 symptom-based diagnosis 
remains the mainstay of clinical practice. Most textbooks 
still reiterate the NINDS criteria for diagnosis of TIA,22,23 
and patients with non-consensus symptoms of TIA 
remain ineligible for treatment trials and other research 
studies (appendix p 3).3,4,24,25

Frequently, patients with non-consensus events are not 
investigated or treated as TIAs in practice. However, in 
view of the benefits of urgent treatment after TIA,5 if 
stroke risk is increased early after non-consensus TIA, 
it is vital that patients are not left untreated. Equally, if 
long-term stroke risk is low, life-long medication should 
not be prescribed unnecessarily.

Although the long-term risk of stroke after classic 
symptoms of TIA (including motor weakness, dysphasia, 
hemianopia, and monocular visual loss) is known to be 
high,26,27 few data have been published on the prognosis 

of non-consensus events. Long-term risk of stroke and 
other vascular events is increased after atypical transient 
neurolo gical events,28–30 but previous studies have 
grouped together many different syndromes, typically 
including events with positive or progressive symp toms 
(eg, suggestive of transient neurological attacks) as well 
as non-consensus TIAs.28,29 In a previous study, we 
reported high rates of transient, focal, negative mono-
symptomatic events in the days preceding posterior 
circu lation strokes on retrospective questioning.31 
However, since prospective data for prognosis have 
previously been vital in differentiating other conditions 
with transient symp toms from TIAs,32,33 we set up a 
prospective study of all acute suspected cerebrovas-
cular events. Here, we report the incidence, clinical 
characteristics, investigation, and prognosis of non-
consensus TIAs (ie, certain monosymptomatic events 
with sudden onset, non-progressive, focal deficits) 
compared with classic TIAs (panel), with short-term 
stroke risk stratified by two potentially confounding 
factors—delay to presentation34 and early antiplatelet 
treatment.5

Methods
Study design and participants
The Oxford Vascular Study (OXVASC) is a prospective 
population-based study of the incidence and outcome 
of all cerebrovascular (stroke and TIA), cardiovascular, 
and peripheral vascular events in a population of 
92 728 individuals, irrespective of age, registered with 
nine primary care practices (roughly 100 primary care 

Research in context

Evidence before this study
We did a systematic review of studies of the prognosis of 
atypical transient ischaemic attacks (TIAs). We searched Embase 
and MEDLINE databases for articles published in English up to 
Dec 1, 2019, using the terms “transient ischaemic attack”, “TIA”, 
“atypical TIA”, “non-focal TIA”, “transient neurological attack”, 
“non-specific transient neurological symptoms”, and “TIA 
mimics”. Studies were selected if they included patients with 
TIA or other transient neurological symptoms without a 
non-vascular diagnosis. Our search retrieved no previous study 
of the prognosis of transient, sudden onset monosymptomatic 
events as a whole. We identified three studies (Dutch trial, 
Rotterdam Study, and SOS-TIA) in which the risk of stroke and 
other vascular events was determined after an atypical TIA or 
transient neurological attack (appendix p 2). In the Dutch trial, 
572 patients had atypical symptoms (a mix of positive, 
negative, sudden, or progressive non-focal symptoms in 
isolation or combination) and 2555 patients had symptoms of 
classic TIA. The 5-year risk of stroke after atypical TIA was lower 
than after classic TIA (hazard ratio 0·6, 95% CI 0·4–0·9). 
The Rotterdam Study identified 548 patients with transient 
neurological attacks, with diagnosis based on patients’ recall 

months to years later and on retrospective review of medical 
records, but this study excluded patients with 
monosymptomatic events. In the SOS-TIA clinical study, 
patients with atypical transient isolated symptoms (four of 172) 
had a similar 1-year risk of major vascular events to patients 
with isolated typical TIA symptoms (11 of 607).

Added value of this study
We did a large, prospective, population-based, longitudinal 
cohort study of all suspected TIAs and minor strokes, 
irrespective of age, with near-complete ascertainment of 
patients seeking medical attention. Events were prospectively 
classified at baseline as definite classic TIA or non-consensus TIA 
(sudden onset of isolated non-progressive negative 
monosymptomatic events) and were similarly investigated and 
treated according to secondary prevention guidelines.

Implications of all the available evidence
We found that non-consensus TIAs had high early and long-term 
risks of stroke and had cardiovascular pathological findings on 
investigation similar to those of classic TIA. Our findings indicate 
that monosymptomatic events should be managed as TIAs and 
should not be excluded from treatment trials.

See Online for appendix
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doctors) in Oxfordshire, UK (appendix pp 5–6).35,36 
In the UK, about 99% of residents register with primary 
care, which holds a life-long record of all consultations 
and investigations with primary and secondary care 
providers. The OXVASC population is 94% white 

European, 3·1% Asian, 1·5% Chinese, and 1·4% Afro-
Caribbean and has a broad range of social deprivation.35,36

As part of OXVASC, we prospectively ascertained all 
individuals with stroke and all people who sought 
medical attention in primary or secondary care with 
sudden onset transient neurological symptoms. Acute 
secondary care services to the OXVASC population 
are provided by one hospital (John Radcliffe Hospital, 
Oxford, UK). All participating primary care doctors were 
requested to refer patients who presented with new 
sudden onset transient neurological symptoms to a daily 
TIA and stroke clinic, which provided urgent clinical 
investigation and treatment as part of OXVASC. Annual 
reminders were sent to primary care staff throughout the 
study.

Multiple other sources were used to achieve near-
complete identification of patients presenting to 
medical attention with possible TIA or stroke.35,36 First, 
we made daily visits to the emergency department of 
the John Radcliffe Hospital to identify patients with a 
diagnosis of TIA or stroke, or with symptoms of a non-
consensus TIA. Second, we made daily visits to the 
hospital’s acute stroke unit, neurology wards, and 
coronary care unit, and via bereavement officers we 
identified patients brought into the hospital dead or 
who died soon after arrival. Third, by cross-referral to 
the study TIA and stroke clinic, we identified patients 
with possible TIA or minor stroke who were seen at the 
John Radcliffe Hospital, the eye-hospital emergency 
department at the John Radcliffe Hospital, or in other 
clinics at the hospital. Fourth, we regularly searched 
the John Radcliffe Hospital’s computerised diagnostic 
records for patients with symp toms of TIA or stroke. 
Fifth, we made regular searches of records of requests 
for brain or neurovascular imaging at the John Radcliffe 
Hospital. Finally, we did monthly searches of primary 
care computer records for vascular diagnoses.

Patients were seen by study doctors as soon as pos-
sible after their initial presentation. Written informed 
consent was obtained from all patients, or assent was 
obtained from relatives of patients with dementia or 
receptive dysphasia. Patients who had an event while 
temporarily away from Oxfordshire were included on 
their return, but visitors to Oxfordshire not normally 
registered with a study general practice were excluded.

