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Stroke is increasingly common and often fatal or disabling.1
The absence of a definitive diagnostic test for stroke and the
potential for emergency interventions to restore brain perfusion,2
improve survival free of handicap, and minimise early recurrent
stroke3 mean that doctors need to be able to diagnose acute
stroke rapidly and accurately.

What is a stroke?
Stroke is not consistently defined in clinical practice, clinical
research, and public health. Traditionally, stroke has been
defined clinically by the abrupt onset of symptoms of focal
neurological dysfunction that last more than 24 hours (or lead
to earlier death) and are caused by acute vascular injury to part
of the brain.4 The vascular causes include inadequate blood
supply to part of the brain or spinal cord (ischaemic stroke,
arterial or venous) and spontaneous haemorrhage into part of
the brain (primary intracerebral haemorrhage) or over the surface
of the brain (subarachnoid haemorrhage).
Advances in technology have prompted an updated definition
of stroke as an acute episode of focal dysfunction of the brain,
retina, or spinal cord of any duration in which imaging
(computed tomography or magnetic resonance imaging) or
autopsy show focal infarction or haemorrhage relevant to the
symptoms.5 This definition awaits endorsement, particularly for
regions without access to magnetic resonance imaging.4 6

How do patients with acute stroke
present?
Stroke presents in a variety of ways.

Typical presentations: focal neurological
symptoms of sudden onset
Typically, stroke presents spontaneously with the sudden or
rapid onset of loss of function of a particular part(s) of the body
due to loss of function of a particular part of the brain, retina,
or spinal cord.
Common focal, anatomically-localising neurologic symptoms
include unilateral weakness (corticospinal tract), unilateral
sensory loss (spinothalamic tract), monocular blindness (retina
or optic nerve), hemianopic visual field loss (optic radiation),
double vision (oculomotor pathways), speech disturbance
(dominant hemisphere), visual-spatial-perceptual dysfunction
(non-dominant hemisphere), clumsiness or ataxia (cerebellum
or its connections), and vertigo (vestibulo-cerebellum), which
may appear in isolation or combination.
Associated symptoms vary and usually reflect the cause or a
consequence of the stroke. For example, headache occurs in
about a quarter of patients with acute ischaemic stroke, half of
patients with intracerebral haemorrhage, and nearly all patients
with subarachnoid haemorrhage, and may reflect the underlying
cause of the stroke (such as cervical artery dissection, giant cell
arteritis) or a consequence of the stroke (such as cortical
ischaemia, intracranial haemorrhage).4

Atypical presentations: stroke “chameleons”
Less commonly, patients have atypical stroke symptoms (stroke
“chameleons”) that imitate other neurological diseases. This is
because the symptoms

• Are not anatomically localising (such as neuropsychiatric,
confusion, depressed consciousness)
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The bottom line

• Suspect the diagnosis of stroke in all patients with abrupt onset of neurological symptoms, particularly in those with risk factors for
stroke. Early and accurate diagnosis of stroke enables early interventions targeted to the cause, which may improve survival and
functional recovery and minimise early recurrent stroke.

• Some stroke patients will present with atypical stroke symptoms in which the symptom onset is not sudden or the loss of neurological
function is not clearly anatomically-localising.

• The FAST (Facial drooping, Arm weakness, Speech difficulties and Test (or Time)) score is a useful screening test in the community,
while emergency department doctors may use the FAST or ROSIER scales, and stroke physicians will undertake a more complete
and systematic neurovascular assessment.

• Stroke lacks a perfect diagnostic test, and current diagnosis relies on clinical history and examination, supported by brain imaging
(such as computed tomography and magnetic resonance imaging, which can be normal).

• Seizures, syncope, and sepsis account for 20-25% of suspected strokes.

