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Dementia with Lewy bodies
Basis of cingulate island sign

ABSTRACT

Objectives: To investigate clinical, imaging, and pathologic associations of the cingulate island
sign (CIS) in dementia with Lewy bodies (DLB).

Methods: We retrospectively identified and compared patients with a clinical diagnosis of DLB
(n 5 39); patients with Alzheimer disease (AD) matched by age, sex, and education (n 5 39);
and cognitively normal controls (n 5 78) who underwent 18F-fluorodeoxyglucose (FDG) and
C11 Pittsburgh compound B (PiB)-PET scans. Among these patients, we studied those who came
to autopsy and underwent Braak neurofibrillary tangle (NFT) staging (n 5 10).

Results: Patients with a clinical diagnosis of DLB had a higher ratio of posterior cingulate to precu-
neus plus cuneus metabolism, cingulate island sign (CIS), on FDG-PET than patients with AD (p ,

0.001), a finding independent of b-amyloid load on PiB-PET (p 5 0.56). Patients with CIS positivity
on visual assessment of FDG-PET fit into the group of high- or intermediate-probability DLB pathol-
ogy and received clinical diagnosis of DLB, not AD. Higher CIS ratio correlated with lower Braak NFT
stage (r 5 20.96; p , 0.001).

Conclusions: Our study found that CIS on FDG-PET is not associated with fibrillar b-amyloid
deposition but indicates lower Braak NFT stage in patients with DLB. Identifying biomarkers that
measure relative contributions of underlying pathologies to dementia is critical as neurothera-
peutics move toward targeted treatments. Neurology® 2014;83:801–809

GLOSSARY
Ab 5 b-amyloid; AD 5 Alzheimer disease; CERAD 5 Consortium to Establish a Registry for Alzheimer’s Disease; CIS 5
cingulate island sign; DLB 5 dementia with Lewy bodies; DRS 5 Mattis Dementia Rating Scale; FDG 5 18F-fluorodeoxyglu-
cose; NFT 5 neurofibrillary tangle; PiB 5 Pittsburgh compound B; ROI 5 region of interest; SPM 5 Statistical Parametric
Mapping; UPDRS 5 Unified Parkinson’s Disease Rating Scale.

Dementia with Lewy bodies (DLB) is the second most common cause of dementia.1 Despite
revised criteria,2 clinically distinguishing DLB from other neurodegenerative diseases continues
to be problematic. In fact, the National Alzheimer’s Coordinating Center registry reported the
sensitivity of clinical diagnoses of DLB compared with subsequent pathologic examination to be
32.1%.3

Complicating the inaccuracies of clinical diagnosis, the majority of dementia cases have
multiple pathologies at autopsy.4,5 Coexisting Alzheimer disease (AD) pathology occurs in
51% to 66% of those with pathologically confirmed DLB.1,6

Accurate antemortem prediction of underlying causes of dementia is important for determin-
ing a prognosis,7,8 predicting treatment response,9 and planning for clinical trials. Additional
biomarkers are required to better distinguish DLB from AD and to predict relative contributions
of different underlying pathologies to DLB. By measuring b-amyloid (Ab) deposition with C11
Pittsburgh compound B (PiB) binding, investigators have demonstrated that more than half of
patients with DLB have Ab deposition in the brain.10,11

From the Departments of Neurology (J.G.-R., B.F.B., D.S.K., R.C.P.) and Radiology (V.J.L., C.R.J., K.K.), Division of Biomedical Statistics and
Informatics (S.A.P., T.G.L.), and Departments of Information Technology (M.L.S., J.L.G.) and Psychiatry and Psychology (G.E.S.), Mayo Clinic,
Rochester, MN; and Departments of Pathology and Laboratory Medicine (M.E.M., D.W.D.) and Psychiatry and Psychology (T.J.F.), Mayo Clinic,
Jacksonville, FL.

Go to Neurology.org for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.

