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SPECT and PET Imaging in Dementia
rCBF 18FDG (and a tiny bit more)



In 30 minutes: that’s a joke, right ???!!

Say what? Actually, 20 minutes, and a 10 minutes question period?
No way, I’m taking a full hour!

A Horse!
Of course, 

this is Calgary!







We have a (very) good idea of how transmission 
and glucose utilization are coupled …

Astrocyte – Neuron Lactate Shuttle





Why does rCBF go up when 
transmission synaptic increases?

Average normal rCMRGluc : ~26 mmol/100 g/min
Normal glycemia : on the order of 5 mmol/L
Average normal rCBF : ~50 ml/100 g/min
therefore, input is approximately 250 mmol/min … 
i.e. close to 10X basal needs (and stimulations increase
glucose consumption by at most 50%: Shulman, 2001;
Giove, 2003)

In fact:

- Evoked potentials  (stimulation of vibrisses in the rat)
are preserved even when vascular response is blocked 
(Lindauer et al, Neurosci. Letters, 1996)
- Glucose consumption is maintained under such
conditions (Cholet et al, JCBFM 1997)

As for rCBF and neurotransmission, before we go any 
further:
ONE question has to be answered …

1) To increase glucose supply?2) To increase the supply of O2?



Skipping a lot of experimental evidence
(which is nevertheless there!) …

Lactate

X



Therefore:

Brain tissue increases its perfusion, when 
it becomes more active, to get rid of 

LACTATE! 
And thus to allow astrocytic glycolysis to 

go on …
which is necessary for 

glutamatergic transmission
to go on!



rCMRGluc rCBF

Neuronal activity,

i.e,

the intensity of

gluatamatergic transmission 

And we evaluate

Therefore, we can image



Causes of dementia (Wikipedia)
Fixed cognitive impairment
Various types of brain injury may cause irreversible but fixed cognitive impairment. Traumatic brain injury may cause generalized damage to the white matter of the brain (diffuse 
axonal injury), or more localized damage (as also may neurosurgery). A temporary reduction in the brain's supply of blood or oxygen may lead to hypoxic-ischemic injury. Strokes
(ischemic stroke, or intracerebral, subarachnoid, subdural or extradural hemorrhage) or infections (meningitis and/or encephalitis) affecting the brain, prolonged epileptic seizures and 
acute hydrocephalus may also have long-term effects on cognition. Excessive alcohol use may cause alcohol dementia, Wernicke's encephalopathy and/or Korsakoff's psychosis.
Slowly progressive dementia
Dementia that begins gradually and worsens progressively over several years is usually caused by neurodegenerative disease—that is, by conditions that affect only or primarily the 
neurons of the brain and cause gradual but irreversible loss of function of these cells. Less commonly, a non-degenerative condition may have secondary effects on brain cells, which 
may or may not be reversible if the condition is treated.
Causes of dementia depend on the age at which symptoms begin. In the elderly population (usually defined in this context as over 65 years of age), a large majority of dementia cases 
are caused by Alzheimer's disease, vascular dementia, or both. Dementia with Lewy bodies is another commonly exhibited form, which again may occur alongside either or both of the 
other causes.[9][10][11] Hypothyroidism sometimes causes slowly progressive cognitive impairment as the main symptom, and this may be fully reversible with treatment. Normal 
pressure hydrocephalus, though relatively rare, is important to recognize since treatment may prevent progression and improve other symptoms of the condition. However, significant 
cognitive improvement is unusual.
Dementia is much less common under 65 years of age. Alzheimer's disease is still the most frequent cause, but inherited forms of the disease account for a higher proportion of cases in 
this age group. Frontotemporal lobar degeneration and Huntington's disease account for most of the remaining cases.[12] Vascular dementia also occurs, but this in turn may be due to 
underlying conditions (including antiphospholipid syndrome, CADASIL, MELAS, homocystinuria, moyamoya and Binswanger's disease). People who receive frequent head trauma, such 
as boxers or football players, are at risk of chronic traumatic encephalopathy[13] (also called dementia pugilistica in boxers).
In young adults (up to 40 years of age) who were previously of normal intelligence, it is very rare to develop dementia without other features of neurological disease, or without 
features of disease elsewhere in the body. Most cases of progressive cognitive disturbance in this age group are caused by psychiatric illness, alcohol or other drugs, or metabolic 
disturbance. However, certain genetic disorders can cause true neurodegenerative dementia at this age. These include familial Alzheimer's disease, SCA17 (dominant inheritance); 
adrenoleukodystrophy (X-linked); Gaucher's disease type 3, metachromatic leukodystrophy, Niemann-Pick disease type C, pantothenate kinase-associated neurodegeneration, Tay-
Sachs disease and Wilson's disease (all recessive). Wilson's disease is particularly important since cognition can improve with treatment.
At all ages, a substantial proportion of patients who complain of memory difficulty or other cognitive symptoms have depression rather than a neurodegenerative disease. Vitamin 
deficiencies and chronic infections may also occur at any age; they usually cause other symptoms before dementia occurs, but occasionally mimic degenerative dementia. These include 
deficiencies of vitamin B12, folate or niacin, and infective causes including cryptococcal meningitis, HIV, Lyme disease, progressive multifocal leukoencephalopathy, subacute sclerosing
panencephalitis, syphilis and Whipple's disease.
Rapidly progressive dementia
Creutzfeldt-Jakob disease typically causes a dementia that worsens over weeks to months, being caused by prions. The common causes of slowly progressive dementia also sometimes 
present with rapid progression: Alzheimer's disease, dementia with Lewy bodies, frontotemporal lobar degeneration (including corticobasal degeneration and progressive supranuclear
palsy).
On the other hand, encephalopathy or delirium may develop relatively slowly and resemble dementia. Possible causes include brain infection (viral encephalitis, subacute sclerosing
panencephalitis, Whipple's disease) or inflammation (limbic encephalitis, Hashimoto's encephalopathy, cerebral vasculitis); tumors such as lymphoma or glioma; drug toxicity (e.g. 
anticonvulsant drugs); metabolic causes such as liver failure or kidney failure; and chronic subdural hematoma.
As a feature of other conditions
There are many other medical and neurological conditions in which dementia only occurs late in the illness. For example, a proportion of patients with Parkinson's disease develop 
dementia, though widely varying figures are quoted for this proportion.[citation needed] When dementia occurs in Parkinson's disease, the underlying cause may be dementia with Lewy 
bodies or Alzheimer's disease, or both.[14] Cognitive impairment also occurs in the Parkinson-plus syndromes of progressive supranuclear palsy and corticobasal degeneration (and the 
same underlying pathology may cause the clinical syndromes of frontotemporal lobar degeneration). Chronic inflammatory conditions of the brain may affect cognition in the long 
term, including Behçet's disease, multiple sclerosis, sarcoidosis, Sjögren's syndrome and systemic lupus erythematosus. Although the acute porphyrias may cause episodes of confusion 
and psychiatric disturbance, dementia is a rare feature of these rare diseases.
Aside from those mentioned above, inherited conditions that can cause dementia (alongside other symptoms) include:[15]

