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Voxel-wise analysis of 18F-fluorodeoxyglucose metabolism in correlation with 
variations in the presentation of Alzheimer’s disease: a clinician’s guide
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Brief Communication

ABSTRACT
BACKGROUND Diagnostic imaging can be applied in the management of Alzheimer’s 
disease as it provides structural and functional information to exclude possible 
secondary causes and offers additional information, especially in atypical cases 
of Alzheimer’s disease. The utility of positron emission tomography/computed 
tomography (PET/CT) can help in the noninvasive diagnosis of Alzheimer’s disease by 
voxel-wise quantification of cerebral 18F-fluorodeoxyglucose (FDG) metabolism.

METHODS This prospective study was conducted among 10 subjects with Alzheimer’s 
disease and 10 healthy control subjects who underwent neuropsychological testing 
and 18F-FDG PET/CT scans. Images of the brain were postprocessed using voxel-wise 
analysis and segmented into 20 regions of interest. The standardized uptake value 
(SUV)max/SUVmean/standard deviation of SUVmean results were analyzed accordingly and 
correlated with the subjects’ Montreal cognitive assessment (MoCA) results that were 
adjusted for age and education level.

RESULTS Hypometabolism at the right parietal lobe significantly correlated with 
increasing age and lower MoCA scores. Global hypometabolism was observed in 
subjects who had advanced Alzheimer’s disease but preserved primary somatosensory 
cortices (S1) region metabolism. Predominance of frontal lobe hypometabolism was a 
feature of subjects with Alzheimer’s disease having associated depressive symptoms.

CONCLUSIONS 18F-FDG PET/CT voxel-wise analysis can be used for quantitative 
assessment and can assist clinicians in the diagnosis of Alzheimer’s disease and other 
variations of the disease spectrum.
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Alzheimer’s disease is classified as a major 
neurocognitive disorder (NCD) based on the Diagnostic 
and Statistical Manual of Mental Disorders, Fifth 
Edition (DSM-5).1 Its incidence has been increasing and 
represents the commonest type of NCDs, contributing 
to 65% of all patients with NCD, followed by vascular-type 
NCD (vascular dementia/VaD) (20%) and Lewy body-type 
NCD (10–15%).2 Clinically, patients with NCD present with 
a progressive decline in various intellectual domains, 
including memory, language, and executive function.1 
Neuropsychological assessments using screening 
tools such as the Mini-Mental State Examination 

have been criticized for their lack of sensitivity and 
their dependency on age and level of education.3 In 
contrast, the Montreal cognitive assessment (MoCA) 
has been reported to have a higher sensitivity (100%), 
a higher reliability, and a better internal consistency for 
detecting NCDs and mild neurocognitive impairments.4 
However, till date, there are no established clinical 
diagnostic criteria that can be applied to accurately 
diagnose this disease, which has consequently resulted 
in a large majority of people with Alzheimer’s disease 
being underdiagnosed. Hence, these people are unable 
to gain access to proper care and treatment.5

Copyright @ 2019 Authors. This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://
creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and 
source are properly cited.



Aziz, et al. | Imaging in neurocognitive disorders 301

Medical Journal of Indonesia

The National Institute on Aging-Alzheimer’s 
Association has proposed the following three 
biomarkers in the clinical diagnosis of Alzheimer’s 
disease: (i) medial temporal lobe atrophy assessed by 
structural imaging, (ii) evidence of hypometabolism 
at the temporoparietal lobes assessed using 
18F-fluorodeoxyglucose positron emission 
tomography (18F-FDG PET), and (iii) elevated amyloid 
binding on amyloid PET.6 Unfortunately, a definitive 
diagnosis can be made only at autopsy when specific 
pathological lesions, including the intracellular 
neurofibrillary tangles, amyloid-β plaques, synapse/
neuronal loss, and atrophy, are observed.7 Diagnostic 
imaging can play a role in the management of NCDs 
by providing structural and functional information 
to exclude possible secondary causes and offering 
additional information to differentiate the subtypes, 
especially in atypical cases. The use of functional 
imaging in clinical practice, such as technetium99m-
hexamethylpropylene amine oxime SPECT and 
18F-FDG positron emission tomography/computed 
tomography (PET/CT), as well as amyloid imaging 
PET/CT, is gaining momentum as noninvasive 
imaging biomarkers to provide a better diagnostic 
accuracy.8–10

