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Take a history from patient and someone who knows them 
Probably the most crucial part of the assessment

§ Often best, if possible, to start with both the patient and an informant who knows them well

§ I start by taking a brief history from the patient
§ Put them at ease. Listen carefully and observe how the patient expresses themselves
§ What is the interaction between patient and informant?
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Take a history from patient and someone who knows them 
Probably the most crucial part of the assessment

§ Often best, if possible, to start with both the patient and an informant who knows them well

§ I start by taking a brief history from the patient
§ Put them at ease. Listen carefully and observe how the patient expresses themselves
§ What is the interaction between patient and informant?

§ Then take the history from the informant alone, without the patient in the room
§ Did the patient fail to mention key facts?
§ Now take a brief history independently from the patient

§ Check whether the two accounts are concordant
§ Is the patient appropriate in their interactions with you? Are they slow to respond?
§ Are they overly familiar, disinhibted, indifferent, low in mood?
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Key points to extract

§ What are the problems – if any – as far as the patient and informant are concerned?

§ How long has there been a problem?
§ Is it progressive? Or was it sudden-onset and has been stable since? Does it fluctuate?
§ How seriously do they impact on everyday life? What’s the worst thing that’s happened?

They’re functions that are thought to be deployed when control needs to be exerted  
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Key points to extract

§ What are the problems – if any – as far as the patient and informant is concerned?

§ How long have they been a problem?
§ Is it progressive? Or was it sudden-onset and has been stable since?
§ How seriously do they impact on everyday life? What’s the worst thing that’s happened?

§ Are there important life events / stresses at work or home? Or in physical health?
§ Who is is at home? What are the interactions like?
§ Sleep pattern – altered behaviour (e.g. as in REM sleep behaviour disorder), sleep apnoea

§ Mood – including ‘biological symptoms’ of depression
§ Would people say there has been a change in personality or behaviour?
§ Social / emotional engagement

They’re functions that are thought to be deployed when control needs to be exerted  
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Background history

§ Past medical history | Vascular risk factors (hypertension, diabetes, smoking, raised 
cholesterol), systemic disorders, infections (e.g. HIV), sleep disorders, etc.

§ Past psychiatric history | Anxiety, mood disorders, etc.

§ Drug history| Prescribed and recreational drug use, alcohol
§ Family history | Is there a family history of young-onset dementia (<65 yrs age)?

Important other factors that might have a bearing
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Cognitive screen

§ There are a range of screening tests which vary in time taken to administer and complexity

§ MMSE | Mini-mental state examination
§ MOCA | Montreal Cognitive Assessment
§ ACE | Addenbrooke’s Cognitive Examination

To obtain a brief overview of cognitive performance across several domains
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ADDENBROOKE’S COGNITIVE EXAMINATION – ACE-III 
English Version A (2012)  

Name: 
Date of Birth: 
Hospital No. or Address:  
 
                                                       

Date of testing: ___/___/___  
Tester’s name:_____________________________ 
Age at leaving full-time education:______________ 
Occupation: _______________________________ 
Handedness: ______________________________ 

A T T E N T I O N  

¾ Ask: What is the 
 
 
¾ Ask: Which  
 

Day  
 
_________ 
No./Floor 
 
_________ 

Date 
 
_________ 
Street/Hospital 
 
_________ 

Month 
 
___________ 
Town 
 
___________ 

Year 
 
___________ 
County 
 
___________ 

Season 
 
___________ 
Country 
 
___________ 

 Attention 
[Score 0-5] 

 
 

Attention 
[Score 0-5] 

A T T E N T I O N 

¾ Tell: “I’m going to give you three words and I’d like you to repeat them after me: lemon, key and ball.”  
After subject repeats, say “Try to remember them because I’m going to ask you later”.  

¾ Score only the first trial (repeat 3 times if necessary).                                     
¾ Register number of trials: _____ 

 

Attention 
[Score 0-3] 

 
 
 

A T T E N T I O N 

¾ Ask the subject: “Could you take 7 away from 100? I’d like you to keep taking 7 away from each new 
number until I tell you to stop.”   

¾ If subject makes a mistake, do not stop them. Let the subject carry on and check subsequent answers 
(e.g., 93, 84, 77, 70, 63 – score 4). 

¾  Stop after five subtractions (93, 86, 79, 72, 65): ____   ____   ____   ____   ____               

Attention 
[Score 0-5] 

 
 

M E M O R Y  

¾ Ask: ‘Which 3 words did I ask you to repeat and remember?’ _______  ________   ________ Memory 
 [Score 0-3] 

F L U E N C Y  

¾ Letters 
Say: “I’m going to give you a letter of the alphabet and I’d like you to generate as many words as you can 
beginning with that letter, but not names of people or places. For example, if I give you the letter “C”, you 
could give me words like “cat, cry, clock” and so on. But, you can’t give me words like Catherine or Canada. 
Do you understand? Are you ready? You have one minute. The letter I want you to use is the letter “P”.  

 
Fluency 

 [Score 0 – 7] 

 
 

 
 
 
 
 
 
 
 

 

 
 
 
 

 
 

 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 

≥ 18 7 
14-17 6 
11-13 5 
8-10 4 
6-7 3 
4-5 2 
2-3 1 
0-1 0 
total correct 

¾ Animals 
Say: “Now can you name as many animals as possible. It can begin with any letter.” 

Fluency
 [Score 0 – 7] 

    

≥ 22 7 
17-21 6 
14-16 5 
11-13 4 
9-10 3 
7-8 2 
5-6 1 

0 <5 
total correct 

 
 

 

 
  

 
M E M O R Y 

 
¾ Tell: “I’m going to give you a name and address and I’d like you to repeat the name and address after me. 

So you have a chance to learn, we’ll be doing that 3 times. I’ll ask you the name and address later.”  
 

Score only the third trial. 
 

Memory
 [Score 0 – 7] 

 

 
 
 
 

 
 1st Trial 2nd Trial 3rd Trial 

Harry Barnes 
73 Orchard Close 
Kingsbridge 
Devon 
 

________    _______ 
____  ______  ______ 
______________ 
______________ 

________    _______ 
____  ______  _______ 
______________ 
______________ 

________    _______ 
____  _____  ______ 
______________ 
______________ 

 

M E M O R Y  

 
¾ Name of the current Prime Minister...……………………………………………………………………………..      
¾ Name of the woman who was Prime Minister ............…..………………………………………………………      
¾ Name of the USA president.......………………………...………………………………………………………...      
¾    Name of the USA president who was assassinated in the 1960s..…………………………………………… 

Memory 
[Score 0 – 4 ] 

 
 

L A N G U A G E   

  
¾ Place a pencil and a piece of paper in front of the subject. As a practice trial, ask the subject to “Pick up 

the pencil and then the paper.” If incorrect, score 0 and do not continue further.   
 

¾ If the subject is correct on the practice trial, continue with the following three commands below.  
• Ask the subject to “Place the paper on top of the pencil” 
• Ask the subject to “Pick up the pencil but not the paper” 
• Ask the subject to “Pass me the pencil after touching the paper”  

        Note: Place the pencil and paper in front of the subject before each command.    
 

Language
[Score 0-3] 

 
 

L A N G U A G E  
 
¾ Ask the subject to write two (or more) complete sentences about his/her last 

holiday/weekend/Christmas. Write in complete sentences and do not use abbreviations.  
Give 1 point if there are two (or more) complete sentences about the one topic; and give another 1 point 
if grammar and spelling are correct. 
 

Language
[Score 0-2] 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
L A N G U A G E 
 
¾ Ask the subject to repeat: ‘caterpillar’; ‘eccentricity; ‘unintelligible’; ‘statistician’ 
Score 2 if all are correct; score 1 if 3 are correct; and score 0 if 2 or less are correct. 

Language
[Score 0-2] 

 
 
 

Updated 20/11/2012 
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L A N G U A G E  
 
¾ Ask the subject to repeat: ‘All that glitters is not gold’ 
 
 
 

Language
[Score 0-1] 

 
 

 
¾ Ask the subject to repeat: ‘A stitch in time saves nine’ 
 
 
 

Language
[Score 0-1] 

 
 

L A N G U A G E   
 
¾ Ask the subject to name the following pictures: 
 

 

Language
[Score 0-12]   

 
 
 
 
 
 
 
 
 

L A N G U A G E   

 
¾ Using the pictures above, ask the subject to: 
 

• Point to the one which is associated with the monarchy     …………………………………………….. 
• Point to the one which is a marsupial                                   …………………………………………….. 
• Point to the one which is found in the Antarctic                    ……………………………………………. 
• Point to the one which has a nautical connection                 ……………………………………………. 

 

Language
[Score 0-4] 

 
 
 

Updated 20/11/2012 
 

 
 

L A N G U A G E 
 
¾ Ask the subject to read the following words: (Score 1 only if all correct) 
 

sew 
pint 
soot 

dough 
height 

 

Language
[Score 0-1] 

 
 

V I S U O S P A T I A L   A B I L I T I E S   
 
¾ Infinity Diagram:   Ask the subject to copy this diagram 
 

Visuospatial
[Score 0-1] 

 
 

 

 
 
 
 
¾ Wire cube:  Ask the subject to copy this drawing (for scoring, see instructions guide).   
 

Visuospatial
[Score 0-2] 

 
 

 

 
 
 
 
¾ Clock:  Ask the subject to draw a clock face with numbers and the hands at ten past five. (For scoring see 

instruction guide: circle = 1, numbers = 2, hands = 2 if all correct). 
 
 

Visuospatial
[Score 0-5] 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Updated 20/11/2012 
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V I S U O S P A T I A L   A B I L I T I E S   
 
¾ Ask the subject to count the dots without pointing to them 

Visuospatial
 [Score 0-4] 

 
 
 

       
   
 
 

           
 
 
 
 

 
 
 
 

         

           
 
 
 

           
 
 
 

 
 
 
 

         

 
 
 
 
 
 
 
 
 
 

Updated 20/11/2012 
 

V I S U O S P A T I A L   A B I L I T I E S   
 
¾ Ask the subject to identify the letters 

Visuospatial
[Score 0-4]   

     
 

                                                  

                            

 

 

 
 

                     

                           

                            
 

 

                              

M E M O R Y 
 
¾ Ask “Now tell me what you remember about that name and address we were repeating at the beginning” 

 

Harry Barnes 
73 Orchard Close 

Kingsbridge 
Devon 

………………….  …………………………………… 
……   ……………………….  ………………………. 
………………………………………………………… 
………………………………………………………… 

Memory
[Score 0-7] 

 
 

M E M O R Y 

 
¾ This test should be done if the subject failed to recall one or more items above.  It all items were recalled, 

skip the test and score 5.  If only part was recalled start by ticking items recalled in the shadowed column on 
the right hand side; and then test not recalled items by telling the subject “ok, I’ll give you some hints: was 
the name X, Y or Z?” and so on.  Each recognised item scores one point, which is added to the point gained 
by recalling. 

Memory
[Score 0-5] 

 
 
 
 

Jerry Barnes  Harry Barnes  Harry Bradford  recalled 

37  73  76  recalled  
Orchard Place  Oak Close  Orchard Close  recalled  
Oakhampton  Kingsbridge  Dartington  recalled  
Devon  Dorset  Somerset  recalled  
S C O R E S 

TOTAL ACE-III SCORE               /100 
Attention                /18 

Memory               /26 
Fluency               /14 

Language               /26 
Visuospatial               /16 

 

Updated 20/11/2012 
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Structured information from informant

§ Questionnaires for them to fill in, e.g. Cambridge Behavioural Inventory

To obtain a brief overview of cognitive performance across several domains
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10/03/2008 © John R Hodges 
 

Cambridge Behavioural Inventory Revised (CBI-R) 
 For the Carer  
 
Your Name:_____________________________________________ Today’s date:___/___/___ 
Patient’s name: _____________________________Relationship to the patient_____________ 
 
 
We would like to ask you a number of questions about various changes in the patient’s 
behaviour that you may have noticed. It is important that we obtain your view as it will help us 
in our assessment.  
Please read the description of each problem carefully. Then circle the number under the 
heading “Frequency” that best describes the occurrence of the behavioural change.  
Some of the everyday skill questions may not apply, if for instance the person you care for has 
never done the shopping. Please enter N/A (not applicable).   
 
All questions apply to the patient’s behaviour OVER THE PAST MONTH. 
 

0 
Never 

 

1  
 a few times per 

month 

2  
a few times per 

week 

3  
 daily 

4  
constantly 

 
Memory and Orientation 

 
FREQUENCY 

Has poor day-to-day memory (e.g. about conversations, trips etc.)   0    1    2    3    4 
Asks the same questions over and over again  0    1    2    3    4 
Loses or misplaces things                0    1    2    3    4 
Forgets the names of familiar people                    0    1    2    3    4 
Forgets the names of objects and things                     0    1    2    3    4 
Shows poor concentration when reading or watching television           0    1    2    3    4 
Forgets what day it is 0    1    2    3    4 
Becomes confused or muddled in unusual surroundings 0    1    2    3    4 

 
Everyday Skills 

 
 

Has difficulties using electrical appliances (e.g. TV, radio, cooker, 
washing machine) 

0    1    2    3    4 

Has difficulties writing (letters, Christmas cards, lists etc.) 0    1    2    3    4 
Has difficulties using the telephone                 0    1    2    3    4 
Has difficulties making a hot drink (e.g. tea/coffee)   0    1    2    3    4 
Has problems handling money or paying bills 0    1    2    3    4 
 
Self Care 

 
 

Has difficulties grooming self (e.g. shaving or putting on make-up)    0    1    2    3    4 
Has difficulties dressing self  0    1    2    3    4 
Has problems feeding self without assistance       0    1    2    3    4 
Has problems bathing or showering self 0    1    2    3    4 
 
Abnormal Behaviour 

 
 

Finds humour or laughs at things others do not find funny  0    1    2    3    4 
Has temper outbursts            0    1    2    3    4 
Is uncooperative when asked to do something  0    1    2    3    4 
Shows socially embarrassing behaviour   0    1    2    3    4 
Makes tactless or suggestive remarks    0    1    2    3    4 
Acts impulsively without thinking      0    1    2    3    4 
  

10/03/2008 © John R Hodges 
 

Cambridge Behavioural Inventory Revised (CBI-R) 
 

0  
Never 

 

1  
 a few times per 

month 

2  
a few times per 

week 

3  
 daily 

4  
constantly 

 
Mood 

 
 

Cries                 0    1    2    3    4 
Appears sad or depressed    0    1    2    3    4 
Is very restless or agitated      0    1    2    3    4 
Is very irritable 0    1    2    3    4 
 
Beliefs 

 
 

Sees things that are not really there (visual hallucinations)  0    1    2    3    4 
Hears voices that are not really there (auditory hallucinations)  0    1    2    3    4 
Has odd or bizarre ideas that cannot be true 0    1    2    3    4 
 
Eating Habits 

 

Prefers sweet foods more than before   0    1    2    3    4 
Wants to eat the same foods repeatedly 0    1    2    3    4 
Her/his appetite is greater, s/he eats more than before                          0    1    2    3    4 
Table manners are declining e.g. stuffing food into mouth 0    1    2    3    4 
 
Sleep 

 
 

Sleep is disturbed at night           0    1    2    3    4 
Sleeps more by day than before (cat naps etc.) 0    1    2    3    4 
 
Stereotypic and Motor Behaviours 

 
 

Is rigid and fixed in her/his ideas and opinions 0    1    2    3    4 
Develops routines from which s/he can not easily be discouraged e.g. 
wanting to eat or go for walks at fixed times 

0    1    2    3    4 

Clock watches or appears pre-occupied with time  0    1    2    3    4 
Repeatedly uses the same expression or catch phrase 0    1    2    3    4 
 
Motivation 

 
 

Shows less enthusiasm for his or her usual interests 0    1    2    3    4 
Shows little interest in doing new things 0    1    2    3    4 
Fails to maintain motivation to keep in contact with friends or family 0    1    2    3    4 
Appears indifferent to the worries and concerns of family members 0    1    2    3    4 
Shows reduced affection 0    1    2    3    4 
 
Any other comments: 
 
 
 
 
 
 
 
 

Thank you for your time. 
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Structured information from informant

§ Questionnaires for them to fill in, e.g. Cambridge Behavioural Inventory or

§ Structured interviews, e.g.:

§ CDR | Clinical Dementia Rating
§ NPI | Neuropsychiatric Inventory

To obtain a brief overview of cognitive performance across several domains
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Physical neurological examination

§ Many patients will have no physical neurological signs

§ But if present such signs can help to make the diagnosis or differentiate between them

§ Gait

§ Speech

§ Weakness

§ Pyramidal or upper motor neuron signs

§ Lower motor neuron signs

§ Parkinsonism

§ Limb apraxia

Assists in narrowing the differential diagnosis – the possible diagnoses that fit the case
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Physical neurological examination
Assists in narrowing the differential diagnosis – the possible diagnoses that fit the case
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memory impairment with ubiquitin-positive, tau-
negative inclusions. However, many diseases present 
with a non-specifi c memory or frontosubcortical 
impairment. In these cases, the additional neurological 
features or systemic features (dementia plus) can be very 
informative.57 Careful examination is mandatory as 
presence of one of these additional features narrows the 
diff erential diagnosis. For example, the presence of a 
gaze palsy restricts the diff erential diagnosis and the 
additional presence of splenomegaly makes a diagnosis 

of Niemann-Pick disease type C very likely. These 
dementia plus syndromes are summarised in panels 1 
and 2.

Diagnoses not to be missed 
A diagnosis of dementia tends to attract therapeutic 
nihilism and, although treatment is only symptomatic for 
many patients with degenerative dementias, many other 
non-degenerative diseases that can present with cognitive 
impairment or in which dementia is the major or only 
feature can be successfully treated. The following are 
examples of diseases that can mimic Alzheimer’s disease 
and often present in young-onset dementia clinics.

