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1. Introduction 

The numbers of cases of Alzheimer disease (AD) and related disorders have been increasing 

with higher life expectancy worldwide. In particular, the incidence has sharply increased in 

people aged 70 to 80 years, with consequent significant burdens on health care systems and 

economies. In the 1990s, more than 4% of individuals aged over 65 years were affected by 

AD (Folstein et al., 1991), and 7–10% of this age group in Japan have been estimated to have 

AD (Meguro et al., 2002). Worldwide, the estimated number of individuals with AD of 24.3 

million in 2001 is expected to increase to 42.3 million by 2020, and to 81.1 million by 2040 

(Ferri et al., 2005). 

AD is characterized by various definitive histopathological findings including presence of 

amyloid plaques, neurofibrillary tangles, and microglia in different degrees, and neuronal 

loss and neurotransmitter changes (Mattson et al., 2004; Thal et al., 2002). A characteristic 

early sign of pathology is the deposition of amyloid- (A) peptide in the medial side of the 

temporal lobe. The diagnosis of AD has been defined by the Diagnostic and Statistical 

Manual of Mental Disorders, fourth edition, text revision (American Psychiatric Association, 

2000) and the National Institute of Neurological and Communicative Disorders and Stroke-

Alzheimer's Disease and Related Disorders Association (NINCDS-ADRDA) (McKhann et 

al., 1984). The definitive diagnosis of AD is based on both the NINCDS-ADRDA criteria and 

the histopathological findings, but probabilistic clinical diagnosis of AD depends on these 

criteria without the investigations by magnetic resonance (MR) imaging, positron emission 

tomography (PET), or other biomarkers (Dubois et al., 2007). 

Several potential biomarkers for AD have been proposed, such as biochemical biomarkers 

based on measurement of the concentration of A42 and total tau in the cerebrospinal fluid 

(CSF), structural neuroimaging biomarker based on MR imaging using specific software, 

and functional neuroimaging biomarker based on PET using [18F]fluorodeoxyglucose (FDG) 

or [11C]Pittsburgh compound B (PIB). Detection of AD based on the concentrations of A42 

and total tau in patients versus normal individuals achieved sensitivity of 85–94% and 

specificity of 83–100% (Blennow & Hampel, 2003). Detection of prodromal AD based on the 

MR imaging measurement of middle temporal lobe volume and lateral temporal lobe or 

www.intechopen.com



 
Positron Emission Tomography – Current Clinical and Research Aspects 

 

226 

anterior cingulate volume achieved sensitivity of 68–93% and specificity of 48–96% (Convit 

et al., 2000; Killiany et al., 2000). Discrimination of AD from controls using FDG-PET 

achieved sensitivity of 94% and specificity of 73–78% (Foster et al., 1983; Herholz et al., 

2002b; Ishii et al., 1999; Mielke et al., 1994; Silverman et al., 2001). Therefore, novel criteria 

have been proposed based on these distinctive and reliable biomarkers of AD as follows. 

The core diagnostic criterion is the presence of early and significant episodic memory 

impairment, and the secondary criterion is the detection of at least one or more abnormal 

findings of the structural neuroimaging biomarker using MR imaging, molecular 

neuroimaging biomarker using PET, and A or tau protein level using CSF analysis (Dubois 

et al., 2007). 

Several clinical trials have tested drugs aimed at modifying the AD process, such as 

acetylcholinesterase inhibitor, anti-inflammatory drugs, statins,  and  secretase inhibitors, 

immunotherapy, and neuroprotective drugs. However, no large trial has attempted to 

identify the most powerful diagnostic biomarker, and to monitor disease progression and 

treatment effects. The Alzheimer’s Disease Neuroimaging Initiative (ADNI) is a new 

multicenter clinical AD research project launched in 2004, and intended to detect 

neuroimaging parameters and biomarkers associated with the cognitive and functional 

changes in aged individuals with normal cognition, mild cognitive impairment (MCI), and 

AD in the United States and Canada (Mueller et al., 2005). ADNI-like trials have also been 

started in Europe, Australia, Japan, and Korea. Together, these trials could identify the most 

helpful biomarker and the optimum application for monitoring of the progress of AD and 

treatment effects. 

The present review investigates the potential and feasibility of FDG-PET for the detection 

and monitoring of AD and related disorders, based on reported cases and our own 

experience (over 500 cases), and discuss the future applications of FDG-PET to the 

investigation of AD. 

2. FDG-PET imaging of AD 

2.1 History 

Measurements of cerebral blood flow, and of oxygen and glucose metabolism have been 

made since the 1970s, and could be performed in dementia patients since the early 1980s 

(Benson et al., 1981; de Leon et al., 1983; Foster et al., 1984; Frackowiak et al., 1981; Jagust et 

al., 1985). These studies mainly depended on examination of cross-sectional PET images to 

detect regional decreases in cerebral blood flow or glucose metabolism in temporal or 

parietal lobe (Benson et al., 1981; Frackowiak et al., 1981). Development of a novel mapping 

method based on the three-dimensional stereotactic surface projection (3D-SSP) technique in 

the mid 1990s revealed preclinical metabolic decrease in the posterior cingulate and 

cinguloparietal transitional cortices in patients with AD (Minoshima et al., 1994, 1997). The 

statistical parametric mapping (SPM) technique allowing voxel-by-voxel basis analysis 

appeared in the early 2000s (Herholz et al., 2002). Such techniques have since been modified, 

such as the fully automatic diagnostic system using 3D-SSP (Ishii et al., 2006). These 

modified techniques provide more precise and earlier detection of AD compared with 20 

years ago. 
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2.2 Progress of image analysis 

