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OBJECTIVES

• Study the natural history of cognitive decline with age using AD 
as template

• Review the step-by-step approach to diagnosis
• Extract from the World Alzheimer Report 2021 costs for the 

diagnosis
• Explore new plasma biomarkers
• Extrapolate on the resources needed across Canada for a more 

structured approach to diagnosis



PRESENTATION

• Natural history of age-associated cognitive decline
• Clinical assessment and complementary tests
• Costs of diagnostic tests in 2021, in Québec
• New plasma biomarkers
• Near future changes in diagnosis of AD



PROGRESSION OF SYMPTOMS IN  
“TYPICAL”ALZHEIMER’S DISEASE

Lovestone & Gauthier 2000 



Subjective Cognitive Decline (SCD)

Lovestone & Gauthier 2000 



Mild Behavioral Impairment (MBI)
Change in behavior or personality with emergence ≥ age 50 and 

persistence for ≥6 months

Five domains

– Drive and Motivation (apathy)

– Emotional Dysregulation (mood/anxiety)

– Impulse Dyscontrol (agitation, response inhibition)

– Social Inappropriateness

– Thoughts and Perception (psychosis)



MBI Checklist



AD: MILD BEHAVIOURAL IMPAIRMENT 
STAGE

Lovestone & Gauthier 2000 



 One-page
 30-point scale
 10 minutes to 

administer

www.mocatest.org

MoCA



AD: MILD COGNITIVE IMPAIRMENT STAGE

Lovestone & Gauthier 2000 



CLINICAL DEFINITION OF MAJOR 
NEUROCOGNITIVE DISORDER (DEMENTIA)

• Decline in intellectual abilities (memory plus one other 

cognitive domain)

• Interfering with social or occupational life

• There may be little insight and reporting is done by family

• There may be concomitant anxiety and depression



AD: MILD DEMENTIA STAGE

Lovestone & Gauthier 2000 



AD: MODERATE DEMENTIA STAGE

Lovestone & Gauthier 2000 



AD: SEVERE DEMENTIA STAGE

Lovestone & Gauthier 2000 



PRESENTATION

• Natural history of age-associated cognitive decline
• Clinical assessment and complementary tests
• Costs in 2021, in Québec
• New plasma biomarkers
• Near future changes in diagnosis of AD



CLINICAL ASSESSMENT
• History with reliable informant is key to diagnosis

• Physical & neurological examination 

• MMSE & MoCA 

• Usually two visits



LABORATORY/IMAGING WORKUP OF 
DEMENTIA

• Recommended blood work: B12, CBC, calcium, electrolytes, 
glucose, TSH

• Brain CT or MRI optional but done in most cases, looking for 
strokes, tumors and hydrocephalus, and more relevant to 
dementia: size of the hippocampi
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SPECIAL DIAGNOSTIC TESTS
• Brain PET scan using FDG 
• Commonly done for young (<65) persons, mild and/or atypical 

symptoms 
• Gives a map of where glucose is being used across the brain
• Patterns of regions with low glucose utilization support certain 

diagnosis, notably Alzheimer’s disease and Lewy Body Dementia



[18F]FDG OF NORMAL vs AD



SPECIAL DIAGNOSTIC TESTS
• Spinal fluid examination requires a lumbar puncture
• Offered in specialized clinics for young (<65) persons, mild 

and/or atypical symptoms 
• The levels of specific proteins are measured and can give a 

biological confirmation of the diagnosis of Alzheimer’s disease



SPINAL FLUID (CSF) IN AD 

Total tau in 
neuronal axons Phosphorylated tau 

in tangles 

A1-42 in senile 
plaques

PtauTauA42

↑↑↑↑↓↓AD

↑ or N↑ or N↓ or NMCI

NNNControl



SPECIAL DIAGNOSTIC TESTS 

• Amyloid PET if special conditions including an equivocal FDG scan



PUTTING ALL THE INFORMATION AVAILABLE 
TOGETHER - 1

• Is there clear evidence of cognitive decline?
• Does it interfere with daily life? 
• Is there depression?
• Are there other conditions explaining some of the symptoms?
• Are there drugs with side effects?  



