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ABSTRACT
Various studies have reported to the superiority of semiquantitative (SQ) analysis over visual analysis in detecting metabolic changes in the brain. 
In this study, we aimed to determine the limitations of SQ analysis programs and the current status of 18F‑ fluorodeoxyglucose (FDG)‑positron 
emission tomography (PET) scan in dementia. 18F‑ FDG‑PET/computed tomography (CT) brain images of 39 patients with a history of dementia 
were analyzed both visually and semiquantitatively. Using the visually markedly abnormal 18F‑ FDG‑PET images as standard, we wanted to 
test the accuracy of two commercially available SQ analysis programs. SQ analysis results were classified as matching, partially matching and 
nonmatching with visually markedly abnormal studies. On visual analysis, 18F‑ FDG‑PET showed marked regional hypometabolism in 19 patients, 
mild abnormalities in 8 and was normal in 12 patients. SQ analysis‑1 results matched with visual analysis in 8 patients (42.1%) and partially 
matched in 11. SQ analysis‑2 findings matched with visual analysis in 11 patients (57.8%) and partially matched in 7 and did not match in 1. 
Marked regional hypometabolism was either on the left side of the brain or was more significant on the left than the right in 63% of patients. 
Preservation of metabolism in sensorimotor cortex was seen in various dementia subtypes. Reviewing images in color scale and maximum 
intensity projection (MIP) image was helpful in demonstrating and displaying regional abnormalities, respectively. SQ analysis provides less 
accurate results as compared to visual analysis by experts. Due to suboptimal image registration and selection of brain areas, SQ analysis 
provides inaccurate results, particularly in small areas and areas in close proximity. Image registration and selection of areas with SQ programs 
should be checked carefully before reporting the results.

Keywords: Brain imaging, dementia, 18F‑ fluorodeoxyglucose‑positron emission tomography, semiquantitative analysis, 
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INTRODUCTION

Dementia is a clinical syndrome with difficulties in memory, 
language, and behavior.[1] There are various subtypes 
of dementias with each one of them having different 
management, disease course, and outcomes.[2] Alzheimer’s 
disease (AD) is the most common cause of dementia. 
The other subtypes of dementias include frontotemporal 
dementias (FTDs), diffuse Lewy body dementia (DLBD), 
multi‑infarct dementia (MID), Parkinson’s disease dementia, 
and Parkinson plus syndromes with dementia (progressive 
supranuclear palsy and cortical basal ganglionic degeneration). 
Mild cognitive impairment (MCI) is an intermediate stage 
between normal age‑related cognitive decline and dementia. 

Visual versus semiquantitative analysis of 18F‑ 
fluorodeoxyglucose-positron emission tomography brain 
images in patients with dementia
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In MCI, cognitive loss does not affect function and daily living 
activities.[1] Early diagnosis of dementias allows early and 
appropriate intervention with the use of specific medications 
for symptomatic treatment. Increasing evidence shows that 
dementia may be preventable which makes early diagnosis 
important.[1,3,4]

In the initial assessment of dementia, first potentially 
treatable diseases or reversible causes of the dementia, such 
as depression, thyroid diseases, and vitamin B‑12 deficiency, 
are investigated.[1] Computed tomography (CT) and magnetic 
resonance imaging (MRI) is used to exclude structural 
abnormalities such as tumor and vascular diseases. Current MRI 
techniques can also help differentiate subtypes of dementia.[5] 
Radionuclide brain imaging studies are used to determine the 
subtype of dementia in doubtful cases. Various single‑photon 
emission computed tomography (SPECT) and positron 
emission tomography (PET) studies are available and among 
these 18F‑ fluorodeoxyglucose (18F‑ FDG)‑PET scan is the most 
commonly used study.[6‑11] The other available studies include 
brain perfusion SPECT, dopamine transporter (DAT) scan and 
amyloid PET scan. Oxygen‑15 (O‑15) water‑brain perfusion 
and O‑15 PET imaging are available only in limited centers and 
recently, tau ligands for PET imaging have been developed.[8,9]

