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Abstract
Neuroimaging can provide important biomarkers and is very useful for supporting dementia diagnosis. This review sum-
marizes the neuroimaging findings of dementia with Lewy bodies (DLB), frontotemporal lobar degeneration (FTLD), 
and normal pressure hydrocephalus (NPH). In DLB, medial temporal atrophy is milder than that of Alzheimer’s disease. 
2-fluoro-2-deoxy-d-glucose-positron emission tomography and brain perfusion single-photon emission computed tomography 
demonstrate hypometabolism and hypoperfusion in the occipital lobe, in addition to decreased metabolism and perfusion in 
the parietotemporal, posterior cingulate, precuneus, and frontal association cortices. The cingulate island sign, which shows 
relatively spared middle-to-posterior cingulate cortex metabolism compared with precuneus hypometabolism, is proposed 
to detect DLB in 2-fluoro-2-deoxy-d-glucose-positron emission tomography imaging. Reduced uptake in dopamine trans-
porter imaging and reduced myocardial uptake in iodine-123 metaiodobenzylguanidine cardiac scintigraphy are indicative 
biomarkers for DLB diagnosis. Characteristic findings of FTLD include dominant frontotemporal atrophy, hypometabolism, 
and hypoperfusion. Most idiopathic NPH cases demonstrate disproportionally enlarged subarachnoid space hydrocephalus 
findings, including dilated ventricular systems, enlarged Sylvian fissures, tight sulci in the midline, and a high convexity.
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Introduction

The most common cause of dementia is Alzheimer disease’s 
(AD), and a review of neuroimaging for AD, especially bio-
marker imaging [e.g., amyloid positron emission tomogra-
phy (PET) and tau PET], is described in a previous volume 
of this journal by Matsuda et al. [1]. Herein, this review 
describes the characteristic imaging features of dementia 
with Lewy bodies (DLB), the second most common cause of 
dementia; frontotemporal lobar degeneration (FTLD), which 
includes the well-known Pick disease; and normal pressure 
hydrocephalus (NPH), which occurs in approximately 10% 
of ageing dementia cases.

DLB

DLB is the second most common cause of neurodegenera-
tive dementia after AD. Its pathological features include the 
presence of Lewy bodies in cortical, subcortical, and brain 
stem structures. DLB is a type of Lewy body disease, which 
includes Parkinson’s disease (PD), PD with dementia (PDD) 
and DLB. PDD has the same pathology as DLB, but clinical 
Parkinsonism appears > 1 year earlier than cognitive dys-
function, in contrast with DLB.

DLB diagnostic criteria were revised in 2017 [2]. The 
core clinical features of DLB include fluctuating cogni-
tive function, recurrent visual hallucinations, Parkinsonian 
symptoms, and rapid eye movement (REM) sleep behavior 
disorder. Indicative biomarkers include reduced dopamine 
transporter uptake in the basal ganglia demonstrated by 
single-photon emission computed tomography (SPECT) or 
PET, low cardiac uptake of 123I-meta-iodobenzylguanidine 
(123I-MIBG) in myocardial scintigraphy, and polysomno-
graphic confirmation of REM sleep without atonia. Sup-
portive biomarkers include relative preservation of medial 
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temporal lobe structures on computed tomography/mag-
netic resonance imaging (MRI), generalized low uptake 

on SPECT/PET perfusion/metabolism scan with reduced 
occipital activity (Fig. 1) and the cingulate island sign 
(CIS) on 2-fluoro-2-deoxy-d-glucose (FDG)-PET imaging, 
and prominent posterior slow-wave activity on electroen-
cephalogram with periodic fluctuations in the pre-alpha/
theta range. In the revised criteria of DLB, the imaging 
feature of low cardiac uptake of 123I-MIBG in myocardial 
scintigraphy was upgraded from a supportive biomarker 
to an indicative biomarker.

