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Abstract

Dement ia is becoming more common as t he populat ion ages.  We review t he prevalence of 

different  causes of dement ia. Alzheimer’s disease heads the list , followed by vascular dement ia, 

Lewy body dement ia,  and f ront ot emporal  lobar degenerat ion.  Al t hough t hese are dist inct  

ent it ies,  t heir symptoms overlap and t hey have many comorbid condit ions in common.  We 

review the importance of recognizing the early symptoms and signs of dement ia and point  out  

t he key dif ferences bet ween dif ferent  t ypes of  dement ia.  We i l lust rat e t he fundament al 

importance of  dif ferent iat ing between reversible and irreversible disease on imaging and of 

establishing the follow-up of pat ients with irreversible condit ions.

© 2009 SERAM. Published by Elsevier España, S.L. All rights reserved.
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Demencias e imagen: lo básico

Resumen

La demencia es una enfermedad cada vez más f recuente en la población que envej ece.  Se 

revisa su prevalencia,  encabezada por la enfermedad de Alzheimer,  seguida por la demencia 

vascular, la demencia de cuerpos de Lewy y la degeneración lobar frontotemporal. Aunque son 

ent idades dist intas, presentan síntomas

superponibles y comorbilidades frecuentes. Se revisa la importancia de reconocer los síntomas 

y signos precoces de la demencia y de advert ir las diferencias claves ent re el las.  Se ilust ra, 

desde el punto de vista radiológico, lo fundamental que es diferenciar las que son reversibles y 

establecer la forma de seguimiento de las no reversibles.
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We are what  we remember

Italo Calvino

Introduction

The term dement ia refers to the syndrome of  intel lectual 
det er i orat i on mani f est ed by persi st ent  i nt el l ect ual 
impairment  of  t he memory,  as t he cardinal  f inding,  in 
addit ion to other cognit ive and personalit y disorders.  The 
vast  maj orit y are progressive,  and only 15 % of  cases are 
reversible (table 1), meaninga specifi c-t reatment  aet iology. 
However,  i t  does not  imply a ful l  recovering of  pat ient ’s 
prior cognit ive status. 1 Dement ia is a serious health problem 
and is the sixth leading cause of death in Spain. 2 Of the four 
million elderly people in Spain over 80 years old, 170,000 of 
them get  sick each year (85 %) in the midst  of increasing life 
expectancy. Given this high prevalence, radiologists need to 
know the main features of these diseases.

There is no single pat hophysiological  mechanism t hat  
produces al l  t ypes of  dement ia,  but  t he end result  in al l 
cases is the loss of neurons (or their connect ions) in one or 
more of  t he mul t imodal  associat ion cor t i cal  regions 
(pref ront al  cor t ex,  par iet al  l obe and l imbic syst em). 
Although the aet iology of the maj ority of cases is unknown, 
risk factors include age, low educat ional level and st roke. 3 

Cardiovascular disease aggravates the course of dement ia. 
At  midlife,the populat ion at t ributable risk of dement ia was 
highest  for hypertension, Later in life diabetes conveys the 
highest  r isk of  dement ia.  4 Whi le dement ia is indeed a 

complex group of  diseases that  is diffi cult  to classify,  they 
tend to be classifi ed based on their immunohistochemist ry, 
especial l y by t he t ype of  prot ein t hat  accumulat es in 
relat ion to cerebral damage. 5 Thus, Alzheimer’s disease (AD) 
has b amyloid protein deposits, while frontotemporal lobar 
degenerat ion (FTLD) comprises t he group of  t auopat hies 
with tau protein inclusions. Lewy body dement ia belongs to 
t he group of  progressive neuronal  synucleinopat hies 
characterised by the format ion of Lewy bodies and neurites 
(immunoreact ive with a-synuclein), while Creutzfeldt -Jakob 
disease (CJD) is caused by an accumulat ion of the nonviral 
infect ious proteinaceous part icles called prions. 5

Clinical manifestations

Most  pat ient s wit h dement ia develop intel l igent  quot ient  
(IQ) loss,  which t ypical ly begins wit h memory loss.  They 
exhibit  diffi cult y in learning new informat ion and develop 
subt le aphasia and apraxia, which then worsens. Regardless 
of  t he t ype of  dement ia,  t he st ages of  impairment  are 
graded between 0 and 3 according to the Clinical Dement ia 
Rat ing (CDR) scale, as well as between 0 and 7 according to 
the Global Dement ia Scale (GDS). 6

Mild cognit ive impairment  (MCI),  classifi ed as a score of 
0.5 on the CDR scale, is the term used to describe the early 
signs and sympt oms of  dement ia.  5 MCI refers t o pat ient s 
wi t h onl y subj ect i ve memory impai rment ,  whi ch i s 
confi rmed by the informant  and memory tests taken by the 
pat ient  that  are at  least  1.5 standard deviat ions below the 

Table 1 Treatable causes of dement ia: cognit ive defi cits are not  necessarily reversible

Treatable causes Diagnoses to be ident ifi ed

Vascular Mult i-infarct  disease, silent  brain infarct ion, chronic subdural hematoma, parenchymal hematoma, 

primary vasculit is of the cent ral nervous system and secondary vasculit is (e.g., Collagen diseases)

Metabolic endocrine Thyroid disease, parathyroid, liver, Cushing’s syndrome, Addison’s disease, hypopituitarism, renal 

failure, liver failure, porphyria, vitamin B12 defi ciency, folate defi ciency, pellagra, thiamin 

defi ciency, Wilson’s disease, hypo- or hypermagnesemia, hypo- or hypercalcemia, dehydrat ion, 

dialysis-induced encephalopathy, hyperlipidemia, insulinoma

Toxic Drugs (ant icholinergics, ant ihistamines, neurolept ics), alcohol, heavy metals (arsenic, lead, 

mercury), manganese

Infect ious Neurosyphilis, ringworm, Lyme disease, AIDS dement ia complex, herpes encephalit is, bacterial 

meningit is, other viral encephalit ises, Whipple disease, progressive mult ifocal leukoencephalopathy

