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Regional Correlation of PET and CT in Senile Dementia of 
the Alzheimer Type 
Mony J . de Leon,' Ajax E. George,2 Steven H. Ferris ,' Shelley Rosenbloom ,2 David R. Christman ,3 
Cynthia I. Gentes, ' Barry Reisberg, ' Irvin I. Kricheff, 2 and Alfred P. Wole 

Alzheimer disease is manifested by both widespread and 
regionally restricted brain changes, some of which have recently 
been identified in vivo with computed tomography (CT) and 
positron emission tomography (PET). This is a report of the 
regional correlation of CT and PET measurements in 19 carefully 
diagnosed subjects comprising 11 controls and eight patients 
with senile dementia of the Alzheimer type. Regional CT atten­
uation values did not discriminate between the two groups, but 
PET using 18F-2-deoxy-2-fluoro-D-glucose demonstrated signifi­
cant regional reductions (range, 21 %-28%) in glucose utilization 
in the Alzheimer group. PET measures were also more consis­
tently related to cognitive decline. The correlation between CT 
structural measures and PET metabolic measures demonstrated 
consistent relations between widespread PET regions and CT 
changes in the thalamus, posterior limb of the internal capsule, 
and temporal lobes. However, CT changes in the frontal white 
matter, caudate nucleus, and anterior limb of the internal capsule 
were not related to any regional PET changes. These data 
support previous findings of temporal lobe involvement in Alz­
heimer disease and suggest the involvement of structures in the 
region of the third ventricle. 

Histopathologic studies have revealed that senile plaques, neu­
rOfibrillary tangles, and granulovacuolar degeneration are more 
likely to be found in the brains of patients with senile dementia of 
the Alzheimer type (SOA T) than in age-matched cognitively norm al 
controls [1 - 3]. Recent studies have also provided preliminary evi­
dence for selective reg ional neuronal losses in SOAT. Terry et al. 
[4] and Mountjoy et al. [5] found reductions in the larger-sized 
neurons, especially in the frontal and temporal cortex. Whitehouse 
et al. [6] reported significant neuronal loss in the nucleus basalis of 
Meynert. Other recent experimental evidence has indicated that 
lesions in this group of basal forebrain ce lls produce substantial 
and widespread reductions in cortical levels of choline acetyltrans­
ferase. Thus, a subcortical lesion may account for some of the 
cholinerg ic and intellectual dysfunction s characteri st ic of SOAT [7]. 

Gross pathologic evaluations of SOAT patients have demon­
strated frontal and temporal shrinkage of the cerebral convolutions 
with widening of the cortical su lc i and ven tricular dilatation [8] . 
However, these atrophic changes are not spec ifically diagnostic for 
SOAT. Computed tomography (CT) has revealed ventricular and 
sulca l enlargements associated with increasing cog nitive impair-

ment [9, 10]. A review of CT studi es of SOAT [11 ] conc luded that 
ventricular changes are more prom inent than sulca l changes. In 
addi tion, there has been some recent CT evidence for reg ionally 
specific brain changes in SOA T. In a study of d ifferent CT scan 
evaluation strategies [9], the width of the third ventric le was found 
to be the best linear ventricular correlate of degree of cog nitive 
impairment and also the best correlate of total ventricular vo lume 
[12]. 

Improved gray-matter I white-matter disc rimin ation is possible 
with modern CT equipment. Recen t studies have shown that atten­
uat ion changes in white matter are assoc iated with cog nitive im­
pairment in presenile Alzheimer disease [ 13] and SOAT [14 , 15]. In 
a study of reg ional CT attenuation changes in 35 SOA T pati ents 
[10] we found that decreasing thalamic attenuation values were the 
most consistent correlates of cogn itive decl ine. We also reported 
[1 5] that the subjec ti ve ability to disc rimin ate between gray matter 
and white matter in patients decreased with increasing impairment. 
The best ven tricular predictor of this parenchymal change was the 
width of the third ventric le. 

Positron emission tomography (PET) perm its for the first time in 
vivo reg ional biochemical evaluation of the human brain . Recent 
PET studies using several metabolic tracers have demonstrated 
decreases in brain metabolism in SOA T relative to controls [1 6 -1 8] 
and have also shown correlations between metabolic diminution 
and cognitive impairment. 

Thus, in SOAT, corre lations between altered structure and be­
havior have been shown by CT and corre lations between altered 
metabolic function and behavior have been shown by PET. We 
report the first combined use of CT and PET (g lucose metabolism) 
in the regional analysis of structure-function relations in the brain . 

Subjects and Methods 

Nineteen subjects between 60 and 85 years of age received 
medical, neurolog ic, psychiatri c, and neurorad iologic examination. 
Of these, eight were c linica lly d iagnosed as having SOA T (mean 
age, 72.6 ± 2.5); the other 11 were diagnosed as normal and 
served as control subjec ts (mean age , 67.9 ± 2.3). The age 
difference between two groups was not stati st ically sign ificant. 