Medial temporal atrophy

In DLB, medial temporal atrophy was reported to be 
milder than that in AD [3], although the medial tempo-
ral volume of DLB patients is significantly smaller than 
that of normal aged people [4]. Further, whether the DLB 
dorsal midbrain volume is significantly smaller than that 
in AD [5] remains controversial [4]. It is difficult to dif-
ferentiate individual patients with DLB from those with 
AD using MRI assessment of medial temporal atrophy 
(Fig. 2a) or dorsal midbrain atrophy, because > 50% of 
patients with DLB have AD pathology.

Fig. 1  Reduced glucose metabolic regions of dementia with Lewy 
bodies (DLB). The regions with significantly decreased glucose 
metabolism compared with age-matched healthy subjects by statisti-
cal parametric maps are shown, and include the parietotemporal and 
frontal association area, the posterior cingulate gyri, and the occipital 
cortices

Fig. 2  A representative case of 
DLB. a T1-weighted magnetic 
resonance imaging (MRI) of 
a patient with DLB. Mild hip-
pocampal and diffuse cortical 
atrophy are demonstrated. b 
123I-Iodoamphetamine (IMP) 
brain perfusion image showing 
decreased perfusion in the bilat-
eral occipital, parietotemporal, 
frontal, posterior cingulate, and 
precuneus cortices
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Cerebral perfusion and glucose metabolism

It is well established that occipital blood flow and glucose 
metabolism are decreased in DLB (Figs. 2, 3, 4), but pre-
served in AD [6–10]. FDG-PET is superior to brain per-
fusion SPECT for differential diagnosis of degenerative 

dementia by detecting hypofunction in the occipital lobes 
[11–13]. In DLB, cerebral hypometabolism and hypoperfu-
sion are more severe than those in AD, despite only mild 
cognitive impairment. Of note, voxel-based analysis may 
underestimate the degree of regional hypometabolism and 
hypoperfusion in DLB brain. Since in DLB brain whole 

Fig. 3  Representative 18F-fluorodeoxy glucose (FDG)-positron emis-
sion tomography (PET) images of DLB. a FDG-PET (upper row) 
and 11C-Pittsburgh Compound B (PiB)-PET (lower row) images of a 
patient with DLB. Diffuse reductions in cortical glucose metabolism, 
except for the striata and sensorimotor cortices, are demonstrated. 
The cingulate island sign (red circle) is shown as a relatively pre-
served middle cingulate metabolism (upper row). 11C-PiB PET shows 
some accumulation in the left temporal, bilateral frontal, parietal, and 

precuneus cortices, indicating positive amyloid deposition (lower 
row). b Three dimensional-stereotactic surface projection (3D-SSP) 
image produced from the 18F-FDG-PET image of this DLB patient. 
The surface map (upper row) shows preserved metabolism in the pri-
mary sensorimotor cortices, while the z score map (lower row) shows 
significantly decreased metabolism in the bilateral frontal, parieto-
temporal, posterior cingulate, precuneus, and occipital cortices
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Fig. 4  A representative case 
of DLB with negative amyloid 
pathology. a T1-weighted MRI 
of a patient with DLB. Coronal 
and axial images demonstrate 
mild hippocampal atrophy and 
mild diffuse cortical atrophy. b 
18F-FDG-PET (upper row) and 
11C-PiB (lower row) images 
of a patient with DLB. Diffuse 
reductions in cortical glucose 
metabolism, except for the 
striata and sensorimotor corti-
ces, are demonstrated. The cin-
gulate island sign (red ellipse) is 
shown as a relatively preserved 
metabolism in the middle-
to-posterior cingulate (upper 
row). 11C-PiB PET shows only 
non-specific accumulation in 
the white matter and the pons, 
indicating negative amyloid 
deposition (lower row). c 
3D-SSP image produced from 
the 18F-FDG-PET image of this 
DLB patient. The surface map 
(upper row) shows preserved 
glucose metabolism in the 
primary sensorimotor cortices, 
the z score map normalized to 
the whole brain (middle row) 
shows significantly decreased 
metabolism in the bilateral 
frontal, parietotemporal, 
posterior cingulate, precuneus, 
and occipital cortices, while the 
z score map normalized to the 
cerebellum (lower row) shows 
a much larger area of decreased 
metabolism compared with the 
z score map normalized to the 
whole brain
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cerebral metabolism and perfusion are often decreased glob-
ally, when the regional relative metabolic or perfusion value 
is calculated as regional activity counts divided by global 
activity counts, the relative value becomes larger. There-
fore, in calculating the regional relative value, cerebellar 
activity counts as a reference region is preferable to global 
activity counts as a reference (Fig. 4c). In clinical practice, 
computer-assisted diagnosis (CAD) systems are available 
[14], but it is important that we should use these systems 
for diagnosis assistance with visual inspection, never make 
diagnoses using only these CAD systems.