Neoplast ic Primary and metastat ic tumours, paraneoplast ic syndromes

Traumat ic Hygromas, hematomas, hemorrhagic contusion, anoxic chemical damage

Hydrocephalus Noncommunicat ing versus communicat ing, chronic adult

Neuropsychiat ric Depression, delirium, bipolar disorder

Autoimmune Sarcoidosis, lupus erythematosus, Sj ögren syndrome, Behçet ’s disease, temporal arthrit is, systemic 

vasculit is, thrombot ic thrombocytopenic purpura

Various Mult iple sclerosis, idiopathic hypereosinophilic syndrome, chronic obst ruct ive pulmonary disease, 

obst ruct ive sleep apnea syndrome, congest ive heart  failure, radiat ion-induced dement ia

Mixed Combinat ion of the above

Reprinted from reference 1 with permission of Viguera Editors.
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normal  range for t he pat ient ’s age and educat ion.  The 
long-term study of  individuals with MCI shows that  4 % per 
year develop dement ia, compared with 1 % of age-matched 
cont rols.  7 The fi rst  pathological changes af fect  proj ect ion 
neurons of the parahippocampal gyrus. This t ranslates into 
changes in the entorhinal cortex and hippocampus that  may 
be viewed with magnet ic resonance imaging (MRI). The rate 
of “ normal”  brain aging to the preclinical phase of dement ia 
occurs slowly, and there is st il l no evidence that  this change 
is det ect able.  At  present ,  episodic memory t est s are t he 
best  neuropsychological  predict ors of  conversion f rom 
preclinical dement ia t o dement ia.  8,9 When evaluat ing this 
populat ion,  i t  is always appropriat e t o keep in mind t he 
changes that  occur in normal neurological aging by means 
of neuroimaging studies:

—  Loss of  cor t ical  volume af t er  40 years of  age,  wi t h 
increas ed subarachnoid spaces. 10 The annual volume loss 
for a normal subj ect  is 0.45 % per year, compared with a 
pat ient  wit h dement ia who could lose 1 % annual ly.  10 
There is a gradient  in volume loss f rom the f ront  to the 
back of the body; the associated cortex area is affected 
more and the primary areas less. 10,11

—  Hyperintensit ies of the perivent ricular white mat ter (on 
halo) (whit e mat t er hyperint ensit ies,  WMH) and non-
confl uent  subcort ical punct iform lesions. 12 They present  a 

periat rial to frontal gradient , with a loss of white mat ter 
volume rate of 0.23 % a year. 10

—  Lacunar st rokes (≥ 3 mm) in the fi fth decade of life in up 
to 10 % of the populat ion. This frequency increases with 
age, reaching 35 % in the ninth decade. 11 The greater the 
number of infarct ions and white mat ter lesions, the more 
frequent  the subclinical cognit ive impairments. 13

Prevalence

Alzheimer’s dement ia is most  common in our environment , 
f ol l owed by vascul ar  dement i a (VD) and Lewy body 
dement ia 14 (fi g. 1).

Depending on the ethnic groups, the second leading type 
of  dement ia is Lewy body dement ia,  and t he t hird is t he 
FTLD, especially in areas of European ancest ry. 15

Disease aet iologies dif fer in early-onset  dement ia, which 
occurs in pat ient s younger t han 65 years of  age.  In t hese 
cases, AD decreases, and dement ia subtypes associated with 
t rauma, alcohol and human immunodefi ciency virus (HIV) 

are more prevalent . 16

Benefi ts and problems of early diagnosis

The benefi t s of  early invest igat ion and diagnosis include 
ident ifi cat ion of t reatable physical and psychiat ric causes, 
t reatment  of comorbid condit ions, init iat ion of psychosocial 
support ,  and inst igat ion of  pharmacological symptomat ic 
t reatments. Pharmacotherapy is more effect ive in the early 
st ages when aet iological  t reat ment  is lacking.  How ever, 
diagnoses are usually made late due to the insidious variable 
onset  of  t he syndrome,  which lacks a clear demarcat ion 
unt i l  t he lat er  st ages,  among ot her reasons.  Pat ient s, 
famil ies,  and general pract it ioners may all  bereluctant  t o 
diagnose dement ia because it  is such a serious and largely 
unmodif iable disease t hat  st i l l  carries a huge burden of 
st igma. 8

Diagnosis of dementia

Diagnosis is mainly cl inical,  based on the t riad of  medical 
hist ory,  inf ormat ion f rom an inf ormant  and cogni t ive 
study. 8,9

The use of  st ructural imaging is widely accepted and is 
recommended by both the Spanish Society of Neurology and 
the American Academy of Neurology. 17,18 There is no evidence 
t o suppor t  t he super ior i t y of  any par t i cular  imaging 
technique. Computed tomography (CT) is the most  available 
modality and is useful for dismissing most  reversible causes 
of dement ia. MRI is usuallyt thee technique of choice for VD, 
due t o i t s super ior sensi t ivi t y t o vascular changes.  19,20 
Table 2 presents an MRI scanning protocol.

