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Metabolic imaging patterns in posterior cortical atrophy  
and Lewy body dementia
Vanshika Guptaa, Ritu Vermaa, Rajeev Ranjanb, Ethel S. Belhoa,  
Nikhil Seniaraya, Veronique Dinandc, Dharmender Malika and Harsh Mahajand   

Purpose: To study the imaging patterns of Posterior 
cortical atrophy (PCA) and Dementia with Lewy bodies 
(DLB) on fluoro-deoxyglucose positron emission 
tomography computed tomography ([18F]FDG PET/CT), 
identify areas of overlap and differences and to develop 
a prediction model to assist in diagnosis using univariate 
and multivariate analysis.

Methods: A retrospective analysis of 72 patients 
clinically suspected of having posterior dementia was 
done. All patients underwent  [18FF]FDG PET/CT of the 
brain and dopamine transporter imaging with [[99mTc]
TRODAT-1 SPECT scan on separate days. The patients 
were divided into PCA with normal TRODAT uptake (n=34) 
and DLB with abnormal TRODAT uptake (n=38). The 
FDG PET/CT uptake patterns were recorded and areas 
of significant hypometabolism by z score analysis were 
considered as abnormal. Receiver operator characteristics 
(ROC) curve analysis was used to determine cutoff z 
scores and binary logistic regression analysis was used to 
determine the Odds ratio of being in the predicted groups.

Results: Significantly hypometabolism was found 
in parieto-temporo-occipital association cortices 
and cingulate cortices in PCA patients. DLB patients 
showed significantly reduced uptake in the visual 
cortex. No significant difference was found between 
z score of occipital association cortex which showed 
hypometabolism in both groups. The cut-off z-score 
values derived from the ROC curve analysis were as 
follows- parietal association (cut-off-3, sensitivity-65.6%, 
specificity - 68.7%), temporal association (cut-off-2, 

sensitivity-78%, specificity-75%) and posterior cingulate 
(cut-off-0.5, sensitivity-93.7%, specificity-40.6%), their 
respective Odds ratio (with 95% confidence interval) for 
being in the PCA group as derived from univariate logistic 
regression were 3.66 (1.30–10.32), 10.71 (3.36–34.13) and 
7.85 (1.57–39.17). The cut-off z score of primary visual 
cortex as derived from ROC curve was zero with sensitivity 
of 87.5%, specificity of 71.9%, and the Odds ratio for 
being the in the DLB group was 24.7 with 95% confidence 
interval of 5.99–101.85.

Conclusion: [18F]FDG PET may be useful as a non-
invasive diagnostic modality in differentiating the two 
posterior cortical dementias, despite significant overlap. 
Primary visual cortical hypometabolism can serve as 
an independent diagnostic marker for DLB, even in 
the absence of TRODAT imaging.  Nucl Med Commun 
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Introduction
Posterior cortical atrophy (PCA), a variant of Alzheimer's 
disease (AD), also known as Benson's syndrome, is char-
acterized by progressive dementia associated with pro-
gressive decline in visuospatial and visuoperceptual 
functions, such as simultagnosia, optic ataxia, dysgraphia 
and oculomotor apraxia [1,2].

Dementia with Lewy bodies (DLB) is the second most 
common neurodegenerative dementia following AD 
and is pathologically characterized by the presence 
of Lewy bodies in cortical, subcortical and brainstem 
structures. The core diagnostic features of DLB are a 
triad of fluctuating cognitive impairment, well-formed 
visual hallucinations and Parkinsonism. Rapid eye 

movement sleep behaviour disorder (RBD) is also 
considered a core manifestation of DLB [3]. Since 
Parkinsonism is a classical manifestation of DLB, but 
is preceded by dementia by at least 1 year, dopamine 
transporter (DAT) imaging with [99mTc]TRODAT-1 
SPECT has proven useful in its diagnosis. DAT imag-
ing has been established to assist in distinguishing 
DLB from AD by demonstrating decline in the density 
of striatal dopaminergic receptor and transporters in the 
former [4]. This has been utilized in our study to clas-
sify patients with clinically overlapping symptoms of 
posterior dementia into possible PCA (normal striatal 
TRODAT uptake) and probable DLB (reduced striatal 
TRODAT uptake) groups.

[18F]FDG PET
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Both PCA and DLB have been associated with occipital 
hypometabolism on [18F]FDG PET scan. The presence 
of occipital hypometabolism has been shown to be a use-
ful feature to differentiate both DLB [5–8] and PCA [9–
11] from typical AD. Most pathological studies on PCA 
patients have shown that the most affected areas in this 
group tend to be parieto-occipital regions, over tempo-
ro-parietal as in AD.