CIS

CIS (Fig. 3a) was reported to be characterized by a spared 
mid-posterior cingulate glucose metabolism compared with 
the precuneus metabolism [15]. However, this phenomenon 
of a relatively higher glucose metabolism in the middle 
cingulate gyrus in DLB subjects compared with AD sub-
jects had been already reported [6], although at that time 
decreased occipital metabolism in DLB brain was empha-
sized. CIS on SPECT images has been also reported [16]. 
CIS was recently noted as a good marker for DLB, although 
because CIS is influenced by concomitant AD pathology, it 
is not always detected, or it appears/disappears with indi-
vidual patient prognosis, in DLB [17].

Dopamine transporter imaging and 123I‑meta 
iodobenzylguanidine cardiac scintigraphy

Dopamine transporter imaging with  [123I] N-ω-fluoropropyl-
2β-carboxymethoxy-3β-(4-iodophenyl) nortropane (FP-CIT) 
SPECT imaging is a useful tool for diagnosing PD and DLB 
[18]. DLB patients have a significantly lower uptake of 

FP-CIT in the caudate nucleus and putamen than that for AD 
patients and normal subjects (Fig. 5). Although it is difficult 
to distinguish other Parkinsonian syndromes using FP-CIT 
SPECT, such as progressive supranuclear palsy, corticobasal 
degeneration, or multiple system atrophy, when combined 
with MRI it may provide good performance for differential 
diagnosis [19]. DLB patients show no correlation of cogni-
tive function with FP-CIT uptake in any striatal regions, 
while Parkinsonism is associated with reduced striatal FP-
CIT uptake [20]. FP-CIT SPECT is useful for diagnosing 
DLB, but it can be initially rated as normal, then become 
abnormal over time, in patients with probable DLB, there-
fore, repeating FP-CIT SPECT may be performed [21].

MIBG myocardial scintigraphy is also an accurate exam-
ination for differential diagnosis between DLB and other 
dementias. The heart/mediastinum ratio of MIBG uptake in 
DLB patients is significantly lower than that in AD patients 
(Fig. 6) and control subjects [22]. At the stage of possible 
DLB, MIBG myocardial scintigraphy can predict the future 
conversion to probable DLB [23]. Both FP-CIT SPECT and 
MIBG myocardial scintigraphy have the same diagnostic 
accuracy in differentiating DLB from AD [24, 25], and the 
combination of both examinations enables more accurate 
differentiation between DLB and AD compared with either 
technique alone [24]. Nevertheless, as combining these 
modalities is expensive, stand-alone examination should be 
performed wherever possible to diagnose DLB.

Amyloid imaging for DLB

Amyloid deposits are associated with AD-like atrophy in 
patients with DLB [26]. The size of the amyloid deposits, 
which may be linked to cognitive impairment, are larger in 
DLB patients than that in PD and PDD [26–30]. Amyloid 

Fig. 5  123I-N-ω-Fluoropropyl-
2β-carboxymethoxy-3β-(4-
iodophenyl) nortropane (FP-
CIT) single-photon emission 
computed tomography (SPECT) 
images of DLB and Alzhei-
mer’s disease. In DLB, uptake 
of FP-CIT is decreased in the 
bilateral striata, showing a ‘dot 
sign’, while uptake is normal in 
AD FP-CIT, showing a ‘comma 
sign’
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deposition in PDD patients was reported to contribute to 
memory impairment and faster rates of cognitive decline 
[31]. However, as shown in Fig. 4b, despite no evidence 
of amyloid deposits, severe metabolic reductions in some 
patients with DLB are demonstrated [32].