Sleep apnoea 
Patients with sleep apnoea can present with memory 
complaints and, depending on when they are examined, 
can show cognitive defi cits. This presentation is not 
uncommon: sleep apnoea was reported in 8% of patients 
presenting to a young-onset dementia clinic.8 In addition 
to the typical constellation of snoring, morning 
headache, and daytime somnolence, more subtle clues 
can include refractory nocturnal seizures or 
cerebrovascular disease. The mechanism of cognitive 
dysfunction might be intermittent hypoxaemia or sleep 
deprivation.59 Cognitive improvement, particularly in 
executive functioning, can be achieved by treating 
patients with obstructive sleep apnoea, although the 
eff ects might not always be substantial.

Transient epileptic amnesia 
The syndrome of transient epileptic amnesia is 
characterised by fl uctuations in cognitive function 
associated with episodes of anterograde amnesia or 
retrograde amnesia for discrete time periods (eg, 
vacations or other salient events for which the patient has 
essentially no recollection). Exacerbation of defi cits after 
sleep is a characteristic feature. Other clinical features of 
temporal lobe seizures often coexist but these are variable 
and pure amnestic seizures can occur. Temporal lobe 
spikes can be evident on a standard electroencephalogram 
(EEG), but prolonged recording might be needed. There 
might be evidence of hippocampal damage (altered signal 
or subtle volume loss) on MRI.60 Although treatment 
with anticonvulsants might prevent seizures, and some 
patients have improvements in cognition, complete 
resolution of cognitive complaints is unusual.

Limbic encephalitis 
The past few years have seen substantial advances in our 
understanding of limbic encephalitis, a rare syndrome 
associated with subacute onset of cognitive impairment 
attributable to medial temporal lobe, amygdala, insula, 
and orbitofrontal cortical involvement, often accompanied 
by seizures, psychiatric features, and temporal lobe signal 
change on MRI. Once infectious causes, including herpes 
viruses, have been excluded, an immune-mediated 

Panel 1: Dementia plus syndromes and associated diseases—neurological features

Ataxia
Spinocerebellar ataxia (particularly types 2, 12, and 17), paraneoplastic diseases, prion 
diseases (particularly familial forms and variant CJD), DRPLA (common in Japan), fragile 
x-associated tremor ataxia syndrome,58 familial British and Danish dementias, 
mitochondrial disorders, superfi cial siderosis, neuronal ceroid lipofuscinosis (Kuf’s 
disease), Niemann-Pick disease type C, multiple system atrophy (dementia usually mild, 
if present), Alexander’s disease, and multiple sclerosis

Pyramidal signs
Multiple sclerosis, frontotemporal lobar degeneration with motor neuron disease, 
Alzheimer’s disease (some presenilin mutations), spinocerebellar ataxias, phenylketonuria, 
familial British and Danish dementias, hereditary spastic paraparesis (SPG4), 
adrenoleukodystrophy, vanishing white matter disease, polyglucosan body disease, 
polycystic lipomembranous sclerosing leukoencephalopathy (Nasu-Hakola disease)

Dystonia/chorea
Huntington’s disease (and Huntington’s disease-like syndromes 1–3), Kuf’s disease 
(characteristic facial dyskinesia), Wilson’s disease, neuroacanthocytosis, pantothenate 
kinase-associated neurodegeneration (neurodegeneration with brain iron accumulation), 
Lesch-Nyhan syndrome, DRPLA, corticobasal degeneration, neuroferritinopathy, anti-
NMDA receptor-mediated limbic encephalitis, variant CJD

Bucco-lingual mutilation
Neuroacanthocytosis, Lesch-Nyhan syndrome

Akinetic-rigid syndrome
Lewy body disease (dementia with Lewy bodies and Parkinson’s disease dementia), 
progressive supranuclear palsy, multiple system atrophy (dementia usually mild, if 
present), Huntington’s disease (particularly juvenile onset), corticobasal degeneration, 
dementia pugilistica, Wilson’s disease, pantothenate kinase-associated 
neurodegeneration (neurodegeneration with brain iron accumulation), frontotemporal 
lobar degeneration with parkinsonism-17, Alzheimer’s disease (usually advanced)

Peripheral neuropathy
Neuroacanthocytosis, cerebrotendinous xanthomatosis, HIV infection, giant axonal 
neuropathy, alcohol-related diseases, metachromatic leukodystrophy, porphyria, 
adrenoleukodystrophy, GM2 gangliosidosis, polyglucosan body disease, Krabbe’s 
disease, sialidosis, Fabry’s disease, mitochondrial disorders, spinocerebellar ataxias 
(particularly type 3)

Myoclonus or early seizures
Prion disease, Alzheimer’s disease, Lewy body disease, DRPLA, mitochondrial disorders, 
Gaucher’s disease, GM2 gangliosidosis, neuroserpinopathy, polycystic lipomembranous 
sclerosing leukoencephalopathy, subacute sclerosing panencephalitis, progressive 
myoclonic epilepsy syndromes, Kuf’s disease, Lafora body disease, sialidosis

(Continues on next page)
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memory impairment with ubiquitin-positive, tau-
negative inclusions. However, many diseases present 
with a non-specifi c memory or frontosubcortical 
impairment. In these cases, the additional neurological 
features or systemic features (dementia plus) can be very 
informative.57 Careful examination is mandatory as 
presence of one of these additional features narrows the 
diff erential diagnosis. For example, the presence of a 
gaze palsy restricts the diff erential diagnosis and the 
additional presence of splenomegaly makes a diagnosis 

of Niemann-Pick disease type C very likely. These 
dementia plus syndromes are summarised in panels 1 
and 2.

Diagnoses not to be missed 
A diagnosis of dementia tends to attract therapeutic 
nihilism and, although treatment is only symptomatic for 
many patients with degenerative dementias, many other 
non-degenerative diseases that can present with cognitive 
impairment or in which dementia is the major or only 
feature can be successfully treated. The following are 
examples of diseases that can mimic Alzheimer’s disease 
and often present in young-onset dementia clinics.

Sleep apnoea 
Patients with sleep apnoea can present with memory 
complaints and, depending on when they are examined, 
can show cognitive defi cits. This presentation is not 
uncommon: sleep apnoea was reported in 8% of patients 
presenting to a young-onset dementia clinic.8 In addition 
to the typical constellation of snoring, morning 
headache, and daytime somnolence, more subtle clues 
can include refractory nocturnal seizures or 
cerebrovascular disease. The mechanism of cognitive 
dysfunction might be intermittent hypoxaemia or sleep 
deprivation.59 Cognitive improvement, particularly in 
executive functioning, can be achieved by treating 
patients with obstructive sleep apnoea, although the 
eff ects might not always be substantial.

Transient epileptic amnesia 
The syndrome of transient epileptic amnesia is 
characterised by fl uctuations in cognitive function 
associated with episodes of anterograde amnesia or 
retrograde amnesia for discrete time periods (eg, 
vacations or other salient events for which the patient has 
essentially no recollection). Exacerbation of defi cits after 
sleep is a characteristic feature. Other clinical features of 
temporal lobe seizures often coexist but these are variable 
and pure amnestic seizures can occur. Temporal lobe 
spikes can be evident on a standard electroencephalogram 
(EEG), but prolonged recording might be needed. There 
might be evidence of hippocampal damage (altered signal 
or subtle volume loss) on MRI.60 Although treatment 
with anticonvulsants might prevent seizures, and some 
patients have improvements in cognition, complete 
resolution of cognitive complaints is unusual.

Limbic encephalitis 
The past few years have seen substantial advances in our 
understanding of limbic encephalitis, a rare syndrome 
associated with subacute onset of cognitive impairment 
attributable to medial temporal lobe, amygdala, insula, 
and orbitofrontal cortical involvement, often accompanied 
by seizures, psychiatric features, and temporal lobe signal 
change on MRI. Once infectious causes, including herpes 
viruses, have been excluded, an immune-mediated 

Panel 1: Dementia plus syndromes and associated diseases—neurological features

Ataxia
Spinocerebellar ataxia (particularly types 2, 12, and 17), paraneoplastic diseases, prion 
diseases (particularly familial forms and variant CJD), DRPLA (common in Japan), fragile 
x-associated tremor ataxia syndrome,58 familial British and Danish dementias, 
mitochondrial disorders, superfi cial siderosis, neuronal ceroid lipofuscinosis (Kuf’s 
disease), Niemann-Pick disease type C, multiple system atrophy (dementia usually mild, 
if present), Alexander’s disease, and multiple sclerosis

Pyramidal signs
Multiple sclerosis, frontotemporal lobar degeneration with motor neuron disease, 
Alzheimer’s disease (some presenilin mutations), spinocerebellar ataxias, phenylketonuria, 
familial British and Danish dementias, hereditary spastic paraparesis (SPG4), 
adrenoleukodystrophy, vanishing white matter disease, polyglucosan body disease, 
polycystic lipomembranous sclerosing leukoencephalopathy (Nasu-Hakola disease)

Dystonia/chorea
Huntington’s disease (and Huntington’s disease-like syndromes 1–3), Kuf’s disease 
(characteristic facial dyskinesia), Wilson’s disease, neuroacanthocytosis, pantothenate 
kinase-associated neurodegeneration (neurodegeneration with brain iron accumulation), 
Lesch-Nyhan syndrome, DRPLA, corticobasal degeneration, neuroferritinopathy, anti-
NMDA receptor-mediated limbic encephalitis, variant CJD

Bucco-lingual mutilation
Neuroacanthocytosis, Lesch-Nyhan syndrome

Akinetic-rigid syndrome
Lewy body disease (dementia with Lewy bodies and Parkinson’s disease dementia), 
progressive supranuclear palsy, multiple system atrophy (dementia usually mild, if 
present), Huntington’s disease (particularly juvenile onset), corticobasal degeneration, 
dementia pugilistica, Wilson’s disease, pantothenate kinase-associated 
neurodegeneration (neurodegeneration with brain iron accumulation), frontotemporal 
lobar degeneration with parkinsonism-17, Alzheimer’s disease (usually advanced)

Peripheral neuropathy
Neuroacanthocytosis, cerebrotendinous xanthomatosis, HIV infection, giant axonal 
neuropathy, alcohol-related diseases, metachromatic leukodystrophy, porphyria, 
adrenoleukodystrophy, GM2 gangliosidosis, polyglucosan body disease, Krabbe’s 
disease, sialidosis, Fabry’s disease, mitochondrial disorders, spinocerebellar ataxias 
(particularly type 3)

Myoclonus or early seizures
Prion disease, Alzheimer’s disease, Lewy body disease, DRPLA, mitochondrial disorders, 
Gaucher’s disease, GM2 gangliosidosis, neuroserpinopathy, polycystic lipomembranous 
sclerosing leukoencephalopathy, subacute sclerosing panencephalitis, progressive 
myoclonic epilepsy syndromes, Kuf’s disease, Lafora body disease, sialidosis
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process is most likely. In addition to well established 
paraneoplastic antibodies (including Hu, Ma2, CV2/
CRMP5) targeted against intraneuronal antibodies, a 
range of antibodies directed against cell-surface antigens 
(including voltage-gated potassium channels,61 the 
NMDA receptor,62 the GABAB receptor,63 and the AMPA 
glutamate receptor64) are now associated with a limbic 
encephalitis phenotype. Certain clinical features can give 
clues to the causative antibody (eg, older onset with 
hyponatraemia with voltage-gated potassium channels 
antibodies; younger female adult/child with dyskinesias 
in anti-NMDA receptor-mediated limbic encephalitis). In 
cases of immune-mediated limbic encephalitis, an 
underlying tumour should be sought and treated 
if identifi ed; best available evidence suggests that 
tumour-negative cases should be treated promptly 
with immunosuppression.61,62 Several antibody-negative 
patients might also respond to immune modulation and 
it is likely that further causative antibodies are yet to be 
determined; Hashimoto’s encephalopathy might fall into 
this category, with the involvement of thyroid antibodies 
as an epiphenomenon.65

Clinical assessment 
The clinical assessment of a patient with cognitive 
impairment should be the same regardless of age but 
the breadth of the diff erential diagnosis in younger 
patients, which includes many rare diseases, demands a 
structured approach. The fi rst objective is to determine 
the pattern of cognitive and behavioural defi cit. The 
second objective is to determine the involvement of the 
nervous system more generally. Finally, the general 
physical examination should not be overlooked because 
clues to the cause of cognitive dysfunction might lie 
outside the nervous system. Clinicians should be aware 
that a patient might initially be referred to non-cognitive 
specialist clinics; thus, patients with Kuf’s disease or 
Wilson’s disease might present to a movement disorders 
specialist at a stage when the cognitive impairment is 
mild or even absent. However, all patients can present 
with cognitive impairment when other features are 
either less salient or absent; for example, the cognitive 
presentation of multiple sclerosis.66 

Cognitive assessment 
Much information can be obtained from the bedside 
assessment of diff erent domains of cognitive function, 
although widely used instruments such as the mini-
mental state examination tend to focus on memory, 
language, and literacy skills, at the expense of non-
dominant hemisphere skills. Testing of executive 
function at the bedside is often diffi  cult to interpret, but 
reduced verbal fl uency might be a useful non-specifi c 
indicator of cognitive dysfunction.67 Dyspraxia and 
apperceptive agnosia are suggestive of organic disease, 
implicating dominant and non-dominant parietal 
function, respectively.

A useful bedside distinction can be made between 
cortical dementia and subcortical dementia. Cortical 
dementia is characterised by clear errors in specifi c 
domains with relative preservation of cognitive speed, 
and is exemplifi ed by Alzheimer’s disease and semantic 
dementia.68 By contrast, subcortical dementia68 is 
characterised by profound slowing of cognition, with a 
frontal dysexecutive syndrome and impairment of 
memory retrieval, and is exemplifi ed by progressive 
supranuclear palsy. In general, the cognitive pattern of 
dementia plus syndromes is predominantly subcortical. 
The association of cognitive slowing and behavioural 
changes has long been associated with disorders of the 
basal ganglia but similar syndromes are seen with 
diseases that aff ect subcortical white matter pathways or 
ascending projections linking the brainstem to the cortex. 
These ascending systems are vulnerable to many 
metabolic disturbances and to drugs and disturbances to 
these systems account for the pattern of cognitive 
dysfunction most widely seen with systemic disease. 

Although bedside cognitive examination can be 
informative, a formal neuropsychological assessment is 
necessary to characterise the patient’s cognitive syndrome 
in detail. The neuropsychologist uses tests of graded 
diffi  culty with well established, age-related normative 
data so that cognitive performance can be compared 
across specifi c domains. It is important to determine 
premorbid function as far as possible, by use of details of 
educational attainment, employment history, and reading 
skills. However, serial assessment is often necessary to 
be confi dent of a decline in cognition: neuropsychometry 
off ers the further advantage of quantifi cation of any 
interval change in performance, bearing in mind that 
practice eff ects lead to an improvement in some scores in 
healthy individuals (eg, IQ scores). The association of 
cognitive syndromes with particular degenerative 
dementias is shown in fi gure 2.69 

(Continued from previous page)

Gaze palsy
Niemann Pick disease type C (vertical supranuclear; early downgaze loss), Gaucher’s 
disease (horizontal supranuclear), progressive supranuclear palsy (vertical supranuclear), 
mitochondrial disorders, spinocerebellar ataxias (particularly type 2), paraneoplastic 
disorders, Whipple’s disease

Deafness
Superfi cial siderosis, mitochondrial disorders, familial Danish dementia, alpha 
mannosidosis, sialidosis

Dysautonomia
Lewy body disease, multiple system atrophy, prion disease (fatal familial insomnia), 
porphyria, adrenoleukodystrophy, anti-NMDA receptor-mediated limbic encephalitis

The dementia plus syndromes describe patterns of cognitive impairment (dementia) plus additional neurological or systemic 
features that aid investigation and diagnosis of the underlying disease process. This list cannot be comprehensive. Note that 
vascular disease, structural disorders, and (para) neoplastic disease can be associated with a wide range of presentations. 
DRPLA=dentatorubral-pallidoluysian atrophy. CJD=Creutzfeldt-Jakob disease.
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Limb apraxia  Alzheimer’s disease, corticobasal syndrome
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Formal neuropsychological assessment

§ This takes time to perform: 1-3 hrs depending upon protocols used at different centres

§ History taken and in-depth examination of neuropsychological function performed
§ Different centres use different batteries
§ Most will try to obtain an estimate of premorbid intelligence (e.g., using NART in the UK)

§ Verbal and performance IQ five some general estimates
§ Domain specific tests of: attention, memory, visuospatial, language and executive 

functions commonly used
§ In addition, if appropriate, tests of praxis, visual object recognition and semantic 

knowledge

Very few patients undergo this
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Clinical diagnosis rests on first defining the syndrome
Ancilliary investigations can help refine the diagnosis

§ What are the key features of the history – from both patient and informant?

§ What are the findings on cognitive assessment?
§ Are there any physical signs?
§ Most diagnoses are made on the basis of these factors
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Investigations
To exclude treatable causes and to find supporting evidence for a clinical diagnosis

§ Screening blood tests: to exclude, for example, metabolic / hormonal / vitamin / inflammatory / 
chronic infectious causes)

§ Structural brain imaging, ideally MRI but often CT (to exclude, for example, a tumour)
§ Cerebrospinal fluid (CSF) examination via lumbar puncture: to exclude inflammatory / infectious 

cause but also to measure amyloid-beta and tau protein levels
§ FDG PET (fluorodeoxyglucose positron emission tomography) brain imaging to examine regional 

brain metabolism
§ Amyloid and / or tau PET brain imaging in some specialized centres
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What is dementia?
This is a clinical definition | Diagnostic and Statistical Manual of Mental Disorders 

DSM-IV	criteria	for	dementia DSM-5	criteria	for	major	neurocognitive	disorder
(previously	dementia)

A1.Memory	impairment

A. Evidence	of	significant	cognitive	decline	from	a	previous	level	
of	performance	in	one	or	more	cognitive	domains*:
- Learning	and	memory
- Language
- Executive	function
- Complex	attention
- Perceptual-motor
- Social	cognition

A2. At	least	one	of	the	following:
- Aphasia
- Apraxia
- Agnosia
- Disturbance	in	executive	functioning

B. The	cognitive	deficits	in	A1	and	A2	each	cause	significant	
impairment	in	social	or	occupational	functioning	and	represent	a	
significant	decline	from	a	previous	level	of	functioning

B. The	cognitive	deficits	interfere	with	independence	in	
everyday	activities.	At	a	minimum,	assistance	should	be	required	
with	complex	instrumental	activities	of	daily	living,	such	as	
paying	bills	or	managing	medications.

