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1. Discuss role of cross 
sectional imaging in the 
evaluation of dementia

Overview of nuclear 
imaging tools in 

evaluation of dementia

molecular 
imaging patterns for 
anterior and posterior 
dementia syndromes

4. Highlight through 
clinical cases evolving 
role of PET imaging in 
evaluation of PPA and 
dementia associated 
movement disorders 



Dementia Workup

Correlation of clinical symptoms and imaging findings is the best 
approach to reach a unified and accurate diagnosis and to avoid 
diagnostic pitfalls. 

Clinical

Evaluation

Cross 
Sectional 
Imaging

Molecular 
Imaging



Role of Cross-Sectional Imaging in Dementia 

•  American Academy of Neurology Practice 
Parameter recommends using anatomical 
imaging computed tomography (CT) or 
magnetic resonance imaging (MRI) to rule 
out reversible treatable causes.

•  MRI Brain is usually better than CT (which 
tends to be used more in acute settings).

Knopman DS, et al. Practice parameter: diagnosis of dementia (an evidence-based review). Report of the Quality Standards Subcommittee of 
the American Academy of Neurology. Neurology 2001;56:1143–1153.



Vascular Dementia

(A) Axial section through fluid-attentuated inversion recovery image from a patient 
with vascular dementia, showing multiple patchy areas of high signal in 
periventricular white matter (arrows). (B) Coronal gradient echo MR image showing 
multiple microhemorrhages (arrowheads).

Tartaglia MC, Rosen HJ, Miller BL. Neuroimaging in dementia. Neurotherapeutics. 2011 Jan;8(1):82-92. 



Creutzfeldt–Jakob disease

Axial diffusion-weighted imaging showing cortical ribboning (arrows), left more than 
right, in a patient with Creutzfeldt–Jakob disease.

Tartaglia MC, Rosen HJ, Miller BL. Neuroimaging in dementia. Neurotherapeutics. 2011 Jan;8(1):82-92. 



Normal Pressure Hydrocephalus

Axial CT (left) and MRI T2 sequence (right) images showing markedly dilated 
ventricles in the setting of NPH



 In advanced neurodegerative syndromes, 
cross-sectional imaging may reveal anatomic 

changes and areas of brain atrophy 

Axial FLAIR MR shows frontal lobe 
volume loss, as well as associated 
hyperintense signal in white matter 

in a patient with FTLD

Axial T2 MR in a 71-year-old 
male with corticobasal 
degeneration demonstrates 
asymmetric atrophy and thin 
cortex in the left perirolandic 
region in a patient with CBD

Axial T2WI MR through the inferior 
temporal lobes shows marked atrophy 
of temporal lobes and enlargement of 
parahippocampal fissures in a patient 
with Alzheimer’s. 



C J Galton et al. J Neurol Neurosurg Psychiatry 
2001;70:165-173 

©2001 by BMJ Publishing Group Ltd 

Examples of the visual rating scale for the medial and lateral temporal lobe on MR coronal images displayed conventionally with 
the letter on the right. This scale rates 0=normal, 1=minimal atrophy, 2=moderate atrophy, and 3=severe atrophy (see arrows); 
(A) normal medial and lateral temporal lobe structures (rated 0 bilaterally); (B) minimal atrophy of medial temporal lobe 
structures (rated 1 bilaterally;, (C) severe medial and lateral atrophy on the right (graded 3) and moderate on the left (graded 2). 



MRI SPECTROSCOPY: Neuronal damage  by comparing NAA (neuronal marker) over 
myoinositol peak in alzheimer’s versus control patients

DIFFUSION TENSOR IMAGING: uses fractional anisotropy measurements to detect white 
matter degradation 

Promteangtrong, Chetsadaporn, et al. "Multimodality Imaging Approach in Alzheimer disease. Part I: Structural MRI, Functional MRI, Diffusion Tensor Imaging 
and Magnetization Transfer Imaging." Dementia & Neuropsychologia 9.4 (2015): 318-329.
Zhang Y, et al. White matter damage in frontotemporal dementia and Alzheimer's disease measured by diffusion MRI. Brain. 2009 Sep;132(Pt 9):2579-92.