There is evidence t hat  st ruct ural  imaging inf luences 
pat ient  t reatment  during t he init ial  evaluat ion of  demen-
t ia.  19,20 In pat ients younger than 65 years old,  t he presence 
of  focal signs and t he short  durat ion of  t he development  
of  cogni t ive impairment  (less t han one year) are signs 
t hat  probably make brain imaging studies more useful.  1,16 
In t his pat ient  group,  t he images can det ect  lesions in 
whit e mat t er,  t he vascular syst em and bones,  and t hey 
can assess disease aet iologies such as infect ious or post -
t r aumat i c,  whi ch are not  so common i n t he ol dest  
group.  1

However, the diagnost ic accuracy of st ructural imaging is 
not  great er wit h volume measurement s t han wit h visual 
assessment  of at rophy, especially in mild cases. The accuracy 
is st il l  comparable to cl inical examinat ions, and there are 
st udies in which visual  assessment  exceeds volumet r ic 
analysis. 19 It  is noteworthy that  many of the fi ndings in the 
images do not  have pat hol ogi cal  conf i rmat i on and, 
t herefore,  represent  t he cl inical  syndrome and not  t he 
pathology. 11

Unspecified 

dementia
6,8%-4,25%

Vascular

dementia

12,75%-11,2%

9%

Lewy body dementia

9,25%-6,8%

Alzheimer’s dementia
71,4%-69%

Secondary

dementia

3,7%-1,8%

Frontotemporal

dementia

7,5%-38%

Figure 1 Out line of the current  prevalences of dif ferent  types 

of dement ia with st rict  criteria (not  rest rict ive) in Spain, based 

on data from references 3 and 14. Lewy body dement ia also in-

cludes dement ia associated with parkinsonism in general. 3
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Objectives of imaging

—  To exclude a potent ially reversible cause of dement ia. In 
our set t ing, only between 1 % and 15 % of dement ia cases 
are t reatable. 1

—  To assess the specifi c subtype of  dement ia,  part icularly 
to dif ferent iate AD from VD and FTLD.

—  Future obj ect ives of imaging, which cannot  yet  be given, 
include:

 —  Quant ifying the stage of the disease for init iat ion of a 
specifi c t reatment  response.

 —  Ident i f y i ng i ndi vi dual s who may r espond t o 
t reatment .

Alzheimer’s Disease

AD is a progressive neurodegenerat ive dement ia with late 
present at ion;  only 10 % of  cases occur in people under 
65 years old.  It s defi ning pathological characterist ic is the 
accumulat ion of neurofi bril lary tangles and senile plaques. 
Most  cases are sporadic, and the primary suscept ibilit y gene 
associated with these cases is t he apolipoprotein (Apo) «.  
The most  prevalent  al lele in the general populat ion is «3, 
at  approximat ely 80 %.  The «4 f orm is associat ed wi t h 
an increased risk of  AD,  reaching a probabil i t y of  50-90 % 
in homozygot es,  compared wi t h 20 % in t he general 
populat ion. 6

This disease involves cognit ive dysfunct ion due to loss of 
neurons and synapses. It  begins in the limbic cortex and, as 
t he disease progresses,  i t  ext ends t o t he neocort ex.  In 
addit ion t o t he t emporal  lobe,  t here are funct ional  and 
morphological changes in other regions such as the posterior 
cingulat ed gyrus.  Posi t ron emission t omography (PET) 
ident i f ies t his area as t he funct ional  region of  t he brain 
af fect ed earl iest ,  bot h in pat ient s wit h early AD and in 
asympt omat ic carr iers of  t he ApoE «4 al lele.  21 Besides 
hist opat hological  changes,  t here i s a gradual  l oss of 
cholinergic funct ion,.  main stay of cholinesterase inhibitor 
t reat ment .  As chol inest erase is t he enzyme t hat  breaks 

down t he neurot ransmit t er acet ylchol ine.  It s inhibit ion, 
achieves a higher level of neuronal interconnect ion, delaying 
cognit ive decline. 22 Vascular lesions of ten coexist  with AD, 
and i t  i s cur rent l y supposed t hat  AD and VD may act  
synergist ically. Furthermore, there is mount ing evidence of 
a common pathogenesis. 23

Epidemiology

AD i s t he most  common cause of  dement i a,  and i t s 
prevalence increases with age. In Spain, the prevalence of 
dement ia in people over 65 years old is 9.2 %,  higher in 
women (11.1 %) t han in males (6.5 %).  This prevalence 
increases with age unt il the ninet ies, where it  stabilises at  a 
25-54 %. 2,3,14

Diagnosis

The diagnost ic cri t eria of  t he Diagnost ic and St at ist ical 
Manual  of  Ment al  Disorders (DSM-III-R),  t he Nat ional 
Inst itute of  Neurological and Communicat ive Disorders and 
St roke and the Alzheimer’s Disease and Related Disorders 
Associat ion (NINCDS-ADRDA) are al l  val id,  al t hough t he 
lat t er cri t eria set  is preferred.  20 However,  t hey present  
l imitat ions that  may vary with t he severit y of  t he disease 
and wi t h cl ini cal  exper t i se.  19 Def ini t i ve diagnosis of 
AD cannot  be onl y cl i ni cal  and requi res hi st ol ogical 
confi rmat ion. With clinical data alone, it  is only possible to 
reach a diagnosis of  possible or probable AD.  The most  
recent  recommendat ions for post -mortem diagnosis of  AD 
def ine t he disease as a cl inicopat hological  ent i t y and 
emphasise t he cl inical  impression f or t he pat hological 
diagnosis.

Fundamental radiological imaging fi ndings

The characterist ic fi ndings of AD are not  easily perceived in 
t he init ial  st ages,  where t here is dif fuse loss of  cort ical 
volume. As the disease progresses,  an accelerated loss of 
f ocal  vol ume i s shown in t he medial  t emporal  l obes 
(part icular l y t he hippocampus),  t he parahippocampal 

Table 2 Imaging protocols for dement ia studies

Computed Tomography Magnet ic Resonance Imaging

Generally to rule out  t reatable dement ias Sagital T1

Follow-up+.  Slices oriented with the temporal lobe plane 

 with thickness of 2-3 mm

Axial PD and T2 (or at  least  T2)

Coronal FLAIR/ STIR

Axial dif fusion-enhanced B0 /  B 1000 s/ mm 2

Axial gradient  echo T2-weighted*

++ 3D gradient  echo T1 weighted. 