C. The	cognitive	deficits	do	not	occur	exclusively	during	the	
course	of	delirium

C. The	cognitive	deficits	do	not	occur	exclusively	in	the	context	
of	a	delirium

D. The	cognitive	deficits	are	not	better	explained	by	another	
mental	disorder	(eg,	major	depressive	disorder,	schizophrenia)
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What is dementia?
National Institute of Aging – Alzheimer’s Association guidelines require two domains

2. Criteria for all-cause dementia: Core clinical criteria

In this section, we outline core clinical criteria to be used
in all clinical settings. Because there are many causes of
dementia, we will first outline the criteria for all-cause
dementia.

The diagnosis of dementia is intended to encompass the
spectrum of severity, ranging from the mildest to the most
severe stages of dementia. The methodology for staging of
dementia severity was beyond the charge of the workgroup.
Dementia is diagnosed when there are cognitive or behav-
ioral (neuropsychiatric) symptoms that:

1. Interfere with the ability to function at work or at usual
activities; and

2. Represent a decline from previous levels of function-
ing and performing; and

3. Are not explained by delirium or major psychiatric
disorder;

4. Cognitive impairment is detected and diagnosed
through a combination of (1) history-taking from
the patient and a knowledgeable informant and (2)
an objective cognitive assessment, either a “bedside”
mental status examination or neuropsychological
testing. Neuropsychological testing should be per-
formed when the routine history and bedside mental
status examination cannot provide a confident diag-
nosis.

5. The cognitive or behavioral impairment involves
a minimum of two of the following domains:
a. Impaired ability to acquire and remember

new information––symptoms include: repetitive
questions or conversations, misplacing personal
belongings, forgetting events or appointments,
getting lost on a familiar route.

b. Impaired reasoning and handling of complex tasks,
poor judgment––symptoms include: poor under-
standing of safety risks, inability to manage fi-
nances, poor decision-making ability, inability to
plan complex or sequential activities.

c. Impaired visuospatial abilities––symptoms in-
clude: inability to recognize faces or common ob-
jects or to find objects in direct view despite good
acuity, inability to operate simple implements, or
orient clothing to the body.

d. Impaired language functions (speaking, reading,
writing)––symptoms include: difficulty thinking
of common words while speaking, hesitations;
speech, spelling, and writing errors.

e. Changes in personality, behavior, or comportment––
symptoms include: uncharacteristic mood fluctua-
tions such as agitation, impaired motivation,
initiative, apathy, loss of drive, social withdrawal, de-
creased interest in previous activities, loss of empa-
thy, compulsive or obsessive behaviors, socially
unacceptable behaviors.

The differentiation of dementia from MCI (see compan-
ion article [5] on the diagnosis of MCI) rests on the determi-
nation ofwhether or not there is significant interference in the
ability to function at work or in usual daily activities. This is
inherently a clinical judgment made by a skilled clinician on
the basis of the individual circumstances of the patient and
the description of daily affairs of the patient obtained from
the patient and from a knowledgeable informant.

3. Proposed classification criteria for AD dementia

We propose the following terminology for classifying
individuals with dementia caused by AD: (1) Probable AD
dementia, (2) Possible AD dementia, and (3) Probable or
possible AD dementia with evidence of the AD pathophysi-
ological process. The first two are intended for use in all clin-
ical settings. The third is currently intended for research
purposes.

4. Probable AD dementia: Core clinical criteria

4.1. Probable AD dementia is diagnosed when the patient

1. Meets criteria for dementia described earlier in the
text, and in addition, has the following characteristics:

A. Insidious onset. Symptoms have a gradual onset over
months to years, not sudden over hours or days;

B. Clear-cut history of worsening of cognition by report
or observation; and

C. The initial and most prominent cognitive deficits are
evident on history and examination in one of the fol-
lowing categories.
a. Amnestic presentation: It is the most common

syndromic presentation of AD dementia. The defi-
cits should include impairment in learning and
recall of recently learned information. There should
also be evidence of cognitive dysfunction in at least
one other cognitive domain, as defined earlier in the
text.

b. Nonamnestic presentations:
! Language presentation: The most prominent def-

icits are in word-finding, but deficits in other
cognitive domains should be present.

! Visuospatial presentation: The most prominent
deficits are in spatial cognition, including object
agnosia, impaired face recognition, simultanagno-
sia, and alexia. Deficits in other cognitive domains
should be present.

! Executive dysfunction: The most prominent def-
icits are impaired reasoning, judgment, and prob-
lem solving. Deficits in other cognitive domains
should be present.

D. The diagnosis of probable AD dementia should not
be applied when there is evidence of (a) substantial
concomitant cerebrovascular disease, defined by
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younger patients, although not in those who are younger 
than 35 years.11 However, the clinical features of these 
diseases in younger patients can diff er from those seen 
at a later age.

Alzheimer’s disease
Alzheimer’s fi rst patient was only 51 years at the time of 
presentation and,13 for the next 50 years, Alzheimer’s 
disease was referred to as a presenile dementia. It was 
the work of Blessed and colleagues14 that led to the 
recognition of the importance of the disease in the 
elderly: these authors showed that the brains of patients 
who had so-called senile dementia when they died had 
senile plaques and neurofi brillary tangles that were 
qualitatively the same as those seen in presenile 
Alzheimer’s disease. This fi nding led to the view that 
the disease was the same regardless of age and the term 
Alzheimer’s disease has since been used to include 
all ages. This has been a valuable advance but has 
masked important diff erences. One obvious diff erence 
is that, compared with elderly individuals, younger 
patients have fewer comorbidities such as renal disease 
and heart disease, and lower medication use, which 
can exacerbate cognitive impairment. Co-existent 
cerebro vascular disease is also less common in 
younger patients, whereas there is frequent co-existence 
of Alzheimer’s disease with vascular disease in the 
older population. 

Autosomal dominant familial Alzheimer’s disease is 
also more common in individuals with younger onset; 
sporadic Alzheimer’s disease in individuals younger 
than 50 years is rare. Although mutations in the amyloid 
precursor protein (APP) and presenilin-1 and 
presenilin-2 (PSEN1 and PSEN2) genes, which are 
associated with familial Alzheimer’s disease, are seen 
in older patients with Alzheimer’s disease, most 
patients present below the age of 65 years.15,16 In general, 
individuals with familial Alzheimer’s disease present 
with features similar to individuals with later-onset 
sporadic Alzheimer’s disease with prominent episodic 
memory impairment. This similarity has meant that 
the insights gained from the studies of pre-manifest 
and early familial Alzheimer’s disease17 can be 
generalised to the more common older-onset sporadic 
disease.18 However, unlike patients with sporadic 
disease, patients with familial Alzheimer’s disease 
generally have myoclonus, relative preservation of 
naming, and, in some cases, prominent speech 
production defi cits.19 Rarely, some patients have features 
that are not seen in late-onset sporadic disease. In 
patients with PSEN1 deletions and some point 
mutations, spastic paraparesis can be a prominent and 
even a presenting feature years before the onset of 
cognitive impairment;20,21 rarely, a cerebellar ataxia is 
seen.22 Mutations in the prion protein (PRNP) gene 
might cause a clinical syndrome that closely resembles 
familial Alzheimer’s disease.23

There are also important phenotypic variants within 
the group of patients with younger-onset sporadic 
Alzheimer’s disease: patients who have non-amnestic 
defi cits collectively comprise about a third of cases who 
present with young onset compared with about 5% of 
later-onset presentations.24 Within the range of non-
amnestic disorders, presentations with executive 
behavioural or language dysfunction are well 
documented; however, the most frequent phenotype is 
a biparietal or more posterior biparieto-occipital 
presentation, so-called posterior cortical atrophy, 
particularly in those with onset between 50 years and 
65 years.25–27 The cortical nature of the visual impairment 
might not be identifi ed, and these patients often have 
many appointments with opticians and ophthalmologists 
because of the diffi  culty they have with locating and 
perceiving objects. Such patients might not fulfi l criteria 
for Alzheimer’s disease, having relatively preserved 
episodic memory. The association with the ApoEε4 
genotype seen with amnestic Alzheimer’s disease might 
not be observed in patients with posterior cortical 
atrophy, hinting at neurobiological diff erences between 
these groups of patients.28 

The ApoEε4 genotype might contribute to a more 
aggressive clinical disease course in younger patients.29 
A language variant of Alzheimer’s disease, so-called 
logopenic progressive aphasia, characterised by 
prolonged word-fi nding pauses, anomia, and impaired 
sentence processing, is also more common in younger 
patients. The extensive anatomical overlap between the 
logopenic and posterior cortical atrophy syndromes 
underlines the posterior emphasis of cortical 
involvement in the younger-onset Alzheimer’s disease 
variants.30 
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amyloid, though contentious,11 is consistent both with the
location of the pathogenetic amyloid precursor protein
mutations, which are all clustered near protease cleavage
sites within the b-amyloid domain, and with evidence
implicating the PS genes in c-secretase cleavage of amyloid
precursor protein, leading to overproduction of Ab1–42.

The neuropathological hallmarks of Alzheimer’s disease
are neuritic (senile) plaques and neurofibrillary tangles.
Neuritic plaques are extracellular and composed of dystrophic
axons and dendrites clustered round a central core, pre-
dominantly consisting of b-amyloid (Ab). Neurofibrillary
tangles are intracellular and composed of abnormally
phosphorylated microtubule associated tau protein.
Involvement of basal forebrain nuclei leads to a widespread
deficit in cholinergic transmission in cortical projection areas.

The clinical phenotype is similar in young onset and older
onset Alzheimer’s disease, and in familial and sporadic cases.
Typically, early involvement of medial temporal lobe struc-
tures (hippocampus and entorhinal cortex) leads initially to
forgetfulness for daily events (episodic memory loss). The
patient may become lost in a familiar area (topographical
memory impairment). Parietal dysfunction manifests as
dyspraxia and visuospatial defects including visual disorien-
tation: typically, parietal signs appear after memory loss,
however in a subgroup of patients with posterior cortical
atrophy they are the presenting features. In contrast to the
frontotemporal lobar degenerations, language and social
functioning are generally preserved until late in the course.
Delusions, hallucinations, and aggression commonly occur
later in the illness and often precipitate admission to
institutional care. In familial Alzheimer’s disease, myoclonus
tends to be more florid and naming may be spared until later
in the course.12 Age at onset and age at death vary widely
within the same kindred.13 Specific mutations may give rise
to characteristic clinical features such as early behavioural
change,14 a speech production deficit,15 or spastic paraparesis
with white matter changes.16

In familial cases, genotyping may enable Alzheimer’s
disease to be diagnosed at an early stage. As is true of the
neurodegenerative dementias generally, definitive diagnosis
in sporadic cases must still await histopathological examina-
tion. However volumetric magnetic resonance imaging (MRI)
techniques can identify and quantify patterns of regional
atrophy,17 in particular medial temporal lobe structures
(fig 1A), that reflect neuronal destruction. Studies of ‘‘at
risk’’ members of familial Alzheimer’s disease pedigrees
indicate that increased rates of tissue loss and neuropsycho-
logical deficits (in particular, verbal recognition memory and
performance IQ) precede symptoms by several years.18

Frontotemporal lobar degenerations
The frontotemporal lobar degenerations (FTLD) are a group
of disorders characterised by focal degeneration of frontal
and temporal lobes. The recent development of consensus
diagnostic criteria for FTLD19 has led to an increase in the
number of cases diagnosed, and the recognition that FTLD
and Alzheimer’s disease have similar prevalence in YOD
populations.3 However FTLD remains a source of considerable
nosological confusion, largely on account of its histopatho-
logical and genetic heterogeneity.

The usual age at onset is 45–60 (range 20–75 years); males
may be more frequently affected.3 Family history is positive in
up to 50% of patients4 and a number of genetic causes have
been identified (table 3). The largest single group has
mutations in the tau gene on chromosome 17: FTDP-17
(frontotemporal dementia with parkinsonism linked to
chromosome 17).20 The clinical phenotype is often highly
variable within a kindred.

A wide variety of histopathological findings have been
described in FTLD. Mild spongiform change with neuronal
loss and non-specific gliosis may occur without inclusion
bodies (dementia lacking distinctive histopathology).21 Many
cases are associated with tau inclusions; microtubular instabil-
ity secondary to tau dysfunction may contribute to the
pathogenesis of such ‘‘tauopathies’’.20 The number of micro-
tubule binding domains in the tau isoform provides a partial
basis for classifying the tauopathies; thus, inclusions with
three-repeat tau isoform are associated with classical Pick’s
disease with Pick bodies, while inclusions with four-repeat tau
are associated with corticobasal type inclusions. Ubiquitin
positive, tau negative inclusions similar to those in motor
neurone disease may occur without motor neurone involve-
ment.22 New histopathological patterns continue to be defined.23

There is no consistent relationship between histopathology and
the clinical phenotype, which is largely determined by the
distribution rather than the type of pathology.

In frontotemporal dementia, the clinical presentation is
variable and often subtle, and may be dominated by
behavioural disturbances, personality change, loss of empa-
thy or motivation.24 Loss of planning and judgment may force
early retirement. Families and carers may attribute beha-
vioural changes to marital difficulties or ‘‘mid-life crisis’’ and
misdiagnoses as treatment resistant depression or
Alzheimer’s disease are frequent. As the disease advances,
behavioural rigidity, disinhibition, loss of social skills,
fatuousness, emotional lability and impulsivity often develop,
accompanied by executive dysfunction, decreased verbal
fluency, impaired abstraction, difficulty shifting set and
motor and verbal perseveration and stereotypies.
Hyperorality and development of a sweet tooth are char-
acteristic. Disproportionate frontal atrophy may be evident on
MRI (fig 1C), however this is often subtle.

Semantic dementia resembles a progressive fluent aphasia,
with increasingly empty and circumlocutory (but grammati-
cally correct) speech due to loss of semantic knowledge about
the meanings of words and objects.25 Anatomically, it is
characterised by focal, predominantly left anterior temporal
lobe atrophy (fig 1B): this asymmetry and the existence of an
anteroposterior gradient of atrophy can distinguish semantic
dementia from Alzheimer’s disease on MRI.26 For unknown
reasons, selective right anterior temporal atrophy is observed
much more rarely; it presents as a progressive difficulty
interpreting facial expressions and emotions, facial impassiv-
ity, loss of empathy, and behavioural symptoms.27 Primary
progressive non-fluent aphasia manifests as an insidious
deterioration in speech production with phonemic and
syntactic errors and word-finding difficulties, frequently
accompanied by orofacial apraxia. It is associated with
circumscribed left perisylvian atrophy.28 In these focal

Table 1 Epidemiology of young onset dementia (onset
30–64 years) (after Harvey et al2)

Young onset dementia
Prevalence/
100 000

Proportion of total
(%)

Alzheimer’s disease 21.7 30
Vascular dementia 10.9 15
Frontotemporal lobar degenerations 9.3 13
Alcohol related dementia 8.3 12
Dementia with Lewy bodies 6 4
Huntington’s disease 4.7
Dementia in multiple sclerosis 4.1
Dementia in Down’s syndrome 1.6
Corticobasal degeneration 1.0
Prion disease 1.0 25
Dementia in Parkinson’s disease 1.0
Dementia due to carbon monoxide
poisoning

0.5

Other causes 4.1

n
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younger patients, although not in those who are younger 
than 35 years.11 However, the clinical features of these 
diseases in younger patients can diff er from those seen 
at a later age.

Alzheimer’s disease
Alzheimer’s fi rst patient was only 51 years at the time of 
presentation and,13 for the next 50 years, Alzheimer’s 
disease was referred to as a presenile dementia. It was 
the work of Blessed and colleagues14 that led to the 
recognition of the importance of the disease in the 
elderly: these authors showed that the brains of patients 
who had so-called senile dementia when they died had 
senile plaques and neurofi brillary tangles that were 
qualitatively the same as those seen in presenile 
Alzheimer’s disease. This fi nding led to the view that 
the disease was the same regardless of age and the term 
Alzheimer’s disease has since been used to include 
all ages. This has been a valuable advance but has 
masked important diff erences. One obvious diff erence 
is that, compared with elderly individuals, younger 
patients have fewer comorbidities such as renal disease 
and heart disease, and lower medication use, which 
can exacerbate cognitive impairment. Co-existent 
cerebro vascular disease is also less common in 
younger patients, whereas there is frequent co-existence 
of Alzheimer’s disease with vascular disease in the 
older population. 