2.2.1 3D-SSP 

This technique has been developed to facilitate the diagnosis of AD and AD-related disorders 

by radiologists who are not specialists in nuclear medicine. The base images are corrected for 

head rotation and realigned to the standard stereotactic coordinate system. After images from 

different subjects are standardized in the same coordinate system, parametric analysis can be 

performed across subjects on a pixel-by-pixel basis. The 3D-SSP is used to exclude false 

findings caused by residual individual anatomic differences and cortical atrophy that is often 

present in patients with dementia. After individual PET image sets are standardized in the 3D-

SSP format, image data obtained from normal individuals can be averaged to form a normal 

database. Patient PET image sets processed in the same manner can be compared with the 

normal database, and deviations of regional metabolic activities from normal values are 

expressed as Z scores. This method can identify areas of statistically significant reduction of 

metabolism in AD patients (Burdette et al., 1996; Minoshima et al., 1993, 1994, 2003). This 

method is routinely used worldwide to obtain consistent diagnostic accuracy using FDG-PET 

in the diagnosis of AD and AD-related disorders [Fig. 1]. 

 

Fig. 1. FDG-PET study of AD patients using 3D-SSP (Minoshima). Z-score mapping 
compared with normal controls showed decreased glucose metabolism in the bilateral 
precuneus, posterior cingulate, and temporo-parietal cortices, which is not clearly visible on 
normal scans by the visual method. 
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2.2.2 SPM 

SPM is also used for analyzing FDG-PET data. MATLAB software (MathWorks, Natick, 

MA, USA) was utilized for basic image processing with SPM99 software (Wellcome 

Department of Cognitive Neurology, London, UK) for spatial normalization. Further 

image analysis was performed with interactive data language programs. MPITool 

(Advanced Tomo Vision GmbH, Kerpen, Germany) was used for image display and SAS 

(SAS Institute Inc., Cary, NC, USA) was used for statistical evaluation of results. The t 

sum, calculated as the sum of t values over all voxels with FDG uptake below the 95% 

age-adjusted prediction limit, was selected as the global indicator of scan abnormality, 

and the AD t sum was calculated as the sum over all t values of voxels with FDG uptake 

below the 95% age-adjusted prediction limit within the AD mask for each individual. 

Diagnostic accuracy for AD was determined by receiver operating characteristic analysis 

using the t sum and AD t sum (Herholz et al., 2002a). The usefulness of SPM was 

recognized by multicenter trials with 395 patients and 110 normal controls (Herholz et al., 

2002) [Fig. 2]. 

 

Fig. 2. FDG-PET study of AD (left column), FTD (center column), and DLB (right column) 

using SPM. Compared to normal scans (upper row), SPM analysis (lower row) disclosed 

reduced glucose metabolic sites (arrows) clearly and showed the characteristic patterns of 3 

major diseases with dementia. 

2.3 Distinctive abnormal pattern and possible causes 

Reduction of glucose metabolism in AD patients was noted in the temporal and parietal 

lobes in early studies (Foster et al., 1984) and also in the posterior cingulate cortex 

(Herholz et al., 2002; Minoshima et al., 1997). Another study confirmed that glucose 

metabolism is reduced in the parietotemporal, frontal, and posterior cingulate cortices 

compared with normal individuals, and these reductions accord with the severity of 

dementia (Mosconi et al., 2005). FDG-PET mainly detects glucose consumption at the 

synapses (Kadekaro et al., 1985), and these synapses are insulted in the early stage of AD 
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(Masliah et al., 1991). Early loss of synapses is thought to occur in the hippocampus, 

especially in the entorhinal cortex. However, reduction of glucose metabolism has not 

been detected by FDG-PET in such regions. This interesting discordance between 

histopathological changes and FDG-PET findings may result from overall synaptic loss 

being milder in the hippocampus and entorhinal cortex than in the frontal or parietal lobe 

(Masliah et al., 1991). 

Reduction of glucose metabolism in these regions remains asymmetric in the earlier stage of 

AD. As AD progresses, such asymmetrical reduction disappears and frontal involvement 

become evident (Jagust et al., 1988; Kumar et al., 1991). Other studies disclosed that the 

cerebellum and large regions of the association cortex are affected in contrast to the relative 

preservation of the basal ganglia, and motor and sensory cortices in the advanced stage of 

AD (Herholz et al., 1990; Ishii et al., 1997). Such atypical patterns should be considered as 

reduction in the bilateral temporal and parietal lobes is less severe in older patients (Grady 

et al., 1987; Mielke et al., 1992; Small et al., 1989). 

The method of FDG-PET provides a highly consistent rate of accuracy compared to normal 

controls. Using the visual semiquantitative method, sensitivity was 92%, specificity was 

83%, and accuracy was 87% (Azari et al., 1993; Burdette et al., 1996; Fazekas et al., 1989; 

Kippenhan et al., 1992; Scheurich et al., 2005). Quantitative methods showed that overall 

sensitivity was 94%, specificity was 87%, and accuracy was 91% (Duara et al., 1989; Herholz 

et al., 1990, 1993; Ishii et al., 2006; Kawachi et al., 2006; Mielke et al., 1994; Minoshima et al., 

1995; Mosconi et al., 2005; Ng et al., 2007; Ohyama et al., 2000; Szelies et al., 1994; von 

Borczyskowski et al., 2006). Overall, the sensitivity was 94%, specificity was 85%, and 

accuracy was 90% (Ito et al., 2010). 