 Voxel size 0.86 mm × 0.86 mm × 1.6 mm

++ Spect roscopy with PRESS sequence, 128 replicat ions. 

 Two echo t imes (TE, 31 and 136 ms) and the same 

 repet it ion t ime (TR) 2,000 ms

+Follow-up: pat ients who could not  be scanned by MRI; ++:  volumet ric studies; +++:  spect roscopy. At  least  short  echo t ime (TE) 

and posterior cingulate locat ion.

*Technical sequence parameters dependent  on each scanner.
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circumvolut ion, the entorhinal cortex and the amygdale. In 
clinical pract ice, the width of  the lateral vent ricle horn is 
t he most  reproducible measure t o evaluat e t his at rophy 
(fi g.  2).  Computed tomography is a valid t echnique and is 
usual ly t he f i rst  t est  performed,  especial ly i f  t here are 
cont raindicat ions for MRI.  On CT scans obt ained of  t he 
orbi t omeat al  plane,  t he most  appropr iat e measure t o 
dist inguish the disease is t he temporal horn of  t he lateral 
vent ricle width. With these planes, a rat io is obtained of the 
radial width of the temporal horn respect  to the biparietal 
diamet er (f ig.  2A).  Thus,  t he volume loss is adj ust ed for 
head diameter, which is more useful for t racking individual 
and intergroup dif ferences. Normal subj ects, pat ients with 
AD and pat ients with AD with extensive white mat ter lesions 
have mean rat ios of 0.025, 0.038 and 0.044, respect ively. 24

On MR images (fi g. 2B), the best  view is the coronal plane, 
which should always be evaluated at  the same level (e.g., 
mammil lary bodies) t o check at rophy progress.  A scale of 
fi ve degrees can achieve an adequate diagnost ic accuracy 
between 83 and 96 % (table 3, fi g. 3).  25 An MRI study of the 
Italian populat ion for more than 60 years has est imated that  
for mild AD, the temporal horn measures 6.5 mm, and for 
advanced AD, it  measures 7.2 mm. Maintaining a specifi city 

of 95 % for both cases, the sensit ivity is 74 % for mild AD and 
82 % for moderate AD. 26

Other techniques

Imaging t echniques values,as int ermediat e markers for 
therapeut ic effi cacy for AD, has not  been posit ively proven 
in a cl inical  t r ial  wi t h a drug t o modi f y t he disease. 
Therefore,  t he evidence is insuf f icient  t o recommend 
imaging diagnost ic modalit ies in clinical pract ice. 19

Regarding voxel-based morphomet ry (VBM),  t he rate of 
change in hippocampal volume in consecut ive MRI studies 
has proven to be the most  specifi c volume marker for t he 
ident ifi cat ion of early-onset  AD. 27

However, medial temporal lobe at rophy is not  specifi c to 
AD and is seen in other t ypes of dement ia, which limits it s 
usefulness as a diagnost ic marker. 19

Although it  presents early, MCI and AD overlapping is too 
large to be of  value in individual pat ients.  There is recent  
evidence that  automat ic VBV of the whole brain classifi es as 
well as clinical diagnosis. 28

The diagnost ic accuracies of 1H MR spect roscopy (H1ERM), 
single photon emission computed tomography (SPECT) and 
PET are not  great er t han t hose of  t he cl inical  cri t eria in 
AD—moderate evidence for recommendat ion—. 19

St ill, these last  two funct ional techniques appear adequate 
for dif ferent iate FTLD and Lewy body dement ia from AD. 19 
The H1ERM shows a decrease in N-acet ylaspartate and an 
increase in myo-inosi t ol  in AD pat ient s wi t h respect  t o 
heal t hy subj ect s,  measured in t he post er ior  par iet al .  
Funct ional MRIs show decreased act ivat ion in several regions, 
including the temporal lobe in memory tasks in these pat ients 
compared wit h cont rol subj ect s.  24,29 PET shows abnormal 
pat t erns of  low upt ake of  18F-f luorodeoxyglucose in t he 
posterior cingulate, precuneus, temporoparietal and frontal 
cort ex regions in pat ient s wit h AD. Similar hypoperfusion 
pat t erns have been i dent i f i ed wi t h SPECT and wi t h 
contrast -enhanced perfusion MRI, 30 although PET is bet ter to 
dif ferent iate AD f romcont rol pat ient s.  There is moderate 
evidence t hat  PET, in early dement ia,  can increase t he 
accuracy of clinical diagnosis without  increasing the overall 
cost . 19 Higher accuracy (90 %) is expected with GDP-PET with 
a specifi c ligand for the b-amyloid protein. 30 These funct ional 
and spectroscopic techniques are not  current ly cost-effect ive 
for t he diagnosis of  AD,  assuming t he minimum current  
pharmacological ef fect iveness (moderate evidence).  If  a 
drug t hat  signif icant ly changed t he course of  t he disease 
were to be discovered, the cost -effect iveness of diagnost ic 
tests would be changed. 19

A

B

Table 3 Criteria of Scheltens et  al.  for the assessment  of temporal lobe at rophy

Grade Width of choroidal fi ssure Width of temporal horn Height  of the hippocampal format ion

0 N N N

1 ↑ N N

2 ↑ ↑ ↑ ↓

3 ↑ ↑ ↑ ↑ ↑ ↓ ↓

4 ↑ ↑ ↑ ↑ ↑ ↑ ↓ ↓ ↓

↑:  increase; ↓:  decrease; N: normal.

