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Abstract

Objective: To describe and illustrate the key findings on structural magnetic resonance imaging
(MRI) in the most common dementias of neurodegenerative origin: Alzheimer’s disease, vascu-
lar dementia, dementia with Lewy bodies, variants of frontotemporal dementia, progressive
supranuclear palsy, variants of multiple system atrophy, Parkinson dementia, and corticobasal
degeneration.

Conclusion: Today the role of MRl is no longer limited to ruling out underlying causes of cognitive
deterioration. MRI can show patterns of atrophy with a predictive value for certain dementias
which, although not specific or unique to each disease, can help to confirm diagnostic suspicion
or to identify certain processes. For this reason, it is important for radiologists to know the
characteristic findings of the most common dementias.

© 2018 SERAM. Published by Elsevier Espana, S.L.U. All rights reserved.

Resonancia magnética en las demencias

Resumen

Objetivo: describir los hallazgos de imagen clave en los estudios de RM estructural de las demen-
cias de origen neurodegenerativo mas frecuentes: enfermedad de Alzheimer, demencia vascular,
demencia de cuerpos de Lewy, variantes de la demencia frontotemporal, paralisis supranu-
clear progresiva, variantes de la atrofia multisistémica, parkinson-demencia y degeneracion

Paralisis supranuclear corticobasal.
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Conclusion: El papel de la resonancia magnética hoy en dia ya no esta limitado a excluir causas
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subyacentes de deterioro cognitivo, sino que puede mostrar patrones de atrofia y otros datos
con un alto valor predictivo para determinadas demencias que, aunque no son especificos ni
Unicos de cada patologia, pueden ayudar a confirmar una sospecha diagnéstica o a identificar
inicios tempranos de determinados procesos. Por ello es importante que los radidlogos conozcan
los hallazgos tipicos de las demencias mas frecuentes.

© 2018 SERAM. Publicado por Elsevier Espana, S.L.U. Todos los derechos reservados.

Introduction

Dementia is a clinical syndrome characterized by an
acquired and persistent decline of superior brain functions.

The typical final outcome is neuronal loss with reduced
volume of cortical regions, which can be quantified on
magnetic resonance imaging (MRI) through visual scales, or
volumetric techniques of the same diagnostic accuracy.’-?

The goal of this paper is to describe the key imaging find-
ings on structural MRI studies of the most common dementias
of neurodegenerative origin (Table 1) such as Alzheimer’s
disease (AD), vascular cognitive impairment, and other less
common disorders with typical findings.

Alzheimer’s disease

AD is a progressive neurodegenerative disease due to intra-
neural accumulation of tau protein (neurofibrillary tangles)
and extracellular B-amyloid (senile plaques) that cause
neuronal death and gliosis accompanied by cognitive impair-
ment (Cl) and early memory loss.>

TGlobal brain atrophy is the distinctive structural finding
of AD, and its distribution on the MRI shows the physiopathol-
ogy of this condition.* The degenerative process debuts at

Table 1 Dementias of degenerative origin.

Cortical dementia
Alzheimer’s disease
Frontotemporal dementia

Dementia of vascular origin
Multi-infarct dementia
Lacunar dementia
Binswanger’s disease
Amyloid angiopathy
Cerebral autosomal dominant arteriopathy with
subcortical infarcts and leukoencephalopathy (CADASIL)

Dementia with Lewy bodies
Parkinson’s disease
Progressive supranuclear palsy
Diffuse dementia with Lewy bodies

Other dementias
Huntington’s disease
Amyotrophic lateral sclerosis
Multiple sclerosis

Figure 1 (A) Seventy-seven (77) year old female with
Alzheimer’s disease. Coronal T1 3D image. Loss of hippocampal
height and volume (dotted arrow), dilation of temporal loops
(closed white arrow), dilation of the parahippocampal sulcus
(arrowhead), Sylvian prominence (open arrow). (B) Fifty-nine
(59) year old male with cognitive impairment and suspicion
of presenile Alzheimer’s disease. Saggital FLAIR T1 image.
Prominence of the posterior cingulate cortex (arrowhead) due
to atrophy of the precuneus (key) posteriorly limited by the
parieto-occipital sulcus (arrow)

the medial temporal lobe (MTL), hippocampus and entorhi-
nal cortex and spreads toward the parahippocampal space.
Also, it shows early morphological and functional changes in
the posterior cingulate cortex and the precuneus® (Fig. 1).

