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The differential diagnosis of suspected stroke:  
a systematic review

ABSTRACT 
Background: We aimed to determine the proportion of patients who had 
suffered a stroke and compare this to those patients with suspected stroke, and 
the range of differential diagnosis for suspected stroke.
Methods: We searched for prospective studies of suspected stroke in electronic 
databases and our personal files. We undertook a meta-analysis of these studies, 
aimed at determining the proportions of patients with confirmed stroke in 
different settings. 
Results: We identified 29 studies involving 8,839 patients: 13 studies were from 
emergency departments, five from stroke units or transient ischaemic attack (TIA) 
clinics, three from primary care, three from ambulance services and five were 
unspecified. About three-quarters (74% [95% confidence interval (CI): 66 to 83%]) 
of patients had a diagnosis of stroke, though there was significant heterogeneity in 
this estimate. The five most frequent non-stroke diagnoses were seizure, syncope, 
sepsis, migraine and brain tumours. 
Conclusion: Patients who had not had a stroke accounted for a significant 
proportion of people referred to stroke services. Expertise in the differential 
diagnoses of stroke is needed in order to manage the patients at the point of referral.
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inTRodUCTion

Patients with suspected stroke present to primary 
care, ambulance services and emergency departments. 
The care setting, patient characteristics or diagnostic 
methods used can all influence an assessment of 
suspected stroke. The proportion of people identified 
with suspected stroke is important, as the diagnostic 
performance of clinical, radiological and other tests 
depends on the pre-test probability of stroke.R1 We 
therefore aimed to determine the proportion of 
suspected stroke patients who had a stroke, those study 
features that had an important influence on this 
proportion, and the most common differential diagnoses 
of patients with suspected stroke who had not had one. 

MeTHodS

Using a detailed and specific list of criteria (available 
online), we searched our files and the biomedical 
database Ovid Medline for records up to 30 May 2012 
for prospective studies of suspected stroke patients. 
We did not routinely contact study authors, search the 
‘grey’ literature, or include studies in non-European 
languages due to limited resources. We included 
published studies that: (i) recruited patients with 

suspected stroke only, (ii) were prospective, and (iii) 
reported the proportion of patients with a final 
diagnosis of stroke or transient ischaemic attack (TIA). 
Our reference standard for the diagnosis of stroke, 
was ‘clinical assessment by a trained observer and 
brain imaging.’ 

We extracted data on country, diagnostic methods, 
patient demographics, average stroke severity and final 
diagnosis. We recorded whether stroke was suspected 
by a primary care doctor, an ambulance paramedic, or 
a member of emergency department staff in order to 
characterise the referral source. We recorded the 
number of patients who received a final diagnosis of 
ischaemic stroke, TIA, haemorrhagic stroke and all 
stroke. We included patients with subarachnoid 
haemorrhage in our definition of ‘haemorrhagic stroke’, 
though they were rare. Finally, we extracted all available 
data on final diagnoses other than stroke. We defined 
non-stroke diagnoses as: ‘syncope’ (syncope, pre-
syncope, cardiovascular collapse, postural hypotension 
and dehydration); ‘vertigo’ (labyrinthine disorders and 
vestibulopathies); ‘myelopathies’ (spinal stenosis, 
cervical myelopathy, demyelination, spinal trauma); 
‘drugs and alcohol’; ‘metabolic’ (toxic/metabolic, 
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encephalopathy, hypoglycaemia, hyponatraemia and 
metabolic coma); ‘functional disorders’ (anxiety, 
hyperventilation and depression); ‘benign headache 
disorders’ (migraine and tension headache) and ‘sepsis’ 
(including delirium). If any of the above data were not 
available from the study report, they were classed as 
not reported.