Figure 2 A) Measurement  of  t emporal lobe at rophy in com-

puted tomography (CT).  Temporal lobe angulat ionhe on axial 

CT image,  where t he t he widt h of  t he t emporal  horn of  t he 

lateral vent ricle measurement  is shown with respect  to the bi-

pariet al  diamet er.  B) Temporal  lobe at rophy on MRI image. 

FLAIR weighted coronal image showing the method of measure-

ment  of the width of the temporal horn of the lateral vent ricle 

(double arrow) as well  as t hat  of  t he choroidal fi ssure (t hick 

 arrow).
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Vascular dementia

Pathology, clinical and general data

Vascular dement ia is t he second most  common form of 
dement ia. No specifi c pat tern of cognit ive impairment  can 
di st i ngui sh vascul ar  dement i a f r om AD,  al t hough 
dysexecut ive symptoms are predominant . 7 Imaging tests are 
essent ial for diagnosis, but  there is no evidence on diagnosis 
out comes.  The most  commonly diagnosis cri t eriare f rom 

Nat ional  Inst i t ut e of  Neurologic Disorders and St roke - 

Associat ion Int ernat ionale pour la Recherche et  l ’ Enseigne-

ment  en Neurosciences rules (NINDS-AIREN) 20,31 (t able 4). 
Howere, they show poor sensit ivity (50 %) and high specifi city 
(85 %). 17 That  is, if  a pat ient  fulfi lls them, it  is almost  sure to 
be a case of  VD. These crit eria are diffi cult  t o implement  

because in addit ion to the topography of infarc t ion, severity 
is required, 32 and there are more vari ables than in AD (e.g., 
infarct ion of the posterior cerebral artery must  be bilateral) 
(fi g.  4A).  Also, there are four st rategic locat ions where an 
i nf arct ,  by i t sel f ,  may be responsibl e f or  cogni t i ve 
impairment :  t he hippocampus,  t he medial t halamus,  t he 
caudate nucleus and the right  parietal lobe 32 (fi g. 4B).

In descending order of importance, the best  predictors of 
a diagnosis of VD are: a) temporal relat ion between st roke 
and dement ia onset ,  b) bi lat eral  st rokes of  gray mat t er 
(frontal, temporal, parietal, basal ganglia and thalami) and 
c) symptoms or signs of previous st roke.

To overcome these diffi cult ies in diagnosis, there are more 
funct ional crit eria that  can be applied in cl inical pract ice 
(table 5), but  a greater effect iveness with the NINDS-AIREN 
criteria has been documented. 33 VD may be the result  of  a 

B

C D

D

A

Figure 3 Alzheimer’s dement ia. FLAIR coronal images showing the evolut ion of temporal cort ical volume loss from a normal stage, 

grade 0 (A); mild cognit ive impairment , grade 1 (B); mild dement ia, grade 2 (C); and advanced, stage 4 (D).
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single st rategic infarct , mult iple cort ical or lacunar infarcts 
or microvascular inj ury in which there are no symptoms of 
st roke or heart  at tack in the image. However, brain imaging 
cannot  rel iably conf i rm t he chronology of  inj ur ies or 
clinically report  the relat ive cont ribut ions of the degenera-
t ive and/ or ischemic processes. 34,35 Given the low sensit ivity 
of the NINDS-AIREN criteria in ident ifying these pat ients and 
comorbid risk factors (more than half  the cases of vascular 
dement ia are mixed with AD), a new classifi cat ion model of 
cognit ive decline and dement ia has been proposed 35 (fi g. 5). 
There is a form of dement ia of  vascular origin that  af fects 
young pat ient s,  cal led CADASIL syndrome (cerebral auto-
somal dominant  arteriopathy with subcort ical infarcts and 
leukoencephalopathy).  It  is a newly recognised hereditary 
disease characterised by t ransient  ischemic at tacks, st rokes, 

progressive subcort ical  dement ia,  migraines and mood 
swings. 31

Fundamental radiological imaging fi ndings

MRIs are t he ideal imaging modalit ies t o show lesions.  20,33 
The characterist ic fi ndings are cort ical and lacunar infarcts 
and large white mat ter lesions, also known as leukoaraiosis. 
The images always have to have a T2 sequence, given the 
insensit ivit y of  FLAIR (fl uid at tenuated inversion recovery) 
t o t halamic infarct s (f ig.  6).  36 The lesions present  wit h 
CADASIL are primarily subcort ical in the anterior temporal 
and f rontal lobes wit h involvement  of  U fi bers,  while t he 
cortex is preserved.

Of al l  dement ias,  t his is t he t ype where micro-bleeding 
occurs wi t h t he highest  f requency,  at  65 %.  Wi t h AD, 
micro-bleeding is only observed in 18 % of cases. 37 In cerebral 
amyloid angiopat hy,  t he charact er ist i c f inding is t he 
presence of  lobar haemorrhages in dif ferent  stages.  They 
are locat ed,  in descending f requency,  in t he f ront al ,  
parietal, temporal and occipital lobes. Cort ical/ subcort ical 
haemorrhagic lesions are cl inical ly si lent  and are best  
det ect ed wi t h T2-weight ed gradient  echo sequences 
(fi g. 7).