We examined 500 patients with memory impairment by FDG-PET using the 3D-SSP 

method over approximately 5 years, using 33 subjects with average mini-mental state 

examination (MMSE) score of 30 as normal controls. The patients were divided into two 

groups, with MMSE score of 23 or less and 24 or over, to evaluate the age and sex 

distribution, type of abnormal findings and frequency, and presence of differences in 

MMSE between AD pattern and normal pattern. To assess the usefulness of FDG-PET for 

long-term follow up, AD pattern and normal pattern in patients with MMSE score of 24 or 

over followed up for over 3 years were compared with deterioration of MMSE, and the 

areas of deterioration were investigated using stereotactic extraction estimation. SPM was 

used to investigate the differences in the normal database between two institutes. Chi-

square test, Fisher’s exact test, and Student’s t test were utilized to test for significant 

difference. 

The 201 male and 291 female patients were aged from 20 to 90 years (mean 74.9±9.0 years). 

A total of 359 patients (72%) had MMSE score of 23 or less and 141 patients (28%) had 

MMSE score of 24 or over, and female predominance was recognized in both groups. The 

abnormal pattern was recognized in 97.2% of patients with MMSE score of 23 or less, 

consisting mainly of 77% with the AD pattern, followed by dementia with Lewy bodies 

(DLB) pattern. The abnormal pattern was recognized in 77% of patients with MMSE score of 

24 or over, including 52% with the AD pattern, and 23% with the normal pattern. Significant 

differences were recognized in MMSE score between the AD pattern and normal pattern, in 
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both patients with MMSE score of 23 or less (p=0.0188) and with MMSE score of 24 or over 

(p=1.63E-06). Twenty-five patients with MMSE score of 24 or over have been followed up 

for over 3 years, 8 with the normal pattern and 17 with the AD pattern. No patient with 

normal pattern had deteriorated MMSE score, but 7 of 17 patients (41%) with AD pattern 

had deteriorated MMSE score, showing a significant difference (p=0.0324). This study 

confirmed that FDG-PET using ordinary imaging and statistical imaging can be helpful to 

identify patients with memory disturbance based on the MMSE score (Miyazawa et al., 

2011) [Fig. 3]. 

 

 
 

Fig. 3. Incidence of AD and AD-related disorders in 500 cases according to MMSE. In cases 
with MMSE score of 23 or less, 77% were AD and 2.8% were normal. In cases with MMSE 
score of 24 or over, 52% were AD and 23% were normal. 

2.4 Prediction of deterioration 

Prediction of clinical deterioration by FDG-PET may be affected by many bias factors 

preventing rigorous results, but FDG-PET could predict the occurrence of progressive 

dementia with sensitivity of 93% and specificity of 76% in 146 cases. Negative FDG-PET 

finding suggested that the pathological progression of cognitive impairment during a mean 

3-year follow-up period was unlikely to occur (Silverman et al., 2001). A prospective 

longitudinal analysis showed a significant association between initial metabolic impairment 

and subsequent clinical deterioration. In patients with mild cognitive deficits at entry, the 

risk of deterioration was up to 4.7 times higher if the metabolism was severely impaired 

than with mild or absent metabolic impairment (Herholz et al., 1999). Study of a large 

number of cases (69 probable AD patients, 154 MCI patients, and 79 cognitively normal 

controls) revealed that the probable AD and MCI groups both had significant declines in 12-

month glucose metabolism in the bilateral posterior cingulate, precuneus, medial parietal, 

lateral parietal, medial temporal, frontal, and occipital cortices (p<0.001). In each of these 

brain regions, the decline in AD patients was significantly greater than in the normal control 

group (p<0.001) (Chen et al., 2010). Careful and periodical follow up with PET study may 

predict the decline of AD patients [Fig. 4]. 
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Fig. 4. Longitudinal study of FDG-PET in AD. 

2.5 Correlation between FDG-PET and histopathology 

Good correlations were found between metabolic reduction in the temporoparietal lobe 

on FDG-PET and histopathologically verified AD (DeCarli et al., 1992; McGeer et al., 1990; 

Mielke et al., 1996; Tedeschi et al., 1995). A study of 22 cases investigated whether 

bilateral temporo-parietal hypometabolism on FDG-PET is the metabolic abnormality 

associated with AD, and found the sensitivity of 93%, specificity of 63%, and accuracy of 

82% could differentiate between AD and other AD-related disorders, confirming that such 

metabolic reduction is the classic abnormality associated with AD, and patients without 

AD pattern on FDG-PET should be suspected of AD-related disorders (Hoffman et al., 

2000). Another study with 138 patients also reported that FDG-PET could identify AD and 

AD-related disorders with sensitivity of 94% and specificities of 73% and 78% (Silverman 

et al, 2001). 