Procedures
Using a standard form, we recorded baseline demo-
graphic data, risk factors, clinical history, and symptoms, 
including duration of attack and number of attacks. 
Severity of stroke was assessed using the National 
Institutes of Health Stroke Scale (NIHSS).37

All cases were reviewed by the study’s senior 
neurologist (PMR) and classified prospectively, usually 
on the day of ascertainment, as either non-vascular 
conditions (eg, migraine aura or seizure), stroke, classic 
TIA, or non-consensus TIA. Patients with transient 

Panel: Prospective classification of the most common symptoms of classic TIA versus 
non-consensus TIA used in the Oxford Vascular Study

Classic TIA
Motor weakness
Sudden onset of transient motor weakness in one or more body segment (face, arm, 
hand, leg)

Dysphasia
Sudden onset of transient expressive or receptive dysphasia, or both

Sensory loss
Sudden onset of transient sensory loss in two or more body segments (face, arm, hand, 
or leg)

Hemianopia or quadrantanopia
Sudden onset of transient visual loss in part of the visual field (homonymous hemianopia 
or quadrantanopia)

Monocular visual loss
Sudden onset of transient monocular visual loss

Vertigo plus
Sudden onset of transient vertigo plus other TIA symptoms

Diplopia plus
Sudden onset of transient diplopia plus other TIA symptoms

Dysarthria plus
Sudden onset of transient dysarthria plus other TIA symptoms

Ataxia plus
Sudden onset of transient ataxia plus other TIA symptoms

Non-consensus TIA
Vertigo only
Sudden onset of new non-recurrent isolated vertigo (with or without nausea or 
vomiting) not precipitated by head movement or trauma, and without associated ear 
pain, tinnitus, or hearing loss; cases with non-specific dizziness or light headedness are 
excluded

Ataxia only
Sudden onset of transient unsteadiness of gait without any other cause

Diplopia only
Sudden onset of transient isolated binocular double vision without an obvious ocular 
(eg, retinal detachment) or neuromuscular cause

Dysarthia only
Sudden onset of transient isolated slurred speech

Bilateral decreased vision only
Sudden onset of transient isolated bilateral visual impairment (excluding hemianopia or 
quadrantanopia) without associated positive symptoms

Single segment sensory loss only
Sudden onset of transient isolated unilateral numbness in only one body segment (face, 
arm or hand, or leg) without march

TIA=transient ischaemic attack.
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positive visual or sensory symptoms or progressive 
symptoms suggestive of transient neurological attacks 
were excluded from this analysis and will be reported 
separately. Non-consensus TIA was prospectively 
sub classified using predefined definitions (panel), as 
isolated vertigo, isolated ataxia, isolated diplopia, non-
dysphasic isolated speech disturbance (slurred speech), 
isolated bilateral decreased vision, or isolated unilateral 
sensory symp toms involving only one body part 
(eg, face, arm, hand, or leg). In view of known differences 
in prognosis,23,24 classic TIAs were subclassified as 
amaurosis fugax, cerebral TIA involving motor weak-
ness, or cerebral TIA without motor weakness. Stroke 
was defined according to WHO criteria;38 classic TIA and 
non-consensus TIA were also classified according to the 
likely vascular territory (anterior, posterior, or uncertain).

Since not all patients with TIA-like symptoms seek 
medical attention, with some people delaying for several 
days or weeks,34,39 and with the possibility that delays 
might differ depending on the nature of symptoms, we 
did not want to bias our analysis by excluding early 
recurrent strokes that occurred before seeking medical 
attention. All patients were also, therefore, asked about 
any sudden onset transient neurological symptoms or 
stroke-like events that they had experienced over the 
90 days before the event for which they first sought 
medical attention. Any such events were also classified 
by PMR as either non-vascular conditions, stroke, classic 
TIA, or non-consensus TIA.

Patients were investigated with blood tests, brain 
imaging, electrocardiography, and vascular imaging. From 
2002 to 2009, CT brain imaging and extracranial carotid 
doppler ultrasound imaging were first-line investi gations, 
but from 2009 onwards, patients underwent brain MRI 
with diffusion-weighted imaging or magnetic resonance 
angio graphy of the cerebral and extracranial vessels (or CT 
angiography if contraindicated). From 2011, patients also 
had transthoracic echocardiography, 5-day ambulatory 
cardiac rhythm monitoring to detect paroxysmal atrial 
fibrillation, and transcranial bubble doppler to detect patent 
foramen ovale. Details of these investigations have been 
published previously.40,41

Patients whose symptoms were found on initial 
brain imaging to be due to a brain tumour, subdural 
haematoma, or vascular malformation were classified as 
TIA mimics and were excluded. However, for this 
analysis, the initial symptomatic diagnosis of classic 
TIA, non-consensus TIA, or minor stroke was not 
altered in light of findings of acute or previous ischaemia 
on brain imaging or of arterial stenosis on vascular 
imaging.

Patients with non-consensus TIA, classic TIA, and 
minor stroke who were referred to the study TIA or stroke 
clinic were given secondary prevention, including acute 
antiplatelet treatment (oral aspirin 300 mg loading and 
75 mg daily, with or without clopidogrel 300 mg loading 
and 75 mg daily, for 1 month) or anticoagulation as 

appropriate, long-term antiplatelet treatment (75 mg 
aspirin or clopidogrel daily), blood-pressure lowering 
(usually starting with perindopril and indapamide), and 
lipid-lowering (usually with atorvastatin 40–80 mg). 
Patients who were first seen in the emergency department 
or elsewhere before referral to the study clinic were 
initially managed acutely according to the judgment of 
the treating doctor.

Patients were followed up at face-to-face visits at 
1 month, 6 months, and 1, 5, and 10 years, to identify 
recurrent events. Recurrent events were also identified 
acutely by ongoing daily ascertainment in the OXVASC 
population, including a final computerised search of 
primary care practice diagnostic codes at the end of 
follow-up (on Oct 1, 2018). Recurrent stroke was defined 
according to the WHO definition (ie, requiring symp-
toms lasting at least 24 h). Whenever a recurrent stroke 
occurred, patients were seen by a study doctor and cases 
were reviewed by the senior neurologist (PMR). If a 
patient moved out of the area or to another primary care 
practice, follow-up was done by phone. All patients were 
also flagged with the Office for National Statistics such 
that all death certificates were obtained, and additional 
information was gathered on all out-of-hospital deaths 
from the Coroner’s Office.

Statistical analysis
Analyses included all patients with their first (in the 
study period) classic TIA, non-consensus TIA, or minor 
ischaemic stroke (NIHSS <5).37 Analyses were done with 
SPSS, version 25. Missing data are reported and no data 
were imputed.

Age-specific incidence rates (per 1000 population per 
year) were calculated for classic TIA and non-consensus 
TIA. Since comparisons were within-population, rates 
were not standardised. We calculated 95% CIs using 
Poisson distribution or normal approximation, as 
appropriate.