In routine 18F‑ FDG‑PET studies, images are assessed visually 
and semiquantitative (SQ) analysis is also used in many 
centers. Over the years, various SQ analysis programs 
have been developed with the purpose of detecting mild 
abnormalities in the brain which are not apparent on 
visual inspection.[12‑18] Various studies have reported the 
superiority of SQ analysis programs over visual analysis. 
It was reported that automated analysis of 18F‑ FDG‑PET 
had 93% sensitivity and specificity for detection of 
mild‑to‑moderate probable AD and 84% sensitivity and 
93% specificity for detection of very mild probable AD.[13] 
SQ analysis improved the diagnostic accuracy, specificity, 
and confidence of 18F‑ FDG‑PET interpretation for evaluation 
of MCI or AD in another study.[14] Morbelli et al. suggested 
that visual 18F‑ FDG‑PET reads by an expert is the most 
accurate method but an automated, validated system may 
be particularly helpful to moderately‑skilled readers because 
of high specificity and should be mandatory when even a 
moderately‑skilled reader is unavailable.[12] However, in 
routine assessment of our 18F‑ FDG brain PET images, we 
come across certain limitations of SQ analysis which is well 
recognized by well‑experienced physicians but by less or 
inexperienced physicians or clinicians. In this article, we 
wanted to outline the certain limitations of SQ analyses 
programs by comparing them with visual assessment of 
images and presenting with figures and also review the 

current status of 18F‑ FDG‑PET and other imaging studies 
for dementias.

MATERIAL AND METHODS

In this retrospective study, 18F‑ FDG‑PET/CT brain images 
of 39 patients with a history of dementia were analyzed 
by visual and SQ analysis using two commercially available 
programs NeuroQ (Syntermed Inc., Atlanta, GA) and Hermes 
BRASS (Hermes Medical Solutions, Stockholm, Sweden).

18F‑ FDG‑PET brain imaging studies were performed at 
Mubarak Al Kabeer Hospital. 18F‑ FDG‑PET/CT images were 
obtained at Phillips Gemini Time of Flight 64 PET/CT camera. 
Patients fasted 4–6 h before the study. Patients were placed 
in a quiet, dimly‑lit room for at least 30 min before 18F‑ FDG 
injection and in the subsequent uptake phase. Blood glucose 
were checked before 18F‑ FDG administration. 18F‑ FDG was 
injected when the blood glucose level was <150 mg/dL. 
60 min following IV injection of 370 MBq (10 mCi) of 18F‑ 
FDG, first a low‑dose CT and then PET images (15 min) were 
obtained from the whole brain. Iterative reconstruction 
was used for image processing. Images were evaluated by 
two expert readers reviewing attenuation corrected and 
uncorrected PET, low‑dose CT, and PET/CT fusion images 
in transaxial, sagittal, and coronal planes and maximum 
intensity projection (MIP) image. Low‑dose CT images were 
also evaluated by a radiologist. 18F‑ FDG‑PET images were 
reviewed using both gray and color scales.

We used the following criteria to diagnose or differentiate 
subtypes of dementias by visual analysis.[19‑23]

Alzheimer’s disease
In AD, characteristic findings on F‑18 FDG‑PET include 
hypometabolism in bilateral or unilateral parietal (lateral 
and also medial/precuneus) and temporal lobes and posterior 
cingulate cortex. Hypometabolism may also involve the 
frontal lobes. There is preserved metabolism in sensorimotor 
cortices, basal ganglia, occipital lobes, and cerebellum.

Diffuse Lewy body dementia
In DLBD, there is hypometabolism in bilateral or unilateral 
occipital (primary visual cortex) which may also involve the 
parietal and temporal lobes. Preserved metabolism in the 
posterior cingulate cortex (cingulate island).[23]

Frontotemporal dementias
Hypometabolism involves bilateral or unilateral frontal (mainly 
medial and anterior, also lateral) and temporal (anterior) lobes 
in FTD. Hypometabolism may also involve parietal lobes and 
subcortical structures.
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Multi infarct dementia
In MID, there are focal areas of hypometabolism corresponding 
to the area of infarctions in cortical and subcortical 
structures and cerebellum. Diffusely reduced uptake in the 
hemicerebellum contralateral to large area of infarct (crossed 
cerebellar diaschisis) may be seen.