Afterwards, atrophy spreads toward the temporpari-
etal cortex through the disconnection of the hippocampal
networks due to Wallerian degeneration of white matter
(WM).

In order to assess the atrophy of the MTL we can use
Scheltens score - based on the choroid fissure, the tempo-
ral horn of the lateral ventricle, and hippocampal height®
(Table 2). The volumetric assessment is limited because it is
operator dependent, but there are volumetry/segmentation
and machine learning programs available in the market that
are reproducible and non-operator dependent.

The serial images of the brain and hippocampal volume
through MRI quantify the atrophy, the progression of the
disease and its response to therapy®® and they can differ-
entiate it from normal aging, since healthy subjects show
lower rates of volume reduction than patients with AD.*

We should remember that global brain atrophy in the late
stages of AD is not a specific finding and it can occur during
the late stages of other dementias. Also, hippocampal atro-
phy can be seen in other conditions (hippocampal sclerosis,
frontotemporal dementia, dementia with Lewy bodies
[DLB], autoimmune encephalitis) and in normal aging too.’
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Table 2 Scheltens score for measuring medial temporal
lobe atrophy.

Grade 0 No atrophy

Grade 1 Only mild widening of the choroid
fissure can be seen

Grade 2 Mild widening of the lateral ventricle
temporal horn too (pathological in patients
under 75 years old)

Grade 3 Moderate reduction of the
hippocampal height too (pathological in
patients over 75 years old)

Grade 4 Dramatic reduction of the
hippocampal volume

Table 3 Koedam scale for measuring parietal atrophy.

Grade 0 (no cortical atrophy) The sulci of the
parietal lobe and the cuneus are closed

Grade 1 (mild parietal cortical atrophy) There
is a mild widening of the posterior cingulate
sulcus and the parieto-occipital sulcus

Grade 2 (moderate parietal cortical atrophy)
Significant widening of such sulci

Grade 3 (severe parietal atrophy) ‘Knife
blade’’ atrophy. Significant widening of such
sulci

Presenile or early-onset AD (under 65 years of age) usually
has a family origin and is accompanied by genetic muta-
tions of the amyloid protein metabolism.® The most common
finding, sometimes the only finding, is parietal atrophy with
damage to the posterior cingulate cortex and the precuneus
with a normal MTL (Fig. 1) that can be measured using the
Koedam visual rating scale’ (Table 3).

Vascular cognitive impairment

It includes a group of dementias following hemorrhages,
multiple lacunar single strategic cortical infarcts, or brain
microvascular lesiones.” Normally memory losses come late,
and patients show other cognitive alterations long before
developing dementia.

Small vessel vascular disease

This term refers to the rarefaction of WM visible on long-
echo-time (TE) sequences as hypersignal foci due to mild
stenoses of long medullary arteries. Although it also occurs
with aging in asymptomatic subjects, the more WM volume
damaged, the higher the risk of Cl of vascular origin'® and
more likely cerebrovascular risk factors will be. Arterial
hypertension, tobacco, and age are the main factors that
promote the progression of such lesions."

Anatomical distribution can be as important or even more
important than volume. Lesions predominantly periventric-
ular and lesions of long association pathways can produce
higher ClI than subcortical lesions of short association fasci-
cles.

Table 4 Fazekas scale for measuring hyperintense lesions
of cerebral white matter.

Grade 0 No lesions. Normal

Grade 1 Non-confluent focal lesions. Normal at
old age.

Grade 2 Lesions initially confluent.
Pathological in patients under 75 years old.

Grade 3 Confluent diffuse damage. Always
pathological

Similarly, these hypersignal foci are a predictor of an
early and independent risk of AD - indicative that vascu-
lar damage contributes to the development of Alzheimer’s
disease.'?

Radiologically, it spares the U-shaped fibers, it can cause
diffuse lesions and lacunar infarcts both in the WM and
the subcortical nuclei of gray matter. The Fazekas scale
is used for its evaluation and to establish the correla-
tion among functional impairment, dementia, stroke, and
death'® (Table 4).

We should remember that WM hyperintensities can be
normal while aging.

Strategic infarcts

Are those infarcts that yet despite they are single and of a
small-size can originate Cl due to their capacity to function-
ally disconnect more extensive brain regions. They are found
in the hippocampus, medial thalamus, caudate nucleus or
posterior cingulate cortex' (Fig. 2).

Chronic microhemorrhages
We may find the following cases:

1. Arterial hypertension (basal ganglia and trunk) and
hypertensive chronic encephalopathy that typically
affects the basal ganglia, thalamus, encephalic trunk,
cerebellum and corona radiata (Fig. 3).

