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ABSTRACT 

A Population-based Study of Transient Neurological Attacks: 

Incidence, Clinical Characteristics, Investigation, Aetiology and Prognosis 

 

Maria A. G. Tuna, Green Templeton College, University of Oxford 

 

Submitted for the degree of D.Phil., Trinity Term 2014 

 

Stroke is the second most common cause of death worldwide and the commonest cause of dependency, 
creates a huge societal burden and is responsible for billions of pounds in health and social care costs. 
About 30% of strokes occur in individuals with a previous transient ischaemic attack (TIA) or minor stroke. 
Effective prevention would minimise the consequences. However, the diagnosis of TIA is difficult, particularly 
by non-experts. About 50% of patients with a suspected TIA or minor stroke have atypical TIAs or a non-
vascular diagnosis (TIA/minor stroke mimics). Although there is some evidence that non-specific Transient 
Neurological Attacks (TNAs) have an increased risk of acute vascular events, the evidence is still both thin 
and controversial.   

The aim of my thesis has been to evaluate the burden of TIA/minor stroke mimics, TNAs and all acute 
cerebrovascular events among all referrals from the general population to a TIA clinic; to determine the 
reliability of clinical diagnosis of TIA and non-specific TNA; to improve the classification of non-specific 
TNAs; and to predict the risk of stroke and other major vascular events after a non-specific TNA and TNA 
syndromes.  

I have collected and analysed data from a population-based study, the Oxford Vascular Study (OXVASC). 
OXVASC is an ongoing prospective, population-based incidence study of all vascular diseases in all 
territories in Oxfordshire, UK, which started in 2002. The study population comprises approximately 92,728 
individuals registered with nine GP practices and uses multiple overlapping methods of "hot" and "cold" 
pursuit to identify patients with acute vascular events.  

The research described in this thesis has several clinically relevant findings which can contribute to 
improving the diagnosis and treatment of patients with suspected TIAs. First, I highlighted that TIA/minor 
stroke mimics (mimics) were responsible for one quarter of all suspected TIAs, had similar short- and long-
term risk of acute cardiac events as did TIAs, and that the majority (70%) of mimics were complex 
neurological conditions. Second, I showed that TIA/minor ischaemic strokes are each more common than 
major ischaemic strokes and that TIA/minor ischaemic stroke patients together had two-thirds of all recurrent 
strokes and two-thirds of all myocardial infarctions and sudden cardiac deaths. Moreover, the 10 years' 
cumulative risk of stroke in patients with TIA, minor stroke and major stroke was very high and the risk of 
death among all cerebrovascular events was greater than 50%. Third, I found that the crude incidence rate 
of TNAs per 1000 people in OXVASC was slightly higher than the crude incidence rate of TIAs (0.73 versus 
0.67) and increased with age. In addition, I reported that among TNA syndromes, transient isolated vertigo, 
unilateral sensory symptoms, migraine-aura like events and transient confusion had high incidence rates, 
whereas transient total paralysis and transient speech arrest had low incidence rates. Fourth, I showed that 
about one-third of TIAs seen in the first 10 years of OXVASC did not fulfil the classical criteria (NINDS-
negative TIA) and had the same short- and long-term risk of stroke as  NINDS-positive TIAs. Fifth, although 
the 90 days stroke risk after a TNA was lower than after a NINDS-positive TIA, in the post 90 days up to 10 
years period the risk of recurrent stroke was not significantly different between the two groups. Sixth, the 
risks of stroke were higher than expected in the background population in all TNA categories (focal-TNA, 
non-focal TNA and focal plus non-focal TNA) and all TNA syndromes (isolated brainstem syndrome, 
migraine-like syndrome, isolated sensory syndromes, isolated visual disturbance, isolated speech 
disturbance, transient confusion and transient unresponsiveness) except transient amnesia. Moreover, non-
focal TNAs and focal plus non-focal TNAs had a six times higher risk of stroke than expected and a similar 
risk to NINDS-positive TIAs. Finally, transient confusion and transient unresponsiveness  had a relative risk 
of stroke nine times higher than expected and twice the risk of NINDS-positive TIAs. 
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1.1 Transient Neurological Attacks and Transient Ischaemic Attacks: definitions 

The term "Transient Neurological Attack" (TNA) has been used to classify episodes of 

non-specific transient neurological symptoms of acute onset lasting less than 24 hours of 

uncertain aetiology.1 These TNAs were differentiated from focal transient neurological 

attacks of ischaemic origin (TIA)2 based on the description of symptoms.   

The concept of TIA emerged in the 1950s, with the observation by Miller Fisher, and 

others, that ischaemic stroke often followed transient neurological symptoms in the same 

arterial territory.3  

The classical TIA definition is an acute loss of focal brain or monocular function with 

symptoms lasting less than 24 hours and which is thought to be caused by inadequate 

cerebral or ocular blood supply as a result of arterial thrombosis, low flow or embolism 

associated with arterial, cardiac or haematological disease.4  

The diagnostic criteria for TIA were formulated in the first internationally accepted clinical 

classification for cerebrovascular disorders in 1975 by an ad hoc committee established 

by the Advisory Council for the American National Institute of Neurological and 

Communicative Disorders and Stroke (NINDS).2 TIAs were defined as episodes of 

temporary and focal cerebral dysfunction, rapid in onset (commonly 2-15 minutes, but 

occasionally lasting as long as 24 hours), which are attributable to dysfunction of one 

arterial territory of the brain. The resolution or disappearance of each episode is swift, 

ordinarily a few minutes at most.  

 

1.2 Diagnosis of a TIA 

The diagnosis of a TIA rests entirely on the skill with which the history is taken and in 

deciding the cause of symptoms.2,5 As the criteria represent interpretation of symptoms it 

can be difficult to differentiate a TIA from other disorders such as migraine, epilepsy, 
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presyncope, functional disorders and amyloid spells.6-12 Moreover, the observer 

agreement for the diagnosis of TIA among physicians is poor even among stroke-trained 

neurologists or with rating scales.7,8,13,14 

The typical history for TIA in the carotid system is a sudden onset of decrease or 

absence of motor or sensory function (of one extremity or of both extremities on the 

same side), aphasia, loss of vision in one eye or in part of one eye, or homonymous 

hemianopia. The typical history of a TIA in the vertebrobasilar arterial system is a 

sudden onset of motor or sensory defect (of any combination of extremities), loss of 

vision, complete or partial in both homonymous fields, ataxia (imbalance, unsteadiness, 

disequilibrium), vertigo, diplopia, dysphagia or dysarthria. However, the territory affected 

by a TIA/stroke may be difficult to ascertain clinically.15 

According to the NINDS criteria, when vertigo, diplopia, dysphagia, or dysarthria occurs 

alone, the episode should be categorized as "uncertain TIA" and the following 

symptoms, transient or prolonged, were considered not to be indicative of TIAs: 

unconsciousness including syncope, tonic or clonic activity, march of a sensory defect, 

incontinence of bladder or bowel, dizziness or wooziness alone, loss of vision associated 

with alteration of consciousness, focal symptoms associated with migraine, scintillating 

scotoma, confusion alone and amnesia alone. However, in recent decades some of 

those symptoms were described as of a vascular nature and were associated with an 

increased risk of vascular events.16-19    

Magnetic resonance (MR) with diffusion-weighted imaging (DWI), which is very sensitive 

to small ischaemic lesions,20 has shown that patients with an acute ischaemic lesion on 

DWI are at increased risk of recurrent stroke.21-23 Thus, DWI could both improve 

diagnosis of TIA and predict the short-term risk of stroke. Since the 24-hour time limit for 

TIA diagnosis is arbitrary, rather than being based on clinical, imaging or pathological 

criteria, a new tissue-based definition of TIA was proposed in 200224 and was 
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incorporated into the American Heart Association guidelines in 200925  and is now under 

consideration by the World Health Organization 

(http//apps.who.int/classifications/icd11/browse/f/en). The new definition comprises a 

transient episode of neurological dysfunction caused by focal brain, spinal cord, or retinal 

ischaemia, without acute infarction.25 Therefore, even if the tissue-based definition is 

used the diagnosis of TIA is still based on clinical grounds.  

The advantage of the tissue-based definition is that it acknowledges that the majority of 

TIAs last for less than 60 minutes26,27 and on average 34% of clinically defined TIAs 

show brain injury on diffusion-weighted magnetic resonance imaging (MRI).28 It also 

encourages use of neurodiagnostic investigations and emphasises the prognostic 

importance of cerebral infarction.29-31 DWI MRI is now recommended by the National 

Institute for Health and Clinical Excellence (NICE) guidelines in TIA patients.32 However, 

the disadvantages of the new definition are that diagnosis is based on interpretation of 

imaging which is subject to variation between individuals and centres, diagnosis cannot 

be made in centres where imaging is not available, brain imaging can be normal in 

clinically definite stroke and that silent infarction can occur. Furthermore, in a recent 

systematic review no evidence was found that the DWI-positive rate varied with time 

between TIA and scanning.28 DWI may disappear very rapidly, for example, being 

present at 4 hours after symptom onset but resolving completely from DWI and other MR 

sequences by 24 hours, or not being visible on hyperacute imaging but becoming visible 

at 24 to 48 hours. The high proportion (two-thirds) of TIA patients with a negative DWI 

scan and the large unexplained sevenfold variation in positivity  between studies (DWI 

findings varied from 9% to 67%) suggests that DWI does not provide a consistent and 

predictable basis for defining stroke, and researchers argued that reclassifying DWI-

positive TIAs as strokes was likely to increase variance in estimates of global stroke and 

TIA burden of disease.33   
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1.2.1 Atypical TIAs and non-specific TNAs  

In 1989 the Oxfordshire Community Stroke investigators published an observation study 

of patients with lone bilateral blindness (n=14) lasting under 24 hours without associated 

symptoms of focal cerebral ischaemia, epilepsy, or reduction in consciousness.34 They 

found that those patients had the same prevalence of vascular risk factors and that their 

age was close to that of patients who presented with transient ischaemic attacks 

(n=184). During a mean follow-up of 2.4 years, patients with lone bilateral blindness had 

a 16 times higher risk of stroke than expected. It was concluded that lone bilateral 

blindness should be included, for practical purposes, under the diagnostic heading of 

TIA.  

In 1991 a retrospective study was published of 64 patients with a mean age of 55 years 

and admitted to a neurology ward in Rotterdam, with cardiovascular risk factors and 

atypical transient cerebral or visual symptoms that could not be classified as unequivocal 

TIAs nor migraine, epilepsy or neurosis.35 Those patients had a low risk of stroke but a 

high risk of major cardiac events when followed-up for a mean of 3.75 years. Patients 

with an unequivocal TIA or a minor stroke were used as a control group. Since then, 

additional data about atypical TIAs or nonspecific TNAs has been published.  

 

1.2.2 Non-specific TNAs in the Rotterdam Study 

The Rotterdam Study was a cohort-study of 7983 subjects aged 55 years or over, who 

live in the suburb of Ommoord in Rotterdam, the Netherlands.36 Baseline measurements 

were collected from 1990 to 1993, comprising an extensive home interview, followed by 

two visits to the Rotterdam Study research centre for clinical examination. During the 

visit to the research centre, a trained Rotterdam Study physician asked all participants, 

"Did you experience a short period with disturbances of sensibility in your face, arms or 

legs, which lasted less than 24 hours over the last 3 years?” Similar questions were 
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asked for disturbances in strength, speech and vision.1 When answers were positive, 

time of onset, duration and disappearance of symptoms, and whether a general 

practitioner had been consulted, were recorded. In addition, a detailed description of the 

symptoms in ordinary language was obtained. Based on this information, one of the 

investigators, a neurologist, classified subjects as typical TIA, non-specific neurological 

attacks (atypical TIA) or no TIA. An attack was regarded as being typical TIA according 

to the guidelines of the ad hoc committee for the classification and outline of 

cerebrovascular disease mentioned above.2  The attack was judged non-specific if the 

subject had one or more of the following symptoms: disturbance of vision in one or both 

eyes, consisting of flashes, objects, distorted view tunnel vision, or image moving on 

change of posture; alteration of muscle strength consisting of tiredness or heavy 

sensation in one or more limbs, either unilateral or bilateral; sensory symptoms 

alone(unilateral or bilateral), or a gradual spread of sensory symptoms; brainstem 

symptoms and coordination difficulties consisting of isolated disorder of swallowing or 

articulation, double vision, dizziness, or uncoordinated movements; and accompanying 

symptoms including unconsciousness, limb jerking, tingling of the limbs or lips, 

disorientation, and amnesia.   

Transient neurological attacks were defined as attacks of sudden neurological symptoms 

that completely resolved within 24 hours, with no clear evidence for the diagnosis of 

migraine, epilepsy, Ménière disease, hyperventilation, cardiac syncope, hypoglycaemia, 

or orthostatic hypotension. If only focal brain symptoms were reported, the event was 

classified as focal TNA. If only non-focal brain symptoms were reported, the event was 

classified as non-focal TNA. If focal and non-focal symptoms were reported for one and 

the same attack, a mixed TNA was diagnosed (Figue1.1). Focal brain symptoms 

included one or more of the following: hemiparesis, hemihypesthesia, dysphasia, 

dysarthria, amaurosis fugax, hemianopia, hemiataxia, diplopia, or vertigo (Table 1.1). If 

the vertebrobasilar symptoms diplopia and vertigo were present in isolation, this was not 
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considered sufficient evidence for the diagnosis of focal TNA and the event was 

classified as non-specfic vertebrobasilar attack. Non-focal symptoms were defined as 

broadly as possible, because the researchers’ aim was to have as few prejudgements as 

possible. Those attacks included one or more of the following symptoms: decreased 

consciousness, unconsciousness, confusion, amnesia, unsteadiness, nonrotatory 

dizziness, positive visual phenomena, cardiac or vegetative signs, paresthesias, bilateral 

weakness, and unwell feelings.  Symptoms had to set up suddenly and to clear up within 

seconds to a maximum of 24 hours. Cardiac and vegetative signs were not indicative of 

the diagnosis of TNA by themselves but could shift the diagnosis from focal TNA to 

mixed TNA if they occurred in combination with focal neurological symptoms.  

 

1.2.3 TNAs in the Oxford Vascular Study (OXVASC) 

In OXVASC, transient neurological symptoms of sudden onset lasting less than 24 hours 

were classified as TIAs if they fulfilled the NINDS-defined criteria for a TIA; TIA mimics if 

they had a definite non-vascular diagnosis (e.g migraine aura, seizure, transient global 

amnesia); and TNAs if the episode did not fulfil the criteria for either a TIA or a mimic 

(Figure1.1).  

TNAs were classified as focal, non-focal, or focal plus non-focal, as in the Rotterdam 

study (Figure 1.1 and Table 1.1). However, in OXVASC some other symptoms that were 

not reported in Rotterdam were included (bilateral visual loss or bilateral visual blurring). 

Bilateral complete loss of vision was considered a focal symptom whereas bilateral 

visual blurring was considered non-focal. Patients with syncope were considered mimic 

TIAs and not included as TNAs.  Paresthesias were considered focal if they occurred 

only in one side of the body. Limb jerking was considered focal if it occurred in one side 

of the body. TNAs were also classified in different syndromes based on a pre-specified 
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classification for the purpose of the study (Table 1.2). The TNA classification in OXVASC 

that I have described above is used throughout this thesis.   

Figure 1.1 Classification of transient attacks of neurological dysfunction in the Rotterdam 

Study (A) and the Oxford Vascular Study (B) 

A) 

 

 

 

 

 

 

B) 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

Oxford Vascular Study  

Transient attacks of neurological dysfunction of sudden onset lasting < 24h  

Rotterdam Study 

Transient Neurological Attacks (TNAs): 

transient attacks of neurological dysfunction of sudden onset lasting < 24h 

 

Focal TNAs  

(classical TIAs) 

only focal symptoms 

Non-Focal TNAs 

only non-focal 

symptoms 

(including syncope, 

confusion, TGA)  

Mixed TNAs  

focal plus non-focal 

symptoms 

Mimics 

(migraine, epilepsy, 

Ménière disese, 

hyperventilation, cardiac 

syncope,  hypoglicaemia, 

orthostatic hypothension) 

TIA 

(definite/probable/possible, 

based on clinical judgement) 

TNA  

non-specific/uncertain 

aetiology 

Mimics 

(migraine, seizures, syncope, 
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NINDS-defined TIA 

(NINDS-positive) 
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Focal TNA 
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Non-focal TNA 

(only non-focal 
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symptoms) 
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Table 1.1 Classification of symptoms as focal or non-focal in the Rotterdam and OXVASC studies 

  Rotterdam    OXVASC 

 

 
Hemiparesis 

 
Hemiparesis 

 

 
Hemihypesthesia 

 
Hemihypesthesia 

 

 
Dysphasia 

 
Dysphasia 

 

 
Dysarthria 

 
Dysarthria or speech arrest 

 Focal  Amaurosis fugax 
 

Monocular visual loss or bilateral complete visual loss 
 (Localisable) Hemianopia 

 
Hemianopia 

 

 
Hemiataxia 

 
Hemiataxia 

 

 
 - - - -  - 

 
Ataxia 

 

 
Diplopia 

 
Diplopia 

 

 
Vertigo 

 
Vertigo 

 

 
 - - - - -  

 
Hemiparesthesia 

    - - - - -    Unilateral limb jerking 

 

 
Decreased consciousness 

 
Decreased consciousness  

 

 
Unconsciousness 

 
Unconsciousness 

 

 
  - - - - -  

 
Unresponsiveness 

 

 
Confusion 

 
Confusion 

 

 
Amnesia 

 
Amnesia 

 Non-focal Unsteadiness 
 

Unsteadiness 

 (Non-localisable) Nonrotatory dizziness 
 

Nonrotatory dizziness 

 

 
Positive visual phenomena 

 
Positive visual phenomena 

 

 
Paresthesias 

 
Paresthesias 

 

 
Bilateral weakness 

 
Bilateral weakness 

 

 
 - - - - - 

 
Bilateral hypesthesia 

 

 
Unwell feeling 

 
 - - - - -  

 

 
Limb jerking 

 
Bilateral limb jerking 

   Cardiac or vegetative signs   Cardiac or vegetative signs 
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Table 1.2 Transient Neurological Attack categories in the OXVASC study 

(01)- Isolated 

vertigo/ataxia 

Isolated vertigo that does not appear to be convincingly of labyrinthine origin. These 

patients usually have no tinnitus or hearing loss.  

(02)- “Vertigo Plus“ Vertigo is associated with other symptoms that might either be anxiety-related (e.g. 

breathlessness, blurred vision, and tingling in the limbs or face) or not sufficiently 

suggestive of focal, cerebral or brainstem ischaemia. 

(03)- Isolated double 

vision  

Transient isolated double vision. 

(04)- Microvascular 

Cranial Nerve lesion* 

*not a syndrome 

These cases (often diabetics) present with a sudden onset lower motor neurone 

seventh nerve lesion, a sixth nerve lesion, or a papillary-sparing third nerve lesion.  

(05)- Other binocular 

visual disturbance 

Partial or complete visual field loss that is not sufficiently clear cut to be a definite TIA 

and that is not clearly related to migraine or some other non-vascular cause. It includes 

patients with lone bilateral blindness or lone bilateral visual blurring. It also includes 

patients with “visual scrolling” or other unusual visual perceptions that are not clearly 

related to migraine or another non-vascular cause. 

(06)- Retinal migraine Monocular visual disturbance, associated with positive visual phenomena followed by 

pain around the eye or headache.  

(07) Atypical amaurosis 

fugax 

Atypical monocular visual disturbance, such as isolated visual blurring or a sensation of 

looking though water. 

(08) Transient total 

paralysis 

Sudden inability to move all four limbs without conscious abnormalities. 

(09) Transient speech 

arrest 

Sudden complete but transient loss of speech, with no obvious dysarthria or dysphagia 

at onset or recovery and no clear evidence of a seizure. 

(10) Isolated slurred 

speech  

Sudden onset of slurred speech without any other significant neurological symptoms.  

(11) and (12) 

Classical Migraine  

(CM1 and CM2)  

(11) Classical Migraine- an elderly patient (or a young patient with vascular risk factors) 

with no past history of classical migraine (CM1) 

(12) Classical Migraine-  a patient with vascular risk factors and past history of migraine 

but the attack is different to the normal pattern of their migraine (CM2) 

(13) Ischaemic migraine  It is felt that the diagnosis is a probable TIA but the history could nevertheless be 

misinterpreted as a migraine. This group differs from the CM group, because there is a 

higher index of suspicion that the underlying cause of the symptoms is an ischaemic 

event, either because of the exact nature of the symptoms or because of a perception 

that the patient is a high vascular risk. 

(14) Transient confusion 

(14.1) Isolated confusion 

(14.2) Confusion plus 

Sudden onset of transient confusion or behavioural disturbance that is not typical of 

transient global amnesia, a dysphasic TIA or a seizure. Isolated confusion (14.1)- only 

confusion is present. Confusion plus (14.2)- confusion is associated with other 

neurological symptoms/signs (e.g. decreased consciousness, gait abnormalities). 

(15) Sensory symptoms 

(15.1) Isolated unilateral 

sensory symptoms 

(15.2) Isolated bilateral  

sensory symptoms   

Numbness/tingling, where the clinical history is not sufficiently clear-cut to suggest a 

TIA and/or there is evidence of possible anxiety-induced symptoms.  

 

. 

 

16 (Other symptoms) 

 

Symptoms that do not fulfil any category above.  
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1.3 Incidence of TIA and TNA 

1.3.1 Incidence of TIA 

The total incidence of TIA has been estimated as ranging from 20,000 to 90,000 in the 

UK,37,38 and from 200,000 to 500,000 in the USA.39,40   

The true incidence and prevalence of TIA are difficult to determine as many patients who 

experience TIA do not present to medical attention.41
 The annual incidence of TIA from 

population-based studies has ranged from 0.16 per 1000 in Novosibirsk, Russia to 0.80 

in Segovia, Spain.42-48
 However, in these studies, the stringent definition of ‘first ever in a 

lifetime,’ definite, TIA, may underestimate the overall burden of TIA, which includes 

those with non-vascular diagnoses (TIA mimics) that present to medical attention. More 

recent data from a comparison with a previous population-based study in Oxfordshire 

has shown the standardized incidence of any definite or probable TIA is approximately 

1.08 (95% confidence interval (CI) 0.95–1.21) per 1000 population, almost double the 

rate calculated according to the definition of ‘first ever in a lifetime’, definite TIA, as used 

in previous incidence studies.49
  

 

1.3.2 Incidence of TNA 

The Rotterdam study is the only study with reported incidence rates of nonspecific TNAs. 

In the Rotterdam study, during 60535 person-years of follow-up, 548 patients 

experienced a TNA. 282 of these were classical TIAs, 228 non-focal TNAs and 38 mixed 

(focal plus non-focal) TNAs on the basis of the symptoms they presented.  The non-

standardized incidence rate of TNA and TIA in the Rotterdam study is presented in Table 

1.3. The incidence rate of TNAs increased with age in men and women in the same way 

as the incidence rate of TIAs.  
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Table 1.3 Incidence rates per 1000 person-years of Transient Ischaemic Attack (TIA) and non-

specific  Transient Neurological Attacks (TNAs) for 10 year age categories in men and women in 

the Rotterdam Study 
    

      TIA             TNA         

Men             Men               

    Person Rate  95% CI         Person Rate  95% CI       

Age TIA Years per 1000 lower upper   Age TNA Years per 1000 lower upper     

55-64 8 4400 1.82 0.78 3.58   55-64 5 4400 1.14 0.37 2.65     

65-74 39 10358 3.77 2.68 5.15   65-74 45 10358 4.34 3.17 5.81     

75-84 38 5859 6.49 4.59 8.90   75-84 32 5859 5.46 3.74 7.71     

≥ 85 13 1234 10.53 5.61 18.01   ≥ 85 10 1234 8.10 3.89 14.90     

Total 98 21851 4.48 3.64 5.47   Total 92 21851 4.21 3.39 5.16     

                              

Women   Person Rate  95% CI     Women   Person Rate  95% CI       

Age TIA Years per 1000 lower upper   Age TNA Years per 1000 lower upper     

55-64 13 6560 1.98 1.06 3.39   55-64 14 6560 2.13 1.17 3.58     

65-74 67 15552 4.31 3.34 5.47   65-74 57 15552 3.67 2.78 4.75     

75-84 64 12035 5.32 4.10 6.79   75-84 66 12035 5.48 4.24 6.98     

≥ 85 40 4531 8.83 6.31 12.02   ≥ 85 37 4531 8.17 5.75 11.26     

Total 184 38678 4.76 4.09 5.50   Total 174 38678 4.50 3.86 5.22     

Overall 282 60529 4.66 4.13 5.24   Overall 266 60529 4.39 3.88 4.96     

                              

 

 

1.4 Prognosis after TNA and TIA  

1.4.1 Prognosis after a TNA  

The question raised by some researchers two decades ago was “what it is the meaning 

of non-specific TNAs?” Since then, the results of several studies have shown that 

unspecific TNAs are not benign and that patients who have a TNA are at increased risk 

of acute vascular events, especially cardiac.  

In the Dutch TIA trial, 572 patients with atypical TIAs were followed-up and their vascular 

outcomes compared with those of 2555 other TIAs or strokes.50 During a mean of 2.6 

years of follow-up the risk of major vascular events did not differ between the groups 

(14.5% in patients with atypical symptoms vs 15.1% in patients with typical attacks).  

Patients with atypical attacks had a lower risk of stroke (5.6% vs 9.4%, hazard ratio 0.6, 
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95% CI 0.4-0.9) and a higher risk of major cardiac events (8.4% vs 5.9%, 1.4, 1.0-2-0) 

than did patients with typical attacks. The higher cardiac event rate among those 

subjects with nonspecific TNAs generated the hypothesis that some of the nonspecific 

atypical attacks may have been due to cardiac arrhythmia. However, in the Dutch TIA 

trial baseline ECG abnormalities did not differ between typical and nonspecific TNA.  

In the Rotterdam study, non-specific TNA showed significant associations with age (OR 

2.06; 95% CI: 1.20-3.53), hypertension (OR 1.66; 95% CI: 1.13-2.43), current smoking 

(OR 1.73; 95% CI: 1.15-2.60) and angina pectoris (OR 2.06; 95% CI 1.20-3.53), and 

inverse associations with HDL cholesterol (OR 0.46; 95% CI: 0.26-0.83). TIAs were 

significantly and positively associated with age (OR per year, 1.04; 95% CI: 1.02 to 

1.06), male sex (OR 1.36; 95% CI: 1.06-1.64), diabetes mellitus (OR 2.21; 95% CI: 1.22-

3.99), Q-wave myocardial infarction (OR 1.75, 95% CI: 1.06-2.91) and carotid plaques 

(OR 2.16, 95% CI 1.27-3.68), and inversely with HDL cholesterol (OR per mmol/L 0.43; 

95% CI: 0-23-0.80). In a multivariate logistic model increasing age and presence of 

carotid plaques remained independent predictors of typical TIA, whereas hypertension, 

smoking, and angina pectoris proved to be independent predictors of nonspecific TNA. 

Cardiac arrhythmias was not related to either typical TIA or nonspecific TNA (age- and 

sex-adjusted ORs (95% CI) were 1.24 (0.59-2.61) and 1.20 (0.57-2.53), respectively). 

Rotterdam researchers analyzed the association between incident TNA categorized as 

focal TNA (classical TIA, n=282) non-focal TNA (n=228) and mixed TNA (focal plus non-

focal, n=38) and the risk of a vascular event in the follow-up with age- and sex- adjusted 

hazard models. Compared with participants without TNA, participants with TIA had a 

higher risk of stroke (HR 2.14; 95% CI 1.57-2.91) and ischaemic stroke (HR 2.61, 95% 

CI: 1.78-3.84). The risk of stroke within 90 days of a TIA was 3.5%. Patients with non-

focal TNA had a high risk of stroke (HR 1.56, 95% CI: 1.08-2.28) and dementia (HR 

1.59, 95% CI: 1.11-2.26), especially vascular dementia (HR 5.05, 95% CI 2.21-11.6). 

Patients with mixed TNA were at increased risk of stroke, and especially ischaemic 
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stroke (HR 2.99, 95% CI 1.11-8.03); ischaemic heart disease, and especially myocardial 

infarction (HR, 3.34, 95% CI: 1.24-8.99); vascular death (HR, 2.54 95% CI: 1.31-4.94); 

and dementia, especially vascular dementia (HR 21.5, 95% CI 6.48-71.3) when 

compared with participants without TNA.  

 

1.4.2 Prognosis after a Transient Ischaemic Attack  

1.4.2.1 Short-term prognosis after a TIA 

The early risk of recurrent stroke after a TIA has been underestimated for many years. 

Approximately 15-20% of ischaemic strokes are preceded by a TIA51 and the appropriate 

detection and urgent diagnostic work-up for patients with TIA can potentially avoid 

further disabling stroke if the correct treatment is indicated. A retrospective study of 

consecutive patients attending emergency departments (EDs) within 24 hours of TIA 

demonstrated that the stroke risk after the index event was higher than previously 

thought: 10.5% at 90 days, with 5.3% occurring within two days of symptom onset.52 

Several studies have been published since this publication. Different studies have 

reported conflicting stroke rates after TIA, and cohorts from Oxford, UK and northern 

Portugal have reported very high risks of stroke at 7 days (11% to 13%) and 90 days 

(17% to 21%), respectively. A recent systematic review and meta-analysis identified 53 

studies providing data on stroke risk at 7 days, 90 days, or > 90 days. The rate of 

recurrent stroke at all points assessed varied widely from 0% to 22.4% at seven days, 

0.6% to 23.7% at 90 days, and 4.7% to 27% at > 90 days. The meta-analysis showed 

the pooled risk of recurrent stroke at seven days to be 5.2%, at 90 days to be 6.7%, and 

at > 90 days to be 11.3%.53  
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1.4.2.2 Risk prediction after a TIA 

The risk of recurrent stroke after TIA is high, especially during the first week after the 

event, as mentioned above. The benefit of medical therapy to prevent recurrent stroke 

after a TIA is greatest if given as early as possible after a TIA.54-56 Likewise, the benefit 

of endarterectomy for symptomatic carotid stenosis is highest when performed within two 

weeks of the index event and falls rapidly with increasing delay.57 Consequently, patients 

with TIA need a rapid comprehensive assessment to reduce the short- and long-term 

risks of recurrent stroke and other vascular conditions. Numerous clinical risk prediction 

scores have been developed to identify patients at high risk of stroke so as to prioritise 

services. In 2000, a northern California study52 demonstrated that simple clinical 

variables (age > 60, symptom duration greater than 10 minutes, diabetes mellitus, 

weakness and speech impairment during the episode) were associated with a high risk 

of stroke at 90 days. The estimated risk of further stroke was 34% in patients presenting 

with all five predictors. In addition, a population-based study from Canada58 showed that 

age, and diabetes mellitus together with hypertension, were associated with a high risk 

of stroke one year after TIA. Subsequently the ABCD score was created to predict the 

stroke risk during the first week after TIA using those clinical variables that have been 

independent predictors for stroke.59 The score includes age, blood pressure elevation on 

first assessment after TIA, unilateral weakness, speech disturbance and duration of 

symptoms as clinical variables. The score was able to predict with accuracy the risk of 

stroke at seven days after TIA. By combining the components of the California score and 

the ABCD score, the ABCD2 score was generated in 2007,60 which includes as clinical 

variables age, blood pressure elevation on the first assessment after TIA, unilateral 

weakness, speech disturbance, duration of symptoms and diabetes. The score classifies 

TIA or minor stroke patients as low, moderate or high risk using cut-off points of < 4, 4-5 

and > 5. The ABCD2 score is recommended as part of NICE guidance for use in UK 

stroke prevention services to triage patients with TIA.32 Recently other variants of the 

ABCD2 score have been generated (ABCD2-I, ABCD3, ABCD3-I),61,62  which add either 



16 

 

more clinical or brain or carotid variables, most of which have not been tested 

independently. However, approximately half of the patients referred to stroke prevention 

services ultimately do not have a TIA or stroke. 

  

1.4.2.3 Long-term prognosis after TIA and minor stroke 

Data on the medium- (one to five years) and long- (five years and beyond) term 

prognosis after a TIA/minor stroke are fundamental to advise patients and direct 

secondary prevention. Many studies have addressed the question of medium-term 

prognosis, although many were undermined by non-standardised diagnostic criteria, a 

small number of cases, retrospective case identification and incomplete follow-up.63  

Three prospective, population-based studies of the medium-term prognosis of TIA have 

been published from Söderhamn, Sweden,64
 Oxfordshire,65 UK, and Perugia, Italy.66

 In 

the Söderhamn cohort, the risk of stroke was approximately 5% per year and the overall 

mortality was 24.7% over a mean of three years. In the Oxfordshire cohort, the annual 

stroke risk was 4.4%, although this was highest in the first year after TIA. The risk of 

death at five years was 31.3% and the annual risk of death was 6.3%. The risk of either 

fatal or non-fatal MI was 12.1% at five years and the approximate annual risk was 2.4%. 

In the Perugia cohort, the annual risk of stroke after TIA was 2.4%. The cumulative risk 

of death was 28.6% at five years and 49.5% at 10 years with roughly equal numbers of 

cerebrovascular, cardiovascular and non-vascular deaths. Thus, the risks of stroke and 

other vascular events after TIA are significant in the medium term. However, data on 

vascular risk in the longer term is limited. There are two studies providing reliable data 

on prognosis up to fifteen years after the initial event. In a study of 290 patients with TIA 

who had participated either in the Oxfordshire Community Stroke Project (OCSP) or a 

contemporaneous hospital referred cohort study followed-up over ten years from 1988, 

the risk of stroke was 18.8%.65
 The risk of MI or death from coronary heart disease was 

27.8% and the risk of death from any cause was 50.7%. The risk of any first stroke, MI or 
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vascular death was 42.8%. The risk of major vascular events was found to be constant 

throughout the follow-up. In this study, the median length of follow-up after TIA was 3.8 

years and mean age at baseline was 69 years.  

The Life Long After Cerebral Ischaemia (LILAC) study reported near complete follow-up 

on 2473 participants from the Dutch TIA Trial. Mean age was 65 and 759 patients had a 

TIA while the remainder had a minor stroke (defined as mRS score ≤3) at enrolment. At 

ten years the cumulative risk of recurrent stroke was 18.4% and the risk of death was 

46.6%.  

 

1.5 Prognosis after TIA mimic 

Approximately half of the patients who attend neurovascular clinics in the UK with 

transient or mild neurological symptoms do not have a final diagnosis of a 

cerebrovascular disease event; less is known about the prognosis of these patients, 

although non-cerebrovascular events are considered a benign condition.67,68  

After expert clinical assessment, a significant number of patients referred with the 

diagnosis of suspected TIA have a final diagnosis of a non-cerebrovascular event or 

mimic.14,68 In  a recent survey of stroke prevention clinics in 2011 in the UK, half of the 

centres indicated that the proportion of patients with a final diagnosis of TIA or minor 

stroke was between 11% and 60%.69 Accurate diagnosis of cerebrovascular disease 

compared with non-cerebrovascular causes of symptoms is essential to ensure 

appropriate management. Brain imaging is useful in identifying an acute ischaemic 

lesion or some non-vascular imaging (e.g. brain tumour, MS); however, a normal CT or 

MRI is still compatible with the diagnosis of both TIA and non-cerebrovascular mimic.   

Less is known about the prognosis of patients with TIA mimic, although these are 

generally considered to be benign in most cases and given less attention. Several 

medical conditions can imitate a TIA or minor stroke, and require different approaches 
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from cerebrovascular events.70 Furthermore, previous studies reported a considerable 

proportion of patients with miscellaneous or unclassifiable events, probably including 

entities with different pathophysiology and unknown prognosis.55,71-73 In a recent 

systematic review and meta-analysis53 of frequency, differential diagnosis, and prognosis 

of TIA/minor stroke mimics among 16 studies identified, only three were population-

based (OCSP, the Rotterdam study mentioned above, and a community register in 

Segovia, Spain). However, the Rotterdam study excluded patients with specific 

diagnoses other than TIA (i.e. migraine, epilepsy or vertigo). The proportion of TIA 

mimics was 40% for TIA clinics and 40% for population-based studies and 32% for 

hospital-/emergency department-based studies. The risk of stroke and other vascular 

events was described in five studies.19,50,55,73,74 However, among them only one was 

population-based (the Rotterdam study) and the definite diagnosis of each event was 

derived retrospectively from medical records. The reported stroke risk up to 90 days was 

lower for mimics (three studies,19,50,55 zero events vs 1.5-5.2%, respectively). In 

summary, there is a paucity of good quality data comparing the prognosis of patients 

with TIA mimic and TIA in the general population. Therefore, the prognosis for any 

transient neurological event other than TIA has not yet been fully delineated and long-

term follow up of these patients is required.   

 

1.6 Secondary prevention after a TIA 

The aim of treatment after TIA and minor stroke is the secondary prevention of a 

disabling stroke. Prevention of recurrent ischaemic stroke is by rapid identification of 

underlying risk factors (such as ipsilateral tight carotid artery stenosis, atrial fibrillation 

(AF), hypertension and hypercholesterolaemia) and implementation of optimal medical 

(antiplatelet agents, statins, antihypertensive drugs or anticoagulant drugs when 

necessary)54,75-78 and surgical (endarterectomy for symptomatic moderate to severe 
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carotid stenosis)79 treatment. In the acute phase, the evidence base for treatment after 

TIA and minor stroke comes mainly from a few small randomised trials, extrapolation of 

results from larger trials in other settings and two non-randomised studies of a 

combination of preventative treatments started urgently in specialist units,80
 the Early 

Use of Existing Preventative Strategies for Stroke (EXPRESS) and SOS-TIA studies.54,55 

 

1.7 The Oxford Vascular Study (OXVASC) 

The data used in this thesis has been obtained from the Oxford Vascular Study. The 

following sections detail the methodology used in the study. 