Alexander disease, Canavan disease, Cerebrotendinous xanthomatosis, Dentatorubral-pallidoluysian atrophy, Fatal familial insomnia, Fragile X-associated tremor/ataxia syndrome, 
Glutaric aciduria type 1, Krabbe's disease, Maple syrup urine disease, Niemann Pick disease type C, Neuronal ceroid lipofuscinosis, Neuroacanthocytosis, Organic acidemias, Pelizaeus-
Merzbacher disease, Urea cycle disorders, Sanfilippo syndrome type B, Spinocerebellar ataxia type 2
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Cog. N. AD

How does this connect to imaging? Well, at least for AD, we know that …



We even now pretty well understand how 
this happens on a molecular level



Normal Subject Alzheimer’s Patient

MNI



CHUM, 2006



Where does that “classic” aspect come from? 





Moreover, this goes very well with an understanding of bA function currently gaining in popularity:





Overall, this provides
a coherent framework

to explain the distribution
of metabolic/rCBF anomalies

seen in AD!

SO:

• The DMN likely turns on a bit more often than other brain networks

• Which results in a bit more synthesis
of amyloid peptides at terminals of its neurons

• As well as a bit more frequent local vascular 
dilation/constriction cycles (more amyloid peptides!)

• It also has mildly more elevated energy needs than 
other brain regions

• Therefore, the DMN is more vulnerable than other regions. And …



As for other neurodegenerative pathologies …

Tau TDP-43

FUS



?

?

?

?
?

?

?

?

?
?

?

?

… we currently explain their characteristic patterns on imaging by:
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Lewy Bodies Demetia





Nf-PPA FTLD,
bvFTD

Sv-PPA 

Lv-PPA
with AD
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PSP

DCB

Parkinson

Eidelberg

In press,  Neurology



Stroke 42, p 2672, 2011



AD + Vasc

+ DCL





Sensitivity and Specificity:
75 to 95%, most often

around 90% (including studies with
autopsy confirmation) 



With however sensitivity/specificity
values that tend to be lower (15-20%)

than those of 18FDG PET,
especially in head to head comparisons



This does not appear to be due to 
physiological advantages 

of 18FDG studies over rCBF studies, as both types 
relate to the same parameter!!

By and large, the difference is attributed 
to spatial resolution differences



Nevertheless, when discussing biomarkers for 
research or clinical use …







with CT att. corr.