Finding pathology on structural imaging should not 
preclude molecular imaging to exclude other 

coexistent pathology  

Laforce R Jr, Rabinovici GD. Amyloid imaging in the differential diagnosis of dementia: review and potential clinical applications. Alzheimers Res Ther. 2011 Nov 10;3(6):31.
Golomb J, et al. Alzheimer's disease comorbidity in normal pressure hydrocephalus: prevalence and shunt response. J Neurol Neurosurg Psychiatry. 2000;68:778–781. 
Hamilton, et al.  Lack of shunt response in suspected idiopathic normal pressure hydrocephalus with Alzheimer disease pathology. Ann Neurol. 2010;68:535–540. 
 Rinne JO, et al. Prospective flutemetamol positron emission tomography and histopathology in normal pressure hydrocephalus. Neurodegener Dis. 2014;13(4):237-45. 

1.  Multiple studies has established that there is an overlap between the 
clinical symptoms and imaging findings of normal pressure 
hydrocephalus (NPH) and other neurodegenerative diseases. 
Specifically, Alzheimer’s was found in a significant proportion of 
patients clinically diagnosed with NPH. 

2.  Presence of Alzheimer’s disease pathology predicts poor response to 
shunting.

3.  Similarly Alzheimer’s disease may coexist with other pathologies such 
as vascular dementia, HIV dementia, and amyloid angiopathy. 



Overview of Nuclear Neuroimaging tools
Tracers: Tc-99m HMPAO, Tc-99m ECD

Mechanism of uptake: cerebral perfusion 

Clinical significance: cerebral perfusion is decreased in brain regions responsible for dementia

Tracer: 18F-FDG

Mechanism of uptake: cerebral glucose metabolism

Clinical significance: cerebral metabolism is decreased in brain regions responsible for dementia

SPECT

FDG-PET

Magistretti PJ. Neuron–glia metabolic coupling and plasticity. Journal of Experimental Biology 2006 209: 2304-2311.



Overview of Nuclear Neuroimaging tools

Tracers: Tc-99m HMPAO, Tc-99m ECD

Mechanism: cerebral perfusion and metabolism are coupled with neuronal activity

Clinical significance: cerebral perfusion is decreased in brain regions responsible for dementia

Tracer: 18F-FDG

Mechanism: indicator of cerebral glucose metabolism

Clinical significance: cerebral metabolism is decreased in brain regions responsible for 
dementia

Tracer: ioflupane iodine-123 

Mechanism: detects dopamine pre-synaptic transporters

Clinical Significance: decreased dopamine transporters are seen with nigrostriatal 
degeneration, indicative of Parkinson’s disease or Parkinson Plus syndrome  

Tracer: C11-Pib, F-18 florbetapir; F-18 flutemetamol; F-18 florbetaben. 

Mechanism: detects amyloid deposition

Clinical Significance: increased amyloid deposition is seen in Alzheimer’s disease

SPECT

FDG-PET

DaTscan

Amyloid
Imaging



Anterior Dementia



FTLD can be further 
divided into three clinical 

subtypes depending on 
perfusion imaging findings:

Frontotemporal 
dementia

Frontal 
Predominant 

Dementia

(Behavioral)

Semantic Dementia

Distribution
Other PET / 

SPECT Findings
NGD (DaT) Clinical

FTLD
Anterior

(Frontotemp)
- -

Personality and 
behavioral changes, 
Language problems, 

early age (50-60)

Anterior  Dementia Non-motor Variants 

Brown RK, et al. Brain PET in suspected dementia: patterns of altered FDG metabolism. Radiographics. 2014 May-Jun;34(3):684-701



80 year old psychiatrist with 3 years 
of cognitive changes, word finding 
difficulty, and short term memory 
problems.

Case in Point 1





Bi-temporal lobe hypometabolism, most compatible with semantic dementia 
(temporal lobe predominant FTD).



TBI

Axial SPECT images (top) and 3D-SSP reconstruction (bottom) following 
injection of Tc-99m ECD show moderate decreased uptake in bilateral anterior 
temporal lobes in the setting of prior head injury consistent with TBI. 

Ddx for decreased temporal lobe perfusion: Semantic dementia, Traumatic brain 
injury, post-herpetic encephalomalacia, and infarct. 
 

Right Lateral Left Lateral Superior Inferior



60 year old female with major depression and cognitive impairment. Axial SPECT perfusion
images show pronounced decreased perfusion of anterior frontal lobes (arrows). Even though 
findings are compatible with FTD, depression can also be contributing to hypoperfusion of 
frontal lobes. A follow-up exam after depression control could be helpful, as depression 
induced hypoperfusion tends to be reversible.

Levy-Cooperman N et al. Frontal lobe hypoperfusion and depressive symptoms in Alzheimer disease J Psychiatry Neurosci. 2008 May; 33(3): 218–226.
Oscar-Berman M, Marinković K. Alcohol: Effects on Neurobehavioral Functions and the Brain. Neuropsychology review. 2007;17(3):239-257.  

