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This article is intended to provide an overview of 
the use of neuroimaging in the assessment of 

dementia for the non-specialist reader. We discuss 
the different imaging modalities, clinical and prac-
tical considerations regarding their use, and typical 
imaging findings in some of the more common 
dementia subtypes.

Types of imaging
Brain imaging techniques currently used in the UK for 
the clinical assessment of dementia are grouped into 
three categories: structural, functional and molecular.
 Structural imaging includes computed tomography 
(CT) and magnetic resonance imaging (MRI). The 
images produced by these methods allow one to see the 
anatomical ‘structure’ of cerebral tissue. They are used 
to detect areas of visible brain atrophy or ischaemia. 
 Functional imaging includes 99mTc-HMPAO single 
positron emission CT (HMPAO-SPECT), 18F-FDG  
positron emission tomography (FDG-PET) and the 

DaTscan, which use radioactive tracers to give an indi-
cation of the functioning of brain tissue. HMPAO-
SPECT uses a lipophilic tracer that crosses the 
blood–brain barrier and moves into brain tissue by 
diffusion, the resulting SPECT image demonstrating 
the degree of cerebral blood perfusion. FDG-PET uses 
a glucose analogue to demonstrate the degree of cer-
ebral glucose metabolism. In practice these two imag-
ing modalities give similar information, and are used 
to identify impaired brain physiology prior to the onset 
of obvious atrophy. The DaTscan is a type of SPECT 
used specifically in the assessment of suspected Parkin-
son’s disease or dementia with Lewy bodies (DLB), 
and enables the visualisation of dopaminergic activity 
in the basal ganglia. 
 Finally, molecular imaging using radioactive traces 
that bind to specific molecules of interest is an emerg-
ing field. Amyloid-labelled PET scans, have been used 
in clinical trials to demonstrate the level of cerebral 
amyloid plaques in Alzheimer’s disease (AD). Two 
ligands, 18F-florbetapir and 18F-florbetaben, have 
recently been licensed for clinical use in the UK.

First-line imaging
A dementia assessment must include a clinical his-
tory, physical and cognitive examination, and 
screening blood tests – full blood count, urea and 
electrolytes, calcium, liver and thyroid function 
tests, glucose, vitamin B12 and folate. In addition, 
European Federation of Neurological Societies 
(EFNS) and National Institute for Health and Care 
Excellence (NICE) guidelines recommend the use 
of at least one structural image of the brain as part 
of the diagnostic process in dementia.1,2 The tradi-
tional reason for this is to rule out treatable causes 
of progressive cognitive impairment such as hydro-
cephalus, tumours and chronic haemorrhage (see 
Box 1), as it is not possible to do this reliably with 
clinical history and examination alone.3 With 
advances in imaging technology and improved 
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Axial MRI (T2): 
Grossly enlarged 
ventricles in 
normal pressure 
hydrocephalus.
Case courtesy of Dr 
G Balachandran, 
Radiopaedia.org, rID: 
15942

Axial CT: Chronic 
left subdural 
haemorrhage.
Case courtesy of Dr Jeremy 
Jones, Radiopaedia.org, 
rID: 6136

Axial MRI (FLAIR): 
Large left 
frontotemporal 
meningioma.
Case courtesy of Dr Frank 
Gaillard, Radiopaedia.org, 
rID: 30745

