Differential Diagnosis Between Alzheimer’s and
Frontotemporal Disease by the Posterior

Cingulate Sign

Frederick J. Bonte, MB Thomas S. Harris, M5 Celeste A. Roney, BSand Linda S. Hynan, PhD

INuclear Medicine Center and Department of Radiology, University of Texas Southwestern Medical Center, Dallas, Texas; and
2Department of Psychiatry and Academic Computing Service, University of Texas Southwestern Medical Center, Dallas, Texas

This was a study to evaluate the posterior cingulate sign in
differential diagnosis between Alzheimer’s and frontotemporal
disease. The impending availability of effective treatment for
Alzheimer’s disease makes this differential diagnosis important.
Methods: Images of 20 patients with clinically confirmed or
autopsy-proven (10 patients) Alzheimer’s disease and 20 pa-
tients with clinically confirmed or autopsy-proven (7 patients)
frontotemporal disease were compared with the consolidated
images of 20 elderly healthy control subjects. The %mTc-hexa-
methylpropyleneamine oxime SPECT data on brain blood flow
from each patient were compared with the consolidated control
image using statistical parametric mapping. Results: Sixteen of
20 patients with Alzheimer’s disease showed the posterior cin-
gulate sign in the form of significant blood flow reductions; 1 of
20 patients with frontotemporal disease showed the posterior
cingulate sign. That patient’s illness has evolved into Alzhei-
mer’s disease. The remaining 19 patients were negative for the
posterior cingulate sign. Conclusion: When present, the pos-
terior cingulate sign indicates the presence of Alzheimer’s dis-
ease; it is apparently absent in frontotemporal disease, thus
serving as a differential diagnostic sign. It was absent in 3
patients with proven tangle-predominant Alzheimer’s disease.
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/ \Izheimer’s disease (AD) is the most common of th
demential disorders, and it is increasingly prevalent in Y

was a diagnostic sign of AD. We undertook a study to
determine whether the posterior cingulate sign is useful in
differential diagnosis between AD and the various fronto-
temporal diseases (FTDs).

MATERIALS AND METHODS

Twenty patients with clinically diagnosed or autopsy-proven
(10 patients) AD; 20 patients with clinically confirmed or autopsy-
proven (7 patients) with one of the FTD entities, and 20 elderly
healthy volunteers underwent regional cerebral blood flow (RCBF)
SPECT with 740 MBg®®"Tc-hexamethylpropyleneamine oxime
(Ceretec; Amersham Health), using a triple-head camera (PRISM
3000; Picker) with fanbeam collimation (6.5 mm in full width at
half maximum). Fanbeam collimation correction was applied dur-
ing acquisition; data were further processed for attenuation and
postfiltration correctionsg(6).

Scan findings obtained from the 20 healthy volunteers were
interpreted as normal. The scans were placed into Talairach space
(7) and were then consolidated into a single reference image using
statistical parametric mapping, as described by Friston eBpl. (
with MEDx software (Sensor Systems). Scan data from the 20 AD
patients and the 20 FTD patients were individually placed in
Talairach space and individually compared with the reference
image. A table was constructed for each patient showisgores
expressed in terms & values;x, y, and z locations in mm; and
Talairach atlas locations. Statistically significant data were then
superimposed on standard MR images in transverse, coronal, and
3agittal projections.

Experimental results were tabulated as follows: Table 1 shows
e number of patients with AD and FTD in whom posterior
ulate RCBF reduction was identified. Also noted are the num-

aging population. However, recent publications have sug—ng

gested the pOS.SIb.I|Ity of effective trea.tmer]I—EB). These bers of patients who had undergone autopsy. Table 2 shows the
developments indicate the need for differential diagnostigagnostic performance of the posterior cingulate sign with respect
strategies to separate AD from the remainder of the demes-AD, together with 95% confidence intervals, which were cal-
tial diseases. An important observation was made Ryilated using a correction for continuity.

Minoshima et al. 4) in 1994 when they suggested that The appearance of the posterior cingulate si18) on RCBF
reduced tissue metabolism in the posterior cingulate cort8RECT scans is illustrated in Figure 1, which shows sets of
contiguous transaxial and sagittal sections. The location of the
posterior cingulate/retrosplenial area is indicated by arrows. Figure
2 is a set of transaxial sections from the study of a patient who was
initially thought to have FTD and who now has a clinical diagnosis
of probable AD. The use of the posterior cingulate sign in differ-
ential diagnosis is illustrated.
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TABLE 1
Identification of Posterior Cingulate Flow Deficits by
SPECT and Statistical Parametric Mapping

TABLE 2

Diagnostic Performance of Posterior Cingulate Sign

with Respect to AD

20 patients with AD 20 patients with FTD
PC No PC PC No PC
16 (6) 4(4) 1 19(7)

PC = posterior cingulate sign.