2. Amyloid cerebral angiopathy. The typical findings are
lobar and cortical hemorrhages in different stages and
sizes, and subcortical hemorrhages at the junction of the
white and gray matter. These silent hemorrhages spare
the basale ganglia and associate leukoencephalopathy
and atrophy.“'# Magnetic susceptibility sequences are
more sensitive than gradient echo sequences for the
detection of such microhemorrhages, very common in AD
due to their association with amyloid cerebral angiopa-
thy, which is in turn associated with age, not with
cerebrovascular risk factors.We should remember that
cortical and subcortical distribution with preservation of
basal ganglia, thalamus, and encephalic trunk helps us
distinguish amyloid cerebral angiopathies from hyperten-
sive hemorrhages.*

3. CADASIL (cerebral autosomal dominant arteriopathy with
subcortical infarcts and leukoencephalopathy). It is one
autosomal dominant condition due to a mutation in the
NOTCH 3 gene on chromosome 19 that causes the stenosis
of small-and-medium-sized caliber and long perforating
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Figure 2

Examples of strategic infarcts. (A and B) Strategic hemorrhagic infarct in the left thalamus in A (axial gradient echo

sequence) and B (saggital FLAIR T1 sequence). (C) Coronal FSE-T2 image showing one hyperintense, acute ischemic lesion on the

left hippocampus.

Figure 3

Seventy-seven (77) year old patient with vascular dementia. (A and B) Severe diffuse damage due to confluent hyper-

intense lesions of subcortical white matter and periventricular in A (coronal FSE-T2 sequence) and B (axial T2 FLAIR sequence). (C
and D) Axial slices on the gradient echo sequence showing multiple microhemorrhagic foci in the cerebellum, encephalic trunk (C)

and basal ganglia (D).

leptomeningeal arteries. It causes strokes, subcortical
dementia, migraine with aura and mood alterations in
young patients without cerebrovascular risk factors."

The radiological findings are exensive lesions of the
WM in the anterior temporal lobes and external capsules
with possible infratentorial microhemorrhages, and in basal
ganglia'®"’ (Fig. 4).

Dementia with Lewy bodies

It is due to the formation of a-synuclein neurite-like aggre-
gates to later form Lewy bodies.?

The presence of two (2) of the three (3) main clinical
features (fluctuating CI, visual hallucinations, and Parkin-
sonism) is enough to give a probable diagnosis of DLB.®

Although MRIs are nonspecific individually, the voxel-
based morphometry can show anterior cingulate cortex and
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Figure4 Thirty-eight (38) year old female with a diagnosis of CADASIL. (A) Axial T2 FLAIR image. Hyperintense lesions of subcortical
white matter in typical temporal location. (B) Axial T2 FLAIR images. Multiple hyperintense lesions of diffuse distribution with a
tendency toward confluence, in pathological grade, at any age. (C) Axiales slices on the gradient echo sequence showing multiple

microhemorrhagic foci associated with basal ganglia.

insular cortex atrophy during the prodromal stage of the
disease'®?° and loss of temporal volume during the estab-
lished stage with a distribution pattern that is different
from that of AD since it spares the Ammon’s horn or subicu-
lum. It also damages extrahippocampal regions such as the
parahippocampal gyrus that is associated with the ventral
visual pathway or the striated body whose atrophy can help
differentiate patients with AD from patients with DLB.

Frontotemporal dementia

It is one genetic disease that is pathologically heteroge-
neous and shows three (3) clinical variants: behavioral,
aphasic, and semantic. The first variant is characterized
by early changes of the personality and behavioral changes
without initial aphasia. The aphasic stage includes progres-
sive deficits of speech that should last, at least, two (2)
years without alterations in the remaining cognitive domains
(comprehension, behavior). The semantic variant is defined
by fluid speech, progressive anomia and comprehension
impairment accompanied by associative agnosia:?"??

Behavioral. The MRI shows bilateral frontotemporal atro-
phy of right predominance and gliosis in the adjancent
subcortical WM (Fig. 5).

Aphasic. The MRI shows an increased extra axial space
in the temporolateral region due to insular and perisylvian
cortex atrophy with Sylvian predominance due to atrophy of
the temporal superior and inferior frontal gyri that is usually
asymmetric of the left side but spares the MTL (Fig. 6).