Studies in DLB have shown that the posterior cingulate 
(PC) is relatively spared in these patients. This has addi-
tionally been utilized to accurately differentiate DLB 
from AD patients [12–14]. However, differentiating the 
two posterior dementias (DLB and PCA) on [18F]FDG 
PET alone has been challenging, as it remains unclear if 
cingulate island sign is seen in PCA as well. This poses a 
contemplative diagnostic dilemma, probing research into 
the role of molecular and imaging biomarkers specific to 
the disease pathology.

We aimed to study the imaging patterns of PCA and 
DLB on [18F]FDG PET/CT, and identify areas of over-
lap and differences between them. We tried to develop 
a prediction model to assist in the diagnosis of PCA and 
DLB using univariate and multivariate analysis on the 
core areas of hypometabolism seen on [18F]FDG PET.

Methods
All procedures performed in studies involving human 
participants were in accordance with the ethical stand-
ards of the institutional research committee. Informed 
consent was obtained from all individual participants 
included in the study.

Patient selection
The study population consisted of cases referred to the 
Department of Nuclear Medicine and PET/CT. We ret-
rospectively analyzed records of patients who underwent 
clinical assessment and neurological examination by a 
neurophysician in our hospital, and had undergone DAT 
imaging with [99mTc]TRODAT-1 SPECT and metabolic 
imaging by [18F]FDG PET/CT scan in our department. 
Both these studies were carried out on separate days, usu-
ally consecutive working days. Only those patients who 
fulfilled the clinical criteria for PCA [2,15] and probable 
DLB [3] were recruited for the study. Inclusion criteria 
for PCA were insidious onset with gradual progression; 
visual complaints in the absence of significant primary 
ocular disease which could explain the symptoms; rela-
tive preservation of anterograde memory with preserved 
insight; disabling visual impairment throughout the dis-
order; and presence of any of the following simultanag-
nosia with or without optic ataxia or oculomotor apraxia, 
constructional dyspraxia, visual field defect, environmen-
tal disorientation, or any elements of Gerstmann syn-
drome (acalculia, agraphia, left-right disorientation and 
finger agnosia) [16].

Clinical DLB features that were recorded in each sub-
ject included fluctuations in cognitive impairment, motor 
manifestations of Parkinsonism, visual hallucinations and 
RBD [17].

Using TRODAT SPECT as the scintigraphic gold stand-
ard for DLB, these patients were divided into PCA (n 
= 34) and DLB (n = 38) groups. Patients with abnormal 
TRODAT scan and clinical diagnostic features meeting 
the said criteria were classified into probable DLB group, 
and those with normal TRODAT scan and visuospatial 
deficits as mentioned in the inclusion criteria were classi-
fied into the PCA group (Fig. 1).

Image acquisition and analysis
99mTc-labelled tropane derivative (TRODAT-1) was pre-
pared from a preformulated lyophilized cold kit. After 
the intravenous injection of 20–22 mCi, brain SPECT 
images were acquired using a low-energy, high-resolution 
collimator on a GE Discovery NM 630 dual-head camera 
(GE Healthcare, Chicago, USA) at 4 hours post-injec-
tion. Iterative reconstruction (ordered subset expectation 
maximization) was done, and images were reconstructed 
using back-projection with a Metz filter.

All patients underwent [18F]FDG PET/CT performed 
using a PET/CT scanner (GE Healthcare) operating in 
three-dimensional mode. These patients were prepared 
with strict 4 hours fasting before intravenous injection of 
~0.15 mCi/kg of [18F]FDG, provided their blood sugar 
levels were less than 150 mg/dl at the time of injection. 
Patients were made to rest in an isolated, quiet, dimly lit 
room for the next 45–60 minutes with their eyes open. 
Images were interpreted at Advantage window worksta-
tion (version 4.5; GE Healthcare) equipped with fusion 
software that enables the display of PET images with 
and without attenuation correction, CT images, and 
fused PET/CT images. A commercially available soft-
ware application (Cortex ID; GE Healthcare) was used 
to obtain 3D Stereotactic Surface Projection images with 
z score values in core brain regions as shown in Fig. 2. 
The voxel-level analysis was performed using statistical 
parametric mapping 12 [18] after normalization using an 
in-built template. Group statistical comparisons were per-
formed comparing PCA and DLB with each other using 
2-sided t-tests. A conjunction analysis using the contrasts 
comparing each disease group with a set of standardized 
normative data was performed to assess regions of hypo-
metabolism that overlapped between PCA and DLB. 
Left and right hemisphere values were averaged for our 
group comparisons because there was no evidence of sta-
tistically significant hemispheric differences at intra- and 
inter-group levels.