Molecular imaging using 18F-FDG PET/CT has 
been widely used for oncology imaging,8,11 and also 
for diagnosing infection,12 neurology, and cardiology 
cases.13 Previous research has shown that 18F-FDG 
PET/CT can act as a noninvasive biomarker of cognitive 
decline and this imaging technique is widely available 
in several centers.14 Measurement of cerebral glucose 
hypometabolism acts as a surrogate biomarker for 
NCDs, wherein reduced activity in the temporoparietal 
lobes of the brain is a hallmark of Alzheimer’s disease.15 
The quantitative measurement for PET/CT uses 
standardized uptake values (SUVs) that take into 
account the ratio of FDG distribution in the body.16 The 
literature reports studies that have analyzed voxel-
wise regional 18F-FDG hypometabolism as evidenced 
by reduced SUVs to help in the objective assessment 
of patients with NCD.17 The commonly cited areas 
of hypometabolism are the medial, temporal, and 
hippocampal regions.18 Furthermore, the entorhinal 
cortex has an advantage over the hippocampus in early 
Alzheimer’s disease and in predicting the progression of 
subjects with mild cognitive impairment to Alzheimer’s 
disease.19 It has also been observed that 18F-FDG 
hypometabolism occurs in the precuneus, posterior 

cingulate, parietal, and temporal cortices, even before 
the onset of symptoms of Alzheimer’s disease, which 
subsequently extends into the frontal cortex and the 
entire brain in advanced stages of Alzheimer’s disease.20 
To further complicate matters, a heterogeneous 
distribution of 18F-FDG has been reported even in 
healthy elderly subjects and an atypical distribution of 
hypometabolism in subjects with Alzheimer’s disease, 
which can confound the clinicians when diagnosing 
Alzheimer’s disease.21

Therefore, it is proposed for a voxel-wise 
quantitative assessment of cortical 18F-FDG 
distribution in patients with Alzheimer’s disease to 
explore variations in glucose metabolism. The aim of 
this study was to correlate 18F-FDG PET/CT imaging 
biomarkers with clinical findings that can act as a guide 
to clinicians dealing with atypical cases of Alzheimer’s 
disease. The pattern of 18F-FDG distribution in 
noncognitive behavioral changes in subjects with 
Alzheimer’s disease was also explored.

METHODS

Study participants
A prospective case–control study was conducted 

after receiving ethical clearance from the institutional 
ethical committee (No. PPDN(FR14)P032). Subjects 
aged 55–80 years with a diagnosis of Alzheimer’s 
disease were recruited from the memory clinics in two 
centrally located regional hospitals in Kuala Lumpur, 
Malaysia, according to the criteria set by the Declaration 
of Helsinki. A total of 18 subjects with Alzheimer’s 
disease were recruited and scanned in 2018; however, 
8 subjects withdrew from the study due to anxiety 
regarding the examination. Healthy subjects within the 
stipulated age group (control population) were also 
recruited from the general population in Kuala Lumpur 
who responded to advertisements by the research 
team. The subjects provided written informed consent 
to participate in this study. The inclusion criteria were 
patients with a normal serum creatinine level and being 
cooperative for the PET/CT examination, whereas the 
exclusion criteria were patients with uncontrolled 
blood sugar levels and psychotic subjects.

Neuropsychological assessment
Subjects with Alzheimer’s disease and healthy 

volunteers were assessed by a conventional 
neuropsychological screening tool using the MoCA 
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test. A cut-off point of 26 is generally used to classify 
patients with Alzheimer’s disease (<26 points) in 
contrast to healthy controls having higher scores (≥26 
points).4 Furthermore, the corrected the MoCA scores 
for age group and education level of the subjects to 
classify them as having Alzheimer’s disease, was based 
on the study of Borland et al.22

Imaging protocol
A total of 20 participants (10 subjects with 

Alzheimer’s disease and 10 healthy controls) 
underwent 18F-FDG PET/CT imaging. The subjects were 
given intravenous 18F-FDG of approximately 5 mCi and 
kept rested in a dark room. After an uptake period of 
approximately 60 min, the subjects underwent a CT 
scan of the brain from the skull base to the vertex, 
followed by a contemporaneous PET/CT imaging. The 
scans were performed on a 64-slice multidetected 
hybrid PET/CT scanner (Siemens Truepoint Biograph 
‘TrueV®) equipped with a lutetium oxyorthosilicate 
scintillator crystal camera. The 64-slice CT scanner 
was used to image the brain, and the imaging was 
performed at 120 kVp, 110 mAs, 0.8 pitch, and 1.0 s 
per gantry rotation time; detector configuration of 
64 × 0.625 mm; and 3.0-mm slice thickness. Image 
reconstruction was performed using filtered back 
projection with a Gaussian smoothing of 2-mm full 
width at half-maximum.