Semantic. The most significant finding here is the basal
and lateral atrophy of the temporal lobe, non-hippocampal,
asymmetric and usually of left predominance with ‘‘knife
blade’’ gyri that can be easily found on the coronal plane
(Fig. 7). The presence of both hippocampal and parahip-
pocampal atrophy is secondary. The FLAIR sequences show
hypersignal of the frontotemporal subcortical WM secondary
to gliosis.”"%3

Progressive supranuclear palsy

The progressive supranuclear palsy is considered a primary
taupathy due to the accumulation of 4R tau isoforms and is

Figure 5 Seventy-two (72) year old male with frontotem-
poral dementia in its the behavioral variant. (A) Axial FLAIR
T2 sequence. Slightly asymmetric bilateral frontal atrophy of
right predominance with underlying gliosis. (B) Saggital FLAIR
T1 image showing the anteroposterior gradient of atrophy.

Figure 6 Seventy (70) year old patient with frontotemporal
dementia in its aphasic variant. Coronal T1 3D sequence showing
left asymmetric perisylvian atrophy (white arrow) with normal
hippocampi and structures of the medial temporal lobe (black
arrows).
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Figure 7  Cognitive impairment in a seventy-two (72) year old
male with clinical manifestations of frontotemporal dementia in
its semantic variant. Coronal T1 3D sequence showing basal tem-
poral atrophy and predominant right lateral asymmetry (white
arrows) with normal hippocampi (black arrow).

characterized by Parkinsonism, instability, dysarthria, dys-
phagia and supranuclear vertical gaze palsy.?

In 75% there is midbrain atrophy with the typical hum-
mingbird (or penguin) sign in the sagittal slices”® (Fig. 8)
due to a reduced correlation of the atrophied midbrain with
the normal pons (the midbrain to pons area ratio <0.24).
The reduced anteroposterior diameter of the midbrain at
superior colliculi level from the interpeducular fossa toward
the intercolicular groove (<12mm) translates into damage
to the medial longitudinal fascicle and explains oculomotor
alterations. Axial images will show the ‘‘Mickey mouse’’ or
“*morning glory’’ sign due to concavity of the lateral margin
of the midbrain tegmentum?* (Fig. 8).

The Parkinsonian index can also be used here and
is obtained by multiplying the midbrain to pons area
(M/P) ratio by the middle cerebellar peduncle (MCP)
width-superior cerebellar peduncle (SCP) width ratio
(MCP/SCP):

(M/P) x (MCP/SCP) (pathological if >13.55).

We should remember that midbrain atrophy is a typical
yet nonspecific finding, since it can occur in healthy people
above 70 years old.

These are other findings: atrophy of the anterior cin-
gulate cortex, the superior cerebellar peduncles, the
corpus callosum, dilation of the Sylvian aqueduct and the
third ventricle, periaqueductal hypersignal and hypersig-
nal of the tegmentum on T2, and putamen atrophy and
hypointensity?#2° (Fig. 9).

Multisystemic atrophy

It is a group of neurodegenerative conditions due to intracy-
toplasmic inclusions of a-synuclein in oligodendroglial cells.

Although initially three (3) different entities have
been described, today they are grouped into two (2)
patterns accompanied by dysautonomia, being the most
common of all the Parkinsonian variant (MSA-P). The typ-
ical findings are: hyperintense ring (physiological on 3T),”
putamen atrophy, and globus pallidus hypointensity and
atrophy (Fig. 10).

In the cerebellous variant (MSA-c) the cerebellar symp-
toms are predominant. The typical findings are atrophy and
hypersignal of the middle cerebellar peduncles, and pon-
tine atrophy?’ (Fig. 11). The degeneration of the pontine
transverse fibers can show cruciform hypersignal on the axial
images of the pons on the long TE sequences - something
known as ‘‘hot cross bun’’ sign (Fig. 11). Although it is a
useful marker’* and initially it was thought to be patog-
nomonic, it can also appear in advanced stages of diseases
such as vasculitis, paraneoplastic syndromes, or spinocere-
bellar ataxias.