© 2014 American Academy of Neurology 801

mailto:kantarci.kejal@mayo.edu
http://neurology.org/
http://neurology.org/


Antemortem 18F-fluorodeoxyglucose (FDG)-
PET hypometabolism correlates with neurofi-
brillary tangle (NFT)-tau burden, rather than
Ab, at autopsy.12 The cingulate island sign
(CIS), a term referring to sparing of the posterior
cingulate relative to the precuneus and cuneus,
has been proposed as an FDG-PET imaging
feature of DLB.13,14 Although the CIS per-
formed well in differentiating clinically diag-
nosed cases of AD from DLB, few cases
underwent autopsy.14 Our objective was to
investigate the clinical and pathologic associa-
tions of the CIS using PiB-PET for the assess-
ment of Ab pathology and Braak staging of the
NFT pathology at autopsy.

METHODS Study patients. We performed a case-control

study with patients recruited from the Mayo Clinic Alzheimer’s

Disease Research Center, where participants undergo annual

clinical evaluation, MRI, and neuropsychometric evaluation.6,11,15

Diagnosis is made at a consensus meeting of behavioral

neurologists, neuropsychologists, and nurses. We retrospectively

identified patients who met consensus clinical diagnosis of

probable DLB (n 5 39) on the basis of published criteria2 and

had antemortem FDG- and PiB-PET scans. We also identified

cognitively normal controls who were matched for age, sex, and

education (n 5 78) without evidence of Ab deposition (PiB-

negative) and patients with AD dementia matched for age, sex,

and education who met the National Institute of Neurological

Communicative Disorders and Stroke and the Alzheimer’s

Disease and Related Disorders Association criteria for probable

AD (n 5 39) for comparison.16

Clinical DLB features were recorded through the following

measures: (1) visual hallucinations were fully formed, occurring more

than once, and were not attributable to other medical factors, includ-

ing medications and advanced dementia; (2) parkinsonism was rated

with the Unified Parkinson’s Disease Rating Scale (UPDRS); (3)

probable REM sleep behavior disorder was recorded if patients met

the International Classification of Sleep Disorders II diagnostic cri-

teria B; and (4) a score of 3 or 4 on the Mayo Fluctuations Ques-

tionnaire was required for fluctuations to be considered present.17

Standard protocol approvals, registrations, and patient
consents. The present study was approved by the Mayo Clinic

Institutional Review Board. Informed consent for participation

was obtained from every patient or an appropriate surrogate.

Neuropathologic assessment. Ten patients in the study

underwent autopsy. Sampling was done according to the Consor-

tium to Establish a Registry for Alzheimer’s Disease (CERAD)

protocol18 and the Third Report of the DLB Consortium.2 NFTs

and corresponding Braak stage were detected with thioflavin-S

microscopy or Bielschowsky silver stain and classified in accordance

with National Institute on Aging–Reagan Institute criteria.19 A

polyclonal antibody to a-synuclein was used to categorize regional

involvement of Lewy bodies as brainstem, limbic, and neocortical. The
neuropathologic diagnosis of DLB was made in accordance with the

Third Report of the DLB Consortium criteria without consideration

of clinical presentation.2

MRI, PiB-PET, and FDG-PET acquisitions. MRI examina-

tions were performed at 3 tesla with an 8-channel phased array

coil (GE Healthcare; Waukesha, WI). A 3-dimensional high-

resolution magnetization-prepared rapid-acquisition gradient

echo acquisition with repetition time/echo time/inversion time

of 7/3/900 milliseconds, a flip angle of 8°, an in-plane

resolution of 1.0 mm, and a slice thickness of 1.2 mm was

performed for anatomical segmentation and labeling. PET images

were obtained with a LYSO PET/CT scanner (DRX; GE

Healthcare) functioning in 3-dimensional mode. Attenuation

correction was achieved by obtaining a CT image. Patients

received PiB (average [range], 596 [292–729] MBq) and FDG

(average [range], 540 [366–399] MBq) injections. FDG-PET

and C11 PiB images were acquired 1 hour apart on the same

day. After a 40-minute PiB uptake period, a 20-minute PiB scan

was acquired. PiB-PET was obtained with four 5-minute dynamic

frames, acquired between 40 and 60 minutes postinjection. An

8-minute FDG scan was obtained, after a 30-minute FDG

uptake period. Image acquisition included four 2-minute

dynamic frames, acquired from 30 to 38 minutes after injection.