Box 1. Imaging can be used to rule out treatable causes of progressive cognitive impairment
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understanding of pathological features in dementia, 
structural scans are now being used to support a 
more specific diagnosis of the dementia subtype.
 In most parts of the UK, the first-line imaging 
modality in routine dementia assessment is a CT 
scan. The cost of a CT scan of the brain is relatively 
low (£78 in 2014).4 It can be done with or without 
contrast (oral or parenteral). The scan itself takes 
around five minutes. The dose of radiation, 2 mSv, 
is equivalent to approximately 20 chest X-rays, or 
eight months of background radiation. Improve-
ments in resolution have resulted in CT scans being 
accepted by NICE as an alternative to an MRI in the 
initial assessment process.2 However, in order to 
visualise the hippocampal atrophy that is character-
istic of early AD, it is necessary to view coronal sec-
tions or ‘reformats’ (Box 2). These are not always 
done routinely by radiology departments without 
specialist expertise in dementia and it is useful to ask 
for these when requesting the scan.
 MRI brain scans are more expensive (£138 in 
2014),4 and usually less accessible. They are well tol-
erated but they do involve a longer period of around 
20 minutes lying in a narrow tunnel on a flat surface, 
which can be problematic for agitated, arthralgic, 
claustrophobic or obese patients. They are generally 
safe as long as metal objects are not inside the mag-
netic field with the patient. They generate a higher 
resolution image of cortical structures than CT 
scans, enabling a more detailed assessment of atro-
phy (Box 2). They are also superior in demonstrat-
ing cerebral ischaemia, especially subcortical 
ischaemia, and in changes associated with condi-
tions such as frontotemporal dementia (FTD), mul-
tiple sclerosis, Parkinson’s plus syndromes and prion 
diseases.5 Further, younger people with Alzheimer’s 
disease may have non-amnesic presentations and 

here MRI may be needed to localise atrophy to the 
more posterior regions of the pre-cuneus and pos-
terior cingulate cortex.6 In this younger population, 
atypical and reversible causes of dementia are pro-
portionally more likely than in the elderly. Conse-
quently, there are substantial benefits in choosing 
MRI over CT in the first-line assessment of progres-
sive cognitive impairment in this patient group.7 
Because of this, in spite of the additional cost, NICE 
recommends MRI as the preferred first-line imaging 
modality.4 Also, because of the additional informa-
tion that an MRI may provide, if a patient has a nor-
mal CT brain but clinically significant cognitive 
impairment, then it is a reasonable next step to 
order an MRI brain scan.
 It could be argued that in cases of advanced 
dementia, neuroimaging may not be beneficial. This 
is for two reasons. Firstly, it can be difficult to distin-
guish the generalised atrophy of advanced dementia 
from age-related brain volume loss in very elderly 
patients. Secondly, the treatable causes of dementia 
typically involve neurosurgical or radiological inter-
ventions. If the patient would not be suitable for such 
procedures then carrying out a brain scan may not 
alter the management plan for the patient.

Typical imaging findings in dementia subtypes
In a typical case of Alzheimer’s disease, the early clin-
ical presentation is one of difficulty with recall of 
recent information, and language problems. The 
imaging finding is one of atrophy in the medial tem-
poral (Box 2) and parietal lobes.
 The ‘stepwise’ decline of the multi-infarct sub-
type of vascular dementia (VaD), caused by repeated 
large vessel cortical strokes, is the most commonly 
taught subtype. However, the most common subtype 
of vascular dementia seen in memory clinics is one 

Box 2. Typical imaging findings in Alzheimer’s disease

Serial coronal MRI scans (T1) demonstrating five-month progression in 
bilateral hippocampal atrophy characteristic of early Alzheimer’s disease. 
Right hippocampus highlighted.
Case courtesy of Dr Bruno Di Muzio, Radiopaedia.org, rID: 37720

Coronal CT demonstrating more 
advanced hippocampal atrophy and 
ventricular enlargement as a result of 
later stage Alzheimer’s disease. Note 
the grainier image quality.
Case courtesy of Dr Frank Gaillard, 
Radiopaedia.org, rID: 33753
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of subcortical VaD (Box 3, a) in which patients 
develop progressive impairment due to deep white 
matter changes over a number of years. Subcortical 
VaD tends to present clinically with slowness of 
thinking, difficulty with complex tasks, early gait dis-
turbance and early incontinence. 
 FTD presents in its behavioural subtype with pro-
gressive disinhibition, changes in personality and 
decline in interpersonal skills. The imaging finding 
is one of cerebral atrophy more pronounced in fron-
totemporal regions (Box 3, b).
 Dementia with Lewy bodies (DLB) can present 
with fluctuating cognition, visual hallucinations, 
parkinsonian symptoms and rapid eye movement 
(REM) sleep behavioural disorder. The findings on 
structural scans may be subtle and non-specific (Box 

3, c). Therefore, the condition is often diagnosed 
clinically with structural imaging used to rule out 
other diseases, and functional imaging being used 
where necessary.