Chronic depression and chronic alcohol abuse may cause frontal hypometabolism/ 
hypoperfusion. 
 



Distribution
Other PET / 

SPECT 
Findings

NGD (DaT) Clinical

FTLD
Anterior

(Frontotemp)
- -

Personality and 
behavioral 

changes, Language 
problems, early 

age (50-60)

ALS is another Anterior DementiaFT: Frontotemporal hypoperfusion / hypometabolism

CBD
Anterior

(Frontopariet)

 sensorimotor 
cortex, very 
asymmetric

+

Alien hand 
syndrome,

extra-pyramidal 
Sx.

PSP
Anterior

(Frontotemp)
Midbrain,
Thalamus, +

Parinaud, extra-
pyramidal Sx

Teaching Pearl: Dat Scan Imaging is typically positive in anterior dementia 
syndromes with motor symptoms

Anterior  Dementia Motor Variants 

No  
Motor 
Sx

With  
Motor 
Sx 



Matesan MC, Elojeimy S, Minoshima S. 123I-FP-CIT and 99mTc-HMPAO in Pathologically Confirmed Progressive Supranuclear Palsy. Clin 
Nucl Med. 2016 Dec;41(12):e514-e516. 

123I-FP-CIT SPECT (A) showed 
severely decreased uptake in the 
right putamen and mild reduction 
in the posterior portion of the left 
putamen and in the left and right 
caudate. 

A 54-year-old woman presented with rapidly progressing rigidity, bradykinesia, 
abnormal neck postures, gait disturbance, bulbar dysfunction (swallowing difficulty), 
and no overt cognitive deficit at the time of imaging. 

99mTc-HMPAO SPECT (A) at 22 months post 
onset of the symptoms showed mild to moderate 
hypoperfusion in the lateral and medial frontal 
association cortices bilaterally and mild 
hypoperfusion involving the right thalamus and 
right putamen (arrows).

Case in Point 2



Fused axial and sagittal SPECT (top) and 3D-SSP (bottom) images 
following injection of Tc-99m HMPAO show decreased perfusion 
to the frontal and temporal lobes, and the upper brainstem 
(arrows), consistent with progressive supranuclear palsy.

Sagittal MRI showing 
thinning of the midbrain 
(also called hummingbird 
sign) seen in late stages of 
PSP.

Right Medial

Progressive Supranuclear Palsy



Indian Journal of Nuclear Medicine, Vol. 30, No. 2, April-June, 2015, pp. 185-186

FDG PET-CT showing severe asymmetrical right hemisphere hypometabolism 
with involvement of the right sensorimotor cortex in a case of corticobasal 
degeneration

Corticobasal degeneration



Posterior Dementia



Distribution
PET / SPECT 

Findings

Nigrostriat
al 

Degenerati
on

(DaT)

Clinical

Alzheimer’s Posterior PT1 -
Memory loss, 

Poor judgement/
decision making 

1PT: Parieto-Temporal hypoperfusion / hypometabolism

Posterior Dementia 

Teaching Pearl: Dat Scan Imaging is typically positive in Dementia of Lewy body

Dementia of 
Lewy Body

Posterior
PT + Medial 
Occipital lobe

+
Visual 

hallucinations, 
EPS



AD

Sagittal SPECT perfusion images in 
a patient with cognitive impairment 
and memory loss showing decreased 
perfusion in the posterior cingulate 
gyrus (arrow) consistent with early 
Alzheimer’s disease.

Decreased perfusion of the posterior cingulate gyrus on SPECT is the earliest 
change seen in AD (case on right). 

Minoshima S, et al. Metabolic reduction in the posterior cingulate cortex in very early Alzheimer's disease. Ann Neurol. 1997;42:85–94. 
Ishibashi K, et al. Alzheimer's disease-like pattern of (18)F-FDG uptake during a hyperglycemic state and negative (11)C-PiB binding in a patient with mild cognitive impairment. J 
Alzheimers Dis.2014;42(2):385-9.
Ishibashi K, et al. Reduced uptake of 18F-FDG and 15O-H2O in Alzheimer's disease-related regions after glucose loading. J Cereb Blood Flow Metab. 2015 Aug; 35(8): 1380–1385. 
Ishibashi K, et al. Relationship between Alzheimer disease-like pattern of 18F-FDG and fasting plasma glucose levels in cognitively normal volunteers. J Nucl Med. 2015 Feb;56(2):
229-33.