Autopsy specimens had been evaluated by commonly used
standards including those of the National Institute on Aging—
Reagan Institute, CERAD (Consortium to Establish a Registry for
Alzheimer's Disease), and the Braak—Braak Alzheimer Classifica-
tion and several specia stains including synaptophysin and
a-synuclein. To date, no tissue samples have been taken from the
posterior cingulate region.

A

95% Confidence

interval

Lower Upper

Proportion limit limit
Sensitivity: 16/20 = 80.00% 55.73% 93.39%
Specificity: 19/20 = 95.00% 73.06% 99.74%
Positive predictive value: 16/17 = 94.12%  69.24% 99.69%
Negative predictive value: 19/23 = 82.61% 60.45% 94.28%
% Correct: 35/40 = 87.50% 72.40% 95.31%

Likelihood ratio: 16.00 12.64 20.26

FIGURE 1. (A) Transaxial sections from a SPECT RCBF scan of a patient with autopsy-proven AD. Arrows indicate the posterior
cingulate/retrosplenial cortex. Additional areas of reduced flow are seen bilaterally in the posterior parietal regions. (B) Midline and
near-midline sagittal sections from the RCBF SPECT study of the same patient. Arrows indicate posterior cingulate and retrosple-

nial areas of reduced blood flow.

772  THE JourNAL oF NucLEAR MEeDICINE * Vol. 45 ¢« No. 5 « May 2004



RESULTS

RCBF deficits in the posterior cingulate are difficult to
visualize on *Tc-hexamethyl propyleneamine oxime scans,
even with 5 projections and a variety of color scales. To
improve identification of this potentially important diagnos-
tic sign and estimate its relative statistical significance, we
undertook the use of statistical parametric mapping, begin-
ning with a small group of individuals who were thought to
have AD and Lewy body disease. By comparing the group
image of these patients with the group image of a matched
group of elderly healthy controls (14), we showed the im-
portance of the posterior cingulate sign in identifying AD in
patients with AD and Lewy body disease. We then pro-
cessed individual scan data against a reference image com-
prising the scan data of 20 elderly healthy volunteers.

Figure 1A shows the appearance of the posterior cingu-
late sign in transaxial sections of a patient with autopsy-
confirmed early AD. In addition to the areas of significant
involvement in the inferior left and posterior right frontal
and temporal lobes, and in the inferior parietal regions
bilaterally, a posterior midline localization representing the

FIGURE 2. Selected transaxial sections
from the RCBF SPECT study of a 67-y-old
woman referred for imaging because of a
diagnosis of possible frontotemporal de-
mentia. The posterior cingulate sign is
present in the posterior midline. With con-
tinuing evaluation of the patient, her diag-
nosis is now probable AD.

posterior cingulate region is seen. Figure 1B is a complete
set of sagittal sectionsthat show involvement not only of the
posterior cingulate but aso of the retrosplenial region, ex-
tending to the posterior cortical midline. These images
represent the usual appearance of the positive posterior
cingulate sign on RCBF SPECT scan data processed with
statistical parametric mapping in the manner we have de-
scribed.

AsTable 1 indicates, weidentified the posterior cingulate
sign in 16 of 20 patients with clinical or autopsy-proven
AD. The 4 patients in whom the posterior cingulate was not
demonstrated had all undergone autopsy. It isinteresting to
note that 3 of these patients had tangle-predominant AD
(15), whereas 1 patient had AD of moderate extent, even
though the posterior cingulate sign was not apparent. Table
1 also shows that of individuals with clinical or autopsy
evidence of the presence of an FTD (16), 19 showed no
evidence of posterior cingulate flow deficits. However, the
sign was present in 1 of the 20 patients;, in Figure 2,
transaxial views of this patient’s scan show the sign as an
area of significantly reduced flow in the posterior midline.
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Further clinical follow-up of this patient made evident that
she indeed had probable AD, confirming the positive pos-
terior cingulate sign.

Table 2 shows the general performance of the posterior
cingulate sign with respect to sensitivity, specificity, and
positive and negative predictive values. Specificity and
positive predictive values are encouraging for these small
groups of patients. Of interest is the likelihood ratio of
16.00, which reflects the relative weight of the posterior
cingulate positive sign in the differentiation of AD
from FTD.

DISCUSSION

With the apparent advent of effective treatment for AD,
differential diagnosis between AD and other entities such as
the FTD group will be important. We have tested the
posterior cingulate sign as amarker of AD in SPECT RCBF
studies by comparing images of a group of 20 clinically
diagnosed or autopsy-proven patients with AD and a group
of 20 clinically diagnosed or autopsy-proven patients with
FTD with areferenceimage of 20 elderly healthy volunteers
using statistical parametric mapping. Interesting results
have been obtained.

CONCLUSION

RCBF in the posterior cingulate/retrosplenial region is
often significantly reduced in the presence of AD. However,
the sign was not positive in the 3 cases of tangle-predomi-
nant AD in our series of 101 autopsied patients. Otherwise,
the presence of the posterior cingulate sign helps to differ-
entiate between AD and FTD.
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