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Dr. Nishtha JainSenior residentDepartment of NeurologyGmc,
kota.Neuroradiology in Dementia

Dementia is a loss of brain function that affects memory,
language, thinking, judgement and behaviour.

The prevalence and incidence of dementia increase dramatically
between the ages of 65 and 85 years.

So as the world population ages, the number of patients with
these conditions will also increase.

Structural neuro-imaging should be used routinely in the
assessment of people with suspected dementia to: 1. Exclude other
(potentially reversible) pathologies (1-10%) 2. Establish the
sub-type of dementia.

Use of CT in Dementia

Useful when contraindications prevent MRI To rule out surgically
treatable causes of cognitive decline.

MR protocol in DementiaMR images should be scored for global
atrophy, focal atrophy and for vascular disease.

Standardized assessment in a patient with cognitive decline
includes:GCA-scale for global cortical atrophyMTA-scale for medial
temporal lobe atrophyKoedam score for parietal atrophyFazekas scale
for WM lesionsLooking for strategic infarcts

GCA- scale 0: no cortical atrophy1: mild atrophy: opening of
sulci2: moderate atrophy: volume loss of gyri3: severe(end-stage)
atrophy: knife blade atrophy

Cortical atrophy is best scored on FLAIR images.

MTA- scoreBased on the visual rating of the width of the choroid
fissure, the width of the temporal horn, and the height of
hippocampal formation.

Score 0: no atrophyScore 1: only widening of the choroid
fissureScore 2: also widening of temporal horn of lateral
ventricleScore 3: moderate loss of hippocampal volume( decrease in
height)Score 4: severe volume loss of hippocampus

< 75 years: score 2 or more is abnormal> 75 years: score 3
or more is abnormal

Fazekas ScaleProvides an overall impression of the presence of
WMH in the entire brain.

Best scored on tranverse FLAIR or T2W images.

Fazekas 0: none or a single punctate WMH lesionFazekas 1:
multiple punctate lesionsFazekas 2: beginning conflency of
lesions(bridging)Fazekas 3: large conflent lesions

Strategic Infarctions

Infarctions in areas that are crucial for normal cognitive
functioning of the brain.

Best seen on tranverse FLAIR and T2W sequences.

Koedam scale grade 0-1Sagittal T1-, axial FLAIR- and coronal
T1-weighted images illustrating the Koedam scale of posterior
atrophy.When different scores are obtained in different
orientations, the highest score must be considered.

Koedam scale grade 2-3Sagittal T1-, axial FLAIR- and coronal
T1-weighted images illustrating the Koedam scale of posterior
atrophy.The yellow arrows point to extreme widening of the
posterior cingulate en parieto-occipital sulci in a patient with
grade 3 posterior atrophy.

MRSProton MR spectroscopy (1H MRS) allows the noninvasive
evaluation of brain biochemistry.

Measures the levels of specific metabolites, including
N-acetylaspartate (NAA), choline, creatine, lactate, myoinositol,
and glutamate.

NAA is consistently reported as being lower in the parietal gray
matter and hippocampus of patients with AD than in cognitively
normal elderly subject.

In vascular dementia, the greatest deficits occur in the frontal
and parietal cortex.

In a 1H MRS study comparing AD and FTD patients, the
NAA/creatine ratio was reduced in the posterior cingulate cortex in
both the patients with AD and in those with FTD/Picks disease, but
that the former showed a greater decrease posteriorly, while the
patients with the FTD/Pick complex displayed a greater decrease in
the frontal region.

Molecular imagingPET is most often used with [18F]
fluorodeoxyglucose (FDG) to measure brain energy metabolism, while
SPECT is most commonly used to study cerebral perfusion with
compounds such as 99mTchexamethylpropyleneamine oxime.

These techniques can reveal metabolic abnormalities in the
structurally normalbrain.

FDGPET has been reported to have a better sensitivity than SPECT
but a poorer specificity.

In one histopathologically confirmed study, the bilateral
temporoparietal hypometabolism evident on FDGPET scans was 93%
sensitive and 63% specific for AD. SPECT alone had a sensitivity of
63% and a specificity of 93%.

PET imaging has potential as a tool for monitoring treatment, as
it has been used to demonstrate significant increases in
11C-nicotine binding sites after 3 months of treatment with
rivastigmine, with the increases positively correlated with
improvements in the performance of attentional tasks at 12
months.

Arterial spin-labeling (ASL) perfusion MRI is another method for
assessing brain perfusion and function in dementia.

In ASL, the assumption is made that regional metabolism and
perfusion are coupled; therefore, when arterial blood water is
labeled as an endogenous diffusible tracer for perfusion, it can
depict functional deficiencies similarly to PET and SPECT.