Standard corrections were performed.

PiB-PET and FDG-PET analysis. The methodology of PiB-

PET analysis has been described previously.11 Values greater than

1.5 were considered PiB-positive.20 FDG-PET image volumes of

each patient were coregistered to the patient’s own T1-weighted

MRI scan with the modified automated anatomical labeling

atlas,21 using an affine registration of 6 degrees of freedom with

mutual information cost function. In the patient’s T1-weighted

MRI space, atlas-based parcellation of FDG images into regions

of interest (ROIs) was performed. Partial volume correction of

CSF and tissue compartments was applied through the

2-compartment model22 to remove atrophy effects on the FDG

uptake on PET images. FDG-PET ratio images were derived

using pons uptake as the internal reference. Group differences

in voxel-wise FDG uptake were assessed with 2-sided t test within
the general linear model framework of Statistical Parametric

Mapping (SPM)5. Statistical maps displaying differences

between groups were shown at a significance level of p , 0.05,

using family-wise error correction for multiple comparisons.

Modified automated anatomical labeling atlas ROIs were used

to extract statistics on image voxel values. The median value in

the posterior cingulate gyrus ROI was divided by the median

value in the precuneus plus cuneus ROI to derive the CIS ratio

from the FDG-PET images.14 Figure e-1 on the Neurology® Web

site at Neurology.org shows the ROIs analyzed in this study.

Statistical analysis. When comparing the matched groups, we

used Friedman test for continuous variables and x2 tests from

conditional logistic regressions stratifying on the matched sets

for binary variables. For comparison of groups in unmatched data

subsets, Kruskal-Wallis and Wilcoxon rank sum tests were

performed for continuous variables and x2 tests for categorical

variables. Spearman rank correlation was used for comparing

imaging with Braak stage, parkinsonism, and global cognitive

function. All analyses were performed with SAS version 9.3 (SAS

Institute Inc., Cary, NC) and R statistical software version 2.14.0

(R Project for Statistical Computing).

RESULTS Study patients.Demographic features were
similar among the clinical groups (table 1). Dementia
severity using Mattis Dementia Rating Scale (DRS)
and Clinical Dementia Rating scores did not distin-
guish DLB from AD groups.

CIS in patients with DLB, AD, and normal cognitive

function. Table 1 shows the global cortical PiB ratios
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and FDG-PET values for the pons-normalized ratios
of the CIS, posterior cingulate, and precuneus plus
cuneus among patients with clinically diagnosed
DLB, with clinically diagnosed AD, and with
normal cognitive function. The CIS ratio was
higher in patients with a clinical diagnosis of DLB
than in patients with a clinical diagnosis of AD (p ,
0.001). Disease duration did not correlate with the
CIS in DLB (r 5 20.043; p 5 0.79).

CIS in PiB-positive and PiB-negative patients with DLB.

Table 2 divides the DLB group into PiB-positive and
PiB-negative. No differences in demographic and
clinical characteristics were observed among the PiB-
positive and PiB-negative patients with DLB. Figure 1
plots the FDG-PET values of the CIS among DLB
PiB-negative, DLB PiB-positive, cognitively normal,
and AD patients showing a higher CIS in DLB than
AD, regardless of PiB status (p , 0.001). No
differences in CIS were observed between DLB PiB-
negative patients and DLB PiB-positive patients (p 5
0.56). DLB PiB-negative and DLB PiB-positive
patients had a higher CIS compared with controls
(p , 0.01). The lowest CIS ratio in the PiB-negative
clinical DLB cases was 0.87. The 2 lowest CIS ratios
(0.67 and 0.80) in the PiB-positive clinically diagnosed
DLB cases showed a high likelihood of AD pathology
without Lewy body pathology at autopsy. There was
no relationship between PiB-PET as a continuous

variable and FDG uptake in any components of the
island sign (p . 0.38).

Figure 2 is an SPM analysis of FDG-PET in PiB-
positive and PiB-negative patients with DLB com-
pared with controls. It shows relative preservation of
the posterior cingulate and inferior precuneus metab-
olism, regardless of Ab status (p . 0.05; family-wise
error corrected). Voxel-based analysis of FDG-PET
did not show any differences between PIB-positive
and PiB-negative DLB groups (p . 0.05; family-
wise error corrected).