• Are positive (such as abnormal movements, rather than
paralysis, due to seizure, alien hand syndrome, or
hemiballismus)

• Seem to be peripheral nerve in origin (vestibular syndrome,
other cranial nerve palsy, cortical hand syndrome,
monoparesis)

• Are isolated (isolated vertigo, binocular blindness, amnesia,
anosognosia, dysarthria, dysphagia, stridor, foreign accent,
or headache).7 8

Such atypical symptoms are more likely to be due to a stroke
if the patient has known cardiovascular disease or risk factors.

Subarachnoid haemorrhage
This typically presents with a sudden, severe diffuse headache
in nearly all patients,4 usually without focal neurological
symptoms or signs. Neck stiffness is not invariable and may
not occur for hours. Other features include vomiting (75%),
depressed consciousness (67%), focal neurological dysfunction
(15%), intraocular subhyaloid haemorrhages (14%), epileptic
seizures (7%), delirium (1%), radicular or precordial pain (spinal
subarachnoid haemorrhage), severe hypertension, and
electrocardiographic changes that maymimic acute myocardial
infarction.9

A headache may not be present in patients with subarachnoid
haemorrhage and depressed consciousness. Also, other
symptoms may prevail over headache in patients with
subarachnoid haemorrhage who have a confusional state,
epileptic seizure, or associated head trauma.

Cerebral vein thrombosis
Cerebral vein and venous sinus thrombosis typically presents
with gradual onset headache followed by focal neurological
deficits, epileptic seizures, or impairment of consciousness, in
different combinations and degrees of severity.10 In up to 15%
of patients however, the onset of the headache is sudden
(“thunderclap headache”).

How is stroke diagnosed?
Early recognition
The Face Arm and Speech Test (FAST) is a simple, three item
recognition tool to aid screening for stroke in the community
(box 1). The presence of acute facial paresis, arm drift, or
abnormal speech increases the likelihood of stroke (likelihood
ratio of >1 finding = 5.5 (95% confidence interval 3.3 to 9.1)),
while the absence of all three decreases the likelihood
(likelihood ratio of 0 findings = 0.39 (0.25 to 0.61)).11
Paramedics using FAST achieve high levels of detection and
diagnostic accuracy of stroke12 but maymiss posterior circulation
strokes13 and treatable stroke mimics such as hypoglycaemia.

Emergency department clinicians may opt for the Recognition
of Stroke in the Emergency Room (ROSIER) score, which
comprises the three FAST items plus visual field defect, leg
weakness, loss of consciousness or syncope and seizure activity
(see online data supplement).14 An initial study among
emergency department physicians showed increased diagnostic
sensitivity comparedwith FAST,14 although a later study showed
similar sensitivities and specificities for both.15

Clinical diagnosis
Stroke is diagnosed clinically on the basis of a description of
sudden onset of loss of focal neurological function that is
thought to be due to disturbed blood supply to the relevant part
of the brain, retina, or spinal cord. If these criteria are met, the
likelihood of a stroke is high because stroke is common (that
is, high prevalence or pre-test probability), and even higher if
the “milieu” is appropriate (such as an elderly patient with a
history of prolonged exposure to vascular risk factors).
Symptoms associated with a high agreement between observers
for the diagnosis of stroke versus no vascular event are sudden
paralysis or weakness, numbness or tingling, change in speech,
visual loss, diplopia, and non-orthostatic dizziness (kappa =
0.60 (95% confidence interval 0.52 to 0.68)).11

An observational study of 350 presentations with suspected
stroke found that eight items in the clinical bedside assessment
independently predicted the diagnosis of stroke (see table⇓).16-18
Many of these predictors have been validated in other studies.19

If the patient is seen within 24 hours of symptom onset, and if
the neurological symptoms are still present at the time of the
assessment and thought to be vascular in origin, the patient
should be managed as if he or she has had a stroke, rather than
diagnosing a transient ischaemic attack and predicting that the
symptoms will resolve within 24 hours.