Mild cognitive impairment
In MCI, hypometabolism is mainly in posterior cingulate 
cortex and hippocampus (area medial to temporal lobe).

Using the visually markedly abnormal 18F‑ FDG‑PET images 
as standard, we wanted to test the accuracy of commercially 
available SQ analysis programs. SQ analysis results were 
classified as matching (showing all the abnormalities seen on 
visual analysis with or without additional findings), partially 
matching (showing only some of the abnormalities seen 
on visual analysis with or without additional findings), and 
nonmatching (not showing any of abnormal findings on visual 
analysis) with visually markedly abnormal 18F‑ FDG‑PET studies.

In Neuro Q, 20 iterations were used for reformatting. 
Control and patient values were normalized to the average 
pixel value among all regions in each scan. Hypometabolic 
areas were shown on a normal template (Blue: normal 
metabolism. Red, pink, and purple: hypometabolism, red 
>−3  standard  deviation  (SD),  pink >−2/−3  SD,  and 
purple >−1/−2 SD).  List  of  the  areas  assessed with  this 
software included the right and left frontal lobe (superior, 
mid, inferior, and medial), Broca’s region, sensorimotor 
cortex, temporal lobe (superolateral, inferolateralanterior, 
inferolateral posterior, anterior medial, and posterior medial), 
parietotemporal cortex, parietal lobe (superior and inferior), 
occipital lobe (primary visual cortex, and visual associative 
cortex), anterior cingulate cortex, posterior cingulate cortex, 
caudate nucleus, lentiform nucleus, thalamus, cerebellum, 
vermis, and midbrain.

In Hermes BRASS, image registration with templates 
was adjusted manually and brain areas were selected 
automatically by the program. The average counts per 
voxel were compared with control values in templates. 
Values >–2 SD was considered abnormal and shown as red 
color in the results display. List of the areas assessed with 
this software included the right and left precentral cortex, 
orbitofrontal cortex, frontal lateral, frontal medial, insula, 
anterior cingulate, posterior cingulate, mesiotemporal lobe, 
mesio‑occipital lobe, occipital cortex, postcentral cortex, 
superior parietal cortex, inferior parietal cortex, precuneus, 
caudate, putamen, pallidum, thalamus, superior temporal 
cortex, mid‑temporal cortex, inferior temporal cortex, 
temporal pole, cerebellum, and vermis.

RESULTS

Twenty‑one patients were female and 18 were male (age range 
38–85 years, mean age – 69.2 year). Duration of dementia 
ranged from 6 months to 10 years. In addition to memory 
loss, some patients also had various other symptoms such 
as visual or nonvisual hallucinations, bradykinesia, stiffness, 
behavioral, and personality changes.

Visual analysis of 18F‑ FDG‑PET showed marked regional 
hypometabolism in 19 patients (AD in 12, FTD in 4, 
diffuse Lewy body disease (DLBD) in 2 patients, and MID 
in 1 patient), mild regional metabolism in 12 patients, and 
normal metabolism in 8. Figure 1 shows images of a patient 
with DLBD.

There was reduced uptake anterior and posterior to motor 
cortices with preservation of uptake in sensorimotor 
cortices in 11 of 19 patients with markedly reduced regional 
metabolism (8 patients with AD, 2 with FD, and 1 DLBD).

In 12 of 19 patients with marked abnormalities on 18F‑ 
FDG‑PET, abnormalities were either on the left side of 
the brain or were more significant on the left than the 
right (63.1%).

Figure 1: An 80‑year‑old male with a history of visual hallucinations and 
cognitive decline with Parkinsonian feature, which was clinically suspicious 
for diffuse Lewy body dementia. 18F‑ fluorodeoxyglucose‑positron emission 
tomography images demonstrated reduced metabolism in bilateral 
parietal, frontal, temporal, and occipital cortices. There was preservation 
of metabolic activity in bilateral sensorimotor cortices
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In 12 patients with mild abnormalities, mildly reduced 
metabolism was seen either in parietal or parietotemporal 
lobes unilaterally or bilaterally which was questionable for 
early dementia. In 7 of these patients, findings were either on 
the left or more significant on the left than the right (58.3%).