 
The Oxford Vascular Study (OXVASC) is a prospective, population-based study of all 

acute vascular events in Oxfordshire, UK.  Events included are: transient ischaemic 

attack (TIA), stroke, acute coronary syndrome (ACS) including unstable angina (UA), 

myocardial infarction (MI) and cardiac death, and acute peripheral vascular (PVE) 

events.  The study population is defined by registration with nine general practices and 

comprises approximately 92,728 individual in all ages. In the UK, the vast majority of 

individuals register with a general practice, which provides their primary health care. 

OXVASC is based on the Oxfordshire Community Stroke Project (OCSP), a similarly 

designed population based incidence study of stroke and TIA performed in the 1980s in 

the same population.81  The main aims of the study are to determine the incidence and 

case fatality of acute stroke, acute coronary syndromes and acute peripheral vascular 

disease events in the same population at the same time. This thesis uses data obtained 

during the first ten years of the study, unless otherwise stated. 

1.7.1 Study population 

The OXVASC study population comprises all individuals registered with 100 general 

practitioners (GP) in nine general practices in Oxfordshire, UK (Figure 1.1).  The 

registered GP holds lifelong records of all medical consultations, details of all 
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medications, blood pressures, and investigations.  In Oxfordshire, it is estimated that 

97.1% of the true residential population is registered with a practice, the majority of non-

registered individuals being young adults.  All participating practices hold accurate age-

sex patient registers and had collaborated on a previous population-based study, for 

which they were originally selected to be representative of the urban/rural mix and 

deprivation range of the Oxfordshire population.81 The OXVASC population is 94% 

white, 3.1% Asian, 1.5% Chinese and 1.4% Afro-Caribbean.82  The wards around the 

practices are significantly less deprived in comparison to the rest of England.  However, 

the practices served a broad range of areas of deprivation with two serving electoral 

wards with rankings in the lower third nationally. 

Figure 1.2 Map of Oxfordshire, showing Oxford Vascular Study (OXVASC) GP practices 

 

1.7.2 Case Ascertainment 

After a 3-month pilot, the study began on April 1st 2002 and is on-going.  Ascertainment 

includes combined prospective daily searches for acute events (“hot pursuit”) and 

searches of administrative and diagnostic coding data (“cold pursuit”).   

OXVASC GP practice 

1. Exeter, Kidlington, OX5 1AP 

2. Kidlington & Yarnton, Kidlington, OX5 1AP 

3. 19, Beaumont Street, Oxford, OX1 2NA 

4. Bartlemas surgery, Oxford, OX4 1XD 

5. Stert Street, Abingdon, OX14 3LB  

6. Malthouse, Abingdon, OX14 3JY 

7. Marcham Road, Abingdon, OX14 1BT  

8. Berinsfield, OX10 7NE 

9. Church Street, Wantage, OX12 9BN 
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Hot pursuit  includes:  

1) a daily (weekdays only), urgent open-access “TIA clinic” to which participating general 

practitioners (GPs) and the local accident and emergency department (A&E) send all 

individuals with suspected TIA or stroke whom they would not normally admit to hospital, 

with alternative on-call review provision at weekends. Patients too frail to attend are 

assessed at their residence by a study nurse or doctor.  

2) Daily searches and case note review of admissions to the Emergency Assessment 

Unit, Medical Short Stay Unit, Coronary Care Unit and Cardiothoracic Critical Care Unit, 

Cardiology, Cardiothoracic and Vascular Surgery wards, Acute Stroke Unit, Neurology 

Ward, Neuro-intensive Care Unit, and other relevant wards. 

3) Daily searches of the local A&E and eye hospital attendance registers. 

4) Daily identification from the bereavement office of patients dead on arrival at hospital 

or who died soon after. 

5) Daily searches of lists of all patients from the study population in whom a troponin 

level had been requested.  

6) Daily assessment of all patients undergoing diagnostic coronary, carotid and 

peripheral angiography, angioplasty, stenting or vascular surgical procedures in any 

territory to identify prior acute events to estimate the completeness of ascertainment of 

non-fatal events by our other methods 

Cold pursuit includes:  

1) Fortnightly visits to the study practices and monthly searches of practices diagnostic 

codes 

2) Monthly practice-specific list of all patients admitted to all acute community NHS 

hospitals with ICD 10 diagnostic and procedure codes (Appendix I);  

3) Monthly searches of all referrals for cranial or carotid imaging studies performed in 

local hospitals;  

4) Monthly reviews of all death certificates and coroners reports to review out-of-hospital 

deaths;  
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Patients found on GP practice searches who have an event whilst temporarily out of 

Oxfordshire are included, but visitors who are not registered with one of the study 

practices are excluded. Patients are assessed as soon as possible after the event in 

hospital or at home by a study clinician. Data is collected using event-specific forms, for 

TIA and Stroke (Appendix II), acute coronary syndrome or acute peripheral events. 

Standardized clinical history and cardiovascular examination are recorded. Detailed 

information from the patient, their hospital records and their general practices records 

are recorded. This includes details on the timing and history of the presenting condition, 

risk factors, medication, past medical history (including all pre-morbid blood pressure 

measurements- Appendix III), all investigations relevant to their admission (including 

blood results, electrocardiography, brain imaging  and vascular imaging-duplex 

ultrasonography, CT-angiography, MR-angiography or DSA)  and all interventions 

occurring subsequent to the event.  

For all deaths that are not recorded as being of clearly non-vascular aetiology that 

occurred outside hospital and/or prior to assessment, we obtained an eyewitness 

account of the clinical event and reviewed any relevant medical records and autopsy 

report. Clinical details are sought from primary care physician or other clinicians on all 

deaths of possible vascular aetiology. Initial clinical assessments are made by study 

clinical research fellows alongside the clinical teams.  

 

All surviving patients are followed-up face-to-face by a research nurse or physician at 1, 

6, 12, 24, 60 and 120 months after the event and all recurrent vascular events are 

recorded, together with the relevant clinical details and investigations.  Recurrent events 

are also recorded as part the ongoing OXVASC ascertainment methods.  For those too 

unwell or unable to have face-to-face follow-up, telephone follow-up is performed or 

enabled via the general practitioner. If a recurrent vascular event was suspected at a 

follow-up visit or referred by the GPs to the clinic or admitted, the patient are re-

assessed  and investigated by a study physician.  
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1.7.3 Definitions and diagnosis 

Although new definitions for stroke and TIA have been suggested recently,25,83 in order 

to enable comparisons  with previous studies, the classic definitions of TIA and stroke 

are used throughout this thesis.4 Briefly, a stroke is defined as rapidly developing clinical 

symptoms and/or signs of focal, and at time global (applied to patients in deep coma and  

 to those with subarachnoid haemorrhage), loss of brain function, with symptoms lasting  

more than 24 hours or leading to death, with no apparent cause other than that of 

vascular origin.4 A TIA is an acute loss of focal brain or monocular function with 

symptoms lasting less than 24 hours and which is thought to be caused by inadequate 

cerebral or ocular blood supply as result of arterial thrombosis, low flow or embolism 

associated with arterial, cardiac or haematologic disease.4  This TIA classification is 

used in chapter 2, 3 and 4. However, all the clinical picture was also taking into account 

in the clinical judgement of TIA classification and therefore, some patients who had 

atypical symptoms according to the NINDS criteria are also classified as 

probable/definite TIAs in those chapters. In chapters 5, 6, 7 and 8 the NINDS criteria 

only was used to differentiate TIAs from nonspecific TNAs (Table 1.2, Chapter 1).    

Acute coronary events are defined using published criteria84,85  based on available 

history, ECG findings, cardiac biomarkers (mainly troponin I) and autopsy or death 

certificate.  Non-ST elevation (NSTEMI) and ST-elevation myocardial infarction (STEMI) 

are defined using standard criteria.85 Sudden cardiac deaths are coded according to 

recent recommendations for epidemiological studies,86 and require a definite history of 

preceding symptoms consistent with acute coronary ischaemia, or post-mortem 

evidence of either significant coronary atherosclerosis or acute thrombosis, or a 

documented myocardial infarction during the previous 28 days.84  Sudden deaths are 

coded as probable cardiac deaths in the absence of the above characteristics if the 

person had a past history of ischaemic heart disease and no other cause of death.    

Acute peripheral vascular events (PVD) are defined as those affecting in any part of the 

arterial system other than the heart or the brain/eye, leading to hospital admission or 
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death in the community.  Aortic events included ruptured or acutely symptomatic aortic 

aneurysm or dissection.  Symptomatic aneurysms are defined as acutely symptomatic 

events resulting in the need for emergency medical attention without evidence of overt 

aortic rupture.  These normally present as acute severe pain in the chest, abdomen, 

back, or flank not obviously attributable to another cause and without evidence of 

aneurysm rupture on imaging. 87 

 
In view of previous data on the inaccuracy of death certification of coronary heart 

disease and stroke,84-86 all deaths in the OXVASC population that were recorded and 

assigned were coded as in (Appendix IV-V) 

 
 

1.7.4 Diagnostic work-up and aetiological classification of ischaemic stroke and 

TIA in OXVASC 

TIA and ischaemic stroke patients routinely had brain imaging (CT or MRI), vascular 

imaging (carotid Doppler or CT-angiography/MR-angiography or digital subtraction 

angiography (DSA)), 12-lead electrocardiography (ECG) and routine bloods. 

Echocardiography, 24-hour ECG (HOLTER) and R-test ECG monitoring were done 

when clinically indicated (e.g. cryptogenic TIA/stroke; multi-territory infarct; patients at 

high risk of endocarditis, known valve problems or with other cardiological complaints).  

During the 10-year study period, OXVASC had different imaging protocols in different 

time periods. From 1st April 2002 to 31st March 2007 (Phase 1), CT brain and carotid 

Doppler were the first line imaging modalities. From 1st April 2007 to 31st March 2012 

(Phase 2), MRI and MRA brain became the first line imaging modality, including MRA 

imaging of the vertebral-basilar vessels for posterior circulation events since 1st April 

2007 and MRA imaging of the carotid vessels for all patients since 1st April 2010. 

Moreover, long-term cardiac monitoring (R-test) and transthoracic echocardiography 
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(TTE) has also become routine investigation modalities for all clinic patients since 1st 

April 2010.  

All clinical history and investigation results were reviewed in detail by a study physician 

using a standardized form (Appendix VI) as soon as the completion of all investigations, 

and cases were then reviewed with a senior neurologist (PMR) and stroke aetiology was 

classified according to the modified Trial of Org 10172 in Acute Stroke Treatment 

(TOAST) criteria into seven subtypes: cardioembolic (CE), large artery disease (LAD), 

small vessel disease (SVD), undetermined (UDE), unknown (UNK), multiple (MULT) and 

other aetiology.88 Given the potential for bias, risk factors such as hypertension and 

diabetes were not included in the criteria.89 The patients were classified as undetermined 

stroke only if the diagnostic work-up included at least brain imaging, ECG and carotid 

imaging, and no clear aetiology was found. Patients with more incomplete investigation 

were classified as unknown stroke while stroke of multiple causes was classified 

separately. 

 

1.7.5 Patient consent and ethical approval 

All patients eligible for the study are given an information sheet (Appendix VII). If the 

patient is willing to decide about participation in the study immediately, then written 

consent is obtained (Appendix VIII). If the patient requests a period of time to consider 

the decision then this is respected. Study assent is obtained from next of kin if the 

patient is unable to consent (Appendix IX). OXVASC is approved by Oxfordshire Clinical 

Research Ethics committee (OxREC C02.043) 

 

1.7.6 OXVASC contribution 

The study is supervised by Professor Peter Rothwell and the day-to-day patient 

ascertainment, assessment and follow up are performed by clinical fellows and research 
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nurses. This thesis uses data from the first ten years of the study. I participated as one of 

seven full-time clinical fellows from 2011-2014. Over the first two-and-half years of my 

fellowship, I was responsible for patient ascertainment and assessment for the study.  

When undertaking “hot pursuit”, I performed daily patient searches of the Emergency 

Department register and appropriate wards at the John Radcliffe Hospital. I assessed 

and recruited patients whom we had identified as having had an acute vascular event or 

who were undergoing a vascular intervention. I also performed transcranial Doppler for 

more than a year and cognitive assessments at baseline and one month of follow-up to 

all patients who attended the TIA clinic and gave consent to participate in the study.   

 

The clinical information of patients seen in OXVASC with a non-vascular diagnosis was 

prospectively collected but it was not entered in the OXVASC database. I reviewed the 

medical notes for all patients with a non-vascular diagnosis and I entered the data in a 

data set.  I reviewed the symptoms and risk factors in patients with TIAs/minor stroke 

mimics, TNAs and TIAs. I reviewed and (where it had not previously been done) 

classified the TNAs in TNA syndromes according to the OXVASC pre-specified 

classification. Furthermore, I classified all the TIAs according to the NINDS criteria 

(NINDS-positive and NINDS-negative). I reviewed the type of recurrent vascular events 

in all TNAs and mimics.   

 
Over my research time period, I assessed and recruited a significant proportion of 

patients whose data are used in this thesis, although I would like to acknowledge the 

help of other clinical fellows and study nurses in this process. All the data extraction and 

data entry in this thesis are my own. I acknowledge the help of the study statistician, Dr 

Ziyah Mehta for her help with data analysis, the help of Dr Linxin Li in contributing with 

premorbid data of NINDS-defined TIAs and recurrent stroke TOAST sub-types, the help 

of the study nurses Mrs Linda Bull and Mrs Sarah Welsh in collecting information in the 

GP surgeries, Dr Sergei Gutnikov for his help with database management and data 
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entry/extraction and the assistance of Professor Peter Rothwell in the preparation and 

revision of parts of this manuscript. 

  
1.8 Thesis aims 

The aim of my thesis is to determine the burden of TNAs, TIAs, ischaemic stroke and 

TIA/minor stroke mimics among patients with a suspected TIA or minor stroke; to explore 

the short- and long-term prognosis of all suspected cerebrovascular events; to study the 

incidence, classification and prognosis of all TNAs including TNAs syndromes in order to 

improve the classification and diagnosis of TNAs and TIAs and better understanding of 

TNA aetiology.  

 

This thesis uses data from OXVASC to determine: 

1- the burden and prognosis of TIA/minor stroke mimics 

2- the burden of all suspected TIA/minor strokes  

3- the short- and long-term prognosis of all suspected acute cerebrovascular events 

4- the incidence of TNAs and TIAs 

5- the short- and long-term prognosis of TIAs according to the NINDS definition  

6- the short- and long-term prognosis of suspected vascular and non-vascular TNAs  

7- the prognosis of TNA syndromes 
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2.1 Summary  

I showed in Chapter 1 that half of the patients who attend a TIA clinic with transient or 

mild neurological symptoms do not have a final diagnosis of a cerebrovascular event. 

Moreover, the diagnosis of TIA is difficult and some events can be misclassified as non-

TIA.  Furthermore, there is very little data about the prognosis of TIA mimics. Therefore, 

in this Chapter I determined in the first 10 years of OXVASC, the burden of TIA/minor 

stroke mimics (mimics) among suspected TIA/minor strokes patients seen in the 

outpatient clinic; the burden of the complex neurological conditions among patients with 

suspected TIA/minor stroke and the treatment and the prognosis of mimics.  

The main findings in this study were as follows. First, among 2097 patients with the first 

suspected TIA/minor stroke, 22% had mimics and 33% had a transient neurological 

attack (TNA). In total,  50% of suspected TIA/minor stroke had a non-TIA/minor stroke 

diagnosis. Second, although patients who had a mimic were younger and had fewer risk 

factors than TIA/minor stroke patients, the proportion of some risk factors were still high 

and secondary preventive treatment was often started. Third, complex neurological 

conditions were responsible for 70% of the mimics. Fourth, the short and long-term risk 

of stroke in mimics was significantly lower than in TIAs and minor ischaemic strokes 

(MIS).  However, the risk of myocardial infarction (MI) and sudden cardiac death (SCD) 

was similar to TIAs and MIS at 90 days, 1 year and 5 years. In conclusion, mimics 

account for about one quarter of the referrals to an outpatient TIA clinic and the 

differential diagnoses in those patients included many neurological and non-neurological 

conditions, some of them acute and life-threatening. The short and long-term risks of 

stroke after a non-vascular event were low and therefore, the diagnosis of mimic was 

accurate. However, the risk of MI and SCD was similar to TIA and minor ischaemic 

stroke. A specialized assessment of patients with suspected TIA or minor stroke avoids 

unnecessary vascular workup and facilitates early focused cost-effective investigation 

and treatment.  
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2.2 Introduction 

A diagnosis of a TIA or stroke brings important implications in terms of evaluation, 

treatment and outcome of that patient. However, the diagnosis is not always 

straightforward, particularly in the case of TIAs, where the diagnosis relies on patient 

descriptions of symptoms and the ability of the physician to interpret them correctly.1  

Furthermore, there is considerable inter-observer variability in TIA diagnosis even 

amongst neurologists.2,3 The proportion of suspected TIA/stroke patients with an 

eventual diagnosis of TIA/stroke varies considerably according to the context of 

assessment (ambulance, emergency department, primary care, stroke unit/TIA clinic, or 

other referrals). A recent survey conducted in the UK showed that over half the case-

load in stroke prevention centres has a final diagnosis of a non-TIA/minor stroke mimic.4  

The burden of TIA and strokes mimics in patients admitted to the hospital is well known 

from many studies published so far. 5-10 However, data on TIA/minor strokes mimics 

seen in outpatient setting are scarce.   Moreover, studies on TIA/minor stroke mimics did 

not address whether the initial diagnosis was correct. No information was reported about 

vascular outcomes in the follow-up. And also, they did not study the beneficial of such 

patients being seen in outpatient. 

Although the pathophysiology of ischaemic stroke and TIA is identical, for TIA the 

diagnostic challenge is greater, and the mimic rate is higher and more varied.11 Like 

many other neurological diseases, TIA lacks a perfect diagnostic test. It is essential to 

identify TIAs promptly because of the very high early risk of ischaemic stroke, requiring 

urgent investigation and preventive treatment.12 Furthermore, the correct diagnosis for 

patients without stroke/TIA leads to appropriate treatment and avoids the potentially 

harmful effects of secondary stroke therapies.13 TIA management guidelines include 

rapid assessment and risk tools like ABCD2 score. However, these guidelines do not 

emphasise the substantial challenge in making the correct diagnosis in patients with 

transient neurological symptoms.11 Most TIA/minor stroke mimics are neurological 
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conditions9 which need assessment by a specialist.  However, many clinics are run by 

trainees and some by nursing staff.  In UK nurses perform the medical assessment in 

28% of the stroke prevention centres.4  

In the first three years of the OXVASC study period, 39.4% of TIA clinic referrals had a 

non-vascular diagnosis.14 In this sub-study which includes all patients from the first 10 

years of Oxford Vascular Study that were seen in the TIA clinic I aimed to determine: 

1) the burden of TIA/minor stroke mimics among suspected TIA/minor stroke 

patients;  

2) the burden of the complex neurological conditions among patients with suspected 

TIA/minor stroke; 

3) the treatment of TIA/minor stroke mimics; 

4) the prognosis of TIA/minor stroke mimics 

 

2.3 Methods 

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. The OXVASC study population comprises all 92,728 

individuals, irrespective of age, registered with 100 general practitioners (GPs) in nine 

general practices in Oxfordshire, UK. The OXVASC study methods have been described 

in chapter 1 and elsewhere.15 16 

This sub-study included all patients with the first in the study period suspected (incident 

or recurrent) TIA or minor stroke (NIHSS < 5) referred to OXVASC daily TIA clinic. 

Patients were directly referred to the TIA clinic from GPs and A&E but also from eye 

clinic and other clinics. Patients that were not directly referred were also identified 
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through the “hot” and “cold” pursuit OXVASC methodology. Patient with TIAs admitted to 

the hospital and not seen as outpatients in OXVASC TIA clinic were not included.  

Thus, the final analysis included A&E, eye hospital and other specialized clinics 

attendees, those who were assessed at home and those who attended the OXVASC 

dedicated daily hospital clinic. All patients were consented and seen by study physicians 

as soon as possible after their initial presentation and the clinical history and 

examination performed. Baseline characteristics were recorded in all patients and 

assessments were made for severity of event (using National Institute of Health Stroke 

scale, NIHSS). Demographic data, risk factors, and symptomatology were also recorded, 

including the main known independent risk factors for early recurrent stroke. 17, 18, 19 All 

cases were subsequently reviewed by the study senior neurologist (PMR) and classified 

as TIA, stroke or other conditions using standard definitions.  

The definition of stroke was the same as in the Oxfordshire Community Stroke Project 

(OCSP).20 The WHO definition of stroke21 was used: rapidly developing clinical 

symptoms and/or signs of focal, and at times global (applied to patients in deep coma 

and to those with subarachnoid haemorrhage) loss of cerebral function, with symptoms 

lasting more than 24 hours or leading to death, with no apparent cause other than 

vascular origin. A TIA was  defined as an acute loss of focal cerebral or ocular function 

with symptoms lasting less than 24 hours and which after adequate investigation was 

presumed to be embolic or thrombotic vascular disease.22 To assess the potential 

burden of cerebrovascular disease, a number of conditions that are often not included in 

TIA and stroke incident studies – such as retinal artery occlusion, venous and spinal 

strokes, and non-arteritic ischaemic anterior neuropathy – were included in the OXVASC 

study. In addition, symptoms which were not thought to be consistent with a TIA by an 

ad hoc Committee established by the Advisory Council for the National Institute of 

Neurological  and Communicative Disorders and Stroke (NINDS)23 using a predefined 

diagnostic classification (Chapter 1 Table  1.2) were identified and registered. For some 
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of those syndromes such as transient bilateral blindness it was already found in studies 

with the same methodology as OXVASC that their prognosis is identical to TIAs.24 We 

defined acute neurological symptoms lasting less than 24 hours in which after 

observation and investigation no definite diagnosis was found a Transient Neurological 

Attack (TNA). TNA patients had no definite diagnosis or had more than one alternative 

explanation for their symptoms (e.g. possible partial seizure/possible migraine 

aura/possible TIA). We classified all suspected TIA or minor stroke with a definite non-

TIA/minor stroke diagnosis as a TIA minor stroke mimic (ex: migraine aura, seizures, 

brain tumour). We also included in the TIA/minor stroke mimics microvascular cranial 

nerve palsies.   

In the OXVASC study, patients with a TIA, stroke or possible cerebrovascular events 

were followed-up face to face at 1 month, 6 months, 1, 5 and 10 years to determine 

recurrent symptoms, medication and disability scores. Patients diagnosed at baseline 

with a non-vascular specific diagnosis (TIA/minor stroke mimic) were investigated and 

managed according to the underlying pathology and followed up if necessary or referred 

to another specialist clinic if appropriate.  

The ascertainment of a vascular event after a possible TIA or a TIA/stroke mimic 

followed the same “hot” and “cold” pursuit methodology as described for incident cases. 

For acute coronary syndromes, cardiac enzymes values, ECGs and data of other 

relevant investigations/interventions were recorded. 

In all patients with a TIA/minor stroke mimic who were not followed-up, an extra 

computerized search of GP diagnostic coding and hospital discharge codes was 

performed by two of the study nurses at the end of follow up. In patients who had died, 

the diagnosis of cause of death followed the same methodology described previously for 

TIA/stroke patients.   
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I reviewed the medical notes of all patients with a first suspected cerebrovascular event 

during the first 10 years of OXVASC observed by a study physician in whom the final 

diagnosis was non-vascular or who had a non-definite diagnosis.   

 

2.4 Statistical analysis 

I used Chi-squared or Fisher’s exact test to compare categorical variables and Student’s 

t test for continuous variables. P values < 0.05 were regarded as statistically significant.   

Statistical testing was performed at 2-tailed α level of 0.05 data were analysed using 

SPSS 20.  

 

2.5 Results 

2.5.1 Diagnosis of patients who attended the TIA clinic 

In the first 10 years of the study period (1 April 2002- 31 March 2012) 2097 patients with 

a suspected TIA/minor stroke were assessed either in TIA clinic, other clinics, or 

observed in the A&E and referred to the TIA clinic. 681 (32.9%) had TNA and 76 (3.7%) 

had stroke with NIHSS≥ 5 and were excluded for this sub-study. I included 1340 (64.8%) 

patients, among which 445 (21.5%) with a probable/definite TIA, 440 (21.3%) with a 

minor ischaemic stroke (MIS) and 455 (22.0%) with a TIA/minor stroke mimic (mimic). In 

patients with mimics, the neurological conditions were the most common (322 

neurological vs 133 non-neurological) with a wide spectrum of diagnoses (Table 2.1). 

Among 26 alternative neurological diagnoses the 10 most prevalent were migraine aura 

(n=66), brain tumour or metastasis (n=43), seizures (n=39), peripheral nerve 

involvement (n=33), microvascular cranial nerve lesion (n=28), transient global amnesia 

(n=25), multiple sclerosis/other demyelinating disorders (n=17), parkinsonian 
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syndromes/other movement disorders (n=15), dementia (n=14) and subdural (n=9). 

Patients with non-neurological conditions (Table 2.2 and 2.3) had more often syncope 

(n=49), functional disease (n=22), benign paroxysmal positional vertigo (BPPV) or other 

peripheral vestibular disturbance (n=20), alcohol and drugs related symptoms (n=9) and 

limb pain (n=6).   

Table 2.1 Neurological diagnosis of the first TIA/minor stroke mimic event in patients 

observed in OXVASC TIA clinic  

 Diagnosis                                                                                           Number 322 

        

       Migraine aura  66 

      Brain tumour or brain metastasis  43 

      Seizure 39 

      Peripheral nerve involvement  33 

      Microvascular cranial nerve lesion 28 

      Transient global amnesia 25 

      Multiple sclerosis/other demyelinating disorders 17 

      Parkinson/other movement disorders  15 

      Dementia 14 

      Subdural haematoma 9 

      Myelopathy  8 

      Bell's palsy  5 

      Headache without focal neurological symptoms 4 

      Myasthenia gravis and Eaton Lambert syndrome 4 

      Motor neuron disease 4 

      Reversible cerebral vasoconstriction syndrome  2 

      Temporal arteritis 1 

      Tolosa-Hunt syndrome 1 

      Neurosarcoidosis 1 

      Traumatic cortical haemorrhage 1 

      Brain mycotic aneurysm 1 

      Brain arteriovenous malformation  1 
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Table 2.2 Ocular diseases in the first TIA/minor stroke mimic event in patients observed in 

OXVASC TIA clinic  

 Diagnosis                                                                                           Number 7 

        

       Retinal detachment 2 

      Progressive visual loss  2 

      Retinal vein occlusion 1 

      Orbital haematoma    1 

      Vitreous detachment 1 

  

  

Table 2.3 Other non-neurological and non-ocular diagnosis of the first TIA/minor stroke 

mimic event in patients observed in OXVASC TIA  

Diagnosis                                                                                           Number 126 

 

        Syncope/pre-syncope 49 

      Functional   22 

      BPPV or other peripheral vestibular dysfunction 20 

      Alcohol and drugs related 9 

      Limb pain 6 

      Osteoarthritis 4 

      Sepsis 3 

      Depression 3 

      Tinnitus 2 

      Mechanical fall 2 

      Subclavian steal syndrome 1 

      Acute peripheral embolism 1 

      Progressive hearing loss 1 

      Knee effusion 1 

      Obstructive sleep apnoea 1 

      Extra adrenal paraganglioma 1 
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2.5.2 Baseline characteristics of patients with TIA/minor stroke mimic, TIA and 

minor ischaemic stroke 

Patients who presented with a mimic (Table 2.4) were younger than those with TIA or 

minor ischaemic stroke (mean age 63.0 years vs 72.1 years vs 72.2 years). However, 

there were no significant differences in gender among groups.     

TIA/minor stroke mimics had less often history of hypertension (34.8% vs 50.3% vs 

56.6%), angina or myocardial infarct (9.4% vs 16.0% vs 17.7), previous diagnosed atrial 

fibrillation (6.7% vs 16.9% vs 12.7%), previous TIA (0.7% vs 16.0% vs 7.3%) or stroke 

(5.1% vs 9.4% vs 11.8%). However, there was no significant difference in the history of 

diabetes (9.0% vs 7.4% vs 11.4%) and peripheral vascular disease (3.1% vs 4.7% vs 

5.2%) in patients with mimics, TIAs and MIS events. In terms of medication at baseline, 

patients with TIA/minor stroke mimics were also less likely to be under antiplatelets 

(22.5% vs 32.1% vs 34.5%) or antihypertensive drugs (31.2% vs 53.5% vs 54.2%. 

However, there were no significant differences in use of statins among the three groups 

(16.4% in mimics vs 24.7% in TIA vs 21.3% in MIS, p=0.08).  

Secondary preventive drugs were often started in the TIA clinic after the index even 

when the diagnosis was not a TIA or minor stroke. In patients with mimics antiplatelet 

drugs prescription increased from 22.5% prior to the event to 43.2% after the event, anti-

hypertensive drugs increased from 31.2% to 43.4% and statins from 16.4% to 29.5%. 
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Table 2.4 Baseline characteristics of TIA/minor stroke mimic, TIA and minor stroke in  

patients seen in OXVASC outpatient clinic  

 
Mimics TIA Minor stroke 

 
  

 

(n=454) (n= 445) (n=440 ) p-value 

  Age (mean (SD)) 63 (17.9) 72.1 (12.9) 72.2 (12.3) < 0.001 

  Male Sex  217 (47.8) 205 (46.1) 227 (51.6) 0.26 

  Hypertension 158 (34.8) 224 (50.3) 249 (56.6) <0.001 

  Diabetes 41 (9.0) 33 (7.4) 50 (11.4) 0.13 

  Angina or myocardial infarction 42 (9.4) 71 (16.0) 78 (17.7) 0.001 

  Peripheral vascular disease 14 (3.1) 21 (4.7) 23 (5.2) 0.27 

  Previously diagnosed atrial fibrillation 30 (6.7) 75 (16.9) 56 (12.7) < 0.001 

  Current smoker 53 (12.0) 64 (14.4) 88 (20.0) 0.004 

  Previous TIA 3 (0.7) 71 (16.0) 32 (7.3) <0.001 

  Previous stroke 23 (5.1) 42 (9.4) 52 (11.8) 0.002 

  Prior antiplatelet drugs 102 (22.5) 143 (32.1) 152 (34.5) < 0.001 

  Prior statin  73 (16.4) 110 (24.7) 94 (21.3) 0.08 

  Prior antihypertensive drug 141 (31.2) 238 (53.5) 239 (54.2) <0.001 

   
  

  
 

  
  

  
 

  2.5.3 Risk of stroke and acute cardiac events in patients with TIA/minor stroke 

mimics  

Of 1340 patients and during 6483 persons/years of follow-up, 162 patients had a stroke 

(12 after a mimic, 57 after a TIA and 93 after MIS) (Table 2.5). By 90 days 1 patient with 

a mimic, 29 patients with TIA and the same number of patient with MIS had a recurrent 

stroke.  By year one, the stroke risk was significantly higher in patients with MIS and TIA 

than in TIA/minor stroke mimics (11.1% vs 8.4% vs 0.7%, log rank p < 0.001). At 5 

years, 9 mimics, 54 TIA and 84 MIS patients had a stroke. The 5-year stroke risk was 

significantly higher in MIS and TIAs than in TIA/minor stroke mimics (22.4% vs 13.3% vs 

2.6%). By the end of the follow up the risk of stroke was still significantly lower in mimics 

(4.6% versus 15.7% in TIA and 28.3% in MIS) (Figure 2.1).  

In total 66 myocardial infarcts (MI) or sudden cardiac deaths (SCD) occurred during the 

10 years of follow up. The risk of MI or SCD was not significantly different among 

mimics, TIAs and MIS at 90 days (0.2% versus 0.7% versus 0.5%, log rank p=0.59), at 1 

year (0.5% vs 1.8% vs 1.4%, log rank p=0.18) and at 5 years (2.9% vs 5.7% vs 5.2%). 
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However, by year 10 the risk of MI or SCD was lower in mimics (5.2%) compared to TIA 

(9.2%) and MIS (11.2%) (log rank p=0.04). 

Figure 2.1 Risk of a recurrent stroke after a TIA/minor stroke mimic, TIA or minor 

ischaemic stroke up to year 10  

 

Figure 2.2 Risk of acute cardiac event (myocardial infarct or sudden cardiac death) after 

TIA/minor stroke mimic, TIA or minor ischaemic stroke up to year 10  

Minor ischaemic stroke 

 

 

TIA log rank p<0.001 

 

Mimic 

Minor ischaemic stroke 

TIA             log rank p<0.001 

Mimic 
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Table 2.5 Risks of recurrent stroke in mimics, TIA and minor ischaemic stroke up to 10 years in OXVASC 

   

  

  

   
 

    

  

90 days 
 

1 year   5 years   10 years   

   Patients Events (n) Risk (%) Events (n) Risk (%) Events (n) Risk (%) Events (n) Risk (%) 

    log rank p <0.001  log rank p < 0.001  log rank p < 0.001  log rank p< 0.001  

All (n= 1340) 1340 59 4.4 88 6.7 147 12.8 162 16.1 

 

           TIA/minor stroke mimic 455 1 0.2 3 0.7 9 2.6 12 4.6 
 

           TIA 440 29 6.5 37 8.4 54 13.3 57 15.7 

 

           Minor ischaemic stroke 445 29 6.6 48 11.1 84 22.4 93 28.3 

   
     

    
  

 

           Table 2.6 Risks of  MI or Sudden cardiac death in patients with TIA, minor ischaemic stroke and mimics up to 10 years in OXVASC 

  
 

   
 

   

  
90 days   1 year   5 years 

 
10 years   

  Patients Events (n) Risk (%) Events (n) Risk (%) Events (n)     Risk (%) 
 

Events (n)    Risk (%) 

   
log rank p=0.59 

 

log rank p=0.18 log rank p= 0.13  log rank p=0.04  

          All  1340 6 0.4 16 1.2 50                 4.6 66 8.4 

         TIA/minor stroke mimic 455 1 0.2 2 0.5 10                 2.9 13 5.2 

         TIA 440 3 0.7 8 1.8 21                 5.7 25 9.2 

         Minor ischaemic stroke 445 2 0.5 6 1.4 19                 5.2 28 11.2 
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2.6 Discussion 

This is the first study that includes all TIA/minor stroke mimics from the general 

population seen in the TIA clinic and also the first study to investigate the long term 

follow-up of non-vascular events that present as a TIA/minor stroke mimic.  

The main findings in this study were as follow. First, among 2097 patients with the first 

suspected TIA/minor stroke in the study period, 22% (n=455) had TIA/stroke mimic. 

Second, patients who present with a TIA minor/stroke mimic were younger than TIA and 

minor stroke patients. And, although mimics had fewer vascular risk factors than TIA and 

minor stroke, some of the risk factors (diabetes, peripheral vascular disease) were 

similar among the ischaemic and non-ischaemic events. This could partially explain why 

some of these patients were referred to the TIA clinic. In addition, mimics were often 

started on secondary preventive drugs. Third, complex neurological conditions were 

responsible for 70% of the events. Fourth, I have showed that the diagnosis of TIA/minor 

stroke mimics in patients observed as outpatients were accurate. The short and long 

term risk of stroke was significantly lower than in TIAs and minor ischaemic strokes.  

However, the risk of MI and SCD was similar to TIAs and MIS at 90 days, 1 year and 5 

years. Regarding that 10% (49 out of 455) of patients with a mimic had a pre-syncope or 

syncope as diagnosis. I think that the aetiology of the index event might have been a 

cardiac disease which explains the risk of acute cardiac events in the follow up.     

As far as I am aware, this is the largest prospective population-based study reporting 

data on diagnoses of all suspected TIA/minor stroke. All suspected TIA/minor strokes 

referred from the population and seen as outpatients were included but we did not 

include all suspected strokes admitted to the hospital. Therefore, this study is 

representative of all TIA/minor stroke mimics but not of the major stroke mimics. 

However, regarding the OXVASC design, the study has strengths in term of the 

differential diagnoses of outpatients TIA/minor strokes mimics. All patients referred 
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directly to the TIA clinic and also patients from other sources of referrals (ambulance 

services, A&E, EAU or other clinics) were included. Patients were seen in a specialized 

clinic, investigated and followed-up or orientated to another clinic if necessary until the 

diagnosis was established and appropriate treatment started.  

My findings are consistent with a systematic review and meta-analysis of 8,839 

suspected stroke/TIAs identified from 29 studies that included patients assessed in 

different settings (emergency department, stroke units or transient ischaemic attack 

clinic, paramedics, primary care, others) that found that TIA/stroke mimics overall 

account for 20-25% of the referrals.10 However, only five studies were from stroke units 

or TIA clinics. As in OXVASC study, this meta-analysis showed a huge variety of 

differential diagnoses in patients with TIA/stroke mimics. The 20 most common 

conditions (813 patients) were seizure (19.6%), syncope (12.2%), sepsis (9.6%), brain 

tumour (8.2%), functional disorders (7.4%), benign headache disorders (9.0%), 

metabolic conditions (6.2%), neuropathy (4.6%), not specified (5%), vertigo (3.2%), 

dementia (2.3%), extra-or subdural haemorrhage (1.8%), drugs and alcohol (1.6%), 

transient global amnesia (1.4%), myelopathy (1.0%),  hypertension related (0.9%), 

Parkinson’s disease (0.7%), encephalopathy (0.5%) trauma (0.5%) and invasive 

procedure (0.4%), other diagnosis (6%). This meta-analysis also included major stroke 

mimics which may explain the differences in diseases proportions comparing to 

OXVASC study.  