2.6 Imaging of treatment response and follow up 

FDG-PET is helpful to observe the longitudinal aspect of metabolism in AD and AD-related 

disorders, as well as the efficacy of drug treatment (Diehl-Schmid et al., 2006; Drzezga et al., 

2003; Nordberg et al., 2010). Serial FDG-PET findings elucidated the improvement in specific 

regions in patients treated with acetylcholinesterase inhibitors (Mega et al., 2001). Treatment 

effects with rivastigmine, galantamine, and citalopram were also clearly demonstrated by 

FDG-PET (Kadir et al., 2008; Mega et al., 2005; Smith et al., 2009; Teipel et al., 2006; Tune et 
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al., 2003). Another treatment using implantation of genetically modified neurotrophin-

producing autologous fibroblast yielded improvement of glucose metabolism by FDG-PET 

(Tuszynski et al., 2005). 

2.7 Comparison with MR imaging, single photon emission computed tomography 
(SPECT), and neuropsychiatric testing 

Neuropsychiatric testing has sensitivity of 93% and specificity of 99% for the discrimination 

of patients with mild AD from healthy people (Buschke et al., 1997), but the overall 

sensitivity and specificity of clinical diagnosis in cases confirmed at autopsy and Class II 

articles by American Academy of Neurology rating system were 70–81% (Holmes et al., 

1999; Jobst et al., 1998; Lim et al., 1999). Many factors involved with PET and clinical testing 

contribute to the difficulty in judging prevalence, but overall accuracy of PET is no worse 

than the accuracy of clinical diagnosis (Minoshima, 2003). 

Studies with no direct comparison found sensitivity of 93% and specificity of 74% using 

SPECT (Read et al., 1995), and 96% and 89% (Jobst et al., 1994). Initial regional cerebral blood 

flow SPECT studies of MCI may be useful in predicting patients who will develop AD in the 

near future (Hirao et al., 2005). Studies with direct comparison found that PET is the 

superior modality both for discrimination of patients with AD from normal individuals and 

predicting deterioration in MCI (Döbert et al., 2005; Herholz et al., 2002). Recently, 

comparison of SPECT, MR imaging, CSF biomarker, and PET in 207 patients with probable 

AD found AD findings in 81.6% with SPECT and 93.1% with PET (Morinaga et al., 2010). 

Abnormal findings by MR imaging in the entorhinal cortex have a high predictive value for 

incipient disease in patients with MCI (deToledo-Morrell et al., 2004; Pennanen et al., 2004). 

Measurements of hippocampal atrophy by MR imaging can distinguish AD patients from 

cognitively normal elderly people with 80–90% accuracy (Jagust et al., 2006). Studies with 

direct comparison showed PET provided better diagnostic accuracy than MR imaging for 

hippocampus atrophy with accuracies of 73% and 73% in normal individuals and MCI 

patients, respectively, 91% and 83% in normal individuals and AD patients, respectively, 

and for middle/inferior and superior temporal gyrus atrophy with accuracies of 100% and 

78% in normal individuals and AD patients, respectively (De Santi et al., 2001). AD findings 

were observed in 77.4% with MR imaging, and 93.1% with PET in 207 patients with 

probable AD (Morinaga et al., 2010). Further investigations and analysis will be needed to 

confirm the importance of PET. 

3. FDG-PET imaging of MCI 

3.1 Criteria and clinical importance of MCI 

MCI was first proposed to represent subjective memory impairment and memory 
impairment by memory test, defined as a score of less than 1.5 standard deviations below 
the age-matched control, with no dementia and preserved activities of daily living (Petersen 
et al., 1999). MCI was subsequently classified into 3 subtypes, amnestic type, multiple 
cognitive domains slightly impaired type, and single non-memory domain impaired type in 
2001, with Petersen’s type equivalent to the amnestic type. New criteria were proposed to 
include amnestic MCI single domain, amnestic MCI multiple domain, non-amnestic MCI 
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single domain, and non-amnestic MCI multiple domain types (Petersen & Morris, 2005). The 
prevalence of MCI differs between nations and depends on the definition of MCI, but values 
of approximately 3% are reported from many countries (Panza et al, 2005). 

The annual progression rate of amnestic MCI to AD is around 12%, which is significantly 

higher than that of age-matched non-MCI subjects over 15 years (Petersen & Morris, 2003). 

On the other hand, 10% of MCI cases did not progress to AD. Meta-analysis of 19 studies 

showed the annual conversion rate has an average of 10% (Bruscoli & Loverstone, 2004). 

Clinical features of high rate conversion are high age, female, low score in MMSE, high score 

in Clinical Dementia Rating or Geriatric Depression Scale, over 4 in Hachinski Ischemic 

Score, and presence of allele type of ApoE4 (Morris et al., 2006). Such findings strongly 

indicate that MCI or amnestic MCI should be followed up to monitor progression to AD. 

3.2 Abnormal findings and prediction of MCI progression to AD on FDG-PET 

Glucose metabolism in the entorhinal cortex was reported to be the most reliable method for 
discriminating MCI patients from normal individuals (De Santi et al., 2001). MCI patients 
also had glucose metabolic reduction in the hippocampus, and this reduction was 
prominent in amnestic MCI (Clerici et al., 2009; Jauhiainen et al., 2008; Mosconi et al., 2005). 
After correction for the partial volume effect, glucose metabolism reduction in the 
temporoparietal cortex has become the core finding in MCI rather than glucose metabolism 
reduction in the hippocampus (Chételat et al., 2008). 