In patients with visual ly markedly abnormal 18F‑ 
FDG‑PET, NeuroQ results matched with visual findings 
in 8 patients (42.1%) and partially matched in 11, and 
Hermes BRASS results matched with visual findings in 
11 patients (57.8%), partially matched in 7 and did not 
match in 1 [Figures 2 and 3]. Both programs also showed 
additional areas of various degree of abnormalities in all 
patients which were not seen visually. Figure 2 shows 18F‑ 
FDG‑PET images and SQ analysis results of a 71‑year‑old 
female with known mental illness with progressive 
behavioral changes, Wernicke aphasia, and frontal lobe 
features which is clinically suspicious for AD versus FTD. 
18F‑ FDG‑PET images demonstrate reduced metabolism 

which is marked in bilateral parietal lobes, precuneus, 
posterior cingulate cortices, and frontal (mainly laterally) 
and temporal (mainly posterolaterally) lobes. There is 
preserved metabolism in motor cortices. Scintigraphic 
findings are consistent with AD. SQ analysis‑1 results are 
partially matching with visual findings showing reduced 
metabolism in bilateral frontal and temporal lobes, and 
temporoparietal junctions, and left posterior cingulate 
cortex but not showing the reduced metabolism in bilateral 
superior and inferior parietal cortices. It also shows mild 
reduced metabolism in the right occipital cortex. SQ 
analysis‑2 results demonstrating reduced metabolism in 
bilateral parietal, temporal, and frontal lobes, precuneus and 
posterior cingulate cortices which are matching with visual 
findings but also in occipital cortices. Reduced occipital 
metabolism with this analysis is probably due to the 
erroneous selection of region of interest including posterior 
temporal areas. Furthermore, there is also suboptimal 
selection of caudate head and thalami with SQ analysis‑2. 

Figure  2:  18F‑  fluorodeoxyglucose‑positron  emission  tomography  transaxial  images of  the brain  (a),  semiquantitative  analysis‑1  results  (b),  and 
semiquantitative analysis‑2 results (c) in a patient with Alzheimer’s disease demonstrating suboptimal results with semiquantitative analysis programs

c

ba
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Figure 3 shows 18F‑ FDG‑PET images and SQ analysis results 
of a 71‑year‑old female with the progressive cognitive 
decline and gait difficulty which is clinically suspicious for 
AD. 18F‑ FDG‑PET images demonstrate reduced metabolism 
in bilateral parietal, temporal and frontal lobes, suggestive 
of AD. There is preserved metabolism in the motor cortices, 
occipital lobes, and cerebellum. There is also questionable 
reduced uptake in the right thalamus. SQ analysis‑1 shows 
reduced metabolism in the right inferior parietal, bilateral 
temporal, and frontal lobes but does not show the reduced 
metabolism in bilateral superior parietal and left inferior 
parietal regions and right thalamus. It also shows reduced 
metabolism in the right putamen and left caudate head. SQ 
analysis‑2 shows reduced metabolism in bilateral parietal 
and temporal lobes and also in a lesser degree in frontal 
lobes. It also shows reduced metabolism in right occipital 
and bilateral inferior cerebellar regions which are not seen 
visually. There is also the suboptimal selection of caudate 
heads with this program.

SQ analysis showed various degree of regional abnormalities 
in the rest of the patients with visually mildly abnormal or 
normal 18F‑ FDG‑PET.

Visual inspection of image registration and automated 
selection of areas by Hermes BRASS programs showed varying 
degree of suboptimal results in all patients [Figures 2‑4]. The 
brain areas did not fit well to templates either exceeding the 
boundaries of the templates or were inside but smaller than 
the template area. The small subcortical structures such as the 
caudate, putamen, and thalamus were usually suboptimally 
selected. In NeuroQ program, there was no option to check 
the accuracy of selection of brain areas in multiple slices.