Image interpretation
The CT scan images were viewed on a high-

resolution image processing workstation (Syngo.via 
Multi-Modality Workstation). Visual assessment was 
performed to detect any morphological abnormalities 
in the cross-sectional CT scan images. Then, using 
the image cortical radioisotope uptake processing 
software (Syngo.via MI Neurology), a 3D voxel-wise 
assessment software, the attenuation-corrected CT 
scan images were aligned and fused to the PET images. 
Subsequently, the images were fused to the normal 
template atlas. The FDG-PET biography (SMART 
Neuro AC) template that was composed of the data 
of healthy subjects aged 46–79 years comprising both 
genders were selected. Subsequently, voxel-wise 
assessment of 18F-FDG metabolism was done based 
on the following formula:

An anatomical review was conducted by 
scrutinizing the uptake of 18F-FDG in several regions 
of interest (ROIs), namely, the hippocampus; the 
frontal, temporal, parietal, and occipital lobes; and 
the primary somatosensory cortex (S1). The mean 
SUV (SUVmean) and the standard deviations (SD) 
from the mean were evaluated. The images and 
the quantitative parameters were assessed by two 
consultant radiologists with nuclear medicine training 
by consensus and were compared with the clinical 
findings. Voxels that demonstrated SUVs that were 
two SD below the normal template were considered 
to have significant hypometabolism. These areas were 
assessed regionally and depicted in dark blue color 
coding. In contrast, areas that had more than two SD 
of SUVmean from the normal template were considered 
to have hypermetabolism and depicted in red color 
coding.

Statistical analysis
ROIs as tabulated by the software were assessed, 

and the SUVs together with the SD values were 
extracted and tabulated. General demographic 
data of the patient characteristics were described 
using tables for categorical data, and median values 
and range were used for representing continuous 
variables. The SPSS software, version 25 (IBM), 
was used for all statistical analyses. Voxel-by-
voxel assessment for individual subjects and cross-
group correlations were conducted. For ROI-wise 
correlation analysis, the statistical significance was 
defined as p < 0.05 (2-tailed). Independent variables 
of age, gender, race, and MoCA results, as well as 
the duration of diagnosis, were correlated with the 
imaging parameters using Pearson’s correlation for 
age, duration of diagnosis, and MoCA results; student 
t-test was used for evaluating gender and diagnosis, 
and one-way analysis of variance was used for race. 
Subsequent analyses of the association of age, 
gender, race, and MoCA results were performed after 
classifying the subjects into the Alzheimer’s disease 
group and the healthy group using t-test.

RESULTS

Population demographics
The 10 subjects with Alzheimer’s disease comprised 

9 women and 1 man (aged 62–80 years, mean (SD) = 
74.9 [6.5]). The healthy controls consisted of 7 women 

−
=

(Patient value Population mean)
Statistic

Population standard deviation
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Variables Healthy group 
min–max; mean (SD)

Alzheimer’s disease group 
min–max; mean (SD) p

Age (years) 61–70; (65.4 [2.9]) 62–80; (74.9 [6.5]) 0.003*

Duration of symptoms (years) - 1.0–5.0; (2.9 [1.5]) 0.508†

MoCA scores (points) 26–28; (27.4 [0.70]) 0–20; (10.6 [5.6]) <0.001*

SUVmax (g/ml), min–max

   Right temporal 17.1–29.9 18.4–26.0 0.916

   Left temporal 16.2–27.9 19.3–26.4 0.803

   Right parietal 18.2–31.2 19.4–27.7 0.926

   Left parietal 18.0–30.6 19.3–27.2 0.918

SD of SUVmean (g/ml), mean (SD)