Statistical analysis
Statistical analysis was done using SPSS program for 
Windows, version17.0 and by the assessment of the 
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Z score surface maps obtained from Cortex ID (GE 
Healthcare, USA). The FDG uptake patterns were 
recorded and areas of hypometabolism in the cerebral 
cortex that were two SDs from the mean were consid-
ered as abnormal. Data were checked for normalcy using 
Shapiro-Wilk test and t-test was applied to determine 
the significance of difference between hypometabolism 
in both patient groups. Receiver operator characteristic 
(ROC) curve analysis was carried out to determine the 
significant cut-off values of z scores for each region with 
their respective sensitivity and specificity. Univariate 
and multivariate binary logistic regression analysis was 

applied to these cut-off z-scores for each region to deter-
mine the odds ratio of being in either of the two pre-
dicted groups. For all statistical tests, P-value of less than 
0.05 was taken to indicate a significant difference.

Results
The demographic data and patient characteristics were 
similar in both the groups with a male preponderance 
and majority patients belonging to 60–70 years age-group 
(40.7%–46.9%), with only one patient of age less than 
50 years in the DLB group (Table 1). On visual analysis, 
frontal, parietal, temporal and occipital hypometabolism 

Fig. 1

Definition of the final study group.
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was inconstantly found in both the groups; however, 
sub-cortical and sensori-motor hypometabolism, when-
ever present, was seen largely in the DLB group.

In the PCA group, lateral occipital cortices were con-
sistently involved. The precuneus and PC cortices were 
most severely affected. The medial occipital cortex (pri-
mary visual cortex) and the sub-cortical structures were 
relatively spared.

In the DLB group, both medial and lateral occipital 
cortices demonstrated hypometabolism with variable 
involvement of the basal ganglia, brainstem and the sen-
sori-motor cortices. The precuneus and PC cortices were 
affected to a lesser extent, as indicated by the z-score 
value.

On applying t-test to compare the z scores of the hypo-
metabolic regions and test the difference for significance 
between the two groups, there was significant differ-
ence between the z scores of parietal association (PA), 

temporal association (TA), visual cortex (medial occipi-
tal) and PC cortices (Table 2). ROC curve analysis was 
carried out to determine the significant cut-off values 
of z scores for each region. The following values were 
obtained with their respective sensitivity and specificity 
(Table 3). Binary logistic regression in univariate analysis 
was applied to these z scores to determine the odds ratio 
of being in the predicted groups. The cut-off values of 
three, two and 0.5 had acceptable sensitivity and speci-
ficity for PA, TA and PC cortices respectively (Table 4). 
Binary logistic regression in multivariate analysis was 
done to determine the odds ratio for being in the DLB 
group when the z scores are above the cut-off values for 
each region. The highest odds ratio for being in the DLB 
group was found in the primary visual cortex with a cut-
off z-score of zero (Table 5).

Discussion
As per our review of literature, the present study is the 
first of its kind to quantitatively incorporate the regional 

Fig. 2

Cortex ID of a 66-year-old male DLB patient showing significant hypometabolism (positive z-score values) in the primary visual cortex, with diffuse 
hypometabolism in the parieto-temporo-occipital association cortices and posterior cingulate regions. DLB, dementia with Lewy bodies.
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hypometabolism in terms of the z-score values, and also 
in establishing a predictive model of being in either of 
the two disease groups using logistic regression anal-
ysis by determining the cut-off z scores for each core 
region of involvement. Our findings are in concordance 
with previous studies [16,19,20], that showed striking 
overlap between areas of posterior cortical hypometab-
olism between the PCA and DLB groups. We have uti-
lized abnormality in [99mTc]TRODAT SPECT scan to 
scintigraphically classify patients into the DLB group. 
This is supported by previous studies done by Walker 
et al. [19,20] utilizing 123I-FP-CIT, which demonstrated 
decline in the striatal dopaminergic neurons in DLB and 
PD groups as compared to the AD group [19–25]. There 
are a miniscule number of reported false negatives DAT 
scans in DLB patients, which has been explained by 
the temporal course of DAT imaging. Imaging for DAT 

was performed early at the onset of symptoms when 
Parkinsonism was not manifest as regards cognitive and 
visual symptoms; this was due to later involvement of the 
nigrostriatal pathway [26–28].