At t ribut ion of  white mat ter hyperintensit ies t o VD, and 
hence t he pat ient ’s diagnosis t o VD on t hat  basis,  in t he 
absence of more specifi c features for VD is one of the most  
common mistakes in dement ia diagnosis. 32

more extensive the white mat ter lesions, the more likely 
it  is t hat  t he pat ient  has risk factors for st roke,  cognit ive 
impairment  and cognit ive det eriorat ion.  To assess t hese 
inj uries,  t here are visual scales or quant ifi cat ion of  t hese 
inj uries wit h special  sof t ware.  In t he absence of  quant i-
fi cat ion, a validated scale is recommended for gradat ion. 38 
It  is important  to remember the hyperintensit ies present  in 
normal aging (see above).  However,  confl uent  lesions are 

Table 4 Vascular dement ia. Criteria for gradat ion of the NINDS-AIREN criteria

I. Topography Inj uries associated 

  with dement ia, 

including any of 

the following 

or their 

combinat ion

A.  St roke of large 

vessels in 

the following 

territories

Bilateral anterior cerebral artery (ACA)

Posterior cerebral artery (PCA), including paramedian thalamus, 

 inferior temporal lobe

Middle cerebral artery (MCA) including parietotemporal, 

 occipitotemporal and angular gyrus

Carot id territory bordering: bilateral superior frontal,  

 parietooccipital and/ or superfi cial and deep MCA

B.  Microvascular 

disease

Lacune in white mat ter or basal ganglia (should be two or more 

  lacune in basal ganglia and two or more lacune in frontal 

white mat ter)

Extensive white mat ter lesions

Bilateral thalamic lesions

II.  Severity Besides the above, 

  relevant  

radiological lesions 

associated with 

dement ia include:

A.  Inj uries of large vessels in the dominant  hemisphere

B.  Bilateral large-vessel st roke

C.  Leukoencephalopathy involving > 25 % of total white mat ter (beginning to be 

confl uent  in four regions, e.g., bilateral frontal and bilateral parietal)

A lesion is considered confl uent  when it  measures more than 20 mm and comprises two or more smaller lesions.

Copyright  Nat ional Inst itute of Neurological Disorders and St roke, U.S.A. Government .

BA

Figure 4 Vascular dement ia. A) Axial image showing a st roke 

in the left  posterior cerebral artery. B) Axial CT scan that  shows 

an infarct  in the medial thalamus (arrow). This lesion by it self  

is responsible for clinical cognit ive impairment .
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due to arteriolar disease. 12 Small vessel disease is the most  
f requent ly seen cause of  a diagnosis of  VD in radiological 
f indings;  t he disease is found in 74 % of  t he cases.  39 This 
shows white mat ter hyperintensit ies that  comprises t  more 
than 25 % of total white mat ter and/ or white mat ter lesions 
with lacunars infarct s.  39 There is cort ical at rophy,  t hough 
not  at  t he same st ageas t here is wit h AD,  which occurs 
without  a specifi c pat tern and also cont ributes to cognit ive 
degenerat ion. 40

Lewy Body Dementia

Pathological, clinical and general data

This designat ion is used for pat ient s wi t h spont aneous 
parkinsonism (not induced by drugs), dementia and persistent  
visual hallucinat ions. The epidemiology is poorly understood, 
although it  is similar to AD, with no precise defi nit ions of age 
and sex distribut ions and potent ial risk factors. Pathologically, 
many pat ients with Lewy body dement ia also have AD, which 
alters the clinical presen tat ion, although cognit ive impairment  
is more pronounced than with AD. The clinical crit eria for 
consensus of a Lewy body dement ia diagnosis are specifi c but  
insensit ive. 41 The fi nal method of diagnosis is histochemical 
staining to detect  Lewy bodies (pale eosinophilic inclusions), 
which can be measured semiquantitat ively. 41

The dist inct ion between this type of dement ia and other, 
neurodegenerat ive f orms is impor t ant .  So Lewy body 

Table 5 Criteria for vascular dement ia (VD) diagnosis in clinical pract ice

Low probabilit y 

of VD

Support ivemoderate probabilit y 

of VD

Strongly support ive-high probabilit y 

of VD

No history of st roke Any st roke above midbrain by history, 

without  subsequent  impact  on 

cognit ion

St roke temporally related to the onset  of dement ia 

or worsening of cognit ion

0-1 focal sign 

(e.g., asymmetry 

of refl exes)

2-3 neurologic signs suggest ive 

of cerebrovascular origin in 

the absence of history of st roke

Mult iple (> 3) neurological signs suggest ive 

of cerebrovascular origin in the absence of 

history of st roke

White mat ter 

hyperintensit ies, 

none or minimal

White mat ter hyperintensit ies, 

mild to moderate

White mat ter hyperintensit ies, severe

01 lacune 2-3 lacunes  ≥ 4Lacunes

No cort ical infarcts 

or only 1 small one 

(single-gyrus)

Cort ical infarct ion, single, 

only in noncrit ical region

Cort ical infarcts, mult iple, large

No infarcts in crit ical 

regions (hippocampus, 

caudate, thalamus, 

parietal cortex)

Lacunar or small infarct  only 

in crit ical regions

Infarcts larger than lacune in hippocampus, caudate, 

thalamus, parietal cortex

From Mayo Clinic Proc. 2006; 81:223-30, with permission of Dowden Health Media.

Figure 5 Out line of  the proposed classifi cat ions of  dement ia 

and vascular cognit ive impairment  (VCI),  t aking into account  

t he common risk factors.  SD-DCV: VCI without  dement ia;  AD: 

Alzheimer’s dement ia.  Adapted f rom reference 35. Copyright  

Elsevier.

Figure 6 Vascular dement ia. A) FLAIR weighted coronal image 

showing white mat ter lesions and probable lesions in both tha-

lami with predominance on the lef t .  B) T2-weighted axial im-

age showing lacune infarcts in both thalami much more clearly 

than in the FLAIR image.