We performed a random effects meta-analysis of the 
proportion of patients with stroke or TIA seen in each 
healthcare setting. We used the I2 statistic to estimate the 
heterogeneity of individual studies contributing to the 
pooled estimate. The I2 statistic ranges from 0% to 100%, 
with 25% corresponding to low statistical heterogeneity, 
50% to moderate and 75% to high. We calculated the 
pooled proportion as the back transform of the weighted 
mean of the transformed proportions, using DerSimonian-
Laird weights in a random effects model, and reported 
95% confidence interval (CI). We used data analysis and 
statistical software for the analysis.

ReSUlTS

Our search strategy retrieved 3,075 papers. We identified 
25 relevant studies (listed in the reference section) of 29 
cohorts with a total of 8,839 suspected stroke patients. 
Emergency department staff suspected stroke in 13 
cohorts,1–13 primary care physicians in four,2,4,7,14 stroke 
units/TIA clinics in four,15–18 paramedics in three4, 19–20 and 
other settings in five.21–25 Sixteen studies were conducted 
in European countries, five in the USA, two in Canada 
and one each in Malawi and Australia. Of the 5,977 
patients diagnosed with stroke, 4,666 (78.1%) had an 
ischaemic stroke, 668 (11.2%) had a haemorrhagic 
stroke, and for the remaining 643 (10.8%) no stroke type 
was specified. 

The pooled proportion of suspected stroke patients 
with stroke was 74% (95% CI: 66 to 83%) with high 
between-study heterogeneity (I2=99%) in the summary 
estimate. There was no good statistical evidence that 
the source of referral made a difference to the 
proportion of suspected stroke patients with an 
eventual diagnosis of stroke or TIA (Figure 1). There 
was significant heterogeneity in the estimates of the 
proportions of patients with suspected stroke in each 
setting, though the proportion of patients with stroke 
in a stroke unit was higher than in other settings. 

Seventeen of the 25 relevant studies investigated aspects 
of the diagnosis of stroke;1,2,4–15,18–20 five intended to 
determine the epidemiology of stroke mimics3,16, 22,24,25 
(including two looking at the differential diagnosis of 
stroke).3,24 The remaining three investigated thrombolysis 
rates,17 time to admission21 and an uncommon presentation 
of stroke.23

Twenty of the 25 studies reported the differential 
diagnoses of stroke.2–7,9–12,14–18,20–22,24,25 The 20 most common 
are given in Table 1; they account for the final diagnoses 
of 96% of patients with suspected stroke who did not 
have either stroke or TIA.

All of the relevant studies that we reviewed used 
imaging to confirm stroke. In the 12 studies2,3,9,10,12–15,17,18,24,25 
that reported the proportion of patients with suspected 
stroke using imaging there was variation in the number 
of patients who had undergone a computed tomography 
(CT) scan (from 29.7 [244/821]15 to 100% [80/80, 
191/191]10,12,13,17,23 and those who had magnetic resonance 
(MR) brain imaging (3.5% [29/835]25 to 100% [191/191]10). 
Limited data were available on stroke severity from nine 
studies,1,3,10,12–14,18,21,22 of which eight reported mean or 
median National Institutes of Health Stroke Scale 
(NIHSS) scores and one reported median Barthel 
scores;21 only three gave minimum and maximum 
scores.1,18,21 Thirteen studies (52.0%) reported time from 
symptom onset to assessment: the median time was less 
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Differential 
diagnosis

n As a percentage of 
patients reported 

to have a final 
diagnosis other 
than stroke or 

transient ischaemic 
attack (n=813)

Seizure 159 19.6

Syncope 99 12.2

Sepsis 78 9.6

Benign headache 
disorder

73 9.0

Brain tumour 67 8.2

Functional 60 7.4

Metabolic 50 6.2

Not specified 41 5.0

Neuropathy 37 4.6

Vertigo 26 3.2

Dementia 19 2.3

Extra- or subdural 
haemorrhage

15 1.8

Drugs and alcohol 13 1.6

Transient global 
amnesia

11 1.4

Myelopathy 8 1.0

Hypertension related 7 0.9

Parkinson’s disease 6 0.7

Encephalopathy 4 0.5

Trauma 4 0.5

Invasive procedure 3 0.4

tABle 1 The 20 most common differential diagnoses of 
suspected stroke
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Overall  (I-squared = 99.4%, p = 0.000)