When to request functional imaging in the 
assessment of dementia
The best evidence for the use of HMPAO-SPECT 
and FDG-PET is in differentiating AD from FTD, 
which can be difficult based only on clinical and 
structural scan findings (Box 4). NICE guidelines 
recommend that functional neuroimaging with 
HMPAO-SPECT or FDG-PET should be considered 
to help differentiate between non-dementia, AD, 
VaD and FTD if the diagnosis is in doubt.2 EFNS 
dementia guidelines state that FDG-PET is particu-
larly useful in differentiating AD from FTD with 
more than 95% specificity in young-onset demen-
tia.8 HMPAO-SPECT has been more widely accessi-
ble to date, but is gradually being replaced by 
FDG-PET, which gives a better spatial resolution, the 
ability to quantify changes, and can demonstrate a 
higher degree of hypometabolism.9,10 Further, PET 
scans nowadays incorporate a diagnostic CT allowing 
structural co-relation of the functional changes. A 
recent comparison demonstrated that FDG-PET had 
superior sensitivity and specificity than HMPAO-
SPECT in the diagnosis of dementia.11 Both HMPAO-
SPECT and FDG-PET involve the administration of 
an intravenous tracer, a waiting period prior to the 
scan, and lying still on a flat surface. The level of radi-
oactivity received is similar in both tests and compa-
rable to CT scans. The cost of a HMPAO-SPECT brain 
in one hospital was £514 in 2012,12 with FDG-PET 
scans costing up to £1500.13 However, these costs are 
rapidly reducing as the ligands are now off patent.
 The dopaminergic SPECT DaTscan (Box 5) 
involves the same procedure as the HMPAO-SPECT 
but involves a ligand which binds to dopamine trans-
porters in the synapses of the nigrostriatal pathway. 
A significant reduction in dopaminergic activity in 
this region is indicative of diseases such as idiopathic 
Parkinson’s, Parkinson’s plus syndromes and demen-
tia with Lewy bodies (DLB). NICE recommends that 
functional neuroimaging with DaTscan should be 
used to help establish diagnosis in those with sus-
pected DLB if the diagnosis is in doubt.2 EFNS 
dementia guidelines attribute around 85% sensitiv-
ity and specificity to DaTscans for differentiating AD 
from DLB.8 This is clinically important not least 
because the management of psychotic symptoms in 
DLB will differ from management of the same symp-
toms in AD as DLB patients are extremely sensitive 
to antipsychotic medication. DaTscan can also be 

a. Axial MRI (T2): 
Multiple deep 
white matter 
hyperintensities with 
no obvious lobar 
atrophy seen in 
subcortical VD.
Case courtesy of Dr Frank 
Gaillard, Radiopaedia.org, 
rID: 10674

b. Axial MRI (FLAIR): 
Atrophy much more 
pronounced in frontal 
lobes in FTD.
Case courtesy of Dr Frank 
Gaillard, Radiopaedia.org, 
rID: 28163

c. Axial MRI (T1): 
Non-specific changes 
in DLB – atrophy 
seen most clearly 
in ventricular 
enlargement, no 
obvious lobar focus.
Case courtesy of Dr Frank 
Gaillard, Radiopaedia.org, 
rID: 28774

Box 3. Other common dementia subtypes

Box 4. HMPAO-SPECT and FDG-PET in Alzheimer’s disease

Sagittal HMPAO-
SPECT image of 
healthy brain .
Case courtesy of Dr Frank 
Gaillard, Radiopaedia.org, 
rID: 10896

Sagittal HMPAO-SPECT 
image of a patient 
with Alzheimer’s 
disease: Hypoperfusion 
in temporoparietal 
region.
Case courtesy of Dr Bruno 
Di Muzio, Radiopaedia.org, 
rID: 30090

Sagittal FDG-
PET image of 
a patient with 
Alzheimer’s disease: 
Hypometabolism in 
the temporoparietal 
region.
Case courtesy of Dr Bruno 
Di Muzio, Radiopaedia.
org, rID: 22715
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useful to differentiate between patients with idio-
pathic Parkinson’s disease and neuroleptic-induced 
parkinsonism, as the latter should have a normal 
dopaminergic scan.