A B
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pat ients may develop irreversible ext rapyramidal symptoms 
wit h t he st andard ant idopaminergic and ant ichol inergic 
t reatment  used to t reat  psychosis associated with dement ia. 
They may al so develop sensi t i vi t y t o neurolept i cs,  a 
potent ially fatal react ion, which is thought  to be mediated 
by acute blockade of D2

receptors. These complicat ions can occur in up to half  of 
the pat ients with this disease. 27 This ent ity is confused with 
Parkinson’s disease because many Parkinsonian pat ient s 
have dement ia. For diagnosis of Lewy body dement ia, a year 
rule is used t o separat e t hem:  i f  t he pat ient ’s dement ia 
begins in t he f i rst  year af t er t he onset  of  parkinsonian 
symptoms, it  is classifi ed as Lewy body dement ia, whereas 
dement ia t hat  begins more t han one year af t er onset  of 
Parkinsonian symptoms is classifi ed as a case of Parkinson’s 
disease (insuffi cient  evidence). 20

Fundamental imaging fi ndings

Imaging tests have a mere support ing role in diagnosis while 
MRI and CT fi ndings are nonspecifi c, showing discrete diffuse 
cort ical at rophy. 27 There is greater at rophy of the midbrain 
and less impairment  of  t he hippocampus in comparison to 
AD cases, which as of yet  is only detectable with quant itat ive 
studies using VBM. 42 SPECT tests show less hypoperfusion of 
t he occipit al  lobe t han wit h AD cases.  In pat ient s where 
diagnost ic doubt  exist s,  performing a FP-CIT SPECT test  is 
recommended.  Thi s shows l ow upt ake of  dopamine 
t ransporters, which is normal with AD. 30

Fronto-temporal Lobe Degeneration (FTD)

Pathological, clinical and general data

This disease,  formerly cal led f ront o-t emporal dement ia, 
comprises a diverse group of  ent it ies such as cort icobasal 

degenerat i on and progressi ve supranucl ear  pal sy.  37 
Pathologically,  there is at rophy, spongiosis and gliosis,  and 
t he cl inical phenotypes of  t hese diseases are not  rel iably 
dif ferent iated. 5,43 Recent  criteria classify them according to 
t heir posit ivi t y for t au prot ein and,  among t hese cases, 
according t o protein isoforms.  44 From a pract ical cl inical 
point  of  view,  t hese pat hologies are usual ly divided int o 
syndromic var iant s t hat  show di f f erent ,  even t hough 
overlapping, pat terns of at rophy. The forms are behavioural,  
semant i c and progressi ve nonf l uent  aphasia.  In t he 
behavioural  var iet y,  t he most  common present at ion is 
profound changes in personal i t y and social  behaviour, 
including a loss of manners and social habits. For the other 
t wo forms,  disease present at ion includes al t erat ion of 
language,  usual ly as progressive nonf luent  aphasia.  The 
behavioural variant  of  FTD (FTDb) is exhibit ed wit h early 
behavioural abnormalit ies and is associated wit h greater 
loss of frontal lobe volume.

Pat ient s wit h semant ic dement ia show a wel l  def ined 
pat t ern of  at rophy t hat  more predominant ly af fect s t he 
ant er ior  t emporal  lobes.  Progression t o deat h is much 
faster t han in AD, with averages of  4.2 years and 6 years, 
respect ively.

Fundamental radiological iImaging fi ndings

MRI t est s of  pat ient s wi t h FTD of t en show asymmet r ic 
at rophy of the frontal and temporal lobes, usually with left  
predominance 27 (f ig.  8).  The larger gradient  of  ant ero-
posterior at rophy in pat ients with FTD may help dist inguish 
FTD from AD, which shows a posterior and more symmetrical 
bias.  Funct ional  st udies (PET or SPECT) show premat ure 
asymmet ric anomalies in the vent romedial f rontal cortex. 
Longitudinal PET studies show that  the init ial stage of FTD is 
limited to the frontal lobe and in later stages passes to the 
temporal and parietal cort ices. 45

Figure 7 Amyloid angiopathy. A) T2* weighted axial image showing a cort icosubocrt ical right  posterior parietal hemorrhage. An-

other hemorrhagic focus is also seen in the internal capsule. B) Lower level where other subcort ical hemorrhagic foci are observed 

in the cerebellum.

BA
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Creutzfeldt-Jakob Disease (CJD)

Pathological, clinical and general data

Current ly, it  is est imated that  MRI test ing is more useful for 
prion disease than for any other form of dement ia. 46

CJD is a rare cause of rapidly progressive dement ia, which 
occurs wit h an incidence of  approximat ely one case per 
mil l ion annually.  The maj orit y of  cases are sporadic,  and 
clinical presentat ion includes cognit ive impairment ,  of ten 

with psychosis and delirium. It  exhibit s rapid development  
with motor symptoms (myoclonus) and fi nally coma. There 
are several types of CJD, including sporadic (most  common), 
familial, iatrogenic (caused by contaminated t issue receptors, 
hormone administrat ion or contaminated surgical instruments) 
and the variant  of  CJD that  has been associated wit h t he 
ingest ion of meat  products contaminated with prions. 46

Fundamental radiological imaging fi ndings

Dif fusion-weighted images are the most  sensit ive and are 
the earl iest  t o detect  abnormalit ies in the early stages of 
the disease, before abnormalit ies appear in FLAIR-weighted 
images and fi nally in T2 (fi g. 9). 46 This causes a characterist ic 
decrease of the symmetrical signal of the basal ganglia. One 
can also observe a decrease in the less symmetrical dist ribu-
t ion of  t he thalami and asymmet ric cort ical involvement . 
The rest rict ion of dif fusion refl ects the reduct ion of water 
movement  wi t hin t he vacuoles,  t ypical  of  spongi f orm 
degenerat ion.  46 Measurement s of  t he apparent  dif fusion 
coef f icient s may be useful  for det ect ing changes in t his 
sequence,  bef ore changes in t he image signal  due t o 
dif fusion are detected. 46

The variant  form of CJD has a characterist ic appearance 
in convent ional MRI sequences (cal led t he pulvinar sign), 
wi t h symmet r ical  high signal  int ensi t y in t he post er ior 
thalamus on T2- and FLAIR-weighted images. 27

Subsequent ly, rapid dif fuse at rophy develops, which may 
include t he cerebel lum.  It  should be emphasised t hat  an 

Figure 8 Frontotemporal lobar degenerat ion,  aphasic form. 