Overall, reviewing images in color scale better demonstrated 
the hypometabolic regions as compared to grayscale in majority 
of the patients [Figure 5]. Three‑dimensional (3D) MIP image 
helped better‑presenting abnormalities in 3D display [Figure 6]. 
Careful analysis of low‑dose CT images helped to determine 
certain abnormalities in some patients (left temporal infarct, 
widened sulci, cortical atrophy, and dilated ventricles) which 
helped accurately interpreting PET images [Figure 7].

DISCUSSION

18F‑ FDG‑PET scan is commonly used in the early and 
differential diagnosis of dementia. In addition to visual 

Figure  3:  18F‑  fluorodeoxyglucose‑positron  emission  tomography  transaxial  images of  the brain  (a),  semiquantitative  analysis‑1  results  (b),  and 
semiquantitative analysis‑2 results (c) in a patient with Alzheimer’s disease demonstrating suboptimal results with semiquantitative analysis programs

cb
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Figure  6:  Fluorodeoxyglucose‑positron emission  tomography maximum 
intensity projection images of patients in Figure 2 (a) and Figure 3 (b). Note 
that maximum intensity projection images better present abnormalities in 
a three‑dimensional display

Figure  5:  Selected  transaxial  fluorodeoxyglucose‑positron  emission 
tomography images in color and grayscales. Note that color scale better 
demonstrates hypometabolic regions in bilateral frontal and parietal lobes 
as compared to grayscale

Figure 7: Selected computed tomography, 18F‑ fluorodeoxyglucose‑positron 
emission tomography and positron emission tomography/computed 
tomography  fusion  images of 57‑year‑old male with 2  years history of 
memory disturbance. Computed tomography image shows left temporal 
infarct. Positron emission tomography image shows reduced left temporal 
glucose metabolism due to old infarct
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assessment of the images commercially available SQ analysis 
programs are also commonly used in many centers. While 
expert nuclear medicine physicians mainly visually assess the 
images, inexperienced physicians usually need the help of 
SQ analysis. Accurate visual analysis requires expertise with 
a good knowledge of normal distribution of 18F‑ FDG in the 
brain in various ages, characteristic distribution of metabolic 
abnormalities in various subtypes of dementias, and normal 
brain anatomy, and specific brain areas, and recognizing 
abnormal findings on low‑dose CT scan and certain artifacts 
on PET/CT images. SQ analysis programs aim to determine 
if there is statistically significant difference between patient 
and normal values or between the right and left side of the 
brain (asymmetry index) by selecting brain areas automatically 
or manually. In the automatic selection of brain areas, global 
spatial normalization is used to match global spatial features 
of patient’s brain (position, orientation, and dimensions) with 
a standard or brain atlas using various algorithms.[24] Most 
commonly used brain template is Talairach atlas (Co‑Planar 
Stereotaxic Atlas of the Brain).[25] However, registering 
patient’s image with a brain template/atlas and automatic 
selection of areas is usually suboptimal due to complex brain 
anatomy (differences in the gyral and sulcal pattern), various 

size and shape of the brains as well as position of the head 
during image acquisition. These create inaccurate results for 
regional glucose metabolism in various parts of the brain, 
particularly in the small areas and areas in close proximity or 
assessing metabolism in a whole lobe or area.

In our study, using visually markedly abnormal PET images as 
standard, we tested the accuracy of commercially available 
SQ analysis programs. The SQ analysis programs matched 
with visual analysis findings only in approximately half of 
the patients. Commercially available SQ analysis programs 
have certain limitations and inexperienced physicians using 
SQ analysis results should be aware of these. Automatic or 
manual selection of brain areas is usually suboptimal. Before 
reporting SQ analysis results, particularly with SQ analysis 
programs automatically selecting areas, the accuracy of 
selected areas should be checked visually to provide accurate 
results. Suboptimal selection of the brain areas may cause 
inaccurate SQ results, particularly in small regions such as 
basal ganglia and regions in close proximity such as cingulate 
cortex, and when assessing uptake in whole lobe or a specific 
part of the lobe, and small specific areas such as Broca’s area. 
18F‑ FDG‑PET images coregistered with MRI or CT may help to 

Figure 4: Image registration and selection of areas with semiquantitative 
analysis‑2 (a). Note the suboptimal selection of areas (arrows). Suboptimal 
reformatted patient images with semiquantitative analysis‑1 (b)

b

a

ba
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better select brain areas but also require knowledge of MRI 
and CT anatomy. Developing a software program to open up 
brain gyri into a large flat area/map and parceling it to specific 
brain areas may help better‑locating areas in the brain.

