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Stroke affects approximately 110 000 people in 
England per year. It accounted for 11% of all 
deaths in England and Wales in 1999 (Stevens et 

al, 2010), and may be considered the largest cause of 
complex disability in adults (Adamson et al, 2004). The 
prognosis of patients presenting with an acute stroke can 
be significantly improved following swift and appropri-
ate management, with imaging central to the manage-
ment pathway. 

There are numerous causes of stroke, which in the 
majority of cases are clinically indistinguishable (Table 
1). Broadly these are classified as ischaemia (75%) or 

haemorrhage (25%). Previously the primary role of 
imaging was to confirm the diagnosis, and differentiate 
ischaemia from haemorrhage and other non-vascular 
causes. Radiology is now a critical part of stroke manage-
ment as advances in patient management move from 
supportive care to brain reperfusion. This article dis-
cusses the role of the non-enhanced computed tomo-
graphy brain scan, particularly focusing on the hyper-
acute radiological signs of stroke. In order to consider the 
role of imaging it is necessary to briefly discuss the 
pathophysiology of stroke. 

Pathophysiology of imaging changes and 
the ischaemic penumbra
Brain parenchyma perfusion is autoregulated over a 
range of perfusion pressures. Below these perfusion can-
not be maintained potentially leading to ischaemia. 
Ischaemia results in cell membrane ion pump failure and 
the redistribution of extracellular water into the intracel-
lular space. This development of cytotoxic oedema is 
responsible for radiological changes, which occur within 
minutes of cerebral hypoxia, reaching a maximum at 
2–4 days.

Brain parenchymal ischaemia usually results in chang-
es within well-demarcated vascular territories, the middle 
cerebral artery being the commonest territory affected. 
These ischaemic areas produce characteristic radiological 
patterns of injury which help differentiate ischaemia 
from stroke differentials. 

The concept of the ischaemic penumbra has evolved 
to explain the pathological parenchymal changes, and 
can be represented radiologically (Earnshaw et al, 
2009). The ischaemic penumbra represents a region of 
potentially salvageable brain tissue surrounding a cen-
tral irreversible ‘infarct core’ (Figure 1). Thrombolysis 
aims to restore circulation to the ischaemic penumbra, 
so it is critical that reperfusion therapy is initiated as 
soon as possible. 
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Radiology plays a central part in the acute stroke management pathway, with its role now widened beyond 
establishing the diagnosis. This article reviews the role of the non-enhanced computed tomography brain scan, 
particularly focusing on the hyper-acute presentation of stroke from a radiological perspective. 

Ischaemia	 Cerebrovascular thrombotic and embolic events

	 Small vessel disease

	 Global hypoperfusion

	 Venous infarction

	 Cervical artery dissection

	 Vasculitis

	 Substance abuse

	 Metabolic disorders, e.g. mitochondrial cytopathies

	 Sickle cell disease

	 Moyamoya disease

Haemorrhage	 Hypertension

	 Amyloid angiopathy

	 Ruptured arteriovenous malformation

	 Ruptured aneurysm

	 Coagulopathy

	 Tumour

	 Venous infarction

	 Abscess

	 Traumatic

	 Illicit drug use

	 Sickle cell disease 

	 Vasculitis

	 Encephalitis

Table 1. Causes of stroke
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Radiological investigation of stroke
Since its introduction in the early 1970s the non-
enhanced computed tomography brain scan has been the 
mainstay of stroke imaging. It confers a number of ben-
efits when managing an acutely ill patient, being easily 
accessible, allowing rapid image acquisition and not 
requiring intravenous contrast. 

The role of the non-enhanced computed 
tomography brain scan
Non-enhanced computed tomography aims to answer a 
series of clinical questions, guiding further management.

Is there evidence of  
an acute ischaemic stroke? 
The non-enhanced computed tomography brain scan is 
of limited sensitivity (14–43%) (von Kummer et al, 
1996), and may be completely normal following an 
acute stroke. However, there are a number of, albeit sub-
jective, signs described in the hyper-acute stage 
(0–3 hours) (Hoggard et al, 2001) (Table 2 and Figure 2). 
If present, they can increase the sensitivity of non-
enhanced computed tomography, and have prognostic 
value, as they are associated with poorer outcomes 
(Wardlaw and Mielke, 2005). 