STIR weighted coronal image that  shows marked cort ical at ro-

phy of lef t  f rontotemporal predominance. Note the cont ralat -

eral asymmet ry, especially with respect  to the lateral fi ssure, 

choroidal fi ssure and lateral vent ricle temporal horn.

Figure 9 Creutzfeldt -Jakob disease. A) Dif fusion-weighted images (B 1000 s/ mm 2) where signal hyperintensity of basal ganglia is 

observed. B) On the apparent  dif fusion coeffi cient  (ADC) image, a signal decrease is observed of the caudate nuclei and the puta-

men. FLAIR weighted (C) and T2-weighted image (D). These changes are less visible and appear later than those in the preceding 

images. Courtesy of Dr. A. Rovira, Barcelona.

A
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init ial normal MRI does not  exclude CJD in a middle-aged or 
elderly pat ient  with rapid onset  dement ia.

Dementia caused by human immunodefi ciency 
virus

Human immunodefi ciency virus (HIV) dement ia, also known 
as the AIDS dement ia complex, is thought  to be due to direct  
infect ion of  the macrophages and microglia of  the cent ral 
nervous system by the HIV ret rovirus. 27 Before the develop-
ment  of  highly act ive ant i-virals,  up t o 20 % of  pat ient s 
inf ect ed wi t h HIV developed dement ia.  Simi lar l y,  HIV 
dement ia is the defi ning illness for AIDS in approximately 5 % 
of  HIV carriers.  However,  in pat ient s in whom t reat ment  
fails, there is severe leukoencephalopathy. It  is characterised 
pathologically by marked infi lt rat ion of perivascular spaces 
by monocytes and macrophages infected with HIV.

Fundamental radiological iImaging fi ndings

The most  f requent  fi nding in AIDS dement ia is generalised 
cort ical at rophy. This is ident ifi ed as an increased cerebral 

sulci disproport ionate to the pat ient ’s age. 21,47 There is also 
symmet r ical  involvement ,  pat chy or conf luent ,  of  t he 
vent ricular and deep adj acent  white mat ter that  is visible 
with both CT and MRI scans. There is a frontal predominance, 
which may af fect  corpus callosum genuhe. No mass ef fect  
or cont rast  enhancement  is produced, and if  any of  this is 
seen, another diagnosis should be considered. 47

Adult chronic hydrocephalus

Adult  chronic hydrocephalus (ACH) is the most common cause 
of reversible dementia and classically manifests itself with the 
triad of non-pathognomonic dementia, early-onset gait  apraxia 
and urinary incontinence. It  is a complex syndrome with a lit t le 
known physiopathology and natural hist ory,  which begins 
insidiously with cognit ive symptoms. 48 The name “ adult  chronic 
hydrocephalus”  is preferred to normal pressure hydrocephalus 
because there are pressure gradients and no “ normal”  exists. 
Addit ionally, the name does not imply a specifi c physiopathology, 
as does the “ normal pressure”  term. 49 Defi nit ive diagnosis is 
made by clinical examinat ion, and the condit ion may improve 
with a ventriculoperitoneal shunt.

Figure 10 Adult  chronic hydrocephalus (normal pressured hydrocephalus. A) Coronal FLAIR weighted image. For a discrete en-

largement  of the lateral vent ricles. B) T2-weighted axial image, where a collapse of the sulci in the vertex is observed. C) Coronal 

FLAIR weighted image. Another pat ient  with Alzheimer’s disease with similar dilatated vent ricles and sulci with cerebrospinal fl uid 

in convexity. D) T2-weighted axial image of the last  pat ient , showing the prominence of the sulci relat ive to B.

A B
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Radiological Imaging Findings

The main radiological fi nding in ACH cases is dilatat ion of 
the vent ricular system, part icularly of the anterior horns of 
the lateral vent ricles, disproport ionate to the appearance 
of  cort ical sulci.  49 The Evans index (marker of  vent ricular 
dilat ion: width of the frontal horns divided by the biparietal 
diameter of the at ria),  is pathologically greater than 0.30, 
but  t his does not  work isolated for cl inical diagnosis.  This 
dilat ion of the anterior vent ricular horns and third vent ricle 
wi t h spher i cal  mor phol ogy ar e i ndi cat i ve of  adul t  
hydrocephalus.  48 What  helps most  t o dist inguish pat ient s 
with similar vent ricular sizes are axial images near conve-
xity. 27 In such images from pat ients with ACH, there is hardly 
any cerebrospinal fl uid in the sulci, while cerebro spinal fl uid 
remains in t he sulci in images f rom AD pat ient s (fi g.  10). 
Whi t e mat t er  lesions can coexist  wi t h ot her  f orms of 
dement ia.  49 Phase-cont rast  MRI studies, which are used to 
demonst rate hyperdynamic spinal f luid,  have not  proven 
usef ul  i n predi ct i ng whi ch pat i ent s wi l l  r espond t o 
t reatment . 50

Table 6 summarises the conclusions of  the main imaging 
fi ndings.
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