FTLD

FTLD is a heterogeneous syndrome consisting of three 
clinical types of dementia: behavior variant frontotemporal 
dementia (bvFTD) [33], semantic dementia (SD), and pro-
gressive non-fluent aphasia (PNFA) (Fig. 7a) [34]. Patho-
logically FTLD is classified into various types (Fig. 7b) and 
overlapping clinical classifications [35–37].

bvFTD

MRI allows detection of bvFTD-specific brain atrophy, 
which includes frontal and anterior temporal volume loss, 
and shows a good diagnostic accuracy for differentiating 
FTD from normal subjects and other dementias in clinical 
practice [38–40]. MRI of bvFTD can show severe frontal 
and anterior temporal atrophy (Figs. 8, 9), while a voxel-
based morphometry study [41] showed evidence of meta-
bolic and atrophic changes in the bilateral frontal and tem-
poral lobes in FTD patients, whereas the affected regions of 
metabolism are more severe and larger than those of atrophy 
in the frontal and temporal lobe. Further, detecting FTLD 
using MRI atrophy biomarkers, derived from normalized 
volumes by automated calculation of the anterior versus pos-
terior index, the asymmetry index, and the temporal pole left 
index, was reported to provide additional diagnostic assess-
ment and assist in diagnosing FTLD in clinical practice [42].

In FTD, there is a characteristic reduction in frontal and 
anterior temporal glucose metabolism, although medial tem-
poral, striatal, and thalamic metabolism are also affected 
[43–45]. Arterial spin labelling (ASL) MRI can provide 

Fig. 6  123I-Meta-iodobenzyl-
guanidine (MIBG) myocardial 
scintigraphy of DLB and AD. In 
DLB, there is nearly no MIBG 
uptake in the myocardium, 
while normal MIBG uptake in 
the myocardium is shown in AD

Fig. 7  Classification of frontotemporal lobar degeneration (FTLD). 
a Clinical classification of FTLD. b Pathological classification of 
FTLD. bvFTD behavioral variant frontotemporal dementia, SD 
semantic dementia, PNFA progressive non-fluent aphasia, 3R three 
repeat, 4R four repeat, CBD corticobasal degeneration, PSP progres-
sive supranuclear palsy, AGD argyrophilic grain disease, TDP TAR 
DNA binding protein, FTDP frontotemporal degeneration and Par-
kinsonism, FUS fused in sarcoma, UPS ubiquitin–proteasome system, 
DLDH dementia lacking distinctive histology
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brain perfusion images, and was verified for diagnosing FTD 
[45]. However, the accuracy for discriminant diagnosis of 
FTD patients from healthy subjects using ASL was reported 
to be inferior to that with FDG-PET [46], and ALS may not 
be widely available for use in clinical examination.

SD

SD is a type of FTLD, and patients show fluent aphasia, 
anomia, and characteristic impaired comprehension of 
word meaning. The pathology of SD is heterogeneous, and 
includes various pathologies [37]. MRI demonstrates pre-
dominant anterior and inferior temporal atrophy, usually 
asymmetrically (particularly on the left side), often accom-
panied by mild asymmetrical frontal atrophy (Fig. 10). In 
SD patients, a severely decreased and asymmetric temporal 
metabolism can be demonstrated on FDG-PET images [10]. 
These areas can spread to the frontal and parietal cortices, 
although this deficit is not as marked as in the anterior tem-
poral cortices.