Investigation of the prediction of progression from MCI to AD in a small number of cases 
examined (17 to 20 cases) found progression occurred in 41% to 50% of cases during 18 
months to 3 years, associated with glucose metabolism reduction in the association cortex, 
bilateral temporoparietal cortices, and left temporal cortex (Arnáiz et al., 2001; Berent et al., 
1999; Chételat et al., 2003; Morbelli et al., 2010). Study of a larger number of cases (30 to 85 
cases) found progression in 29% to 40% of cases during 16 months to 2 years, associated 
with glucose metabolism reduction in the bilateral parietal and posterior cingulate cortices, 
bilateral temporoparietal and posterior cingulate cortices, and posterior cingulate cortex 
(Anchisi et al., 2005; Drzezga et al., 2005; Landau et al., 2010). In our study, 16 of 30 patients 
with MCI (53%) progressed to AD during 5 years, associated with glucose metabolism 
reduction in the posterior cingulate cortex and temporoparietal cortex. Another study 
showed that glucose metabolism reduction in the frontal lobe might also be predictive of 

MCI progression to AD, and the ApoE-4 genotype may be related to impairment of the 
frontal cortex (Drzezga et al., 2003; Mosconi et al., 2004). 

Longitudinal or comparison trials of brain MR imaging and FDG-PET in 20 amnestic MCI 
patients and 12 controls with mean follow up of about 2 years identified 9 patients who 
progressed to AD. The discordant topography between atrophy and hypometabolism 
reported in AD was already present at the amnestic MCI stage. Posterior cingulate-
precuneus hypometabolism seemed to be an early sign of memory deficit, whereas 
hypometabolism in left temporal cortex marked the progression to AD (Morbelli et al., 

2010). A comparison study evaluated ApoE-4 allele frequency, CSF proteins, glucose 
metabolism using FDG-PET, hippocampal volume by MR imaging, and episodic memory 
performance in patients with amnestic MCI (n=85). Baseline FDG-PET and episodic memory 
predicted progression to AD. CSF proteins and, marginally, FDG-PET predicted 
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longitudinal cognitive decline (Landau et al., 2010). Estimation of trials using the large 
number of cases examined suggested 66 AD patients or 217 MCI patients per treatment 
group were necessary to detect a 25% AD-slowing treatment effect in a 12-month, multi-

center randomized clinical trial with 80% power and two-tailed a=0.05 (Chen et al., 2010). 
These findings show the advantages of FDG-PET over conventional trials using 
neuropsychological testing. 

4. FDG-PET imaging of normal individuals 

Studies of AD and MCI have suggested that early diagnosis is essential to identify and treat 

individuals at risk before irreversible neuronal damage occurs. Improved brain imaging like 

FDG-PET and other methods are promising tools for the early detection of dementia and 

related disorders. 

Two studies reported that normal individuals with the ApoE-4 allele and family history of 

AD had reduced glucose metabolism in the temporoparietal association area (Reiman et al., 

1996; Small et al., 1995). Another study found individuals with the ApoE-4 allele had 

metabolic reduction in the temporoparietal and posterior cingulate cortices at about 2% per 

year (Small et al., 2000). MR imaging-guided FDG-PET disclosed that 12 individuals (25%) 

demonstrated cognitive decline in a 3-year longitudinal study of 48 healthy normal elderly 

subjects, associated with hypometabolism in the temporal lobe neocortex and hippocampus, 

and that ApoE E4 carrier showed marked longitudinal temporal neocortex metabolic 

reduction in subjects who declined (de Leon et al., 2001). A maternal history of AD was a 

strong association factor in reduced glucose metabolism (Mosconi et al., 2007, 2009). FDG-

PET and additional CSF study showed that the combination of CSF and glucose metabolism 

significantly improved the accuracy of either measure in discriminating ApoE groups (86% 

accuracy, odds ratio=4.1, p<0.001) and normal ApoE E4 carrier with subjective memory 

complaint from all other subgroups (86% accuracy, odds ratio= 3.7, p=0.005). 

Parahippocampal gyrus glucose metabolism was the most accurate discriminator of 

subjective memory complaint groups (75% accuracy, odds ratio=2.4, p<0.001) (Mosconi et 

al., 2008). However, a longitudinal assessment of CSF and FDG-PET biomarkers is necessary 

to determine the usefulness of any combination (Petrie et al., 2009). Another association 

study with FDG-PET and MR imaging for prediction of cognitive decline in normal 

individuals disclosed that among 60 cognitively intact older individuals with mean follow 

up of 3.8 years, 6 subjects (10%) developed incident dementia or cognitive impairment, 

suggesting that reductions in temporal and parietal glucose metabolism predict decline in 

global cognitive function, and reductions in medial temporal brain volumes predict memory 

decline in normal older individuals (Jagust et al., 2006). Investigation of a larger number of 

cases is necessary to evaluate the efficacy of FDG-PET or other methods. 

5. ADNI 

Recently, several methods (biomarkers) have been investigated other than FDG-PET, 

including MR imaging, CSF/blood biochemical marker, amyloid detecting PET (PIB-PET), 

and genetic biomarker, to improve the accuracy of diagnosis of AD, MCI, and prodromal 

AD, and to monitor the progression of these diseases and treatment effects. The most 
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reliable and valid biomarker for the treatment of AD should be identified within current 

limitations, but the number of such biomarkers is unclear. 