We compared baseline characteristics, investigations 
(including acute lesions on diffusion-weighted imaging 
and site-specific ≥50% arterial stenosis on magnetic 
resonance angiography or CT angiography), and out-
comes between classic TIA, non-consensus TIA, and 
minor ischaemic stroke. Continuous variables were 
expressed as mean (SD) and categorical variables as 
counts and frequencies. Continuous variables were 
compared by ANOVA and categorical variables with 
either the χ² test or Fisher’s exact test (when the expected 
cell frequency was <5). We deemed p values less than 
0·05 significant. We also calculated ABCD2 and Essen 
stroke risk scores and compared these between groups.25,42

Cumulative risks of recurrent stroke during follow-up 
(7-day, 90-day, and 10-year risks) were estimated by 
Kaplan-Meier analysis, censored at the time of the 
outcome event, death, or end of follow-up (Oct 1, 2018), 
and risks compared by the log-rank test. Analysis was 
based on risk from the time of the first ever TIA or stroke 
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in the study period (index event). The stroke risk in this 
analysis included some patients who only presented to 
medical attention after they had the stroke but who 
reported a recent (<90 days) TIA. However, since an 
unknown number of patients will have had a TIA but not 
sought medical attention and not subsequently had a 
stroke, analyses were repeated including only patients 
who sought medical attention after the index event 
(ie, excluding recurrent strokes that occurred before 
seeking attention).

The analysis of 7-day and 90-day risks of stroke from 
the time of seeking medical attention was also stratified 
by two potentially confounding factors, delay to presen-
tation (same day vs delay ≥1 day) and early antiplatelet 
treatment (started on or before first presentation to 
medical attention vs delayed), both of which are very 
strongly related to early risk of recurrent stroke.2,34 Using 

contemporaneous OXVASC data for age-specific and 
sex-specific incidence of stroke in the underlying study 
population, we also calculated the extent to which 7-day 
and 90-day stroke risks from time of seeking medical 
attention after a non-consensus TIA were greater than 
those expected based on the background population 
stroke incidence rate.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
Between April 1, 2002, and March 31, 2018, 2878 patients 
were identified with minor ischaemic stroke (n=1287), 
classic TIA (n=1021), or non-consensus TIA (n=570). Of 
the 570 patients with non-consensus TIAs, 210 reported 
isolated vertigo or isolated ataxia, 157 isolated sensory 
loss, 99 bilateral decreased vision without positive 
symptoms, 57 isolated dysarthria, and 47 isolated diplopia 
(figure 1).

Follow-up was to Oct 1, 2018 (median 5·2 [IQR 2·6–9·2] 
years). The annual incidence of non-consensus TIA was 
51·0 (95% CI 46·9–55·3) cases per 100 000 population, 
which was lower than that of classic TIA (91·3 [95% CI 
85·8–97·1] cases per 100 000 population), but incidence 
of both types of TIA increased steeply with age 
(appendix pp 7–8). Patients with non-consensus TIA 
were younger than were those with classic TIA (mean 
age 68·5 [SD 14·1] years vs 72·9 [13·6] years; p<0·0001; 
table 1), had fewer vascular risk factors and a lower 
frequency of previous stroke (24 [4%] vs 69 [7%]; 
p=0·038), and were less likely to be taking antithrombotic 
drugs before the index event (177 [31%] vs 379 [37%]; 
p=0·015).

On baseline investigation, patients with classic TIA and 
non-consensus TIA had similar rates of atrial fibrillation 
on 5-day ambulatory monitoring (26 of 413 [6%] vs 14 of 
198 [7%]; p=0·70), patent foramen ovale (84 of 263 [32%] 
vs 46 of 115 [40%]; p=0·16), and any arterial stenosis 50% 
or greater on cerebrovascular imaging (249 of 896 [28%] 
vs 126 of 467 [27%]; p=0·75). However, more patients with 
non-consensus TIA had arterial stenosis of 50% or greater 
in the posterior circulation than did those with classic 
TIA (84 of 467 [18%] vs 80 of 896 [9%]; odds ratio [OR] 2·21, 
95% CI 1·59–3·08; p<0·0001), particularly those with 
syndromes (eg, vertigo or ataxia, diplopia, and bilateral 
decreased vision) that localise to the posterior circulation 
(table 2).

From 2009 onwards, MRI was done in 349 patients 
with classic TIA versus 228 patients with non-consensus 
TIA. Acute ischaemic lesions on diffusion-weighted 
imaging were more frequent after classic TIA versus 
non-consensus TIA (58 of 349 [17%] vs 21 of 228 [9%]; 
p=0·013), although the frequency was similar for 
classic TIA affecting the posterior circulation (seven of 

Figure 1: MRIs of sudden onset monosymptomatic non-consensus TIAs in eight different patients with a 
causative ischaemic lesion
(A) Two patients with transient isolated dysarthria. (i) 59-year-old patient who had 30 s episode of slurred speech; 
examination normal; MRI shows restricted diffusion in right post-central gyrus; MRA normal; grade 2 shunt on 
bubble TCD. (ii) 64-year-old patient who had sudden onset isolated slurred speech for 12 h, which fully resolved; 
examination normal next day; MRI shows restricted diffusion in left parietal cortex; MRA normal; grade 2 shunt on 
bubble TCD. (B) Two patients with transient isolated vertigo or ataxia. (iii) 65-year-old patient with sudden onset 
isolated vertigo, which lasted 3 min; several recurrences over next few hours; examination showed nystagmus on 
left lateral gaze; CT brain scan in emergency department was normal; all symptoms resolved after 6·5 h; no hearing 
loss or tinnitus, but reported episodes of isolated unsteadiness lasting a few seconds, occurring daily for several 
weeks; MRI shows partial right PICA territory infarct, with tight stenosis of the proximal right vertebral artery on 
MRA. (iv) 45-year-old patient, heavy smoker, with sudden onset of rotatory vertigo and nausea lasting 12 h; 
examination normal the following day; MRI shows restricted diffusion in right cerebellum; MRA was normal. 
(C) Two patients with transient isolated double vision. (v) 64-year-old patient with sudden onset of double vision 
lasting 30 min; could see normally if covered either eye; saw an optician the following day and no abnormalities 
were detected; MRI shows restricted diffusion in right thalamus; MRA normal; grade 2 shunt on bubble TCD. 
(vi) 58-year-old patient woke up with diplopia, with one image diagonally above the other, which resolved on 
closing either eye; lasted 90 min but had mild headache for 24 h; past history of anxiety and migraine; 
examination normal; MRI shows restricted diffusion in right thalamus. (D) Two patients with transient isolated 
bilateral visual disturbance. (vii) 61-year-old patient with sudden onset blurring of the whole visual field; vision 
was not double; symptoms fully resolved after 30 min; examination normal; MRI shows restricted diffusion in right 
thalamus; MRA normal; grade 2 shunt on bubble TCD. (viii) 74-year-old with sudden onset blurring of whole visual 
field lasting 15 min; examination normal; MRI shows bilateral restricted diffusion in occipital lobes (arrows); 
CT angiography showed bilateral vertebral artery stenosis. MRA=magnetic resonance angiography. 
TCD=transcranial doppler. PICA=posterior inferior cerebellar artery.