Molecular imaging
Amyloid imaging is a new type of PET scan, this time 
using ligands that bind to amyloid in cerebral tissue. 
Amyloid plaques have been associated with AD since 
the first histological studies and these plaques are 
considered to be the first step in the pathophysiol-
ogy of the disease. Amyloid PET scanning with the 
Pittsburgh B compound (PiB) has been used over 
the last few years to detect significant cortical amy-
loid plaques as inclusion/exclusion criteria and sec-
ondary outcome measures for trials of anti-amyloid 
treatments in AD (Box 6). Two ligands, florbetapir 
(Amyvid) from Eli Lilly and Company and florbeta-
ben (Neuraceq) from Piramal Imaging, have 
recently been licensed for clinical use in the UK. 
Focal amyloid plaques are not specific for AD, and 
given the high cost of this novel imaging technique 
it is only currently recommended in highly specific 
cases following expert opinion where the confirmed 
presence of amyloid would alter the management of 
the case.15

 Research is underway to develop molecular imag-
ing based on radioactive tracers that bind to tau pro-
teins and even products of neuroinflammation, both 
of which are seen in the pathophysiology of AD.

Summary
In summary, structural neuroimaging is an impor-
tant part of a routine dementia assessment to rule 
out treatable causes of cognitive impairment, and 

to support early, specific dementia subtype diag-
nosis. MRI may provide additional information to 
a CT scan and is useful as a second line, or as a 
first line particularly in atypical or young-onset 
cases of cognitive impairment. Functional imag-
ing is useful as a second- or third-line investiga-
tion where the dementia diagnosis is in doubt, 
and for differentiating FTD from AD. Recent evi-
dence suggests FDG PET is more sensitive and 
specific than HMPAO-SPECT. DaTscan is a type of 
SPECT used to differentiate DLB from other 
illnesses. Amyloid molecular imaging is currently 
used in research settings to identify plaques asso-
ciated with Alzheimer’s disease but to date has a 
limited role in clinical assessment.
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Axial dopaminergic 
SPECT of a normal 
brain14

Axial dopaminergic SPECT 
of a brain demonstrating 
changes associated 
with Parkinson’s disease 
(reduced uptake in the 
putamen)14

Box 5. DaTscan can be used to help establish diagnosis in those with 
suspected DLB if the diagnosis is in doubt

Axial and sagittal PET brain images demonstrating 
difference in amyloid content of cerebral tissue between 
a patient with Alzheimer’s disease (AD) and control.
From http://commons.wikimedia.org/wiki/File:PiB_PET_Images_
AD.jpg by KLUNKWE.

Box 6. Amyloid PET scanning with the Pittsburgh B compound



Review ❚ Neuroimaging in dementia

Progress in Neurology and Psychiatry  March/April 2016 www.progressnp.com20

References
1. Waldemar G, Dubois B, Emre M, et al. Recommendations for the 

diagnosis and management of Alzheimer’s disease and other disor-
ders associated with dementia: EFNS guideline. Eur J Neurol 2007; 
14:e1–26.
2. National Institute for Health and Care Excellence. Clinical Guidance 42. 
Dementia: Supporting people with dementia and their carers in health 
and social care. London: NICE, 2006.
3. Gifford DR, Holloway RG, Vickery BG. Systematic review of clinical pre-
diction rules for neuroimaging in the evaluation of dementia. Arch Intern 
Med 2000;160:2855–62.
4. NHS England. 2014/15 National Tariff Payment System. NHS England 
Publications, 2013.
5. Scheltens P, Fox N, Barkhof N, et al. Structural magnetic resonance  
imaging in the practical assessment of dementia: beyond exclusion. Lan-
cet Neurol 2002;1:13–21.
6. Karas G, Scheltens P, Rombouts S, et al. Precuneus atrophy in early- 
onset Alzheimer’s disease: a morphometrical structural MRI study. Neuro-
radiology 2007;49:967–76.
7. Rossor M, Fox NC, Mammary CJ, et al. The diagnosis of young-onset 
dementia. Lancet Neurol 2010;9.8:793–806.
8. Hort J, O’Brien JT, Gainotti G, et al. EFNS guidelines for the diagnosis 
and management of Alzheimer’s disease. Eur J Neurol 2010;17:1236–48.