   Right parietal -0.54 (1.4) -5.6 (9.0) 0.043*

   Left parietal -0.79 (1.5) -6.0 (9.2) 0.039*

   Left cingulate gyri -1.5 (1.7) -4.0 (2.6) 0.021*

   Right cingulate gyri -1.2 (1.5) -3.7 (3.2) 0.036*

SD=standard deviation; MoCA=Montreal cognitive assessment; SUV=standardized uptake value
*using independent sample t-test; †using Pearson’s correlation

Table 1. Comparison of variables between the two groups of patients

Brain regions
Correlation SUVmean & age Correlation SUVmean & MoCA scores

r p* r p*

Right temporal -0.463 0.04 0.548 0.012

Left temporal - - 0.520 0.019

Right parietal -0.533 0.015 0.669 0.001

Left parietal - - 0.703 0.001

Right frontal -0.517 0.019 0.644 0.002

Left frontal -0.470 0.037 0.645 0.002

Right cingulate and paracingulate gyri -0.533 0.016 - -

Left cingulate and paracingulate gyri -0.0542 0.014 0.444 0.05

Left occipital - - 0.486 0.03

Left basal ganglia - - 0.449 0.047

Table 2. Correlation between SUVmean and age, MoCA scores in each brain region

SUV=standardized uptake value; MoCA=Montreal cognitive assessment
*Significant at the p < 0.05 (2-tailed)

and 3 men. Demographic data of the subjects are 
depicted in Table 1. The mean MoCA scores were also 
corrected for age and education level.

Quantitative 18F-FDG PET/CT parameters
The maximum SUV (SUVmax) and SUVmean, as well as 

the SD of the mean, of the ROIs in the cortices of the 
brain were calculated. The ROIs were primarily focused 
on bilateral frontal, temporal, parietal, and occipital 
lobes and cingulate and paracingulate gyri, central 
lobes, calcarine fissure, basal ganglia, mesial temporal 
lobes, and the cerebellum.

Pearson’s correlation revealed an inverse 
relationship between the SD of the SUVmean of selected 
brain lobes and age, i.e., 18F-FDG hypometabolism 
in the selected regions of the brain significantly 
correlated with increasing age (Table 2). In particular, 
the right parietal lobes and the bilateral cingulate and 
paracingulate gyri significantly correlated between 
the two groups of subjects as well as in terms of 
increasing age.

The Pearson’s correlation also demonstrated a 
strong relationship between MoCA scores and the SD 
of SUVmean values. Strong positive correlations were 
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Figure 1. PET/CT brain images in: (a) axial; (b) coronal; 
(c) sagittal of subjects with typical Alzheimer’s disease 
demonstrating 18F-FDG hypometabolism at the medial 
temporal lobes (red arrows); (d, e, f) coronal views of 
18F-FDG PET/CT scans of a patient with advanced Alzheimer’s 
disease demonstrating hypometabolism (red arrows) at 
the posterior cingulate, temporal lobes, and the prefrontal 
cortex with preserved metabolism (white arrows) at S1 and 
the visual cortex. 18F-FDG PET/CT=18F-fluorodeoxyglucose 
positron emission tomography/computed tomography

Figure 2. A subject with a history of left temporal stroke 
and progressive memory loss. (a) CT brain image in the axial 
view demonstrating hypodensity at the left temporal region 
consistent with a left middle cerebral artery territory and 
watershed area infarcts (blue arrow); (b) the corresponding 
18F-FDG hypometabolism in the axial view at the left temporal 
lobe and watershed areas (red arrow). The white arrow in 
Figure 3b indicates an area of glucose hypermetabolism 
at the contralateral lobe probably due to a compensatory 
effect caused by shunting of blood; (c) depicts 18F-FDG PET/
CT scan in the coronal view showing hypometabolism in 
the temporoparietal regions (red arrow); (d, e, f) A subject 
diagnosed with Alzheimer’s disease and having concurrent 
behavioral changes. All the coronal-view 18F-FDG PET/CT 
images demonstrate typical hypometabolism in the temporal 
lobes with an additional predominance in the prefrontal 
cortex and frontal lobe (red arrows), indicative of the 
metabolism changes caused by a concurrent mood disorder. 
18F-FDG PET/CT=18F-fluorodeoxyglucose positron emission 
tomography/computed tomography

observed between MoCA scores and the SUVmean in 
almost all the lobes of the brain (Table 2). However, 
there were no significant associations between the 
duration of diagnosis of patients with Alzheimer’s 
disease and the SUVs of the brain lobes.