A survey of stroke prevention services in the UK 4 showed that in half of the clinics, the 

estimated proportion of patients ultimatley diagnosed as TIA/minor stroke mimics was 

41-60%; in 31% of centres it was between 60% and 79%. In only 16% of centres  did 

definite TIA/minor strokes make up the majority of attendees. That survey also showed 

that nurses provide the primary assessment and diagnosis in nearly a third of clinics in 

UK. In this study I found a high proportion of patients with TNAs without definite 

diagnosis (33.3%). Similar proportions of TNAs were found in other TIA services.25  



47 

 

Some TNAs patients were probably classified in other studies as possible TIAs or TIA 

mimics. A recent study of 1532 consecutive patients attending a TIA service in the UK 11 

not included in the meta-analysis mentioned above, showed that 75% of the patients had 

either definite or possible TIA, 3% had minor stroke and 22% had TIA/minor stroke 

mimics. The most common diagnoses were migraine (53%) followed by syncope (9.1%), 

peripheral vestibular disturbance (7.4%), seizure (5.3%), functional (4.4%), transient 

global amnesia (3.8%) and others.  In this study migraine aura (14.4%) and syncope 

(10.7%) were also the first and second most common diagnoses followed by brain 

tumours (9.4%), seizures (8.5%), functional disorders (4.8%) and peripheral vestibular 

disturbance (4.4%).  

The frequency of some TIA/minor stroke mimics diagnoses varies considerably among 

TIA clinic services, possibly depending on the diagnostic criteria used for some 

conditions. A possible explanation is that even in cases where the diagnostic criteria for 

some conditions are not met (e.g: migraine aura according to the International Headache 

Society classification), because they are atypical, occur in patient with vascular risk 

factors or for the first time late in life, even though they will be classified as such.  In 

OXVASC study these patients without definite diagnosis were classified as TNAs.  

In conclusion, TIA/minor stroke mimics account for about one quarter of the referrals to 

an outpatient TIA clinic in a population-based study. The differential diagnoses in 

patients with a TIA/minor stroke mimics included many neurological and non-

neurological conditions, some of them acute and life-threatening.  

The short and long term risk of stroke after a non-vascular event were low and therefore, 

the diagnosis of TIA/minor stroke mimic in a specialized outpatient TIA clinic setting were 

accurate. A specialized assessment of patients with suspected TIA or minor stroke 

avoids unnecessary vascular workup and facilitates early focused cost-effective 

investigation and treatment.  
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3.1 Summary  

In the previous chapter, I showed that mimics and TNAs represented more than 50% of 

the suspected TIA/minor strokes. Moreover, I showed that although the risk of stroke 

after a mimic was lower than after a TIA and a minor ischaemic stroke (MIS) the risk of 

myocardial infarction (MI) and sudden cardiac death (SCD) were similar. Although, there 

is some evidence that TNAs have an increased risk of stroke and other vascular events 

than people who do not experience those events, data is still scarce. In addition, the 

spectrum and prognosis of all acute vascular events in population-based studies (ideal 

ways to identify risk factors and establish needs for the implementation of dedicated 

services) have rarely been published.   

In this chapter I determined in a prospective population-based study the relative 

proportions and the time course of recurrent stroke risk, cardiac risk, acute peripheral 

vascular disease risk and mortality after an ischaemic cerebrovascular event (TIA, minor 

ischaemic stroke and major stroke), TNA and TIA/minor stroke mimic.   

My findings in this study were as follows. First, TIA and MIS are each more common 

than major ischaemic strokes and that TIA and MIS patients together suffered 2/3 of all 

recurrent strokes and 2/3 of all MIs and SCDs. Second, when the composite outcome 

(stroke, MI, peripheral vascular disease or vascular death) was considered, TIA and MIS 

were also responsible for 2/3 of all the events. Third, 12% of strokes, 15% of all MI or 

SCD and 13% of all vascular events occurred after TNAs whereas 4.5% of all vascular 

events and 3.0% of all strokes occurred after a mimic during 10 years of follow-up.   

In summary, clinical guidelines, provision of services and public education tend to focus 

on major stroke, but must also take into account the very large clinical burden of “minor” 

cerebrovascular events and TNAs. There is a major need for more effective prevention 

after TIAs, ischaemic strokes and TNAs. Further research is necessary to understand 

the aetiology and prognosis of TNAs.  
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3.2 Introduction 

Stroke is the second most common cause of death in the world. The global burden of 

stroke has increased in the past two decades. Despite some improvements in stroke 

prevention and management in high-income countries, the growth and ageing of the 

global population is leading to a rise in the number of young and old patients with 

stroke.1  

Along with the burden of cardiovascular disease, patients with a TIA or a stroke are at 

high risk of a recurrence event. Therefore, patients with TIA and stroke need rapid, 

comprehensive assessment and active management to reduce the short-term and long-

term risks of recurrent strokes. 

The early risk of recurrence after transient ischaemic attack or minor stroke is high 

ranging from 3 to 11% at 7 days.2  In the long term (up to 10 years) the risk of stroke is 

high after the event and then falls whereas the risk of coronary events is constant over 

the follow-up period. The long-term risk is more dependent on underlying vascular risk 

factors than characteristic of the event itself, in contrast to the prognosis in the short 

term. The generalized use of aggressive secondary preventive therapy may have 

significantly reduced these risks, but data on the long-term outcome after TIA and stroke 

with the current treatment is lacking.3  

About 50% of patients who attend stroke preventive services have a TIA/minor stroke 

mimic4 and in around 20% of TIA clinic patients the nature of their transient neurological 

attacks (TNAs) is difficult to establish. Often in those TNAs patients, more than one 

differential diagnosis can be considered, and a possible TIA cannot be ruled out.5 The 

prognosis of these TNAs is not well known. Studies of suspected TIA/minor stroke that 

have reported data on non-vascular events did not consider this group of patients.  

Recent data showed that in patients with definite vertebrobasilar stroke preceding 
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transient isolated brainstem symptoms are common, but most symptoms do not satisfy 

traditional definition of TIA.6, 7  

Although prospective population-based stroke studies are ideal ways to identify risk 

factors, establish needs for the implementation of dedicated services,8 the spectrum and 

prognosis of all suspected acute vascular events have never been published.  

Population-based prognosis studies of all cerebrovascular disease which also include all 

TNAs and TIA/minor stroke mimics can provide crucial information about their nature 

and burden and would be fundamental in the future organization of stroke preventive 

services.  

In this chapter I aimed to determine relative proportions and the time course of recurrent 

vascular event (stroke, myocardial infarct, sudden cardiac death, peripheral vascular 

disease) after an ischaemic cerebrovascular event (TIA, minor ischaemic stroke and 

major stroke), TNA or TIA/minor stroke mimic in a population-based study.  

 

3.3 Methods 

The Oxford Vascular Study (OXVASC) is a prospective, population based study of all 

stroke and TIA in 92,728 individuals of all ages registered with 100 general practitioners 

in Oxfordshire, UK. The study methods have been described in Chapter 1 and 

elsewhere.9, 10  

Baseline characteristics were recorded in all patients and assessments were made for 

severity of event (using National Institute of Health Stroke Scale, NIHSS12) and clinical 

features. Events were classified as minor stroke if there was a focal neurological deficit 

lasting greater than 24 hours and an NIHSS score ≤5.  Event characteristics and risk 

factors were recorded and all patients with a suspected cerebrovascular event 

underwent brain imaging, with CT or MRI as appropriate. All cases were subsequently 
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reviewed by the study senior neurologist (PMR) and classified as TIA or stroke or other 

condition using standard definitions.9, 10 All patients with recurrent events were 

reassessed by a study physician and then case reviewed by PMR. All patients received 

best medical treatment and secondary prevention according to current guidelines.  

 

Patients were followed-up face-to-face at regular intervals (Chapter 1) up to 10 years 

after their event. For patients who had moved out of the study area, telephone follow-up 

was performed. Follow-up was conducted via a carer if the patient was unable to 

participate, for example due to dementia. The timing of all recurrent events (strokes, 

myocardial infarct, acute peripheral disease and sudden cardiac deaths) up to 10 years 

after the first event was recorded. Patients with a TIA/minor stroke mimic were not 

routinely followed-up but an additional search in the general practices was conducted by 

one of the study nurses (L Bull and S Welsh) at  the end of follow-up to ensure that we 

did not miss any vascular event. Recurrent strokes that presented to medical attention 

would also be identified acutely by ongoing daily case-ascertainment within OXVASC, 

reassessed by a study physician and the case reviewed by PMR. In view of the high rate 

(97%) of brain imaging or autopsy in OXVASC strokes of unknown cause were coded as 

ischaemic.9  

A recurrent stroke was defined as a new persistent neurological symptom in a patient in 

whom the initial symptoms were stable or who had already substantially or fully 

recovered. The cause of death was determined from death certificates, coroner’s 

reports, patient medical notes, and coding from the Office for National Statistics National 

Health Service Central Register and then categorised into: 

 fatal stroke, in patients who died as a direct result or complication of stroke within 

6 months of the event, 

 myocardial infarct or sudden cardiac death, 

 peripheral vascular disease death, in patients who died due to an acute 

peripheral vascular event such as abdominal aortic aneurysm rupture or a 
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complication of limb ischaemia.  

In this chapter I included all cases of suspected TIA or stroke from 1 April 2002 to 31 

March 2012. I reviewed the clinical characteristics of all events classified as a TIA or a 

non-vascular diagnosis. TIA diagnosis was based on the NINDS criteria.13 In patients 

with transient neurological symptoms of uncertain aetiology the event was classified as a 

Transient Neurological Attacks (TNA). A definite non-vascular diagnosis was classified 

as a TIA/minor stroke mimic. Patients with primary intracerebral haemorrhage and those 

who presented as a possible stroke or a stroke death were excluded.  

 

3.4 Statistical analysis 

I restricted analysis to the risk of recurrent events after the first (index event) ischemic 

cerebrovascular event (TIA, minor stroke and major stroke), TNA and TIA/minor stroke 

mimic. I used Kaplan-Meyer survival analysis to determine the risks of recurrent stroke 

for each subgroup. Participants were censored at the time of the outcome event, end of 

the study or death, whichever occurred first. In patients who had multiple recurrent 

events, the end point was classified as the first recurrence following the index event.  I 

used Chi-squared or Fisher’s exact test to compare categorical variables and Student’s t 

test for continuous variables. P values < 0.05 were regarded as statistically significant.  

All analysis was performed using SPSS version 20. 

 

3.5 Results 

Of 3324 consecutive patients, initially ascertained as possible TIA or stroke in the study 

period from 1 April 2002 to 31 March 2012, I excluded for the purpose of this study 338 

(10.2%). Among the excluded events 101 (3.0%) were possible strokes, 32 (0.9 %) 

retinal artery occlusions, 8 (0.2%) other types of strokes, 125 (3.7%) primary 

intracerebral haemorrhage and 72 (2.1%) subarachnoid haemorrhage. 2986 patients 
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were included, 2019 (67.6%) presented as probable/definite TIA or ischaemic stroke, 

512 (17.1%) as TNA and 455 (15.3%) as TIA/minor stroke mimic.  

Of 2019 acute ischaemic cerebrovascular events (mean age 74.2; SD, 12.8), 749 

(37.1%) were probable/definite TIAs (mean age, 72.5; SD, 13.1), 814 (40.3%) minor 

strokes (mean age 73.1; SD, 12.8) and 456 (22.6%) major strokes (mean age 78.5; SD 

11.7) (Table 3.1). Among the ischaemic cerebrovascular events, patients with minor 

stroke were more likely to be male (p=0.01), and current smokers (p=0.01). 

Increasing ischaemic event severity was associated with previously diagnosed atrial 

fibrillation (p<0.001), hypertension (p=0.04), diabetes (p=0.01), peripheral vascular 

disease (p=0.01) and also with use of antiplatelet drugs prior to the event (p=0.01) 

(Table 3.1).  

Table 3.1 Baseline characteristics, vascular risk factors and premorbid medication of patients 

presenting with ischaemic cerebrovascular event (TIA, minor stroke and major stroke) 

 

TIA Minor stroke Major stroke 
 

 

(n= 749) (n=814 ) (n=456 ) p-value 

Age (mean (SD)) 72.5 (13.1) 73.1 (12.8) 78.5 (11.7) < 0.001 

Male Sex  366 (48.9) 427 (52.5) 195 (43.0) 0.01 

Hypertension 404 (53.9) 472 (58.1) 276 (61.2) 0.04 

Diabetes 64 (8.5) 104 (12.8) 60 (13.3) 0.01 

Angina or myocardial infarction 134 (17.9) 162 (20.0) 101 (22.4) 0.16 

Peripheral vascular disease 39 (5.2) 50 (5.2) 50 (11.1) < 0.001 

Previously diagnosed atrial fibrillation 122 (16.3) 141 (17.3) 148 (32.8) < 0.001 

Current smoker 95 (12.7) 143 (17.6) 47 (10.5) 0.001 

Previous TIA 103 (13.8) 57 (7.0) 45 (10.0) < 0.001 

Previous stroke 67 (8.9) 99 (12.2) 75 (16.6) < 0.001 

Prior antiplatelet drugs 242 (32.3) 299 (36.8) 195 (43.4) 0.01 

Prior statin 178 (23.8) 184 (22.7) 97 (21.6) 0.68 

Prior antihypertensive drugs 407 (54.3) 461 (56.7) 270 (60.1) 0.14 
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Compared with patients with mimic, patients who had a TNA  (Table 3.2) were older 

(mean age 66.4, SD 15.4 vs 62.4, SD 18.0, p<0.001), had an increased history of 

hypertension (45.8% vs 34.9%, p<0.001) and an increased use of antihypertensive 

drugs (42.3% vs 30.5%, p< 0.001).  

Table 3.2 Baseline characteristics, vascular risk factors and premorbid medication of 

patients presenting with TNA and mimic 

 
TNA  Mimic p-values 

 
(n=512) (n=455)    

Age (mean (SD)) 66.4 (15.4) 62.4 (18.0) < 0.001 

Male Sex  226 (44.1) 213 (48.3) 0.21 

Hypertension 234 (45.8) 152 (34.9) 0.001 

Diabetes 43 (8.4) 39 (8.9) 0.82 

Angina or myocardial infarction 61 (12.0) 40 (9.2) 0.20 

Peripheral vascular disease 20 (3.9) 14 (3.2) 0.60 

Previously diagnosed atrial fibrillation 49 (9.6) 28 (6.4) 0.09 

Current smoker 65 (12.8) 51 (12.0) 0.70 

Previous TIA 31 (6.1) 1 (0.2) < 0.001 

Previous stroke 27 (5.3) 22 (5.0) 0.88 

Prior antiplatelet drugs 140 (27.3) 97 (22.1) 0.07 

Prior statin 101 (19.8) 68 (15.7) 0.12 

Prior antihypertensive drugs 216 (42.3) 134 (30.5) < 0.001 

 

During a mean time of 4.2 years and 12422 person/years of the follow up, overall 439 

strokes occurred after an ischaemic cerebrovascular event, TNA or TIA/minor stroke 

mimic. In patients who presented with a cerebrovascular event, during 7233 

person/years of follow-up there were 375 recurrent strokes, 130 after a TIA, 170 after a 

minor stroke and 75 after a major stroke (Table 3.3). Three hundred (68.3%) recurrent 

strokes occurred in patients who presented with TIA or minor ischaemic stroke.  

Of 171 strokes within 90 days after the index event, 72 (42.1%) were preceded by TIA, 

59 (34.5%) by minor ischaemic stroke, 32 (18.7%) by major stroke, 7 (4.1%) by TNA and 

1(0.6%) by TIA/minor stroke mimic (Table 3.3). At one year of follow-up 245 (8.2%) 
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patients had a stroke and 88 (35.9%) occurred after TIA, 92 (37.6%) after minor 

ischaemic stroke, 52 (21.2%) after major ischaemic stroke, 10 (4.1%) after TNA and 3 

(1.2%) after TIA/minor stroke mimic. By year five, 401 strokes had occurred.  119  

(29.7%) had a TIA as index event, 158 (39.4%) had a minor ischaemic stroke, 72 

(17.9%) had a major ischaemic stroke, 43 (10.7%) had a TNA and 9 (2.3%) had a 

TIA/minor stroke mimic. In total, 439 strokes occurred during 10 years of follow up. 

Among them, 130 (29.6%) occurred after TIA, 170 (38.7%) after minor ischaemic stroke, 

75 (17.1%) after major ischaemic stroke, 52 (11.9%) after TNA and 12 (2.7%) after 

TIA/minor stroke mimic. 

Table 3.3 Stroke recurrence after a TIA, minor ischaemic stroke, major  ischaemic stroke, TNA and 

mimic up to 10 years in OXVASC  

    

90 days 1 year 5 years 10 years 

      Patients Events (n)      Events (n)     Events (n)    Events (n) 

All  2986 171 245 401 439 

      TIA 749 72 88 119 130 

      Minor ischaemic 
stroke 

814 59 92 158 170 

      
Major ischaemic 
stroke 

456 32 52 72 75 

     
TNA 512 7 10 43 52 

      
Mimic 455 1 3 9 12 

 

At 90 days, 24 myocardial infarction (MI) or sudden cardiac death (SCD) occurred, 7 

(29.2%) after TIA, 5 (20.8%) after minor ischaemic stroke, 9 (37.5%) after major 

ischaemic stroke, 2 (8.3%) after TNA and 1 (4.2%) after TIA/minor stroke mimic (Table 

3.4). By year one, 54 patients had a MI or SCD and 15 (27.8%) occurred after TIA, and 

the same number of MI or SCD occured after a minor ischaemic stroke or after a major 

ischaemic stroke. Seven (12.9%) MI or SCD occured after a TNA and 2 (3.7%) after 

TIA/minor stroke mimic.  At 5 years, among 132 MI or SCD, 40 (30.3%) were preceded 
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by TIA, 45 (34.1%) by minor ischaemic stroke, 16 (12.1%) by a major ischaemic stroke, 

21 (15.9%) by a TNA and 10 (7.6%) by a mimic. At 10 years, 162 MI or SCD occurred 

and 50 (30.9%) had TIA, 58 (35.8%) had minor ischaemic stroke, 16 (9.9%) had major 

ischaemic stroke, 25 (15.4%) had TNA and 13 (8.0%) had TIA/minor stroke mimic as 

index event. 

 

Table 3.4 Myocardial infarct or sudden cardiac death after TIA, minor stroke, TNA and  

mimic up to 10 years in OXVASC 

    

90 days 1 year 5 years       10 years 

      Patients Events (n)      Events (n)     Events (n)       Events (n) 

All  2986 24 54 132 162 

      TIA 749 7 15 40 50 

      Minor ischaemic  
stroke 

814 5 15 45 58 

      
Major ischaemic  
stroke 

456 9 15 16 16 

      
TNA 512 2 7 21 25 

      
Mimic 455 1 2 10 13 

 

 

I also considered the occurrence of any vascular event (stroke, MI, acute peripheral 

disease or vascular death) whichever occurred first, as a composite outcome. During 10 

years of follow-up among 618 acute vascular events occurred, 180 (29.2%) after TIA, 

236 (38.2%) after minor ischaemic stroke, 93 (15.0%) after major ischaemic stroke, 81 

(13.1%) after TNA and 28 (4.5%) after a mimic. 416 vascular events (67.3%) occurred 

after a TIA or minor ischaemic stroke.  
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3.6 Discussion 

I showed in this chapter that TIA and minor ischemic strokes are each more common 

than major ischaemic strokes and that TIA and minor ischaemic stroke patients together 

suffered two thirds of all recurrent strokes and two thirds of all MIs and SCDs. When the 

composite outcome (stroke, MI, PVD or vascular death) was considered TIA and minor 

ischaemic stroke were also responsible for two thirds of all the events. Clinical 

guidelines, provision of services and public education tend to focus on major stroke, but 

must also take into account the very large clinical burden of “minor” cerebrovascular 

events. 

Additionally, I found that one third of patients with a suspected TIA/minor stroke had a 

TNA of uncertain aetiology or a TIA/minor stroke mimic. Moreover, 12% (52/439) of 

strokes and 15% (25/162) of all MI or SCD during 10 years of follow-up occurred after 

TNA. Only 3.0% of all stroke occurred after a TIA/minor stroke mimic. When the 

composite outcome (stroke, MI, PVD or vascular death) was taken into account 13% of 

the events occurred after TNA as index event.  

As I showed in Chapter 2, and in agreement with the literature,14 the diagnosis of 

patients with TIA/minor stroke mimic include a large spectrum of neurological and non-

neurological conditions and in a high proportion of them the diagnosis is uncertain even 

in patients seen by a specialist. In addition, as I showed in this study, patients with TNA 

and uncertain diagnosis have also a considerably high risk of vascular events in the 

future.  

This study had however some limitations. First, I may have underestimated the risk of 

TIA and minor stroke as an unknown proportion of patients with these conditions will 

never seek medical attention. Second, although face-to-face follow-up data up to 10 

years was available for patients ascertained at the start of study in 2002, data was not 

available for patients ascertained more recently as they have not yet reached the 10 
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year follow-up stage. Third, patients with a TIA/minor stroke mimic were not followed 

face-to-face, which can lead to an underestimation of the risk of recurrent events in that 

group. However, according to OXVASC design I would be able to diagnose all acute 

vascular events if they had occurred. In addition, an extra electronic search in the 

general medical practices was performed in the end of follow-up for all patients to avoid 

missing vascular events. Fourth, I might also have underestimated the risk of stroke or 

vascular event after a TNA because as for TIAs and minor stroke the proportion of 

patients who have these events and do not seek medical attention is unknown.  

In summary, patients with acute ischaemic cerebrovascular events are at high risk of 

recurrent stroke and other vascular events. The burden of a recurrent stroke or other 

vascular event is higher in TIA and minor ischaemic strokes. A considerable proportion 

of patients with a suspected vascular event has a non-cerebrovascular disease and 

need specialized medical evaluation. One fifth of patients seen in TIA clinic with TNA do 

not have definite diagnosis and have a high risk of future stroke and other vascular 

events. There is a major need for more effective prevention after TIAs, ischaemic strokes 

and TNAs. Further research is necessary to understand the aetiology and prognosis of 

TNAs.  
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4.1 Summary  

In the Chapter 3 I showed that TIA and minor ischaemic strokes (MIS) together were 

responsible for the majority of acute vascular events and also that a high proportion of 

strokes and other vascular events occurred after a TNA and fewer after mimics. 

Therefore, in this Chapter I aimed to determine the risk of stroke, other acute vascular 

events and death after an ischaemic cerebrovascular event (TIA, minor and major 

ischaemic stroke), TNA and mimic in a population-based study.  

My findings were as follows. First, the risk of stroke after TIA, MIS and major ischaemic 

stroke was high. At 90 days the risk was higher in TIA than MIS but at one year the risk 

was similar in both groups. By year 5 and year 10 the risk was higher in minor ischaemic 

stroke.  The cumulative risk of recurrent stroke after a major stroke was similar after TIA 

at 90 days but was higher than TIA and MIS at year 1, year 5 and year 10. The 10 years’ 

cumulative risk of stroke in patients with a TIA, MIS or major stroke was very high 

(overall 27%). Second, 87% of all MIs and SCDs after an ischaemic cerebrovascular 

event occurred after a TIA and MIS. By year 10, the death risks in the cerebrovascular 

groups were higher than 50%. Furthermore, the risk of any recurrent vascular event after 

any ischaemic event was more than 50%. Third, TNA patients had lower risk of a 

recurrent stroke up to 10 years than the cerebrovascular group but significantly higher 

than in mimics (15.7 vs 4.8%, log rank p<0.001). Furthermore, the post 90-day risk of 

stroke after a TNA was similar to the stroke risk after a TIA (14.5% vs 13.8, log rank 

p=0.99). Also, more than one third of the deaths that occurred up to year 10 after a TNA 

were vascular in nature, and the risk of vascular death after a TNA was double the risk of 

vascular death in mimics (12.6% vs 6.3%, log rank p=0.01). In summary, the burden of a 

recurrent stroke or other vascular event is higher in TIA and MIS patients. TNAs have a 

high risk of future stroke and other vascular events. There is a major need for more 

effective prevention after TIAs, ischaemic strokes and TNAs. Further research is 

necessary to understand the aetiology and prognosis of the TNAs.  
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4.2 Introduction 

Approximately 20% of all ischemic strokes are recurrent strokes and they cause greater 

disability, financial burden and mortality than a first stroke.1-3 Risk of a stroke recurrence 

after a TIA or a stroke is highest within the first year, and then decreases with time but 

remains elevated for up to 15 years.4-9 In the last decade the generalized use of 

aggressive secondary therapy may have significantly reduced these risks, however, data 

on the long-term outcome after TIA and stroke with current treatment in population-

based studies are lacking.9  

Moreover, data on prognosis of all suspected cerebrovascular events is rare. A 

systematic review and meta-analysis10 found only 5 studies that reported data on 

outcomes for non-cardiovascular events (TIA/minor stroke mimics).11-15 Among them, 

one study was  population-based, two were TIA clinic-based, one was A&E-based, and 

the other a clinical trial.  The population-based study included in the systematic review  

reported data on prognosis of transient neurological attacks (TNAs) lasting < 24 hours 

with uncertain diagnosis and excluded patients in which an alternative diagnosis 

(migraine, epilepsy, Ménière disease, hyperventilation, cardiac syncope, hypoglicaemia, 

or orthostatic hypotension) could be made. However, in that study the diagnosis of each 

event was derived retrospectively, patients were seen by different specialists at the time 

of the event, less than one third were seen by a neurologist and one quarter did not 

consult any physician and reported the event at the subsequent visit to the research 

centre. Researchers found that participants with non-focal TNA were at higher risk of 

stroke and dementia than participants without TNA. Also, mixed (focal and non-focal) 

TNA were at high risk of stroke, ischaemic heart disease, vascular death and dementia 

than participants without TNA. Prospective population-based studies that include all 

suspected TIA/minor stroke events and investigate the long-term prognosis of all 

subgroups of patients would be crucial for the organization of health services and 

patients management.  
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In this chapter I aimed to determine the risk of stroke, other acute vascular events  and 

death after an ischaemic cerebrovascular event (TIA, minor and major ischaemic stroke), 

TNA and TIA/minor stroke mimic in a population-based study.  

 

4.3 Methods 

The Oxford Vascular Study (OXVASC) is a prospective, population based study of all 

stroke and TIA in 92,728 individuals of all ages registered with 100 general practitioners 

in Oxfordshire, UK. The study methods have been described in Chapter 1 and 

elsewhere.16, 17  

All patients were consented and seen by study physicians as soon as possible after their 

initial presentation. Baseline characteristics were recorded in all patients and 

assessments were made for severity of event (using National Institute of Health Stroke 

Scale, NIHSS19) and clinical features. Events were classified as minor stroke if there was 

a focal neurological deficit lasting greater than 24 hours and an NIHSS score < 5.  Other 

definite diagnosis were classified as TIA/minor stroke mimics and patients with transient 

neurological symptoms who did not fulfil criteria for probable/definite TIA or other 

diagnosis were classified as Transient Neurological Attacks (TNAs). Event 

characteristics and risk factors were recorded and all patients with a suspected 

cerebrovascular event underwent brain imaging, with CT or MRI as appropriate. All 

cases were subsequently reviewed by the study senior neurologist (PMR) and classified 

as TIA or stroke or other condition using standard definitions.16, 17 All patients with 

recurrent events were reassessed by a study physician and then case reviewed by PMR. 

All patients received best medical treatment and secondary prevention according to 

current guidelines.  

Patients were followed-up face-to-face at 30 days, 6 months, 1 year, 5 years and 10 

years by a study nurse or physician. For patients who had moved out of the study area, 

telephone follow-up was performed. Follow-up was conducted via a carer if the patient 
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was unable to participate, for example due to dementia. The timing of all recurrent 

events (strokes, myocardial infarct, acute peripheral disease and sudden cardiac deaths) 

up to 10 years after the first event was recorded. Patients with a TIA/minor stroke mimic 

were not routinely followed up but an additional search in the general practices was 

conducted by one of the study nurses (L Bull and S Welsh) at the end of follow-up to 

ensure that any vascular event was missed. Recurrent strokes that presented to medical 

attention would also be identified acutely by ongoing daily case-ascertainment within 

OXVASC, reassessed by a study physician and the case reviewed by PMR. In view of 

the high rate (97%) of brain imaging or autopsy in OXVASC, strokes of unknown cause 

were coded as ischaemic.16  

 

A recurrent stroke was defined as a new persistent neurological symptom in a patient in 

whom the initial symptoms were stable or who had already substantially or fully 

recovered. The cause of death was determined from death certificates, coroner’s 

reports, patient medical notes, and coding from the Office for National Statistics National 

Health Service Central Register and then categorised into: 

 fatal stroke, in patients who died as a direct result or complication of stroke within 

6 months of the event, 

 myocardial infarct or sudden cardiac death, 

 peripheral vascular disease death, in patients who died due to an acute 

peripheral vascular event such as abdominal aortic aneurysm rupture or a 

complication of limb ischaemia.  

In this chapter I included all cases initially classified as possible TIA, stroke, TNA or 

TIA/minor stroke mimic (mimic) from 1 April 2002 to 31 March 2010. I used the same 

methodology in the classification of TIAs, TNAs and TIA/mimics as was described in 

Chapter 3. Patients with a primary intracerebral haemorrhage and those who presented 

as a possible stroke or a stroke death were excluded. 
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4.4 Analysis  

I restricted analysis to the risk of recurrent events after the first (index event) ischemic 

cerebrovascular event (TIA, minor stroke and major stroke), TNA and mimic. The risks of 

recurrent stroke within 10 years of TIA, minor ischaemic stroke, major ischaemic stroke, 

TNA and mimic were censored for deaths and follow-up until 6 August 2013. Risks were 

analysed from the time of index event. In patients who had multiple recurrent events, the 

end point was classified as the first recurrence following the index event. Kaplan-Meier 

survival analysis was used to calculate recurrence risks. All analysis was performed 

using SPSS version 20. 

 

4.5 Results 

In total 2986 consecutive patients were included, 2019 (67.6%) presented as 

probable/definite TIA or ischaemic stroke, 512 (17.1%) as TNA and 455 (15.3%) as 

mimic.  

Of 2019 acute ischaemic cerebrovascular events (mean age 74.2; SD, 12.8), 749 

(37.1%) were probable/definite TIAs (mean age, 72.5; SD, 13.1), 814 (40.3%) minor 

strokes (mean age 73.1; SD, 12.8) and 456 (22.6%) major strokes (mean age 78.5; SD 

11.7) (Chapter 1, Table 3.1). As I showed in Chapter 3, among the ischaemic 

cerebrovascular events, patients with minor stroke were more likely to be male (p=0.02), 

and current smokers (p=0.01) (Table 3.1). 

Increasing ischaemic event severity was associated with previously diagnosed atrial 

fibrillation (p<0.001), hypertension (p=0.04), diabetes (p=0.01), peripheral vascular 

disease (p=0.01) and also with use of antiplatelet drugs prior to the event (p=0.01) 

(Table 3.1).  
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Compared to patients with mimics, patients who had a TNA (Chapter 3,Table 3.2) were 

older (mean age 66.4, SD 15.4 vs 62.4, SD 18.0, p<0.001), had an increased history of 

hypertension (45.8% vs 34.9%, p<0.001) and an increased use of antihypertensive 

drugs (42.3% vs 30.5%, p< 0.001).  

 

4.5.1 Risk of stroke  

During a mean time of 4.2 years of the follow-up, overall 439 strokes occurred after an 

ischaemic cerebrovascular event, TNA or mimic. In patients who presented with a 

cerebrovascular event, there were 375 recurrent strokes, 130 after a TIA, 170 after a 

minor ischaemic stroke and 75 after a major ischaemic stroke (Table 3.3).  

The 90-day stroke risks from the index event were not significantly different among 

ischaemic event types, being 9.6% after a TIA, 7.4% after a minor stroke and 9.1% after 

a major stroke (log rank p=0.20) (Table 4.1).  

At one year, the recurrent stroke risk after any cerebrovascular event was 12.5% and 

remained similar (11.8% in TIA vs 11.7% in minor stroke vs 17.0% in major stroke) 

between groups (log rank p=0.17).   

The 5-year risks of recurrent stroke were different after TIA, minor ischaemic stroke and 

major ischaemic stroke (17.3% vs 24.1% vs 29.8%, log rank p=0.001).  

By year 10 after the index event, recurrent stroke risks after TIA, minor stroke and major 

stroke remained also significantly different (22.2% vs 29.3% vs 39.7%, log rank p=0.01) 

(Figure 4.1 and 4.2) and like at year 5 the risks were higher in major stroke.  

In patients who presented initially with TNA (n= 512) and mimic (n= 455) there were 64 

recurrent strokes, 52 after a TNA and 12 after a mimic (Table 4.2). Stroke after a mimic 

as an index event occurred in patients who had the following diagnosis: microvascular 

cranial nerve palsy (n=4); peripheral vertigo (n=3); probable cervical myelopathy (n=2); 
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probable peripheral nerve involvement (n=1); vascular dementia (n=1) and syncope 

(n=1). Only one patient who presented with a mimic and 7 who presented with a TNA 

had a stroke in the first 90 days after the event. The 10-year risk of stroke after a TNA 

was significantly higher than after a mimic (15.7% vs 4.8%, log rank<0.001) (Table 4.2). 

The stroke risks post-90 days up to 10 years after major stroke, minor stroke, TIA, TNA 

and mimic (Figure 4.3) were 33.6%, 23.4%, 13.8%, 14.5%, and  4.6% respectively. The 

post-90 days up to 10 year stroke risk after a TNA and TIA were similar (14.5% vs 

13.8%, log rank p=0.99) (Figure 4.4).   
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Table 4.1 Risks of recurrent stroke after TIA and ischaemic stroke up to 10 years in OXVASC  

   
90 days    1 year   5 years   10 years   

    Patients Events (n) Risk (%) Events (n) Risk (%) Events (n) Risk (%) Events (n) Risk (%) 

    
log rank p =0.20   log rank p =0.17   log rank p =0.01   log rank p=0.005 

           All  2019 163 8.5 232 12.5 349 21.8 375 27.6 

           TIA 
 

749 72 9.6 88 11.8 119 17.3 130 22.2 

           Minor ischaemic 
stroke 814 59 7.4 92 11.7 158 24.1 170 29.3 

           Major ischaemic 
stroke 456 32 9.1 52 17.0 72 29.8 75 39.7 
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Table  4.2 Risks of stroke in TNA and mimic up to 10 years in OXVASC  

   
90 days    1 year   5 years   10 years   

     Patients Events (n) Risk (%) Events (n) Risk (%) Events (n) Risk (%) Events (n) Risk (%) 
 

    
log rank p=0.05   log rank p=0.10   log rank p= <0.001   log rank p=< 0.001 

            All  967 8 0.8 13 1.4 52 7.0 64 10.7  

            

TNA 
 

512 7 1.4 10 2.0 43 10.1 52 15.7 
 

            Mimic 455 1 0.2 3 0.7 9 2.7 12 4.8 
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Figure 4.1 Risk of stroke up to 10 years after a TIA, minor stroke, major stroke, TNA or 

mimic in OXVASC  

 

 

 

Figure 4.2 Risk of stroke up to 10 years after a TIA, minor stroke and major stroke in 

OXVASC  
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Figure 4.3 Post 90-day risk of stroke up to 10 years after a TIA, minor and major 

ischaemic stroke, TNA or mimic in OXVASC   

 

Figure 4.4 Post 90-day risk of stroke up to 10 years after TNA and TIA in OXVASC  

 

4.5.2 Risk of acute cardiac disease 

The cumulative risk of acute myocardial infarct (MI) or SCD (sudden cardiac death) up to 10 
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 By year 5, the risk of MI or SCD after all types of ischaemic events was 7.0% and it was not 

significantly different among sub-types (6.7% in TIA vs 7.4% in minor stroke vs 5.6% in major 

stroke, log rank p=0.81) (Table 4.3). In total, by the end of follow-up, 124 MI and SCD 

occurred after all ischaemic events: 108 (87.1%) after TIA or minor ischaemic stroke and 16 

(12.9%) after major ischaemic stroke.    

The risk of all cardiac events after a TNA and mimic by year 5 was 4.0% (4.9% in TNA vs 

2.9% in mimic, log rank p=0.15) (Table 4.4). By the end of follow-up, 38 cardiac events 

occurred after a TNA and mimic. The risk of a cardiac event was higher in TNAs than in 

mimics (7.4% vs 5.3%), but the difference was not significant (log rank p=0.16) (Figure 4.6). 

Diagnosis of patients with mimics as index event that had a MI or SCD was: syncope (n=7), 

TGA (n=2), cranial nerve palsy (n=1), brain tumour (n=1), pneumonia (n=1) and depression 

(n=1).  