Autosomal dominant familial Alzheimer’s disease is 
also more common in individuals with younger onset; 
sporadic Alzheimer’s disease in individuals younger 
than 50 years is rare. Although mutations in the amyloid 
precursor protein (APP) and presenilin-1 and 
presenilin-2 (PSEN1 and PSEN2) genes, which are 
associated with familial Alzheimer’s disease, are seen 
in older patients with Alzheimer’s disease, most 
patients present below the age of 65 years.15,16 In general, 
individuals with familial Alzheimer’s disease present 
with features similar to individuals with later-onset 
sporadic Alzheimer’s disease with prominent episodic 
memory impairment. This similarity has meant that 
the insights gained from the studies of pre-manifest 
and early familial Alzheimer’s disease17 can be 
generalised to the more common older-onset sporadic 
disease.18 However, unlike patients with sporadic 
disease, patients with familial Alzheimer’s disease 
generally have myoclonus, relative preservation of 
naming, and, in some cases, prominent speech 
production defi cits.19 Rarely, some patients have features 
that are not seen in late-onset sporadic disease. In 
patients with PSEN1 deletions and some point 
mutations, spastic paraparesis can be a prominent and 
even a presenting feature years before the onset of 
cognitive impairment;20,21 rarely, a cerebellar ataxia is 
seen.22 Mutations in the prion protein (PRNP) gene 
might cause a clinical syndrome that closely resembles 
familial Alzheimer’s disease.23

There are also important phenotypic variants within 
the group of patients with younger-onset sporadic 
Alzheimer’s disease: patients who have non-amnestic 
defi cits collectively comprise about a third of cases who 
present with young onset compared with about 5% of 
later-onset presentations.24 Within the range of non-
amnestic disorders, presentations with executive 
behavioural or language dysfunction are well 
documented; however, the most frequent phenotype is 
a biparietal or more posterior biparieto-occipital 
presentation, so-called posterior cortical atrophy, 
particularly in those with onset between 50 years and 
65 years.25–27 The cortical nature of the visual impairment 
might not be identifi ed, and these patients often have 
many appointments with opticians and ophthalmologists 
because of the diffi  culty they have with locating and 
perceiving objects. Such patients might not fulfi l criteria 
for Alzheimer’s disease, having relatively preserved 
episodic memory. The association with the ApoEε4 
genotype seen with amnestic Alzheimer’s disease might 
not be observed in patients with posterior cortical 
atrophy, hinting at neurobiological diff erences between 
these groups of patients.28 

The ApoEε4 genotype might contribute to a more 
aggressive clinical disease course in younger patients.29 
A language variant of Alzheimer’s disease, so-called 
logopenic progressive aphasia, characterised by 
prolonged word-fi nding pauses, anomia, and impaired 
sentence processing, is also more common in younger 
patients. The extensive anatomical overlap between the 
logopenic and posterior cortical atrophy syndromes 
underlines the posterior emphasis of cortical 
involvement in the younger-onset Alzheimer’s disease 
variants.30 
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younger patients, although not in those who are younger 
than 35 years.11 However, the clinical features of these 
diseases in younger patients can diff er from those seen 
at a later age.

Alzheimer’s disease
Alzheimer’s fi rst patient was only 51 years at the time of 
presentation and,13 for the next 50 years, Alzheimer’s 
disease was referred to as a presenile dementia. It was 
the work of Blessed and colleagues14 that led to the 
recognition of the importance of the disease in the 
elderly: these authors showed that the brains of patients 
who had so-called senile dementia when they died had 
senile plaques and neurofi brillary tangles that were 
qualitatively the same as those seen in presenile 
Alzheimer’s disease. This fi nding led to the view that 
the disease was the same regardless of age and the term 
Alzheimer’s disease has since been used to include 
all ages. This has been a valuable advance but has 
masked important diff erences. One obvious diff erence 
is that, compared with elderly individuals, younger 
patients have fewer comorbidities such as renal disease 
and heart disease, and lower medication use, which 
can exacerbate cognitive impairment. Co-existent 
cerebro vascular disease is also less common in 
younger patients, whereas there is frequent co-existence 
of Alzheimer’s disease with vascular disease in the 
older population. 

Autosomal dominant familial Alzheimer’s disease is 
also more common in individuals with younger onset; 
sporadic Alzheimer’s disease in individuals younger 
than 50 years is rare. Although mutations in the amyloid 
precursor protein (APP) and presenilin-1 and 
presenilin-2 (PSEN1 and PSEN2) genes, which are 
associated with familial Alzheimer’s disease, are seen 
in older patients with Alzheimer’s disease, most 
patients present below the age of 65 years.15,16 In general, 
individuals with familial Alzheimer’s disease present 
with features similar to individuals with later-onset 
sporadic Alzheimer’s disease with prominent episodic 
memory impairment. This similarity has meant that 
the insights gained from the studies of pre-manifest 
and early familial Alzheimer’s disease17 can be 
generalised to the more common older-onset sporadic 
disease.18 However, unlike patients with sporadic 
disease, patients with familial Alzheimer’s disease 
generally have myoclonus, relative preservation of 
naming, and, in some cases, prominent speech 
production defi cits.19 Rarely, some patients have features 
that are not seen in late-onset sporadic disease. In 
patients with PSEN1 deletions and some point 
mutations, spastic paraparesis can be a prominent and 
even a presenting feature years before the onset of 
cognitive impairment;20,21 rarely, a cerebellar ataxia is 
seen.22 Mutations in the prion protein (PRNP) gene 
might cause a clinical syndrome that closely resembles 
familial Alzheimer’s disease.23

There are also important phenotypic variants within 
the group of patients with younger-onset sporadic 
Alzheimer’s disease: patients who have non-amnestic 
defi cits collectively comprise about a third of cases who 
present with young onset compared with about 5% of 
later-onset presentations.24 Within the range of non-
amnestic disorders, presentations with executive 
behavioural or language dysfunction are well 
documented; however, the most frequent phenotype is 
a biparietal or more posterior biparieto-occipital 
presentation, so-called posterior cortical atrophy, 
particularly in those with onset between 50 years and 
65 years.25–27 The cortical nature of the visual impairment 
might not be identifi ed, and these patients often have 
many appointments with opticians and ophthalmologists 
because of the diffi  culty they have with locating and 
perceiving objects. Such patients might not fulfi l criteria 
for Alzheimer’s disease, having relatively preserved 
episodic memory. The association with the ApoEε4 
genotype seen with amnestic Alzheimer’s disease might 
not be observed in patients with posterior cortical 
atrophy, hinting at neurobiological diff erences between 
these groups of patients.28 

The ApoEε4 genotype might contribute to a more 
aggressive clinical disease course in younger patients.29 
A language variant of Alzheimer’s disease, so-called 
logopenic progressive aphasia, characterised by 
prolonged word-fi nding pauses, anomia, and impaired 
sentence processing, is also more common in younger 
patients. The extensive anatomical overlap between the 
logopenic and posterior cortical atrophy syndromes 
underlines the posterior emphasis of cortical 
involvement in the younger-onset Alzheimer’s disease 
variants.30 
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younger patients, although not in those who are younger 
than 35 years.11 However, the clinical features of these 
diseases in younger patients can diff er from those seen 
at a later age.

Alzheimer’s disease
Alzheimer’s fi rst patient was only 51 years at the time of 
presentation and,13 for the next 50 years, Alzheimer’s 
disease was referred to as a presenile dementia. It was 
the work of Blessed and colleagues14 that led to the 
recognition of the importance of the disease in the 
elderly: these authors showed that the brains of patients 
who had so-called senile dementia when they died had 
senile plaques and neurofi brillary tangles that were 
qualitatively the same as those seen in presenile 
Alzheimer’s disease. This fi nding led to the view that 
the disease was the same regardless of age and the term 
Alzheimer’s disease has since been used to include 
all ages. This has been a valuable advance but has 
masked important diff erences. One obvious diff erence 
is that, compared with elderly individuals, younger 
patients have fewer comorbidities such as renal disease 
and heart disease, and lower medication use, which 
can exacerbate cognitive impairment. Co-existent 
cerebro vascular disease is also less common in 
younger patients, whereas there is frequent co-existence 
of Alzheimer’s disease with vascular disease in the 
older population. 

Autosomal dominant familial Alzheimer’s disease is 
also more common in individuals with younger onset; 
sporadic Alzheimer’s disease in individuals younger 
than 50 years is rare. Although mutations in the amyloid 
precursor protein (APP) and presenilin-1 and 
presenilin-2 (PSEN1 and PSEN2) genes, which are 
associated with familial Alzheimer’s disease, are seen 
in older patients with Alzheimer’s disease, most 
patients present below the age of 65 years.15,16 In general, 
individuals with familial Alzheimer’s disease present 
with features similar to individuals with later-onset 
sporadic Alzheimer’s disease with prominent episodic 
memory impairment. This similarity has meant that 
the insights gained from the studies of pre-manifest 
and early familial Alzheimer’s disease17 can be 
generalised to the more common older-onset sporadic 
disease.18 However, unlike patients with sporadic 
disease, patients with familial Alzheimer’s disease 
generally have myoclonus, relative preservation of 
naming, and, in some cases, prominent speech 
production defi cits.19 Rarely, some patients have features 
that are not seen in late-onset sporadic disease. In 
patients with PSEN1 deletions and some point 
mutations, spastic paraparesis can be a prominent and 
even a presenting feature years before the onset of 
cognitive impairment;20,21 rarely, a cerebellar ataxia is 
seen.22 Mutations in the prion protein (PRNP) gene 
might cause a clinical syndrome that closely resembles 
familial Alzheimer’s disease.23

There are also important phenotypic variants within 
the group of patients with younger-onset sporadic 
Alzheimer’s disease: patients who have non-amnestic 
defi cits collectively comprise about a third of cases who 
present with young onset compared with about 5% of 
later-onset presentations.24 Within the range of non-
amnestic disorders, presentations with executive 
behavioural or language dysfunction are well 
documented; however, the most frequent phenotype is 
a biparietal or more posterior biparieto-occipital 
presentation, so-called posterior cortical atrophy, 
particularly in those with onset between 50 years and 
65 years.25–27 The cortical nature of the visual impairment 
might not be identifi ed, and these patients often have 
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because of the diffi  culty they have with locating and 
perceiving objects. Such patients might not fulfi l criteria 
for Alzheimer’s disease, having relatively preserved 
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not be observed in patients with posterior cortical 
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these groups of patients.28 
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logopenic progressive aphasia, characterised by 
prolonged word-fi nding pauses, anomia, and impaired 
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younger patients, although not in those who are younger 
than 35 years.11 However, the clinical features of these 
diseases in younger patients can diff er from those seen 
at a later age.

Alzheimer’s disease
Alzheimer’s fi rst patient was only 51 years at the time of 
presentation and,13 for the next 50 years, Alzheimer’s 
disease was referred to as a presenile dementia. It was 
the work of Blessed and colleagues14 that led to the 
recognition of the importance of the disease in the 
elderly: these authors showed that the brains of patients 
who had so-called senile dementia when they died had 
senile plaques and neurofi brillary tangles that were 
qualitatively the same as those seen in presenile 
Alzheimer’s disease. This fi nding led to the view that 
the disease was the same regardless of age and the term 
Alzheimer’s disease has since been used to include 
all ages. This has been a valuable advance but has 
masked important diff erences. One obvious diff erence 
is that, compared with elderly individuals, younger 
patients have fewer comorbidities such as renal disease 
and heart disease, and lower medication use, which 
can exacerbate cognitive impairment. Co-existent 
cerebro vascular disease is also less common in 
younger patients, whereas there is frequent co-existence 
of Alzheimer’s disease with vascular disease in the 
older population. 

Autosomal dominant familial Alzheimer’s disease is 
also more common in individuals with younger onset; 
sporadic Alzheimer’s disease in individuals younger 
than 50 years is rare. Although mutations in the amyloid 
precursor protein (APP) and presenilin-1 and 
presenilin-2 (PSEN1 and PSEN2) genes, which are 
associated with familial Alzheimer’s disease, are seen 
in older patients with Alzheimer’s disease, most 
patients present below the age of 65 years.15,16 In general, 
individuals with familial Alzheimer’s disease present 
with features similar to individuals with later-onset 
sporadic Alzheimer’s disease with prominent episodic 
memory impairment. This similarity has meant that 
the insights gained from the studies of pre-manifest 
and early familial Alzheimer’s disease17 can be 
generalised to the more common older-onset sporadic 
disease.18 However, unlike patients with sporadic 
disease, patients with familial Alzheimer’s disease 
generally have myoclonus, relative preservation of 
naming, and, in some cases, prominent speech 
production defi cits.19 Rarely, some patients have features 
that are not seen in late-onset sporadic disease. In 
patients with PSEN1 deletions and some point 
mutations, spastic paraparesis can be a prominent and 
even a presenting feature years before the onset of 
cognitive impairment;20,21 rarely, a cerebellar ataxia is 
seen.22 Mutations in the prion protein (PRNP) gene 
might cause a clinical syndrome that closely resembles 
familial Alzheimer’s disease.23

There are also important phenotypic variants within 
the group of patients with younger-onset sporadic 
Alzheimer’s disease: patients who have non-amnestic 
defi cits collectively comprise about a third of cases who 
present with young onset compared with about 5% of 
later-onset presentations.24 Within the range of non-
amnestic disorders, presentations with executive 
behavioural or language dysfunction are well 
documented; however, the most frequent phenotype is 
a biparietal or more posterior biparieto-occipital 
presentation, so-called posterior cortical atrophy, 
particularly in those with onset between 50 years and 
65 years.25–27 The cortical nature of the visual impairment 
might not be identifi ed, and these patients often have 
many appointments with opticians and ophthalmologists 
because of the diffi  culty they have with locating and 
perceiving objects. Such patients might not fulfi l criteria 
for Alzheimer’s disease, having relatively preserved 
episodic memory. The association with the ApoEε4 
genotype seen with amnestic Alzheimer’s disease might 
not be observed in patients with posterior cortical 
atrophy, hinting at neurobiological diff erences between 
these groups of patients.28 

The ApoEε4 genotype might contribute to a more 
aggressive clinical disease course in younger patients.29 
A language variant of Alzheimer’s disease, so-called 
logopenic progressive aphasia, characterised by 
prolonged word-fi nding pauses, anomia, and impaired 
sentence processing, is also more common in younger 
patients. The extensive anatomical overlap between the 
logopenic and posterior cortical atrophy syndromes 
underlines the posterior emphasis of cortical 
involvement in the younger-onset Alzheimer’s disease 
variants.30 

Figure 1: Epidemiology of young-onset dementia 
Data from the community study of Harvey and colleagues.6

Alzheimer’s disease 34%

Vascular dementia 18%

Frontotemporal 
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Other 19%

Alcoholic 
dementia 10%
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with Lewy 
bodies 7%

Impact of dementia Scale of dementia

 people living with dementia are under the age of 65.

1 out of 20

No two people with dementia are the same –
services need to reflect the needs of individuals 

Rossor et al (2000) Lancet Neurology 9: 793-80627
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What is Alzheimer’s disease?
A neurodegenerative condition associated with brain atrophy and amyloid and tau pathology

Nowotny et al (2001) Encyclopedia of Life Sciencesprecursor protein (APP)byproteolytic processing. Plaques
can be described as diffuse or classical. Diffuse plaques are
amorphous aggregates of b-amyloid which are typically
not associated with dystrophic neurons and abnormal
neurites. Classical neuritic plaques contain densely aggre-
gated b-amyloid and are generally associated with
degeneration and neuronal cell loss. Because soluble b-
amyloid aggregates spontaneously into fibrils that are
indistinguishable from those found in vivo, it is thought
that plaques result from raised b-amyloid levels. Patients
with Alzheimer disease also have an increased coincidence
of cerebrovascular disease, possibly related to deposition
of amyloidwithin the cerebral vasculature, which occurs in
most cases.

Tangles are intracellular deposits of the microtubule-
associated protein tau (t) found within dystrophic
neurons. Tau is normally found in great abundance in
neurons, where it binds tubulin monomers together to
form stable polymers that are presumed to be essential in
cellular transport and axonal growth. InAlzheimer disease
tangles, the tau becomes hyperphosphorylated and this
leads to less efficient binding to microtubules. The
unbound tau then spontaneously aggregates into insoluble
paired-helical filaments, which are seen as deposits in the
neurons.

While plaques and tangles do occur in normal ageing
brains, they are more numerous and more widely
distributed in brains of patients with Alzheimer disease.
The determination of whether plaques and tangles cause
neuronal degeneration or are simply markers of it is
essential for designing effective treatment strategies.

Cortical and Hippocampal Cell and
Afferent Loss

Although the role of plaques and tangles in Alzheimer
disease is still not known precisely, they are found in
greatest abundance in the areas of the brain most affected
in Alzheimer disease, namely the hippocampus, parieto-
occipital cortex, temporal cortex and frontal cortex. The
hippocampi are small sea-horse-shaped structures nestled
in the temporal lobes, which play a central role in
establishing and maintaining memory. The hippocampi
show the earliest changes inAlzheimer disease andhave the
greatest concentration of plaques and tangles. This finding
corresponds to the early and progressive symptoms of
memory loss in patients with Alzheimer disease. The
development of plaques and tangles in cortical areas
correspond to the other clinical findings seen in Alzheimer
disease, including abnormal visuospatial orientation,
difficulty with skilled tasks and language abnormalities.
The progressive loss of neurons and neuronal inter-

connections, known as synapses, is associated with
decreased concentrations of neurotransmitters, the chemi-
cal signals that are sent between neurons. One such
neurotransmitter is acetylcholine, the decline of which is
hypothesized to be one of the factors responsible for the
intellectual deterioration seen in both normal ageing and in
Alzheimer disease. There is a dramatic decrease in the
levels of choline acetyltransferase, the enzyme needed for
the synthesis of acetylcholine, in Alzheimer disease brains
as compared with controls. For this reason, there has been
much interest in developing drugs that increase the level of
acetylcholine in the brain as a treatment for Alzheimer
disease.

Genetics of Alzheimer Disease

There are three genes known to be important in the
aetiology of the early-onset familial condition: theAPP on
chromosome 21, the presenilin-1 (PS1) gene on chromo-
some 14, and the presenilin-2 (PS2) gene on chromosome
1. Apolipoprotein E on chromosome 19 is an important
risk factor for sporadic Alzheimer disease.

APP mutations

As noted above, the main protein component of the
extracellular plaque is b-amyloid. Soluble b-amyloid is a
normal constituent of human brain generated by cleavage
of the larger APP by two enzymes called b-secretase and g-
secretase (Figure 3). An alternative proteolytic pathway
involving a-secretase prevents Ab formation. b-Amyloid
in the brain is heterogeneous, consisting of a series of
peptides varying in length from 39 to 43 amino acids. b-
Amyloid of size 40 amino acids is referred to asAb40, and is

Figure 2 Lightmicrographof Alzheimer disease neuropathology. Section
from the cortex of a patient with Alzheimer disease showing tangles and
plaques. The intraneuronal tangle (arrow) is stained dark brown with an
antibody that specifically targets paired helical filaments. These filaments
are also seen as the dense brown material (dystrophic processes)
embedded in the extracellular plaque (arrowhead). The lighter reddish
staining of the plaque is fromanother antibody directed specifically against
b-amyloid.