CT studies were conducted at NYU Med ical Center using a GE 
CT IT 8800 scanner. The CT images were obtained with standard 
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Fi9. 1 .- A, Representative PET scan depicts regions of brain sampled for 
metabolic study. B, Representative CT scan depicts regions of brain evalu­
ated in structu ral attenuation study. 

TABLE 1: Regional Di fferences in PET and CT Brain Measures 
between SDA T Patient s and Contro ls 

Difference (% ) 

Brain Region Sampled 
PET: Glucose Metabolism CT: Structu ral Attenuation 

Frontal lobe: 
R 
L 

Caudate nucleus: 
R 
L 

Thalamus: 
R 
L 

Temporal lobe : 
R 
L 

Internal capsule:t 
An terior limb: 

R 
L 

Posterior limb: 
R 
L 

Wh ole slice :j: 

- 24 ' -2 
-24 ' -3 

- 23 ' + 2 
-27* - 2 

-25 ' -2 
-28 ' - 2 

-21 • - 6 
- 22 ' -7 

+5 
+2 

- 2 
- 2 

-25 ' 

Nole.- The study group comprised eight patients with seni le dementia of the Alzheimer 
Iype (SDAT) and 11 normal conlrols. R = r ighl: L = lefl . 

• P '" 0 .05. 
t CT only. * PET only. 

kilovoltage and milliamperage settings and a scan time of 9 .6 sec . 
The spat ial resolution was 1 mm x 1 mm x 10 mm. No contrast 
agents were used . 

PET studies using 18F-2-deoxy-2-fluoro-O-g lucose (FOG) and a 
PETT III scanner were conduc ted at the Brookh aven National Lab­
oratory. The intr insic spatial reso lution of the PETT III is 1 .7 cm x 
1.7 cm x 1.7 c m, fu ll-width-half-maximum. Each patient rece ived 
an intravenous bolus of 5-1 0 mCi (185- 370 MBq) FOG in the arm 
contralateral to the one from which arterial or arteria lized venous 
blood was sampled . Scanning began after a 30 min tracer uptake 
period during which the subjects rested quietl y in the dimly lit scan 
room. With PET III and FOG, each scan takes 9 - 12 min. At least 
five scans were obtained for each pat ient. 

TABLE 2: Pearson Correlations of Regional PET and CT Brain 
Measures with Mental Status and Age 

PET: Glucose Melabolism CT: Structural Attenuation 
Brain Region Sampled 

MSQ Age MSQ Age 

Fron tal lobe: 
R . . . -0.56 ' -0.17 - 0.29 -0.28 
L -0.58 ' - 0 .27 -0.45 ' - 0 .29 

Caudate nucleus: 
R - 0 .57* - 0.34 - 0.11 -0.07 
L - 0.5 1 - 0 .33 -0.31 - 0.27 

Thalamus: 
R -0.56 ' -0.22 -0.49 ' - 0.30 
L -0.57* - 0 .32 - 0.34 -0.30 

Temporal lobe: 
R -0.40 ' - 0 .12 - 0.48 ' -0.43 ' 
L - 0.49 ' - 0 .12 -0.51 • -0.36 

Internal capsule:t 
Anterior limb: 

R 0.04 0. 14 
L - 0 .16 0.10 

Posterior limb: 
R -0.43 ' - 0.44 ' 
L -0.27 - 0 .16 

Whole slice :j: - 0 .58 ' - 0.21 

Note. - The 19 member study group comprised eight patients with Alzheimer d isease 
and 11 normal controls. MSQ = Mental Status Questionnaire; R = ri ght ; L = left. 

• P '" 0 .05. 
t CT only. * PET only. 

Pati ents were posi tioned in both the CT and PET scanners using 
the same model head holder and three identically aligned laser 
lights. Photog raphs were taken of the laser- lighted patient in th e CT 
scanner to replicate the same head position ing in the PET scanner. 
All scans were taken parallel to the canthomeatal line at 10 mm 
intervals. 

PET and CT scans from the basal ganglia level of th e brain were 
matched using information from th e recorded table positions and 
from the subjective alignment of slice features. In computing rates 
of glucose utilization, reg ions of interest on the PET scans were 
identified by their locations relative to th e center of the image on 
the correspond ing CT scans. The reg ions sampled for th e PET 
study were as follows: frontal white matter, head of caudate nuc leus 
(probably inc luding some anterior limb of the intern al capsule), 
thalamus (possibly inc luding some posterior limb of the internal 
capsule), and temporal lobe (posterior to the sylvian fi ssure and 
lateral to the atrium of the lateral ventr ic les) (fi g. 1 A). The PET 
measures also inc lude the average whole slice metabolic rate. 
Because of the relative resolution differences of CT and PET, the 
reg ions sampled for the attenuation analys is were smaller and 
anatomically more homogeneous than the PET reg ions. The CT 
regions, in addition to th ose encompassed by the PET scan, in­
c luded the anterior and posterior limbs of the internal capsule (fig . 
1 B). 