A Transient isolated dysarthria B Transient isolated vertigo or ataxia

C Transient isolated diplopia D Transient isolated bilateral visual disturbance

i ii iii iv

v vi vii viii
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102 [7%]). In patients with non-consensus TIA, positive 
lesions on diffusion-weighted imaging occurred in 
seven of 96 patients with isolated vertigo or ataxia, 
three of 66 with isolated sensory loss, five of 14 with 
isolated dysarthria, four of 21 with isolated diplopia, and 
two of 31 with bilateral decreased vision (examples 
shown in figure 1).

During 17 009 person-years of follow-up, 577 patients 
had their first recurrent stroke after the index event, with 
279 happening after an index minor stroke, 199 after an 
index classic TIA, and 99 after an index non-consensus 
TIA. From the time of the index event, patients with 
non-consensus TIA had a similar 90-day stroke risk to 
patients with classic TIA (10·6% [95% CI 7·8–12·9] vs 
11·6% [9·6–13·6]; hazard ratio [HR] 0·87, 95% CI 
0·64–1·19; p=0·43; table 1; figure 2) and a similar 90-day 
risk of stroke and acute cardiac events such as myo-
cardial infarction and sud den cardiac death (11·2% 
[95% CI 8·6–13·7] vs 12·9% [10·9–14·8]; p=0·29). The 
90-day stroke risk after a non-consensus TIA was lower 
than after a classic TIA with motor symptoms (10·6% 
[95% CI 7·8–12·9] vs 14·4% [11·5–17·3]; p=0·030), 
similar to risk after a classic cerebral TIA without motor 
symptoms (8·9% [6·0–11·8]; p=0·44), and higher 
than after amaurosis fugax (4·3% [0·6–8·0]; p=0·042; 
figure 3). The numbers of cases with each individual 
non-consensus TIA syndrome were too small to estimate 
risks reliably, but there was no heterogeneity in 90-day 
stroke risk (pheterogeneity=0·36).

98 patients had their first recurrent stroke after the 
index event before seeking medical attention, of which 
six were after an index minor stroke, 47 were after an 
index classic TIA, and 45 were after an index non-
consensus TIA, with a higher rate of recurrent stroke 
after non-consensus TIA than after classic TIA (45 of 
570 [8%] vs 47 of 1021 [5%]; OR 1·77, 95% CI 1·16–2·71; 
p=0·007). After excluding such events, 479 first recurrent 
strokes occurred during the 10 years after seeking 
medical attention, of which 273 were after a presenting 
minor stroke, 147 were after a presenting classic TIA, 
and 59 were after a presenting non-consensus TIA. 
The 10-year risk of intracranial haemorrhage was 2·4% 
(95% CI 0·0–4·8 [14 of 1021]) among patients with 
classic TIA versus 0·8% (95% CI 0·0–1·6 [ four of 570]) 
in patients with non-consensus TIA (p=0·16).

The 90-day stroke risk after seeking medical attention 
was higher after classic TIA (7·1% [95% CI 5·5–8·7]) 
than after non-consensus TIA (3·6% [2·1–5·1]; HR 2·0, 
95% CI 1·2–3·3; p=0·0070; table 1, figure 2), and was 
similar to that after minor stroke (6·2% [95% CI 
4·8–7·6]; p=0·32; table 1). However, patients with non-
consensus TIA were less likely to seek medical 
attention on the day of the event than were those with 
classic TIA (336 of 570 [59%] vs 768 of 1021 [75%]; 
OR 0·47, 95% CI 0·38–0·59; p<0·0001; appendix p 8) 
and were more likely to delay seeking medical attention 
for at least 3 days (191 of 570 [34%] vs 170 of 1021 [17%]; 

OR 2·30, 95% CI 1·78–3·07; p<0·0001). After adjusting 
for the greater delay in seeking medical attention after 
non-consensus TIA versus classic TIA, there was no 
longer any difference in the early risk of stroke after 
seeking attention (7-day adjusted HR 0·57, 95% CI 
0·27–1·22; p=0·15; 90-day adjusted HR 0·64, 95% CI 
0·36–1·12; p=0·12). Findings were similar after further 
adjustment for age, sex, and baseline vascular risk 
factors (7-day adjusted HR 0·75, 95% CI 0·42–1·36; 
p=0·35; 90-day adjusted HR 0·67, 95% CI 0·40–1·13; 
p=0·14). Moreover, the 7-day risk of stroke after seeking 
attention for non-consensus TIA (2·9% [95% CI 
1·5–4·3]; table 1) was considerably higher than the 

Non-consensus 
TIA (n=570)

Classic TIA 
(n=1021)

Minor stroke 
(NIHSS <5; 
n=1287)

p value (non-
consensus TIA 
vs classic TIA)

Age-
adjusted 
p value

Demographics

Age, years 68·5 (14·1) 72·9 (13·6) 72·4 (13·9) <0·0001 ··

Sex ·· ·· ·· 0·87 0·57

Male 281 (49%) 499 (49%) 664 (52%) ·· ··

Female 289 (51%) 522 (51%) 623 (48%) ·· ··

Clinical characteristics

Comorbidities

Hypertension 287 (50%) 558 (55%) 715 (56%) 0·099 0·99

Diabetes 54 (9%) 116 (11%) 183 (14%) 0·24 0·40

Hyperlipidaemia 151 (26%) 300 (29%) 358 (28%) 0·22 0·43

Atrial fibrillation* 63 (11%) 186 (18%) 219 (17%) <0·0001 0·010

Current smoker 74 (13%) 136 (13%) 241 (19%) 0·85 0·095

Coronary heart disease 66 (11%) 193 (19%) 250 (19%) <0·0001 0·015

Peripheral vascular 
disease

21 (4%) 53 (5%) 83 (6%) 0·17 0·45

Previous stroke 24 (4%) 69 (7%) 124 (10%) 0·038 0·12

Medication before event

Antithrombotic 177 (31%) 379 (37%) 488 (38%) 0·015 0·45

Antihypertensive 281 (49%) 555 (55%) 732 (57%) 0·053 0·99

Statin 148 (26%) 315 (31%) 359 (28%) 0·040 0·29

Stroke risk from time of index event

7-day events 38/570 90/1021 42/1287 ·· ··

7-day risk 6·7%  
(5·7–8·7)

8·8% 
(7·0–10·6)

3·3% 
(2·3–4·3)

0·12 0·14

90-day events 59/570 118/1021 93/1287 ·· ··

90-day risk 10·6% 
(7·8–12·9)

11·6% 
(9·6–13·6)

7·2% 
(5·8–8·6)

0·43 0·55

Stroke risk from time of seeking medical attention†

7-day events 15/521 53/986 38/1346 ·· ··

7-day risk 2·9%  
(1·5–4·3)

5·5%  
(5·0–6·8)

2·8% 
(1·8–3·8)

0·025 0·025

90-day events 19/521 70/986 83/1346 ·· ··

90-day risk 3·6%  
(2·1–5·1)

7·1%  
(5·5–8·7)

6·2% 
(4·8–7·6)

0·0070 0·019

Data are mean (SD), n (%), n/N, or % (95% CI). NIHSS=National Institutes of Health Stroke Score. TIA=transient 
ischaemic attack. *Patients with known atrial fibrillation before diagnosis or new atrial fibrillation at baseline 
assessment. †The analysis of stroke risk from time of seeking medical attention excludes 25 patients who presented 
with a major stroke and is stratified by the nature of the presenting event rather than the index event. 