Investigations
The diagnosis of stroke is confirmed by computed tomography
or magnetic resonance imaging of the brain or cerebrospinal
fluid examination for subarachnoid blood.5

Non-contrast computed tomography (CT) of the
head
This is the initial diagnostic standard because it is widely and
rapidly available and has near perfect sensitivity for acute
intracranial haemorrhage. Ischaemic stroke may not be apparent
on the initial CT scan, although subtle signs of early ischaemia
are usually evident. The sensitivity of CT for diagnosing acute
ischaemic stroke is limited if the focal ischaemia is recent
(minutes to hours), small, or in the posterior fossa. The
sensitivity of CT for diagnosing subarachnoid haemorrhage is
limited if it is small or the CT scan is delayed, which allows
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Box 1: Face Arm and Speech Test (FAST)

FAST is used as a mnemonic to help detect stroke and facilitate an appropriate response. It stands for Facial drooping, Arm weakness,
Speech difficulties, and Time.

Face—Ask the person to smile. Does one side of the face droop?
Arms—Ask the person to raise both arms. Does one arm drift downward?
Speech—Ask the person to repeat a simple phrase. Is the speech slurred or strange?
Time—If you observe any of these signs, call for an ambulance immediately

time for the subarachnoid blood to degrade. The sensitivity of
CT is 98% for subarachnoid haemorrhage within 12 hours, 93%
at 24 hours, and declines rapidly after 10 days.

Lumbar puncture and cerebrospinal fluid
examination (CSF) examination for subarachnoid
blood
This is required if SAH is being considered and the CT scan is
non-diagnostic.9 However, the prevalence of xanthochromia in
the CSF also declines with time and is detected in only 70% of
cases of subarachnoid haemorrhage after three weeks and 40%
after four weeks.

Magnetic resonance imaging (MRI)
Diffusion weighted MRI is more sensitive than CT scanning
for detecting acute cerebral ischaemia, particularly in patients
presenting within 12 hours of symptom onset.20 21 A
meta-analysis of eight studies involving 308 participants
reported that the sensitivity of diffusion weighted MRI for
diagnosing acute ischaemic stroke was 0.99 (95% confidence
interval 0.23 to 1.00) and the specificity was 0.92 (0.83 to 0.97);
the summary estimates for CT were sensitivity 0.39 (0.16 to
0.69) and specificity 1.00 (0.94 to 1.00).21 A caveat of this
meta-analysis is that the reported high sensitivity of MRI was
obtained in patients with a high pre-test probability of stroke
(such as major stroke).21 Subsequent studies in patients with
minor ischaemic stroke (who tend to have a lower pre-test
probability of stroke) have reported the sensitivity of diffusion
weighted MRI to be only 76% (71 to 81%).22 Therefore, a
negative diffusion weighted MRI result does not exclude the
diagnosis of stroke, particularly in patients with minor ischaemic
stroke.22 Further, a positive diffusion weighted MRI result does
not confirm the diagnosis of stroke23 24; it may be due to
non-stroke conditions such as seizures, migraine,
hypoglycaemia, tumour, encephalitis, abscess, and multiple
sclerosis.
Gradient echo T2-weighted susceptibility MRI is as sensitive
as CT for acute haemorrhage and is more sensitive for previous
haemorrhage. MRI venography or CT venography is usually
required to confirm the diagnosis of cerebral vein and venous
sinus thrombosis.

Investigation sequence
Thus when assessing a patient with suspected acute stroke, an
urgent plain CT brain scan often identifies an area of acute focal
brain ischaemia and almost always identifies an area of acute
focal brain or subarachnoid haemorrhage. If the CT does not
show either, then undertake an MRI to identify early infarction
(there is no need to specify MRI sequences such as diffusion
weighted or gradient echo), or lumbar puncture and CSF
examination if subarachnoid haemorrhage is suspected.
To seek the cause of the stroke, imaging of the relevant carotid
or vertebral arterial system by carotid ultrasound or CT or MRI

angiography, and heart and aortic arch by echocardiography,
may be required.
If the patient’s symptoms have resolved quickly because of a
probable transient ischaemic attack and the CT scan is
unremarkable, subsequent tests are still needed to find the
underlying cardiovascular cause of the transient ischaemia (such
as carotid stenosis or atrial fibrillation) and to treat that urgently
to prevent recurrent transient ischaemic attack or fatal or
disabling stroke.