Is noninvasive and free of exposure to ionizing radiation,
intravenous contrast agents, and radioactive isotopes.

Results from ASL studies in AD patients have shown regional
hypoperfusion in a pattern similar to that seen in PET and SPECT
studies.

Normal Aging Brain

The term successfully aging brain refers to the patients whose
imaging studies do not demontrate markers of microvascular
disease.

Overall the brain volume decreases with advancing age and is
indicated by a relative increase in the size of the CSF spaces.

Widened sulci with proportionate enlargement of the ventricles
is common.

Minor thinning of the cortical mantle can occur but the
predominant changes occur in the subcortical white matter.

CT findingsIt demonstrates mildly enlarged ventricles and
widened sulci on NECT scans.

Punctate calcifications in the medial basal ganglia are
physiologic.

Curvilinear calcifications in the cavernous carotid arteries and
vertebrobasilar system are common.

A few scattered WM hypodensities are common.

CECT scans demontrate no foci of parenchymal enhancement in
normal aging brains.

MR findingsT1 weigted images show mild but symmetric ventricular
enlargement and proportionate prominence of the subarachnoid
spaces.

The corpus callosum may appear mildly thinned on saggital T1
scans.

T2/FLAIR images show white matter hyperintensities and lacunar
infarcts.

Successfully aging brains may demonstrate a few scattered
nonfluent WMHs( a reasonable number is one WMH per decade)

A cap of hyperintensity around the frontal horns is common and
normal.

Microbleeds are common in aging brain.

Basal ganglia and cerebellar microbleeds are usually indicative
of chronic hypertensive encephalopathy.

Lobar and cortical microbleeds are typical of amyloid
angiopathy.

MRS shows a gradual decrease in NAA in the cortex, cerebral WM
and temporal lobes with concomitant increases in both choline and
creatine.

FDG PET show a gradual decrease in rCBF with aging particularly
in the frontal lobes.

NPHnormal pressure hydrocephalus (NPH) refers to a clinical
entity consisting of the triad of gait disturbance, dementia, and
incontinence.

CT scans demonstrate hydrocephalus, with ventriculomegaly that
is out of proportion to sulcal atrophy. This so-called
ventriculosulcal disproportion differentiates NPH from ex vacuo
ventriculomegaly, in which sulcal atrophy should also be
present.

The first abnormality that should be noted on MRI views is
ventriculomegaly out of proportion with sulcal atrophy. More
specifically, the temporal horns of the lateral ventricles may show
dilatation out of proportion with hippocampal atrophy.

Alzheimer diseaseAlso known as senile dementia of alzheimer
type.

Changes are most marked in medial temporal and parietal
lobes.

The frontal lobe is commonly involved while the occipital lobe
and motor cortex are relatively spared.

The hippocampus is severely affected in 75% cases.

Hippocampal atrophy is seen as a sensitive and specific marker
of Alzheimers Disease (AD).

The overall sensitivity and specificity of hippocampal atrophy
for detecting mild to moderate AD versus controls were 85% and 88%
in a meta-analysis.

Relative hippocampal sparing is seen in 10% and limbic
predominence accounts for 15% of AD cases.

CT findingsHelpful screening procedure that may exclude
reversible and treatable causes of dementia such as SDH and
NPH.

Medial temporal lobe atrophy is generally the earliest
identifiable finding on CT.

Late findings include generalized cortical atrophy.

MR findingsThe most common changes on standard MR are thinned
gyri, widened sulci, and enlarged lateral ventricles.

The medial temporal lobe particularly the hippocampus and the
entorhinal cortex are disproportionately affected.

Volumetric analysis of the hippocampus and the parahippocampal
gyri can help to distinguish the patients with MCI from the normal
elderly.

MRS shows decreased NAA and increased ml in patients with AD,
even during early stages of the disease.

The NAA:ml ratio is relatively sensitive and highly specific in
differentiating AD patients from the normal elderly.

NAA:Cr ratio in the posterior cingulate gyri and left occipital
cortex predicts conversion from MCI to probable AD.

A number of compounds that can bind amyloid, such as
radiolabeled Pittsburgh compound B ([11C]PiB), have been
discovered.

The short half-life and need for a cyclotron preclude the use of
PiB in many clinical and research settings.

The novel agent, [18F]AV-45 or flobetapir F 18, has a longer
half-life than PiB.

Vascular dementiaAlso known as multi-infarct dementia, vascular
cognitive disease, vascular cognitive impairment, subcortical
ischemic vascular dementia, and post stroke dementia.

Usually an acquired disease caused by cumulative burden of
cerebrovascular lesions.