 

Table 4.3. Risks of acute cardiac events after a TIA and ischaemic stroke up to 10 years 

in OXVASC  

                           5 years             10 year                      

 
  

MI/SCD       

 

       MI/SCD     

    Patients Events (n)   Risk (%)      Events (n)  Risk (%)   

         log rank p= 0.81        log rank p= 0.83 

            
All 

 
2019 101 

 
7.0 

  
124 

 
12.0 

 

            
TIA 

 
749 40 

 
6.7 

  
50 

 
12.1 

 

            
Minor ischaemic 
stroke 

814 45 
 

7.4 
  

58 
 

13.1 
 

            
Major ischaemic 
stroke 
 

456 16 
 

5.6 
  

16 
 

5.6 
 

MI- myocardial infarct; SCD- Sudden cardiac death 
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Figure 4.5. Risks of myocardial infarct (MI) or sudden cardiac death (SCD) up to 10 

years after a TIA, minor or major ischaemic stroke in OXVASC  

 

 

 

Table 4.4 Risks of cardiac events after a TNA and a mimic up to 10 years in 

OXVASC  

  
                   5 years 

 
10 years  

 
 

 

 
 

                 MI/SCD   

 

MI/SCD 
  

   Patients       Events (n) Risk (%) 

 

Events (n) Risk (%) 

 
  

 
  

 

  log rank p=0.15  

  
log rank p= 0.16 

 
 

 

           All  967      31 4.0 

 

38 6.4 
   

 

           TNA 512      21 4.9 

 

25 7.4 
   

 

           Mimic 455      10 2.9 

 

13 5.3 

 
  

 

           MI- Myocardial infarct; SCD- Sudden cardiac death 
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Figure 4.6 Risk of myocardial infarction (MI) or sudden cardiac death (SCD) afer a TNA 

or mimic in OXVASC 

 

4.5.3 Risk of acute peripheral vascular disease   

The risk of acute peripheral vascular disease (PVD) after a TIA, minor and major ischaemic 

stroke during the follow-up was lower than the risk of stroke or cardiac events (Table 4.5). 

During the first 5 years, among patients with an ischaemic event at presentation, 47 had an 

acute PVD, 38 (80.9%) occurred after TIA and minor stroke and 9 (19.1%) after major stroke. 

The cumulative risk of acute PVD after any ischaemic event by year 5 was 3.5% and was not 

different among TIA, minor and major stroke (2.9 vs 4.2 vs 2.6, p=0.41, Table 4.5).  

In total, by the end of follow-up, 53 patients had an acute PVD event and 43 (81.1%) 

occurred after a TIA or minor stroke as index event. The overall risk of PVD by year 10 after 

any ischaemic event (4.7%) was about one third of the risk of any cardiac event and one fifth 

of the risk of any stroke recurrence.  
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In the end of follow-up, 16 (3.1%) patients who presented with a TNA and 6 (1.3%) patients 

who presented with a mimic had an acute PVD episode. The diagnosis at the time of the 

index event, of patients with a mimic who had an acute PVD in the follow-up was: 

labyrinthitis, syncope, peripheral nerve involvement (2 patients), cerebral arteriovenous 

malformation, and TGA. 

 

Table 4.5 Risks of acute peripheral vascular disease after a TIA and ischaemic stroke up 

to 10 years in OXVASC  

    
 

  

  

  
   

           5 years   
 

10 years  

 
   

 

  
 

 
Patients       Events (n) Risk (%)   Events (n) Risk (%)   

 
 

 
log rank p=0.41 

 

log rankp=0.38 

        All  2019 47 3.5 
 

53 4.7 
 

 
      

 TIA 749 14 2.9 
 

16 3.9 
 

 
      

 Minor ischaemic 
stroke 

814 24 4.2 
 

27 5.7 

 
       

 Major ischaemic 
stroke 

456 9 2.6 
 

10 3.6 

                 

 
        

4.5.4 Risk of death 

The mean time to death or final of follow-up was 4.4 years (SD 3.13) for all ischaemic 

cerebrovascular events, 5.0 years (SD 2.9) for TNAs and 5.3 (SD 3.3) for mimics.  

At the end of follow-up, in total 1113 out of 2986 (37.2%) patients had died. During the first 5 

years of follow-up 699 out of 2019 (34.6%) patients who presented with an acute 

cerebrovascular event had died (Table 4.6). Among them, 366 (52.4%) deaths occurred after 

a TIA or minor ischaemic stroke. The 5 year risk of death after TIA, minor and major 

ischaemic stroke was 29.6%, 32.9% and 65.4% respectively (log rank p<0.001).  

By year 10, 848 (42.0%) patients who presented with cerebrovascular ischaemic events had 

died. 480 (56.6%) patients died after a TIA or minor stroke and 368 (43.3%) after a major 



 
 

78 

 

stroke.  Overall, the  10 year risk of death after all acute ischaemic vascular events was 

61.7%, being higher in major stroke than in minor ischaemic stroke and TIA (80.7% vs 55.4% 

vs 52.7%, log rank p<0.001) (Figure 4.7). 

The risk of death by year 5 after TNA and mimic was 19.5% and differed significantly in TNA 

and mimic (21.7% vs 18.1%, log rank=0.03) (Table 4.7 and Figure 4.8).  At the end of follow-

up, 142 (27.7%) patients who presented with a TNA and 123 (27.0%) who presented with a 

mimic had died. 

Table 4.6 Risk of death of any cause after TIA, minor and major stroke up to 10 years in 

OXVASC 

   
5 years 

 
                   10 years   

 

  Patients     Events (n) Risk (%)     Events (n) Risk (% 

 
  

   
log rank p< 0.001 

 
    log rank p<0.001 

 
  

All 
 

2019     699 41.1 
  

848   61.7 
  

 
         TIA 
 

749     160 29.6 
  

214   52.7 
 

          Minor 
ischaemic 
stroke 814      206 32.9 

  
266   55.4 

 

          Major 
ischaemic 
stroke 456      333 65.4 

  
368   80.7 

 
           

 
Table 4.7 Risk of death of any cause after TNA or mimic up to year 10 in OXVASC 

  

5 years 

 

                  10 years 

  
       
Patients       Events (n)  Risk (%)   Events (n)  Risk (%) 

   
 log rank p= 0.03 

  
log rank p=0.04 

All 967 195 19.5 
 

             265 34.6 
 
 

      TNA 512 104 18.1 
 

             142 33.1 

       

Mimic 455 91 21.7 
 

             123 36.8 
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Figure 4.7 Risk of death of any cause up to 10 years after a TIA, minor and major 

stroke in OXVASC  

 

 

 

 

 

 

 

 

Figure 4.8 Risk of death of any cause up to 10 years after a TNA or mimic in OXVASC  
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By year 10, the risk of death was also significantly higher in mimics than in TNAs (36.8% 

vs 33.1%, log rank p=0.04). 

In total, among all 2986 patients included, 471 (15.7%) had a vascular death during the 

follow-up (Table 4.8 and Table 4.9). By year 10, the risk of vascular death was higher in 

patients with a major stroke compared to TIA and minor stroke (58.8% vs 21.5% vs 

24.2%) (Table 4.8 and Figure 4.9). 

Compared to patients who presented with mimic those who presented with TNA had a 

5 year and a 10 year risk of vascular death two times higher (3.1% vs 7.6% at 5 years; 

6.3% vs 12.6% at 10 years) (Table 4.9 and Figure 4.10).   

 

 

Table 4.8 Risk of vascular death after a TIA, minor and major stroke up to year 

10 in OXVASC  

    
  

  
   

           5 years  
 

10 years  

 
   

  

  Patients       Events (n) Risk (%) Events (n) Risk (%) 

 
 

 
log rank p< 0.001   log rank p< 0.001 

      All  2019 349 21.9 403 31.1 

      TIA 749 69 13.5 85 21.5 

      Minor ischaemic 
stroke 

814 73 12.3 96 24.2 

  
   

 
Major ischaemic 
stroke 

456 207 46.9 222 58.8 
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Figure 4.9 Risk of vascular death up to 10 years after a TIA, minor and major stroke up to 

10 years in OXVASC  

 
 

 

 

Table 4.9 Risk of vascular death after TNA or mimic up to year 10 in OXVASC  

    
  

  
   

           5 years  
 

10 years  

 
   

  

  Patients       Events (n) Risk (%) Events (n) Risk (%) 

 
 

 
log rank=0.01  log rank=0.01 

      All  967       51 5.9 68 10.1 

      TNA 512       40 7.6 52 12.6 

      Mimic 455      11 3.1 16                          6.3 
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Figure 4.10 Risk of vascular death up to 10 years of follow up after TNA or mimic 

in OXVASC  

 

When I considered the occurrence of any first vascular event (stroke, MI, acute PVD, 

vascular death) after the index event as a composite outcome, I found that the risks at 

5 years and 10 years were very high (Table 4.10). By year 5, the risk of any vascular 

event after an ischaemic cerebrovascular event was 38.7% and about one third of 

patients with a ischaemic index event had a vascular outcome. During the 10 years of 

follow-up, overall, the risk of a vascular event after TIA, minor ischaemic stroke and 

major ischemic stroke was 51.8% and it was higher among more severe strokes than 

after a minor stroke or a TIA (72.0% vs 48.5% vs 40.8%) (Table 4.10 and Figure 4.11). 

After a TNA and a mimic the risk of any vascular event was 13.8% at 5 years and 

higher in the TNA group (18.1% vs 7.0%, log rank p< 0.001) (Table 4.11).  By year 10 

the risk of a vascular episode after a TNA was almost three times higher than after a 

mimic (30.7% vs 12.9%, log rank p< 0.001) (Figure 4.12). 
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Table 4.10 Risk of any first recurrent vascular event (stroke, myocardial infarct,  

peripheral vascular disease or vascular death) after  TIA, minor and major stroke 

up to year 10 in OXVASC  

    
  

  
   

           5 years  
 

10 years  

 
   

  

  Patients       Events (n) Risk (%) Events (n) Risk (%) 

 
 

 
log rank p<0.001   log rank p< 0.001 

      All  2019       624  38.7 684 51.8 

      TIA 749      154   27.6 175 40.8 

      Minor ischaemic 
stroke 

814       206      34.4 231 48.5 

  
   

 
Major ischaemic 
stroke 

456      264   59.8       278 72.0 

            

 

 

Table 4.11  Risk of any first vascular event (stroke, myocardial infarct, acute 

peripheral vascular disease or vascular death) after TNA or mimic up to year 10 

in OXVASC  

    
  

  
   

           5 years  
 

10 years  

 
   

  

  Patients       Events (n) Risk (%) Events (n) Risk (%) 

 
 

 
log rank p<0.001  log rank p<0.001 

      All  967      130 13.8 164 23.5 

      TNA 512      103 18.1 130 30.7 

      Mimic 455        25   7.0 34                          12.9 
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Figure 4.11 Risk of any vascular event (stroke, myocardial infarct, acute peripheral 

vascular disease or vascular death) up to 10 years after a TIA, minor or major 

stroke in OXVASC  

 

Figure 4.12 Risk of any vascular event (stroke, myocardial infarct, acute peripheral 

vascular disease or vascular death) up to 10 years after a TNA or mimic  

 

 

 

TNA 

log rank p<0.005 

Mimic 

Major stroke 

Minor stroke log rank<0.001 

TIA 



 
 

85 

 

4.6 Discussion 

I showed in this study that the risk of stroke after TIA, minor ischaemic stroke and major 

ischaemic stroke is high. At 90 days the risk is higher in TIA than minor ischaemic stroke 

but at one year the risk is similar in both groups. By year 5 and year 10 the risk was 

higher in minor ischaemic stroke.  The cumulative risk of recurrent stroke after a major 

stroke was similar after a TIA at 90 days but was higher than TIA and minor ischaemic 

stroke at year 1, year 5 and year 10. 

The 10 years’ cumulative risk of stroke in patients with a TIA, minor stroke or major 

stroke was very high (overall 27%). This finding is similar to what has been published in 

other studies. By 10 years, the risk of stroke recurrence reported in the literature is wide-

ranging, from 16.9% in Sweden,20 25% in south London,21 43% in Perth22 and 51.3% in 

Japan.23 These differences between studies can be explained by the definitions of 

strokes used by investigators. More comparative studies are needed about risk factors, 

long term use of secondary prevention and the risk of stroke recurrence.   

In terms of risks of other vascular outcomes in this study, 87% of all MIs and SCDs after 

an ischaemic cerebrovascular event occurred after a TIA and minor ischaemic stroke. By 

year 10, the death risks in the cerebrovascular groups were higher than 50%. Moreover, 

about half of the deaths that occurred after TIA and ischaemic stroke were from vascular 

cause. Furthermore, the risk of any recurrent vascular event after any ischaemic event 

was more than 50%. Data from population-based studies on long-term prognosis of all 

types of vascular events after a TIA or ischaemic stroke is scant. In the Northern 

Manhattan Stroke Study the cumulative mortality risk after an ischaemic stroke was 41% 

after 5 years and about half of the deaths were from vascular causes.24  

Additionally, I found that although TNA patients had lower risk of a recurrent stroke up to 

10 years than the cerebrovascular group as a whole, the stroke risk was significantly 

higher than in mimics (15.7 vs 4.8%, log rank p<0.001). Furthermore, I found that the 
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post 90-day risk of stroke after a TNA was similar to the stroke risk after a TIA (14.5% vs 

13.8, log rank p=0.99). I also found that although the death risks in TNA and mimics 

were lower than in TIA and ischaemic strokes, they were still high (10-year cumulative 

risk more than 30.0%). Also, more than one third of the deaths that occurred up to year 

10 after a TNA were vascular in nature, and the risk of vascular death after a TNA was 

double the risk of vascular death in mimics (12.6% vs 6.3%, log rank p=0.01). Despite 

this, TIA/minor stroke mimic group included patients with a probable high risk of vascular 

events (e.g syncope). And, in spite of the slightly lower risk of any vascular event after a 

TNA compared to TIA (37.7% vs 30.7%), the risk was much higher than after a mimic 

(30.7% vs 11.6%, log rank p< 0.001). A previous study15 had shown that in patients with 

atypical cerebral and visual symptoms that did not fully accord with internationally 

accepted criteria for TIA, the risk of a major vascular event during a mean follow-up of 

2.6 years did not differ from those who had a typical TIA and patients with atypical 

attacks had a lower risk of stroke and a higher risk of major cardiac events.  In this study 

I verified that the post-90 days up to 10 years risk of stroke was similar after a TNA and 

a TIA.   

This study had however some limitations. First, I may have underestimated the risk of 

TIA and minor stroke as an unknown proportion of patients with these conditions will 

never seek medical attention and because some patients with major stroke with 

preceding events may not have been identified if they were unable to give information 

about the events because they were confused, unconscious or aphasic. Second, 

although face-to-face follow-up data up to 10 years was available for patients 

ascertained at the start of study in 2002, data was not available for patients ascertained 

more recently as they have not yet reached the 10 year follow-up stage. Third, patients 

with a mimic were not followed face-to-face, which can lead to an underestimation of the 

risk of recurrent events in that group. However, with the OXVASC design it would be 

able to diagnose all acute vascular events if they had occurred, and in addition an extra 
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search in the general practices at the end of follow-up was performed to avoid missing 

vascular events. Fourth, we might also have underestimated the risk of stroke or 

vascular event after a TNA because as for TIAs and minor stroke the proportion of 

patients who have these events and do not seek medical attention is unknown.  In 

summary, patients with acute ischaemic cerebrovascular events are at high risk of 

recurrent stroke and other vascular events. The burden of a recurrent stroke or other 

vascular event is higher in TIA and minor ischaemic strokes. A considerable proportion 

of patients with a suspected vascular event has a non-cerebrovascular disease and 

need specialized medical evaluation. One fifth of patients seen in TIA clinic have no 

definite non-vascular diagnosis (TNA) and have a high risk of future stroke and other 

vascular events. There is a major need for more effective prevention after TIAs, 

ischaemic strokes and TNAs. Further research is necessary to understand the aetiology 

and prognosis of the TNAs.  
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5.1 Summary   

I showed in the previous chapters that TNAs are responsible for about 30% of the 

suspected TIA/minor strokes and patients with TNAs have an increase risk of stroke and 

other vascular events. As awareness of the urgency of early management of TIA among 

the general public and general practitioners increases, more patients with symptoms 

suggestive of a TIA are likely to present to primary and secondary care services. 

Therefore, to understand the burden of these events in the general population I aimed to 

determine in a prospective population-based study: 1) the incidence of TNAs and TIAs; 

2) the characteristics of TNAs and TIAs and 3) the incidence of different TNAs 

syndromes. My main findings were as follows. First, the crude annual incidence rate of 

TNAs per 1000 people in OXVASC was slightly higher than the TIAs (0.73 versus 0.67). 

Second, the incidence rate of TNA and TIA increased with age. Fourth, the incidence 

rate of transient isolated vertigo (0.08, 95% CI 0.06-0.10), unilateral sensory symptoms 

(0.08, 95% CI 0.07-0.10), migraine-aura like events (0.16, 95% CI 0.13-0.19) and 

transient confusion (0.07, 95% CI 0.06-0.09) were higher than other syndromes such as 

transient total paralysis (0.01, 95% CI 0.0-0.02) and transient speech arrest (0.01, 95% 

CI 0.01-0.02).  

In conclusion, I showed in this study that TNAs are more common than TIAs and that the 

incidence increases with age. This study provided fundamental information about the 

current burden of TIAs and TNAs in Oxfordshire which can be used in the organization of 

the health care systems. The study of the prognosis of each syndrome will provide 

further important information to be used in patient management and stroke prevention 

campaigns in the future. 
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5.2 Introduction 

The term transient neurological attack (TNA) as such was used for the first time in the 

Rotterdam study where researchers determined the clinical relevance of nonspecific 

transient neurological symptoms.1 

According to the first internationally accepted classification for cerebrovascular diseases 

formulated in 1975 by an ad hoc Committee established by the Advisory Council for the 

National Institute of Neurological and Communicative Disorders and Stroke (NINDS), 

Transient Ischaemic Attacks (TIAs) were defined as temporary attacks with focal 

neurological symptoms, attributable to dysfunction of one arterial territory of the brain, 

lasting less than 24 hours.2 In that classification, symptoms of TIAs in carotid and 

vertebrobasilar systems were described (Chapter 1). Isolated brainstem symptoms alone 

(vertigo, dysarthria, dysphagia and diplopia), unconsciousness including syncope, tonic 

and/or clonic activity, march of a sensory defect, dizziness or wooziness alone, loss of 

vision associated with alteration of consciousness, focal symptoms associated with 

migraine, scintillating scotomata, confusion alone, and amnesia alone, were not 

considered TIAs. However, recent studies have shown that isolated transient brainstem 

symptoms are common in the 3 months preceding a vertebrobasilar TIA.3, 4 

The Dutch multicentre TIA trial, showed that patients with “atypical” TIA symptoms had 

an increased risk of cardiac events in the follow up compared to “typical” TIA patients.5  

In Rotterdam study, a population-based cohort of people older than 55, researchers 

investigated the incidence of TNAs, defined as attacks of sudden neurological symptoms 

that completely resolved within 24h, with no clear evidence for the diagnosis of migraine, 

epilepsy, Ménière disease, hyperventilation, cardiac syncope, hypoglycaemia, or 

orthostatic hypotension.6 Episodes were classified as focal TNAs if the symptoms met 

the NINDS criteria for TIA. The remaining TNAs, with diffuse, nonlocalizing cerebral 

symptoms, that were considered more benign in the NINDS definition, were classified as 
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non-focal TNAs, if they presented with only non-focal symptoms and mixed TNAs, if they 

presented with a mix of focal and non-focal symptoms. It was found that patients who 

experienced non-focal TNAs and especially those with mixed TNAs have a higher risk of 

major vascular disease and dementia than people without TNA. However, this 

classification based on focal and non-focal symptoms has limitations. Amnesia, for 

example, was classified in the Rotterdam study as non-focal but can be caused by 

unilateral or bilateral thalamic7 or hippocampal lesions.8, 9 Furthermore, since the 

publication of the prognosis of TNAs in the Rotterdam study, the same research group 

has published a post hoc analysis of the Life Long After Cerebral Ischaemia study 

(LiLAC) based on the Dutch TIA Trial in which the dichotomization of focal, non-focal 

symptoms has changed. Some symptoms that were considered non-focal in the 

Rotterdam study were considered focal in LiLIAC.  

TNAs classification is difficult because in many cases more than one diagnosis can be 

hypothesized10 or symptoms are bizarre and no possible diagnosis can be made.11 In my 

opinion, a simple and pragmatic classification that includes different neurological 

symptoms/syndromes would be very helpful to clinicians. It would facilitate future 

comparisons among studies and might provide an insight into the pathogenesis of TNAs. 

Moreover, as awareness of the urgency of early management of TIA among the general 

public and general practitioners increases, more patients with symptoms suggestive of a 

TIA are likely to present to primary and secondary care services.12 A study of the 

incidence of transient neurological symptoms irrespective of age in the general 

population would contribute to the understanding of the burden of these events. 

Therefore, in this chapter, I aimed to determine in a prospective population-based study: 

- the incidence of TNAs and TIAs;  

- the characteristics of TNAs and TIAs; 

- the incidence of different TNAs syndromes  
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5.3 Methods 

OXVASC is an ongoing prospective population-based study of the incidence and 

outcome of cerebrovascular, cardiovascular and peripheral vascular events since 1 April 

2002. The study population comprises all 92,728 individuals, irrespective of age, 

registered with 100 general practitioners (GPs) in nine general practices in Oxfordshire, 

UK. 

The study methods exceeded the quality criteria for population-based stroke incidence 

studies devised by Malgren and Sudlow 13 and the study has been described as the first 

ideal population-based study investigating stroke incidence. As I described in chapter I, 

multiple overlapping methods of “hot” and cold pursuit are used to achieve near 

complete ascertainment of individuals with TIA or stroke. General practitioners (GPs) 

were are also encouraged to refer to the OXVASC TIA clinic any patient with a "funny 

turn" in where they were in doubt whether or not the patient might possibly had had a 

TIA. 

In this sub-study, I included consecutive patients with the first TIA or TNA in OXVASC 

recruited in the first 10 year study period (1 April 2002-31 March 2012). Patients who had 

a previous history of TIA or TNA were also included.   

In Oxfordshire, TIA patients are in general not admitted to hospital. Also, patients who 

are seen in A&E with a suspected TIA are referred to the TIA clinic. The majority of the 

TIA and TNA patients included in this study were seen in “TIA clinic”. We did not include 

systematically patients admitted to the hospital with a suspected TIA who turned out to 

be a non-vascular diagnosis but we did include all such patients seen in the outpatient 

clinic.    

As part of the OXVASC protocol, all patients and/or relatives are asked about the 

occurrence of suspected previous TIA/strokes. Dates, duration and clinical 
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characteristics of the events are registered and information about whether the patient 

sought medical attention or not is also taken.   

Demographic data and information about patients' type and duration of symptoms were 

recorded prospectively from multiple sources: 1) face-to-face interview; 2) 

patients'/relatives' description of symptoms in the GP letters; 3) clinical letters from the 

TIA clinic and 4) letters from other outpatient clinics, in order to get the most detailed 

symptoms description. Data were also recorded on vascular risk factors, history of 

migraine (with or without aura, and aura characteristics), history of epilepsy and pre-

morbid medication (use of antiplatelets, statins and antihypertensive drugs) from face-to-

face interview and primary care records.  Patients with a suspected TIA or stroke 

routinely had brain imaging, vascular imaging, ECG and routine bloods.  

 All cases were reviewed by a senior neurologist (PMR) and episodes classified 

prospectively in TIA (definite/probable/possible), and other non-vascular diagnosis. The 

last group included patients with other definite diagnosis (TIA/minor stroke mimic) and no 

definite (uncertain) diagnosis. In this study I included all patients with transient 

neurological symptoms lasting less than 24 hours that were presumed to be ischaemic in 

nature (TIA) and patients without clear evidence of other diagnosis [Transient 

Neurological Attack (TNA)]. I classified TIAs according to the NINDS criteria as NINDS-

positive or NINDS-negative. I also reviewed all TNAs that had been prospectively 

classified in pre-specified neurological syndromes (Table 1.2, Chapter 1). I excluded 

those whose symptoms had a definite alternative diagnosis (e.g. migraine, epilepsy, 

Ménière disease, hyperventilation, cardiac syncope, hypoglycaemia, or orthostatic 

hypotension) which were classified as TIA mimics. Information was also collected on 

previous events (TNA or TIA) in the OXVASC period in which medical attention was not 

sought. If more than one event occurred, the most recent was considered. The 

information about these events was collected when patients sought medical attention for 

the first time.     
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Since focal TNAs in the Rotterdam study were the classical TIAs, I therefore considered 

that they corresponded to my NINDS positive TIA group. The remaining TNAs (mixed 

TNAs and non-focal TNAs in Rotterdam) I considered to be equivalent to my TNA group.  

 

5.4 Statistical Analysis 

The study includes all the first cases of TIAs and TNAs in the study period from 1 April 

2002 to 31 March 2012. Visitors who were not registered with one of the study practices 

were excluded. Patients registered in the study practices that had an event while on 

holidays were included. Sex-specific incidence rates (per 1000 population per year) of 

TIA and TNA and different TNAs syndromes were calculated in 10-year age bands, with 

confidence intervals (CI) estimated assuming a Poisson distribution. Incidence rates 

were standardized to the Rotterdam and UK populations. I used Chi-squared or Fisher’s 

exact test to compare categorical variables and Student’s t test for continuous variables. 

P values < 0.05 were regarded as statistically significant.   

 

5.5 Results 

5.5.1 Incidence of TNAs and TIAs 

During the first 10 years of OXVASC, among 1303 patients with the first acute transient 

neurological symptoms in the study period, 622 had an event which fulfilled the criteria 

for probable/definite TIA according to NINDS criteria and 681 had a TNA.  

The crude annual incidence rate of TNAs (Table 5.1) was slightly higher than the crude 

annual incidence rate of TIAs (0.73, 95% CI, 0.68-0.79 versus 0.67, 95% CI, 0.62-0.73 

per 1000 people) and steadily increased with age in both groups (Figure 5.1). Compared 

to TIAs, the crude incidence rate of TNAs was similar in men (0.65 versus 0.64, Table 

5.1 and Figure 5.1) and higher in women (0.82 versus 0.70). In TNAs, the incidence rate 
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increased from 0.06 (95% CI, 0.04-0.09) in people younger than 35 to 4.53 (95% CI, 

3.57-5.68) in people older than 85. In TIAs the incidence rate increased even more with 

age than in TNAs, from 0.01 (95% CI, 0.00-0.03) in people younger than 35, to 6.41 

(95% CI, 5.25-7.75) in people older than 85.  When I also included patients who had the 

first TNA or TIA in the OXVASC period who did not seek medical attention immediately 

after the event and were only seen for the first time at the recurrent event (TIA or stroke), 

I found that the crude incidence rate of TNAs was even higher than in TIAs (0.78, 95% 

CI, 0.73-0.84 versus 0.67, 95% CI, 0.61-0.72) (Table 5.2 and Figure 5.2).  

Patients who had a TNA (Table 5.3) were younger than those who had a TIA [(mean age 

(SD) 66.7 (15.3) versus 72.9 (13.1)] and had a significantly lower frequency of: previous 

angina or MI (12.1% vs 18.5%, p=0.001); previous diagnosed atrial fibrillation (9.4% vs 

17.2%, p<0.001); history of smoking (47.6% vs 55.8%, p=0.002); previous TIA (6.2% vs 

14.5%, p<0.001); previous stroke (5.1% vs 9.8%, p=0.001) and prior use of antiplatelets 

(25.3% vs 34.1%, p< 0.001), statins (18.6% vs 24.6%, p=0.005) and anti-hypertensive 

drugs (42.5% vs 54.7%, p< 0.001). However, as expected, patients who experienced a 

TNA event had more often history of migraine (32.7% vs 25.9%, p=0.004) particularly 

migraine with aura (24.6% vs 18.7%, p=0.007). Moreover, patients who had a TNA did 

not differ significantly from those who had a TIA in gender (44.9% males in TNA vs 

48.7% in TIA, p=0.09), history of hypertension (44.9% vs 48.7%, p=0,09), diabetes 

(7.8% vs 9.0%, p=0.25), peripheral vascular disease (4.1% vs 5.0%, p=0.27) 

hyperlipidaemia (25.3% vs 29.4, p=0.06) and current smoking (12.0% vs 13.7%, p=0.2). 

Both groups did not differ either in mean (SD) systolic [(147.1 mmHg (23.7) vs 151 

mmHg (33.7), p=0.15)] and mean diastolic [(81.9 mmHg (12.2) vs 80.1 mmHg (15.6), 

p=0.2] blood pressure at baseline. 
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Table 5.1 Age-specific incidence rate per 1000 population per year of the first TNA and TIA in OXVASC  
 

 
                        Men 

 
                                                                Women                                                                                         Total 

Age Number     Number at risk  
 

Rate (95% CI) Number      Number at risk Rate (95% CI)                                           Number            Number at risk  Rate (95% CI)  

 
                          

 
                        

 
                       

 
TNAs 
 
< 35   10                22496 0.04 (0.02,0.08)    15                  20822       0.07 (0.04,0.12)       25                 43317 0.06 (0.04,0.09) 

35-44   19                  7219 0.26 (0.16,0.41)    21                    6343       0.33 (0.20,0.51)       40                 13562 0.29 (0.21,0.40) 

45-54   37                  6205 0.60 (0.42,0.82)    45                    5836       0.77 (0.56,1.03)       82                 12041 0.68 (0.54,0.85) 

55-64   64                  5221 1.23 (0.94,1.57)    61                    5015       1.22 (0.93,1.56)     125                 10236 1.22 (1.02,1.46) 

65-74   79                  3496 2.26 (1.79,2.82)    89                    3685       2.42 (1.94,2.97)     168                   7181 2.34 (2.00,2.72) 

75-84   76                  2077 3.66 (2.88,4.58)    90                    2660       3.38 (2.72,4.16)     166                   4737 3.50 (2.99,4.08) 

≥85   21                    532 3.95 (2.44,6.04)    54                    1123       4.81 (3.61,6.28)       75                  1654 4.53 (3.57,5.68) 

Total 306                47246 0.65 (0.58,0.72)   375                 45482       0.82 (0.74,0.91)     681                 92728 0.73 (0.68,0.79) 
 
 
 
TIAs       

< 35      2                 22496         0.01 (0.00,0.03)     3                 20822  0.01 (0.00,0.04)    5                 43317 0.01 (0.00,0.03) 

35-44    11                   7219         0.15 (0.08,0.27)     4                   6343  0.06 (0.02,0.16)       15                 13562 0.11 (0.06,0.18) 

45-54    23                   6205         0.37 (0.23,0.56)   22                   5836  0.38 (0.24,0.57)       45                 12041 0.37 (0.27,0.50) 

55-64    53                    5221         1.02 (0.76,1.33)   28                   5015  0.56 (0.37,0.81)       81                 10236 0.79 (0.63,0.98) 

65-74    80                   3496         2.29 (1.81,2.85)   71                   3685  1.93 (1.50,2.43)     151                   7181 2.10 (1.78,2.47) 

75-84    98                   2077         4.72 (3.83,5.75) 121                   2660  4.55 (3.77,5.43)     219                   4737 4.62 (4.03,5.28) 

≥85    36                     532         6.77 (4.74,9.37)   70                   1123  6.24 (4.86,7.88)     106                   1654 6.41 (5.25,7.75) 

Total   303                47246         0.64 (0.57,0.72) 319                 45482  0.70 (0.63,0.78)     622                 92728 0.67 (0.62,0.73) 
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Table 5.2. Age-specific incidence rate per 1000 population per year of the first TNA and TIA including events in which medical attention was not sought at the 

time of the first episode in OXVASC   

                                         Men                                          Women                                    Total 

Age 
 
N         Number in       Number at risk        Rate (95% IC) 

 
    Number in                Number at risk  Rate (95% CI)       Number  in       Number at risk    Rate (95% CI) 

 
      10 years      per year                             10 years                 per year           10 years                     per year                           

TNAs 
 

  
         

  
   

        

< 35 
 

10 22496 0.04 (0.02,0.08) 
 15 20822 0.07 (0.04,0.12) 

 
25 43317 0.06 (0.04,0.09) 

35-44 
 

21 7219 0.08 (0.03,0.18)  21 6343 0.33 (0.20,0.51) 
 

42 13562 0.31 (0.22,0.42) 

45-54 
 

38 6205 0.38 (0.24,0.57)  43 5836 0.74 (0.53,0.99) 
 

81 12041 0.67 (0.53,0.84) 

55-64 
 

72 5221 0.58 (0.39,0.83)  63 5015 1.26 (0.97,1.61) 
 

135 10236 1.32 (1.11,1.56) 

65-74 
 

84 3496 1.95 (1.53,2.46)  95 3685 2.58 (2.09,3.15) 
 

179 7181 2.49 (2.14,2.89) 

75-84 
 

84 2077 4.59 (3.81,5.48)  98 2660 3.68 (2.99,4.49) 
 

182 4737 3.84 (3.30,4.44) 

≥85 
 

22 532 6.06 (4.70,7.68)  61 1123 5.43 (4.16,6.98) 
 

83 1654 5.02 (4.00,6.22) 

Total 
 

331 47246 0.71 (0.63,0.79)  396 45482 0.87 (0.79,0.96) 
 

727 92728 0.78 (0.73,0.84) 

           
  TIAs 

          

< 35 
 2 22496 0.01 (0.00,0.03)  3 20822 0.01 (0.00,0.04)  5 43317 0.01 (0.00,0.03) 

35-44 
 11 7219 0.15 (0.08,0.27)  5 6343 0.08 (0.03,0.18)  16 13562 0.12 (0.07,0.19) 

45-54 
 25 6205 0.40 (0.26,0.59)  22 5836 0.38 (0.24,0.57)  47 12041 0.39 (0.29,0.52) 

55-64 
 46 5221 0.88 (0.65,1.18)  29 5015 0.58 (0.39,0.83)  75 10236 0.73 (0.58,0.92) 

65-74 
 84 3496 2.40 (1.92,2.97)  72 3685 1.95 (1.53,2.46)  156 7181 2.17 (1.84,2.54) 

75-84 
 93 2077 4.48 (3.61,5.49)  122 2660 4.59 (3.81,5.48)  215 4737 4.54 (3.95,5.19) 

≥85 
 35   532 6.58 (4.58,9.15)  68 1123 6.06 (4.70,7.68)  103 1654 6.23 (5.08,7.55) 

Total 
 296 47246 0.63 (0.56,0.70)  321 45482 0.71 (0.63,0.79)  617 92728 0.67 (0.61,0.72) 
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Figure 5.1 Age-specific incidence rates per 1000 per year of TNA and TIA in men (diamonds) and 

women (squares) in OXVASC   

 

                                                                                        

Figure 5.2 Age specific incidence rates per 1000 per year of TIA (diamond) and TNA (squares) in 

OXVASC not including (left) and including (right) events in which medical attention was not 

sought at the time of the first event 
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Table 5.3 Baseline characteristics of TNAs and TIAs in OXVASC   

               

 
 

TNA 
(n= 681) 

TIA 
(n=622) 

p value  

Age (mean (SD))   66.7 (15.3) 72.9 (13.1) < 0.001 

Male Sex  
 

306 (44.9) 303 (48.7) 0.095 

Hypertension 
 

325 (47.8) 326 (52.4) 0.54 

Diabetes 
 

53 (7.8) 56 (9.0) 0.246 

Myocardial infarct 
 

38 (5.6) 57 (9.2) 0.009 

Angina or myocardial infarction 
 

82 (12.1) 115 (18.5) 0.001 

Peripheral vascular disease 
 

28 (4.1) 31 (5.0) 0.268 

Hyperlipidaemia 
 

170 (25.3) 183 (29.4) 0.056 

Previous diagnosed atrial fibrillation 
 

64 (9.4) 107 (17.2) < 0.001 

History of smoking 
 

317 (47.6) 347 (55.8) 0.002 

Current smoker 
 

81 (12.0) 85 (13.7) 0.202 

Previous TIA 
 

42 (6.2) 90 (14.5) < 0.001 

Previous stroke 
 

35 (5.1) 61 (9.8) 0.001 

Prior antiplatelet 
 

172 (25.3) 212 (34.1) < 0.001 

Prior statin 
 

126 (18.6) 153 (24.6) 0.005 

Prior antihypertensive 
 

289 (42.5) 340 (54.7) < 0.001 

Prior history of migraine 
 

214 (32.7) 160 (25.9) 0.004 

Prior history of migraine with aura 
 

158 (24.6) 112 (18.7) 0.007 

Systolic blood pressure (mean (SD)) mmHg 147.1 (23.7) 151 (33.7) 0.152 

Diastolic blood pressure (mean (SD)) mmHg 81.9 (12.2) 80.1 (15.6) 0.201 

     
 

5.5.2 Incidence of TNAs syndromes 

I also analysed the incidence rate of each syndrome. Supplementary tables with incidence 

rate for each syndromes are presented in the end of this chapter. The overall incidence rate of 

isolated vertigo (Figure 5.3 A and supplementary Table 5.1) increased with age up to age of 

75-84 and then it decreased. In men it increased from 0.01 (95% CI, 0.0-0.08) in patients aged 

35-44 years old to 0.75 (95% CI, 0.2-1.93) in patients older than 85, whereas in women it 

increased until the age of 85 and then it decreased from 0.53 (95% CI, 0.29-0.88) to 0.18 

(95% CI, 0.02-0.64).  The total incidence rate of transient vertigo plus (Figure 5.3 B and 

supplementary Table 5.2), also increased with age from 0.01 (95% CI, 0.0-0.04) in patients 

aged 35-44 years to 0.17 (95% CI, 0.07-0.03) at age group 75-84 and then it decreased to 

0.12 (95% CI, 0.01-0.44) in patients older than 85. 
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The overall incidence rate of vertigo and vertigo plus (Figure 5.4 B and Supplementary Table 

5.3) was 0.11 (95% CI, 0.09-0.13) and increased from 0.02 (95% CI 0.0-0.06) in the age band 

35-44 to 0.68 (95% CI, 0.46-0.95) in the age band 75-84 and then it decreased to 0.48 (95% 

CI, 0.21-0.95) in people older than 85. This pattern was similar in women. However, in men it 

increased over time and reached the highest value (0.75, 95% CI, 0.2-1.93) in patients older 

than 85.  Regarding the other isolated brainstem syndromes (IBS) 32 patients had isolated 

diplopia (Supplemenatry Table 5.4) with a total incidence rate of 0.03 (95% CI, 0.02-0.05). The 

incidence was slightly higher in men (0.04, 95% CI, 0.03-0.07) than women (0.03; 95% CI, 

0.01-0.05) and in general increased with age in both genders. (Figure 5.3 C).  