Previous studies done by Whitwell et al. [16] compar-
ing PCA and DLB on [18F]FDG PET have utilized the 
presence of beta-amyloid deposition in the PCA group to 
confirm the AD pathology. But they could not document 
the absence of amyloid deposition in the DLB group, as 
they conducted [11C]PiB amyloid PET in the PCA group 
only. However, it has been documented that presence of 
beta-amyloid plaques alone is non-specific for the diag-
nosis of AD [29] and is a common neuropathological 

Table 1 Demographic details and clinical features of patients

Demographic PCA (n = 34) DLB (n = 38) P value

Sex (%)    
 Male 20 (58.82) 25 (65.79) 0.27
 Female 14 (41.18) 13 (34.21)
Age at onset (years), mean (±SD) 64 (±8.33) 63.8 (±8.87) 0.42
Age at imaging (years), mean (±SD) 66.5 (±8.19) 66.5 (±9.03) 0.48
Disease duration (years), mean (±SD) 2.47(±0.96) 2.69(±1.61) 0.09
MMSE (/30), mean (±SD) 23.53 (±0.96) 23.56 (±1.69) 0.44
Clinical features (%)
 Visuospatial deficits (including synaptapanagnosia, optic ataxia, 

oculomotor apraxia)
34 (100) 31(81) 0.002

 Visual Hallucinations 5 (14.7) 25 (65.79) <0.00001
 REM sleep behaviour disorder 4 (11.76) 26 (68.42) <0.00001
 Parkinsonism 8 (23.53) 36 (94.74) <0.00001
 Fluctuations 0 (0) 37 (97.37) <0.00001
 Autonomic dysfunction 2 (5.82) 10 (26.32) 0.009
 Postural imbalance 9 34 <0.00001

DLB, dementia with Lewy bodies; MMSE, mini mental state examination; PCA, posterior cortical atrophy; REM, rapid eye movement.

Table 2 Applying t-test to compare the difference in z scores of 
specific areas between dementia with Lewy bodies and posterior 
cortical atrophy groups

Regions of hypometabolism T score P value

Parietal association area (PA) 2.99 0.004a

Temporal association area (TA) −4.3 <0.001a

Occipital association area (OA) 1.82 0.07
Visual cortex (V) 5.90 <0.001a

Posterior cingulate cortex (PC) −2.55 0.01a

Anterior cingulate cortex (AC) −1.72 0.09
Sensori-motor cortex (SM) 0.95 0.17

aP value of <0.05 was considered statistically significant.

Table 3 Receiver operator characteristic analysis to determine 
the cut-off z scores with their respective sensitivity and specificity 
to be in either of the predicted groups

Region Predicted group Cut off (z score) Sensitivity (%) Specificity (%)

PA PCA 3 65.6 68.7
TA PCA 2 78 75
PC PCA 0.5 93.7 40.6
V DLB 0 87.5 71.9

DLB, dementia with Lewy bodies; PA, parietal association area; PC, posterior 
cingulate cortex; PCA, posterior cortical atrophy; TA, temporal association area; 
V, visual cortex.

Table 4 Applying binary logistic regression in univariate analy-
sis to determine the odds ratio of being in respective predicted 
groups when the z-scores are above the cut-off values for each 
region

Region (z score  
> cut-off) P value

Predicted 
group Odds ratio

95% confidence 
interval

PA (>3) 0.01a PCA 3.66 1.30–10.32
TA (>2) <0.001a PCA 10.71 3.36–34.13
PC (>0.5) 0.01a PCA 7.85 1.57–39.17
V (>0) <0.001a DLB 24.7 5.99–101.85

DLB, dementia with Lewy bodies; PA, parietal association area; PC, posterior 
cingulate cortex; PCA, posterior cortical atrophy; TA, temporal association area; 
V, visual cortex.
aP value of <0.05 was considered statistically significant.

Table 5 Applying binary logistic regression in multivariate anal-
ysis to determine the odds ratio of being in dementia with Lewy 
bodies group when the z-scores are above the cut-off values for 
each region

Region (z score > cut-off) P value Odds ratio 95% confidence interval

PA (>3) 0.19 0.37 0.86–1.66
TA (>2) 0.37 0.49 0.10–2.37
PC (>0.5) 0.14 0.20 0.25–1.69
V (>0) 0.001a 15.84 2.90–86.43

PA, parietal association area; PC, posterior cingulate cortex; TA, temporal associ-
ation area; V, visual cortex.
aP value of <0.05 was considered statistically significant.