PNFA

PNFA is characterized by effortful and halting speech pro-
duction with speech sound errors, and simplified or ‘agram-
matic’ productions, with the main cause related to tauopathy 
[47]. Regional brain atrophy and decreased cerebral metabo-
lism are seen in the posterior part of the left frontal lobe, 
including the Broca area and the insula regions [48].

Amyloid imaging and tau imaging in FTLD

In general, amyloid deposits are uncommon in most FTLD 
patients. Thus, amyloid PET is an important potential bio-
marker for differential diagnosis of AD from FTLD [49], and 
for studying the clinicopathological correlation of amyloid 
pathology in FTLD [50]. Since recent tau PET tracers have 
off-target problems involving binding to non-specific tau 
molecules, tau PET does not indicate pure tau deposition, 
but rather is used to show non-tau associated with neurode-
generation pathology [51, 52] and the correlation of FTLD 
pathology with function [53]. PNFA may be associated with 

Fig. 8  Reduced gray matter 
volumes in FTLD. Gray matter 
regions showing significant vol-
ume decreases compared with 
age-matched healthy subjects by 
statistical parametric maps are 
shown, indicating frontal and 
anterior temporal gray matter 
atrophy

Fig. 9  Representative case of bvFTD. Bilateral frontal and anterior temporal atrophy are shown on T1-weighted MRI
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AD pathology, and amyloid PET can be used as a positive 
biomarker for AD [54].

NPH

NPH is a syndrome characterized by a triad of symptoms 
involving gait impairment, cognitive decline, and urinary 
incontinence, and is associated with ventriculomegaly. 
NPH is classified into idiopathic NPH (iNPH) and second-
ary NPH. iNPH involves disproportionally enlarged suba-
rachnoid space hydrocephalus (DESH) and non-DESH [55]. 
Based on iNPH criteria, ‘possible iNPH’ is diagnosed in 
patients (a) > 60 years old; (b) having one or more symptoms 
of gait disturbance, dementia, and urinary incontinence; (c) 
with ventricular dilatation (Evans index > 0.3; Fig. 11) and 
a narrow cerebrospinal fluid (CSF) space in the superior 

convexity; (d) with a CSF pressure < 200  mmH2O with a 
normal CSF cell count and protein level; (e) having no other 
diseases that may account for the symptoms; and (f) with 
no other previous illness that causes ventricular dilatation. 
‘Probable iNPH’ is diagnosed if the spinal tap test is positive 
with possible iNPH [55].

The characteristic findings of DESH are (a) ventriculo-
megaly, (b) enlarged Sylvian fissure, and (c) tight sulci in 
the midline with/without tight sulci at the high convexity 
(Figs. 12, 13a). Although tight sulci in the high convexity 
were previously considered important, this finding is not 
often observed as the lateral sulci are sometimes dilated 
because of accompanying cortical atrophy. However, tight 
sulci in the midline, especially the medial parietal sulci, are 
always seen in DESH. Since iNPH occurs in aged subjects, 
it can be associated with neurodegenerative dementia such 
as AD and DLB. In iNPH, the lateral frontal and parietal 
sulci are dilated because of atrophy, while the midline sulci 
are always observed. This feature was verified by voxel-
based analysis showing that the highest density was in the 
medial parietal cortex in iNPH [56, 57]. When estimating 
the tight sulci, coronal slices have been recommended. How-
ever, evaluating the axial images provides a similar or better 
assessment than that for tight sulci in the midline and a high 
convexity. Some iNPH cases also show focal dilated sulci. 
Automatic volume measurement using voxel-based analysis 
can be used to delineate the characteristic changes in the 
CSF space in iNPH patients, and is useful for diagnosis [58, 
59], although this method is not practical in routine clinical 
examination.

