
Metabolic brain imaging and network analysis in neurodegenerative 

dementias 

 

Matej Perovnik1  
 

1Department of Neurology, University Medical Center Ljubljana, Ljubljana, Slovenia  

 

Introduction: Neurodegenerative dementias are the most prevalent neurodegenerative 

brain disorders that affected almost 60 million people in 2019 and this number is expected 

to grow with the aging of the population (1,2). Dementia due to Alzheimer’s disease (AD) is 

the most common form, followed by dementia with Lewy bodies (DLB), and frontotemporal 

dementia (FTD) (3). The diagnosis that is made solely on the clinical presentation can be often 

erroneous (4–6). Therefore, the use of various biomarkers is suggested (7). Metabolic brain 

imaging with 2-[18F]Fluoro-2-deoxy-D-glucose positron emission tomography (2-[18F]FDG 

PET) is a marker of local synaptic activity used to show characteristic changes in glucose 

metabolism in AD, DLB and FTD (8–10). 2-[18F]FDG PET can be also used for differential 

diagnosis among them (11). In the clinic the scans are usually assessed visually by an expert 

reader with the help of semi-quantitative analytical techniques that are based on mass 

univariate testing (12). These techniques have been shown to greatly improve the accuracy 

of the visual read, however they are still dependent on the reader’s expertise and cannot 

model complex interregional co-dependencies (13). To address the shortcomings of mass 

univariate testing different modelling methods have been developed. Methods such as seed 

correlation or interregional correlation analysis can be used to estimate large-scale brain 

networks by calculating the correlation between metabolic activity in the seed region and 

the rest of the brain (14,15). On the other hand, one can also use a partial correlation (or a 

more advanced sparse inverse covariance estimation (SICE)) analysis to compute a whole 

brain connectivity matrix and then apply graph theoretical approaches to assess the 

metabolic network properties (14,15). Lastly, multivariate approaches, such as scaled 

subprofile model based on principal component analysis (SSM/PCA), are used for the 

characterization of covariance topographies and identification of specific disease-related 

metabolic brain patterns which expression can be quantified on a single subject level (16,17). 

These patterns have been shown to bear diagnostic, differential diagnostic and prognostic 

utility (16). Furthermore, pattern expression can also be used to track disease progression 

or assess treatment responses (16,18). Regardless of the method used, the more advanced 

analytical approaches have transformed the field of molecular imaging and are offering new 

options to study brain connectivity (19). However, PCA-derived brain patterns are the ones 

that have been most widely validated (16,18) and have been consistently shown to have 

beneficial effect on the diagnostic accuracy in the clinical setting (20,21). 

  



Metabolic brain patterns of common neurodegenerative dementias 

The Alzheimer disease-related pattern (ADRP) is characterized by reduced metabolic activity 

in the precuneus and temporoparietal regions associated with relative increases in 

metabolic activity in the cerebellum, pons and primary sensorimotor cortex (16), Figure 1. 

Since ADRP’s first characterization in 2004 using cerebral blood flow scans, the pattern has 

been identified in many different cohorts using 2-[18F]FDG PET and dynamic amyloid PET 

(22–28). Subsequently, it has been shown that ADRP expression can be used to predict 

conversion from mild cognitive impairment to dementia (29,30) and that its expression 

begins to increase monotonically in time already in cognitively unimpaired individuals that 

later develop mild cognitive impairment due to AD (30). Similarly, several groups identified a 

DLB-related pattern (DLBRP) that was characterized by reduced metabolic activity in the 

precuneus and in occipital, inferior parietal and inferior temporal regions associated with 

relative increases in metabolic activity in the putamen, amygdala, hippocampus, 

parahippocampal gyrus and cerebellar vermis (31–35), Figure 1. Of note, DLBRP share some 

topographic similarity to ADRP and patients with DLB and AD cannot be separated solely 

based on the expression of either ADRP or DLBRP (26,33). Therefore, different 

methodological approaches, such as orthogonalization and cross-pattern analysis (16), have 

been proposed to improve the differential diagnostic utility (31,33). The behaviour variant 

FTD-related pattern (bvFTDRP) has been so far identified in three independent cohorts and 

is characterized by reduced metabolic activity in frontal and temporal regions, anterior and 

middle cingulate gyri, insula and thalamus associated with relative increases in the occipital 

cortex and cerebellum (36,37), Figure 1. Interestingly, metabolic brain patterns for rarer 

dementia syndromes, such as Creuztfeld-Jakob’s disease (38), Figure 1, and semantic variant 

primary progressive aphasia (39), have also been described but lack further wide-spread 

validation. 

Conclusions: The new disease-modifying drugs for neurodegenerative dementias (40,41) 

will undoubtably change the field and precise imaging biomarkers are necessary for correct 

diagnosis, prognosis and following the treatment response. Metabolic brain patterns of 

common neurodegenerative dementias have been now thoroughly validated in many clinical 

cohorts world-wide and their clinical utility has been recognized. To facilitate the translation 

of these analytical methods in routine clinical practice development of rigorous data 

harmonization procedures and further automation of image analysis is needed.  

 

Figure 1. Specific disease-related metabolic brain patterns of common neurodegenerative dementias (27,33,37,38). 
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