Elevated fasting blood glucose (with effects noted 
above FBG 110) may cause false positive 
hypometabolism in precuneus and posterior 
cingulate: an Alzheimer’s mimick



Clinical Pearl: Involvement of the medial occipital lobes 
differentiates DLB from AD.

Anterior Posterior

Right lateral Left lateral

Alzheimer’s Dementia Dementia of Lewy body

Lakshmi Narasimhan R, et al. Patterned Approach to Brain FDG PET Imaging in Dementia - Few Case Vignettes and Literature Review. BAOJ 
Neuro (2017) 3: 030.

DaT scan is helpful to differentiate challenging cases of AD versus 
DLB



B-amyloid Imaging: Brief Overview



Beta-amyloid Imaging



11C-PiB, 18F-florbetaben, 18F-florbetapir, and 18F-flutemetamol images of healthy subjects and AD 
patients. Christopher C. Rowe, and Victor L. Villemagne J Nucl Med 2011;52:1733-1740 

(c) Copyright 2014 SNMMI; all rights reserved 



Amyloid imaging is a helpful tool to differentiate FTLD from Alzheimer’s.

Negative 
scan 
excludes 
Alzheimer
(high NPV 
for 
Alzheimer)



Date of download:  1/24/2016
Copyright © 2016 American Medical Association. 

All rights reserved.

From: Prevalence of Cerebral Amyloid Pathology in Persons Without Dementia: A Meta-analysis

JAMA. 2015;313(19):1924-1938. doi:10.1001/jama.2015.4668

Association of Age With Prevalence Estimates of Amyloid Positivity According to Cognitive Status. The prevalence estimates were 
generated from generalized estimating equations. The model included age and cognitive status as predictors. Shading indicates 
95% CIs; SCI, subjective cognitive impairment; MCI, mild cognitive impairment.

Figure Legend:  

PPV of 
amyloid 
imaging for 
diagnosing 
Alzheimer 
dementia 
decreases 
with age



Johnson et. al  2015

Appropriate Use Criteria for Amyloid PET per 
SNM and Alzheimer’s society guidelines:  
Indications that are SUPPORTED

•  Atypical Early age Onset (less than 65), 
especially if PET findings are confusing and want 
to differentiate FTLD from Alzheimer

•  Persistent / Progressive unexplained MCI 



Johnson et. al  2015

Appropriate Use Criteria for Amyloid PET per 
SNM and Alzheimer’s society guidelines:  
Indications that are NOT SUPPORTED

•  Differentiate Alzheimer from DLB

•  Determine Dementia severity

•  Confirm Alzheimer in setting of a typical parieto-
temporal distribution on PET

•  Screening of cognitive normal patients

•  Use scan findings to support disability

•  Screen family members



Clinical Pearl: Amyloid Imaging is helpful to differentiate Frontal 
variant AD from FTD.

Frontal variant Alzheimer’s disease

Laforce and Rabinovici Alzheimer’s Research & Therapy 2011, 3:31



 62-year-old woman with visuospatial dysfunction. 

Crutch, Sebastian J et al. “Posterior Cortical Atrophy.” Lancet neurology 11.2 (2012): 170–178. PMC. Web. 1 Apr. 2017.

Posterior Cortical Atrophy (Alzheimer’s variant)

Simultagnosia



Role of PET for imaging of PPA and dementia 
associated with movement disorders 



68 yo cosmetologist presents with 
language problems and aphasia, 
specifically trouble with word 

repetition.  Rule out FTD. Outside 
hospital MRI raised possible 

vascular etiology.

Case in Point 3







What is the most likely diagnosis ?

1.  Fronto-temporal dementia
2.  Posterior Cortical Atrophy
3.  Dementia of Lewy Body
4.  Leucopenic Progressive Atrophy



What is the most likely diagnosis ?

1.  Fronto-temporal dementia
2.  Posterior Cortical Atrophy
3.  Dementia of Lewy Body
4.  Leucopenic Progressive Atrophy (alzheimer’s 

variant)



Madhavan A, et. al. FDG PET and MRI in logopenic primary progressive aphasia versus dementia of the Alzheimer's type. PLoS One. 2013 Apr 23;8(4):e62471. 