Twenty three patients had an episode of transient isolated slurred speech (Supplementary  

Table 5.5) over the 10 years (total incidence rate 0.02, 95% CI, 0.02-0.04). Similarly to the 

others IBS, the incidence rate of isolated slurred speech overall increased with age in both 

men and women.  In total 157 patients had an IBS (Supplementary Table 5.6) and the total 

incidence rate was 0.17 (95% CI, 0.14-0.2). The rate increased with age in women and men. 

(Figure 5.4 C).  

Transient bilateral visual disturbance (Supplementary Table 5.7) had a total incidence rate of 

0.05 (95% CI, 0.04-0.07). The rate increased with age in both genders and peaked in men 

over 85 years old (Figure 5.3 E). 

Transient total paralysis had an incidence rate of 0.01 (95% CI, 0.0-0.02) (Supplementary 

Table 5.8 and Figure 5.3 F), the same as in patients with transient speech arrest (rate 0.01, 

95% CI, 0.01-0.02) (Supplementary Table 5.9 G and Figure 5.3 G).  

In unilateral isolated sensory symptoms, one of the most common syndromes (Supplementary 

Table 5.10 and Figure 5.3), the incidence rate was higher in women than in men (0.1, 95%CI, 

0.07-0.13 versus 0.07, 95% CI, 0.07-0.09) with a total rate of 0.08, 95% CI, 0.07-0.1. Overall 

the rate increased with age in both groups.   
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The total incidence rate of the first migraine-like TNA (Supplementary Table 5.11 and Figure 

5.3 I) was 0.07 (95% CI, 0.05-0.09) per year and it was higher in women than in men (0.08, 

95% CI, 0.05-0.11 versus 0.06, 95% CI 0.04- 0.09), as expected. The total incidence rate of 

migraine-like TNA with modification of the previous migraine aura pattern was similar to the 

rate of the first episode of migraine like-aura (0.07, 95% CI, 0.06-0.09 versus 0.07, 95% CI, 

0.05-0.09) (Supplementary Table 5.12 and Figure 5.3 J) and was also higher in women (0.10, 

95% CI, 0.07-0.13 versus 0.05, 95% CI, 0.03-0.07 in men). Not surprisingly, the rate of 

ischaemic migraine was lower (0.01, 95% CI 0.0-0.02) than in the other migraine-like TNA 

groups. As an all migraine-like TNAs were the most common transient syndrome in OXVASC 

(Supplementary Table 5.14 and Figure 5.4 A). 

 

The total incidence rate of transient confusion increased with age from 0.02 (95% CI, 0.0-0.06) 

in the age group of 45-55 to 0.49 (95% CI, 0.31-0.73) in patients in the age group of 75-84. 

(Supplementary Table 5.15 an Figure 5.3 L) 

 

A large number of patients (167/681) did not fulfil the criteria for any of the syndromes that I 

described previously and I included them in the "other” unclassified symptoms (Supplementary 

Table 5.16 and Figure 5.4 D). These patients had in general a combination of symptoms that 

did not correspond to any of the OXVASC pre-defined classifications. The total incidence rate 

in the “other” unclassified symptoms was 0.18 (95% CI 0.15-0.21) and increased with age 

from 0.02 (95% CI 0.01-0.04) in age group younger than 35 to 1.39 (95% CI 0.88-2.09 in 

patients older than 85).  
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Figure 5.3 Incidence of TNAs syndromes in men and women in OXVASC 

                 A) Isolated vertigo                                                              B)  Vertigo plus 

 

                  C) Isolated diplopia                                                  D) Transient slurred speech                     

     
  

             E) Isolated bilateral visual disturbance 
 

           F) Transient total paralysis 
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Figure 5.3 (continued)  

             G) Isolated speech arrest                               H) Unilateral sensory symptoms 

 

         I) First migraine-like syndrome                         J) Different migraine-like syndrome 

 

 

 

  K) Ischaemic migraine                              L) Transient confusion   
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Figure 5.4 Grouped TNAs syndromes in men and women in OXVASC 

 A) All migraine-like syndromes       B) Vertigo and vertigo plus 

  

 

       

      C) Isolated brainstem syndromes    D) Other unclassified syndromes  

 

5.6 Discussion 

I showed in this study that: First, the crude annual incidence rate of TNAs per 1000 

people in OXVASC was slightly higher than the TIAs (0.73 versus 0.67). Second, the 

incidence rate of TNA and TIA increased with age. Third, the overall incidence rates 

were slightly higher in women in TNA (0.82 versus 0.65) and in TIA (0.70 versus 0.64).  
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I did not compare incidence rates of TNAs in OXVASC with Rotterdam, the only study 

that reported incidence of TNAs, because the methodologies used in both were  

different. In OXVASC we included prospectively all patients who had a suspected TIA 

and reported it to a health care professional whereas in Rotterdam, 3 surveys in 3 

consecutive years each and with 3 years of interval occurred over the study period. On 

those occasions people were asked if they had had any TNA or TIA symptoms. 

Researchers found that among patients with TNA, 15% of focal TNA, 3% of mixed TNA 

and 24% of non-focal TNA did not consult any physician at the time of the event and only 

reported it at the time of the research interview. If the same has happened in the 

Oxfordshire community and a high proportion of patients did not seek medical attention 

at the time of their TIAs/TNAs, I might have underestimated the real incidence rate of 

TIAs and TNAs in our population. A cohort study of cognition and ageing, in people older 

than 65 and without history of stroke, in the UK, has shown that 12.7% of the individuals 

at baseline reported transient problems with speech, sight or weakness in a limb.12 In 

another study conducted in a stroke and TIA free population in the USA, 18% of people 

reported having experienced at least one stroke symptom.14  Although the true incidence 

of TNAs in the general population might have been underestimated, I think that the 

OXVASC TNA cohort included patients who experienced transient neurological 

symptom/symptoms that for one reason or another prompt patients to seek medical 

attention. It is possible that the meaning and risk of these symptoms are different from 

those in which patients do not seek medical attention and are identified only though 

questionnaires.  

In this study, I have also shown that the incidence rate of transient isolated vertigo (0.08, 

95% CI 0.06-0.10), unilateral sensory symptoms (0.08, 95% CI 0.07-0.10), migraine-aura 

like events (0.16, 95% CI 0.13-0.19) and transient confusion (0.07, 95% CI 0.06-0.09) 

had high incidence rates whereas others syndromes such as transient total paralysis 

(0.01, 95% CI 0.0-0.02) and transient speech arrest (0.01, 95% CI 0.01-0.02) had low 
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incidence rates. In addition, I showed that isolated vertigo had the highest incidence rate 

among the brainstem symptoms. Furthermore, a high proportion of patients had “other” 

unclassified symptoms (incidence rate 0.18, 95% CI 0.15-0.21).   

Vertigo and dizziness are among the most frequent reasons for consultation and referral 

to specialist care15 and account for 3% of visits to an emergency department.16 I might 

have underestimated the incidence rate of vertigo alone if a TIA was not considered in 

patients with vertigo who attended the emergency department or were referred to other 

specialities.  

In migraine-like events the incidence rate was the same for first migraine-like aura (0.07, 

95% CI 0.05-0.09) and for migraine-like events with a change in the previous aura 

pattern (0.07, 95% CI, 0.06-0.09). Studies of incidence of migraine are scarce, restricted 

to specific age segments and have methodological limitations. 17-19 The prevalence 

and/or incidence of migraine-like aura events among suspected TIAs is unknown. 

Although the most common cause of migraine-like events in elderly patients is probably 

the migraine itself, different cerebrovascular conditions can present with transient 

migraine-like symptoms. Late-life-onset of transient visual phenomena similar to the 

visual aura of migraine are not rare and often occur without headache.20 In Marseille’s 

registry migraine aura occurred for the first time over 50 years in 6% of the cases 

included.21  Cerebral amyloid angiopathy can also mimic migraine auras and TIAs.22-26 

This study had some potential limitations. First, although OXVASC methodology includes 

all patients with a TIA independently of the setting where patients were seen for the first 

time (GPs, A&E, TIA clinic, other outpatient clinic), I will have underestimated the 

incidence of TIAs as some patients with TIA do not seek medical attention.  

However, I think that my study had some strength. First, it is largest reported prospective 

population-study on TIA and TNA. Second, it is the first study that included all patients 

with a suspected TIA irrespective of age and possibly represents closely what happens 
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in the general population. Third, patients were seen as soon as possible after the event, 

which reduces the problem associated with recall bias.  Fourth, patients with previous 

history of cardiovascular disease or dementia were not excluded, which reflects what 

happens in the real world. Fifth, the majority of patients were seen and investigated in 

the same setting and classified prospectively by the same neurologist.   

In conclusion, I showed in this study that TNAs are more common than TIAs and that the 

incidence increases with age. This study provided fundamental information about the 

current burden of TIAs and TNAs in Oxfordshire which can be used in the organization of 

the health care systems in the future. The study of the prognosis of each syndrome will 

provide further important information to be used in patient management and stroke 

prevention campaigns in the future. 
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Supplementary Table 5.1 Age-specific incidence rate per 1000 population per year of transient vertigo in men and women in OXVASC 

  
Men 

 

 

 
Women 

 

 

 
Total 

 

 
Number in Number at risk Rate (95% CI) Number in No.at risk Rate (95% CI) Number in Number at risk Rate (95% CI) 

 
10 years per year 

 
10 years per year 

 
10 years per year 

 
Age  

         
< 35 0 22496 -- 1 20822 0.0 (0.0,0.03) 1 43317 0.0 (0.0,0.01) 

35-44 1 7219 0.01 (0.0,0.08) 1 6343 0.02 (0.0,0.09) 2 13562 0.01 (0.0,0.05) 

45-54 2 6205 0.03 (0.0,0.12) 1 5836 0.02 (0.0,0.01) 3 12041 0.02 (0.01,0.07) 

55-64 5 5221 0.10 (0.03,0.22) 4 5015 0.08 (0.02,0.2) 9 10236 0.09 (0.04,0.17) 

65-74 13 3496 0.37 (0.20,0.64) 17 3685 0.46 (0.27,0.74) 30 7181 0.42 (0.28,0.6) 

75-84 10 2077 0.48 (0.23,0.89) 14 2660 0.53 (0.29,0.88) 24 4737 0.51 (0.32,0.75) 

≥85 4 532 0.75 (0.20,1.93) 2 1123 0.18 (0.02,0.64) 6 1654 0.36 (0.13,0.79) 

Total 35 47246 0.07 (0.05,0.10) 40 45482 0.09 (0.06,0.12) 75 92728 0.08 (0.06,0.1) 

 

Supplementary Table 5.2 Age-specific incidence rate per 1000 population per year of transient vertigo plus in men and women in OXVASC 

  
Men 

 

 

 
Women 

 

 

 
Total 

 

 
Number in Number at risk Rate (95% CI) 

 Number 
in 

Number at 
risk Rate (95% CI) Number in Number at risk Rate (95% CI) 

  10 years per year 
 

10 years per year 
 

10 years per year 
  

Age  
         

< 35 0 22496 -- 0 20822 -- 0 43317 -- 

35-44 0 7219 -- 1 6343 0.02 (0.0,0.09) 1 13562 0.01 (0.0,0.04) 

45-54 1 6205 0.02 (0.0,0.09) 2 5836 0.03 (0.0,0.12) 3 12041 0.02 (0.01,0.07) 

55-64 1 5221 0.02 (0.0,0.11) 3 5015 0.06 (0.01,0.17) 4 10236 0.04 (0.01,0.1) 

65-74 4 3496 0.11 (0.03,0.29) 5 3685 0.14 (0.04,0.32) 9 7181 0.13 (0.06,0.24) 

75-84 5 2077 0.24 (0.08,0.56) 3 2660 0.11 (0.02,0.33) 8 4737 0.17 (0.07,0.33) 

≥85 0 532 -- 2 1123 0.18 (0.02,0.64) 2 1654 0.12 (0.01,0.44) 

Total 11 47246 0.02 (0.01,0.04) 16 45482 0.04 (0.02,0.06) 27 92728 0.03 (0.02,0.04) 
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Supplementary Table 5.3 Age-specific incidence rate per 1000 population per year of total isolate vertigo and vertigo plus in men and women in OXVASC 

  
Men 

 

 

 
Women 

 

 

 
Total 

 
 Number in Number at risk Rate (95% CI) 

 
Number in Number at risk Rate (95% CI) Number in Number at risk Rate (95% CI) 

 10 years per year 
 

10 years per year 
 

10 years per year 
 

Age  
         

< 35 0 22496 -- 1 20822 -- 1 43317 0.0 (0.0, 0.01) 

35-44 1 7219 0.01 (0.0,0.08) 2 6343 0.03 (0.0,0.11) 3 13562 0.02 (0.0,0.06) 

45-54 3 6205 0.05 (0.01,0.14) 3 5836 0.05 (0.01,0.15) 6 12041 0.05 (0.02,0.11) 

55-64 6 5221 0.11 (0.04,0.25) 7 5015 0.14 (0.06,0.29) 13 10236 0.13 (0.07,0.22) 

65-74 17 3496 0.49 (0.28,0.78) 22 3685 0.60 (0.37,0.90) 39 7181 0.54 (0.39,0.74) 

75-84 15 2077 0.72 (0.40,1.19) 17 2660 0.64 (0.37,1.02) 32 4737 0.68 (0.46,0.95) 

≥85 4 532 0.75 (0.20,1.93) 4 1123 0.36 (0.10,0.91) 8 1654 0.48 (0.21,0.95) 

Total 46 47246 0.10 (0.07,0.13) 56 45482 0.12 (0.09,0.16) 102 92728 0.11 (0.09,0.13) 

 

Supplementary Table 5.4 Age-specific incidence rate per 1000 population per year of transient isolated diplopia in men and women in OXVASC 

 
Men  Women  Total 

 
Number  in Number at risk Rate (95% CI) Number in 

Number at 
risk Rate (95% CI) Number  in Number at risk Rate (95% CI) 

 
10 years per year 

 
10 years per year 

 
10 years per year 

 
Age 

         
< 35 0 22496 -- 1 20822 0.0 (0.0,0.03) 1 43317 0.0 (0.0,0.01) 

35-44 0 7219 -- 0 6343 -- 0 13562 -- 

45-54 1 6205 0.02 (0.0,0.09) 0 5836 -- 1 12041 0.01 (0,0.05) 

55-64 6 5221 0.11 (0.04,0.25) 4 5015 0.08 (0.02,0.2) 10 10236 0.10 (0.05,0.18) 

65-74 6 3496 0.17 (0.06,0.37) 3 3685 0.08 (0.02,0.24) 9 7181 0.13 (0.06,0.24) 

75-84 7 2077 0.34 (0.14,0.69) 0 2660 -- 7 4737 0.15 (0.06,0.30) 

≥85 0 532 -- 4 1123 0.36 (0.1,0.91) 4 1654 0.24 (0.07,0.62) 

Total 20 47246 0.04 (0.03,0.07) 12 45482 0.03 (0.01,0.05) 32 92728 0.03 (0.02,0.05) 
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Supplementary Table 5.5 Age-specific incidence rate per 1000 population per year of the first isolated slurred speech in men and women in 
OXVASC 

  
Men 

 

 
           Women 

 
Total 

 

 
Number in Number at risk Rate (95% CI) 

 
Number  in Number at risk Rate (95% CI) 

 
Number in Number at risk Rate (95% CI) 

 
10 years per year 

 

 
10 years per year 

 

 
10 years per year 

 
Age  

   

 

   

 

   
< 35 0 22496 -- 

 
0 20822 -- 

 
0 43317 -- 

35-44 0 7219 -- 
 

0 6343 -- 
 

0 13562 -- 

45-54 2 6205 0.03 (0.0,0.12) 
 

1 5836 0.02 (0.0,0.10) 
 

3 12041 0.02 (0.01,0.07) 

55-64 3 5221 0.06 (0.01,0.17) 
 

1 5015 0.02 (0.0,0.11) 
 

4 10236 0.04 (0.01,0.1) 

65-74 0 3496 -- 
 

1 3685 0.03 (0.0,0.15) 
 

1 7181 0.01 (0.0,0.08) 

75-84 6 2077 0.29 (0.11,0.63) 
 

3 2660 0.11 (0.02,0.33) 
 

9 4737 0.19 (0.09,0.36) 

≥85 1 532 0.19 (0.0,1.05) 
 

5 1123 0.45 (0.14,1.04) 
 

6 1654 0.36 (0.13,0.79) 

Total 12 47246 0.03 (0.01,0.04) 
 

11 45482 0.02 (0.01,0.04) 
 

23 92728 0.02 (0.02,0.04) 

 

Supplementary Table 5.6 Age-specific incidence rate per 1000 population per year of total transient isolated brainstem symptoms (vertigo, vertigo 
plus, isolated diplopia, isolated dysarthria) in men and women in OXVASC 

  
Men 

 

 

 
Women 

 

 

 
Total 

 

 
Number in Number at risk Rate (95% CI) 

 
Number in Number at risk Rate (95% CI) Number in Number at risk Rate (95% CI) 

 
10 years per year 

 
10 years per year 

 
10 years per year 

  
Age  

         
< 35 0 22496 -- 2 20822 0.01 (0.0,0.03) 2 43317 0.0 (0.0,0.02) 

35-44 1 7219 0.01 (0.0,0.08) 2 6343 0.03 (0.0,0.11) 3 13562 0.02 (0.0,0.06) 

45-54 6 6205 0.10 (0.04,0.21) 4 5836 0.07 (0.02,0.18) 10 12041 0.08 (0.04,0.15) 

55-64 15 5221 0.29 (0.16,0.47) 12 5015      0. 24 (0.12,0.42) 27 10236 0.26 (0.17,0.38) 

65-74 23 3496 0.66 (0.42,0.99) 26 3685 0.71 (0.46,1.03) 49 7181 0.68 (0.50,0.90) 

75-84 28 2077 1.35 (0.90,1.95) 20 2660 0.75 (0.46,1.16) 48 4737 1.01 (0.75,1.34) 

≥85 5 532 0.94 (0.31,2.19) 13 1123 1.16 (0.62,1.98) 18 1654 1.09 (0.64,1.72) 

Total 78 47246 0.17 (0.13,0.21)        79 45482 0.17 (0.14,0.22) 157 92728 0.17 (0.14,0.20) 
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Supplementary Table 5.7 Age-specific incidence rate per 1000 population per year of transient bilateral visual disturbance in men and women in OXVASC 

  
Men 

 
 

 
Women 

 
 

 
Total 

 

 
Number in Number at risk Rate (95% CI) 

 
Number in Number at risk Rate (95% CI) 

 
Number in Number at risk Rate (95% CI) 

 
10 years per year 

 

 
10 years per year 

 

 
10 years per year 

 
Age  

   

 

   

 

   
< 35 0 22496 -- 

 
0 20822 -- 

 
0 43317 -- 

35-44 1 7219 0.01 (0.0,0.08) 
 

1 6343 0.02 (0,0.09) 
 

2 13562 0.01 (0.0,0.05) 

45-54 3 6205 0.05 (0.01,0.14) 
 

4 5836 0.07 (0.02,0.18) 
 

7 12041 0.06 (0.02,0.12) 

55-64 8 5221 0.15 (0.07,0.3) 
 

4 5015 0.08 (0.02,0.2) 
 

12 10236 0.12 (0.06,0.2) 

65-74 5 3496 0.14 (0.05,0.33) 
 

2 3685 0.05 (0.01,0.2) 
 

7 7181 0.10 (0.04,0.2) 

75-84 4 2077 0.19 (0.05,0.49) 
 

9 2660 0.34 (0.15,0.64) 
 

13 4737 0.27 (0.15,0.47) 

≥85 4 532 0.75 (0.20,1.93) 
 

3 1123 0.27 (0.06,0.78) 
 

7 1654 0.42 (0.17,0.87) 

Total 25 47246 0.05 (0.03,0.08) 
 

23 45482 0.05 (0.03,0.08) 
 

48 92728 0.05 (0.04,0.07) 

Supplementary Table 5.8 Age-specific incidence rate per 1000 population per year of total paralysis in men and women in OXVASC 

  
Men 

 

 

 
Women 

 

 
Total 

  
 Number in Number at risk Rate (95% CI) 

 
Number in Number at risk Rate (95% CI) 

 
Number in  Number at risk Rate (95% CI) 

 10 years per year 
 

 
10 years per year 

 

 
10 years per year 

 
Age  

   

 

   

 

   
< 35 1 22496 0 (0.0,0.02) 

 
0 20822 -- 

 
1 43317 0.0 (0.0,0.01) 

35-44 0 7219 -- 
 

0 6343 -- 
 

0 13562 -- 

45-54 0 6205 -- 
 

0 5836 -- 
 

0 12041 -- 

55-64 0 5221 -- 
 

0 5015 -- 
 

0 10236 -- 

65-74 1 3496 0.03 (0.0,0.16) 
 

1 3685 0.03 (0.0,0.15) 
 

2 7181 0.03 (0.0,0.10) 

75-84 1 2077 0.05 (0.0,0.27) 
 

1 2660 0.04 (0.0,0.21) 
 

2 4737 0.04 (0.01,0.15) 

≥85 0 532 -- 
 

2 1123 0.18 (0.02,0.64) 
 

2 1654 0.12 (0.01,0.44) 

Total 3 47246 0.01 (0.0,0.02) 
 

4 45482 0.01 (0.0,0.02) 
 

7 92728 0.01 (0.0,0.02) 
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Supplementary Table 5.9 Table 5.13 Age-specific incidence rate per 1000 population per year of speech arrest in men and women in OXVASC 

  
Men 

 
Women Total 

 

 
Number in Number at risk Rate (95% CI) 

 
Number in Number at risk Rate (95% CI) 

 
Number in Number at risk Rate (95% CI) 

Transient speech 
arrest 10 years per year 

 

 
10 years per year 

 

 
10 years per year 

 
Age  

   

 

   

 

   
< 35 0 22496 -- 

 
0 20822 -- 

 
0 43317 -- 

35-44 0 7219 -- 
 

0 6343 -- 
 

0 13562 -- 

45-54 1 6205 0.02 (0.0,0.09) 
 

0 5836 -- 
 

1 12041 0.01 (0.0,0.05) 

55-64 0 5221 -- 
 

0 5015 -- 
 

0 10236 -- 

65-74 1 3496 0.03 (0.0,0.16) 
 

5 3685 0.14 (0.04,0.32) 
 

6 7181 0.08 (0.03,0.18) 

75-84 3 2077 0.14 (0.03,0.42) 
 

2 2660 0.08 (0.01,0.27) 
 

5 4737 0.11 (0.03,0.25) 

≥85 1 532 0.19 (0.0,10.5) 
 

0 1123 -- 
 

1 1654 0.06 (0.0,0.34) 

Total 6 47246 0.01 (0.0,0.03) 
 

7 45482 0.02 (0.01,0.03) 
 

13 92728 0.01 (0.01,0.02) 

Supplementary Table 5.10 Age-specific incidence rate per 1000 population per year of the first unilateral sensory symptoms in men and women in 
OXVASC 

  
Men 

 

 

 

Women 

 

 

 

Total 
 

 Number in Number at risk Rate (95% CI) 
 

Number in Number at risk Rate (95% CI) 
 

Number in Number at risk Rate (95% CI) 

 10 years per year 
 

 
10 years per year 

 

 
10 years per year 

 
Age  

   

 

   

 

   
< 35 3 22496 0.01 (0.0,0.04) 

 
2 20822 0.01 (0,0.03) 

 
5 43317 0.01 (0.0,0.03) 

35-44 5 7219 0.07 (0.02,0.16) 
 

7 6343 0.11 (0.04,0.23) 
 

12 13562 0.09 (0.05,0.15) 

45-54 7 6205 0.11 (0.05,0.23) 
 

11 5836 0.19 (0.09,0.34) 
 

18 12041 0.15 (0.09,0.24) 

55-64 4 5221 0.08 (0.02,0.2) 
 

10 5015 0.2 (0.1,0.37) 
 

14 10236 0.14 (0.07,0.23) 

65-74 8 3496 0.23 (0.1,0.45) 
 

9 3685 0.24 (0.11,0.46) 
 

17 7181 0.24 (0.14,0.38) 

75-84 3 2077 0.14 (0.03,0.42) 
 

4 2660 0.15 (0.04,0.38) 
 

7 4737 0.15 (0.06,0.3) 

≥85 1 532 0.19 (0.0,1.05) 
 

3 1123 0.27 (0.06,0.78) 
 

4 1654 0.24 (0.07,0.62) 

Total 31 47246 0.07 (0.04,0.09) 
 

46 45482 0.1 (0.07,0.13) 
 

77 92728 0.08 (0.07,0.1) 
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Supplementary Table 5.11 Age-specific incidence rate per 1000 population per year of first migraine-like aura in men and women in OXVASC 

  
Men 

 

 

 
Women 

 

 

 
Total 

 
 Number in Number at risk Rate (95% CI) 

 
Number  in Number at risk Rate (95% CI) 

 
Number  in Number at risk Rate (95% CI) 

 10 years per year 
 

 
10 years per year 

 

 
10 years per year 

 
Age bands 

   

 

   

 

   
< 35 1 22496 0.0 (0.0,0.02) 

 
4 20822 0.02 (0.01,0.05) 

 
5 43317 0.01 (0.0,0.03) 

35-44 2 7219 0.03 (0.0,0.10) 
 

2 6343 0.03 (0,0.11) 
 

4 13562 0.03 (0.01,0.08) 

45-54 4 6205 0.06 (0.02,0.17) 
 

2 5836 0.03 (0,0.12) 
 

6 12041 0.05 (0.02,0.11) 

55-64 13 5221 0.25 (0.13,0.43) 
 

11 5015 0.22 (0.11,0.39) 
 

24 10236 0.23 (0.15,0.35) 

65-74 6 3496 0.17 (0.06,0.37) 
 

4 3685 0.11 (0.03,0.28) 
 

10 7181 0.14 (0.07,0.26) 

75-84 4 2077 0.19 (0.05,0.49) 
 

10 2660 0.38 (0.18,0.69) 
 

14 4737 0.30 (0.16,0.50) 

≥85 0 532 -- 
 

2 1123 0.18 (0.02,0.64) 
 

2 1654 0.12 (0.01,0.44) 

Total 30 47246 0.06 (0.04,0.09) 
 

35 45482 0.08 (0.05,0.11) 
 

65 92728 0.07 (0.05,0.09) 

Supplementary Table 5.12 Age-specific incidence rate per 1000 population per year of migraine-like event different from previous migraine aura in 
men and women in OXVASC 

  
Men 

 

 

 
Women 

 

 

 
Total 

 
 Number in  Number at risk Rate (95% CI) 

 
Number in Number at risk Rate (95% CI) 

 
Number  in Number at risk Rate (95% CI) 

 10 years per year 
 

 
10 years per year 

 

 
10 years per year 

 
Age  

   

 

   

 

   
< 35 0 22496 -- 

 
2 20822 0.01 (0.0,0.03) 

 
2 43317 0 (0.0,0.02) 

35-44 4 7219 0.06 (0.02,0.14) 
 

4 6343 0.06 (0.02,0.16) 
 

8 13562 0.06 (0.03,0.12) 

45-54 1 6205 0.02 (0.0,0.09) 
 

9 5836 0.15 (0.07,0.29) 
 

10 12041 0.08 (0.04,0.15) 

55-64 7 5221 0.13 (0.05,0.28) 
 

9 5015 0.18 (0.08,0.34) 
 

16 10236 0.16 (0.09,0.25) 

65-74 7 3496 0.20 (0.08,0.41) 
 

9 3685 0.24 (0.11,0.46) 
 

16 7181 0.22 (0.13,0.36) 

75-84 3 2077 0.14 (0.03,0.42) 
 

9 2660 0.34 (0.15,0.64) 
 

12 4737 0.25 (0.13,0.44) 

≥85 1 532 0.19 (0.0,1.05) 
 

4 1123 0.36 (0.10,0.91) 
 

5 1654 0.30 (0.10,0.71) 

Total 23 47246 0.05 (0.03,0.07) 
 

46 45482 0.10 (0.07,0.13) 
 

69 92728 0.07 (0.06,0.09) 
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Supplementary Table 5.13 Age-specific incidence rate per 1000 population per year of ischaemic migraine in men and women in OXVASC 

  
Men 

 

 

 
Women 

 

 

 
Total 

 
 Number in Number at risk Rate (95% CI) 

 
Number  in Number at risk Rate (95% CI) 

 
Number in Number at risk Rate (95% CI) 

 10 years per year 
 

 
10 years per year 

 

 
10 years per year 

 
Age  

   

 

   

 

   
< 35 0 22496 -- 

 
1 20822 0.0 (0.0,0.03) 

 
1 43317 0.0 (0.0,0.01) 

35-44 0 7219 -- 
 

0 6343 -- 
 

0 13562 -- 

45-54 2 6205 0.03 (0.0,0.12) 
 

1 5836 0.02 (0.0,0.10) 
 

3 12041 0.02 (0.01,0.07) 

55-64 1 5221 0.02 (0.0,0.11) 
 

0 5015 -- 
 

1 10236 0.01 (0.0,0.05) 

65-74 1 3496 0.03 (0.0,0.16) 
 

1 3685 0.03 (0.0,0.15) 
 

2 7181 0.03 (0.0,0.1) 

75-84 0 2077 -- 
 

2 2660 0.08 (0.01,0.27) 
 

2 4737 0.04 (0.01,0.15) 

≥85 0 532 -- 
 

0 1123 -- 
 

0 1654 -- 

Total 4 47246 0.01 (0.0,0.02) 
 

5 45482 0.01 (0.0,0.03) 
 

9 92728 0.01 (0,0.02) 

 

Supplementary Table 5.14 Age-specific incidence rate per 1000 population per year of all migraine-like events in men and women in OXVASC 

  
Men 

 

 

 
Women 

 

 

 
Total 

 
 Number in Number at risk Rate (95% CI) 

 
Number  in Number at risk Rate (95% CI) 

 
Number in Number at risk Rate (95% CI) 

 10 years per year 
 

 
10 years per year 

 

 
10 years per year 

 
Age  

   

 

   

 

   
< 35 1 22496 0.0 (0.0,0.02) 

 
8 20822 0.04 (0.02,0.08) 

 
9 43317 0.02 (0.01,0.04) 

35-44 6 7219 0.08 (0.03,0.18) 
 

6 6343 0.09 (0.03,0.21) 
 

12 13562 0.09 (0.05,0.15) 

45-54 8 6205 0.13 (0.06, 0.25) 
 

13 5836 0.22 (0.12,0.38) 
 

21 12041 0.17 (0.11,0.27) 

55-64 21 5221 0.4 (0.25, 0.61) 
 

20 5015 0.4 (0.24,0.62) 
 

41 10236 0.4 (0.29,0.54) 

65-74 15 3496 0.43 (0.24,0.71) 
 

14 3685 0.38 (0.21,0.64) 
 

29 7181 0.4 (0.27,0.58) 

75-84 8 2077 0.39 (0.17,0.76) 
 

21 2660 0.79 (0.49,1.21) 
 

29 4737 0.61 (0.41,0.88) 

≥85 1 532 0.19 (0.0,1.05) 
 

6 1123 0.53 (0.2,1.16) 
 

7 1654 0.42 (0.17,0.0.87) 

Total 60 47246 0.13 (0.1,0.16) 
 

88 45482 0.19 (0.16,0.24) 
 

148 92728 0.16 (0.13,0.19) 
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Supplementary Table 5.15 Age-specific incidence rate per 1000 population per year of transient confusion in men and women in OXVASC 
  

Men    Women           Total  

Number in Number at risk Rate (95% CI) 
 

Number in Number at risk Rate (95% CI) 
 

Number in Number at risk Rate (95% CI) 

 10 years per year 
 

 
10 years per year 

 

 
10 years per year 

 
Age  

   

 

   

 

   
< 35 0 22496 -- 

 
0 20822 -- 

 
0 43317 -- 

35-44 0 7219 -- 
 

0 6343 -- 
 

0 13562 -- 

45-54 1 6205 0.02 (0.0,0.09) 
 

1 5836 0.02 (0.0,0.1) 
 

2 12041 0.02 (0.0,0.06) 

55-64 8 5221 0.15 (0.07,0.30) 
 

6 5015 0.12 (0.04,0.26) 
 

14 10236 0.14 (0.07,0.23) 

65-74 13 3496 0.37 (0.2,0.64) 
 

9 3685 0.24 (0.11,0.46) 
 

22 7181 0.31 (0.19,0.46) 

75-84 9 2077 0.43 (0.2,0.82) 
 

14 2660 0.53 (0.29,0.88) 
 

23 4737 0.49 (0.31,0.73) 

≥85 2 532 0.38 (0.05,1.36) 
 

6 1123 0.53 (0.20,1.16) 
 

8 1654 0.48 (0.21,0.95) 

Total 33 47246 0.07 (0.05,0.1) 
 

36 45482 0.08 (0.06,0.11) 
 

69 92728 0.07 (0.06,0.09) 

 

Supplementary Table 5.16 Age-specific incidence rate per 1000 population per year of "other" unclassified symptoms in men and women in 
OXVASC 

  Men  
 

 Women  
 

 Total  

 
Number in Number at risk Rate (95% CI) 

 
Number in Number at risk Rate (95% CI) 

 
Number  in Number at risk Rate (95% CI) 

 
10 years per year 

 

 
10 years per year 

 

 
10 years per year 

 
Age  

   

 

   

 

   < 35 4 22496 0.02 (0.0,0.05)  4 20822 0.04 (0.02,0.08)  8 43317 0.02 (0.01,0.04) 

35-44 6 7219 0.08 (0.03,0.18)  6 6343 0.11 (0.04,0.23)  12 13562 0.09 (0.05,0.15) 

45-54 10 6205 0.16 (0.08,0.30) 
 

13 5836 0.21 (0.11,0.36) 
 

23 12041 0.19 (0.12,0.29) 

55-64 13 5221 0.25 (0.13,0.43) 
 

12 5015 0.28 (0.15,0.47) 
 

25 10236 0.24 (0.16,0.36) 

65-74 14 3496 0.40 (0.22,0.67) 
 

20 3685 0.65 (0.42,0.97) 
 

34 7181 0.47 (0.33,0.66) 

75-84 20 2077 0.96 (0.59,1.49) 
 

22 2661 0.94 (0.61,1.39) 
 

42 4737 0.89 (0.64,1.20) 

≥85 4 532 0.75 (0.20,1.93) 
 

19 1123 1.69 (1.02,2.64) 
 

23 1654 1.39 (0.88,2.09) 

Total 71 47246 0.15 (0.12,0.19) 
 

96 45482 0.24 (0.2,0.29) 
 

167 92728 0.18 (0.15,0.21) 
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6.1 Summary 

As I showed in chapter 1, a high proportion of patients with TIA have atypical symptoms 

and some evidence suggests that those patients have high risk of vascular events. In 

chapter 3 and 4 I showed that TNAs had in the post 90 days up to 10 years similar risk of 

stroke as TIAs. In this chapter I aimed to determine the short and long-term risk of 

clinically defined probable/definite TIAs based in the NINDS criteria (NINDS-positive 

versus NINDS-negative) in a population-based study. 

The main findings in this chapter were as follows. First, among 749 clinically 

probable/definite TIAs (549 NINDS-positive and 200 NINDS-negative) seen in OXVASC 

in the first 10 years, about 1/3 did not fulfils the NINDS criteria for TIA. Second, NINDS-

positive and NINDS-negative TIAs shared the majority of the vascular risk factors. Third, 

the short (90-days) and long-term (up to 10 years) risk of stroke after a TIA NINDS-

negative and NINDS-positive was high and similar. However, when patients who did not 

seek medical attention at the time of the TIA were included, NINDS-negative TIAs had a 

higher risk of recurrent events during the follow-up than TIA NINDS-positive. Fourth, the 

clinical judgement better predicted the short and long term risk of recurrent stroke after a 

TIA than the NINDS classification. Fifth, TIAs NINDS negative and recurrent strokes 

after TIA NINDS-negative were more often of undetermined aetiology than after TIA 

NINDS-positive.   

To conclude, long-term risk of stroke was similar in NINDS-positive and NINDS-negative 

(atypical) TIAs. Many patients with TIA and probably particularly with NINDS-negative 

events do not present to medical attention and those who do so may not be assessed 

urgently. Broadening of the definition of a TIA, and medical and public education may 

contribute to the improvement of rapid access to treatment in those patients. Further 

prospective studies of all TIAs, including those who do not meet NINDS criteria, with 

detailed investigation of the aetiology and prognosis are needed.   
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6.2 Introduction 

In the UK, about 150,000 people have a stroke each year.1-3 About 20–40% of people 

have a warning TIA or minor non-disabling ischaemic stroke shortly before they have a 

major disabling stroke.4, 5 Clinical guidelines advocate urgent diagnostic work-up and 

treatment of these patients.6, 7 A correct diagnosis and emergent management of a TIA 

are the key to prevent a disabling stroke.   