Table 1: Baseline characteristics and 7-day and 90-day stroke risk in non-consensus TIA, classic TIA, and 
minor stroke
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expected background population stroke risk (age and 
sex adjusted relative risk [RR] 203, 95% CI 113–334), 
particularly if patients sought attention on the day 
of the index event (5·0%, 95% CI 2·1–7·9; RR 300, 
95% CI 137–569).

ABCD2 scores were lower in patients with non-
consensus TIA (mean 2·8) than in those with classic TIA 
(4·1; p<0·0001; appendix p 9). The score predicted 90-day 
stroke risk after seeking medical attention after classic 
TIA (9·1%, 95% CI 6·9–11·3 [59 of 645] for an ABCD2 

score ≥4 vs 2·2%, 0·6–3·8 [seven of 320] for an 
ABCD2 score <4; p<0·0001), but not after non-consensus 
TIA (2·7%, 95% CI 0·2–5·2 [ four of 147] vs 3·8%, 
1·8–5·8 [14 of 367]; p=0·53).

Patients with non-consensus TIA were less likely than 
were those with classic TIA to be treated (ie, treatment 
initiated or continued) with antiplatelets at first presen-
tation to medical attention. 134 (26%) of 521 patients with 
non-consensus TIA were untreated versus 106 (11%) of 
986 with classic TIA (p<0·0001). In untreated patients, 
the 90-day risk of stroke from time of seeking medical 
attention was similar after non-consensus TIA versus 
classic TIA (9·8%, 95% CI 4·7–14·9 [13 of 132] vs 11·1%, 
5·2–17·0 [12 of 110]; HR 0·89, 95% CI 0·40–1·90; p=0·77; 
figure 2). Patients with non-consensus TIA who received 
antiplatelets (ie, treatment was initiated or continued) 
had a lower 90-day risk of stroke after seeking attention 
than did those who were not treated (1·3%, 95% CI 
0·1–2·5 [five of 388] vs 9·8%, 4·7–14·9 [13 of 132]; 
p<0·0001), and this difference was seen both in patients 
referred directly to the study TIA or stroke clinic 
(two of 248 [1%] vs seven of 101 [7%]; p=0·0020) and in 
those seen first by other services (two of 173 [1%] vs six of 
31 [19%]; p<0·0001).

Prescription of drugs for secondary prevention 
remained higher at 1-month follow-up for patients 
with classic TIA than for those with non-consensus 
TIA. For example, antithrombotics were prescribed for 
955 (97%) of 986 patients with classic TIA versus 
422 (81%) of 521 with non-consensus TIA (p<0·0001). 
Antihypertensives were prescribed for 756 (77%) of 
986 patients with classic TIA versus 343 (66%) of 521 
with non-consensus TIA (p<0·0001). Statins were 
prescribed for 791 (80%) of 986 patients with classic TIA 
versus 329 (63%) of 521 with non-consensus TIA 
(p<0·0001). However, these differences were accounted 
for mainly by low-risk patients (ie, those with an Essen 
score ≤2), with less disparity seen in high-risk patients 
(appendix p 10).

The 10-year risk of stroke after seeking medical attention 
for non-consensus TIA was lower than that after classic 
TIA (15·0% [95% CI 11·1–18·9] vs 20·1% [16·6–23·6]; 
HR 1·5, 95% CI 1·1–2·0; p=0·010), but the difference 
between groups diminished after adjusting for time to 
seek medical attention (adjusted HR 0·78, 95% CI 
0·54–1·11; p=0·17) and for age, sex, and vascular risk 
factors (0·83, 0·58–1·20; p=0·33). The 10-year risk of all 
major vascular events was similar for patients with non-
consensus TIA and for those with classic TIA (27·1% 
[95% CI 22·8–31·4] vs 30·9% [27·2–33·7]; p=0·12; age and 
sex adjusted HR 1·06, 0·85–1·31; p=0·60; figure 4).

The 10-year stroke risk was similar for patients with 
non-consensus TIA, classic cerebral TIA without motor 
symptoms, and patients after amaurosis fugax, and did 
not differ between the individual non-consensus syn-
dromes (pheterogeneity=0·38; figure 3). Patients with non-
consensus TIA had lower Essen stroke risk scores than 

Intracranial or extracranial arterial stenosis ≥50% p value

Any anterior circulation Any posterior circulation

Classic TIA 193/896 (22%) 80/896 (9%) <0·0001

Non-consensus TIAs 55/467 (12%) 84/467 (18%) 0·0001

Isolated vertigo or ataxia* 23/169 (14%) 35/169 (21%) ··

Isolated diplopia* 7/45 (16%) 14/45 (31%) ··

Bilateral decreased vision* 9/83 (11%) 15/83 (18%) ··

Isolated dysarthria† 5/45 (11%) 6/45 (13%) ··

Unilateral sensory disturbance† 9/125 (7%) 13/125 (10%) ··

Data are n/N (%). 22 of 896 patients with classic TIA and 13 of 467 with non-consensus TIA had both anterior and 
posterior circulation stenosis. TIA=transient ischaemic attack. *Events likely to be due to posterior circulation ischaemia. 
†Events due to either posterior or anterior circulation ischaemia.

Table 2: Distribution of ≥50% arterial stenosis according to vascular territory on baseline investigation in 
patients who underwent vascular imaging

Figure 2: 90-day stroke risk in patients with classic TIA and non-consensus TIA
Plots show 90-day stroke risk from time of index event (A), from time of seeking medical attention (B), from time
of seeking medical attention in patients who sought attention on the day of the index event (C), and from time of
seeking medical attention in patients in whom antiplatelet treatment was not started at initial presentation (D). 
TIA=transient ischaemic attack.
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did those with classic TIA. 187 (36%) of 521 patients with 
non-consensus TIA and 496 (50%) of 986 with classic 
TIA had an Essen score greater than 2 (p<0·0001), but 
the Essen score predicted 10-year stroke risk in both 
groups (appendix p 11).

In patients with negative findings on diffusion-
weighted imaging in the MRI cohort (ie, 291 patients 
with classic TIA and 207 patients with non-consensus 
TIA), the long-term stroke risk after seeking medical 
attention (limited to 5 years because of shorter available 
follow-up) in those with non-consensus TIA was similar 
to the risk in patients with classic TIA (5·3% [95% CI 
1·7–8·8] vs 7·6% [3·1–12·0]; p=0·46).