In ischaemic stroke non-enhanced computed tomo-
graphy appearances become more conspicuous over 
time. In addition haemorrhagic changes may develop. 
Risk factors for parenchymal haemorrhage include 
patients receiving aspirin before thrombolysis, those 
treated with recombinant tissue plasminogen activator, 
extent of parenchymal hypoattenuation on baseline 
computed tomography, congestive heart failure, advanced 
age and raised baseline systolic blood pressure (Larrue et 
al, 2001). This so-called haemorrhagic transformation 
can be classified according to the European Cooperative 
Acute Stroke Study into ‘haemorrhagic infarcts’ without 
space-occupying effect and ‘parenchymal haematomas’ 

Figure 1. The ischaemic penumbra. Following a stroke the central 
irreversibly damaged infarct core (red region) expands into the 
hypoperfused, but potentially reversible ischaemic area (orange 
region).

Figure 2. The evolving non-enhanced computed tomography signs of ischaemic stroke. a. Subtle loss of grey/white matter differentiation 
and hypoattenuation of brain parenchyma (red highlighted area). b. The ‘dense artery’ sign within the left middle cerebral artery (arrow). 
c. Non-enhanced computed tomography scan of the same patient from Figure 2b the following day, demonstrating the true extent of 
ischaemic changes. Note the mass effect and sulcal effacement secondary to cerebral oedema complicating the area of ischaemia.

Sign	 Comment

Loss of definition of deep	 Grey/white matter attenuation difference 	
grey matter structures	 is lost, particularly within the basal 	
	 ganglia, internal capsule or insular ribbon

Generalized hypoattenuation in a vascular territory 

Dense artery sign	 Acute thrombus is visualized within the 	
	 affected artery. However, this sign is of 	
	 low sensitivity, and can be mimicked by 	
	 calcification and a raised haematocrit

Hyperattenuating ‘dots’	 Represents occlusion of distal middle 	
	 cerebral artery branches 

Sulcal effacement or swelling

Table 2. Hyper-acute ischaemic stroke signs on 
plain computed tomography

a b c
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with space-occupying effect (Renou et al, 2010). The 
former group are divided into two further subgroups: 
changes of small petechiae along the periphery of the 
infarct (HI1 changes) or confluent petechiae within the 
infarcted area (HI2 changes). The latter are further sub-
divided into <30% of the infarcted area is affected (PH1 
changes) or >30% of the infarcted area (PH2 changes) 
(Renou et al, 2010). Of these, PH2 changes are impor-
tant to recognize as they are associated with both an 
increased risk of deterioration 24 hours following the 
onset of a stroke and increased mortality at 3 months 
(Berger et al, 2001). 

To thrombolyse or not?
The thrombolysis therapeutic window now extends up 
to 4.5 hours after symptom onset (Bluhmki et al, 
2009). A number of contraindications for thromboly-
sis, detectable on computed tomography, need to be 
excluded. These include the size of the infarct, presence 
of a haemorrhagic stroke, and differentiating stroke 
mimics. 

Infarct size
The infarct size is important following results of the 
European Cooperative Acute Stroke Study I, which dem-
onstrated that infarcts greater than one third of the mid-
dle cerebral artery territory had a 3.5-fold increase in 
parenchymal haemorrhage (Hacke et al, 1995). 
Consequently, an infarct of this size or greater may be 
considered a contraindication to thrombolysis. 

The extent of infarcted tissue may be assessed on 
clinical grounds using the National Institutes of Health 
Stroke Scale (Fischer et al, 2005). In addition, there are 
several methods to radiologically quantify the infarct 
size. Perhaps the most noteworthy is the Alberta Stroke 
Programme Early CT Score (ASPECTS) (Barber et al, 
2000). ASPECTS, a 10-point score, divides the middle 
cerebral artery territory into 10 anatomical areas, with a 
point deducted for each affected area; a score of ≤7 is 
sometimes used as a contraindication for thrombolysis 
(Figure 3). 