FDG correlates of parkinsonism and global cognitive

function. No associations of CIS were found with
UPDRS and DRS in DLB (p . 0.05). We further
investigated the relationship of UPDRS and DRS
with the numerator and denominator components
of the CIS ratio. Whereas lower precuneus plus
cuneus hypometabolism correlated with higher
UPDRS (r 5 20.41; p 5 0.01) and lower DRS
(r 5 0.44; p 5 0.039), lower posterior cingulate
hypometabolism correlated with lower DRS (r 5

0.42; p 5 0.045) but not UPDRS (p . 0.05).

Neuropathology. Ten patients in the study came to
autopsy; 8 had a clinical diagnosis of DLB and 2 a
clinical diagnosis of AD. Of the 8 patients with diag-
nosed DLB, 6 had an intermediate or high likelihood
of DLB and 2 had a high likelihood of AD with no
Lewy body pathology at autopsy. All 6 patients with

Table 1 Patient characteristics

Characteristic

Patient groupsa

p ValuebCN (n 5 78) DLB (n 5 39) AD (n 5 39)

Female 12 (15) 6 (15) 6 (15) .0.99

APOE e4 carrier 17 (22) 17 (45) 31 (82) ,0.001

Age, y 72 (65, 77) 72 (65, 77) 72 (61, 78) 0.99

Education, y 16 (13, 16) 15 (12, 18) 16 (12, 18) 0.92

CDR–Sum of boxes 0.0 (0.0, 0.0) 6.0 (4.0, 10.0) 5.5 (3.5, 8.0) ,0.001

DRS 116 (98, 131) 113 (101, 123) 0.47

Total UPDRS 0 (0, 1) 11 (7, 16) 0 (0, 1) ,0.001

Dementia duration, y NA 6 (4, 9) 6 (4, 9) NA

Cortical global PiBc 1.31 (1.28, 1.34) 1.50 (1.31, 1.96) 2.41 (2.18, 2.56) ,0.001

CISc,d 0.89 (0.84, 0.94) 0.97 (0.90, 1.05) 0.78 (0.74, 0.84) ,0.001

Posterior cingulatec,d 1.65 (1.53, 1.77) 1.36 (1.26, 1.52) 1.27 (1.17, 1.41) ,0.001

Precuneus and cuneusc,d 1.86 (1.75, 1.98) 1.41 (1.34, 1.57) 1.60 (1.51, 1.74) ,0.001

Abbreviations: AD 5 Alzheimer disease; CDR 5 Clinical Dementia Rating; CIS 5 cingulate island sign; CN 5 cognitively
normal; DLB5 dementia with Lewy bodies; DRS5Mattis Dementia Rating Scale; FDG5 18F-fluorodeoxyglucose; NA5 not
applicable; PiB 5 Pittsburgh compound B; UPDRS 5 Unified Parkinson’s Disease Rating Scale.
aValues are presented as median (interquartile range) for continuous variables and number (%) for categorical variables.
b The p values are from Friedman test for continuous variables or conditional logistic regression x2 test for APOE carriers.
c Regarding PiB, CIS, posterior cingulate, precuneus1 cuneus ratios, all between-group pairwise comparisons differed with
p , 0.001, except posterior cingulate DLB vs AD (p 5 0.039).
d FDG ratio pons normalized.
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autopsy confirmation of DLB had CIS positivity on
visual inspection of FDG-PET. The 2 patients who
had clinical diagnosis of DLB but were found to
have AD pathology at autopsy had a negative CIS.
In addition, the 2 patients with a clinical diagnosis
of AD had a high likelihood of AD at autopsy, and
neither had CIS positivity. The CIS ratio was 0.81
or greater in all autopsy-confirmed DLB cases; the
3 autopsy-confirmed AD cases had a ratio less than
0.81. Figure 3 shows the relation between the CIS,
posterior cingulate, and precuneus plus cuneus FDG-
PET ratios with Braak NFT stage in the 10 cases that
came to autopsy. A strong relation was present
between a higher CIS and a lower Braak NFT stage
in patients with DLB (r 5 20.96 [95% confidence
interval, 20.99, 20.83]; p , 0.001). Figure e-2
provides enlarged versions of FDG-PET scans in
patients diagnosed with DLB from figure 3. Cases
1 and 6 had none and sparse amyloid neuritic
plaques. Case 1 was PiB-negative and case 6 was
borderline PiB-positive. Cases 2, 3, 4, and 5 had