DIAGNOSTIC CRITERIA FOR PROBABLE AD

• Dementia established clinically, eg deficit in two or more areas or 
cognition, interfering with daily life, progressing gradually

• No disturbance of consciousness 
• Onset between 40 and 90 (below 65: early onset)
• Absence of other brain or systemic disease that could account for 

the dementia



CRITERIAS FOR VASCULAR DEMENTIA (VaD) 

• Decline in two or more cognitive abilities interfering with daily life 
but not caused by the physical effects of stroke

• Evidence of stroke by history, physical exam or brain imaging  
• Temporal relationship between  dementia and stroke (within 3 

months of a stroke)



CRITERIAS FOR DEMENTIA WITH LEWY 
BODIES (DLB) 

• Progressive intellectual decline interfering with daily life 

• One or two of
*  fluctuations of cognition
*  visual hallucinations  
*  spontaneous parkinsonism

• Supportive features: REM Behavior Disorder, neuroleptic 
hypersensitivity



CRITERIAS FOR PARKINSON DISEASE 
DEMENTIA (PDD)

• Idiopathic PD (2 of rigidity, bradykinesia, resting tremor)

• Impairment of attention, executive and visuo-spatial abilities

• Often with visual hallucinations



PUTTING ALL THE INFORMATION AVAILABLE 
TOGETHER - 2

• At this stage of disease the most likely diagnosis is …
• Disclosure issues: will the patient have a catastrophic 

reaction, versus the right to know and plan ahead



PRESENTATION

• Natural history of age-associated cognitive decline
• Clinical assessment and complementary tests
• Costs in 2021, in Québec
• New plasma biomarkers
• Near future changes in diagnosis of AD



www.alzint.org/worldreport









CLINICAL ASSESSMENT

• History with reliable informant is key to diagnosis
• Physical & neurological examination 
• MMSE & MoCA 
• Usually two visits

$100 for GP, $320 for a neurologist, $359 for a psychiatrist, 
$350 for a geriatrician



LABORATORY/IMAGING WORKUP OF 
DEMENTIA

• Recommended blood work: B12, CBC, calcium, electrolytes, 
glucose, TSH   
$9

• Brain CT or MRI optional but done in most cases, looking for 
strokes, tumors and hydrocephalus, and more relevant to 
dementia: size of the hippocampi 
$34 or $320



SPECIAL DIAGNOSTIC TESTS
• Brain PET scan using FDG 
• Commonly done for young (<65) persons, mild and/or atypical 

symptoms 
• Gives a map of where glucose is being used across the brain
• Patterns of regions with low glucose utilization support certain 

diagnosis, notably Alzheimer’s disease and Lewy Body Dementia
$636



SPECIAL DIAGNOSTIC TESTS
• Spinal fluid examination requires a lumbar puncture
• Offered in specialized clinics for young (<65) persons, mild 

and/or atypical symptoms 
• The levels of specific proteins are measured and can give a 

biological confirmation of the diagnosis of Alzheimer’s disease

LP, $205; Analysis, US$1349



SPECIAL DIAGNOSTIC TESTS 

• Amyloid PET if special conditions including an equivocal FDG scan

$3,000



SUMMARY OF DIAGNOSIS COSTS

• Diagnosis by GP with the minimal complementary tests. $202
• Diagnosis by neurologist if required by current CCCDTD criteria of early (65) or 

atypical presentation, unmanagable behavior, request by patient or family, or 
interest in research

$726 with MRI only, $1,362 with IRM and FDG-PET, $2,643 with MRI and CSF, $4,362 
with MRI, FDG-PET, TEP-FDG and amyloid PET



PRESENTATION

• Natural history of age-associated cognitive decline
• Clinical assessment and complementary tests
• Costs in 2021, in Québec
• New plasma biomarkers
• Near future changes in diagnosis of AD



ATN BIOLOGICAL DEFINITION OF AD 

• Amyloid (A) Amyloid PET or CSF
• Tau (T) Tau PET or CSF
• Neurodegeneration (N) MRI or FDG PET or CSF

MCI or dementia due to AD:  A(+), T(+), N(+)

Adapted from Jack et al. NIA-AA Research framework: towards a 
biological definition of AD. Alzheimer’s & Dementia 2018; 14(4), 535-
62





Gauthier & Rosa-Neto. Practical Neurology 2019; 18(5): 60-63
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NEAR FUTURE CHANGES IN DIAGNOSIS OF AD

• Plasma isoforms pTau 181 and/or 217 could be used in primary care to 
screen persons with a clinical diagnosis of AD most likely to be ATN+. 
Estimated cost $200. May require adding ApoE genotype $43.

• Fast track consultation in neurology or other clinician with expertise in 
AD, if younger than 65 and/or interest in research or access to approved
DMD.

• Cost savings for CSF analysis if done in Canada. $400 instead of 
US$1,349, thus $1331 total for two clinical visits by a neurologist, MRI 
and CSF





CONCLUSIONS 

• There is clear interest in the general public for earlier and accurate
diagnosis of MCI and early dementia

• Possible utility of self screening on line with validated instruments
• Manpower issues could be managed by training of interested GP and 

other health professionals in the use of structured assessments for 
cognition, ADL and mood/behavior changes

• ATN characterization could be made cost-effective using CT or MRI, 
plasma biomarkers and CSF analysis in sequence