The ADNI has been launched as described elsewhere (Chen et al., 2010; Mueller et al., 2005; 

Weiner et al., 2010). Briefly, the ADNI started in October 2004 in USA and Canada as a large, 

multi-center, longitudinal study of 822 older adults, consisting of 188 with probable AD, 405 

with amnestic MCI, and 299 cognitively normal controls, followed up at 58 clinical institutes 

for 5 years. All patients underwent clinical ratings, neuropsychological testing, 1.5 T 

volumetric MR imaging, and blood and urine sampling at every visit, half of the subjects 

also underwent FDG-PET or 3 T MR imaging at every visit, a smaller number underwent 

PIB-PET, and more than half underwent CSF evaluation. Funding for the ADNI ended on 

October 1, 2010. Over 60 papers had been published by May 2010 (Weiner et al., 2010). 

Baseline regional cerebral metabolic rate for glucose (CMRgl) measurement by FDG-PET 

was compared in 74 AD patients, 142 amnestic MCI patients, and 82 cognitively normal 

controls, and a correlation between CMRgl and clinical disease severity was observed, in 

comparison with normal controls. The AD and amnestic MCI patients had significantly 

lower CMRgl in the bilateral posterior cingulate, precuneus, parietotemporal, and frontal 

cortices. Clinical disease severity or lower MMSE scores were also correlated with lower 

CMRgl (Langbaum et al., 2009). Twelve-month follow-up study estimated the need for 66 

AD patients or 217 MCI patients per treatment group to detect a 25% AD-slowing treatment 

effect in a 12-month, multi-center randomized clinical trial with 80% power and two-tailed 

=0.05, roughly one-tenth of the number of patients needed to study MCI patients using 

clinical endpoints. These findings support the use of FDG-PET, brain-mapping algorithms, 

and empirically pre-defined statistical regions of interests in the randomized clinical trials of 

AD-slowing treatments (Chen et al., 2010). 

In the near future, the results of ADNI-like studies are expected from Australia, Europe, 

Korea, and Japan, started since 2007 aiming at total of 600 cases including 300 MCI, 150 AD, 

and 150 normal controls, and over 460 cases have been enrolled and over 300 cases 

examined by FDG-PET in January 2011 in Japan. Analysis of the data and also further trials 

like ADNI-2 will be needed to confirm the findings. 

6. FDG-PET imaging of AD-related disorders 

6.1 Fronto-temporal dementia (FTD) 

Discrimination of AD and FTD currently depend on the clinical history and examination, 

but FDG-PET shows different patterns of hypometabolism in these disorders that might aid 

differential diagnosis. A series of 45 patients with pathologically confirmed AD (n=31) or 

FTD (n=14) were investigated using five separate methods including FDG-PET SSP 

metabolic and statistical maps. Visual interpretation of SSP images was superior to clinical 

assessment and had the best inter-rater reliability (mean =0.78) and diagnostic accuracy 

(89.6%), as well as the highest specificity (97.6%) and sensitivity (86%), and positive 

likelihood ratio for FTD (36.5). The addition of FDG-PET to clinical summaries increased 

diagnostic accuracy and confidence for both AD and FTD. Visual interpretation of FDG-PET 

after brief training is more reliable and accurate in distinguishing FTD from AD than only 
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clinical methods. FDG-PET adds important information that appropriately increases 

diagnostic confidence, even among experienced dementia specialists (Foster et al., 2007). 

Twenty-one patients with clinical diagnosis of FTD, 21 patients matched for age, sex, and 

dementia severity- with probable AD and 21 normal control subjects matched for age and 

sex were studied by measuring the CMRgl with FDG-PET. In the FTD group, CMRgl was 

preserved only in the left cerebellum, right sensorimotor area, and occipital lobes. The 

CMRgl was significantly lower in the FTD group as opposed to the AD group in the 

hippocampi, orbital gyri, anterior temporal lobes, anterior cingulate gyri, basal ganglia, 

thalami, middle and superior frontal gyri, and left inferior frontal gyrus. Metabolic 

abnormality associated with FTD is predominant in the frontal and anterior temporal lobes, 

and the subcortical structures, but is more widespread than previously believed (Ishii et al., 

1998). On the other hand, patients with progressive supranuclear palsy and progressive 

subcortical gliosis have similar findings (D’Antona et al., 1985; Foster et al., 1986, 1992). The 

cost of FDG-PET to discriminate AD from FTD has only been covered by insurance in the 

USA since 2003. 

6.2 DLB 

The clinical criteria of DLB are rather complicated and the differential diagnosis of 

Parkinson disease, Parkinson disease dementia, and DLB is difficult. Glucose 

hypometabolism in the occipital lobe was recognized as a distinctive abnormality in DLB 

with relative preservation of hippocampal glucose metabolism compared to AD (Higuchi et 

al., 2000; Imamura et al., 1997; Ishii et al., 1998). The study of morphologic and functional 

changes in patients with mild DLB compared with patients with AD were investigated in 20 

patients with very mild DLB, 20 patients with very mild AD, and 20 healthy volunteers 

matched for age and sex (normal controls) by both FDG-PET and 3D spoiled gradient echo 

MR imaging. In DLB patients, volumetric data indicated a significant volume decrease in the 

striatum, whereas FDG-PET showed significant glucose metabolic reductions in the 

temporal, parietal, and frontal areas, including the occipital lobe, compared with the normal 

controls. In contrast, both the hippocampal volume and glucose metabolism were 

significantly decreased in AD patients, whereas the occipital volume and metabolism were 

preserved. Comparison of very mild DLB and AD revealed different morphologic and 

metabolic changes in the medial temporal lobes and the occipital lobe, demonstrating 

characteristic pathophysiologic differences between these diseases (Ishii et al., 2007). 