Harbison 2003

Subtotal  (I-squared = 93.4%, p = 0.000)

Harbison 2003

Primary care

Nor 2005

Libman 1995

Vroomen 2008

Ronning 2005

Harbison 2003

Foerch 2012

Kumwende 2005

Whiteley 2011

Norris 1982

Nor 2004

Chalela 2007

Hand 2006

Stroke Unit

Cohen 2002

Ferro 1998

Subtotal  (I-squared = 99.8%, p = 0.000)

Subtotal  (I-squared = 97.3%, p = 0.000)

Subtotal  (I-squared = 99.2%, p = 0.000)

Montaner 2011

Citation

Subtotal  (I-squared = 96.8%, p = 0.000)

Emergency department

Karunaratne 1999

Vanni 2011

Glickman 2011

Moynihan 2010

Ferro 1998

Ambulance

Ronning 2005

Kidwell 2000

Sibon 2009

Broadley 2003

Hopyan 2010

Other

Winkler 2009

Rizos 2008
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figuRe 1 The proportion of suspected stroke patients with an eventual diagnosis of stroke or transient ischaemic attack (TIA), 
from ambulance, primary care, emergency department and other referral sources. The size of each square is proportional to the 
weight given to the study in the summary estimates, and the I2 statistic is given as an estimate of heterogeneity in the summary 
estimates. 
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than six hours in seven studies,6,9–11,17–19 six to 24 hours in 
five1,2,13,20,21 and over 24 hours in one.14 Seventeen studies 
reported the average (mean or median) age of study 
participants: less than 65-years-old in two studies and 65 
or over in 15 studies. 

The country in which the study took place, the 
proportion of patients who had MR scans, or the timing 
of the assessment did not account for the significant 
between-study heterogeneity in the proportion of the 
suspected stroke patients with a diagnosis of stroke. 
Although the proportion of patients with stroke differed 
between studies where the mean age of patients was 
under or over 65 this result was heavily influenced by 
one study with an unusually low proportion of patients 
with stroke.

diSCUSSion

We found that about three-quarters of patients with 
suspected stroke had a final diagnosis of stroke, though 
there was considerable variation between studies that 
was not explained either by aspects of the study design 
(country, referral source) or the average characteristics 
of the patients (age, severity, or delay to assessment). The 
common differential diagnoses of stroke included 
neurological and non-neurological disorders.

We found only limited data on time to patient assessment, 
mean patient age, use of CT or MRI scans, stroke 
severity, and history of prior stroke; if we had complete 
data, our conclusions may have changed. 

The presence or absence of particular clinical symptoms 
and signs are helpful in distinguishing stroke from a 
mimic. A recent systematic reviewR2 found that patients 
with one or more of acute facial paralysis, arm drift or 
speech change increased the odds of stroke (odds ratio 
[OR] 5.5, 95% CI: 3.3–9.1). The absence of all three of 
these signs can be helpful in identifying patients who are 
unlikely to have had a stroke (OR of stroke 0.39, 95% CI: 
0.25–0.61). These findings form the basis for the ‘face, 
arm, speech time (FAST) test,’ a rapid, simple clinical 
evaluation which can be applied by both medical 
professionals and members of the public to patients with 
suspected stroke.

We were unable to identify a search strategy with a high 
sensitivity for retrieving studies of differential diagnosis, 
we therefore may not have found all relevant published 
studies. The development of such a strategy would 
improve the quality of systematic reviews of the 
differential diagnoses of other diseases in future. 

ConClUSionS

The best available estimate for the prior probability of 
stroke in patients with suspected stroke is 74% (95% CI: 
66 to 83%). A significant minority of patients seen by 
stroke services have not had a stroke, and arrangements 
need to be in place for their rapid review by those with 
an expertise in neurological disorders.
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