moderate neuritic plaques. Only case 2 was PiB-
negative. Cases 7, 8, 9, and 10 had frequent
neuritic plaques. All were PiB-positive. Cases 1, 2,
and 6 had transitional Lewy body–type pathology,
while cases 3, 4, 5, and 7 had diffuse Lewy body–
type pathology.

DISCUSSION The main finding of this study was
that the preservation of the posterior cingulate metab-
olism on FDG-PET relative to the cuneus and
precuneus (the CIS) is not associated with Ab load
but does predict lower Braak NFT stage in clinically
diagnosed DLB cases. In the small group of patients
who came to autopsy, the CIS distinguished patients
with pathologic DLB from AD with a ratio of 0.81,
similar to a prior study of clinically diagnosed cases.14

Furthermore, all PiB-negative patients with DLB had
a CIS ratio of 0.87 or more. Notably, the presence of
Ab pathology on PiB-PET scans did not influence
the CIS. In addition, our study confirmed that the
CIS distinguishes clinically diagnosed patients with

Table 2 Characteristics of PiB-positive and PiB-negative patients with DLB

Characteristic

DLB groupa

p ValuebPiB negative (n 5 19) PiB positive (n 5 20)

Female 1 (5) 5 (25) 0.09

APOE e4 carrier 7 (37) 10 (53) 0.33

Age, y 68 (63, 75) 74.5 (66.5, 78) 0.19

Education, y 14 (12, 18) 16 (14, 18) 0.24

CDR–Sum of boxes 5.0 (4.0, 8.0) 6.0 (5.0, 10.5) 0.31

DRS 126.5 (104, 135) 109 (93, 120) 0.11

Total UPDRS 12 (7, 16) 10.5 (5.5, 18) .0.99

Dementia duration, y 7 (4, 12) 5.5 (4, 9) 0.68

Visual hallucinations 13 (68) 16 (80) 0.41

Visual hallucinations duration, y 2 (1, 2) 3 (1, 4) 0.36

Fluctuations 18 (95) 19 (95) 0.97

Fluctuations duration, y 3.5 (1, 6) 2 (1, 4) 0.21

Parkinsonism 19 (100) 19 (95) 0.32

Parkinsonism duration, y 4 (2, 6) 4 (2, 8) 0.96

RBD 17 (89) 18 (90) 0.96

RBD duration, y 10 (4, 13) 8 (5, 12) 0.68

Cortical global PiB 1.31 (1.28, 1.42) 1.91 (1.70, 2.22) NA

CISc 0.97 (0.91, 1.03) 0.96 (0.87, 1.04) 0.56

Posterior cingulatec 1.45 (1.26, 1.53) 1.33 (1.26, 1.45) 0.36

Precuneus and cuneusc 1.51 (1.29, 1.63) 1.40 (1.34, 1.52) 0.83

Abbreviations: CDR 5 Clinical Dementia Rating; CIS 5 cingulate island sign; DLB 5 dementia with Lewy bodies; DRS 5

Mattis Dementia Rating Scale; FDG 5 18F-fluorodeoxyglucose; NA 5 not applicable; PiB 5 Pittsburgh compound B; RBD 5

rapid eye movement sleep behavior disorder; UPDRS 5 Unified Parkinson’s Disease Rating Scale.
aContinuous variables are presented as median (interquartile range); categorical variables are presented as number (%).
b The p values are from Wilcoxon rank sum test for continuous variables or x2 test for differences in proportions.
c FDG ratio pons normalized.
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DLB from patients with AD. Although an overlap was
found between the DLB and AD groups, the 2 lowest
island signs in the clinically diagnosed DLB PiB-positive
group showed AD pathology. Finally, our study showed
that clinical symptoms of DLB (parkinsonism and
global cognitive function) correlate with precuneus
plus cuneus hypometabolism but not the CIS.