What are the diagnostic pitfalls?
In the community, stroke patients and health professionals do
not always recognize the symptoms of stroke. The relationship
between the nature of the clinical symptoms and the nature, site,
and severity of the underlying brain and vascular pathology are
unreliable. Hence, symptoms of a stroke may be attributed to a
more benign explanation. Also, focal neurological symptoms
of stroke tend to be negative (that is, loss of function) rather
than positive. Thus a loss of function may not be noticed until
the function is attempted (such as speaking or writing).
Community screening tools such as FAST aim to assist in earlier
recognition.
The clinical diagnosis of stroke can be most difficult within the
critical first few hours, particularly if the onset of symptoms is
uncertain (for example, because of coma, dysphasia, confusion,
or no witness), clinical features are atypical (“chameleons”) or
changing, the patient is too unwell or agitated to obtain a reliable
history or interpretable brain imaging, access to imaging is
delayed, or the imaging is normal.7 8

Even experienced neurologists show considerable inter-observer
variability in the diagnosis of acute stroke, probably because of
the inherent limitations of the clinical assessment and brain
imaging.11 Sometimes the available information does not allow
an obvious answer, and the diagnosis is made or excluded on
the basis of probability. However, it is important for clinicians
to avoid premature closure of the diagnosis during the
emergency assessment of a suspected acute stroke. If the initial
diagnosis of stroke is not confirmed or not likely, it may be
necessary to withdraw it, to avoid inappropriate subsequent
investigations, treatments, and consequences (such as
implications for driving and insurance policies) and to facilitate
“diagnostic vigilance” for other diagnoses (“mimics”).

What other conditionsmaymimic a stroke
and lead to “overdiagnosis” of stroke?
Among patients presenting with a typical stroke syndrome, up
to 20-25% will have a stroke mimic (box 2).8 25 Unfortunately,
brain imaging alone does not always distinguish stroke from its
mimics, and other investigations may be required to exclude
the differential diagnoses shown in box 2.
Among patients presenting with other neurological syndromes,
such as isolated vertigo, stroke may be the underlying cause. A
common example is the acute vestibular syndrome (isolated
vertigo with secondary ataxia and nausea), which may have a
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Box 2: The 20most common conditions that maymimic stroke, identified in a systematic review andmeta-analysis
of cases series8 25

Seizure (20%)
Positive symptoms (limb jerking, head turning, posturing, lip smacking)
Brief (<2 minutes) usually
Loss of awareness and amnesia for event unless simple partial seizure
Post-ictal negative symptoms (such as Todd’s paresis) may persist for 1-2 days
History of epilepsy, recurrent similar seizures, or previous cortical injury

Syncope (15%)
Faint or light headed before syncope; vision may darken or hearing muffle
Brief (<1 minute) loss of awareness with rapid recovery to full alertness
Associated nausea, pallor, sweating

Sepsis (12%)
Systemic sepsis may exacerbate neurological deficits from a prior stroke
Associated fever and raised inflammatory markers
Sepsis may also cause stroke: hypercoagulability, infective endocarditis

Functional (9%)
Usually a trigger (such as panic attack, dissociative episode, emotional or psychosocial stressors and anxiety)
Isolated non-anatomical sensory symptoms common
Positive features of functional disease more important than lack of features of organic disease: for example, inconsistency (task dependent
weakness, can’t move leg but can walk) and positive Hoover’s sign
Tend to be recurrent and stereotyped

Primary headache disorder (such as migraine) (9%)
Positive symptoms that build up and spread (such as visual to somatosensory)
Duration usually 20-30 minutes but may last hours
Associated nausea, vomiting, photophobia, phonophobia with or without headache
Family history of migraine

Brain tumour (7%)
5% present rapidly (haemorrhage, seizure, oedema, hydrocephalus)