Parkinson disease dementia and DLB share many similar aspects, and the differential clinical 

diagnosis relies heavily on an arbitrary criterion, the so-called 1-year rule. One study of 16 

patients with Parkinson disease, 13 patients with Parkinson disease dementia, and 7 patients 

with DLB performed FDG-PET and reconstructed images by iterative reconstruction using 

computed tomography scans, normalized to a standard template. Compared with patients 

with Parkinson disease, both Parkinson disease dementia and DLB patients had similar 

patterns of decreased metabolism in bilateral inferior and medial frontal lobes, and right 

parietal lobe. In a direct comparison, DLB patients had significant metabolic decrease in the 

anterior cingulate cortex compared with those with Parkinson disease dementia. These 

findings support the concept that Parkinson disease dementia and DLB have similar 

underlying neurobiological characteristics, and can be regarded as a spectrum of Lewy body 
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disorders (Yong et al., 2007). The diagnostic accuracy of FDG-PET -for AD versus DLB 

confirmed at autopsy was sensitivity of 90% and specificity of 80% (Minoshima, 2003). 

An interesting study of occurrence of visual hallucination in DLB revealed that reduction of 
glucose metabolism in the visual association cortex may be involved in the occurrence of 
visual hallucination (Perneczky et al., 2008). Furthermore, we reported that the presence of 
hypermetabolic areas in the cerebellum, basal ganglia, or motor cortex may be related to the 
occurrence of visual hallucination in 22 DLB patients (Miyazawa et al., 2010) [Fig. 5]. 

 

Fig. 5. FDG-PET study of DLB. Hypometabolism in the bilateral occipital lobes and posterior 
cingulate cortices is clearly detected by Z-score mapping with 3D-SSP. 

6.3 Vascular dementia 

The diagnosis of vascular dementia by MR imaging or FDG-PET is difficult because 

pathological changes characteristic of both AD and vascular dementia often co-exist. White 

matter hyperintensity on MR imaging and lacunar infarction may contribute to reduction in 

cerebral blood flow and glucose metabolism (DeCarli et al., 1996; Miyazawa et al., 1997). 

Several studies tried to identify distinctive patterns for vascular dementia on FDG-PET, but 

due to the limitations of the visual method on FDG-PET, no definitive finding could be 

obtained (De Reuck et al., 1998; Mielke et al., 1994; Sultzer et al., 1995). However, analysis 

using SPM and 3-D SSP could detect more precise and subtle differences between AD and 

vascular dementia. Comparison of the regional metabolic patterns on FDG-PET from 18 
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patients with subcortical vascular MCI and 25 patients with amnestic MCI matched for age, 

sex, education, and MMSE score, and 35 healthy subjects, using voxel-wise analysis with 

SPM 2 for statistical analysis revealed that relative to normal controls, hypometabolic 

regions in the amnestic MCI patients were located in the bilateral parahippocampal and 

posterior cingulate cortices, left superior temporal gyri, left inferior parietal lobule, and right 

inferior frontal gyrus, whereas hypometabolic regions in the subcortical vascular MCI 

patients were located in the thalamus, insula, superior temporal gyrus, anterior cingulate 

gyrus, cingulum, right basal ganglia, cerebellum, and brainstem. Further direct comparison 

of glucose metabolism between subcortical vascular MCI and amnestic MCI showed that 

glucose hypometabolism in patients with subcortical vascular MCI was more severe in the 

thalamus, brainstem, and cerebellum, suggesting that subcortical vascular MCI is distinct 

from amnestic MCI in terms of neuropsychological and PET findings, which may explain 

their clinical manifestations (Seo et al., 2009). Application of a novel voxel-based 

multivariate technique to a large FDG-PET data set from 153 subjects, with probable 

subcortical vascular dementia, probable AD, and normal controls in one third each, showed 

that lower metabolism differentiating vascular dementia from AD mainly occurred in the 

deep gray nuclei, cerebellum, primary cortices, middle temporal gyrus, and anterior 

cingulate gyrus, whereas lower metabolism in AD versus vascular dementia occurred 

mainly in the hippocampal region and orbitofrontal, posterior cingulate, and posterior 

parietal cortices. The hypometabolic pattern common to vascular dementia and AD mainly 

occurred in the posterior parietal, precuneus, posterior cingulate, prefrontal, and anterior 

hippocampal regions, and linearly correlated with the MMSE. This study shows the 

potential of voxel-based multivariate methods to highlight independent functional networks 

in dementia diseases. By maximizing the separation between groups, this method extracted 

a metabolic pattern that efficiently differentiated vascular dementia and AD with 100% 

accuracy (Kerrouche et al., 2006). A recent study of 48 subjects (12 with AD, 12 with vascular 

disease and dementia, 12 with vascular disease without dementia, and 12 healthy controls) 

with FDG-PET using SPM 2 showed the independent pattern of vascular dementia was 

glucose metabolic reduction in the thalamus, caudate, and frontal lobe (Pascual et al., 2010). 

Validation study with postmortem will be needed to confirm these newly-emerged patterns. 

6.4 Neurodegenerative disorders showing dementia 

6.4.1 Creutzfeldt-Jakob disease 

Creutzfeldt-Jakob disease is a rare prion-associated disorder within the dementia 

spectrum. Only a few cases have been reported in terms of the FDG-PET findings of 

Creutzfeldt-Jakob disease (Engler et al., 2003; Henkel et al., 2002; Nagasaka et al., 2011). 