The majority of probable DLB cases have coexist-
ing AD pathology. Recognition of the degree of AD
pathology through biomarkers in DLB cases is impor-
tant because imaging biomarkers of coexisting AD
pathology predict worse treatment response to acetyl-
cholinesterase inhibitors in DLB.9 Furthermore, coex-
isting AD pathology in DLB cases may be a predictor
of survival23 and therefore may have implications when
patients are enrolled for disease-modifying therapies
that target AD pathology. Many patients with DLB
have diffuse Ab plaques, but others have neuritic Ab
plaques and associated NFT-tau pathology. Although
the ability to predict Ab deposition in DLB is accom-
plished with PiB-PET scans, coexisting Braak NFT
stage has to be identified with surrogate markers
until the imaging ligands of tau become widely avail-
able. Ab pathology is a hallmark of AD; however,
Braak NFT stage correlates better with the clinical
symptoms in AD dementia, which may also be true
for DLB.24 In clinically diagnosed DLB cases, the
most frequent Braak NFT stage at autopsy is 3–4,
with 5–6 being the second most frequent.4 As the
neurodegenerative field moves toward targeting spe-
cific proteinopathies, antemortem prediction of rel-
ative contributions of underlying pathologies will
become more important. Therefore, the CIS on
FDG-PET may be used in conjunction with Ab
PET scan in the differential diagnosis of probable
DLB to determine the presence and extent of coex-
isting AD pathology.

The CIS in DLB often occurred in the presence of
a negative Ab PET scan, with all patients who were

Figure 2 SPM5 analysis of FDG-PET in patients with DLB compared with controls

(A) Hypometabolism in PiB-positive DLB. (B) Hypometabolism in PiB-negative DLB. Patients with DLB compared with controls (p , 0.05; family-wise error
corrected for multiple comparisons). The pattern of hypometabolism is similar among PiB-positive and PiB-negative groups and involved the posterior
temporal, parietal, and occipital association cortices and the retrosplenial cortex but sparing the posterior andmiddle cingulate gyrus and inferior precuneus,
visually identified as the cingulate island sign on FDG-PET images. Pulvinar of thalamus and head of the caudate nucleus are also involved. DLB5 dementia
with Lewy bodies; FDG 5 18F-fluorodeoxyglucose; PiB 5 Pittsburgh compound B.

Figure 1 Box plots of the cingulate island sign ratio among the patient groups

AD 5 Alzheimer disease; CN 5 cognitively normal; DLB 5 dementia with Lewy bodies; PiB 5

Pittsburgh compound B; PiB2 5 PiB negative; PiB1 5 PiB positive.
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PiB-negative having a CIS, with the lowest ratio being
0.87. Only a subset of the PiB-positive patients had a
CIS ratio of less than 0.87, representing either pa-
tients with AD clinically mimicking DLB (patients
8 and 10 on figure 3) or patients with DLB with high
Braak stage, although figure 1 shows that CIS ratios
overlap in the clinically diagnosed cases. PiB positivity
may not always point to high likelihood of AD
because a positive PiB-PET scan has been observed
in patients with Lewy body disease who had frequent
diffuse plaques but sparse neuritic plaques and low to
intermediate Braak NFT stage, which would classify

them as having high likelihood of DLB.25 Therefore,
additional information from the CIS may be useful.

Prior PET studies have shown greater occipital hypo-
metabolism in patients withDLB than in controls.11,13,26

Occipital hypometabolism also differentiates clinical and
autopsy-proven DLB from AD cases.13,26,27 In DLB,
occipital hypometabolism correlates with visual halluci-
nations28 and improves with acetylcholinesterase inhib-
itor treatment.29 The occipital hypometabolism in DLB
is independent of Ab load11 and is thought to be related
to impaired cholinergic transmission or synaptic dys-
function associated with a-synuclein.30–32 In addition,

Figure 3 Pathology-confirmed clinical cases arranged by DLB/AD likelihood according to pathology and cingulate island sign