Alzheimer Disease

3ENCYCLOPEDIA OF LIFE SCIENCES / & 2001 Nature Publishing Group / www.els.net

But we can’t get a pathological diagnosis unless we 
perform a brain biopsy which is associated with risks, 
so we have guidelines for making a clinical diagnosis.
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Clinical diagnosis of Alzheimer’s disease
Doesn’t have to be associated with memory loss, although this is the typical presentation

2. Criteria for all-cause dementia: Core clinical criteria

In this section, we outline core clinical criteria to be used
in all clinical settings. Because there are many causes of
dementia, we will first outline the criteria for all-cause
dementia.

The diagnosis of dementia is intended to encompass the
spectrum of severity, ranging from the mildest to the most
severe stages of dementia. The methodology for staging of
dementia severity was beyond the charge of the workgroup.
Dementia is diagnosed when there are cognitive or behav-
ioral (neuropsychiatric) symptoms that:

1. Interfere with the ability to function at work or at usual
activities; and

2. Represent a decline from previous levels of function-
ing and performing; and

3. Are not explained by delirium or major psychiatric
disorder;

4. Cognitive impairment is detected and diagnosed
through a combination of (1) history-taking from
the patient and a knowledgeable informant and (2)
an objective cognitive assessment, either a “bedside”
mental status examination or neuropsychological
testing. Neuropsychological testing should be per-
formed when the routine history and bedside mental
status examination cannot provide a confident diag-
nosis.

5. The cognitive or behavioral impairment involves
a minimum of two of the following domains:
a. Impaired ability to acquire and remember

new information––symptoms include: repetitive
questions or conversations, misplacing personal
belongings, forgetting events or appointments,
getting lost on a familiar route.

b. Impaired reasoning and handling of complex tasks,
poor judgment––symptoms include: poor under-
standing of safety risks, inability to manage fi-
nances, poor decision-making ability, inability to
plan complex or sequential activities.

c. Impaired visuospatial abilities––symptoms in-
clude: inability to recognize faces or common ob-
jects or to find objects in direct view despite good
acuity, inability to operate simple implements, or
orient clothing to the body.

d. Impaired language functions (speaking, reading,
writing)––symptoms include: difficulty thinking
of common words while speaking, hesitations;
speech, spelling, and writing errors.

e. Changes in personality, behavior, or comportment––
symptoms include: uncharacteristic mood fluctua-
tions such as agitation, impaired motivation,
initiative, apathy, loss of drive, social withdrawal, de-
creased interest in previous activities, loss of empa-
thy, compulsive or obsessive behaviors, socially
unacceptable behaviors.

The differentiation of dementia from MCI (see compan-
ion article [5] on the diagnosis of MCI) rests on the determi-
nation ofwhether or not there is significant interference in the
ability to function at work or in usual daily activities. This is
inherently a clinical judgment made by a skilled clinician on
the basis of the individual circumstances of the patient and
the description of daily affairs of the patient obtained from
the patient and from a knowledgeable informant.

3. Proposed classification criteria for AD dementia

We propose the following terminology for classifying
individuals with dementia caused by AD: (1) Probable AD
dementia, (2) Possible AD dementia, and (3) Probable or
possible AD dementia with evidence of the AD pathophysi-
ological process. The first two are intended for use in all clin-
ical settings. The third is currently intended for research
purposes.

4. Probable AD dementia: Core clinical criteria

4.1. Probable AD dementia is diagnosed when the patient

1. Meets criteria for dementia described earlier in the
text, and in addition, has the following characteristics:

A. Insidious onset. Symptoms have a gradual onset over
months to years, not sudden over hours or days;

B. Clear-cut history of worsening of cognition by report
or observation; and

C. The initial and most prominent cognitive deficits are
evident on history and examination in one of the fol-
lowing categories.
a. Amnestic presentation: It is the most common

syndromic presentation of AD dementia. The defi-
cits should include impairment in learning and
recall of recently learned information. There should
also be evidence of cognitive dysfunction in at least
one other cognitive domain, as defined earlier in the
text.

b. Nonamnestic presentations:
! Language presentation: The most prominent def-

icits are in word-finding, but deficits in other
cognitive domains should be present.

! Visuospatial presentation: The most prominent
deficits are in spatial cognition, including object
agnosia, impaired face recognition, simultanagno-
sia, and alexia. Deficits in other cognitive domains
should be present.

! Executive dysfunction: The most prominent def-
icits are impaired reasoning, judgment, and prob-
lem solving. Deficits in other cognitive domains
should be present.

D. The diagnosis of probable AD dementia should not
be applied when there is evidence of (a) substantial
concomitant cerebrovascular disease, defined by
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In this section, we outline core clinical criteria to be used
in all clinical settings. Because there are many causes of
dementia, we will first outline the criteria for all-cause
dementia.

The diagnosis of dementia is intended to encompass the
spectrum of severity, ranging from the mildest to the most
severe stages of dementia. The methodology for staging of
dementia severity was beyond the charge of the workgroup.
Dementia is diagnosed when there are cognitive or behav-
ioral (neuropsychiatric) symptoms that:

1. Interfere with the ability to function at work or at usual
activities; and

2. Represent a decline from previous levels of function-
ing and performing; and

3. Are not explained by delirium or major psychiatric
disorder;

4. Cognitive impairment is detected and diagnosed
through a combination of (1) history-taking from
the patient and a knowledgeable informant and (2)
an objective cognitive assessment, either a “bedside”
mental status examination or neuropsychological
testing. Neuropsychological testing should be per-
formed when the routine history and bedside mental
status examination cannot provide a confident diag-
nosis.

5. The cognitive or behavioral impairment involves
a minimum of two of the following domains:
a. Impaired ability to acquire and remember

new information––symptoms include: repetitive
questions or conversations, misplacing personal
belongings, forgetting events or appointments,
getting lost on a familiar route.

b. Impaired reasoning and handling of complex tasks,
poor judgment––symptoms include: poor under-
standing of safety risks, inability to manage fi-
nances, poor decision-making ability, inability to
plan complex or sequential activities.

c. Impaired visuospatial abilities––symptoms in-
clude: inability to recognize faces or common ob-
jects or to find objects in direct view despite good
acuity, inability to operate simple implements, or
orient clothing to the body.

d. Impaired language functions (speaking, reading,
writing)––symptoms include: difficulty thinking
of common words while speaking, hesitations;
speech, spelling, and writing errors.

e. Changes in personality, behavior, or comportment––
symptoms include: uncharacteristic mood fluctua-
tions such as agitation, impaired motivation,
initiative, apathy, loss of drive, social withdrawal, de-
creased interest in previous activities, loss of empa-
thy, compulsive or obsessive behaviors, socially
unacceptable behaviors.

The differentiation of dementia from MCI (see compan-
ion article [5] on the diagnosis of MCI) rests on the determi-
nation ofwhether or not there is significant interference in the
ability to function at work or in usual daily activities. This is
inherently a clinical judgment made by a skilled clinician on
the basis of the individual circumstances of the patient and
the description of daily affairs of the patient obtained from
the patient and from a knowledgeable informant.

3. Proposed classification criteria for AD dementia

We propose the following terminology for classifying
individuals with dementia caused by AD: (1) Probable AD
dementia, (2) Possible AD dementia, and (3) Probable or
possible AD dementia with evidence of the AD pathophysi-
ological process. The first two are intended for use in all clin-
ical settings. The third is currently intended for research
purposes.

4. Probable AD dementia: Core clinical criteria

4.1. Probable AD dementia is diagnosed when the patient

1. Meets criteria for dementia described earlier in the
text, and in addition, has the following characteristics:

A. Insidious onset. Symptoms have a gradual onset over
months to years, not sudden over hours or days;

B. Clear-cut history of worsening of cognition by report
or observation; and

C. The initial and most prominent cognitive deficits are
evident on history and examination in one of the fol-
lowing categories.
a. Amnestic presentation: It is the most common

syndromic presentation of AD dementia. The defi-
cits should include impairment in learning and
recall of recently learned information. There should
also be evidence of cognitive dysfunction in at least
one other cognitive domain, as defined earlier in the
text.

b. Nonamnestic presentations:
! Language presentation: The most prominent def-

icits are in word-finding, but deficits in other
cognitive domains should be present.

! Visuospatial presentation: The most prominent
deficits are in spatial cognition, including object
agnosia, impaired face recognition, simultanagno-
sia, and alexia. Deficits in other cognitive domains
should be present.

! Executive dysfunction: The most prominent def-
icits are impaired reasoning, judgment, and prob-
lem solving. Deficits in other cognitive domains
should be present.

D. The diagnosis of probable AD dementia should not
be applied when there is evidence of (a) substantial
concomitant cerebrovascular disease, defined by
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Clinical diagnosis of Alzheimer’s disease
Doesn’t have to be associated with memory loss, although this is the typical presentation
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Criteria for Probable Alzheimer’s disease (AD)

2. Criteria for all-cause dementia: Core clinical criteria

In this section, we outline core clinical criteria to be used
in all clinical settings. Because there are many causes of
dementia, we will first outline the criteria for all-cause
dementia.

The diagnosis of dementia is intended to encompass the
spectrum of severity, ranging from the mildest to the most
severe stages of dementia. The methodology for staging of
dementia severity was beyond the charge of the workgroup.
Dementia is diagnosed when there are cognitive or behav-
ioral (neuropsychiatric) symptoms that:

1. Interfere with the ability to function at work or at usual
activities; and

2. Represent a decline from previous levels of function-
ing and performing; and

3. Are not explained by delirium or major psychiatric
disorder;

4. Cognitive impairment is detected and diagnosed
through a combination of (1) history-taking from
the patient and a knowledgeable informant and (2)
an objective cognitive assessment, either a “bedside”
mental status examination or neuropsychological
testing. Neuropsychological testing should be per-
formed when the routine history and bedside mental
status examination cannot provide a confident diag-
nosis.

5. The cognitive or behavioral impairment involves
a minimum of two of the following domains:
a. Impaired ability to acquire and remember

new information––symptoms include: repetitive
questions or conversations, misplacing personal
belongings, forgetting events or appointments,
getting lost on a familiar route.

b. Impaired reasoning and handling of complex tasks,
poor judgment––symptoms include: poor under-
standing of safety risks, inability to manage fi-
nances, poor decision-making ability, inability to
plan complex or sequential activities.

c. Impaired visuospatial abilities––symptoms in-
clude: inability to recognize faces or common ob-
jects or to find objects in direct view despite good
acuity, inability to operate simple implements, or
orient clothing to the body.

d. Impaired language functions (speaking, reading,
writing)––symptoms include: difficulty thinking
of common words while speaking, hesitations;
speech, spelling, and writing errors.

e. Changes in personality, behavior, or comportment––
symptoms include: uncharacteristic mood fluctua-
tions such as agitation, impaired motivation,
initiative, apathy, loss of drive, social withdrawal, de-
creased interest in previous activities, loss of empa-
thy, compulsive or obsessive behaviors, socially
unacceptable behaviors.

The differentiation of dementia from MCI (see compan-
ion article [5] on the diagnosis of MCI) rests on the determi-
nation ofwhether or not there is significant interference in the
ability to function at work or in usual daily activities. This is
inherently a clinical judgment made by a skilled clinician on
the basis of the individual circumstances of the patient and
the description of daily affairs of the patient obtained from
the patient and from a knowledgeable informant.

3. Proposed classification criteria for AD dementia

We propose the following terminology for classifying
individuals with dementia caused by AD: (1) Probable AD
dementia, (2) Possible AD dementia, and (3) Probable or
possible AD dementia with evidence of the AD pathophysi-
ological process. The first two are intended for use in all clin-
ical settings. The third is currently intended for research
purposes.

4. Probable AD dementia: Core clinical criteria

4.1. Probable AD dementia is diagnosed when the patient

1. Meets criteria for dementia described earlier in the
text, and in addition, has the following characteristics:

A. Insidious onset. Symptoms have a gradual onset over
months to years, not sudden over hours or days;

B. Clear-cut history of worsening of cognition by report
or observation; and

C. The initial and most prominent cognitive deficits are
evident on history and examination in one of the fol-
lowing categories.
a. Amnestic presentation: It is the most common

syndromic presentation of AD dementia. The defi-
cits should include impairment in learning and
recall of recently learned information. There should
also be evidence of cognitive dysfunction in at least
one other cognitive domain, as defined earlier in the
text.

b. Nonamnestic presentations:
! Language presentation: The most prominent def-

icits are in word-finding, but deficits in other
cognitive domains should be present.

! Visuospatial presentation: The most prominent
deficits are in spatial cognition, including object
agnosia, impaired face recognition, simultanagno-
sia, and alexia. Deficits in other cognitive domains
should be present.

! Executive dysfunction: The most prominent def-
icits are impaired reasoning, judgment, and prob-
lem solving. Deficits in other cognitive domains
should be present.

D. The diagnosis of probable AD dementia should not
be applied when there is evidence of (a) substantial
concomitant cerebrovascular disease, defined by

G.M. McKhann et al. / Alzheimer’s & Dementia 7 (2011) 263–269 265

a history of a stroke temporally related to the onset or
worsening of cognitive impairment; or the presence
of multiple or extensive infarcts or severe white
matter hyperintensity burden; or (b) core features of
Dementia with Lewy bodies other than dementia
itself; or (c) prominent features of behavioral variant
frontotemporal dementia; or (d) prominent features of
semantic variant primary progressive aphasia or non-
fluent/agrammatic variant primary progressive apha-
sia; or (e) evidence for another concurrent, active
neurological disease, or a non-neurological medical
comorbidity or use of medication that could have
a substantial effect on cognition.

Note: All patients who met criteria for “probable AD” by
the 1984 NINCDS–ADRDA criteria [1] would meet the
current criteria for probable AD dementia mentioned in
the present article.

4.2. Probable AD dementia with increased level of
certainty

4.2.1. Probable AD dementia with documented decline
In persons who meet the core clinical criteria for probable

AD dementia, documented cognitive decline increases the
certainty that the condition represents an active, evolving
pathologic process, but it does not specifically increase the
certainty that the process is that of AD pathophysiology.

Probable AD dementia with documented decline is
defined as follows: evidence of progressive cognitive decline
on subsequent evaluations based on information from infor-
mants and cognitive testing in the context of either formal
neuropsychological evaluation or standardized mental status
examinations.

4.2.2. Probable AD dementia in a carrier of a causative AD
genetic mutation

In persons who meet the core clinical criteria for probable
AD dementia, evidence of a causative genetic mutation (in
APP, PSEN1, or PSEN2), increases the certainty that the
condition is caused by AD pathology. The workgroup noted
that carriage of the 34 allele of the apolipoprotein E genewas
not sufficiently specific [20] to be considered in this cate-
gory.

5. Possible AD dementia: Core clinical criteria

A diagnosis of possible AD dementia should be made
in either of the circumstances mentioned in the following
paragraphs.

5.1. Atypical course

Atypical course meets the core clinical criteria in terms of
the nature of the cognitive deficits for AD dementia, but
either has a sudden onset of cognitive impairment or demon-

strates insufficient historical detail or objective cognitive
documentation of progressive decline,

Or

5.2. Etiologically mixed presentation

Etiologically mixed presentation meets all core clinical
criteria for AD dementia but has evidence of (a) concomitant
cerebrovascular disease, defined by a history of stroke tem-
porally related to the onset or worsening of cognitive impair-
ment; or the presence of multiple or extensive infarcts or
severe white matter hyperintensity burden; or (b) features
of Dementia with Lewy bodies other than the dementia
itself; or (c) evidence for another neurological disease or
a non-neurological medical comorbidity or medication use
that could have a substantial effect on cognition

Note: A diagnosis of “possible AD” by the 1984
NINCDS-ADRDA criteria [1] would not necessarily meet
the current criteria for possible AD dementia. Such a patient
would need to be re-evaluated.

6. Probable AD dementia with evidence of the AD
pathophysiological process

The rationale for including biomarkers for the pathophys-
iological process of AD in the diagnostic criteria is summa-
rized in the Introduction to this series of articles [3]. The
major AD biomarkers that have been widely investigated
at this time (see [21] for review) may be broken into two
classes based on the biology which they measure.
Biomarkers of brain amyloid-beta (Ab) protein deposition
are low CSF Ab42 and positive PET amyloid imaging
[22,23]. The second category is that of biomarkers of
downstream neuronal degeneration or injury. The three
major bio-markers in this category are elevated CSF tau,
both total tau and phosphorylated tau (p-tau); decreased
18fluorodeoxyglucose (FDG) uptake on PET in temporo–
parietal cortex; and disproportionate atrophy on structural
magnetic resonance imaging in me-dial, basal, and lateral
temporal lobe, and medial parietal cortex. Total tau and
p-tau are treated equivalently in this study, although p-tau
may have more specificity for AD than other dementing
diseases.