The callosal angle (CA) [60] (Fig. 14) is a useful index 
for indirectly demonstrating DESH findings. Most DESH 
cases show a CA < 90° [60]. Moreover, CA is a good pre-
dictor of shunt-response subjects [61, 62]. Recently, other 
indices for DESH, including the z Evans index [63] and the 
brain to ventricle ratios [64], have been proposed. The z 
Evans index was defined as the maximum z axial length of 

Fig. 10  Representative case of SD. Severe left anterior temporal atrophy is demonstrated on T1-weighted MRI

Fig. 11  Evans index (EI). The EI is calculated as the ratio of the max-
imum width of the frontal horns of the lateral ventricles compared 
with the maximum width of the internal diameter of the skull at the 
same level
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the frontal horns to the maximum cranial z axial length, and 
was reported useful for predicting tap-positive subjects with 
iNPH [63]. The brain to ventricle ratios are calculated as the 
maximum width of the brain divided by the maximum width 
of the lateral ventricles at the anterior and posterior com-
missure levels, respectively, and were reported to be useful 
for differential diagnosis of iNPH or iNPH with AD from 
AD, similar to the CA and the z Evans [64]. Asymptomatic 
ventriculomegaly with features of iNPH on MRI [65] has the 
same radiologic features of DESH, including a dilated ven-
tricular system, enlarged Sylvian fissures, and a tight high 
convexity/midline sulci, but has no clinical symptoms. Thus, 
it is thought to be a preclinical form of iNPH [65].

Diffusion tensor imaging is also a useful tool for differen-
tiating iNPH from other diseases. Microstructural changes in 
the corticospinal tract have been reported in iNPH [66, 67]. 
For differential diagnosis of iNPH and AD, the sensitivity 
and specificity of the diffusion tensor imaging index frac-
tional anisotropy in the posterior limb of the internal capsule 
were 87.5% and 95.0%, respectively [68]. Despite the utility 
of these techniques, they are not practical in routine clinical 
examination.

Brain perfusion SPECT reflects the morphological change 
of DESH (Fig. 13a), with a relatively increased midline and 
high convexity perfusion [convexity apparently hyperper-
fusion (CAPPAH) sign] (Fig. 13b, c) [69], and decreased 

peri-Sylvian fissure perfusion. Frontal dominant hypoper-
fusion is common, although posterior and diffuse hypoper-
fusion have also been reported [70]. Voxel-based statistical 
images demonstrate these findings as a ‘CAPPAH sign’ and a 
‘check mark sign’ (Fig. 13c). Amyloid imaging reveals amy-
loid deposition in > 50% of patients with iNPH [71], although 
this phenomenon does not contribute to diagnosis of iNPH 
because > 20% of normal subjects > 80 years of age show amy-
loid deposits. Computerized tomographic cisternography is 
not recommended for clinical examination, because although 
the sensitivities of CTC findings at the lateral ventricles and 
brain surface for shunt effectiveness were 81.7% and 86.7%, 
respectively, the specificities were 20% and 0%, respectively 
[72]. Secondary NPH consists of NPH after subarachnoid 
hemorrhage, meningitis or other diseases, and NPH caused 
by congenital or developmental etiologies [55]. The radiologi-
cal features include a dilated ventricular system, non-dilated 
Sylvian fissures, and slightly tight sulci at the high convexity 
and midline.

Conclusion

Neuroimaging: structural MRI, SPECT, and PET provide 
characteristic features of DLB, FTLD, and iNPH, and help 
with the diagnoses of these diseases.

Fig. 12  Representative MRI of disproportionately enlarged subarachnoid space hydrocephalus (DESH). Ventriculomegaly, dilated Sylvian fis-
sures, and tight sulci in the midline and at the high convexity are demonstrated
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Fig. 13  A representative case of DESH. a T2-weighted axial MRI 
image showing dilated lateral ventricles, enlarged Sylvian fissures, 
and tight sulci in the midline, while the lateral frontal and parietal 
sulci are not tight. b Brain perfusion SPECT showing frontal domi-

nant hypoperfusion and midline hyperperfusion. c Voxel-based sta-
tistical map. 3D-SSP shows the convexity apparent hyperperfusion 
(CAPPAH) sign (yellow ellipse) and check mark sign (red ellipse)
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