(A) Corresponding PET scan and Braak NFT stage in rows below. Cases 1 through 6 and cases 8 and 10 had clinically diagnosed DLB, and all but cases 8 and
10 had intermediate or high likelihood of DLB at autopsy. Cases 7 and 9 were diagnosed with AD clinically. (B) Numbers represent the corresponding cases
shown above; blue numbers are DLB at autopsy and red numbers are AD at autopsy. AD 5 Alzheimer disease; DLB 5 dementia with Lewy bodies; NFT 5

neurofibrillary tangle.
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occipital hypometabolism is characteristic of posterior
cortical atrophy (atypical AD) and advanced AD and
thus is not specific for DLB.33,34 Although hippocampal
atrophy is also associated with the Braak NFT stage in
DLB,15 hippocampal preservation in posterior cortical
atrophy can add further diagnostic confusion. An illus-
trative example is patient 8, who met diagnostic criteria
for DLB (i.e., parkinsonism, early hallucinations, and
visual spatial dysfunction) but was found to have poste-
rior cortical atrophy (atypical AD) at autopsy. In this
patient, the CIS would have provided important ancil-
lary diagnostic information of Braak NFT stage.

The posterior cingulate hypometabolism on
FDG-PET serves as a useful marker of AD pathology
because metabolism is severely reduced early in AD,
even compared with temporal and parietal cortices.35

Posterior cingulate abnormalities are independent of
atrophy or partial volume-averaging effects, and they
precede decreases in hippocampal metabolism or hip-
pocampal atrophy in cognitively normal APOE e4
carriers.36 In AD, the posterior cingulate gyrus shows
marked neurodegeneration and volume loss.37

Of the 3 indices—the CIS, posterior cingu-
late hypometabolism, and precuneus plus cuneus
hypometabolism—the precuneus plus cuneus hypo-
metabolism correlated best with overall cognitive
impairment and severity of parkinsonism in patients
with probable DLB, likely reflecting its important in-
terconnections with other structures directly affected
by DLB pathology, rather than a direct role in the
development of global cognitive dysfunction and par-
kinsonism.38 The precuneus has been implicated as
part of the attention network that is abnormal in pa-
tients with DLB. For example, patients with DLB have
increased connectivity between the precuneus and
components of the dorsal attention network.39 Of
interest, SPM analysis comparing patients with DLB
to controls in the present study showed hypometabo-
lism not only in the precuneus, but also in the pulvinar,
a key component of the dorsal attention network.40

Patients with DLB who had PiB positivity had slightly
greater posterior cingulate gyrus hypometabolism than
those who had PiB negativity. However, the CIS per-
sisted in the PiB-positive patients with DLB because
the precuneus and cuneus were more hypometabolic
than in AD or PiB-negative DLB, possibly because of
synergistic effects of having both DLB and AD pathol-
ogies on the precuneus and cuneus regions.

The study has several limitations. Because the AD
pathology is the driver of the difference between pa-
tients with DLB and those with AD, significant over-
lap exists between the subjects with DLB and
controls. Therefore, the utility of the CIS is when a
diagnosis of dementia already exists. Also, given the
limited number of autopsied cases, we did not evalu-
ate the CIS as a diagnostic biomarker with receiver

operating characteristic curves. Because these cases
were sampled according to the CERAD protocol, tar-
geted investigation of the pathologic burden in poste-
rior cingulate and precuneus was not possible in all
subjects. Furthermore, correlations between CIS
and neuropsychometric measures of episodic memory
were not possible because of missing data. Our study
confirms that the CIS can help distinguish DLB from
AD. It extends previous work through showing that
the presence of the CIS predicts a lower Braak NFT
stage at autopsy, but the small number of autopsy-
confirmed cases limits the generalizability of the
CIS as an antemortem biomarker of Braak NFT stage
in probable DLB. Although the relationship observed
between Braak NFT stage and the CIS was strong,
only 10 cases came to autopsy. Further pathologic
confirmation of DLB cases with FDG-PET scans
should be performed in order to establish a reliable
cutoff of Braak NFT stage at which the CIS disap-
pears. Future studies are needed to determine
whether the CIS can serve as a marker of acetylcholin-
esterase inhibitor response or can predict prognosis in
patients with DLB.
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