Rarely caused by an inherited disorder such as CADASIL or
mitochondrial encephalopathy.

It is a common component of mixed dementia and is pevalent in
patients with AD.

The most common identifiable gross finding is multiple infarcts
with focal atrophy.

NECT scans often show generalised volume loss with multiple
cortical, subcortical, and basal ganglia infarcts.

MR findings include greater than expected generalised volume
loss with multiple diffuse and confluent hypointensities in T1 and
hyperintensities in T2 scans in basal ganglia and cerebral WM.

FDG PET shows multiple diffusely distributed areas of
hypometabolism without specific lobar predominance.

Frontotemporal dementiaClinical subtypes-behavioural variant,
progressive nonfluent aphasia, semantic dementia.

Abnormalities in CT represent late stage FTLD.

Severe symmetric atrophy of the frontal lobes with lesser volume
loss in the temporal lobes is the most common finding.

MR findingsT1 scans may show generalised volume loss.

SD subtype shows bilateral temporal volume loss but little or no
frontal atrophy.

BvFTD and PNFA both have bilateral frontal and temporal volume
loss but the right hemisphere is most affected in bvFTD while left
sided volume loss dominates in PNFA.

DWI shows elevated mean diffusivity in the superior frontal
gyri, orbitofrontal gyri, and anterior temporal lobes.

MRS shows decreased NAA and elevated ml in the frontal
lobes.

Hypo-perfusion or hypo-metabolism on hexamethylpropyleneamine
oxime (HMPAO) SPECT or fluorodeoxyglucose-positron emission
tomography (FDG-PET)

Dementia with Lewy BodiesAlso termed diffuse lewy body
disease.

Second most common neurodegenerative dementia accounting for
about 15-20% cases.

Three core diagnostic features:Recurrent visual
hallucinationsSpontaneous parkinsonismFluctuating cognition

T1 scans show only mild generalized atrophy without lobar
predominanace.

Occipital hypometabolism on FDG PET and reduced cerebral blood
flow on SPECT are typical of DLB. The primary visual cortex is
especially affected.

Functional imaging with dopaminergic single-photon emission
computed tomography (SPECT), is useful to differentiate DLB from AD
with sensitivity and specificity of around 85%.

Corticobasal DegenerationLevodopa resistant, asymmetric,
akinetic rigid parkinsonism and limb dystonia are classic
findings.

Conventional imaging studies show moderate but asymmetric
frontopareital atrophy.

FLAIR scans may show patchy or confluent hyperintensity in the
rolandic subcortical WM.

SPECT and PET demonstrate asymmetric frontoparietal and basal
ganglia/ thalamic hypometabolism.

Creutzfeldt-Jakob diseaseRapidly progressive neurodegenerative
disease caused by proteinaceous infectious particles.

Four types of CJD are recognised: spoardic, familial,
iatrogenic, variant.

It accounts for 90% of all prion diseases and approx. 85% of CJD
cases are sporadic.

CT scans show progressive ventricular dilatation and sulcal
enlargement. MR with DWI is the imaging procedure of choice.T1
scans are normal.T2/FLAIR hyperintensity in the BG, thalami, and
the cerebral cortex is the most common initial abnormality in
classic sCJD.The anterior caudate and putamen are more affected
than the globus pallidus.

Cortical involvement is asymmetric.Occipital lobe involvement
predominates in the heidenhain variant.Cerebellum is affected in
the brownell-oppenheimer variant.T2/FLAIR hyperintensity in the
posterior thalamus(pulvinar sign) or posteromedial thalamus(hockey
stick sign) is seen in 90% of vCJD cases.Unlike most dementing
diseases, CJD shows striking diffusion restriction.

Posterior cortical atrophyRare neurodegenerative syndrome
characterised by gradual decline in visuospatial and
visuoperceptual skills.

Posterior predominant atrophy on the imaging studies is
typical.

DTI studies suggest that PCA adversely affects WM tract
integrity in the posterior brain regions.

FDG PET shows hypometabolism in the parietooccipital lobes and
both frontal eye fields.

ReferrencesOsborn imaging of the brainNeuroimaging in Dementia.
Maria Carmela Tartaglia, Howard J. Rosen, and Bruce L. Miller. Vol.
8, 82Y92, January 2011. The American Society for Experimental
NeuroTherapeutics.Guidance on the use of neuro-imaging in the
assessment of dementia in Primary Care. September 2013. The Use of
MRI and PET for Clinical Diagnosis of Dementia and Investigation of
Cognitive Impairment: A Consensus Report Prepared by the
Neuroimaging Work Group of the Alzheimers Association Imaging
Approaches for Dementia. Am J Neuroradiol. 2012Radiopedia.com
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