In persons who meet the core clinical Criteria for probable
ADdementia biomarker evidencemay increase the certainty
that the basis of the clinical dementia syndrome is the AD
pathophysiological process. However, we do not advocate
the use of AD biomarker tests for routine diagnostic purposes
at the present time. There are several reasons for this limita-
tion: (1) the core clinical criteria provide very good diagnostic
accuracy and utility in most patients; (2) more research needs
to be done to ensure that criteria that include the use of bio-
markers have been appropriately designed, (3) there is limited
standardization of biomarkers from one locale to another, and
(4) access to biomarkers is limited to varying degrees in com-
munity settings. Presently, the use of biomarkers to enhance
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Typical presentations of common dementias
Diagnosis Typical	presentation Investigations

Alzheimer’s	disease	(AD) Memory disorder	PLUS	other	domains	affected

BUT	note	that	AD	can	also	present	with:
1) Visuospatial	deficits	and	visual	agnosia	(PCA	|	Posterior	

cortical	atrophy)
2) Language	dysfunction	(logopenic primary	progressive	

aphasia)
3) Executive	dysfunction	(atypical	frontal	variant	AD)

MRI:	Hippocampal and	biparietal
atrophy.	CSF:	Raised	tau;	
decreased	amyloid-beta.	FDG
PET:	Temporoparietal
hypometabolism

Vascular	dementia Executive function	deficits	and	slow	processing	speed MRI:	Substantial	small	vessel	
cerebrovascular	disease

Mixed dementia	(AD	+	
vascular	dementia)

Memory disorder	PLUS	other	domains	affected	and	
executive function	deficits	and	slow	processing	speed

MRI: Hippocampal and	biparietal
atrophy	plus	substantial	small	
vessel	cerebrovascular	disease

Lewy body	dementia	(LBD)	or	
Parkinson’s	disease	dementia	
(PDD)

Fluctuating attention,	executive	function	and	visuospatial	
deficits,	visual	hallucinations	PLUS	possibly	physical	signs	of	
Parkinsonism

DAT (Dopamine	transporter)	
scanmay	be	abnormal

Frontotemporal	dementia	
(FTD)

Three	different	presentations:	behavioural variant,	
progressive	non-fluent	aphasia and	semantic	dementia

MRI: Different	findings	according	
to	different	presentations
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Review

Neurophysiology 
EEG has tended to fall out of favour in the assessment of 
cognitive impairment, but the characteristic EEG changes 
of periodic complexes in some prion diseases and in 
subacute sclerosing panencephalitis are valuable.76 Early 
slowing or loss of alpha rhythm is a feature of Alzheimer’s 
disease but there is relative preservation of this alpha 
rhythm in the FTLDs.77 The EEG can also be used to 
detect covert epileptiform changes in amnestic syndromes 
due to partial seizures. Electromyography and nerve 
conduction studies can be used to identify neuropathies 
or myopathy in the dementia plus syndromes and can 
help to establish anterior horn cell dysfunction in patients 
with FTLD and motor neuron disease.

CSF
A lumbar puncture is recommended by both the American 
Academy of Neurology and the European Federation of 
Neurological Society guidelines on investigation of 
younger patients with dementia.73,74 Examination of the 
CSF can help with the identifi cation of infl ammatory 
causes such as multiple sclerosis, vasculitides, and 
infections and, together with PCR, might help to identify 
specifi c chronic infections such as subacute sclerosing 
panencephalitis, human herpesvirus 6, Whipple’s disease, 
cryptococcosis, and tuberculosis. Increasingly, however, 
the assay of specifi c proteins has diagnostic value for 
particular neurodegenerative diseases. The presence of 
14-3-3 protein in the CSF is supportive of a diagnosis of 
Creutzfeldt-Jakob disease and forms part of diagnostic 
guidelines for dementia;73 Creutzfeldt-Jakob disease is 
also characterised by high concentrations of CSF tau. 
Decreased amyloid β1–42 and increased tau concentrations 
have good sensitivity and specifi city for Alzheimer’s 
disease and are also predictive at the mild cognitive 
impairment stage,78 and therefore have been incorporated 
into recent diagnostic criteria for Alzheimer’s disease.4

Tissue biopsies 
Tissue biopsy might be needed to establish the diagnosis 
in a few cases, as directed by the clinical features. Skin 
biopsy (including apocrine sweat glands) might be used 
to detect abnormal accumulations in storage diseases 
and in CADASIL, whereas culture of skin fi broblasts 
can confi rm the diagnosis of Niemann-Pick disease 
type C. Muscle biopsy including histochemistry and 
respiratory enzyme analysis can confi rm a mitochondrial 
disorder. Tonsillar biopsy can confi rm the diagnosis in 
patients with suspected variant Creutzfeldt-Jakob 
disease in the absence of a pulvinar sign on MRI.79 
Brain biopsy, however, might be necessary in exceptional 
cases of young-onset dementia if there is suspicion of a 
treatable (infl ammatory or infectious) process,80 the 
diagnosis cannot be made by other means, or if 
potentially toxic treatment is contemplated. Unless a 
focal lesion is present, this is necessarily a “blind” 
procedure, generally from the non-dominant frontal 

lobe. A full thickness open biopsy including cortex, 
white matter, and meninges should be done by a 
neurosurgical team experienced in the technique. 
Disposable instruments should be used in cases in 

Figure 4: The value of MRI in investigation of young-onset dementia
(A) Mild Alzheimer’s disease in a 60-year-old individual with sporadic Alzheimer’s disease (T1-weighted MRI): 
atrophy of hippocampi (arrows) is the earliest feature in amnestic Alzheimer’s disease but hippocampi might appear 
normal, particularly in younger patients with Alzheimer’s disease. (B, C) Posterior cortical atrophy in a 58-year-old 
individual (T1-weighted MRI). The sagittal view (B) shows a relatively well preserved hippocampus (arrow head); 
parieto-occipital atrophy (arrows) is seen on sagittal (B) and coronal (C) views. (D) T1-weighted MRI of a 58-year-old 
individual with progressive non-fl uent aphasia who had pathologically proven Pick’s disease. (E) T1-weighted MRI of 
a 63-year-old woman with semantic dementia who had tau-negative, TARDBP-positive inclusions at autopsy. (F) A 
21-year-old individual with increased signal bilaterally in the pulvinar (arrows) on axial FLAIR MRI. The pulvinar sign is 
indicative of variant Creutzfeldt-Jakob disease and is best seen on axial FLAIR (or T2-weighted) MRI where the 
postero-medial thalami are brighter than the basal ganglia. Variant Creutzfeldt-Jakob disease was subsequently 
confi rmed on tonsillar biopsy. (G) By use of FLAIR MRI, bilateral hippocampal high signal and atrophy is shown in a 
57-year-old man with voltage-gated potassium channel antibody limbic encephalitis (arrows). FLAIR=fl uid 
attenuated inversion recovery. TARDBP=TAR-DNA binding protein (also known as TDP-43). 
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Neurophysiology 
EEG has tended to fall out of favour in the assessment of 
cognitive impairment, but the characteristic EEG changes 
of periodic complexes in some prion diseases and in 
subacute sclerosing panencephalitis are valuable.76 Early 
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CSF
A lumbar puncture is recommended by both the American 
Academy of Neurology and the European Federation of 
Neurological Society guidelines on investigation of 
younger patients with dementia.73,74 Examination of the 
CSF can help with the identifi cation of infl ammatory 
causes such as multiple sclerosis, vasculitides, and 
infections and, together with PCR, might help to identify 
specifi c chronic infections such as subacute sclerosing 
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Creutzfeldt-Jakob disease and forms part of diagnostic 
guidelines for dementia;73 Creutzfeldt-Jakob disease is 
also characterised by high concentrations of CSF tau. 
Decreased amyloid β1–42 and increased tau concentrations 
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disease and are also predictive at the mild cognitive 
impairment stage,78 and therefore have been incorporated 
into recent diagnostic criteria for Alzheimer’s disease.4

Tissue biopsies 
Tissue biopsy might be needed to establish the diagnosis 
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to detect abnormal accumulations in storage diseases 
and in CADASIL, whereas culture of skin fi broblasts 
can confi rm the diagnosis of Niemann-Pick disease 
type C. Muscle biopsy including histochemistry and 
respiratory enzyme analysis can confi rm a mitochondrial 
disorder. Tonsillar biopsy can confi rm the diagnosis in 
patients with suspected variant Creutzfeldt-Jakob 
disease in the absence of a pulvinar sign on MRI.79 
Brain biopsy, however, might be necessary in exceptional 
cases of young-onset dementia if there is suspicion of a 
treatable (infl ammatory or infectious) process,80 the 
diagnosis cannot be made by other means, or if 
potentially toxic treatment is contemplated. Unless a 
focal lesion is present, this is necessarily a “blind” 
procedure, generally from the non-dominant frontal 

lobe. A full thickness open biopsy including cortex, 
white matter, and meninges should be done by a 
neurosurgical team experienced in the technique. 
Disposable instruments should be used in cases in 
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Typical presentations of common dementias
Diagnosis Typical	presentation Investigations

Alzheimer’s	disease	(AD) Memory disorder	PLUS	other	domains	affected

BUT	note	that	AD	can	also	present	with:
1) Visuospatial	deficits	and	visual	agnosia	(PCA	|	Posterior	

cortical	atrophy)
2) Language	dysfunction	(logopenic primary	progressive	

aphasia)
3) Executive	dysfunction	(atypical	frontal	variant	AD)

MRI:	Hippocampal and	biparietal
atrophy.	CSF:	Raised	tau;	
decreased	amyloid-beta.	FDG
PET:	Temporoparietal
hypometabolism

Vascular	dementia Executive function	deficits	and	slow	processing	speed MRI:	Substantial	small	vessel	
cerebrovascular	disease

Mixed dementia	(AD	+	
vascular	dementia)

Memory disorder	PLUS	other	domains	affected	and	
executive function	deficits	and	slow	processing	speed

MRI: Hippocampal and	biparietal
atrophy	plus	substantial	small	
vessel	cerebrovascular	disease

Lewy body	dementia	(LBD)	or	
Parkinson’s	disease	dementia	
(PDD)

Fluctuating attention,	executive	function	and	visuospatial	
deficits,	visual	hallucinations	PLUS	possibly	physical	signs	of	
Parkinsonism

DAT (Dopamine	transporter)	
scanmay	be	abnormal

Frontotemporal	dementia	
(FTD)

Three	different	presentations:	behavioural variant,	
progressive	non-fluent	aphasia and	semantic	dementia

MRI: Different	findings	according	
to	different	presentations
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Structural MRI | Vascular dementia
White matter signal change associated with small vessel cerebrovascular disease
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difference with neuropathology is that brain imaging does not 
depict the abnormalities in the small vessels themselves but rather 
the associated parenchymal lesions. Recently, an international 
working group has provided definitions and imaging standards for 
specific markers and consequences of SVD, the so- called STandards 
for ReportIng Vascular changes on nEuroimaging (STRIVE) crite-
ria.15 These standards were developed for use in research studies but 
use in the clinical setting should also be encouraged to standardize 
image interpretation, acquisition, and reporting. On brain imaging, 
the core manifestations of SVD include small subcortical infarcts, 
white matter MRI hyperintensities (WMH), prominent perivascu-
lar spaces (PVS), and cerebral microbleeds (CMBs) (Fig. 25.2) (15). 
Importantly, cerebral atrophy, which is often used as an indicator of 
neurodegeneration, can also be due to vascular disease15

Small subcortical infarcts
On imaging, small subcortical infarcts can be detected in the acute 
stage, but in the context of VCI these lesions are more commonly 
detected in the chronic stage. According to the STRIVE criteria acute 
lesions are termed ‘recent small subcortical infarcts (SSI)’. These SSI, 

Fig. 25.1 Gliotic microinfarct in the upper layers of the cerebral cortex in an 
83- year- old male with a neuropathologically confirmed diagnosis of vascular 
dementia. The microinfarct shows up on GFAP (glial fibrillary acidic protein) 
immunohistochemistry staining and has a cystic core.
Courtesy of SV Veluw and W Spliet, UMC Utrecht.
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Fig. 25.2 MRI findings for lesions related to small vessel disease— STRIVE criteria. Examples (upper) and schematic representation (middle) of MRI features for changes related to 
small vessel disease, with a summary of imaging characteristics (lower) for individual lesions. DWI = diffusion- weighted imaging. FLAIR = fluid- attenuated inversion recovery. SWI = susceptibility- 
weighted imaging. GRE = gradient- recalled echo.
Reproduced from Lancet Neurol. 12(8). Wardlaw JM, Smith EE, Biessels GJ, et al. Neuroimaging standards for research into small vessel disease and its contribution to ageing and neurodegeneration, 
pp. 822– 38, Copyright (2013), with permission from Elsevier.
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often referred to clinically as ‘lacunar stroke’ or ‘lacunar syndrome,’ 
represent about 25 per cent of all ischaemic strokes, but recent SSI 
are occasionally also found in patients without symptoms of acute 
stroke. A recent SSI is defined as ‘imaging evidence of infarction in 
the territory of a single perforating arteriole with imaging features 
or correlating clinical symptoms consistent with a lesion occur-
ring in the last few weeks’.15 ‘Recent’ is derived from symptoms or 
imaging features— most commonly a diffusion weighted imaging 
lesion on MRI— suggesting that the SSI occurred within the last few 
weeks. ‘Small’ indicates a lesion that should generally be less than 
20 mm maximum diameter in the axial plane. In the chronic stage, 
a small subcortical infarct can manifest itself on CT and MRI as a 
so- called lacune. A lacune of presumed vascular origin is defined as 
a round or ovoid, subcortical, fluid- filled (similar signal to CSF) 
cavity between 3  mm and 15  mm in diameter, compatible with 
a previous acute small deep brain infarct or haemorrhage in the 
territory of a single perforating arteriole.15 On FLAIR, lacunes of 
presumed vascular origin usually have central hypointensity with 
a surrounding rim of hyperintensity. However, in some cases the 
central fluid may not be suppressed on FLAIR such that the entire 
lesion appears hyperintense, in which case it is often not possible to 
distinguish these lesions from WMH. Also, in some cases a rim of 
hyperintensity is not seen on FLAIR. Lacunes of presumed vascular 
origin should be distinguished from PVS. Although pathological 
studies show that there is no absolute cut- off, lesions < 3 mm in 
diameter are more likely to be PVS than lacunes.

White matter lesions
White matter lesions are a common finding on brain imaging, par-
ticularly in older individuals.16 On CT, these white matter lesions 
appear as periventricular or subcortical areas of hypointensity. On 
MRI FLAIR and T2/ proton density- weighted images these lesions 
are hyperintense (WMH). The term WMH of presumed vascular 
origin has been proposed to exclude white matter lesions from 
other diseases such as multiple sclerosis or leukodystrophies.15 
The shape, size, and distribution of white matter lesions provide 
clues to the differential diagnosis, but the most likely nature of the 
lesions is best derived from a combination of these imaging fea-
tures, other lesions that may be present, and clinical data, includ-
ing age, neurological, psychiatric, medical, and family history and 
medication use.17 If WMH are found in older people, they are gen-
erally considered to be of vascular origin, even more so if other 
vascular lesions are also present. Below the age of 50, however, 
particularly if the shape and distribution of WMH are atypical, the 
differential diagnosis is long, including many non- vascular causes 
such as hereditary, inflammatory, infectious, and metabolic- toxic 
conditions.17

Postmortem studies show that WMH of presumed vascular ori-
gin reflect tissue abnormalities that range from slight disentangle-
ment of the white matter structure to varying degrees of myelin 
and axonal loss.18 The aetiology includes ischaemia, hypoperfu-
sion, blood– brain barrier leakage, inflammation, degeneration, and 
amyloid angiopathy.18

MRI classifications of white matter changes usually distinguish 
between periventricular and deep/ subcortical signal abnormali-
ties.16 Periventricular WMH typically include caps around the 
frontal horns of the lateral ventricles and pencil- thin lining or a 
smooth halo along the side of the lateral ventricles. Deep/ subcorti-
cal WMH can occur as punctate changes or beginning confluent or 

confluent abnormalities. For clinical purposes severity of WMH is 
generally assessed with ordinal visual- rating scales (Fig. 25.3). For 
research purposes (semi)automated volumetric methods are often 
used.15

Enlarged perivascular spaces
A perivascular space (PVS) is defined as a fluid- filled space, which 
follows the typical course of a vessel penetrating/ traversing the 
brain through grey or white matter, with signal intensity similar 
to CSF on all sequences.15 Their diameter commonly not exceeds 
2 mm. PVS tend to be most prominent in the inferior basal gan-
glia and can also often be seen coursing centripetally through 
the hemispheric white matter. As PVSs are a normal anatomical 
structure, they are present in all individuals. However, due to their 
small diameter, normal PVSs are often below the detection limit of 
low- resolution MR or CT scans. They may, however, exhibit focal 
enlargement particularly enlarged (up to in the inferior basal gan-
glia, where it can sometimes be difficult to differentiate them from 
lacunes; see Fig. 25.2 for distinguishing features). Although the 
clinical significance of presence of numerous visible PVSs is still 
controversial, a generalized enlargement of PVS has been associ-
ated with other markers of SVD and cognitive dysfunction,15 and 
may therefore be relevant to VCI.