Haemorrhagic stroke
Haemorrhagic stroke can be broadly classified as intra-
parenchymal and subarachnoid. Intraparenchymal 
haemorrhage typically appears as a hyper-dense mass, 
often distorting or displacing surrounding structures 
(Figure 4). Subarachnoid haemorrhage typically results 
in blood within the basal cisterns, interhemispheric fis-
sures and cerebral sulci. Over time these hyper-dense 
areas become isodense; this only takes days in cases of 
subarachnoid haemorrhage, whereas for parenchymal 
bleeds isodensity develops in 2–6 weeks.

Stroke mimics
The diagnosis of stroke mimics is often straightforward, 
but there are a number of non-vascular conditions 

which can present with stroke-like symptoms. Non-
enhanced computed tomography also plays a role in 
differentiating stroke from these so-called ‘stroke mim-
ics’. There are a number of conditions which may clini-
cally mimic stroke (Table 3). The incidence of stroke 
mimics has been reported as 17% in adults (Hopyan et 
al, 2010) and 21% (Shellhaas et al, 2006) in the paedi-
atric population. The commonest stroke mimics are 

Figure 3. Alberta Stroke Programme Early CT (ASPECTS) anatomical areas. 

Figure 4. A hyper-dense focus (arrow) in the left basal ganglia representing an acute 
intraparenchymal haemorrhage.

M1

M2

M3

M4

M5

M6

Posterior middle 
cerebral artery cortex 
corresponding to 
posterior temporal lobe

Posterior middle 
cerebral artery 
territory immediately
superior to M3

Level of the basal ganglia

Caudate

Level of the lateral ventricles

Putamen

Anterior middle 
cerebral artery cortex 
corresponding to 
frontal operculum

Middle cerebral artery 
cortex lateral to insular 
ribbon corresponding to 
anterior temporal lobe

Anterior middle cerebral 
artery territory immediately 
superior to M1

Lateral middle 
cerebral artery 
territory immediately 
superior to M2

Internal capsule

Insular
cortex
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reported to be in those presenting with the post-ictal 
state following an unrecognized or un-witnessed seizure 
(Norris and Hachinski, 1982; Libman et al, 1995). 
These can present with transient focal neurological signs 
including hemiparesis (Todd’s paralysis) and hemisen-
sory deficits. Other common conditions responsible for 
the majority of stroke mimics include systemic infec-
tions, brain tumours and toxic-metabolic disturbances 
(Libman et al, 1995). 

Conclusions
The non-enhanced computed tomography brain scan is 
the first imaging technique for investigation of patients 
presenting with stroke-like symptoms and signs. In the 
hyper-acute phase a number of radiological signs reflect 
the developing ischaemic penumbra, and may also have 
prognostic value. Their recognition and interpretation, in 
the given clinical context, are a critical contribution in 
providing effective brain reperfusion therapy. BJHM
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Post-ictal state

Mass lesion

Primary CNS tumour

Metastatic CNS tumour

Infection

Encephalitis

Brain abscess

Toxic-metabolic problems

Hypoglycaemia 

Hyperglycaemia

Hepatic encephalopathy 

Subdural haematoma

Hypertensive encephalopathy 

Multiple sclerosis

Hemiplegic migraine

Psychiatric problems

Table 3. Stroke mimics

KEY POINTS
n	 In ischaemic stroke, subtle non-enhanced computed tomography signs may be seen in the hyperacute (0–3 hours) phase which may 

confirm the diagnosis and add prognostic information. 

n	 The appearance of stroke on non-enhanced computed tomography is dynamic, and can be completely normal in the hyperacute phase. 

n	 Non-enhanced computed tomography is crucial in differentiating ischaemic from haemorrhagic stroke. 

n	 Non-enhanced computed tomography can be used to quantitatively assess infarct size, which may affect the decision to start 
thrombolytic therapy.

n	 Non-enhanced computed tomography frequently identifies unexpected pathology which can mimic the symptoms and signs of a stroke. 