Still, if we really go for it, SPECT could turn out to be
a valid approach…



 



TEP 18FDG TEM 99mTc-HMPAO



Conclusion


18FDG PET, and rCBF SPECT, are clinically recognized
as useful techniques in the evaluation 
of certain subjects with cognitive impairment

 For now, PET remains the approach of choice,
but SPECT is indicated if PET is not accessible



The following statements about SPECT and PET cerebral studies are all true 
except for one:

1) rCBF and 18FDG distribution in the brain are basically linked to the same 
physiological parameter

2) Current Canadian recommendations on the use of those two diagnostic 
techniques for evaluation of cognitive disorders suggest using PET before
SPECT

3) Due to impossible to resolve physical limitations, rCBF SPECT studies will never
replace 18FDG PET cerebral studies in the assessment of cognitive disorders

4) Amyloid imaging has been achieved in humans with SPECT
5) The effective dose/MBq for SPECT rCBF tracers is lower than for 18FDG



The following statements about SPECT and PET cerebral studies are all true 
except for one:

1) rCBF and 18FDG distribution in the brain are basically linked to the same 
physiological parameter

2) Current Canadian recommendations on the use of those two diagnostic 
techniques for evaluation of cognitive disorders suggest using PET before
SPECT

3) Due to impossible to resolve physical limitations, rCBF SPECT studies will never
replace 18FDG PET cerebral studies in the assessment of cognitive disorders

4) Amyloid imaging has been achieved in humans with SPECT
5) The effective dose/MBq for SPECT rCBF tracers is lower than for 18FDG



The following statements about SPECT and PET cerebral studies are all true 
except for one:

1) rCBF and 18FDG distribution in the brain are basically linked to the same 
physiological parameter

2) Current Canadian recommendations on the use of those two diagnostic 
techniques for evaluation of cognitive disorders suggest using PET before
SPECT

3) Due to impossible to resolve physical limitations, rCBF SPECT studies will never
replace 18FDG PET cerebral studies in the assessment of cognitive disorders

4) Amyloid imaging has been achieved in humans with SPECT
5) The effective dose/MBq for SPECT rCBF tracers is lower than for 18FDG



The following statements about SPECT and PET cerebral studies are all true 
except for one:

1) rCBF and 18FDG distribution in the brain are basically linked to the same 
physiological parameter

2) Current Canadian recommendations on the use of those two diagnostic 
techniques for evaluation of cognitive disorders suggest using PET before
SPECT

3) Due to impossible to resolve physical limitations, rCBF SPECT studies will never
replace 18FDG PET cerebral studies in the assessment of cognitive disorders

4) Amyloid imaging has been achieved in humans with SPECT
5) The effective dose/MBq for SPECT rCBF tracers is lower than for 18FDG



The following statements about SPECT and PET cerebral studies are all true 
except for one:

1) rCBF and 18FDG distribution in the brain are basically linked to the same 
physiological parameter

2) Current Canadian recommendations on the use of those two diagnostic 
techniques for evaluation of cognitive disorders suggest using PET before
SPECT

3) Due to impossible to resolve physical limitations, rCBF SPECT studies will never
replace 18FDG PET cerebral studies in the assessment of cognitive disorders

4) Amyloid imaging has been achieved in humans with SPECT
5) The dose equivalent for SPECT rCBF tracers is lower than for 18FDG





[11C]PIB [18F]Flutemetamol [18F]Florpetabir [18F]Florbetaben [18F]NAV4694

Recherche Phase 3 Approuvé UE/FDA Phase 3 Phase 2

Autre nom GE-067 AV45 / AMIVID
BAY-94-9172, AV-

1

[18F]NAV4694

Classe Benzothiazole Benzothiazole Styrylpyridine Stilbene Benzothiazole

Affinité bA (Ki, nM) 0.9 0.7 2.2. 2.4 0.7

Métabolites

Plasmatiques
Polaires Polaires

Polaires et non-

polaires

Polaires et non-

polaires
Polaires

Activité typique

(MBq)
250–450 250–450 300 300 300

Temps post IV

(min)
40–90 80–100 50–70 90–130 50-60

Structure

Aspect typique MA

Amyloid binding agents

Adapted from Herholz, Lancet Neurol 2011; 10: 667–70

Approuvé FDA









A: Prefrontal Cortex 
B: Hippocampus 
C: Striatum

Sub-regions:
1: Neocortex
2: CA1 
3: CA3 
4: Dentate Gyrus 
5: Caudate Nucleus  
6: Putamen  
7: White Matter (used as 
baseline)

Soucy et al, BrainPET 2013

18F-FEOBV



n. s.

Cholinergic depletion in Alzheimer¹s Disease shown by 
[18F]FEOBV Autoradiography; Maxime Parent, Marc-Andre 
Bedard, Arturo Aliaga, Luciano Minuzzi, Naguib Mechawar, 

Jean-Paul Soucy, Esther Schirrmacher, Alexey Kostikov, 
Serge G. Gauthier, Pedro Rosa-Neto. 

International Journal of Molecular Imaging, Volume 2013 
(2013), Article ID 205045
http://dx.doi.org/10.1155/2013/205045

http://dx.doi.org/10.1155/2013/205045
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