Figure 8

Progressive supranuclear palsy. (A) Axial FSE-T2 image showing midbrain atrophy. The concavity of the lateral margin

of the midbrain shows the ‘‘Mickey mouse’’ or‘‘morning glory’’ sign due to the similarity with such flower. (B) Saggital T1 FLAIR
image showing the penguin sign due to a reduced correlation between the atrophied midbrain and the normal pons on the saggital
plane. This same sequence shows the hummingbird sign due to roof atrophy (superior quadrigeminal tubercles) and the midbrain
tegmentum lossing its usual convex appearance and acquiring a concave morphology with relative preservation of the protuberance
and the cerebellum. These structures would relate to the head (midbrain), the body (protuberance) and the hummingbird wings

(cerebellum).
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Figure 9

Progressive supranuclear palsy. (A) Saggital T1 FLAIR image. Atrophy of the corpus callosum (open arrow), prominence

of the third ventricle (asterisk), atrophy of the midbrain (arrow) and the superior colliculi (dotted arrow). (B) Coronal T1 3D
image. Atrophy of the superior cerebellar peduncles. (C) Axial T2 FLAIR sequence. Periaqueductal hypersignal (dotted arrow) and
effacement of the pars compacta (arrow). D) Caudate and putamen hyposignal on T2 FLAIR.

Figure 10  Multisystemic atrophy in its Parkinsonian variant. (A and B) Bilateral symmetric putamen atrophy with linear hyperin-
tensity on T2 FSE (A) and T2 FLAIR (B) in the dorsal-lateral region of lenticular nuclei due to gliosis. (C) Axial sequence of magnetic
susceptibility showing signal hypointensity in the posterior-lateral region of lenticular nucleus.

b

Figure 11

Multisystemic atrophy in its cerebellous variant. (A) Axial PD image showing ‘hot cross bun’’ sign (arrow) and dilation

of the fourth ventricle (dotted arrow). (B) Axial FSE T2 image. Atrophy and hypersignal of the middle cerebellar peduncles (arrows)
and dilation of the fourth ventricle. (C) Saggital T1 FLAIR image. Flattened ventral region due to atrophy-induced protuberance.

Also, voxel-based morphometric studies show a more
frontal and premotor distribution of atrophy in the MSA-
P, and higher temporal, parietal, or lingual damage in the
MSA-C.

We should remember that compared to progressive
supranuclear palsy, in the MSA-C, the midbrain looks normal
being the atrophic structures the pons and the cerebellum.

On many occasions there are no imaging findings to guide
diagnosis.

Parkinson’s disease

Between 30% and 80% of the patients with Parkinson’s dis-
ease end up developing dementia. As it occurs with DLB,
its origin is the intraneuronal aggregation of Lewy bodies
that, in this case, damage the substantia nigra at an early
stage and cause the motor symptoms of Parkinson’s disease
that usually precede dementia. Parkinson-dementia is typ-
ically characterized by deficits of attention and impaired
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Figure 12

Corticobasal degeneration.
weighted 3D image showing disproportionate atrophy of parietal
gyri (arrows). (B) Axial T2-weighted FSE images. Hipersignal foci
of the subcortical white matter (white arrows) and atrophy of
parietal sulci (black arrows).

(A) Coronal T1-

executive functions. Depression, agitation, and visual hallu-
cinations can also be present.

The main function of the MRI is to exclude structural
anomalies since, in individual analyses they look like normal
findings.?* However, group analyses in longitudinal stud-
ies show temporal volume losses and progression of the
atrophy.?®

Nevertheless, there can be discreet cortical atrophy,
interpeduncular cistern, substantia nigra calcifications with
poor differentiation of the red nucleus, and dorsal-lateral
hyposignal of putamen due to iron deposits.

The lack of ‘‘swallow sign’’, that is evident both in
Parkinson’s disease and in DLB, shows the loss of hypersig-
nal in the nigrosome-1 of the pars compacta on magnetic
susceptibility sequences.?’

Corticobasal degeneration

It is one heterogeneous clinicopathological entity that asso-
ciates degeneration in cortical areas, basal ganglia, and
substantia nigra and shows neuronal loss, gliosis, neurofib-
rillary tangles and plaques typically astrocytic.

Patients show atypical Parkinsonian symptoms, possible
progressive apraxia with ‘‘alien hand’’, and some patients
frontotemporal dementia.

A significant percentage of patients develop asymmet-
ric atrophy of the parietal lobe and posterior region of the
frontal lobe (Fig. 12), with possible atrophy of the ipsilat-
eral cerebral peduncle. On the FLAIR images we may find
subcortical WM hyperintensities on the atrophic frontopari-
etal sulci indicative of neuronal degeneration. Subthalamic
hypersignal on T1 and atypical distribution of frontal sub-
cortical gliosis in patients without a clear asymmetry in the
atrophy of cerebral hemispheres have also been reported.*

Basal ganglia may be damaged and atrophic.

In sum, the MRI can show patterns of atrophy and other
data suggestive of certain neurodegenerative processes that
radiologists should know before confirming any diagnostic
suspicions.
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