Correlation between 18F-FDG PET/CT metabolism 
patterns and clinical findings

Subjects with a typical presentation of 
Alzheimer’s disease had progressive memory loss 
that had implications on the basal isocortical regions. 
As shown in Figure 1 (a, b, c), the dark blue regions 
(red arrows) indicate 18F-FDG hypometabolism 
in the medial temporal lobes and parietal lobes. 
Global hypometabolism was detected in cases of 
advanced Alzheimer’s disease, wherein generalized, 
bilateral regions of hypometabolism were observed. 
The generalized dark blue regions (red arrows) 
depicted in Figure 1 (d, e, f) demonstrate reduced 
18F-FDG metabolism indicative of widespread 
cortical dysfunction. Interestingly, there were 
preserved metabolism and, in certain instances, 
hypermetabolism at the S1 as indicated by the white 
arrows.

Alzheimer’s disease can exist concurrently 
with VaD. VaD alone can be very subtle in its onset 
and masked by patterns of stroke symptoms. 
However, fluctuating memory loss corresponding 

to cardiovascular events may indicate a diagnosis of 
VaD. These two conditions can also coexist in a mixed 
Alzheimer’s disease condition, wherein progressive 
memory loss exists together with features of stroke. 
VaD alone has a tendency to affect focal areas of 
primary cortical regions, cerebellum, middle temporal 
gyrus, and the anterior cingulate. In mixed Alzheimer’s 
disease, common areas of involvement include the 
posterior parietal lobe, the posterior cingulate gyrus, 
prefrontal regions, and the anterior hippocampal 
regions.23

Figure 2 (a, b, c) shows focal areas of hypodensity 
noted on the CT scan (blue arrow) with the 
corresponding 18F-FDG hypometabolism in the left 
parietal regions and watershed areas (red arrows). 
A compensatory hypermetabolism was detected in 
the contralateral right parietal region (white arrow). 
Concurrent hypermetabolism was also observed in 
the medial temporal lobes consistent with a mixed 
Alzheimer’s disease pattern. This type of mixed 
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Figure 3. Progression of hypometabolism in Alzheimer’s 
disease. Areas of 18F-fluorodeoxyglucose hypometabolism 
starts at the basal isocortex (1) and progressively extends 
into the superior and anterior regions of the cortex (2,3).

pattern has been observed in patients with mixed 
vascular and Alzheimer’s disease, wherein areas of 
temporoparietal hypometabolism coexist with focal 
cortical areas of morphological ischemia or infarction 
and the corresponding 18F-FDG hypometabolism.24

The noncognitive behavioral changes observed in 
subjects with Alzheimer’s disease have an implication 
on the metabolism in various segments of the brain. 
In particular, there was a significant reduction in 
metabolism in the frontal lobes in subjects with 
depressive symptoms. Among subjects with anxiety, 
areas of significant hypometabolism were detected at 
the mesial temporal lobes. As depicted in Figure 2 (d, 
e, f), there was a predominance of hypometabolism 
at the prefrontal and frontal lobes (red arrows) 
coexisting with the Alzheimer’s disease pattern of 
metabolism. This finding was consistent with a history 
of depressive symptoms in these subjects consistent 
with the noncognitive behavioral changes in patients 
with Alzheimer’s disease. In addition, patients with 
significant anxiety exhibited increased 18F-FDG 
metabolism in the occipital lobes and the amygdala. 
These findings correlated with increased eyeball 
activity in the overanxious subjects, which stimulated 
the metabolism of FDG in the visual cortex. The 
hypermetabolism observed in the amygdala is probably 
due to the emotional agitation that these anxious 
subjects experienced during the scan. In particular, 
this study demonstrated that subjects with a shorter 

duration of Alzheimer’s disease had a predominantly 
reduced activity in the medial temporal lobe, whereas 
subjects with advanced Alzheimer’s disease exhibited 
a progression to the parietal and frontal lobes that 
resulted in global cortical hypometabolism (Figure 3).