Metabolic (6%)
Hypoglycaemia (due to insulin treatment, sulphonylureas, alcohol, Addison’s disease, or insulinoma) can present with focal neurological
symptoms and signs alone

Peripheral vestibular disorder (4%)
Neuropathy (4%)
Dementia (3%)
Extradural or subdural haemorrhage (2%)
Drugs and alcohol (2%)
Transient global amnesia (2%)
Other diagnosis (6%)

peripheral cause (such as vestibular neuritis) or a central cause
(such as vestibulo-cerebellar stroke). A focused history and
physical examination are often required to diagnose acute
vestibular syndrome due to a vertebrobasilar stroke because the
lesion is often too small to be seen on brain imaging.26 A
three-step bedside oculomotor examination (HINTS: Head
Impulse test, Nystagmus, Test of Skew) to elicit a normal
horizontal head impulse test, direction-changing nystagmus in
eccentric gaze, or skew deviation (vertical ocular misalignment)
identifies stroke with high sensitivity (100%) and specificity
(96%) in patients with acute vestibular syndrome and is more
sensitive than early MRI.27

The head impulse test assesses the vestibular ocular reflex. The
patient focuses on a visual target (such as the examiner’s nose),
and the examiner turns the patient’s head to one side with a high
acceleration but low amplitude head thrust. Normally, head
movement towards a semicircular canal will activate that canal
and evoke reflex movement of both eyes in the opposite
direction, away from the canal, to maintain ocular fixation on
the visual target. This reflex is preserved, and the test is negative,
in patients with central causes of vertigo (such as stroke). In
patients with a peripheral cause of vertigo (such as acute
vestibular neuritis), head movement towards the defunct
semicircular canal will fail to activate the vestibular-ocular

reflex and the visual target will be lost from fixation during the
sudden headmovement. The patient then has to make a catch-up
saccade (eye movement), usually toward the examiner’s nose,
to refixate the visual target, and the test is positive.
Nystagmus that changes direction on sustained gaze in one
direction makes a central pathology for the acute vestibular
syndrome more likely. A predominantly horizontal nystagmus
that beats only in one direction and increases in intensity when
the patient looks in the direction of the fast phase of the
nystagmus is usually of peripheral origin.
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Table

Table 1| Independent predictors of the diagnosis of stroke among 350 presentations by 336 patients with suspected stroke to an urban
teaching hospital in the UK, of which 241 (69%) were given a final diagnosis of stroke and 109 (31%) a diagnosis of stroke mimic16

Odds ratio (95% CI)Variable

Higher odds of stroke

2.59 (1.30 to 5.15)An exact onset could be determined

7.21 (2.48 to 20.93)Definite history of focal neurological symptoms

2.54 (1.28 to 5.07)Any abnormal vascular findings*

NIHSS†:

1.0 (reference)0

1.92 (0.70 to 5.23)1–4

3.14 (1.03 to 9.65)5–10

7.23 (2.18 to 24.05)>10

2.03 (0.92 to 4.46)Signs could be lateralized to left or right side of brain

5.09 (2.42 to 10.70)OCSP classification was possible‡

Lower odds of stroke

0.33 (0.14 to 0.76)Known cognitive impairment

0.44 (0.23 to 0.85)Abnormal findings in any other system§

*Systolic blood pressure >150 mm Hg, atrial fibrillation, valvular heart disease, or absent peripheral pulses.
†The NIHSS (National Institute of Health Stroke Scale) is a scale of neurological impairments such as level of consciousness, ocular gaze, visual fields, speech
and language function, inattention, motor and sensory impairments, and ataxia that is used to grade stroke severity (not diagnose stroke or its mimics); a higher
score reflects a greater number and severity of neurological impairments.17

‡The OCSP (Oxfordshire Community Stroke Project) classification comprises four clinical stroke syndromes (total anterior circulation syndrome, partial anterior
circulation syndrome, lacunar syndrome, posterior circulation syndrome) that are based on clinical features of the stroke.18

§Respiratory, abdominal, or other abnormal signs.
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