Cerebral microbleeds
Microbleeds are visualized as small (usually 2– 5 mm or sometimes 
10 mm in size) areas of signal void with associated ‘blooming’ on 
T2* or other MR sequences sensitive to paramagnetic material.15 
Microbleeds are generally not visualized on CT or on FLAIR, T1w-, 

Fazekas 1 Fazekas 2 Fazekas 3

Fig. 25.3 Grading white matter hyperintensities (WMH). For clinical purposes, 
severity of WMH is generally assessed with ordinal visual rating scales. To this 
end, the Fazekas scale is widely used. Periventricular WMH are rated as 0: absent, 
1: ‘caps’ or pencil- thin lining, 2: smooth ‘halo’, and 3: irregular periventricular 
hyperintensities extending into the deep white matter. Separate deep WMH are 
rated as 0: absent, 1: punctuate foci, 2: beginning confluence of foci, and 3: large 
confluent areas.
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Typical presentations of common dementias
Diagnosis Typical	presentation Investigations

Alzheimer’s	disease	(AD) Memory disorder	PLUS	other	domains	affected

BUT	note	that	AD	can	also	present	with:
1) Visuospatial	deficits	and	visual	agnosia	(PCA	|	Posterior	

cortical	atrophy)
2) Language	dysfunction	(logopenic primary	progressive	

aphasia)
3) Executive	dysfunction	(atypical	frontal	variant	AD)

MRI:	Hippocampal and	biparietal
atrophy.	CSF:	Raised	tau;	
decreased	amyloid-beta.	.	FDG
PET:	Temporoparietal
hypometabolism

Vascular	dementia Executive function	deficits	and	slow	processing	speed MRI:	Substantial	small	vessel	
cerebrovascular	disease

Mixed dementia	(AD	+	
vascular	dementia)

Memory disorder	PLUS	other	domains	affected	and	
executive function	deficits	and	slow	processing	speed

MRI: Hippocampal and	biparietal
atrophy	plus	substantial	small	
vessel	cerebrovascular	disease

Lewy body	dementia	(LBD)	or	
Parkinson’s	disease	dementia	
(PDD)

Fluctuating attention,	executive	function	and	visuospatial	
deficits,	visual	hallucinations	PLUS	possibly	physical	signs	of	
Parkinsonism

DAT (Dopamine	transporter)	
scanmay	be	abnormal

Frontotemporal	dementia	
(FTD)

Three	different	presentations:	behavioural variant,	
progressive	non-fluent	aphasia and	semantic	dementia

MRI: Different	findings	according	
to	different	presentations
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Typical presentations of common dementias
Diagnosis Typical	presentation Investigations

Alzheimer’s	disease	(AD) Memory disorder	PLUS	other	domains	affected

BUT	note	that	AD	can	also	present	with:
1) Visuospatial	deficits	and	visual	agnosia	(PCA	|	Posterior	

cortical	atrophy)
2) Language	dysfunction	(logopenic primary	progressive	

aphasia)
3) Executive	dysfunction	(atypical	frontal	variant	AD)

MRI:	Hippocampal and	biparietal
atrophy.	CSF:	Raised	tau;	
decreased	amyloid-beta.	FDG
PET:	Temporoparietal
hypometabolism

Vascular	dementia Executive function	deficits	and	slow	processing	speed MRI:	Substantial	small	vessel	
cerebrovascular	disease

Mixed dementia	(AD	+	
vascular	dementia)

Memory disorder	PLUS	other	domains	affected	and	
executive function	deficits	and	slow	processing	speed

MRI: Hippocampal and	biparietal
atrophy	plus	substantial	small	
vessel	cerebrovascular	disease

Lewy body	dementia	(DLB)	or	
Parkinson’s	disease	dementia	
(PDD)

Fluctuating attention,	executive	function	and	visuospatial	
deficits,	visual	hallucinations	PLUS	possibly	physical	signs	of	
Parkinsonism

DAT (Dopamine	transporter)	
scanmay	be	abnormal

Frontotemporal	dementia	
(FTD)

Three	different	presentations:	behavioural variant,	
progressive	non-fluent	aphasia and	semantic	dementia

MRI: Different	findings	according	
to	different	presentations
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DAT scan| Parkinson’s / Dementia with Lewy bodies (DLB)  
Dopamine transporter scan 

Asymmetric involvement often the early hallmark
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Typical presentations of common dementias
Diagnosis Typical	presentation Investigations
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1) Visuospatial	deficits	and	visual	agnosia	(PCA	|	Posterior	

cortical	atrophy)
2) Language	dysfunction	(logopenic primary	progressive	

aphasia)
3) Executive	dysfunction	(atypical	frontal	variant	AD)

MRI:	Hippocampal and	biparietal
atrophy.	CSF:	Raised	tau;	
decreased	amyloid-beta.	FDG
PET:	Temporoparietal
hypometabolism

Vascular	dementia Executive function	deficits	and	slow	processing	speed MRI:	Substantial	small	vessel	
cerebrovascular	disease

Mixed dementia	(AD	+	
vascular	dementia)

Memory disorder	PLUS	other	domains	affected	and	
executive function	deficits	and	slow	processing	speed

MRI: Hippocampal and	biparietal
atrophy	plus	substantial	small	
vessel	cerebrovascular	disease

Lewy body	dementia	(DLB)	or	
Parkinson’s	disease	dementia	
(PDD)

Fluctuating attention,	executive	function	and	visuospatial	
deficits,	visual	hallucinations	PLUS	possibly	physical	signs	of	
Parkinsonism

DAT (Dopamine	transporter)	
scanmay	be	abnormal

Frontotemporal	dementia	
(FTD)

Three	different	presentations:	behavioural variant,	
progressive	non-fluent	aphasia and	semantic	dementia

MRI: Different	findings	according	
to	different	presentations
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apnoea with loud snoring or daytime sleepiness, which 
can be supplemented by examining for a crowded 
oropharynx or large collar size.

Laboratory investigations
The investigations commonly undertaken in older 
patients with dementia also apply to young-onset 
dementia but the broader diff erential diagnosis mandates 
a full investigation. The order of investigation follows the 
general rule of the simplest test fi rst and the most 
complex and invasive last, which is the order we have 
detailed below. The extent of the blood tests will, however, 
depend on the individual patient. For example, 
neurogenetics is usually confi ned to those with a positive 
family history or additional features such as Paget’s 
disease, which is suggestive of FTLD associated with 
valosin-containing protein (VCP) mutations (table 2).

All patients with young-onset dementia should have 
structural neuroimaging and CSF examination as 
recommended by the American Academy of Neurology 
and European Federation of Neurological Societies 
guidelines.73,74 Decisions about whether to undertake 
tissue biopies are based on the clinical phenotype and 
usually confi ned to the dementia plus syndromes. 
Cerebral biopsy is occasionally needed to diagnose 
cerebral vasculitis. A fl owchart for investigations is shown 
in fi gure 3, but, because of the wide diff erential diagnosis, 
this is not exhaustive. When a diagnosis cannot be 
established, observation and repeat investigations are 
often informative.

Blood tests 
Routine haematological and biochemical blood tests are 
more useful for detecting comorbidity than for establishing 
the underlying cause, although metabolic encephalopathies 
are more likely to occur in younger patients than in older 
patients. The choice of tests depends on the background 
and age of the patient, and testing for syphilis or HIV is 
more relevant in certain settings and, although not 
routine, should always be considered. Auto-antibodies, 
antineuronal antibodies, and antibodies implicated in 
limbic encephalitis should be screened for in patients with 
rapid-onset dementias or in patients with signs of systemic 
disease. White cell enzyme and very long chain fatty acid 
assays are relevant for detection of various metabolic 
disorders that present in early adulthood, whereas multiple 
blood fi lms might be necessary to substantiate a diagnosis 
of neuroacanthocytosis.

Neurogenetics 
Neurogenetics has transformed our ability to make 
precise diagnoses and has extended our understanding 
of the phenotype of many diseases (eg, leading to the 
recognition that spastic paraparesis can be associated 
with some PSEN1 mutations; table 2). Genotyping is 
often labour-intensive and expensive, although it is 
anticipated to become less so with novel technologies. 

Moreover, at present, screening is impractical in diseases 
in which many mutations, some family-specifi c, might 
be causative. Thus, for some diseases, it is still preferable 
to establish the diagnosis on the basis of a metabolic 
profi le (eg, increased copper excretion and low 
ceruloplasmin in Wilson’s disease), and many metabolic 
disorders can best be determined by direct enzyme assay. 
Rational use of a neurogenetics service relies on an 
accurate and complete family history in all patients 
presenting with young-onset dementia, with the caveat 
that a family history might not always be apparent 
because of censoring by premature death, non-paternity, 
or de-novo mutations. 

Imaging 
Historically, the main role of neuroimaging was to 
exclude a space-occupying lesion, and a CT scan is 
usually adequate for that purpose. However, MRI off ers 

Figure 2: Neuropsychological signatures of young-onset dementia
The target diagrams (based on McFie69) show neuropsychological profi les in a healthy individual (centre) and in 
patients with typical profi les from the range of young-onset dementias. Each sector of the target shows a particular 
cognitive domain. The distance along the radial dimension indicates the level of functioning, and the concentric lines 
indicate the percentile scores relative to a healthy age-matched population. Normal function in a cognitive domain is 
shown by colour extending to the perimeter of the target; loss of function is indicated by reduction of the coloured 
sector that corresponds to that cognitive domain. The neuropsychological profi le of a particular disease is evident in 
the pattern of decline of cognitive functions: the diff erential loss of function across cognitive domains. These profi les 
defi ne clinical syndromes but the correspondence with tissue pathology is variable between diseases; for example, 
whereas semantic dementia is closely associated with TARDBP-positive cellular inclusions, other tissue pathologies 
such as cerebrovascular disease or dementia with Lewy bodies have more variable clinical syndromes that overlap with 
those shown here. TARDBP=TAR-DNA binding protein (also known as TDP-43). 
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apnoea with loud snoring or daytime sleepiness, which 
can be supplemented by examining for a crowded 
oropharynx or large collar size.

Laboratory investigations
The investigations commonly undertaken in older 
patients with dementia also apply to young-onset 
dementia but the broader diff erential diagnosis mandates 
a full investigation. The order of investigation follows the 
general rule of the simplest test fi rst and the most 
complex and invasive last, which is the order we have 
detailed below. The extent of the blood tests will, however, 
depend on the individual patient. For example, 
neurogenetics is usually confi ned to those with a positive 
family history or additional features such as Paget’s 
disease, which is suggestive of FTLD associated with 
valosin-containing protein (VCP) mutations (table 2).

All patients with young-onset dementia should have 
structural neuroimaging and CSF examination as 
recommended by the American Academy of Neurology 
and European Federation of Neurological Societies 
guidelines.73,74 Decisions about whether to undertake 
tissue biopies are based on the clinical phenotype and 
usually confi ned to the dementia plus syndromes. 
Cerebral biopsy is occasionally needed to diagnose 
cerebral vasculitis. A fl owchart for investigations is shown 
in fi gure 3, but, because of the wide diff erential diagnosis, 
this is not exhaustive. When a diagnosis cannot be 
established, observation and repeat investigations are 
often informative.

Blood tests 
Routine haematological and biochemical blood tests are 
more useful for detecting comorbidity than for establishing 
the underlying cause, although metabolic encephalopathies 
are more likely to occur in younger patients than in older 
patients. The choice of tests depends on the background 
and age of the patient, and testing for syphilis or HIV is 
more relevant in certain settings and, although not 
routine, should always be considered. Auto-antibodies, 
antineuronal antibodies, and antibodies implicated in 
limbic encephalitis should be screened for in patients with 
rapid-onset dementias or in patients with signs of systemic 
disease. White cell enzyme and very long chain fatty acid 
assays are relevant for detection of various metabolic 
disorders that present in early adulthood, whereas multiple 
blood fi lms might be necessary to substantiate a diagnosis 
of neuroacanthocytosis.

Neurogenetics 
Neurogenetics has transformed our ability to make 
precise diagnoses and has extended our understanding 
of the phenotype of many diseases (eg, leading to the 
recognition that spastic paraparesis can be associated 
with some PSEN1 mutations; table 2). Genotyping is 
often labour-intensive and expensive, although it is 
anticipated to become less so with novel technologies. 

Moreover, at present, screening is impractical in diseases 
in which many mutations, some family-specifi c, might 
be causative. Thus, for some diseases, it is still preferable 
to establish the diagnosis on the basis of a metabolic 
profi le (eg, increased copper excretion and low 
ceruloplasmin in Wilson’s disease), and many metabolic 
disorders can best be determined by direct enzyme assay. 
Rational use of a neurogenetics service relies on an 
accurate and complete family history in all patients 
presenting with young-onset dementia, with the caveat 
that a family history might not always be apparent 
because of censoring by premature death, non-paternity, 
or de-novo mutations. 

Imaging 
Historically, the main role of neuroimaging was to 
exclude a space-occupying lesion, and a CT scan is 
usually adequate for that purpose. However, MRI off ers 

Figure 2: Neuropsychological signatures of young-onset dementia
The target diagrams (based on McFie69) show neuropsychological profi les in a healthy individual (centre) and in 
patients with typical profi les from the range of young-onset dementias. Each sector of the target shows a particular 
cognitive domain. The distance along the radial dimension indicates the level of functioning, and the concentric lines 
indicate the percentile scores relative to a healthy age-matched population. Normal function in a cognitive domain is 
shown by colour extending to the perimeter of the target; loss of function is indicated by reduction of the coloured 
sector that corresponds to that cognitive domain. The neuropsychological profi le of a particular disease is evident in 
the pattern of decline of cognitive functions: the diff erential loss of function across cognitive domains. These profi les 
defi ne clinical syndromes but the correspondence with tissue pathology is variable between diseases; for example, 
whereas semantic dementia is closely associated with TARDBP-positive cellular inclusions, other tissue pathologies 
such as cerebrovascular disease or dementia with Lewy bodies have more variable clinical syndromes that overlap with 
those shown here. TARDBP=TAR-DNA binding protein (also known as TDP-43). 
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According to evidence gathered from multiple
autopsy series, approximately 30% of patients with
PPA are found to have the neuropathology of fronto-
temporal lobar degeneration with tauopathy (FTLD-
TAU), while an additional 30% have a different form
of FTLD characterized by abnormal precipitates of
the transactive response DNA binding protein
TDP-43 (FTLD-TDP). The remaining 40% of
patients display Alzheimer pathology with the charac-
teristic b-amyloid plaques and neurofibrillary tangles
(NFT). This heterogeneity shows that the clinical spec-
ificity of the PPA syndrome is not determined by the
histopathology of the neurodegeneration but, rather,

by its anatomical predilection for the language network
of the brain.

The most characteristic anatomical hallmark of
PPA is the greater atrophy of the language-dominant
left hemisphere (figure 1A). The asymmetry can be
quite pronounced and the right side of the brain may
initially appear to be intact. Within the left hemisphere,
peak atrophy sites extend into all major components of
the language network, including the inferior frontal
gyrus (IFG), the superior temporal gyrus (STG), the
temporoparietal junction (TPJ), and anterolateral tem-
poral cortex (ATL). In patients whose structural scans
are normal at the time of symptom onset, SPECT or
PET scans may show decreased blood flow and metab-
olism in language-related areas of the left hemisphere.
However, MRI, CT, and even PET scans at such early
stages may be completely normal and may lead the
clinician to attribute the symptoms to anxiety or other
non-neurologic factors.3 In approximately 40% of
left-handers, language dominance is located in the right
hemisphere. In such individuals PPA arises on a back-
ground of asymmetrical atrophy of the right hemi-
sphere.4 Age at symptom onset in PPA is most
commonly in the 50s and early 60s, with a generally
even representation of men and women.

The patterns of language impairment in PPA vary
from patient to patient in a manner that reflects the
anatomical distribution of peak atrophy sites. In con-
trast to cerebrovascular accidents (CVA), where cortical
and white matter components of the core lesion site are
both abruptly and completely destroyed, many neuro-
degenerative diseases start by causing a gradual and par-
tial loss of neurons and leave the underlying white
matter relatively intact. The indolent pace of neuronal
attrition is also likely to allow substantial synaptic reor-
ganization within the affected neurocognitive network
even as the disease progresses. Using the metaphor of
a circuit board, cerebrovascular lesions can be said to
pull the plug on the network constituents at the core
lesion site whereas neurodegeneration can be said to
induce a short circuit that is slowly propagated through-
out the affected network. These are some of the reasons
why the aphasia patterns identified by CVA-based clas-
sic aphasiology do not quite fit the clinical patterns that
emerge in PPA.

According to current practice, the language impair-
ment in PPA is classified into one of 3 principal pat-
terns: agrammatic, logopenic, and semantic.3,5 The
core feature of the agrammatic subtype (PPA-G) is a
distortion of word and sentence construction as man-
ifested by abnormal word order (syntax), distorted use
of word endings, misuse of pronouns, and a paucity of
small grammatical words such as articles and preposi-
tions. In mild cases, these abnormalities may only
emerge in writing samples. Most agrammatic patients
will also have abnormal sentence repetition and low

Figure 1 Quantitativemap of peak atrophy sites in primary progressive aphasia

All maps were generated with the FreeSurfer software by comparing cortical thickness in
patients with primary progressive aphasia (PPA) to 27 controls. All patients and controls
were right-handed. Peak atrophy sites (significant at conservative false discovery rate
thresholds of 0.01–0.015) are displayed in red and yellow. (A) Quantitative map shows pro-
nounced asymmetry of atrophy in a combined group of 16 patients with PPAwith all aphasia
subtypes consecutively enrolled in a longitudinal study.29 (B) Left hemisphere peak atrophy
sites in a group of 4 patients with the agrammatic subtype of PPA (PPA-G). (C) Left hemi-
sphere peak atrophy sites in 7 patients with the logopenic subtype of PPA (PPA-L). (D) Peak
atrophy site in a 61-year-old woman with the semantic subtype of PPA (PPA-S). At the time
of this scan, she had been symptomatic for 2 years and correctly answered only 7% of items
in a test of object naming and 28% of items in a test of word association. Neurologically
intact controls performed both tasks with virtually no errors. B and C are reproduced from
Mesulam et al.6 and D from Mesulam et al.,7 with permission. ATL 5 anterior temporal lobe;
IFG5 inferior frontal gyrus; STG5 superior temporal gyrus; TPJ5 temporoparietal junction.
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apnoea with loud snoring or daytime sleepiness, which 
can be supplemented by examining for a crowded 
oropharynx or large collar size.

Laboratory investigations
The investigations commonly undertaken in older 
patients with dementia also apply to young-onset 
dementia but the broader diff erential diagnosis mandates 
a full investigation. The order of investigation follows the 
general rule of the simplest test fi rst and the most 
complex and invasive last, which is the order we have 
detailed below. The extent of the blood tests will, however, 
depend on the individual patient. For example, 
neurogenetics is usually confi ned to those with a positive 
family history or additional features such as Paget’s 
disease, which is suggestive of FTLD associated with 
valosin-containing protein (VCP) mutations (table 2).

All patients with young-onset dementia should have 
structural neuroimaging and CSF examination as 
recommended by the American Academy of Neurology 
and European Federation of Neurological Societies 
guidelines.73,74 Decisions about whether to undertake 
tissue biopies are based on the clinical phenotype and 
usually confi ned to the dementia plus syndromes. 
Cerebral biopsy is occasionally needed to diagnose 
cerebral vasculitis. A fl owchart for investigations is shown 
in fi gure 3, but, because of the wide diff erential diagnosis, 
this is not exhaustive. When a diagnosis cannot be 
established, observation and repeat investigations are 
often informative.