Discussion
The evidence base for diagnosis of TIAs is limited. Since 
acute ischaemic lesions on diffusion-weighted imaging 
are present in relatively few patients with a definite 

Figure 3: 90-day stroke risk from time of index event in patients with classic TIA and non-consensus TIA 
Plots show 90-day stroke risk in patients with classic TIA and non-consensus TIA (A) and non-consensus TIA stratified by symptoms (B), and 10-year stroke risk from time of seeking medical attention 
in patients with classic TIA and non-consensus TIA (C) and non-consensus TIA stratified by symptoms (D). TIA=transient ischaemic attack.
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Figure 4: 10-year risk of all major vascular events in patients with non-consensus TIA, classic TIA, and minor 
ischaemic stroke
Plots show 10-year risk from time of index event (A) and from time of seeking medical attention (B). TIA=transient 
ischaemic attack.
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TIA,19,20 symptomatic diagnosis remains the mainstay of 
clini cal practice. However, the widely accepted high-level 
definition of TIA as a sudden onset, focal neurological 
deficit of presumed vascular origin lasting less than 
24 h8,9 provides no guidance on which symptoms are 
likely to be vascular in origin. Interobserver agreement 
between clinicians for diagnosis of classic TIA is good,11,14 
but there is only moderate agreement when all TIA 
referrals are included, even when written scenarios are 
used.11,12,14,43,44 This clinical disagreement, which is driven 
mainly by non-consensus TIAs,14,44–47 undermines effective 
management in the absence of a gold standard diagnostic 
test.

The low prevalence of acute ischaemic lesions on 
diffusion-weighted imaging, particularly in posterior 
circulation TIAs, means that there are currently only two 
indicators of the likely nature of non-consensus TIAs—
ie, the risk of subsequent stroke, and the frequency of 
vascular pathological findings on investigation. In our 
prospective population-based study of patients seeking 
medical attention with suspected TIAs or stroke, we 
noted that the risk of recurrent stroke after non-
consensus TIA was much higher than age-matched or 
sex-matched stroke incidence rates in the underlying 
population, overlapping with the risk after non-motor 
classic TIAs, and that frequencies of vascular patho-
logical findings were also similar to those in patients 
with classic TIA.

Our analysis of the short-term risk of recurrent stroke 
was stratified by two key confounders, delay to 
presentation and early antiplatelet treatment, both of 
which strongly affect the early risk of recurrent stroke.5,34 
Patients with non-consensus TIAs delayed seeking 
medical attention compared with those with classic TIAs, 
but the risks of recurrent stroke were similar for all 
patients who sought medical attention on the day of the 
index event (whether classic or non-consensus TIA). 
Patients with non-consensus TIAs were also less likely to 
be given immediate antiplatelet treatment when they did 
seek attention, and the high early risk of stroke in 
untreated patients was reminiscent of the early risk 
reported after classic TIAs in the era before urgent 
treatment was given.2 The risk of early recurrent stroke 
after non-consensus TIA was much lower in patients 
who were given immediate antiplatelet treatment, 
consistent with the effects of aspirin on early risk of 
recurrent stroke in randomised trials5 and with other 
studies of acute treatment.3,4

The ABCD2 score was lower in patients with non-
consensus TIA than in those with classic TIA, which was 
as expected based on the younger age of these patients, 
their absence of motor weakness, and fewer cases with 
speech disturbance. Use of a high ABCD2 score as an 
inclusion criterion in randomised trials of acute treat-
ment for TIA indirectly excludes patients with non-
consensus TIAs. Essen scores for longer term stroke risk 
were also lower in patients with non-consensus TIAs, 

partly reflecting the younger age, but 10-year risk of stroke 
or acute coronary events was similar to risk after classic 
TIAs when stratified by the Essen score.

Baseline rates of atrial fibrillation, patent foramen 
ovale, and stenosis of 50% or greater of the intracranial 
or extracranial arteries were similar in patients with non-
consensus TIA versus those with classic TIA, providing 
further evidence that non-consensus events do represent 
TIAs. That those non-consensus TIAs with symptoms 
usually localised to the posterior circulation had high 
rates of posterior circulation arterial stenosis is also 
supportive. Indeed, rates of stenosis in posterior circula-
tion non-consensus TIAs were higher than in posterior 
circulation classic TIAs.

Our study has several strengths. First, we had near-
complete ascertainment of all patients who sought 
medical attention with possible TIA or stroke in 
Oxfordshire, UK, which was facilitated by referral from 
the collaborating emergency department and by primary 
care doctors, who were regularly reminded to refer all 
patients with a possible TIA or minor stroke to the 
daily urgent assessment study clinic, even if symptoms 
were atypical. Second, we prospectively classified clinical 
events at first presentation (before recurrent events). 
Third, patients were assessed acutely by skilled stroke 
researchers so the most accurate descrip tion of events 
possible could be obtained, before symp toms were 
forgotten. Fourth, we had high rates of long-term 
face-to-face follow-up, supplemented by access to medical 
records and centralised diagnostic codes. Finally, the 
most important difference of our study from previous 
studies is the focus on the definable subset of non-
consensus transient, focal, negative monosymp tomatic 
events, rather than the catch-all and less clinically 
generalisable definitions of transient neurological attacks 
or atypical TIAs (appendix p 2), which include many 
different syndromes.

Our study has some limitations. First, it was done in 
Oxfordshire, UK, in a mainly white European population, 
and so results might not be generalisable to other 
settings. Second, although diagnostic classification was 
prospective and, therefore, blind to the occurrence of 
subsequent recurrent events, and it was based on 
prespecified syndrome descriptions, some element of 
subjective clinical judgment is inevi table. Moreover, the 
designation of an isolated symptom is dependent on the 
patient’s memory and the quality of recording a medical 
history. However, most patients were seen acutely, and a 
detailed clinical history was obtained by a dedicated 
clinical researcher rather than by a busy non-study 
clinician. Moreover, prespecified syndromic diagnosis is 
the basis of much medical practice and, thus, the 
prognosis of non-consensus TIA is likely to be broadly 
generalisable. Third, routine investigation with brain 
MRI was restricted to patients enrolled at a later stage in 
the cohort, but this method was then used consecutively, 
with no difference in imaging rates between classic TIAs 
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and non-consensus TIAs. Fourth, although 570 patients 
with non-consensus TIAs with isolated negative focal 
symptoms is, to our knowledge, the largest cohort 
assembled and followed up to date, further studies and 
pooled analyses would allow risk estimates to be 
calculated more reliably in individual clinical syndromes. 
Fifth, our analysis of stroke risk from the time of the 
index TIA included some patients who only presented to 
medical attention after they had a stroke, but it was 
unable to include an unknown number of patients who 
had a TIA but who did not seek medical attention and 
did not subsequently have a stroke. How ever, this bias 
applies to both classic TIAs and non-consensus TIAs, 
and we also reported prospective risks of stroke after 
seeking medical attention. Moreover, the 7-day stroke 
risk after seeking attention for non-consensus TIAs, if 
the patient sought attention on the day of the event, was 
high after non-consensus TIA (5%), 300 times higher 
than the expected background risk, and the risk in all 
non-consensus TIAs was similar to that after classic TIA 
without motor symptoms. Sixth, patients were classified 
based on the first event in the study period, but some 
patients subsequently had multiple events of different 
types, sometimes including both non-consensus and 
classic TIAs. Finally, we did not report data for other 
atypical TIA-like symptoms (eg, events with progressive, 
positive, or non-focal symptoms, including amyloid 
spells) or the number of patients with TIA mimics and 
non-vascular diagnoses. Patients with these events were 
identified and will be reported separately.