The traditional definition of TIA is a sudden, focal neurological deficit of presumed 

vascular origin lasting < 24 hours and confined to an area of the brain or eye perfused by 

a specific arterial territory.8 Accurate diagnosis of vascular compared with non-vascular 

causes of symptoms is fundamental to ensure adequate management. Although  DWI 

brain imaging sometimes is helpful, the diagnosis of a TIA usually relies on the patient’s 

description and recollection of symptoms.9-12 Hemiparesis, numbness, dysarthria, 

dysphasia, diplopia, numbness, imbalance and monocular blindness are included in 

typical symptoms. However, in many circumstances the differential diagnosis with other 

conditions like migraine aura or partial seizures is not straightforward. 13, 14 In addition, a 

high proportion of patients with a suspected TIA have atypical symptoms15 or bizarre 

spells.16  Therefore, doubt about whether or not a patient had a TIA often remains, even 

after expert clinical assessment. 10, 17  

In the last decade a tissue-based definition instead of a time-based has been 

suggested.8 In that definition, the presence of an acute brain ischaemic lesion related 

with the symptoms, no matter how long they last for, should be considered a stroke and 

not a TIA.6 In this scenario, the diagnosis of TIA is completely based on the clinical 

history. However, most clinical guidelines do not specify which symptoms should be 

regarded as TIA, although some cite the NINDS criteria.18  

According to NINDS criteria (Chapter 1), non-focal transient brainstem symptoms such 

as isolated vertigo, isolated dysarthria, dizziness, wooziness, confusion and amnesia, 
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and focal symptoms suggestive of migraine should not be considered TIAs if they occur 

alone.18 However, in a recent study isolated brainstem symptoms were reported as being 

about 12 times more frequent in the 90 days before a vertebrobasilar stroke than in the 

same period before a carotid stroke.19 Transient neurological attacks (TNAs)- defined as 

“attacks of sudden neurological symptoms that completely resolved within 24 hours, with 

no clear evidence of the diagnosis of migraine, epilepsy, Menière’s disease, 

hyperventilation, cardiac syncope or orthostatic hypotension” 20 - have been shown to be 

associated with an increased risk of stroke, cardiovascular events and vascular 

dementia.  However, there are still too few data on prognosis of symptoms not 

considered as TIAs by the NINDS definition to be confident of their nature.  

I aimed to determine the short and long-term risk of NINDS-positive TIA versus NINDS-

negative TIA in a population-based study. 

 

6.3 Methods 

This study was nested within the Oxford Vascular Study (OXVASC), a prospective, 

population-based study of all stroke and TIA in approximately 92000 individuals of all 

ages registered with about 100 general practitioners in Oxfordshire, UK. The study 

methods have been described in chapter 1 and elsewhere.21, 22 Briefly, multiple 

overlapping methods of “hot” and “cold” pursuit were used to achieve near complete 

ascertainment of all patients presenting to medical attention with TIA or stroke.21, 22 All 

patients were consented and seen by study physicians as soon as possible after their 

initial presentation. A standardized questionnaire was used to obtain a detailed history 

from each patient. This included date of symptoms onset, duration and type of 

symptoms, baseline characteristics and time of first seeking medical attention.  All 

patients were also asked in detail about TIA/TNA symptoms during the previous 90 days. 
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In those cases of ascertainment via cold pursuit, clinic letters, hospital notes and GP 

records were also searched for reported TIA or TNA symptoms in the previous 90 days.  

TIAs were classified prospectively by a senior neurologist (Professor Peter Rothwell) as 

possible or probable/definite based on clinical judgement (age, vascular risk factors and 

blood pressure) as in routine practice. Possible TIAs were excluded from this analysis. 

TIAs were further classified according to NINDS criteria as NINDS positive or NINDS 

negative based on symptoms only. The same treatment protocol was used for all TIAs, 

irrespective of NINDS criteria or clinical certainty.  

Stroke recurrence was identified by face-to-face follow up at 1 month, 3 months, 6 

months, 1 year, 5 years and 10 years after the event and also by the “hot” and “cold” 

pursuit methodology of OXVASC. Aetiological subtypes of TIAs and recurrent strokes 

were assigned by using the modified Trial of ORG 10172 in acute stroke treatment 

(TOAST) criteria into cardioembolic (CE), large artery disease (LAD), small vessels 

disease (SVD), undetermined (UDE), unknown (UNK), multiple and other aetiologies.23 

Given the potential for bias, risk factors such as hypertension and diabetes were not 

included in the criteria.24 Cases were classified as UDE only if the diagnostic work-up 

included at least brain imaging, ECG, and extracranial vascular imaging, and no clear 

aetiology was found.  

This sub-study includes all first cases of probable/definite TIAs from 1 April 2002 to 31 

March 2012.     

 

6.4 Statistical Analysis 

I used Kaplan-Meyer survival analysis to determine the risks of recurrent stroke for each 

TIA subgroup. Participants were censored at the time of the outcome event (stroke), end 

of the study or death, whichever occurred first. I assessed the association between 
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baseline characteristics and risk of recurrent stroke with Cox proportion hazards models 

stratified by type of index event. I used Chi-squared or Fisher’s exact test to compare 

categorical variables and Student’s t test for continuous variables. P values < 0.05 were 

regarded as statistically significant.  All analysis was performed using SPSS version 20.  

 

6.5 Results 

6.5.1 TIAs prognosis according to NINDS criteria 

From 1 April 2002 to 31 March 2012, 749 patients with the first probable/definite TIA 

were identified. 549 were classified as NINDS positive and 200 as NINDS negative. The 

baseline characteristics, vascular risk factors and medication prior to the index TIA are 

presented in Table 6.1. Mean age (SD) at the index event was similar in TIA NINDS 

positive and TIA NINDS negative [72.9 (13.3) vs 71.4 (12.0), p=0.17]. The gender 

distribution was also similar in both groups (47.0% males in NINDS positive vs 54.0% in 

NINDS negative, p=0.53). NINDS positive and NINDS negative TIAs had no significantly 

different prevalence of hypertension, diabetes, angina or myocardial infarct, previous 

TIA, previous stroke, previous peripheral vascular disease, current smokers or previous 

use of statins. However, NINDS positive TIAs had a high prevalence of previous 

diagnosed atrial fibrillation (18.6% vs 10.1%, p<0.001) and previous use of antiplatelet 

drugs (34.6% vs 26.0%, p=0.01).  
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During 3240 person/years of follow-up  130 patients had a stroke. Among those 91 had a 

NINDS positive and 39 a NINDS negative TIA as the index event (Table 6.2). 

The stroke risk was similar in TIA NINDS positive and TIA NINDS negative at 90 days 

(9.0% vs 10.0%, p=0.99), 5 years (16.8% vs 19.2%, p=0.67) and 10 years (20.4% vs 

28.7%, p=0.37) of follow up (Table 6.2, Figure 6.1 and 6.3). When patients who had a 

probable/definite TIA did not seek medical attention immediately and were only 

assessed by a physician at the time of the recurrent stroke were included in the analysis, 

Table 6.1- Baseline characteristics, vascular risk factors and premorbid medication of 

patients presenting with TIA according to the NINDS definition (n=749) 

 

TIAs 
 

 

NINDS positive        NINDS negative 
 

 
(n=549) (n=200) p value 

Age (mean (SD)) 72.9 (13.3) 71.4 (12.0) 0.17 

Male Sex  258 (47.0) 108 (54.0) 0.53 

Hypertension 288 (52.5) 116 (58.0) 0.10 

Diabetes 52 (9.5) 12 (6.0) 0.08 

Angina or myocardial infarction 106 (19.3) 28 (14.0) 0.56 

Peripheral vascular disease 26 (4.7) 13 (6.5) 0.22 

Previous diagnosed atrial fibrillation 102 (18.6) 20 (10.1) < 0.001 

Current smoker 73 (13.3) 22 (11.0) 0.24 

Previous TIA 78 (14.2) 25 (12.5) 0.32 

Previous stroke 54 (9.8) 13 (6.5) 0.10 

Prior antiplatelet 190 (34.6) 52 (26.0) 0.01 

Prior statin 136 (24.8) 42 (21.0) 0.16 

Prior antihypertensive 296 (53.9) 111 (55.5) 0.38 
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24 patients who had a NINDS positive and 45 who had a NINDS negative TIA in the 90 

days prior to their recurrent stroke were identified. In total among 818 probable/definite 

TIAs included, 117 out of 573 NINDS positive and 70 out of 245 NINDS negative had a 

recurrent stroke.  In this group NINDS negative TIA had a higher risk of recurrent stroke 

than NINDS positive TIA at 90 days (19.2% vs 13.3%, p=0.049)  and 10 years (37.7% vs 

23.9%, p=0.08) (Figure 6.2 and 6.4).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6.2 Risk of any recurrent stroke after a NINDS positive and NINDS negative TIA up to 10 

years 

 

90 days  

 

5 years 

 

10 years 

    Event (n) Risk (%) Event (n) Risk (%) Event (n) Risk (%)   

All (n=749) 

 

log rank p=0.99 log rank p=0.67 log rank p=0.37 

        NINDS positive 54 9.0 85 16.8 91 20.4 

 

        NINDS negative 20 10.0 34 19.2 39 28.7 

                 

         Figure 6.1 Kaplan-Meyer survival curves of risks of recurrent stroke up to 90 days (A) 

and 10 years (B) after a TIA according to NINDS criteria 
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Figure 6.2 Kaplan-Meyer curves of 90 days (A) and 10 years (B) risk of recurrent stroke 

after a TIA according to NINDS criteria including patients who did not seek medical 

attention at time of the event 
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Age at index event (HR 1.03, 95% CI 1.01-1.05, p=0.001) and hypertension (HR 1.75, 

95% CI: 1.14-2.69, p=0.01) significantly predicted the occurrence of stroke after a 

NINDS positive TIA. In NINDS negative TIA, age at event was also associated with 

recurrent stroke (HR 1.04, 95% CI: 1.01-1.07, p=0.01) and there was a trend suggesting 

an increased risk of stroke in hypertensive patients (HR 1.96, 95% CI: 0.97-3.97, p=0.05) 

(table 6.3).  Compared to NINDS negative, NINDS positive TIA did not predict the 

occurrence of stroke (HR adjusted for age, history of hypertension and NINDS status: 

0.82, 95% CI: 0.56-1.20, p=0.31).  

 

 

 

 

 

Table 6.3- Hazard ratios for the associations between baseline characteristics and risk of 

recurrent stroke after a TIA according to NINDS criteria 

 

  
NINDS positive 

 

 
NINDS negative 

 

 
All TIAs 

 
Risk factors 

 
HR 95% CI p 

 
HR 95% CI  

 
p 

 
HR 95% CI 

 
p 

      

 

    

 

    
Age at index event 

 
1.03 1.01 1.05 0.001 

 
1.04 1.01 1.07 0.01 

 
1.03 1.01 1.05 <0.001 

Male 
 

1.16 0.77 1.75 0.47 
 

1.27 0.67 2.39 0.45 
 

1.04 0.74 1.47 0.79 

Hypertension 
 

1.75 1.14 2.69 0.01 
 

1.96 0.97 3.94 0.05 
 

1.82 1.26 2.62 0.001 

Hyperlipidaemia 
 

1.03 0.65 1.61 0.89 
 

1.08 0.56 2.10 0.80 
 

1.07 0.73 1.55 0.71 

Diabetes 
 

1.00 0.48 2.08 0.98 
 

0.37 0.05 2.70 0.33 
 

0.84 0.42 1.66 0.62 

Atrial fibrillation 
 

1.60 0.99 2.59 0.05 
 

1.62 0.68 3.88 0.27 
 

1.60 1.05 2.43 0.02 

PVD 
 

2.06 0.95 4.46 0.06 
 

1.90 0.67 5.37 0.22 
 

2.02 1.08 3.75 0.02 

Current smoker 
 

0.92 0.51 1.66 0.79 
 

0.85 0.33 2.18 0.73 
 

1.10 0.67 1.82 0.68 

*PVD: peripheral vascular disease, HR: hazard ratios are unadjusted 
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6.5.2 TIA prognosis according to clinical judgement  

During the 10 years of follow up 104 strokes occurred after a definite TIA and 26 after a 

probable TIA. In this analysis I excluded the first events when medical attention was not 

sought. The risk of recurrent stroke after a definite TIA was significantly higher at 90 

days (11.6% vs 6.1%, p=0.018), 5 years (20.2% vs 11.3%, p=0.03) and 10 years (24.5% 

vs 17.3%, p=0.01) than after a probable TIA (Table 6.4, Figure 6.3 and Figure 6.4). 

 

 

 

 

 

 

 

Figure 6.3 Kaplan-Meyer survival curves of risk of recurrent stroke up to 90 days (A) and 

10 years (B) after a TIA according to the clinical judgement 
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Table 6.4 Risks of any stroke recurrence up to 10 years after a TIA according to clinical judgement 
    

 
90 days  

 
5 years 

 
10 years 

  
  Event (n)         Risk (%) Event (n) Risk (%) Event (n) Risk (%)   

All (n=749) 
 

log rank p=0.018 log rank p=0.03 log rank p=0.01 

        
Definite TIA (n=520) 60 11.6 96 20.2 104 24.5 

 

        
 Probable TIA  (n=229) 14 6.1 23 11.3 26 17.3 
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6.5.3 TIA prognosis according to NINDS criteria and clinical judgement 

I further analysed the risk of recurrent stroke after a TIA taking into account the NINDS 

definition and the clinical judgement. I included the first TIA in the study period at the 

time of seeking medical attention. Previous TIAs in the study period in which medical 

attention was not sought were excluded. At the end of 10 years of follow up 81/444 

strokes occurred after a NINDS positive definite TIA, 10/105 after a NINDS positive 

probable TIA, 23/75 after a NINDS negative definite TIA and 16/125 after a NINDS 

negative probable TIA (Table 6.5 and Figure 6.5).  

At 90 days, among patients with a NINDS positive TIA, the risk of  recurrent stroke was 

10.4% in clinically definite TIA versus 7.5% in clinically probable (log rank p=0.36). In 

patients classified as NINDS negative, the 90 days risk of stroke it was 18.2% in definite 

TIA and 5% in probable TIA (log rank p < 0.001). By year 10, the risk of stroke 

recurrence was 22.3% in NINDS positive definite TIA and 9.4% in the NINDS positive 
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probable TIA (log rank p=0.05). In the NINDS negative group, the 10 years risk of stroke 

was 36% in definite TIA and 22% in probable TIA (log rank p=0.003).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.5.4 TOAST subtypes in the NINDS positive and NINDS negative TIAs 

Overall, the distribution of the TOAST subtypes did not differ among NINDS positive and 

NINDS negative TIA (p=0.71) (Table 6.6). Undetermined aetiology was the most 

Table 6.5 Risks of any recurrent stroke in TIAs according to clinical judgement and NINDS criteria 
    

 
90 days 5 years 10 years 

      Event (n) Risk (%)      Event (n) Risk (%) Event (n) Risk (%)   

All 
 

   log rank p=0.016       log rank p=0.002  log rank p=0.003 

        NINDS positive definite 
(n=444) 46 

                      
10.4  

  
75 18.5 81 22.3 

 

        NINDS positive probable 
(n=105) 8 

                         
7.5  10 9.4 10 9.4 

 

        NINDs negative definite 
(n=75) 14 

                      
18.2  21 29.9 23 36.0 

 

        NINDS negative probable 
(n=125) 6 

                         
5.0  13 12.7 16 22.0 

   
 

        
  

         

Figure 6.4 Kaplan-Meyer survival curves of risks of stroke up to 10 years after a TIA according to 

NINDS criteria and clinical judgement 
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prevalent TOAST subgroup (53% in NINDS positive vs 41.5% in NINDS negative). The 

second most common aetiology was cardioembolism, which was present in 21.5% of the 

NINDS positive and 14% of the NINDS negative TIA. Large artery disease had the same 

prevalence in both groups (13%). The proportion of small vessel disease was 10.7% in 

NINDS positive and 7.5% in NINDS negative. Other aetiologies and multiple aetiologies 

were similar in both groups. 8% of NINDS positive and 6.5% of NINDS negative were not 

completely investigated and therefore the aetiology was unknown.   

 

Table 6.6 Distribution of aetiological TOAST subtypes in TIAs according to NINDS criteria  
 

  
NINDS positive 

(n= 549) 
NINDS negative 

(n= 200) 

CE 118 (21.5) 28 (14.0) 

LAD 75 (13.7) 26 (13.0) 

SVD 59 (10.7) 15 (7.5) 

UDE 228 (41.5) 106 (53.0) 

OTHER 12 (2.2) 7 (3.5) 

MULTIPLE 13 (2.4) 5 (2.5) 

UNK 44 (8.0) 13 (6.5) 
* CE: cardioembolic, LAD: large artery disease, SVD: small  
vessels disease, UDE: undetermined, UNK: unknown 

    

6.5.5 TOAST subtypes of recurrent strokes after NINDS positive and NINDS 

negative TIAs  

I further investigated the TOAST subtype of the recurrent stroke after a TIA. The 

recurrent stroke subtype broadly correlated  with the initial index event in NINDS positive 

and NINDS negative groups (Table 6.7). The prevalence of undetermined recurrent 

strokes was  higher in patients who presented with a NINDS negative TIA (34.3% vs 

23.0%) whereas cardioembolic recurrent strokes were more prevalent  in NINDS positive 

(29.9% vs 15.6%). As expected, small vessel disease was more prevalent in NINDS 

positive than in NINDS negative (18.4% vs 9.4%).  
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6.7 Aetiological subtypes of recurrent ischaemic stroke vs index TIA according to NINDS definition 
  

 
    Index event (n,%)  

  
Recurrent 
stroke CE LAA SMV UND UNK MULTIPLE OTHER  Total   

  CE 26 (100) 1 1 0 1 0 0 29  (33.3) 
 

  LAA 0 9 (69.2) 0 3 0 0 0 12 (13.8)  
 

  SVD 0 0 10 (62.5) 1 0 0 0 11 (12.6) 
 TIA NINDS 

positive  UDE 0 1 5 16 (80.0) 4 0 0 26 (29.9) 
 

  UNK 0 0 0 0 2 (28.6) 0 0 2 (2.3) 
 

  MULTIPLE 0 0 0 0 0 4 (100) 0 4 (4.6) 
 

  OTHER 0 2 0 0 0 0 1 (100) 3 (3.5) 
 

  Total 26 (29.9) 13 (14.9) 16 (18.4) 20 (23.0) 7 (8.1) 4 (4.6) 1 (1.1) 87    

  CE 4(80.0) 1 0 2 0 1 0 8 (25.0) 
 

  LAA 0 5 (83.3) 0 0 0 0 0 5 (15.6) 
 

 
SVD 0 0 2 (66.7) 0 0 0 0 2 (6.3) 

  TIA NINDS 
negative UDE 0 0 1 7 (63.6) 1 0 0 9 (28.1) 

 
  UNK 1 0 0 1 3 (75.0) 0 0 5 (15.6) 

 
  MULTIPLE 0 0 0 1 0 1 1 (100) 3 (9.4) 

 
  Total 5 (15.6) 6 (18.8) 3 (9.4) 11 (34.3) 4 (12.5) 2 (6.2) 1(3.2) 32   

 
CE 30 (96.8) 2 1 2 1 1 0 37 (31.1) 

 

 
LAA 0 14 (73.7) 0 3 0 0 0 17 (14.3) 

 

 
SVD 0 0 12 (63.2) 1 0 0 0 13 (10.9) 

 
All TIAs UDE 0 1 6 23 (74.2) 5 0 0 35 (29.4) 

 

 
UNK 1 0 0 1 5 (45.5) 0 0 7 (5.9) 

 

 
MULTIPLE 0 0 0 1 0 5 (83.3) 1 7 (5.9) 

 

 
OTHER 0 2 0 0 0 0 1 (50.0) 3 (2.5) 

 
  Total 31 (26.0) 19 (16.0) 19 (16.0) 31 (26.0) 11(9.2)  6 (5.1) 2 (1.7) 119   

* CE: cardioembolic, LAD: large artery disease, SVD: small vessels disease, UDE: undetermined, UNK: unknown 
   

 

6.6 Discussion 

The main findings in this chapter were as follows. First, about one third of the first 

clinically probable/definite TIAs seen in OXVASC in the first 10 years did not fulfil the 

NINDS criteria for TIA. Second, NINDS-positive and NINDS-negative TIAs shared the 

majority of the vascular risk factors, except the history of diagnosed atrial fibrillation, 

which was more prevalent in the NINDS-positive group. Third, the short (90-days) and 

long-term (up to 10 years) risk of stroke after a TIA NINDS-negative and NINDS positive 

was high and similar (90 days stroke risk: 9.0% in NINDS-positive vs 10.0.% in NINDS-

negative, p=0,99; 10 years stroke risk: 20.4% in NINDS positive vs 28.7% in NINDS-
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negative, p=0.37). However when patients who did not seek medical attention at the time 

of the TIA were included, NINDS-negative TIAs had a higher risk of recurrent events 

during the follow up than TIA NINDS-positive. Fourth, the clinical judgement better 

predicted the short and long term risk of recurrent stroke after a TIA than the NINDS 

classification (90 days stroke risk:  11.6% in definite TIA vs 6.1% in probable TIA, 

p=0.018; 10 years stroke risk:  24.5% in definite TIA vs 17.3% in probable TIA, p=0.01). 

Fifth, TIAs NINDS negative were more often of undetermined aetiology. Finally, the 

strokes after an index TIA were also more often of undetermined aetiology in TIA NINDS 

negative than in TIA NINDS positive; and small vessels disease was more prevalent in 

NINDS positive than in NINDS negative TIAs, as expected.   

In the last decade epidemiological studies have shown that TIAs are higher risk than 

previously supposed, 5, 25-27 and therefore they need to be treated as emergencies.16, 28 

Different studies have reported conflicting stroke rates after a TIA, and cohorts from 

Oxford, UK and northern Portugal have published very high risks at 90 days (17% to 

21%) without urgent treatment. Recent studies have reported very low risks of recurrent 

stroke for patients in whom treatment was started immediately after confirmed diagnosis 

of TIA or minor stroke.28  

Although, the definition of TIA purely on the basis of clinical grounds has been the 

subject of debate, 29, 30 no progress has been made about what type of symptoms should 

be considered in the TIA diagnosis. However, the "classical" NINDS defined TIA is the 

most adopted criterion.   

Key  to the diagnosis of TIA are the focal character of the symptoms. In the Rotterdam 

study20, patients in whom the classical focal symptoms of TIA were accompanied by 

non-focal symptoms (mixed TNAs) had a high risk of stroke, specially ischaemic stroke 

(HR, 2.99; 95% CI, 1.11-8.03), and other vascular complications than patients without 

TNAs. Although non-focal symptoms, such as non-rotatory dizziness or confusion, have 
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been regarded as benign and not related to focal ischaemia in the Rotterdam study non-

focal TNAs had also a higher risk of stroke (HR, 1.56; 95% CI, 1.08-2.28) than 

participants without TNAs.  

Recently, the Life Long After Cerebral (LiLAC) ischaemia study (hospital based study of 

only TIAs; patients with cardioembolism source or Rankin > 3 were excluded) showed 

that during a mean follow up of 10.1 years there was no difference in the risk of the 

composite of any stroke, myocardial infarction or vascular death in patients with only 

focal symptoms or with focal and non-focal symptoms.31   

The risk of recurrent stroke in the NINDS negative group in my study is in line with the 

results of non-focal and mixed TNAs in the Rotterdam study.  I might have overestimated 

the risk of stroke after a NINDS negative TIA because I did not include in this chapter 

patients classified as possible TIA and TNAs considered of non-vascular origin. 

Moreover, Rotterdam and OXVASC had very different methodologies, as I mentioned in 

chapter 5. In this sub-study, I included only patients with clinically defined probable or 

definite TIA who sought medical attention with a suspected TIA whereas in the 

Rotterdam study a questionnaire was used in many surveys at different time periods to 

identify patients with transient neurological symptoms. In addition, no information about 

the clinical judgement of the TNA was mentioned. Furthermore, only 228 TIAs, 228 non-

focal TNAs and 38 mixed TNAs were included. 129 possible TNAs, retrieved from the 

general practitioner's medical records were excluded from the analysis because the 

symptoms were described inadequately.   

To my knowledge this is the first population-based study of prognosis of all 

probable/definite TIAs based on the NINDS criteria.  

The main strengths of the present study are its population-based design, inclusion of 

patients irrespective of age and rigorous ascertainment and follow-up. The possibility of 

selection and misclassification bias was minimized since all patients presenting for 
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medical attention in the study population were prospectively recruited, seen by a study 

doctor and reviewed by a senior neurologist.  However, the classification of the TIAs 

included in the analysis (definite and probable) based on the clinical judgement as in the 

routine clinical practice might be difficult to reproduce in other cohorts. Furthermore, I 

might have misclassified TIAs according to the NINDS criteria.    

To conclude, long-term risk of stroke is similar in NINDS-positive and NINDS-negative 

TIAs. Many patients with TIA and probably particularly with NINDS negative events do 

not present to medical attention and those who do so may not be assessed urgently as 

they do not present the typical TIA symptoms. Broadening of the definition of a TIA, and 

medical and public education may contribute to the improvement of rapid access to 

treatment in those patients. Moreover, NINDS-negative TIAs should not be excluded 

from clinical trials and other research studies. Further prospective studies of all TIAs, 

including those who do not meet NINDS criteria, with detailed investigation of the 

aetiology and prognosis are needed.   
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Chapter 7  

Short and long-term prognosis of suspected vascular and 

non-vascular Transient Neurological Attacks 
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7.1 Summary   

In the previous chapter I showed that atypical TIAs (NINDS-negative) and typical 

(NINDS-positive) TIAs in OXVASC had similar 90 days and 10 years risk of stroke. The 

distinction between vascular and non-vascular aetiology in patients with TNAs is crucial 

in terms of investigation and treatment. As I showed in the chapter 1, a high proportion of 

patients with suspected TIAs have TNAs which are difficult to classify/possible TIAs. 

In this chapter I aimed to determine the short and long-term risk of stroke, myocardial 

infarction (MI) or any vascular event (stroke, MI, sudden cardiac death or acute 

peripheral disease) after TNAs of suspected non-vascular and suspected vascular origin 

versus the risk of vascular events after a NINDS defined TIA.  

The main findings in this chapter were as follows. First, patients with a TNA were 

younger and had lower prevalence of vascular risk factors than patients with a NINDS-

positive TIA. Second, at 1 month of follow-up patients with suspected non-vascular TNAs 

were less often under secondary prevention treatment. Third, age at index event was 

associated with risk of stroke in all groups (NINDS TIAs and TNAs) however, history of 

angina and MI were significantly associated with the risk of recurrent stroke in TNAs 

only. Fourth, the 90 days stroke risk after a TNA was lower than after a NINDS-defined 

TIA. However, in the post 90 days up to 10 years the risk of recurrent stroke was not 

significantly different between two groups. Fifth, the 10-year risk of MI was not 

significantly different after a TNA or a NINDS positive TIA nor was the risk of any acute 

vascular event. Moreover, history of angina or myocardial infarction was associated with 

an increased risk of any acute vascular event in TNAs.  Finally, although a subgroup of 

patients with TNAs were initially classified as of suspected non-vascular origin they had 

a high risk of stroke and other vascular events at long-term. I conclude that TIA definition 

should be broader. Moreover, all patients with a TNA should be seen and investigated, 

and if uncertain aetiology remains they should be treated as vascular.  
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7.2 Introduction 

Accurate distinction between transient ischaemic attack (TIA) and transient neurological 

attack (TNA) of non-vascular aetiology is essential as patients with TIA are at high risk of 

stroke in the first few hours and days, 1, 2 3, 4 making a suspected TIA a medical 

emergency. However, the interobserver agreement for the diagnosis of TIA is far from 

excellent.5, 6 7  

The definition of TIA has been the subject of debate and the American Heart Association 

recently recommended a "tissue-based" definition: "a transient episode of neurological 

dysfunction caused by a focal brain, spinal cord, or retinal ischaemia, without acute 

infarction".8 This definition eliminates the 24h time limit, but is dependent on the urgent 

access to MRI which can be difficult in many health centres even in developed countries. 

Moreover, most TIAs do not show specific positive findings on imaging, meaning that 

accurate diagnosis still rests heavily on clinical skills.9-11 Thus, for the moment, TIA 

remains a clinical diagnosis based around accurate history interpretation.  

TNAs that are difficult to classify/possible TIAs were reported in 24% of patients who 

attended a TIA clinic in Lisbon.12 In the literature, the majority of these TNAs of uncertain 

classification are considered either as possible TIA or TIA mimic by researchers. No 

study has differentiated between a definite TIA mimic and a TNA of non-vascular 

aetiology (less convincing vascular origin without an alternative diagnosis).  In SOS TIA 

clinic, “bizarre spells” (non-focal or not clearly focal transient neurological event for which 

the mode of onset, topography, and course of symptoms did not fulfil the criteria for 

definite or possible TIA or other known neurological syndrome) corresponded to 29% of 

the TIA mimics.13   

Atypical TIAs,14 and TNAs with only non-focal and focal plus non-focal (mixed TNAs) 

symptoms have been reported to be associated with increased risks of vascular 
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events.15 However, the prognosis of TNAs of suspected non-vascular aetiology is 

unknown.  

In chapter 6, I showed that TNAs that did not fulfil the criteria for TIA according to the 

NINDS criteria but were classified as TIAs taking into account the overall clinical picture 

had a similar 10-year risk of stroke as classical TIAs.  However, there is still a group of 

patients with TNAs where the clinicians' judgement is more towards a non-vascular or 

less likely vascular origin taking into account vascular risk factors profile and/or the type 

of symptoms. The prognosis of this group of patients is unknown.   

In this chapter I aimed to determine: 

- The short and long-term risk of stroke after TNAs of suspected non-vascular and 

vascular origin versus a NINDS defined TIA; 

- The short and long-term risk of acute myocardial infarct after a TNA of suspected non-

vascular and vascular origin versus a NINDS defined TIA; 

- The short and long-term risks of any acute vascular event (stroke, myocardial 

infarction, sudden cardiac death or acute peripheral disease) after a suspected non-

vascular and vascular TNA versus a NINDS defined TIA.  

 

7.3 Methods 

This study is a sub-study of the Oxford Vascular Study (OXVASC), a prospective, 

population based study of all suspected strokes, TIAs and other acute vascular events in 

approximately 92375 individuals registered with about 100 general practitioners in 

Oxfordshire, UK. The study methods have been described previously in chapter 1 and 

elsewhere. 16, 17 All patients were seen by study physicians as soon as possible after 

their initial event and consented to participate in the study.  
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Events were classified prospectively by a senior vascular neurologist (Professor Peter 

Rothwell) as TIA, stroke or events of non-vascular aetiology. 

I reviewed data from all patients classified as "TIA" and "non-vascular disease". The 

non-vascular events were further classified into TIA mimics (Chapter 2) or Transient 

Neurological Attacks (TNAs) of suspected non-vascular origin (transient neurological 

symptoms lasting < 24h without an alternative diagnosis such as migraine with or without 

aura, epilepsy, transient global amnesia, metabolic condition, labyrinthitis, benign 

paroxysmal positional vertigo, Ménière's disease, tumour, subdural haematoma, etc).  

Patients with TIAs based on clinical judgement (possible/probable/definite) who did not 

fulfil the NINDS criteria for TIA were classified as TNAs of suspected vascular origin. 

TNAs of suspected vascular origin includes probable/definite NINDS negative TIAs 

(Chapter 6) and possible NINDS negative TIAs.    

Patients with clinically-defined TIA were followed up at 1 month, 3 months, 6 months, 1 

year, 5 years and 10 years after the event. 

All recurrent vascular events (stroke, myocardial infarction, sudden cardiac death or 

acute peripheral disease) were identified by face-to-face follow-up and by the "hot" and 

"cold" pursuit methodology of OXVASC. In addition, in patients who had a non-vascular 

diagnosis, and in order to identify all vascular events diagnosed by GPs or other 

specialists which might have been missed by the OXVASC methodology, an extra 

electronic search of GP files was performed by two study nurses (Linda Bull and Sarah 

Welsh) at the end of follow-up. A copy of all GP registers and medical letters from other 

specialities were obtained and reviewed for each patient. Patients that were missed  

were reviewed by a study clinician for ascertainment or follow-up. 

Recurrent ischaemic strokes sub-types were classified according to the Trial of ORG 

10172 in the Acute Stroke Treatment (TOAST) classification system.18  
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I included all patients with the first suspected non-vascular and vascular TNA or the first 

TIA in the study period from 1 April 2002 to 31 March 2012. I excluded patients with a 

definite TIA/minor stroke mimic.  

 

7.4 Statistical analysis  

I used Kaplan-Meyer survival analysis to determine the risks of recurrent stroke or 

composite outcome of all acute vascular diseases (stroke/myocardial infarction/ sudden 

cardiac death/peripheral vascular disease) for each TIA and TNA subgroup. Participants 

were censored at the time of the outcome event, end of the follow-up or death.  

I assessed the association between baseline characteristics and risk of recurrent stroke 

with Cox proportion hazards. I calculated the hazard ratios adjusted for age and sex.   

I used Chi-squared or Fisher’s exact test to compare categorical variables and Student’s 

t test for continuous variables. P values < 0.05 were regarded as statistically significant.  

All analysis was performed using SPSS version 20.  

 

7.5 Results 

7.5.1 Characteristics of Transient Neurological Attacks versus NINDS defined 

Transient Ischaemic Attacks 

I identified 1261 patients who had transient neurological symptom(s) lasting < 24h and in 

the first 10 years of OXVASC. 712 were TNAs and 549 NINDS-defined TIAs. Among 

TNAs, 455 were of suspected vascular and 257 of suspected non-vascular aetiology.   

Baseline characteristics of TNAs and TIAs are shown in Table 7.1. Among patients with 

TNAs, there were no differences in the distribution of gender, prevalence of diabetes, 

myocardial infarction, angina, peripheral vascular disease (PVD), previously diagnosed 
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atrial fibrillation (AF), current smoking status, previous history of stroke, prior use of 

antiplatelet medication, prior use of statins, previous history of migraine and previous 

history of migraine with aura. However, compared with TNAs of suspected non-vascular 

aetiology, TNAs of suspected vascular aetiology were older (Table 7.1), and more often 

had a history of hypertension, hyperlipidaemia, PVD, prior use of anti-hypertensive 

treatment and a previous TIA. When I compared all TNAs with NINDS-defined TIAs I 

found that TNAs were younger, and less often had a history of myocardial infarction, 

angina, previously diagnosed atrial fibrillation, previous TIA, previous stroke, prior use of 

antiplatelet  medication and prior use of anti-hypertensive drugs. However, TNAs had 

more often history of migraine and history of migraine with aura. 

Overall, at 1 month patients with suspected non-vascular TNAs were less often on 

secondary prevention drugs than suspected vascular TNAs and NINDS positive TIAs 

(Table 7.2). Compared with suspected vascular TNAs, suspected non-vascular TNAs 

were less often under antihypertensive drugs, statins and antiplatelets. There was no 

statistically significant difference in the use of anti-coagulation drugs among the groups.  
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Table 7.1 Baseline characteristics of patients with a TNA (suspected non-vascular and vascular) and NINDS-defined TIA 

   
 

  
  

 

   Suspected 
non-vascular  

      Suspected  
      vascular 

 All TNAs 
         NINDS TIA 

   
  p1- values       p2-values       p3-values  

 

     (n=257)       (n=455)                          (n=712)         (n=549)      

Age (mean (SD)) 65.3 (15.0)      69.3 (14.4)  67.8 (14.7) 72.9 (13.3) 0.001 < 0.001 < 0.001  

Male Sex  111 (43.2) 223 (49.0)  334 (46.9) 258 (47.0) 0.14 0.32 1.00  

Hypertension 113 (44.0) 237 (52.1)  350 (49.2) 288 (52.5) 0.03 0.06 0.30  

Diabetes 17 (6.7) 38 (8.4)  55 (7.7) 52 (9.5) 0.47 0.39 0.31  

Myocardial infarction 11 (4.3) 29 (6.4)  40 (5.6) 53 (9.7) 0.31 0.01 0.01  

Angina 21 (8.2) 58 (12.8)  79 (11.1) 92 (16.8) 0.06 0.01 0.005  

Hyperlipidaemia 53 (21.3) 139 (30.6)  192 (27.3) 157 (28.6) 0.01 0.03 0.65  

PVD 6 (2.3) 27 (5.9)  33 (4.6) 26 (4.7) 0.03 0.09 1.00  

Previously  diagnosed AF 19 (7.4) 50 (11.0)  69 (9.7) 102 (18.6) 0.15 < 0.001 < 0.001  

Current smoker 32 (12.6) 55 (12.1)  87 (12.3) 73 (13.3) 0.90 0.85 0.60  

Previous TIA 5 (1.9) 51 (11.3)  56 (7.9) 78 (14.2) < 0.001 < 0.001 0.001  

Previous stroke 15 (5.8) 25 (5.5)  40 (5.6) 54 (9.8) 0.87 0.02 0.007  

Prior antiplatelet 69 (26.8) 123 (27.0)  192 (27.0) 190 (34.6) 1.00 0.01 0.004  

Prior statin 46 (18.0) 97 (21.3)  143 (20.1) 136 (24.8) 0.28 0.08 0.05  

Prior antihypertensive 102 (39.7) 225 (49.5)  327 (46.0) 296 (53.9) 0.01 0.001 0.005  

History of migraine 74 (30.7) 154 (33.8)  228 (33.1) 135 (24.7) 0.35 0.01 0.001  

History of migraine aura 52 (22.2) 121 (26.4)  173 (25.7) 91 (17.2) 0.14 0.01 < 0.001  

TNA: Transient Neurological Attack; TIA: Transient Ischaemic Attack; NINDS: National Institute of Neurological Disorders and Stroke; PVD: peripheral vascular disease; AF: atrial fibrillation; p: p 
values for the comparisons of the distribution of baseline characteristics among: p1- TNAs subgroups, p2- TNAs subgroups and TIAs, p3- all TNAs and TIAs
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Table 7.2 Medication at 1 month of follow-up after a TNA (suspected non-vascular  and vascular) and a 
NINDS defined TIA 
 

    TNA 
  

       NINDS TIA 
 

  
 

 

Suspected  
non-vascular 

Suspected  
vascular                

 

 
(n=257) (n=455)   (n=549)   p1 value p2 value 

       

 

Antihypertensive n (%) 139 (54.1) 327 (71.9) 
 

384 (69.9) 
 

< 0.001 <0.001 

       

 

Statins n (%) 90 (35.0) 305 (67.0) 
 

410 (74.7) 
 

< 0.001 < 0.001 

       

 

Antiplatelets n (%) 131 (51.0) 387 (85.0) 
 

482 (87.8) 
 

< 0.001 < 0.001 

       

 

Anticoagulation n (%) 11 (4.3) 24 (5.3)   28 (5.1)   0.83 0.59 

p: p values for the comparisons of the distribution of baseline characteristics among: p1- TNAs and NINDS TIA; p2-TNAs subgroups 

 

7.5.2 Risk of stroke after a TNA or a TIA 

During 5850 person/years of follow up 92 TNAs and 90 NINDS-defined TIAs had a stroke (Table 7.3). 