DISCUSSION

A clinical diagnosis of Alzheimer’s disease can be 
made using the DSM-5 criteria in the presence of specific 
signs and symptoms.1 However, in reality, in routine 
clinical settings, patients have variable presentations 
that can sometimes mislead the clinicians and make 
the diagnosis elusive. Atypical features include 
progressive aphasia, particularly logopenic progressive 
aphasia (aphasia in naming objects and repetition of 
sentences), and visuoperceptual or spatial syndromes, 
as well as emotional features, particularly apathy and 
anxiety.25,26 In fact, other NCDs such as VaD may also 
be present in many of the subjects, particularly in Asian 
population where noncommunicable diseases related 
to cardiovascular disease are on the rise.27 Detecting 
and interpreting the pathophysiological changes in a 
precise manner may help the clinicians to accurately 
treat and monitor these patients. In the past two 
decades, PET/CT imaging has been gaining recognition 
as a noninvasive biomarker for diagnosis, severity 
assessment, and treatment monitoring of Alzheimer’s 
disease. Numerous studies have demonstrated that 
18F-FDG PET/CT has a sensitivity of 60–90%28,29 and a 
specificity of 58–73% for detecting Alzheimer’s disease.28 
In this study, although it was detected that patients 
with MoCA scores ≤12 had advanced Alzheimer’s 
disease and progressed further in their disease course, 
the severity of Alzheimer's disease did not significantly 
correlate with the observation of more than one region 
of hypometabolism on the 18F-FDG scans, i.e., the scan 
findings showed no correlation with the severity of 
the disease, which may be due to the relatively small 
sample size of this study.

PET/CT can be used for visual assessment and also 
for voxel-wise quantitative assessment. Historically, as 
investigated by Braak and Braak,30 the progression of 
Alzheimer’s disease was from the basal isocortex, and it 
can be succinctly depicted in vivo using 18F-FDG PET/CT. 
An interesting point to note is that despite the global 
hypometabolism in the cortices, the majority of patients 
demonstrated preserved or even hypermetabolism in 
the primary somatosensory cortex, S1. This finding has 
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No. MoCA Clinical symptoms PET/CT findings Remarks

1 15 Progressive memory loss, hallucinations ↓ metabolism in one brain region (temporal 
lobes) Alzheimer’s disease

2 7 Memory impairment, depression, no 
psychotic features

↓ metabolism in ≥2 brain regions 
(temporoparietal and frontal lobes)

Advanced 
Alzheimer’s disease 
with behavioral & 
mood changes

3 12 Progressive memory loss, no mood or 
behavioral changes

↓ metabolism in ≥2 brain regions (Global 
cortical hypometabolism)

Advanced 
Alzheimer’s disease

4 8 History of left temporal stroke,
progressive memory loss, hallucinations

↓ metabolism in ≥2 brain regions (Global 
cortical hypometabolism),
↑ metabolism in the contralateral to stroke 
area, ↑ metabolism S1

Advanced 
Alzheimer’s disease 
with vascular 
Alzheimer’s disease

5 8 Memory impairment, inappropriate behavior 
(talking to self), hallucinations, anxiety

↓ metabolism in ≥2 brain regions (Global 
cortical hypometabolism)

Advanced 
Alzheimer’s disease

6 0 Memory impairment, inappropriate 
behavior, paranoid and impulsive

↓ metabolism in ≥2 brain regions (Global 
cortical hypometabolism),
↑ metabolism S1

Advanced 
Alzheimer’s disease

7 8 Memory impairment, inappropriate behavior 
(talking to self), paranoid delusions, anxiety

↓ metabolism in ≥2 brain regions (Global 
cortical hypometabolism),
↑ metabolism S1

Advanced 
Alzheimer’s disease 
with behavioral & 
mood changes

8 16 Progressive memory loss, anxiety
↓ metabolism in one brain region (temporal 
lobes)
↑ metabolism S1

Alzheimer’s disease

9 20 Progressive memory loss, depression
↓ metabolism in ≥2 brain regions (temporal 
lobes and frontal lobes)
↑ metabolism S1

Alzheimer’s disease 
with behavioral & 
mood changes

10 12 Progressive memory loss
↓ metabolism in 2 brain regions (Global 
cortical hypometabolism),
↑ metabolism S1

Alzheimer’s 
diseasevanced 
Alzheimer’s disease

Table 3. Clinical presentations of subjects with Alzheimer’s disease correlated with 18F-FDG PET/CT findings