Our findings have several implications for clinical 
practice. First, they should help to improve reproducibility 
of clinical diagnoses of TIA and inform guidelines on 
diagnostic criteria. Second, patients with non-consensus 
TIAs should not be falsely reassured about the nature 
of their symptoms or about a benign prognosis but 
should be treated similarly to patients with classic TIA. 
The less steep increase in incidence of non-consensus 
TIAs versus classic TIAs with age (appendix pp 7–8) 
suggests that events in older patients were either being 
misdiagnosed in primary care and not referred or that 
older patients were not seeking medical attention. Third, 
patients with non-consensus TIAs should not be routinely 
excluded from clinical trials and other research studies. 
Fourth, in view of the substantial number of recurrent 
strokes that occurred before patients sought medical 
attention after both non-consensus TIAs and classic 
TIAs, public education is needed to encourage people to 
seek medical attention after sudden onset untoward 
neurological symptoms. Fifth, although designation of 
non-consensus TIAs as definite cerebrovascular events is 
justified by our findings, it will increase overall TIA 
diagnoses by about 50%, with implications for imaging 
capacity and other aspects of service provision. However, 
the health eco nomic case for urgent and intensive 
management of TIAs is strong.47 Finally, a broader defi-
nition of TIA is likely to lead to more referrals of TIA 

mimics for assessment. However, some of the non-
consensus syndromes (eg, isolated diplopia and isolated 
dysarthria) have relatively few mimics and, although the 
differential diagnosis of isolated vertigo includes initial 
presentations of several common conditions (eg, benign 
positional vertigo, Ménière’s disease, and labyrinthitis), 
most cases can be reliably differentiated and merit 
assessment anyway.

In conclusion, our findings show that several com-
mon, sudden onset, transient, isolated, negative, focal 
neurological symptoms (ie, non-consensus TIAs) are 
associated with high short-term and long-term risks of 
stroke and other acute vascular events, have similar rates 
of vascular pathological findings on baseline inves-
tigation to classic TIAs, and should be treated in the 
same way as are classic TIAs. That small ischaemic 
events might often cause short-lived and isolated 
neurological symptoms is not unexpected, since brain 
imaging in asymptomatic older individuals typically 
shows ischaemic lesions that have been completely 
silent.
Contributors
MAT ascertained some of the patients, extracted and collated data, 
did analyses, interpreted data, produced tables and figures, and co-wrote 
the manuscript. PMR conceived, designed, and directed the study, 
obtained funding, reviewed all patients and was clinically responsible for 
them, planned analyses, and co-wrote the manuscript. PMR had full 
access to all data in the study and had final responsibility for the decision 
to submit for publication.

Declaration of interests
We declare no competing interests.

Data sharing
Requests for access to data reported in this Article will be considered by 
PMR.

Acknowledgments
OXVASC was funded by the Wellcome Trust, National Institute for 
Health Research Oxford Biomedical Research Centre, Wolfson 
Foundation, Masonic Charitable Foundation, and British Heart 
Foundation. MAT was initially funded by a Gulbenkian Foundation PhD 
Scholarship. We acknowledge use of the facilities of the Acute Vascular 
Imaging Centre (John Radcliffe Hospital, Oxford, UK) and of the Oxford 
University Hospitals Foundation Trust.

References
1 Giles MF, Rothwell PM. Risk of stroke early after transient 

ischaemic attack: a systematic review and meta-analysis. 
Lancet Neurol 2007; 6: 1063–72.

2 Johnston SC, Gress DR, Browner WS, Sidney S. Short-term 
prognosis after emergency department diagnosis of TIA. 
JAMA 2000; 284: 2901–06.

3 Rothwell PM, Giles MF, Chandratheva A, et al. Effect of urgent 
treatment of transient ischaemic attack and minor stroke on early 
recurrent stroke (EXPRESS study): a prospective population-based 
sequential comparison. Lancet 2007; 370: 1432–42.

4 Lavallee PC, Meseguer E, Abboud H, et al. A transient ischaemic 
attack clinic with round-the-clock access (SOS-TIA): feasibility and 
effects. Lancet Neurol 2007; 6: 953–60.

5 Rothwell PM, Algra A, Chen Z, Diener HC, Norrving B, Mehta Z. 
Effects of aspirin on risk and severity of early recurrent stroke after 
transient ischaemic attack and ischaemic stroke: time-course 
analysis of randomised trials. Lancet 2016; 388: 365–75.

6 Sherman DG. Reconsideration of TIA diagnostic criteria. 
Neurology 2004; 62 (8 suppl 6): S20–21.

7 Koudstaal PJ, Gerritsma JG, van Gijn J. Clinical disagreement on 
the diagnosis of transient ischemic attack: is the patient or the 
doctor to blame? Stroke 1989; 20: 300–01.



Articles

912 www.thelancet.com   Vol 397   March 6, 2021

8 Landi G. Clinical diagnosis of transient ischaemic attacks. 
Lancet 1992; 339: 402–05.

9 Advisory Council for the National Institute of Neurological and 
Communicative Disorders and Stroke, National Institute of Health, 
Bethesda, Maryland. A classification and outline of cerebrovascular 
diseases II. Stroke 1975; 6: 564–16.

10 Kraaijeveld CL, van Gijn J, Schouten HJA, Staal A. Interobserver 
agreement for the diagnosis of transient ischaemic attacks. 
Stroke 1984; 4: 723–25.

11 Ferro JM, Falcão I, Rodrigues G, et al. Diagnosis of transient 
ischaemic attack by the nonneurologist: a validation study. 
Stroke 1996; 27: 2225–29.

12 Castle J, Mlynash M, Lee K, et al. Agreement regarding diagnosis of 
transient ischemic attack fairly low among stroke-trained 
neurologists. Stroke 2010; 41: 1367–70.

13 Prabhakaran S, Silver AJ, Warrior L, et al. Misdiagnosis of transient 
ischaemic attacks in the emergency room. Cerebrovasc Dis 2008; 
26: 630–35.

14 Schrock JW, Glasenapp M, Victor A, et al. Variables associated with 
discordance between emergency physician and neurologist diagnoses 
of transient ischaemic attacks in the emergency department. 
Ann Emerg Med 2002; 59: 19–26.

15 Koudstaal PJ, van Gijn J, Staal A, et al. Diagnosis of transient 
ischemic attacks: improvement of interobserver agreement by a 
check-list in ordinary language. Stroke 1986; 17: 723–28.

16 Feinberg WM, Albers GW, Barnett HJ, et al. Guidelines for the 
management of transient ischemic attacks: from the Ad Hoc 
Committee on Guidelines for the Management of Transient 
Ischemic Attacks of the Stroke Council of the American Heart 
Association. Circulation 1994; 89: 2950–65.

17 Easton JD, Saver JL, Albers GW, et al. Definition and evaluation of 
transient ischemic attack: a scientific statement for healthcare 
professionals from the American Heart Association/American 
Stroke Association Stroke Council; Council on Cardiovascular 
Surgery and Anesthesia; Council on Cardiovascular Radiology and 
Intervention; Council on Cardiovascular Nursing; and the 
Interdisciplinary Council on Peripheral Vascular Disease. 
Stroke 2009; 40: 2276–93.