34 strokes occurred after a suspected non-vascular TNA and 58 after a suspected vascular TNA.   

Table 7.3 Accumulated risks of stroke after a TNA or a NINDS positive TIA  

 
90 days  

 
5 years  10 years  

  Event (n) Risk (%) Event (n) Risk (%) Event (n) Risk (%) 

  
log rank p< 0.001  log rank p=0.27  log rank p=0.08  

 
All (n=1261) 81 

 
163  182  

       
Suspected  
non-vascular TNA 
(n=257) 3 1.2 27 12.6   34     19.8 

   
    

Suspected   
vascular TNA  
(n=455) 24 5.3 51    13.1 58 18.0 

   
    

TIA  
NINDS positive  
(n=549) 54 9.9 85     16.8 90 19.6 

TNA: Transient Neurological Attack; TIA: Transient Ischaemic Attack  
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At 90 days, the risks of stroke after any TNA (suspected non-vascular and vascular TNA) was lower 

than the risk after a NINDS-positive TIA (age- and sex- adjusted HR 0.40; 95% CI: 0.25-0.65, 

p<0.001) (Figure 7.1). However, the risk of a recurrent stroke after a suspected vascular TNA was  

significantly higher than a suspected non vascular TNA (age- and sex-adjusted HR 4.23; 95% CI: 

1.27-14.10, p=0.02) (Figure 7.2).  

 

Figure 7.1 Kaplan Meyer risk of stroke up to 90 days after a Transient Neurological Attack (suspected 

vascular and non-vascular) or a NINDS-positive TIA 

 

Figure 7.2 Kaplan-Meyer risk of stroke up to 90 days after a suspected non-vascular and vascular 

Transient Neurological Attack or a NINDS positive TIA 
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At 10 years the risk of stroke after a TNA (suspected vascular and non-vascular) was slightly lower 

than after a NINDS positive TIA (19.0% vs 20.2%, log rank p=0.03) (Table 7.3 and Figure 7.3). 

However, when adjusted for age and sex the risk was not significantly different between two groups 

(adjusted HR 0.84; 95% CI 0.62-1.12, p=0.84). Moreover, the risk from 90 days to 10 years was not 

significantly different between two groups although there was a trend towards an increased risk in 

TNA (age- and sex-adjusted HR 1.47; 95% CI: 0.98-2.21, p=0.06) (Figure 7.4).   

Among all TNAs, at the end of follow-up the risk of stroke was not significantly different (19.8% versus 

18.0%) after a suspected non-vascular TNA or a suspected vascular TNA (age/sex-adjusted HR 1.07; 

95% CI: 0.7-1.64, p=0.75) (Table 7.3 and Figure 7.5).  

 

7.3 Kaplan-Meyer risk of stroke up to 10 years after a TNA (suspected non-vascular and vascular) or a 

NINDS-positive TIA  
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Figure 7.4 Kaplan-Meyer risk of stroke post 90 days up to 10 years after a TNA (suspected vascular and 

non-vascular) or a NINDS-positive TIA  

 

 

Figure 7.5 Kaplan-Meyer risk of stroke up to 10 years after a suspected non-vascular and vascular  TNA 

or a NINDS-positive TIA 
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Age at onset of the index event was associated with increased risks of stroke in all the groups (Table 

7.4). 

Prior history of angina was associated with increased risk of stroke in suspected non-vascular (HR 

3.14; 95% CI: 1.37-7.20, p=0.01) and suspected vascular TNAs (HR 2.06; 95% CI: 1.13-3.74, p=0.02) 

but not statistically significant in TIA NINDS-positive. Moreover, there was a trend towards an 

increased risk of stroke with history of hypertension, hyperlipidaemia, history of diagnosed atrial 

fibrillation and history of peripheral vascular disease in all TNA groups and TIAs.  
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Table 7.4 Age- and sex-adjusted HR for the associations between baseline characteristics and 10-year risk of recurrent stroke after a suspected 

non-vascular Transient Neurological Attack (TNA), vascular TNA or TIA NINDS positive 

  
 

         TNA       

 
  

Suspected  
non-vascular TNA   

 
  

Suspected  
vascular TNA 

  
All TNAs 

 

NINDS 
positive  TIA 

Risk factors HR 95% CI p   HR 95% CI p   HR 95% CI p  HR 95% CI p 

Age 1.04 1.01-1.06 0.01 

 
1.04 1.02-1.07 < 0.001 

 
1.04 1.02-1.06 < 0.001 

 
1.03 1.01-1.05 0.001 

Male  1.11 0.56-2.19 0.75 
 

1.11 0.66-1.88 0.68 
 

1.10 0.73-1.67 0.62  1.30 0.85-1.97 0.22 

History of hypertension  1.49 0.74-2.98 0.25 
 

1.56 0.90-2.71 0.11 
 

1.52 0.99-2.34 0.05 
 

1.56 1.00-2.41 0.04 

Previous MI 0.98 0.23-4.19 0.98 
 

2.32 1.11-4.82 0.02 

 
1.84 0.97-3.4 0.06 

 
1.02 0.52-1.97 0.95 

Previous angina 3.14 1.37-7.2 0.01 

 
2.06 1.13-3.74 0.02 

 
2.30 1.42-3.73 0.001 

 
1.12 0.67-1.88 0.66 

Previous hyperlipidaemia   1.55 0.74-3.24 0.24 
 

1.28 0.75-2.18 0.36 
 

1.32 0.86-2.03 0.12  0.97 0.62-1.54 0.91 

Previous diabetes 1.27 0.38-4.21 0.68 
 

0.97 0.38-2.42 0.94 
 

1.06 0.51-2.20 0.86  1.02 0.49-2.10 0.96 

Previous AF 1.39 0.47-4.07 0.54 
 

1.53 0.77-3.03 0.22 
 

1.52 0.85-2.70 0.15  1.39 0.85-2.75 0.19 

Previous PVD 2.00 0.46-8.70 0.35 
 

1.76 0.75-4.16 0.19 
 

1.82 0.87-3.86 0.19  1.90 0.87-4.12 0.10 

Current smoker 1.06 0.31-3.59 0.91 
 

1.47 0.60-3.60 0.39 
 

1.29 0.63-2.64 0.48  1.48 0.83-2.73 0.20 

Previous migraine 0.46 0.17-1.21 0.11 
 

0.96 0.54-1.70 0.89 
 

0.75 0.46-1.21 0.24  0.89 0.53-1.49 0.68 

Previous migraine with aura 0.22 0.05-0.93 0.04 
 

0.89 0.47-1.69 0.73 
 

0.62 0.35-1.08 0.09  0.70 0.36-1.36 0.23 

Systolic BP at baseline   1.00 1.00-1.01 0.53 
 

1.01 0.99-1.01 0.57 
 

1.00 0.99-1.00 0.50  1.01 0.99-1.03 0.17 

Diastolic BP at baseline 1.00 0.97-1.03 0.84 
 

1.00 0.99-1.00 0.96 
 

1.00 0.99-1.00 0.97  1.03 0.99-1.06 0.08 
MI: myocardial infarction; AF: atrial fibrillation; PVD: peripheral vascular disease; BP: blood pressure; 
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7.5.3 Risks of other acute vascular events after a Transient Neurological Attack or a 

Transient Ischaemic Attack 

During the 10 years of follow up, 57 acute myocardial infarctions occurred, 21 after 

suspected vascular and 9 after a suspected non-vascular TNA and 27 after a NINDS- 

positive TIA (Table 7.5).  

By the end of follow-up the risks of myocardial infarction (MI) after a TNA and a NINDS- 

positive TIA were similar (Figure 7.6). The risk of MI at 10 years among TNAs was lower 

after a suspected non-vascular TNA than after a suspected vascular TNA (4.8% versus 

8.2%, Figure 7.7) but not significantly lower when adjusted for age and sex (HR 1.20; 95% 

CI: 0.54-2.65, p=0.64). In addition, after adjustment for age and sex, compared with NINDS 

positive TIA, suspected non-vascular TNA (HR 0.94; 95% CI: 0.43-2.03, p=0.88) and 

suspected vascular TNA (HR 1.05; 95% CI: 0.59-1.87, p=0.84) had similar risks of MI at 10 

years.  

Although the 10-year risk of any acute vascular event was lower in TNA than in NINDS-

positive TIA (27.7% versus 31.3%, log rank p=0.005) (Figure 7.8), there was no difference 

when adjusted for age and sex (HR 1.18; 95% CI: 0.92-1.51, p=0.17). When compared with 

NINDS-positive TIA, suspected non-vascular TNA (age- and sex-adjusted HR 0.84; 95% CI: 

0.59-1.18, p=0.32) and suspected vascular TNA (age- and sex-adjusted HR 0.83; 95% CI: 

0.63-1.19, p=0.20) had no significant lower risk of any acute vascular event  (Figure 7.9). 

By year 10 the risk of any acute vascular event was similar (31.4% vs 27.9%) after NINDS-

positive TIA and a suspected vascular and non-vascular TNA (age- and sex-adjusted HR 

0.87; 95% CI: 0.66-1.08, p=0.18). In addition, among all TNAs, the risk of any acute vascular 

event at the end of the follow-up was not significantly different after a suspected non-

vascular TNA than after suspected vascular TNA (24.9% versus 32.0%, age- and sex-

adjusted HR 1.01; 95% CI: 0.84-1.20, p=0.93).  
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Table 7.5 Risk of any acute vascular event (stroke, myocardial infarction, sudden cardiac death 

or acute peripheral vascular disease) after a Transient Neurological Attack (TNA) or a NINDS-

positive TIA 

 
MI 

 MI/SCD  
Any acute vascular event 

 
10 years 10 years 

  
10 years 

  Event (n) Risk (%)      Event (n) Risk (%)    Event (n) Risk (%) 

 
 log rank p=0.45 

  
log rank p=0.13 

    
log rank p=0.02 

 
All (n=1261) 57  75 

 
  258  

   
      

Suspected  
non-vascular TNA 
(n=257) 9 4.8 11 5.7  

 

46 24.9 

 
     

 
  

Suspected  
vascular TNA 
(n=455) 21 8.2 25 9.9  

 

84 32.4 

 
     

 
  

TIA  
NINDS positive  
(n=549) 27 8.5 39 12.7  

 

128 31.4 

      
 

  

 

 

Figure 7.6 Kaplan-Meyer risk of myocardial infarction (MI) up to 10 years after a Transient 

Neurological Attack (TNA) or a TIA NINDS-positive 
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Figure 7.7 Kaplan-Meyer risk of myocardial infarction (MI) up to 10 years after a suspected 

non-vascular and vascular Transient Neurological Attack (TNA) or a TIA NINDS-positive 

 

 

Figure 7.8 Kaplan-Meyer risk of any acute vascular event up to 10 years after a Transient 

Neurological Attack (TNA) or a NINDS positive TIA 
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Figure 7.9 Risk of any acute vascular event up to 10 years after a suspected non-vascular and 

vascular Transient Neurological Attack (TNA) or a NINDS positive TIA 

 

Age at onset was associated with the risks of any acute vascular event in all TNA groups 

and in NINDS-positive TIAs (Table 7.6).  

History of hypertension was associated with the occurrence of acute vascular events in all 

TNAs and NINDS-positive TIAs. 

Previous history of angina was associated with increased risk of any vascular event in 

suspected non-vascular and vascular TNAs. Moreover, history of myocardial infarction was 

also associated with increased risk of vascular events in suspected vascular TNAs and all 

TNAs.   

Previously diagnosed atrial fibrillation was associated with an increased risk of vascular 

events in suspected vascular TNAs.   

History of migraine with aura was associated with lower risk of any vascular event in patients 

with suspected non-vascular TNAs but not in the other groups.  

Patients with NINDS-positive TIAs who had previous history of peripheral vascular disease 

or were smokers, also had an increased risk of any acute vascular event. 
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Table 7.6 Age- and sex-adjusted HR for the associations between baseline characteristics and risk of any acute vascular event (stroke, myocardial 

infarction, sudden cardiac death or peripheral vascular disease) after a suspected non-vascular TNA, vascular TNA or NINDS positive TIA 

  
    

TNA 
   

      

 
  

Suspected  
non-vascular 

TNA   
  

  

Suspected  
vascular 

TNA 

  

All TNAs 
 

NINDS 
positive  TIA 

Risk factors HR 95% CI p     HR 95% CI p   HR 95% CI p  HR 95% CI p 

Age 1.06 1.03-1.08 < 0.001 

  
1.05 1.03-1.07 0.001 

 
1.06 1.04-1.07 < 0.001 

 
1.04 1.02-1.06 0.001 

Sex male  1.12 0.62-2.01 0.70 
  

1.67 1.08-2.60 0.02 

 
1.43 1.01-2.03 0.04  1.29 0.91-1.84 0.15 

History of hypertension  1.49 0.82-2.68 0.19 
  

1.65 1.04-2.61 0.03 

 
1.56 1.08-2.24 0.01 

 
1.53 1.06-2.21 0.02 

Previous MI 1.48 0.52-4.21 0.47 
  

2.26 1.26-4.09 0.01 
 

2.01 1.25-3.46 0.005 
 

1.36 0.83-2.23 0.22 

Previous angina 3.53 1.77-7.02 < 0.001 

  
2.38 1.48-3.83 <0.001 

 
2.70 1.83-4.00 < 0.001 

 
1.40 0.93-2.11 0.10 

Previous hyperlipidaemia   1.51 0.77-2.95 0.22 
  

1.12 0.71-1.75 0.61 
 

1.23 0.85-1.76 0.30  1.17 0.81-1.70 0.40 

Previous diabetes 1.43 0.56-3.64 0.45 
  

0.91 0.42-1.97 0.80 
 

1.10 0.60-1.98 0.78  1.22 0.68-2.16 0.50 

Previous AF 1.15 0.44-2.99 0.76 
  

1.81 1.05-3.12 0.03 

 
1.60 1.00-2.55 0.05  1.40 0.92-2.11 0.11 

Previous PVD 1.75 0.40-7.54 0.45 
  

1.79 0.88-3.61 0.10 
 

1.72 0.92-3.22 0.09  2.68 1.50-4.77 0.001 

Current smoker 1.56 0.60-4.02 0.36 
  

1.76 0.86-3.57 0.11 
 

1.77 1.01-3.10 0.05  1.78 1.08-2.94 0.02 

Previous migraine 0.62 0.28-1.37 0.25 
  

1.06 0.66-1.70 0.80 
 

0.87 0.58-1.30 0.51  1.08 0.72-1.62 0.72 

Previous migraine with aura 0.29 0.09-0.95 0.04 

  
1.08 0.65-1.80 0.75 

 
0.76 0.48-1.21 0.25  1.05 0.65-1.70 0.85 

Systolic BP at baseline   1.00 0.99-1.02 0.59 
  

1.00 0.99-1.00 0.57 
 

1.00 0.99-1.00 0.57  1.01 0.99-1.02 0.23 

Diastolic BP at baseline 1.00 0.97-1.03 0.76 
  

0.76 0.98-1.01 0.93 
 

0.99 0.99-1.01 0.85  1.02 0.99-1.05 0.23 
MI: myocardial infarction; AF: atrial fibrillation; PVD: peripheral vascular disease; BP: blood pressure



 
 

157 

 

7.5.4 Aetiological stroke sub-types after a Transient Neurological Attack (TNA) or a  

Transient Ischaemic Attack  

Among 182 recurrent strokes of any type after TNAs or TIAs, 78 (42.9%) ischaemic strokes 

and 12 (6.6%) haemorrhages occurred after a TNA, and 86 (47.2%) ischaemic strokes and 6 

(3.3%) haemorrhages occurred after a NINDS-defined TIA (Table 7.7).  

Patients with a TNA experienced all types of stroke sub-types except "Other" sub-type in the 

follow-up. However, unknown stroke sub-type was more common after a TNA than after a 

NINDS-defined TIA.  

Cardioembolic strokes were the most common recurrent stroke sub-type after a TNA or a 

TIA, followed by strokes of undermined aetiology.  

Table 7.7 Aetiology of recurrent stroke after TNA or TIA 

 

  

Suspected  
non-vascular TNA 

(n= 257 ) 

Suspected  
vascular TNA 

(n=455 ) 

 
All TNA 

 
(n=712) 

 
NINDS-defined TIA 

 
(n= 549  ) 

Is
c
h
a
e
m

ic
 s

tr
o
k
e
s
 

CE 7 15 22 29  

LAD 3  8  11 14  

SVD 5  3 8 8  

UDE 9 11  20  25  

OTHER 0 0 0  3  

MULTIPLE 0  5 5  4  

UNK 5  8 13  3  

Haemorrhagic 
strokes 

5 7 12 6 

CE: cardioembolic; LAD: large artery disease; SVD: small vessels disease, UDE: undetermined aetiology; UNK: 

unknown 

 

7.6. Discussion 

The main findings in this chapter were as follows. First, suspected vascular TNAs were as 

common as NINDS defined TIAs and TNAs as a whole were even more common. Second, 

patients with a TNA were younger and had lower prevalence of vascular risk factors (MI, 

angina, atrial fibrillation) than patients with a NINDS-positive TIA. Third, TNAs with 

suspected non-vascular origin were younger and had lower prevalence of hypertension and 
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hyperlipidaemia than TNAs of suspected vascular origin. Fourth, at 1 month follow-up 

patients with suspected non-vascular TNAs were less often under secondary prevention 

treatment. Fifth, age at index event was associated with risk of stroke in all groups (NINDS 

TIAs and TNAs) however, history of angina and MI were significantly associated with the risk 

of recurrent stroke in TNAs only. Sixth, as expected, the 90 days stroke risk after a TNA was 

lower than after a NINDS-defined TIA. However, in the post 90 days up to 10 years the risk 

of recurrent stroke was not significantly different between two groups. Seventh, the 10-year 

risk of MI was not significantly different after a TNA or a NINDS positive TIA  nor was the risk 

of any acute vascular event. Moreover, history of angina or myocardial infarction was 

associated with an increased risk of any acute vascular event in TNAs.  Finally, although a 

subgroup of patients with TNAs were initially classified as of suspected non-vascular origin 

they had a high risk of stroke and other vascular events at long-term. 

This work has however some limitations. The initial classification of patients who were seen 

in OXVASC with a diagnosis of vascular (possible, probable, definite TIA) and non-vascular 

disease was based on clinical judgement taking into account the full clinical picture which 

although reproducing what we do as clinicians in our daily practice, can be affected by 

subjective factors. In addition, some TNAs and/or TIAs might have been misclassified.  

In this study, patients classified as suspected non-vascular TNAs had a long term risk of 

stroke and other vascular events similar to suspected vascular TNAs and NINDS-positive 

TIAs. Suspected non-vascular TNAs were seen at baseline, investigated, some followed up 

until one month but afterwards discharged with recommendations to the GPs.  As I 

mentioned above, the proportion of patients with suspected non-vascular TNAs taking 

secondary prevention medication at 1 month were significantly lower than patients with 

suspected vascular TNAs or NINDS-positive TIAs. Therefore, it is possible that risk factors 

were not controlled in the same way as in suspected vascular TNAs and TIAs.   
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Although, as I pointed out in the previous chapters, there is some evidence that patients who 

have atypical symptoms of a TIA14 also have an increased risk of vascular events, it is still 

not very clear who those patients are and what kind of symptoms should be considered. My 

findings showed that in the OXVASC population TNAs classically considered non-vascular 

have a  high risk of stroke and other vascular events in the follow-up. Furthermore, in TNAs 

the history of angina or MI was associated with stroke or any vascular event.  

The NINDS definition for TIAs was described a long time ago, when advanced methods of 

brain and vessel imaging (CT, CTA, MRI and MRA) were not available. With the 

development of imaging techniques new clinical syndromes (e.g. limb shaking TIAs, 

spreading paraesthesias and migraine-like auras) have been reported as associated with 

vascular origin.19-22In the last decade transient neurological events, also called “spells", have 

been described as a phenotype of amyloid angiopathy.23-25 These events have been 

associated with the presence of haemorrhage within or adjacent to the cortical sulci 

(superficial siderosis when chronic or as convexity subarachnoid haemorrhage when acute) 

and cortical microbleeds. T2*-weighted MRI techniques (the best MRI sequences to detect 

these lesions)26 are not performed acutely in routine practice in many places, so that 

diagnosis can be missed. Furthermore, although these “amyloid spells” are in general 

characterized by “positive” neurological symptoms, they have also been mentioned as 

“negative” symptoms (aphasia, motor deficits) as TIAs.27  However, the phenotype of 

amyloid angiopathy has been based on description of cases, hospital-based studies of 

patients with clinical criteria for amyloid angiopathy or brain MRI studies. The complete 

clinical phenotype is not yet known. Since patients with TNAs related with amyloid 

angiopathy can be mistaken for TIAs27 leading to potentially dangerous treatment options 

(anti-platelets and anti-coagulants),28 information about the prognosis of individual 

symptoms/syndromes might be extremely helpful in clinical practice.  

Studies of prognosis of TNAs of uncertain aetiology in other cohorts would add more 

evidence to my research. In SOS-TIA clinic, possible TIAs occurred in 13% (144/1085) and 
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“bizarre spells” in 6.5% (70/1085) of suspected TIAs.13  However, the prognosis of these 

events has not been reported. 

In summary, I showed that suspected non-vascular TNAs and possible vascular TNAs are 

common and not benign. Moreover, although both suspected non-vascular and possible 

vascular TNAs had a low short-term risk of stroke, the long-term risk of stroke and other 

vascular events was high. In fact, suspected non-vascular TNAs had a post 90 days up to 10 

years risk of stroke as high as suspected vascular TNAs and NINDS positive TIAs when 

adjusted for age and sex. Therefore, I conclude that TIA definition should be broader. 

Moreover, all patients with a TNA should be seen and investigated, and if uncertain aetiology 

remains they should be treated as vascular. Further studies of the prognosis of each 

symptom/syndrome, the role of brain and vascular imaging in the prognosis and risk scores 

to predict the long-term risk of vascular events after a TNA are needed.    
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8.1 Summary 

As I showed in Chapter 7, both suspected non-vascular and possible vascular TNAs had a 

high long-term risk of stroke and other vascular events. Studies about the prognosis of each 

symptom/syndromes are very scarce.    

In this chapter I aimed to determine: 1) the risk of stroke in patients with focal TNAs, non-

focal TNAs and combined focal and non-focal TNAs; and 2) the relative risk of stroke among 

TNAs syndromes compared with the stroke risk in the background population and in NINDS-

defined TIA. My main findings were as follows. First, the relative risks of stroke were higher 

than expected in the background population in all TNAs categories and all TNAs syndromes 

except transient amnesia. Second, non-focal TNAs and focal plus non-focal TNAs had 6-fold 

increased risk of stroke than expected and similar risk to TIA NINDS-positive. Although focal 

TNAs had lower risk of stroke than TIA NINDS-positive, the risk was still 4-fold higher than 

expected. Furthermore, transient confusion and transient unresponsiveness had a relative 

risk of stroke 9 times higher than expected and twice the risk of TIA NINDS-positive. 

Second, isolated brainstem syndromes had 4 times increased risk of stroke and similar risk 

as TIA NINDS-positive; isolated sensory syndrome had 7 times increased risk of stroke and 

similar risk as TIA NINDS-positive; and isolated speech disturbance had also an increased 

risk of stroke and not different stroke risk from TIA NINDS-positive. Third, although migraine-

like syndrome had 4 times increased risk of stroke, the risk was lower than after a TIA 

NINDS-positive. Fourth, transient amnesia syndrome had no higher risk of stroke than the 

background population and compared with TIA NINDS-positive that risk was much lower. To 

conclude, my findings indicate that TIA definition should perhaps be less stringent and non-

classical symptoms, especially non-focal symptoms, should not be dismissed particularly in 

old patients.      
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8.2 Introduction 

Transient Neurological Attacks (TNAs) defined as sudden neurological symptoms that 

completely resolved within 24 hours, with no clear evidence of a definite diagnosis of 

migraine, epilepsy, Ménière disease, hyperventilation, cardiac syncope hypoglicaemia, or 

orthostatic hypotension, were recently showed in a population-based study to be associated 

with an increased risk of vascular events.1 However, data on prognosis are still scarce and 

there is uncertainty about which neurological symptoms indicate an increased risk of stroke.  

In the classical symptoms of a TIA described in the NINDS definition (Chapter 1) transient 

visual symptoms (such as bilateral positive visual phenomena, diplopia, lone bilateral 

blindness), isolated vertigo, isolated dysarthria, dizziness, paraesthesias or spreading 

symptoms were not considered TIAs.  

In the Rotterdam study, patients with non-focal symptoms (decreased consciousness, 

unconsciousness, confusion, amnesia, unsteadiness, non-rotatory dizziness, positive visual 

phenomena paraesthesias, bilateral weakness, cardiac or vegetative signs and acute unwell 

feeling) alone or in combination with focal symptoms had an increased risk of major vascular 

events on follow-up.  

In a recent sub-study from OXVASC, it was found that isolated transient brainstem 

symptoms are common before vertebrobasilar strokes.2 Isolated diplopia and lone bilateral 

blindness were also considered possible vascular events in suspected TIA cases who 

presented to the SOS-TIA clinic.3 Moreover, positive diffusion-weighted imaging was found 

in 8.1% of the patients with isolated diplopia and in 8.1% of the patients with lone bilateral 

blindness.   

A large study of consecutive patients seen in the emergency room looking at the effect of 

different type of classical TIA symptoms on prognosis found that transient visual symptoms 

were not associated with  short-term risk of stroke.4  However, the information was recorded 
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retrospectively from the emergency department physicians files rather than prospectively 

and no detailed description of the symptoms was given.  

The main challenge faced by clinicians who evaluate patients with TNAs is to differentiate 

between vascular and non-vascular origin which will determine the immediate investigation 

and treatment. In the presence of positive symptoms or spreading symptoms in patients with 

vascular risk factors who present with a suspected TIA, it can sometimes be very difficult to 

distinguish migraine aura, focal seizure or amyloid spell from a TIA.5-9 The use of diffusion-

weighted imaging and  T2*-weighted MRI techniques can help if positive but negative MRI 

does not exclude the diagnosis of a vascular event especially in vertebrobasilar territory.10  

Some attempts have been made to classify transient neurological symptoms. In the 

Rotterdam study, TNAs patients with non-focal symptoms and specially patients with mixed-

TNA (focal plus non-focal) had a higher risk of major vascular disease.1  However, this 

classification alone has some limitations. It is difficult to know whether for instance, a 

transient isolated memory loss or bilateral positive visual symptoms are focal or non-focal. 

Even in the Rotterdam study, the categorization of some neurological symptoms as focal or 

non-focal has changed over time.11  

In chapter 6, I found that TIAs that did not fulfil the criteria for NINDS defined TIAs had a 

similar short and long term risk of stroke. In addition, in chapter 7 I showed that although 

TNAs of suspected non-vascular aetiology had a lower short-term risk of stroke than the 

NINDS-positive TIA, the long term risk was similar. My results and the Rotterdam study on 

prognosis of TNAs showed that clinical judgement alone is far from ideal in differentiating 

between vascular and non-vascular events. Not surprisingly, considering that the agreement 

in TIA diagnosis even among specialists is far from perfect.12, 13 The study of long-term 

prognosis of specific isolated TNAs symptoms/syndromes would provide essential 

information about which of them have a high risk of vascular events. However, to the best of 

my knowledge such a prospective study has never be done before.  
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Therefore, in this chapter I aimed to determine in patient with TNAs: 

- The risk of stroke in patients with focal TNAs, non-focal TNAs and combined focal and non-

focal TNAs;  

- The relative risk of stroke among TNAs syndromes: isolated brainstem syndrome, transient 

confusion, isolated sensory symptoms, migraine-like aura, bilateral visual disturbance, 

isolated speech disturbance, atypical amaurosis fugax, transient unresponsiveness and 

transient amnesia vs age-/sex-matched background population;  

- The long-term risk of stroke in TNAs syndromes compared with NINDS-defined TIA. 

 

8.3 Methods 

This study was a sub-study of the OXVASC study.  As I described in chapter 1 and 

elsewhere14, 15 OXVASC is a prospective population-based study of all acute vascular events 

in Oxfordshire, UK.  The study population comprise 92,375 individuals registered with about 

100 general practitioners. 

All patients were seen by study physicians as soon as possible after their initial event and 

consented to participate in the study.  

Events were classified prospectively by a senior vascular neurologist (Professor Peter 

Rothwell) as TIA (possible/probable/definite), stroke or events of non-vascular aetiology. 

I reviewed data from all patients classified as "TIA" and "non-vascular disease". The non-

vascular events were further classified into TIA mimics (Chapter 2) or Transient Neurological 

Attacks (TNAs) of uncertain aetiology. Patients with TNAs were prospectively classified into 

different syndromes based on a pre-specified classification by the assessing study clinicians 

at entry into the study (Table 1.2, Chapter 1). Patients with TIAs (possible/probable/definite) 

based on clinical judgement who did not fulfil the NINDS criteria for TIA (NINDS-negative 
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TIAs) were also classified as TNAs. Moreover, TNAs were further classified according to 

type of symptoms in focal (only focal symptoms), non-focal (only non-focal symptoms) and 

focal plus non-focal (combination of focal and non-focal symptoms). Vertigo, diplopia, 

dysarthria, speech arrest, dysphasia, monocular visual loss, bilateral visual loss, 

hemiparesis, unilateral sensory symptoms and unilateral paresthesias, hemiataxia, ataxia 

were considered focal symptoms. Confusion, amnesia, unresponsiveness, decreased 

consciousness or unconsciousness, bilateral weakness, bilateral paresthesias, bilateral 

sensory loss, bilateral visual blurring, positive visual phenomena, non-rotatory dizziness 

were considered non-focal.  

Furthermore, patients who were classified as "isolated vertigo", "vertigo plus" or isolated 

diplopia categories were sub-categorized as "isolated brainstem syndrome".   

Patients in the category of "Other symptoms" were sub-categorized as: 

- "isolated transient unresponsiveness"- in cases where patients who were previously alert 

and cooperative had acutely abnormal interaction with their surrounding; 

- "transient unresponsiveness plus" - in cases where patients who were previously alert and 

cooperative had acutely an abnormal interaction with their surrounding and at the same time 

had other neurological symptoms/signs (e.g. confusion, amnesia). The remained "Other 

syndromes"- included all patients who in general presented a combination of symptoms 

which did not fulfil criteria for any of the categories mentioned above. 

Patients with clinically-defined TIA were followed up at 1 month, 3 months, 6 months, 1 year, 

5 years and 10 years after the event. 

All recurrent strokes were identified by face-to-face follow-up and by the "hot" and "cold" 

pursuit methodology of OXVASC. In addition, in patients who had a non-vascular diagnosis, 

and in order to identify all vascular events diagnosed by GPs or other specialists which might 

have been missed by the OXVASC methodology, an extra electronic search of GP files was 
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performed by two study nurses (Linda Bull and Sarah Welsh) at the end of follow-up, in 

addition to the routine monthly GPs searches. Patients were then seen by a study doctor at 

ascertainment or follow-up clinic. A copy of all GP registers and medical letters from other 

specialities were obtained and reviewed for each patient.    

Recurrent ischaemic strokes sub-types were classified according to the Trial of ORG 10172 

in the Acute Stroke Treatment (TOAST) classification system.16  

I included all patients with the first suspected non-vascular or vascular TNA or the first TIA 

NINDs-positive in the study period from 1 April 2002 to 31 March 2012. Patients were 

followed up until 6 of August 2013.  

Patient with a diagnosis of TIA mimic were excluded except patients with a diagnosis of 

transient global amnesia (n=25) which were included in the transient amnesia TNA 

syndrome category. This group of transient amnesia TNA syndrome was used as a control 

group and includes 25 typical and 39 atypical transient global amnesia events.  

 

8.4 Statistical analysis 

Patients were censored at the time of the stroke, death or 6 of August 2013 whichever 

occurred first. 

I used Chi-squared or Fisher’s exact test to compare categorical variables and Student’s t 

test for continuous variables.  

Relative stroke risks for each TNA syndrome was calculated based on observed vs expected 

rate derived from the previously published age and sex-specific incidence stroke rate in 

OXVASC population.14 I also calculated relative stroke recurrence rates between TNAs and 

TIAs. 
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I used Kaplan-Meyer method to compare the occurrence of stroke among patients with 

TNAs syndromes and TIAs.   

Statistical testing was performed at 2-tailed α level of 0.05 data were analysed using SPSS 

20.  

 

8.5 Results 

In total 1261 patients were included, 712 with a TNA and 549 with a NINDS-positive TIA. 

Among patients with TNAs, 39 were included in the transient amnesia TNA category and 7 

patients had incomplete description of symptoms and were not included in the type of 

symptoms or syndromes categorization. Baseline characteristics of the remained 666 TNA 

patients regarding type of symptoms (Table 8.1 and 8.2) and syndromes categorization 

(Table 8.3) are presented below. 

The distribution of type of symptoms among suspected vascular and non-vascular TNAs was 

significantly different (p< 0.001). Suspected vascular TNAs presented more often with focal 

symptoms whereas suspected non-vascular more often with only non-focal (Table 8.1).   

 
Table 8.1 Distribution of type of symptoms (focal, non-focal and focal plus non-focal) 
among TNAs categories 

 

Suspected vascular TNA 
(n=431) 

Suspected non-vascular TNA 
(n=235) 

Focal 232 (53.7) 84 (35.8) 
 

Non-focal 104 (24.1) 80 (34.0) 
 

Focal plus non-focal 96 (22.2) 71 (30.2) 
 

 

Age at index event was significantly different among groups. Patient with non-focal 

symptoms only were older than patients with focal or focal plus non-focal (Table 8.2). There 

were no difference in the distribution of the other vascular risk factors among focal, non focal 
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or focal plus non-focal categories. However, patients with focal plus non-focal symptoms had 

more often history of migraine and migraine with aura.  