18F-FDG PET/CT=18F-fluorodeoxyglucose positron emission tomography/computed tomography; MoCA=Montreal cognitive 
assessment; ↓=reduced; ↑=increased; S1=primary somatosensory cortex

also been observed in previous studies that described 
that the S1 has some primitive functions that are 
retained even in patients with late-stage Alzheimer’s 
disease.31 This is best explained by the fact that sensory 
functions, which are more primitive, are preserved for 
a longer time despite the decline in higher cognitive 
abilities in patients with Alzheimer’s disease.32

Voxel-wise quantification provides improved 
accuracy in the assessment of Alzheimer’s disease, 
which focuses on ROIs involving multiple contiguous 
lobes of the brain. This method allows for a more 
objective assessment of the extent of cortical 
involvement due to the automated segmentation 

provided by the computer-aided diagnosis. Clinicians 
can refer to the mean SUVmax and the SD values and 
compare them to a standard atlas template, thereby 
enabling an accurate interpretation of even subtle 
changes.

One of the most typical AD-related changes 
detected in brain images of 18F-FDG PET/CT scans 
includes the observation of hypometabolism in the 
medial/mesial temporal lobes.33 In addition, subjects 
with noncognitive mood and behavioral changes  
may exhibit a predominance of hypometabolism 
in the frontal lobe.23 Therefore, when a patient  
presents with noncognitive behavioral changes, 
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predominantly depressive symptoms, clinicians 
must scrutinize the frontal lobe activity to correlate 
the symptoms with 18F-FDG hypometabolism.  
Conversely, observation of frontal lobe 
hypometabolism may spur the clinicians to further 
dwell into the history of the patient’s mood 
affects, thereby helping to tailor their medications 
accordingly.

Another important feature to note is the 
presence of morphological changes of ischemia/
infarction in multiple areas of the brain, which may 
lead to a significant component of mixed Alzheimer’s 
disease. These areas are likely to correspond to 
glucose hypometabolism and contralateral areas of 
compensatory hypermetabolism. This type of pattern 
may denote a poorer prognosis in subjects due to the 
gliosis that has already occurred in affected areas of 
the brain and is thus not amenable to pharmacological 
treatment.34

In a nutshell, the progression of Alzheimer’s 
disease can be observed using the pattern of 
18F-FDG hypometabolism that begins at the basal 
isocortex, namely, the medial temporal lobes and the 
hippocampus. This course then progresses to involve 
the parietal and frontal regions in more advanced cases. 
Recognition of this pattern helps in determining the 
advanced state of Alzheimer’s disease and can serve 
as a biomarker for predicting the future progression 
of subjects with mild cognitive impairment to 
Alzheimer’s disease. It is important to note that there 
is still much heterogeneity in the clinical presentation 
and the actual extent of glucose hypometabolism 
that occur in the brain, as evidenced in Table 3. This 
is probably due to the condition wherein altered 
glucose metabolism becomes more widespread in 
advanced NCD, causing the classical topography of 
several disorders to merge as a consequence of the 
complex neuronal interconnectivity of several regions 
in the brain.35 Therefore, it has been proposed that 
such atypical or advanced cases may need to be 
interpreted in tandem with other parameters such as 
cerebrospinal fluid amyloid levels and amyloid PET/CT 
imaging.10

A limitation of this study was the small sample 
size. Therefore, it is proposed for multicenter studies 
with larger sample sizes to elaborate on the pattern 
of 18F-FDG metabolism, particularly in subjects with 
atypical clinical presentations and noncognitive 
behavioral changes. Future investigations that are 

recommended include analyzing subjects with other 
types of NCDs to determine the pattern of metabolism 
in the aspect of noncognitive behavioral changes. In 
addition, automated segmentation of brain 18F-FDG 
metabolism can be performed to create computer-
aided diagnosis software that can aid in the diagnosis 
of atypical presentation of Alzheimer’s disease.

In conclusion, molecular imaging using 18F-FDG 
PET/CT can be applied as a noninvasive biomarker that 
indirectly depicts in vivo brain glucose metabolism, 
which can aid in the diagnosis of Alzheimer’s disease 
and help in the quantification for treatment monitoring 
and prognostication. We recommend voxel-wise 
analysis and segmented quantification of 18F-FDG PET/
CT images of the brain in this simplified manner, which 
can be clinically used by geriatricians and psychiatrists 
in a multidisciplinary setting for a better management 
of Alzheimer’s disease.
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