Study with FDG-PET only found that all 8 patients had reduction of CMRgl in at least one 

temporal or parietal region. The occipital lobe, the cerebellum, or the basal ganglia were 

involved in another 7 cases. These findings differ from typical patterns of 

hypometabolism in AD and other neurodegenerative disorders. The distribution was 

markedly asymmetric in two thirds of the cases. In three of four patients with visual 

symptoms, FDG uptake was reduced in the bilateral visual cortices. Typical 

hyperintensity on MR imaging was only found in two of the eight cases at the time of PET 

studies, which demonstrates that FDG-PET appears to be a sensitive investigation for 
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Creutzfeldt-Jakob disease and could be useful to differentiate Creutzfeldt-Jakob disease 

from other neurodegenerative disorders (Henkel et al., 2002). Another study with a 

relatively large number of cases showed that FDG-PET revealed, in comparison with 

normal controls, a typical pattern characterized by a pronounced regional decrease in 

CMRgl in 8 cases, indicative of neuronal dysfunction. These changes were most 

pronounced in the cerebellum, and the frontal, occipital, and parietal cortices, whereas the 

pons, the thalamus, and the putamen were less affected, and the temporal cortex 

appeared unaffected. FDG-PET gave a different pattern in 3 of 15 cases, so 

hypermetabolism was present in parts of the brain, particularly in the temporal lobes and 

basal ganglia, which could suggest encephalitis (Engler et al., 2003). We also reported a 

case with hypermetabolism in the cortical region (Nagasaka et al., 2011). FDG-PET can be 

used to detect the stage of encephalitis in Creutzfeldt-Jakob disease [Fig. 6]. 

 

Fig. 6. FDG-PET study of Creutzfeldt-Jakob disease. Hypometabolism and hypermetabolism 

are both present. 

6.4.2 Huntington disease 

Huntington disease is another rare hereditary neurodegenerative disorder with 

characteristic symptoms of cognitive impairment and involuntary movement. FDG-PET of 

symptomatic Huntington disease found typical metabolic reduction in the striatum (Kuwert 

et al., 1990; Young et al., 1987) [Fig. 7]. In contrast, the consensus for FDG-PET in 

presymptomatic individuals at risk or in the early stage has not yet been reached (Hayden et 

al., 1987; Mazziotta et al., 1987). Cross-sectional study with FDG-PET in 18 presymptomatic 

individuals and 13 early-stage Huntington disease patients demonstrated significant 

metabolic covariance patterns characterized by caudate and putaminal glucose 

hypometabolism and metabolic reduction in the mediotemporal region, as well as relative 

hypermetabolism in the occipital cortex (Feigin et al., 2001). A longitudinal study of 71 cases 

in the symptomatic and presymptomatic stages using FDG-PET and MR imaging revealed 
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that individuals at risk and symptomatic Huntington disease patients had significant 

glucose metabolic reduction in the cortex and striatum, and more importantly that 

Huntington disease patients had progressive white matter reduction in the preclinical stage, 

and decreased glucose uptake in the cortex and striatum in affected and preclinical 

individuals, suggesting that white matter volume reduction may precede gray matter 

reduction (Ciarmiello et al., 2006). FDG-PET can detect early signs of changes and is 

especially helpful in longitudinal studies [Table 1]. 

 

 

Fig. 7. FDG-PET study of Huntington disease. Hypometabolism is clearly recognized in the 

caudate and putamen by 3D-SSP. 

 

Name of diseases and disorders Regions with hypometabolism on FDG-PET 

Alzheimer's disease (AD) precuneus and posterior cingulate cortex 
temporoparietal association cortex 
(frontolateral association cortex) 

Fronto-temporal dementia (FTD) frontotemporal cortex 

Dementia with Lewy bodies (DLB) primary visual cortex (same as in AD) 

Vascular dementia dependent on vascular territories affected, 
usually with laterality 

Creutzfeldt-Jakob disease dependent on cortex affected, 
similar findings to AD 

Huntington disease putamen and caudate nucleus 
(thalamus and other basal ganglia) 

Table 1. Characteristic findings on FDG-PET in AD and related disorders 
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7. Conclusion 

For 30 years, FDG-PET has been applied to investigate the functional metabolic aspects of 

AD and related disorders. Approximately 15–10 years ago, the helpfulness of FDG-PET was 

established using rigorous and valid analyzing software like 3-D SSP or SPM compared to 

postmortem data, and the sensitivity, specificity, and accuracy of FDG-PET are over 90%. 

FDG-PET is very useful for the elucidation of the cross-sectional and longitudinal aspects of 

probable AD, and the monitoring of progression of MCI to AD and normal individuals at 

risk. Furthermore, differential diagnosis of AD from FTD by FDG-PET is helpful and valid 

in clinical settings. In parallel with the progress in FDG-PET, other methods like MR 

imaging using voxel-based volumetry and measuring specific proteins in the blood or CSF 

have emerged as promising tools for the diagnosis of AD and progression of MCI to AD. 

The ADNI trial was launched in the USA, and was followed by Europe, Australia, Korea, 

and Japan. The main concerns are identifying the most powerful probe in future clinical 

trials and the optimum combinations to minimize the cost burden. Given the several 

limitations of FDG-PET, this review illustrates that FDG-PET remains a helpful and pivotal 

tool in clinical studies and trials. 
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