Copyright © 2019 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

6 Nuclear Medicine Communications 2019, Vol XXX No XXX

finding seen in a number of conditions such as vascular 
dementia [30] and DLB [31,32]. In another study done 
by Gomperts et al. [33], no significant difference was 
found between the mean amyloid burden in DLB and 
AD groups, and they reported [11C]PiB retention was 
significantly higher (P-value < 0.05) in the DLB group 
than in the PD or healthy control groups. To overcome 
this pitfall, we relied on abnormal DAT based imaging to 
classify patients in the DLB group, rather than the pres-
ence of amyloid deposition for labelling PCA.

Numerous studies have documented the supplementary 
role of [18F]FDG PET in diagnosing and differentiat-
ing PCA from DLB by studying the patterns of hypo-
metabolism in the core regions. We found that although 
visual analysis revealed significant overlap between the 
two, quantitative analysis of the z score values (posi-
tive z-score indicating hypometabolism relative to nor-
mal age-matched controls) yielded better outcomes. We 
found a statistically significant difference between the 
mean z scores in the PA, TA, Visual/Medial occipital (V) 
and PC cortices. Lateral occipital region showed no signif-
icant difference between the two groups (P-value = 0.07), 
indicating similar involvement in both PCA and DLB. 
Mean z scores in the frontal association, anterior cingu-
late, sensorimotor cortex, and cerebellum were not in the 
range suggestive of hypometabolism (i.e. had negative z 
scores) and had no significant difference between PCA 
and DLB. Hypometabolism (more positive z score) in the 

PA, TA and PC regions combined together with normal- 
or hyper-metabolism in the visual cortex was predictive 
of PCA according to binary logistic regression, both in 
univariate and multivariate analysis, with their cut-off z 
scores as given in Table 2. Of these regions, TA region 
when taken above a cut-off value of two, was found to 
have the highest odds ratio of 10.71 with an acceptably 
high sensitivity and specificity (78% and 75%, respec-
tively). The lateral occipital cortex did show hypometab-
olism in all PCA patients, but due to the overlap with 
DLB patients, no cut-off score could be established for it. 
We did not find any region showing greater hypometabo-
lism in PCA group than that in DLB group. This is shown 
in Fig. 3, where areas of significant overlap (in blue) and 
differences (in red) between the DLB and PCA groups 
on voxel-level maps of SPM analysis. The areas of differ-
ences being those, that showed hypometabolism in DLB 
group over PCA group. This invariably suggests that all 
these areas had varying degrees of hypometabolism in 
the DLB group as well. Univariate logistic regression 
suggested that the hypometabolism in the visual cortex 
alone had a highly significant Odds ratio of 24.7 to predict 
classification of patients in DLB group (P-value <0.001). 
This was further validated by applying multivariate anal-
ysis considering all four core regions (PA, TA, PC, V) with 
z scores above their cut-off values, to develop a predic-
tion model for DLB, which demonstrated only visual 
cortex to have significant odds ratio with P-value <0.001.

Fig. 3

Fused FDG-PET/MRI images in (a) axial, (b) coronal and (c) sagital sections showing regions of overlap (blue) between PCA and DLB using 
conjunction analysis and regions that showed greater hypometabolism in DLB than PCA on direct comparison (red). Results are shown after cor-
rection for multiple comparisons at P-value <0.05. Arrows show areas of significant hypometabolism in the DLB group as compared to the PCA 
group. DLB, dementia with Lewy bodies; PCA, posterior cortical atrophy.
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Significant difference existed between the z scores of PC 
cortex of the two groups, with higher z scores (more than 
cut-off value of 0.5), being more predictive of PCA (odds 
ratio = 7.85, sensitivity = 93.7%). However, PC cortex 
showed variable hypometabolism in the DLB patients 
who had predominant cognitive impairment, and absence 
of PC involvement was noted in few PCA patients who 
had predominant visuospatial deficits [12,25]. This find-
ing is in agreement with the previous studies that demon-
strated poor specificity of the ‘cingulate island sign' in 
ruling out PCA (specificity in our study = 40.6%).

A limitation of our study was that partial volume correc-
tion could not be applied during SPM and z score analy-
sis. Also, we did not find any significant asymmetry in our 
PCA patients, as has been mentioned in previous studies 
that demonstrated more hypometabolism on the right 
side [16,34].

Conclusion
Our findings support the evidence in recognizing signa-
ture patterns of hypometabolism on [18F]FDG PET in 
patients suspected of having PCA or DLB. Primary visual 
cortex hypometabolism can serve as an independent diag-
nostic marker for DLB, even in the absence of supportive 
DAT imaging and warrants further prospective studies 
with follow-up data. This study provides valuable insight 
into the phenotypical and imaging overlaps between 
PCA and DLB, and can thus help in better utilization of 
[18F]FDG PET in such ambiguous clinical settings.
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