9. Silverman DH, Small GW, Chang CY, et al. Positron emission  
tomography in evaluation of dementia: Regional brain metabolism and 
long-term outcome. JAMA 2001;286:2120–7.
10. Silverman DH. Brain 18F-FDG PET in the diagnosis of neuro-
degenerative dementias: Comparison with perfusion SPECT and 
with clinical evaluations lacking nuclear imaging. J Nucl Med 
2004;45:594–607.
11. O’Brien JT, Firbank MJ, Davison C, et al. 18F-FDG PET and Perfusion 
SPECT in the Diagnosis of Alzheimer and Lewy Body Dementias. J Nucl 
Med 2014;55(12):1959–65.
12. Southampton hospitals UK. Private Patient Tariff.  
http://www.uhs.nhs.uk/Media/SUHTInternet/PatientsAndVisitors/Pri-
vatepatienttariff2011-12.pdf (accessed 16 March 2016).
13. Muthukrishnan S, Kuruvilla T, Lyburn I, et al. Functional Neuroimaging 
for Dementia: Commissioning a Business Case. Royal College of Psychia-
trists Faculty of Old Age Psychiatry Annual Conference 2012.
14. Eggers C, Kahraman D, Fink GR, et al. Akinetic‐rigid and tremor‐ 
dominant Parkinson’s disease patients show different patterns of 
FP-CIT Single photon emission computed tomography.  Mov Dis-
ord 2011;26(3):416–23.
15. Evidence-based indications for the use of PET-CT in the UK 2013. A 
report from Royal College of Physicians and Royal College of Radiolo-
gists. London: Royal College of Psychiatrists, 2013.

News
Guanfacine for ADHD
Guanfacine (Intuniv) prolonged-release tablets are 
now available in the UK for the treatment of attention 
deficit hyperactivity disorder (ADHD) in children.
 Guanfacine is a new once-daily non-stimulant 
designed for children aged 6–17 years for whom stim-
ulants are unsuitable, not tolerated or have been 
shown to be ineffective.’
 The availability of this new non-stimulant may rep-
resent an important alternative treatment option, 
enabling physicians to tailor ADHD therapy to those 
patients for whom stimulants are not suitable, said Dr 
Chris Steer, Consultant Paediatrician, NHS Fife.
 The drug is a selective alpha-2A adrenergic recep-
tor agonist and should be used as part of a compre-
hensive ADHD treatment programme.
 Studies (Hervas A, et al. Eur Neuropsychopharmacol 
2014; 24:1861–72) have shown the drug to improve 
the symptoms of ADHD compared with placebo. The 
most common adverse reactions reported included 
somnolence, headache, fatigue, upper abdominal 
pain and sedation.

MS campaign advocates regular contact 
with specialists 
A new campaign has been launched to target people 
with multiple sclerosis (MS) who are missing out on 
vital MS services.
 The 1MSg campaign (supported by Biogen) aims 
to highlight the benefits of regular engagement with 
MS specialists in order to ensure people are making 
informed decisions about their disease management 

based on the latest information and research. The 
1MSg campaign includes a website www.1msg.co.uk 
giving people living with MS and those affected by the 
condition access to information and advice from MS 
specialists. 
 

‘Litany of failures’ revealed in  
dementia report
A report into the standard of care received by 
dementia patients in NHS hospitals has revealed a 
‘litany of failures’, according to the Alzheimer’s 
Society.
 The information contained in the report was gath-
ered from a total of 68 NHS Trusts. The multitude of 
problems ranged from unchanged soiled sheets and 
a lack of personalised care to being treated with 
excessive force.
 The report, Fix Dementia Care (www.alzheimers.
org .uk/s i te/scr ip t s/download_ in fo .php? -
fileID=2907) reveals that approximately 4926 people 
with dementia are discharged at night, between 11pm 
and 6am. 
 The report says in the three worst performing hos-
pitals, four to five people were being discharged over-
night each week. 
 In one trust, 702 people with dementia fell in 
2014–15, the equivalent of two falls a day. Last year, 
28% of people over the age of 65 years who fell in 
hospital had dementia. Independent analysis has 
shown that on average, if a person with dementia falls 
in hospital, the duration of their time in hospital is 
almost four times as long. 