In SQ analysis programs, images are normalized to 
whole‑brain activity or a reference region such as cerebellum. 
Significant reductions in metabolic activity in the whole 
brain or reference region, will generate erroneous results. 
The other limitations of SQ analysis programs include 
suboptimal comparison with normal controls. SQ analysis 
results should be compared with age‑ and gender‑matched 
controls and number of controls should be high enough to 
provide accurate results. Number of the normal controls is 
usually <50 in commercially available programs. In some 
commercially available programs control age range is wide, 
25–80 years. Normal values may also show difference in 
different races.

Subtypes of dementia usually show characteristic regional 
metabolic abnormality, but they may also resemble each 
other on 18F‑ FDG‑PET images. Reduced occipital metabolism 
or hypoperfusion can be seen in atypical forms of AD, such 
as visual variant of AD or posterior cortical atrophy.[26] In a 
case with bilateral occipital reduced perfusion on Tc‑99m 
hexamethylpropyleneamine oxime SPECT, neuropathological 
examination after death demonstrated established AD 
with particularly severe involvement of the visual occipital 
cortex.[26] In a report of eight patients who were diagnosed 
with behavioral variant FTD based on their clinical, 
neuropsychological, and neuroimaging (SPECT and MRI) 
findings, while cerebrospinal fluid biomarkers showed 
an AD biological profile, thus supporting a diagnosis 
of frontal variant of AD.[27] The other nuclear medicine 
studies such as DAT scan and amyloid imaging can help 
differentiate dementia subtypes when 18F‑ FDG‑PET scan 
is indeterminate.[28,29] In DLBD and other dementias with 
Parkinsonism, DAT scan shows reduced uptake in bilateral 
or unilateral corpus striatum. Extrapyramidal symptoms are 
also observed in FTD and reduced DAT binding has also 
been reported.[30] Amyloid PET imaging is also useful which 
is positive in majority of the patients with AD but usually 
negative in FTD.[31] However, positive amyloid PET can also be 
seen in normal older individuals, DLBD and cerebral amyloid 
angiopathy, and negative amyloid PET can be seen in rare 
forms of AD with unusual amyloid.[32‑34]

Reduced frontal uptake due to depression in AD may resemble 
FTD if it is significant. Depressive symptoms in AD patients 
were associated with relative hypoperfusion in the prefrontal 
cortex when they were compared with AD patients without 

depressive symptoms.[35] Hypoperfusion in the left frontal 
cortex was found in AD patients with depression.[36]

18F‑ FDG‑PET images should be obtained in optimal condition 
by keeping the patient in a room with dim light during 
injection and uptake period of radiotracer. The uptake 
of 18F‑ FDG when the patient’s eyes are closed may cause 
hypometabolism in the occipital lobe which may mimic DLBD. 
Prominent light during radiotracer injection or uptake period 
may increase the uptake in the visual cortex and prevent the 
diagnosis of DLBD.

Sensorimotor cortex is spared not only in AD but also in DLBD 
and FTD.[22] In our 14 patients, sensorimotor uptake was 
prominent as compared to the areas of reduced metabolism.

Marked regional hypometabolism was either on the left side 
of the brain or was more significant on the left than the 
right in 63% of patients. In patients with AD, abnormalities 
were more marked on the left side of the brain on perfusion 
SPECT.[37]

CONCLUSION

18F‑ FDG‑PET imaging is useful in the diagnosis and 
differentiation of subtypes of dementia. In cases with 
marked abnormalities on visual analysis, SQ analysis does 
not add much. Current SQ analysis programs have certain 
limitations due to suboptimal selection of brain areas as well 
as erroneous uptake normalization procedure. SQ analysis 
programs with better area selection and comparison with 
higher number of age‑matched normal control values are 
needed to more accurately assess metabolic changes in the 
brain. When using currently available SQ analysis programs, 
image registration and selection of areas should be checked 
carefully before reporting the results.
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