Primary Progressive Aphasia

Clinical 
Association Pathology Imaging Findings

Semantic
(Fluent)

FTLD Tau positive pathology

Predominant anterior temporal 
hypoperfusion or
hypometabolism on SPECT or PET

Nonfluent FTLD
 ubiquitin-positive, 
TDP43-
positive pathology

LEFT predominant posterior 
fronto-insular
hypoperfusion or hypometabolism on 
SPECT or PET (as opposed to 
RIGHT side predominant or 
BILATERAL hypoperfusion in Bv-
FTD)

Logopenic Alzheimer’s disease

 PET-PIB positivity 
and decreased
A 42 and increased 
tau in the CSF

LEFT predominant posterior 
perisylvian or parietal 
hypoperfusion or hypometabolism 
on SPECT or
PET (as opposed to RIGHT sided 
predominant or BILATERAL 
hypoperfusion in Bv-FTD)

Neurology. 2011 Mar 15;76(11):1006-14 



Results of the region of interest analysis in the insulae with Voxel based morphometry (VBM). Statistical 
significance of loss of gray matter in the insula in nfvPPA compared to bvFTD are shown in red. Statistical 
significance of loss of gray matter in the insula in bvFTD compared to nfvPPA are shown in blue. Results 
are at p<0.001 without correction for multiple comparisons. 

Mandelli ML, et al. Two insular regions are differentially involved in behavioral variant FTD and nonfluent/agrammatic variant PPA. Cortex.  
2016 Jan;74:149-57.



Clinical tasks used to assess speech and language functions in PPA

Neurology. 2011 Mar 15;76(11):1006-14 



•  Many patients with non-fluent aphasia will eventually progress 
to an encompassing generalized motor problem compatible with 
a diagnosis of corticobasal syndrome or progressive 
supranuclear palsy.

•  Diagnosis of PPA is preserved for patients in which aphasia is 
the predominant symptom. 

•  FDG Brain PET-CT is increasingly being used in primary 
progressive aphasia for appropriate classification and 
specifically to differentiate FTLD from Alzheimer’s pathology 
since this affects clinical management and treatment.

Primary Progressive Aphasia Pearls

Neurology. 2011 Mar 15;76(11):1006-14 



Case in Point 4:

60 year old male with established 
long history of Parkinson’s disease

presenting with dementia symptoms 







What is the most likely diagnosis ?

1.  Posterior Cortical Atrophy
2.  Alzheimer’s dementia
3.  Leucopenic Progressive Atrophy
4.  Dementia of Lewy Body
5.  Parkinson’s Dementia



What is the most likely diagnosis ?

1.  Posterior Cortical Atrophy
2.  Alzheimer’s dementia
3.  Leucopenic Progressive Atrophy
4.  Dementia of Lewy Body
5.  Parkinson’s Dementia

 1-year rule: patients with L-Dopa responsive 
parkinsonism who develop dementia more than 
1 year after their initial PD motor symptoms are 
classified as PDD.

Petrou M, et al. An update on brain imaging in parkinsonian dementia. Imaging in medicine. 2012;4(2):201-213. 



Figure 1. Metabolic reduction in Parkinson’s disease 3D-SSP t-statistic maps comparing PD dementia 
nonconverters and converters based on voxel-based comparison to normative data from healthy controls at 
baseline. The most prominent metabolic reduction in the prospective PDD converters is evident in the cuneus
(especially Brodmann area 18) and precuneus. Mild-to-moderate reductions are also present in the mesiofrontal 
lobes. In addition, the PD dementia converter subjects demonstrate relative sparing of the primary sensorimotor 
cortex, a pattern similar to Alzheimer’s disease. In PD nonconverter subjects, metabolic reduction in the posterior 
calcarine cortex (Brodmann area 17) is evident, while there is relative sparing of Brodmann areas 18, 19 and
the precuneus.

LLAT: Left lateral; LMED: Left medial; PD: Parkinson’s disease; PDD: Parkinson’s disease
with dementia; RLAT: Right lateral; RMED: Right medial.

Petrou M, et al. An update on brain imaging in parkinsonian dementia. Imaging in medicine. 2012;4(2):201-213. 



•  Reviewed the role of cross-section structural imaging in 
evaluation of dementia (typically MRI preferred to 
exclude rare reversible causes of dementia). 

•  Reviewed the patterns of hypoperfusion / 
hypometabolism in anterior and posterior dementia 
subtypes, motor variants, and mimics.

•  Illustrated role of DaT scan, and amyloid imaging in 
troubleshooting challenging diagnoses of 
neurodegenerative disorders.

•  Discussed evolving role of  PET imaging in setting of 
PPA and movement disorders associated dementia.

Summary



THANK YOU