Blood tests 
Routine haematological and biochemical blood tests are 
more useful for detecting comorbidity than for establishing 
the underlying cause, although metabolic encephalopathies 
are more likely to occur in younger patients than in older 
patients. The choice of tests depends on the background 
and age of the patient, and testing for syphilis or HIV is 
more relevant in certain settings and, although not 
routine, should always be considered. Auto-antibodies, 
antineuronal antibodies, and antibodies implicated in 
limbic encephalitis should be screened for in patients with 
rapid-onset dementias or in patients with signs of systemic 
disease. White cell enzyme and very long chain fatty acid 
assays are relevant for detection of various metabolic 
disorders that present in early adulthood, whereas multiple 
blood fi lms might be necessary to substantiate a diagnosis 
of neuroacanthocytosis.

Neurogenetics 
Neurogenetics has transformed our ability to make 
precise diagnoses and has extended our understanding 
of the phenotype of many diseases (eg, leading to the 
recognition that spastic paraparesis can be associated 
with some PSEN1 mutations; table 2). Genotyping is 
often labour-intensive and expensive, although it is 
anticipated to become less so with novel technologies. 

Moreover, at present, screening is impractical in diseases 
in which many mutations, some family-specifi c, might 
be causative. Thus, for some diseases, it is still preferable 
to establish the diagnosis on the basis of a metabolic 
profi le (eg, increased copper excretion and low 
ceruloplasmin in Wilson’s disease), and many metabolic 
disorders can best be determined by direct enzyme assay. 
Rational use of a neurogenetics service relies on an 
accurate and complete family history in all patients 
presenting with young-onset dementia, with the caveat 
that a family history might not always be apparent 
because of censoring by premature death, non-paternity, 
or de-novo mutations. 

Imaging 
Historically, the main role of neuroimaging was to 
exclude a space-occupying lesion, and a CT scan is 
usually adequate for that purpose. However, MRI off ers 

Figure 2: Neuropsychological signatures of young-onset dementia
The target diagrams (based on McFie69) show neuropsychological profi les in a healthy individual (centre) and in 
patients with typical profi les from the range of young-onset dementias. Each sector of the target shows a particular 
cognitive domain. The distance along the radial dimension indicates the level of functioning, and the concentric lines 
indicate the percentile scores relative to a healthy age-matched population. Normal function in a cognitive domain is 
shown by colour extending to the perimeter of the target; loss of function is indicated by reduction of the coloured 
sector that corresponds to that cognitive domain. The neuropsychological profi le of a particular disease is evident in 
the pattern of decline of cognitive functions: the diff erential loss of function across cognitive domains. These profi les 
defi ne clinical syndromes but the correspondence with tissue pathology is variable between diseases; for example, 
whereas semantic dementia is closely associated with TARDBP-positive cellular inclusions, other tissue pathologies 
such as cerebrovascular disease or dementia with Lewy bodies have more variable clinical syndromes that overlap with 
those shown here. TARDBP=TAR-DNA binding protein (also known as TDP-43). 
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According to evidence gathered from multiple
autopsy series, approximately 30% of patients with
PPA are found to have the neuropathology of fronto-
temporal lobar degeneration with tauopathy (FTLD-
TAU), while an additional 30% have a different form
of FTLD characterized by abnormal precipitates of
the transactive response DNA binding protein
TDP-43 (FTLD-TDP). The remaining 40% of
patients display Alzheimer pathology with the charac-
teristic b-amyloid plaques and neurofibrillary tangles
(NFT). This heterogeneity shows that the clinical spec-
ificity of the PPA syndrome is not determined by the
histopathology of the neurodegeneration but, rather,

by its anatomical predilection for the language network
of the brain.

The most characteristic anatomical hallmark of
PPA is the greater atrophy of the language-dominant
left hemisphere (figure 1A). The asymmetry can be
quite pronounced and the right side of the brain may
initially appear to be intact. Within the left hemisphere,
peak atrophy sites extend into all major components of
the language network, including the inferior frontal
gyrus (IFG), the superior temporal gyrus (STG), the
temporoparietal junction (TPJ), and anterolateral tem-
poral cortex (ATL). In patients whose structural scans
are normal at the time of symptom onset, SPECT or
PET scans may show decreased blood flow and metab-
olism in language-related areas of the left hemisphere.
However, MRI, CT, and even PET scans at such early
stages may be completely normal and may lead the
clinician to attribute the symptoms to anxiety or other
non-neurologic factors.3 In approximately 40% of
left-handers, language dominance is located in the right
hemisphere. In such individuals PPA arises on a back-
ground of asymmetrical atrophy of the right hemi-
sphere.4 Age at symptom onset in PPA is most
commonly in the 50s and early 60s, with a generally
even representation of men and women.

The patterns of language impairment in PPA vary
from patient to patient in a manner that reflects the
anatomical distribution of peak atrophy sites. In con-
trast to cerebrovascular accidents (CVA), where cortical
and white matter components of the core lesion site are
both abruptly and completely destroyed, many neuro-
degenerative diseases start by causing a gradual and par-
tial loss of neurons and leave the underlying white
matter relatively intact. The indolent pace of neuronal
attrition is also likely to allow substantial synaptic reor-
ganization within the affected neurocognitive network
even as the disease progresses. Using the metaphor of
a circuit board, cerebrovascular lesions can be said to
pull the plug on the network constituents at the core
lesion site whereas neurodegeneration can be said to
induce a short circuit that is slowly propagated through-
out the affected network. These are some of the reasons
why the aphasia patterns identified by CVA-based clas-
sic aphasiology do not quite fit the clinical patterns that
emerge in PPA.

According to current practice, the language impair-
ment in PPA is classified into one of 3 principal pat-
terns: agrammatic, logopenic, and semantic.3,5 The
core feature of the agrammatic subtype (PPA-G) is a
distortion of word and sentence construction as man-
ifested by abnormal word order (syntax), distorted use
of word endings, misuse of pronouns, and a paucity of
small grammatical words such as articles and preposi-
tions. In mild cases, these abnormalities may only
emerge in writing samples. Most agrammatic patients
will also have abnormal sentence repetition and low

Figure 1 Quantitativemap of peak atrophy sites in primary progressive aphasia

All maps were generated with the FreeSurfer software by comparing cortical thickness in
patients with primary progressive aphasia (PPA) to 27 controls. All patients and controls
were right-handed. Peak atrophy sites (significant at conservative false discovery rate
thresholds of 0.01–0.015) are displayed in red and yellow. (A) Quantitative map shows pro-
nounced asymmetry of atrophy in a combined group of 16 patients with PPAwith all aphasia
subtypes consecutively enrolled in a longitudinal study.29 (B) Left hemisphere peak atrophy
sites in a group of 4 patients with the agrammatic subtype of PPA (PPA-G). (C) Left hemi-
sphere peak atrophy sites in 7 patients with the logopenic subtype of PPA (PPA-L). (D) Peak
atrophy site in a 61-year-old woman with the semantic subtype of PPA (PPA-S). At the time
of this scan, she had been symptomatic for 2 years and correctly answered only 7% of items
in a test of object naming and 28% of items in a test of word association. Neurologically
intact controls performed both tasks with virtually no errors. B and C are reproduced from
Mesulam et al.6 and D from Mesulam et al.,7 with permission. ATL 5 anterior temporal lobe;
IFG5 inferior frontal gyrus; STG5 superior temporal gyrus; TPJ5 temporoparietal junction.
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apnoea with loud snoring or daytime sleepiness, which 
can be supplemented by examining for a crowded 
oropharynx or large collar size.

Laboratory investigations
The investigations commonly undertaken in older 
patients with dementia also apply to young-onset 
dementia but the broader diff erential diagnosis mandates 
a full investigation. The order of investigation follows the 
general rule of the simplest test fi rst and the most 
complex and invasive last, which is the order we have 
detailed below. The extent of the blood tests will, however, 
depend on the individual patient. For example, 
neurogenetics is usually confi ned to those with a positive 
family history or additional features such as Paget’s 
disease, which is suggestive of FTLD associated with 
valosin-containing protein (VCP) mutations (table 2).

All patients with young-onset dementia should have 
structural neuroimaging and CSF examination as 
recommended by the American Academy of Neurology 
and European Federation of Neurological Societies 
guidelines.73,74 Decisions about whether to undertake 
tissue biopies are based on the clinical phenotype and 
usually confi ned to the dementia plus syndromes. 
Cerebral biopsy is occasionally needed to diagnose 
cerebral vasculitis. A fl owchart for investigations is shown 
in fi gure 3, but, because of the wide diff erential diagnosis, 
this is not exhaustive. When a diagnosis cannot be 
established, observation and repeat investigations are 
often informative.

Blood tests 
Routine haematological and biochemical blood tests are 
more useful for detecting comorbidity than for establishing 
the underlying cause, although metabolic encephalopathies 
are more likely to occur in younger patients than in older 
patients. The choice of tests depends on the background 
and age of the patient, and testing for syphilis or HIV is 
more relevant in certain settings and, although not 
routine, should always be considered. Auto-antibodies, 
antineuronal antibodies, and antibodies implicated in 
limbic encephalitis should be screened for in patients with 
rapid-onset dementias or in patients with signs of systemic 
disease. White cell enzyme and very long chain fatty acid 
assays are relevant for detection of various metabolic 
disorders that present in early adulthood, whereas multiple 
blood fi lms might be necessary to substantiate a diagnosis 
of neuroacanthocytosis.

Neurogenetics 
Neurogenetics has transformed our ability to make 
precise diagnoses and has extended our understanding 
of the phenotype of many diseases (eg, leading to the 
recognition that spastic paraparesis can be associated 
with some PSEN1 mutations; table 2). Genotyping is 
often labour-intensive and expensive, although it is 
anticipated to become less so with novel technologies. 

Moreover, at present, screening is impractical in diseases 
in which many mutations, some family-specifi c, might 
be causative. Thus, for some diseases, it is still preferable 
to establish the diagnosis on the basis of a metabolic 
profi le (eg, increased copper excretion and low 
ceruloplasmin in Wilson’s disease), and many metabolic 
disorders can best be determined by direct enzyme assay. 
Rational use of a neurogenetics service relies on an 
accurate and complete family history in all patients 
presenting with young-onset dementia, with the caveat 
that a family history might not always be apparent 
because of censoring by premature death, non-paternity, 
or de-novo mutations. 

Imaging 
Historically, the main role of neuroimaging was to 
exclude a space-occupying lesion, and a CT scan is 
usually adequate for that purpose. However, MRI off ers 

Figure 2: Neuropsychological signatures of young-onset dementia
The target diagrams (based on McFie69) show neuropsychological profi les in a healthy individual (centre) and in 
patients with typical profi les from the range of young-onset dementias. Each sector of the target shows a particular 
cognitive domain. The distance along the radial dimension indicates the level of functioning, and the concentric lines 
indicate the percentile scores relative to a healthy age-matched population. Normal function in a cognitive domain is 
shown by colour extending to the perimeter of the target; loss of function is indicated by reduction of the coloured 
sector that corresponds to that cognitive domain. The neuropsychological profi le of a particular disease is evident in 
the pattern of decline of cognitive functions: the diff erential loss of function across cognitive domains. These profi les 
defi ne clinical syndromes but the correspondence with tissue pathology is variable between diseases; for example, 
whereas semantic dementia is closely associated with TARDBP-positive cellular inclusions, other tissue pathologies 
such as cerebrovascular disease or dementia with Lewy bodies have more variable clinical syndromes that overlap with 
those shown here. TARDBP=TAR-DNA binding protein (also known as TDP-43). 
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apnoea with loud snoring or daytime sleepiness, which 
can be supplemented by examining for a crowded 
oropharynx or large collar size.

Laboratory investigations
The investigations commonly undertaken in older 
patients with dementia also apply to young-onset 
dementia but the broader diff erential diagnosis mandates 
a full investigation. The order of investigation follows the 
general rule of the simplest test fi rst and the most 
complex and invasive last, which is the order we have 
detailed below. The extent of the blood tests will, however, 
depend on the individual patient. For example, 
neurogenetics is usually confi ned to those with a positive 
family history or additional features such as Paget’s 
disease, which is suggestive of FTLD associated with 
valosin-containing protein (VCP) mutations (table 2).

All patients with young-onset dementia should have 
structural neuroimaging and CSF examination as 
recommended by the American Academy of Neurology 
and European Federation of Neurological Societies 
guidelines.73,74 Decisions about whether to undertake 
tissue biopies are based on the clinical phenotype and 
usually confi ned to the dementia plus syndromes. 
Cerebral biopsy is occasionally needed to diagnose 
cerebral vasculitis. A fl owchart for investigations is shown 
in fi gure 3, but, because of the wide diff erential diagnosis, 
this is not exhaustive. When a diagnosis cannot be 
established, observation and repeat investigations are 
often informative.

Blood tests 
Routine haematological and biochemical blood tests are 
more useful for detecting comorbidity than for establishing 
the underlying cause, although metabolic encephalopathies 
are more likely to occur in younger patients than in older 
patients. The choice of tests depends on the background 
and age of the patient, and testing for syphilis or HIV is 
more relevant in certain settings and, although not 
routine, should always be considered. Auto-antibodies, 
antineuronal antibodies, and antibodies implicated in 
limbic encephalitis should be screened for in patients with 
rapid-onset dementias or in patients with signs of systemic 
disease. White cell enzyme and very long chain fatty acid 
assays are relevant for detection of various metabolic 
disorders that present in early adulthood, whereas multiple 
blood fi lms might be necessary to substantiate a diagnosis 
of neuroacanthocytosis.

Neurogenetics 
Neurogenetics has transformed our ability to make 
precise diagnoses and has extended our understanding 
of the phenotype of many diseases (eg, leading to the 
recognition that spastic paraparesis can be associated 
with some PSEN1 mutations; table 2). Genotyping is 
often labour-intensive and expensive, although it is 
anticipated to become less so with novel technologies. 

Moreover, at present, screening is impractical in diseases 
in which many mutations, some family-specifi c, might 
be causative. Thus, for some diseases, it is still preferable 
to establish the diagnosis on the basis of a metabolic 
profi le (eg, increased copper excretion and low 
ceruloplasmin in Wilson’s disease), and many metabolic 
disorders can best be determined by direct enzyme assay. 
Rational use of a neurogenetics service relies on an 
accurate and complete family history in all patients 
presenting with young-onset dementia, with the caveat 
that a family history might not always be apparent 
because of censoring by premature death, non-paternity, 
or de-novo mutations. 

Imaging 
Historically, the main role of neuroimaging was to 
exclude a space-occupying lesion, and a CT scan is 
usually adequate for that purpose. However, MRI off ers 

Figure 2: Neuropsychological signatures of young-onset dementia
The target diagrams (based on McFie69) show neuropsychological profi les in a healthy individual (centre) and in 
patients with typical profi les from the range of young-onset dementias. Each sector of the target shows a particular 
cognitive domain. The distance along the radial dimension indicates the level of functioning, and the concentric lines 
indicate the percentile scores relative to a healthy age-matched population. Normal function in a cognitive domain is 
shown by colour extending to the perimeter of the target; loss of function is indicated by reduction of the coloured 
sector that corresponds to that cognitive domain. The neuropsychological profi le of a particular disease is evident in 
the pattern of decline of cognitive functions: the diff erential loss of function across cognitive domains. These profi les 
defi ne clinical syndromes but the correspondence with tissue pathology is variable between diseases; for example, 
whereas semantic dementia is closely associated with TARDBP-positive cellular inclusions, other tissue pathologies 
such as cerebrovascular disease or dementia with Lewy bodies have more variable clinical syndromes that overlap with 
those shown here. TARDBP=TAR-DNA binding protein (also known as TDP-43). 
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‘Pseudodementia’
Important to remember that the commonest cause of cognitive symptoms is NOT dementia

§ Depression and mood disorders

45



Psychiatric diseases
Associated with cognitive dysfunction
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Case History 
Middle aged woman with memory complaints

§ 50yr old left-handed woman presenting with attention and memory complaints
§ Looses the thread of conversations, difficulty remembering plans, can no longer multi-task 
§ Forgets where she puts things down; no major serious events due to memory symptoms
§ Low mood, lost her confidence, irritable and less motivated
§ Two years previously walked out of her job because it seemed overwhelming
§ Past history | Depression, fibromyalgia and osteoarthritis
§ Medication | Antidepressant and analgesics
§ ACE-III score | Total 65/100 (attention 14/18, memory 9/26, fluency 7/14, language 20/26, 

visuospatial 15/16). 
§ Neurological examination | Normal – including no evidence of limb apraxia
§ Investigations | MRI brain and screening blood tests normal
§ Impression | ‘Pseudeodementia’ / cognitive impairment associated with depression

47



Case History 
Middle aged woman with memory complaints

§ Returns 16 months later. She is unable to give a history
§ Family feel her symptoms have worsened significantly. Can no longer be left on her own
§ Has to be prompted to do things and accompanied to events
§ She says her mood is good and family say that it fluctuates
§ ACE-III score | Total 39/100 (attention 7/18, memory 3/26, fluency 1/14, language 19/26, 

visuospatial 9/16). 
§ Neurological examination | Limb apraxia with difficulty copying meaningless gestures
§ MRI brain | MRI within normal limits
§ FDG PET scan | Marked left temporoparietal hypometabolism including left medial temporal 

lobe. Smaller region of hypometabolism in right posterior temporal parietal zone and left frontal 
lobe. 

§ CSF | Tau/a-beta amyloid ratio raised at 1.79 (normal range less than 1.00) with raised total tau 
and reduced a-beta amyloid.
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Patient video



Reading
Core text is available online

§ Chapters 10, 11 and 21 cover the assessment 
and investigation of the person presenting 
with cognitive symptoms

§ Chapter 33 deals with different 
presentations of Alzheimer’s disease

§ Rossor MN et al. (2000) The diagnosis of 
young-onset dementia. Lancet Neurology 9: 
793-806

§ Schott JM & Warren JD (2012) Alzheimer’s 
disease: mimics and chameleons.  Practical 
Neurology 12: 358-66.
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For next week
Read the chapter on Disorders of Attention

§ Ch 15 Disorders of Attentional Processes 
by Paolo Bartolomeo
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