18 Kernan WN, Ovbiagele B, Black HR, et al. Guidelines for the 
prevention of stroke in patients with stroke and transient ischemic 
attack: a guideline for healthcare professionals from the American 
Heart Association/American Stroke Association. Stroke 2014; 
45: 2160–236.

19 Kidwell CS, Alger JR, DiSalle F, et al. Diffusion MRI in patients 
with transient ischemic attacks. Stroke 1999; 30: 1174–80.

20 Sylaja PN, Coutts SB, Krol A, Hill MD, Demchuk AM, Group VS. 
When to expect negative diffusion-weighted images in stroke and 
transient ischemic attack. Stroke 2008; 39: 1898–00.

21 Degan D, Ornello R, Tiseo C, et al. Epidemiology of transient 
ischemic attacks using time- or tissue-based definitions: 
a population-based study. Stroke 2017; 48: 530–36.

22 Hankey GJ, Warlow CP. Transient ischaemic attacks of the brain 
and eye. Philadelphia, PA, USA: Saunders, 1994.

23 Warlow C, van Gijn J, Dennis M, et al. Stroke: practical 
management, 3rd edn. Oxford, UK: Blackwell Publishing, 2008.

24 Johnston SC, Rothwell PM, Nguyen-Huynh MN, et al. Validation 
and refinement of scores to predict very early stroke risk after 
transient ischaemic attack. Lancet 2007; 369: 283–92.

25 Rothwell PM, Giles MF, Flossmann E, et al. A simple score (ABCD) 
to identify individuals at high early risk of stroke after transient 
ischaemic attack. Lancet 2005; 366: 29–36.

26 Amarenco P, Lavallée PC, Labreuche J, et al. One-year risk of stroke 
after transient ischemic attack or minor stroke. N Engl J Med 2016; 
374: 1533–42.

27 Amarenco P, Lavallée PC, Monteiro Tavares L, et al. Five-year risk of 
stroke after TIA or minor ischemic stroke. N Engl J Med 2018; 
378: 2182–90.

28 Koudstaal PJ, Algra A, Pop GA, Kappelle LJ, van Latum JC, 
van Gijn J. Risk of cardiac events in atypical transient ischaemic 
attack or minor stroke. Lancet 1992; 340: 630–33.

29 Bos MJ, van Rijn MJ, Witteman JC, Hofman A, Koudstaal PJ, 
Breteler MM. Incidence and prognosis of transient neurological 
attacks. JAMA 2007; 298: 2877–85.

30 Lavallee PC, Sissani L, Labreuche J, et al. Clinical significance of 
isolated atypical transient symptoms in a cohort with transient 
ischemic attack. Stroke 2017; 48: 1495–500.

31 Paul NL, Simoni M, Rothwell PM. Transient isolated brainstem 
symptoms preceding posterior circulation stroke: 
a population-based study. Lancet Neurol 2013; 12: 65–71.

32 Dennis MS, Bamford JM, Sandercock PA, Warlow CP. 
Lone bilateral blindness: a transient ischaemic attack. Lancet 1989; 
333: 185–88.

33 Hodges JR, Warlow CP. Syndromes of transient amnesia: towards 
a classification—a study of 153 cases. J Neurol Neurosurg Psychiatry 
1990; 53: 834–43.

34 Wolters FJ, Li L, Gutnikov SA, Mehta Z, Rothwell PM. Medical 
attention seeking after transient ischemic attack and minor stroke 
before and after the UK Face, Arm, Speech, Time (FAST) public 
education campaign: results from the Oxford Vascular Study. 
JAMA Neurol 2018; 75: 1225–33.

35 Rothwell PM, Coull AJ, Giles MF, et al. Change in stroke incidence, 
mortality, case-fatality, severity, and risk factors in Oxfordshire, UK 
from 1981 to 2004 (Oxford Vascular Study). Lancet 2004; 
363: 1925–33.

36 Rothwell PM, Coull AJ, Silver LE, et al. Population-based study of 
event-rate, incidence, case fatality, and mortality for all acute 
vascular events in all arterial territories (Oxford Vascular Study). 
Lancet 2005; 366: 1773–83.

37 Brott T, Adams HP Jr, Olinger CP, et al. Measurements of acute 
cerebral infarction: a clinical examination scale. Stroke 1989; 
20: 864–70.

38 Bamford J, Sandercock P, Dennis M, Burn J, Warlow C. 
A prospective study of acute cerebrovascular disease in the 
community: the Oxfordshire Community Stroke Project, 
1981–86—2, incidence, case fatality rates and overall outcome at one 
year of cerebral infarction, primary intracerebral and subarachnoid 
haemorrhage. J Neurol Neurosurg Psychiatry 1990; 53: 16–22.

39 Giles MF, Flossman E, Rothwell PM. Patient behavior immediately 
after transient ischaemic attacks according to clinical 
characteristics, perception of the event, and predicted risk of stroke. 
Stroke 2006; 37: 1254–60.

40 Li L, Yiin GS, Geraghty OC, et al. Incidence, outcome, risk factors, 
and long-term prognosis of cryptogenic transient ischaemic attacks 
and ischaemic stroke: a population-based study. Lancet Neurol 2015; 
14: 903–13.

41 Mazzucco S, Li L, Binney L, Rothwell PM. Prevalence of patent 
foramen ovale in cryptogenic transient ischaemic attack and 
non-disabling stroke at older ages: a population-based study, 
systematic review, and meta-analysis. Lancet Neurol 2018; 17: 609–17.

42 Diener HC, Ringleb PA, Savi P. Clopidogrel for the secondary 
prevention of stroke. Expert Opin Pharmacother 2005; 6: 755–64.

43 Fonseca AC, Canhao P. Diagnostic difficulties in the classification 
of transient neurological attacks. Eur J Neurol 2011; 18: 644–48.

44 Wardlaw J, Brazzelli M, Miranda H, et al. An assessment of the 
cost-effectiveness of magnetic resonance, including diffusion-
weighted imaging, in patients with transient ischaemic attack and 
minor stroke: a systematic review, meta-analysis and economic 
evaluation. Health Technol Assess 2014; 18: 1–368.

45 Dutta D, Bowen E, Foy C. Four-year follow-up of transient ischemic 
attacks, strokes, and mimics: a retrospective transient ischemic 
attack clinic cohort study. Stroke 2015; 46: 1227–32.

46 Tarnutzer AA, Lee SH, Robinson KA, Wang Z, Edlow JA, 
Newman-Toker DE. ED misdiagnosis of cerebrovascular events in 
the era of modern neuroimaging: a meta-analysis. Neurology 2017; 
88: 1468–77.

47 Luengo-Fernandez R, Gray AM, Rothwell PM. Effect of urgent 
treatment for transient ischaemic attack and minor stroke on 
disability and hospital costs (EXPRESS study): a prospective 
population-based sequential comparison. Lancet Neurol 2009; 
8: 235–43.