Table 8.2 Distribution of baseline characteristics among TNAs categories 

  

Focal 

 (n= 315) 

Non-focal 

(n=184) 

Focal plus non-focal 

(n=167 ) p 

Age (mean (SD)) 66.8 (15.1) 70.7 (13.9) 66.2 (15.5)   0.01 

Male Sex  148 (46.9) 89 (48.4) 73 (43.7) 0.67 

Hypertension 143 (45.4) 94 (51.1) 90 (53.9) 0.16 

Diabetes 24 (7.6) 15 (8.2) 15 (9.0) 0.87 

Myocardial infarction 19 (6.0) 10 (5.4) 7 (4.2) 0.69 

Angina 28 (8.9) 25 (13.6) 18 (10.8) 0.26 

Hyperlipidaemia 85 (27.2) 52 (28.4) 47 (28.3) 0.95 

PVD 15 (4.8) 8 (4.3) 7 (4.2) 0.95 

Previously  diagnosed AF 30 (9.6) 15 (8.2) 21 (12.6) 0.36 

Current smoker 48 (15.2) 16 (8.7) 20 (12.0) 0.10 

Previous TIA 25 (8.0) 14 (7.6) 15 (9.0) 0.88 

Previous stroke 18 (5.7) 14 (7.6) 7 (4.2) 0.39 

Prior antiplatelet  84 (26.6) 60 (32.6) 35 (21.0) 0.05 

Prior statin 59 (18.8) 43 (23.4) 31 (18.6) 0.40 

Prior antihypertensive 137 (43.5) 80 (43.5) 87 (52.1) 0.15 

History of migraine 93 (29.9) 51 (28.8) 69 (42.9) 0.01 

History of migraine aura 68 (22.2) 40 (23.0) 54 (34.4) 0.01 

 

Patient who presented with transient confusion (TC) or transient unresponsiveness (TU) 

were older whereas those who presented with isolated sensory disturbance (ISD) or  

migraine-like aura syndromes were younger. In terms of vascular risk factors distribution 

only current smoking and previous history of stroke was significantly different among 

syndromes categories (Table 8.3). Isolated slurred speech was more often associated with 

current smoking and transient unresponsiveness with previous history of stroke. As expected 

previous history of migraine or migraine with aura was more common in patients who 

presented with migraine-like syndromes.  
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Table 8.3 Baseline characteristics of patients with TNA syndromes  

 

IBS 
(n=137) 

TC  
(n=51) 

ISS  
(n=93) 

Migraine-like 
(n=157) 

IVD 
 (n=70) 

ISD  
(n=47) 

TU  
(n=32) 

Others 
(n=88) 

TA  
(n=64) p 

Age (mean (SD)) 70.5 (12.1) 76.0 (12.5) 60.2 (15.3) 63.78 (14.2) 68 (14.5) 74.2 (14.5) 76.2 (13.3) 66.5 (17.0) 69.1 (9.4) < 0.001 

Male Sex  73 (53.3) 24 (47.1) 39 (41.9) 64 (40.8) 38 (54.3) 22 (46.8) 14 (43.8) 38 (43.2) 32 (50.8) 0.47 

Hypertension 75 (54.7) 26 (51.0) 41 (44.1) 76 (48.7) 29 (41.4) 26 (55.3) 15 (46.9) 45 (51.1) 27 (42.2) 0.69 

Diabetes 13 (9.5) 6 (11.8) 8 (8.6) 11 (7.1) 2 (2.9) 3 (6.4) 3 (9.4) 9 (10.2) 2 (3.1) 0.48 

Myocardial infarction 10 (7.3) 4 (7.8) 3 (3.2) 2 (1.3) 4 (5.7) 5 (10.6) 2 (6.2) 6 (6.8) 3 (4.7) 0.18 

Angina 15 (10.9) 9 (17.6) 7 (7.5) 12 (7.7) 7 (10.0) 6 (12.8) 6 (18.8) 9 (10.2) 6 (9.4) 0.50 

Hyperlipidaemia 38 (28.4) 13 (25.5) 22 (23.7) 51 (32.7) 18 (26.1) 14 (13.4) 8 (25.0) 22 (25.0) 10 (16.4) 0.73 

PVD 7 (5.1) 3 (5.9) 2 (2.2) 5 (3.2) 2 (2.9) 6 (12.8) 3 (9.4) 2 (2.3) 2 (3.1) 0.16 

Previously  diagnosed AF 13 (9.6) 8 (15.7) 7 (7.5) 10 (6.4) 6 (8.6) 8 (17.0) 6 (18.8) 9 (10.2) 3 (4.7) 0.23 

Current smoker 9 (6.6) 3 (5.9) 22 (23.7) 15 (9.6) 13 (18.6) 5 (10.6) 3 (9.7) 17 (19.3) 3 (4.8) 0.001 

Previous TIA 9 (6.6) 7 (13.7) 5 (5.4) 11 (7.1) 3 (4.3) 5 (10.6) 3 (9.4) 11 (12.5) _ 0.14 

Previous stroke 8 (5.8) 6 (11.8) 5 (5.4) 3 (1.9) 1 (1.4) 4 (8.5) 6 (18.8) 6 (6.8) 1 (1.6) 0.007 

Prior antiplatelet 36 (26.3) 22 (43.1) 24 (25.8) 33 (21.0) 21 (30.0) 13 (27.7) 12 (37.5) 21 (23.9) 16 (25.0) 0.14 

Prior statin 26 (19.1) 14 (27.5) 16 (17.4) 32 (20.4) 15 (21.4) 10 (21.3) 4 (12.5) 17 (19.3) 10 (15.6) 0.87 

Prior antihypertensive 70 (51.1) 24 (47.1) 35 (38.0) 68 (43.3) 28 (40.0) 26 (55.3) 17 (53.1) 42 (47.7) 35 (46.1) 0.47 

History of migraine 44 (32.6) 6 (13.0) 17 (18.7) 91 (58.3) 12 (17.4) 12 (25.5) 7 (25.0) 24 (28.2) 20 (33.9) < 0.001 

History of migraine aura 30 (22.9) 3 (6.7) 14 (15.6) 77 (50.3) 9 (13.2) 10 (21.3) 3 (11.1) 16 (19.0) 13 (23.6) < 0.001 
IBS: isolated brainstem syndromes; TC: transient confusion; ISS: isolated sensory symptoms; IVD; isolated visual disturbance; ISD: isolated speech disturbance; TU: transient unresponsiveness; 
TA: transient amnesia; PVD: peripheral vascular disease; AF: atrial fibrillation. 
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During a mean (SD) follow-up of 4.7 (3.9) years, 182 patients (90 TNAs and 92 NINDS-

positive TIA) had a stroke.  

At 10 years, the cumulative risk of stroke was significantly higher after a non-focal TNA 

than after a focal or a focal plus non-focal TNA (32.1% vs 16.0% vs 19.7%, log rank 

p=0.03) (Table 8.4). 

Table 8.4 Risks of stroke after a focal, non-focal or focal plus non-focal TNA 

  90 days 
 

5 years    10 years   

  Event (n) Risk (%) Event (n) (Risk %) Event (n) Risk (%) 

    All (n=1216) 81 6.7 162 15.1 182 20.3 

       Focal TNA (n= 316) 7 2.2 28 9.9 34 16.3 

       Non-focal TNA (n= 184) 11 6.0 30 19.5 34 32.1 

       Focal plus non-focal TNA (n=167) 9 5.4 19 14.5 22 19.7 

       NINDS-positive TIA (n=549) 54 9.9 85 16.8 92 18.9 

        

When compared with the expected population risk of stroke based on previously 

reported OXVASC age and sex-specific incidence rate, I verified that suspected vascular 

TNAs had a 4-fold higher than expected risk of stroke (RR=4.65, 2.53-8.51, p< 0.001) 

and suspected non-vascular TNAs more than 5-fold (RR=5.55, 2.37-12.97, p<0.001)  

(Table 8.5).  

Non-focal TNA (RR=6.30, 2.54-15.61, p< 0.001) and focal plus non-focal TNA (RR=5.95,  

1.97-17.88, p< 0.001) categories had 6-fold increased stroke risks whereas in the only 

focal TNA group the risk was increased 5-fold (RR=5.95, 2.04-9.03, p=0.001).  
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Table 8.5 Relative risks (RR) of recurrent stroke among patients with TNAs syndromes versus 

the expected stroke risk based on OXVASC background population rates 

      
95% CI 

TNA category/syndrome Patients Events Events RR p lower upper 

 
(n) Observed Expected 

    

Categories 

  Suspected vascular TNA 

455 59 12.7 4.65 <0.001 2.53 8.51 

  Suspected non-vascular TNA 257 35 6.3 5.55 <0.001 2.37 12.97 

  Focal TNA 316 37 8.6 4.30 < 0.001 2.04 9.03 

  Non-focal TNA 184 34 5.4 6.30 < 0.001 2.54 15.61 

  Focal plus non-focal TNA 167 22 3.7 5.95 0.001 1.97 17.88 

Syndromes  
       

  Isolated visual disturbance 70 7 2.5 2.80 0.16 0.66 11.86 

     Unilateral visual disturbance 17 2 0.4 5.00 
   

     Bilateral visual disturbance 53 5 2.0 2.50 
   

  Isolated sensory symptoms* 93 14 1.8 7.77 0.01 1.64 36.71 

     Unilateral sensory symptoms 83 11 1.7 6.47 
   

     Bilateral sensory symptoms 10 3 0.1 50.00 
   

  Migraine-like symptoms 157 16 3.8 4.21 0.01 1.37 12.88 

  Isolated brainstem syndromes** 137 18 3.9 4.61 0.01 1.54 13.79 

     Vertigo 68 9 2.2 4.09 
   

     Vertigo plus 31 5 0.7 7.14 
   

     Isolated diplopia 31 3 0.6 5.00 
   

  Isolated speech disturbance 47 6 1.7 3.53 0.15 0.64 19.38 

     Isolated slurred speech 29 3 1.0 3.00 
   

     Transient speech arrest 18 3 0.7 4.28 
   

  Transient confusion 51 12 1.4 8.57 0.01 1.48 49.34 

     Isolated transient confusion 21 4 0.8 5.00 
   

     Transient confusion plus 30 8 0.6 13.33 
   

  Transient unresponsiveness 32 9 1.0 9.00 0.04 1.14 71.04 

     Isolated unresponsiveness 7 1 0.2 5.00 
   

     Transient unresponsiveness plus 25 8 0.8 10.00 
   

  Other 88 14 2.1 6.60 0.01 1.55 27.59 

  Transient amnesia 64 2 1.7 1.17 0.87 0.15 9.08 

* includes 10 patients classified as NINDS-defined TIA and among those 3 had a stroke; **includes 7 patients with rare 
brainstem syndromes 
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TNA syndromes with higher relative risks were "transient unresponsiveness" (RR=9.00, 

1.14-71.04, p= 0.04) and "transient confusion (RR=8.57, 1.48-49.34, p=0.01) followed by 

"isolated sensory symptoms" (RR=7.77, 1.64-36.71, p=0.01) and "Other syndromes" 

(RR=6.66, 1.55-27.59, p=0.01). On the contrary, as expected, transient amnesia did not 

have a significant increased risk of stroke.  

Isolated brainstem syndromes (RR=4.61, 1.54-13.79, p=0.01) and migraine like 

syndromes (RR=4.21, 1.37-12.88, p=0.01) had about 4 times increased risk of stroke. 

Although all the "isolated brainstem symptoms" had an increased risk of stroke, vertigo 

plus had the highest risk (RR=7.14). Isolated speech disturbance (RR=3.53, 0.64-19.38, 

p=0.15) and isolated visual disturbance (RR= 2.80, 0.66-11.86, p= 0.16) had a trend 

towards an increased relative risk of stroke but this was not statistically significant.  

Furthermore, I compared the observed strokes in TNAs categories/syndromes with TIA 

NINDS-positive. Focal TNAs had lower risk of stroke than NINDS-positive TIA (RR=0.59, 

0.40-0.86, p=0.01). However, non-focal TNAs (RR= 1.08, 0.73-1.59, p=0.69) and focal 

plus non-focal TNAs (RR=0.71, 0.45-1.13, p=0.15) had similar stroke risk as NINDS-

positive TIA.  

Transient unresponsiveness (RR=2.08; 1.07-4.02, p=0.03) and transient confusion 

(RR=1.98; 1.11-3.55, p=0.02) had twice the risk of stroke than NINDS-positive TIA. By 

the end of follow-up the risk of stroke was 40.1% in transient confusion versus 48.6% in 

transient unresponsiveness versus 19.6% in NINDS-positive TIA (log rank p=0.01, 

Figure 8.1).   

"Other" syndromes had no significantly different relative stroke risk than NINDS-positive 

TIA (RR=0.84; 0.46-1.51, p=0.56). The 10-year stroke risk was 19.6% after a TIA 

NINDS-positive and 24.4% after "Other" TNA syndromes (log rank p= 0.72, Figure 8.1).   
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Isolated transient brainstem syndromes (RR=0.78; 0.47-1.28, p=0.33) isolated sensory 

symptoms (RR=0.78; 0.42-1.28, p=0.28) and isolated speech disturbance (RR=0.68; 

0.30-1.54, p=0.36) also had a similar relative stroke risks as NINDS-positive TIA. 

By year 10 the accumulated stroke risk was 16.5% after an isolated brainstem 

syndrome, 24.4% after an isolated speech disturbance, 21.0% after an isolated sensory 

syndrome and 19.6% after a NINDs-positive TIA (log rank p=0.60) (Figure 8.2 A and 8.2 

B). However, migraine-like syndrome had lower relative risk of stroke than NINDS-

positive TIA (RR= 0.50, 0.29-0.84, p=0.001), and the same occurred with isolated visual 

symptoms (RR=0.46; 0.22-1.00, p=0.50) although not statistically significant in the latter. 

Compared with NINDS-positive TIA the 10-year risk of stroke was 13.5% after migraine-

like syndrome (log rank p=0.01) and 17.6% after an isolated visual disturbance (log rank 

p=0.11) (Figure 8.3).  

As expected, transient amnesia syndrome had much lower relative risk of stroke than 

NINDS-positive TIA (RR=0.15; 0.04-0.62, p=0.01). 

             Figure 8.1 Kaplan-Meyer risks of recurrent stroke up to 10 years after transient confusion, 

transient unresponsiveness, transient amnesia and "Other" syndromes versus TIA NINDS-

positive 
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Figure 8.2 Kaplan-Meyer risks of recurrent stroke up to 10 years after an "Isolated 

Brainstem Syndrome" (A) an "Isolated Speech Disturbance" and "Isolated Sensory 

Syndrome" (B) versus TIA NINDS-positive 
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Figure 8.3 Kaplan-Meyer risks of recurrent stroke up to 10 years after an "Isolated Visual 

Disturbance", "Migraine-like syndrome" and TIA NINDS-positive 

 

 

 

 

 

In addition, among 186 recurrent strokes during the follow-up, 168 were ischaemic (86 

after NINDS-positive TIA and 82 after TNAs syndromes) and 18 haemorrhagic (6 after 

NINDS-positive TIA and 12 after TNA syndromes).  

Overall, there was no difference in the distribution of the type of recurrent strokes among 

TNAs and NINDS-positive TIA (p=0.21) (Table 8.2). 

 

Table 8.6 Distribution of ischaemic (TOAST-sub-types) and haemorrhagic recurrent strokes after TNAs 

and TIAs NINDS-positive  

 
CE LAA SVD UDE OTHERS* Haemorrhage 

 
TNAs 22 (43.1) 11 (44.0) 8 (44.4) 21 (45.7) 19 (17.9) 12 (66.7) 

 

        TIAs NINDS-positive 29 (56.9) 14 (56.0) 10 (55.6) 25 (54.3) 9 (32.1) 6 (33.3) 

 

        Total 51 (100.0)  25 (100.0)  18 (100.0)  46  (100.0)  28 (100.0) 18 (100.0) 

 CE: cardioembolic; LAA: large artery disease; SVD: small vessel disease; UDE: undetermined; * Includes multiple, 
unknown and Other aetiology types 
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Cardioembolic and undetermined strokes were the most common recurrent strokes after 

a TNA followed by unknown type and haemorrhages. Less often occurred strokes 

caused by large artery disease and small vessel disease (Table 8.6 and Table 8.7).   

Among the recurrent strokes after an isolated visual disturbance (n=7) three were 

cardioembolic, two undetermined, one small vessel disease  and one haemorrhagic.  

In isolated sensory symptoms undetermined strokes and large artery disease were the 

most common aetiology.  

Patients with migraine-like syndrome had more often strokes of undetermined and 

unknown (not completely investigated) aetiology. However they also had strokes caused 

by large artery disease, cardioembolism and haemorrhages.  

Undetermined aetiology was also the most frequent cause of stroke in isolated brainstem 

syndromes followed by cardioembolic and multiple causes.   

Cardioembolic strokes were the most common subtype after isolated speech disturbance 

and transient confusion. However the second most common sub-type after transient 

confusion was haemorrhagic stroke.  

Among 32 patients with transient unresponsiveness, 9 had a recurrent stroke (3 caused 

by large artery disease, 2 of undetermined, 1 cardioembolic, 2 unknown aetiology and 1 

haemorrhagic.  
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Table 8.7 Distribution of ischaemic (TOAST sub-types) and haemorrhagic recurrent strokes among TNAs syndromes 

CE: cardioembolic; LAA: large artery disease; SVD: small vessel disease; UDE: undetermined; UNK: unknown; * includes 10 patients classified as NINDS-defined TIA and among 
those 3 had a stroke

  CE LAA SVD UDE UNK MULTIPLE OTHER Haemorrhages  Total 
 

Isolated visual disturbance 3 0 1 2 0 0 0 1  7 
 

Isolated sensory symptoms* 1 3 1 6 1 0 0 2  14 
 

Migraine-like 1 3 1 5 4 0 0 2  16 
 

Isolated brainstem syndrome 3 0 2 5 2 3 0 2  17 
 

Isolated speech disturbance 4 0 0 0 1 1 0 0  6 
 

Transient confusion 4 1 1 1 2 0 0 3  12 
 

Transient unresponsiveness 1 3 0 2 2 0 0 1  9 
 

Other syndromes 4 1 3 1 0 1 0 1  13 
 

Transient amnesia 1 0 0 1 2 0 0 0  2 
 

TIA NINDS-positive 29 14 9 23 2 4 3 6  90 
 

Total 51 25 18 45 16 9 3 18  186 
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8.6 Discussion 

The main findings in this chapter were as follow. First, non-focal TNAs patients were 

older than focal TNAs and focal plus non-focal TNAs. In addition, among TNAs 

syndromes, transient confusion and transient unresponsiveness occurred at the oldest 

ages whereas isolated sensory symptoms and migraine-like symptoms occurred at the 

youngest.  Second, there was no significant difference in the distribution of the majority 

of the other vascular risk factors (gender, hypertension, diabetes, atrial fibrillation, 

hyperlipidaemia) among the different syndromes. Third, the relative risks of stroke were 

higher than expected in the background population in all TNAs categories (focal, non-

focal, focal plus non-focal) and all TNAs syndromes except transient amnesia. Fourth, 

non-focal TNAs and focal plus non-focal TNAs had 6-fold increased risk of stroke than 

expected and similar risk to NINDS-positive TIA. Although focal TNAs had lower risk of 

stroke than NINDS-positive TIA, the risk was still 4-fold higher than expected. 

Furthermore, transient confusion and transient unresponsiveness had a relative risk of 

stroke 9 times higher than expected and twice the risk of NINDS-positive TIA. Fifth, 

isolated brainstem syndromes had 4 times increased risk of stroke and similar risk as 

NINDS-positive TIA; isolated sensory syndrome had 7 times increased risk of stroke and 

similar risk as NINDS-positive TIA; and isolated speech disturbance had also an 

increased risk of stroke and not different stroke risk from NINDS-positive TIA. Sixth, 

although migraine-like syndrome had 4 times increased risk of stroke than expected, the 

risk was lower than after a NINDS-positive TIA. Seventh, transient amnesia syndrome 

had no higher risk of stroke than the background population and compared with NINDS-

positive TIA that risk was much lower. Finally the distribution of the recurrent stroke sub-

types was not significantly different among TNAs and NINDS-positive TIA. Furthermore, 

cardioembolic and undetermined sub-types were the most common followed by large 

artery disease and haemorrhagic strokes.   
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This study had some limitations. Patients with TNAs of uncertain aetiology that  were 

considered by the study physician as non-vascular were not followed-up in the same 

way as TNAs of suspected vascular aetiology.  However, to avoid missing data, as I 

mentioned before, GPs records were reviewed through the study period and at the end 

of follow-up and patients were seen by a study physician in cases found by that 

methodology. Moreover, as I mentioned in the previous chapters, although the 

classification as suspected vascular and non-vascular events relied on clinical 

judgement as in daily clinical practice,  the judgement is inevitably subjective. In addition, 

in some cases the allocation of symptoms to syndromes categories might have involved 

clinical judgement as well (e.g. atypical amaurosis fugax can be a migraine like 

symptom). Furthermore, a group of patient did not fulfil the pre-specified OXVASC 

syndromes classification (e.g. transient unresponsiveness and other combination of 

symptoms) and were classified as "Other syndromes". In addition, I might have 

overestimated the risk of stroke after the TNAs if patients who did seek medical attention 

were the high risk patients.  

This study has however many strengths. First, it is the first prospective, population-

based study of all transient neurological symptoms in patient with a suspected TIA.  

Second, it is the first study that includes all patients irrespective of age and the first in 

which patients were seen as soon as possible after the event. Third, it is the first study 

that classified prospectively the neurological symptoms and investigated the prognosis of 

each individual syndrome.   

Rotterdam study showed that patient with non-conventional TIAs, classified as mixed 

TNAs (focal and non-focal symptoms) and non-focal TNAs (nonspecific non-focal 

symptoms such as syncope, confusion or transient global amnesia) had a higher risk of 

stroke and other vascular events than people from the same population without these 

symptoms.1 Previously in the Dutch TIA trial it was found that atypical TIAs (mixed-
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TNAs) had a high risk of cardiac events.17 These results raise questions about the 

conventional definition of TIA. 

The risk of stroke after a TNA in OXVASC supports the results of the Dutch TIA trial and 

Rotterdam study with more robust data and methodology. On top of that, the OXVASC 

study went further, identifying stroke risk by neurological syndromes and showing that 

some of the syndromes, such as transient confusion and transient unresponsiveness, 

had even higher risks of stroke than NINDS defined TIAs. In addition, I showed that the 

majority of the syndromes, with exception of transient amnesia, had higher risk of stroke 

than the background OXVASC population.  

The Rotterdam study included only patients older than 55, excluding patients with prior 

history of stroke, dementia, MI and those who could not have cognitive screening at 

baseline.  In addition, information about TNAs was collected retrospectively. Moreover, 

the number of patients with TIAs and TNAs included in the Rotterdam study were less 

than half the number of patients included in OXVASC. In total in OXVASC,  549 TIAs 

and 712 TNAs were enrolled whereas 282 TIAs and 266 TNAs (228 non-focal and 38 

mixed TNAs) were studied in Rotterdam. Furthermore, in Rotterdam study, the diagnosis 

of vascular events (stroke and ischaemic heart disease) dementia and death in the 

follow-up was through automated linkage of the study database with files held by GPs, 

the mental health care and municipality which might have contributed to missing 

outcomes. On the other hand, in OXVASC, patients were followed-up and outcomes 

detected by face to face interview at ascertainment or follow-up.   

In the Rotterdam study the screening for the occurrence of TIAs during the follow-up was 

done through surveys with 2 years of interval. Therefore, TNAs that had happened a 

long time before the assessment might have been missed. Moreover, about 14% of focal 

TNAs and 24% of non-focal TNAs patients in the Rotterdam study did not consult a 

physician and only reported the event at research centre. However, in OXVASC, GPs 
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were asked to refer all patients with "funny turns" in whom a TIA was a potential 

diagnosis.    

In the Rotterdam study, if focal vertebrobasilar symptoms (diplopia, vertigo or dysphagia) 

were present in isolation, the event was classified as nonspecific vertebrobasilar attack. 

However, only 12 TNAs with these characteristics were identified whereas in OXVASC, 

137 patient had isolated brainstem symptoms and 99 patients had the same 

characteristics as nonspecific vertebrobasilar attacks in the Rotterdam study. Isolated 

brainstem syndromes in OXVASC had 4 times increased risk of stroke than the 

background population and the same risk as NINDS-positive TIA. About 20% of all TNAs 

(129 possible TNAs) in the Rotterdam study, with a mean age of 79 years, were left out 

of the analysis because symptoms have been described inadequately. 

Decreased consciousness and unconsciousness were the most common non-focal 

symptoms in the Rotterdam study corresponding to 25% of symptoms in non-focal TNAs 

(57/228) and 8% of symptoms in mixed-TNAs (8/38). Confusion associated with focal 

symptoms or alone was also very common (26% in mixed-TNA versus 6% in non-focal 

TNAs). In OXVASC, confusion alone or associated with other symptoms occurred in  7% 

(n=51/712) and unresponsiveness (decreased consciousness or unconsciousness) in 

4.5% (n=32/712) of TNAs.  

Non-rotatory dizziness (19%), unsteadiness (12%) amnesia (12%) and positive visual 

phenomena (8%) were the other most common symptoms in non-focal TNAs in the 

Rotterdam study. Less common symptoms were paraesthesias, bilateral weakness, 

unwell feeling, jerks, dystonia, and other very rare symptoms.  

I showed in OXVASC that transient isolated amnesia had a good prognosis. However, in 

Rotterdam study transient amnesia were included in non-focal TNAs (n=28) and mixed 

TNAs (n=3). Transient isolated amnesia is often manifestation of transient global 

amnesia or transient epileptic amnesia and less often of vascular origin. 18 19-21 In 
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OXVASC, I used transient amnesia for comparison of the stroke risk in this syndrome 

with other syndromes.     

Migraine-like syndrome was one of the most common in OXVASC and had 4 times 

increased risk of stroke than the background population. Migraine has been associated 

with cardiovascular disease.22, 23 In addition, in young subjects with ischaemic stroke, 

migraine has been related to an increased stroke risk.24 Systematic-reviews and meta-

analysis showed that the risk of stroke in patients with migraine with aura is increased by 

1.5-fold.25 And some studies have also addressed the possible association between 

migraine and haemorrhagic stroke.26, 27   

In summary, I showed in this chapter that non-focal TNAs and focal plus non-focal TNAs 

had a long-term risk of stroke similar to NINDS-positive TIA and that all TNAs syndromes 

except transient amnesia had an increased risk of stroke compared with the age/sex 

matched background population. Moreover, transient confusion and transient 

unresponsiveness had a 9-fold increased risk of stroke and their long term risk was 

higher than NINDS-positive TIA. In addition, isolated brainstem syndrome had 4-fold 

increased stroke risk and isolated sensory symptoms 7-fold, similar to NINDS-positive 

TIA in both cases. Furthermore, I showed that migraine-like syndrome had 4-fold 

increased risk of stroke than the background population, although the risk was lower 

than NINDS-positive TIA. To conclude, my findings indicate that TIA definition should 

perhaps be less stringent  and non-classical symptoms, especially non-focal symptoms, 

should not be dismissed particularly in old patients.      
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9.1 Introduction 

This thesis presents data from the first 10 years of the Oxford Vascular Study 

(OXVASC), which is an ongoing population-based study of the incidence and outcomes 

of acute vascular events starting in 2002. The study population comprises approximately 

92,728 individuals registered with nine GP practices and uses multiple overlapping 

methods of "hot" and "cold" pursuit to identify patients with TIA, stroke, acute coronary 

events, acute peripheral vascular events and those undergoing elective vascular 

investigations and interventions. Following ascertainment and consent, individuals are 

interviewed, examined, and followed-up while clinical data including pre-morbid risk 

factors and investigation results are recorded. All TIAs that do not fulfil NINDS criteria for 

TIA and all TNAs are prospectively classified according to a pre-specified  system 

created for the purpose of the study. All TIAs and ischaemic stroke patients were 

subsequently classified into aetiological subtypes using the TOAST classification 

system. 

The aim of this thesis has been to study the characteristics of all suspected TIAs and to 

explore the short- and long-term prognosis of TNAs of uncertain aetiology.  

 

9.2 The total burden and prognosis of TIA/minor stroke mimics in a population-based 

study 

The short-term risk of stroke after TIA or minor stroke is high, especially in the first few 

days after the event. Clinical guidelines advocate urgent diagnostic work-up and 

treatment of these patients. However, after expert clinical assessment, a significant 

number of patients referred with a diagnosis of suspected TIA have a final diagnosis of a 

non-vascular event or mimic. Nevertheless, in the UK, nurses perform the medical 

assessment in some of the stroke prevention centres.  



 
 

189 
 

Data on TIA/minor stroke mimics seen in an outpatient setting are scarce. Moreover, 

studies on TIA/minor stroke mimics did not address whether the initial diagnosis was 

correct and did not look at vascular outcomes in the follow-up. I studied the burden of 

mimics and the burden of complex neurological conditions among suspected TIA/minor 

stroke patients. I found that among 2067 patients with suspected TIA minor/stroke, 455 

(22%) had a mimic, with complex neurological conditions responsible for 70% of the 

cases. Mimics and TNAs together were responsible for more than 50% of the suspected 

TIA/minor strokes. I also analysed the pre-morbid vascular risk factors and medication in 

patients with mimics and the medication started in those patients at the index event. I 

showed that compared to TIA/minor stroke patients, mimics were less often under 

antiplatelets and anti-hypertensive drugs prior to the event. However, they were often 

started on secondary preventive drugs at the index event. Furthermore, I studied the 

short- and long-term prognosis of those mimics and I found that mimics had similar 

short- and long-term risk of acute cardiac events as TIAs. However the long-term risk of 

stroke was much lower than in TIAs and in TNAs, which showed that mimics diagnoses 

were accurate.  

A specialized assessment of patients with suspected TIA or minor stroke avoids 

unnecessary vascular workup and facilitates early focused cost-effective investigation 

and treatment.   

 

9.3 The total clinical burden and spectrum of severity of all suspected acute 

cerebrovascular events in a population-based study 

The spectrum and prognosis of all suspected acute vascular events in population-based 

studies have rarely been published, but are ideal ways to identify risk factors and 

establish needs for the implementation of dedicated services. In around 20% of TIA clinic 

patients the nature of the TNA is difficult to establish. In these TNA patients, more than 
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one differential diagnosis can often be considered, and a possible TIA cannot be ruled 

out. Studies of suspected TIA/minor stroke that have reported data on non-vascular 

events did not consider this group of patients. 

I studied in a prospective population-based study the relative proportions and the time 

course of recurrent stroke risk, cardiac risk, acute peripheral vascular disease risk and 

mortality after an ischaemic cerebrovascular event (TIA, minor ischaemic stroke and 

major stroke), TNA and TIA/minor stroke mimic. I found that TIA/minor ischaemic strokes 

are each more common than major ischaemic strokes and that TIA/minor ischaemic 

stroke patients together had 70% of all recurrent strokes and 2/3 of all MIs and SCDs. 

Moreover, the 10 years' cumulative risk of stroke in patients with TIA, minor stroke and 

major stroke was very high, and death risks among all cerebrovascular events was > 

50%. I also found that 12% of strokes and 15% of all MI or SCD during 10 years of 

follow-up occurred after a TNA.  Only 3.0% of all stroke occurred after a TIA/minor stroke 

mimic. When the composite outcome (stroke, MI, PVD or vascular death) was taken into 

account 13% of the events occurred after TNA as index event. 

The burden of a recurrent stroke or other vascular event is higher in TIA and minor 

ischaemic strokes. A considerable proportion of patients with a suspected vascular event 

had a non-cerebrovascular disease and need specialized medical evaluation. One fifth of 

patients seen in TIA clinic with TNA did not have definite diagnosis and had a high risk of 

future stroke and other vascular events. There is a clear need for more effective 

prevention after TIAs, ischaemic strokes and TNAs.  

 

9.4 Short and long-term prognosis of all suspected acute cerebrovascular events in a 

population-based study 

Risk of a stroke recurrence after a TIA or a stroke is highest within the first year, and 

then decreases with time, but remains elevated for up to 15 years. In the last decade the 
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generalized use of aggressive secondary therapy may have significantly reduced these 

risks, but data on the long-term outcome after TIA and stroke with current treatment in 

population-based studies are lacking. Moreover, data on risk of vascular outcomes after 

TNAs and mimics is still scarce.  

 I determined the risk of stroke, other acute vascular events and death after an 

ischaemic cerebrovascular event (TIA, minor and major ischaemic stroke), TNA and 

mimic in a population-based study. I found that the risk of stroke after TIA, minor 

ischaemic stroke (MIS) and major ischaemic stroke was high. At 90 days the risk was 

higher in TIA than MIS but at one year the risk was similar in both groups. By year 5 and 

year 10 the risk was higher in minor ischaemic stroke.  The cumulative risk of recurrent 

stroke after a major stroke was similar to the risk after TIA at 90 days but was higher 

than TIA and MIS at year 1, year 5 and year 10. The 10 years’ cumulative risk of stroke 

in patients with a TIA, MIS or major stroke was very high. Moreover, 87% of all MIs and 

SCDs after an ischaemic cerebrovascular event occurred after a TIA and MIS. By year 

10, the death risks in the cerebrovascular groups were higher than 50%. Furthermore, 

the risk of any recurrent vascular event after any ischaemic event was more than 50%. 

In addition, TNA patients had a lower risk of a recurrent stroke up to 10 years than the 

cerebrovascular group but a significantly higher risk than in mimics. On top of that, the 

post 90-day risk of stroke after a TNA was similar to the stroke risk after a TIA. Also, 

more than one-third of the deaths that occurred up to year 10 after a TNA were vascular 

in nature, and the risk of vascular death after a TNA was double the risk of vascular 

death in mimics. 

The burden of a recurrent stroke or other vascular event is higher in TIA and minor 

ischaemic strokes. One-fifth of patients seen in TIA clinic have no definite non-vascular 

diagnosis (TNA) and have a high risk of future stroke and other vascular events. More 

research is necessary in this group of patients in order to understand their aetiology.  
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9.5 Incidence and characteristics of transient neurological attacks in a prospective 

population-based study 

As awareness of the urgency of early management of TIA among the general public and 

general practitioners increases, more patients with symptoms suggestive of a TIA are 

likely to present to primary and secondary care services.  

I studied the incidence of TIAs and TNAs in the OXVASC population. I found that the 

crude incidence rate of TNAs per 1000 people in OXVASC was slightly higher than the 

crude incidence rate of TIAs (0.73 versus 0.67) and increased with age. In addition, I 

reported that among TNA syndromes, transient isolated vertigo, unilateral sensory 

symptoms, migraine-aura like events and transient confusion had high incidence rates, 

whereas transient total paralysis and transient speech arrest had low incidence rates.  

This study provided fundamental information about the current burden of TIAs and TNAs 

in Oxfordshire which can be used in the organization of health care systems. The study 

of the prognosis of each syndrome will provide further important information to be used 

in patient management and stroke prevention campaigns in the future. 

 

9.6 Prognosis of Transient Ischaemic Attacks according to the National Institute of 

Neurological Disorders and Stroke (NINDS) definition 

A high proportion of patients with TIA have atypical symptoms and some evidence 

suggests that those patients have high risk of vascular events. I determined the short- 

and long-term risk of clinically defined probable/definite TIAs based on the NINDS 

criteria (NINDS-positive versus NINDS-negative) in a population-based study. I found 

that among 749 clinically probable/definite TIAs (549 NINDS-positive and 200 NINDS-

negative) seen in OXVASC in the first 10 years, about 1/3 did not fulfil the NINDS criteria 

for TIA. Moreover, NINDS-positive and NINDS-negative TIAs shared the majority of the 

vascular risk factors. Additionally, the short (90-days) and long-term (up to 10 years) risk 

of stroke after a TIA NINDS-negative and NINDS-positive was high and similar. 
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However, when patients who did not seek medical attention at the time of the TIA were 

included, NINDS-negative TIAs had a higher risk of recurrent events during the follow-up 

than NINDS-positive TIAs. Furthermore, clinical judgement better predicted the short- 

and long-term risk of recurrent stroke after a TIA than the NINDS classification. On top of 

that, recurrent strokes after TIAs NINDS-negative were more often of undetermined 

aetiology than after TIAs NINDS-positive.   

Many patients with TIA and probably particularly with NINDS-negative events do not 

present to medical attention and those who do so may not be assessed urgently. 

Broadening of the definition of a TIA, and medical and public education, may contribute 

to the improvement of rapid access to treatment for those patients. Further prospective 

studies of all TIAs (including those which do not meet the NINDS criteria), with detailed 

investigation of the aetiology and prognosis, are needed.   

 

9.7 Short and long-term prognosis of suspected vascular and non-vascular Transient 

Neurological Attacks   

The distinction between vascular and non-vascular aetiology in patients with suspected 

TIAs is crucial in terms of investigation and treatment. 

I aimed to determine the short- and long-term risk of stroke, myocardial infarction (MI) or 

any vascular event (stroke, MI, sudden cardiac death or acute peripheral disease) after 

TNAs of suspected non-vascular and suspected vascular origin versus the risk of 

vascular events after a NINDS-defined TIA. I found that patients with a TNA were 

younger and had lower prevalence of vascular risk factors than patients with a NINDS-

positive TIA. At 1 month of follow-up patients with suspected non-vascular TNAs were 

less often under secondary prevention treatment. Moreover, age at index event was 

associated with risk of stroke in all groups (NINDS TIAs and TNAs) although history of 

angina and MI were significantly associated with the risk of recurrent stroke in TNAs 
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only. I also found that the 90 days stroke risk after a TNA was lower than after a NINDS-

defined TIA. However, in the post 90 days up to 10 years period the risk of recurrent 

stroke was not significantly different between the two groups. Additionally, the 10-year 

risk of MI was not significantly different after a TNA or a NINDS-positive TIA, and nor 

was the risk of any acute vascular event. Moreover, history of angina or myocardial 

infarction was associated with an increased risk of any acute vascular event in TNAs.  

On top of that, although a subgroup of patients with TNAs were initially classified as of 

suspected non-vascular origin they had a high risk of stroke and other vascular events in 

the long-term. 

My findings suggest that the TIA definition should be broader. All patients with a TNA 

should be seen and investigated, and if uncertain aetiology remains they should be 

treated as vascular.  

9.8 Prognosis of Transient Neurological Attack Syndromes 

Clinical judgement alone is far from ideal in differentiating between vascular and non-

vascular events. Agreement in TIA diagnosis is low, even among specialists. The study 

of the prognosis of each neurological symptom/syndrome is essential.  

I determined the risk of stroke in patients with TNAs (focal TNAs, non-focal TNAs and 

combined focal and non-focal TNAs) and the risk of stroke after many different pre-

specified TNA syndromes/symptoms.  I found that the risks of stroke were higher than 

expected in the background population in all TNA categories (focal TNA, non-focal TNA 

and focal plus non-focal TNA) and all TNA syndromes (isolated brainstem syndrome, 

migraine-like syndrome, isolated sensory syndromes, isolated visual disturbance, 

isolated speech disturbance, transient confusion and transient unresponsiveness) except 

transient amnesia. Moreover, non-focal TNAs and focal plus non-focal TNAs had a six 

times higher risk of stroke than expected and similar risk to NINDS-positive TIAs. 
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Furthermore, transient confusion and transient unresponsiveness had a relative risk of 

stroke 9 times higher than expected and twice the risk of NINDS-positive TIAs. 

TIA definition should perhaps be less stringent, and non-classical symptoms (especially 

non-focal symptoms) should not be dismissed, particularly in older patients.      

 

9.9 Prospect 

This thesis has provided data regarding different aspects of the spectrum and burden of 

suspected TIAs/minor strokes, and also on prognosis of all suspected acute 

cerebrovascular events.  The findings of this thesis have implications for both diagnosis 

and management of TIAs, showing that many transient neurological syndromes not 

considered classically as TIAs had the same risk of stroke or other acute vascular events 

as classical TIAs. This suggests that TIA definition should be less stringent. Future 

studies should focus on investigation of TIA aetiology and prognosis. Brain and brain 

vessel imaging, especially DWI-MRI studies, in NINDS-negative compared with NINDS-

positive TIAs might provide useful information that can be used in clinical decisions. 

Also, TNA syndromes should be considered in and included in clinical trials. 