Results 

All mean regional glucose utilization values were significantly 
lower in the SOA T patients than in contro ls. The reg ional diffe rence 
between the two groups ranged from 21 % to 28%. These reg ional 
changes are comparable to those found in our larger PET study (n 

= 44 ; de Leon et aI. , also reported in this issue), indicating that this 
sample of pat ients and contro ls is representat ive of our larger 
series. However, reg ional CT attenuat ion data refl ected no diffe r­
ences between SOAT patien ts and normal controls (table 1). 
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TABLE 3 : Pearson Correlations between Regional PET and CT Brain Measures 

Region of Brain Studied by CT for Structural Change 

Region of Brain Studied by 
Frontal Lobe Caudate Nucleus Thalamus Temporal Lobe AnI. Internal Capsule Post. Internal Capsule 

Significance 
PET for Metabotic Change (% ) 

R L R R L R L R L R L 

Frontal lobe: 
R 0 .21 0 .31 0 .24 0 .29 0.45 " 0.55 " 0 .73" 0 .67" 0 .17 0 .20 0.49" 0.55' 50 
L 0.16 0 .25 0.17 0 .23 0.41 ' 0.49 ' 0 .69' 0 .65" 0.12 0 .13 0.49' 0.5 1 ' 50 

Caudate nucleus: 
R 0 .19 0 .27 0 .31 0 .29 0.39' 0.54' 0 .64' 0 .58' 0 .2 1 0.27 0 .53' 0.57' 50 
L 0 .11 0 .17 0 .18 0 .24 0 .32 0.45' 0.64' 0 .56' 0 .14 0.22 0 .51 " 0 .51 ' 42 

Thalamus: 
R 0 .18 0 .20 0 .22 0 .21 0.43 " 0 .52" 0.53' 0.50" 0.12 0 .17 0.46' 0.48' 50 
L 0.07 0.11 0 .12 0.13 0.31 0 .44' 0 .51 ' 0.45" 0 .05 0.15 0 .39 0.46' 33 

Temporal lobe: 
R 0 .15 0 .21 0.18 0.20 0 .44" 0.48 " 0 .58' 0 .51 " 0.11 0 .14 0.41 0.57' 42 
L 0 .04 0 .13 0 .08 0.06 0. 35 0 .39 0 .46 " 0.45 ' 0.04 0.05 0.37 0.49' 25 

Whole slice 0.19 0 .23 0 .20 0 .23 0.46 ' 0 .52' 0 .58 " 0.48 " 0.08 0.15 0.46' 0.51 ' 50 
Significance (% ) 0 0 0 0 67 89 100 100 0 0 67 100 

Note.- The 19 member study group compri sed eight patients with Alzheimer disease and 11 normal controls. R = right ; L = le ft. 
• p :s 0 .05 . 

Th e correlations of CT and PET measurements with the Mental 
Status Questionnaire [19) are found in table 2. For CT the most 
consistent correlation between structural attenuation and mental 
status was in the region of the temporal lobes. For PET, highly 
significant corre lat ions were found between each of the regional 
glucose utilization measures and the mental status measure. The 
correlation with age was negligible for th e reg ional PET measures 
but somewhat more significant for some CT reg ions. 

The correlations between CT and PET reg ions of interest are 
found in table 3 . The varying numbers (percentages) of PET meta­
bolic measures that are correlated with the respective CT structural 
attenuation values reflect reg ional differences in the struc ture-func­
tion relation. CT structural changes in the thalami, temporal lobes, 
and posterior limbs of the internal capsu le were consistently related 
to widespread reg ional PET metabolic changes. Structural atten­
uation changes in the frontal white matter, the head of the caudate 
nucleus, and the anterior limbs of th e intern al capsule were not 
associated with metabolic changes. The most consisten t regional 
correlations between CT structural attenuation changes and PET 
metabolic changes were found in th e temporal lobes. No single PET 
region was consistently assoc iated with widespread CT structural 
change. 

Discussion 

Postmortem neuropatholog ic studies have demonstrated wide­
spread structural and neurochemical changes associated with Alz­
heimer disease. While there is pathologic evidence for reg ional 
brain changes in SOAT, many of these find ings are preliminary and 
some are contradictory. Moreover, pathologic studies of SOAT have 
not specifica lly examined the reg ions adjacent to the third ventric le. 

Our recent CT and PET studies [9, 14-16) suggested indepen­
dently the possible c linical importance of structural and metabolic 
changes in areas adjacent to the third ventric le (i.e. , the thalamus). 
The present study confirms those observat ions. These data also 
show a correlation between thalamic CT attenuat ion and wide­
spread reduction in brain metabolic ac tivity. Furthermore, structural 
changes in the posterior limbs of the internal capsule and in the 
temporal lobes are consistently associated with reduced metabolic 
activity in the corti cal and subcortical reg ions. 

The structure-function relations described here are merely cor­
relational and do not necessarily imply that struc tural changes 

cause the decreased metabolic act ivity in SOAT. However, Carpen­
ter [20) has observed that the thalamus is the key to understand ing 
the functional organizat ion of the cen tral nervous system . Thalamic 
functions inc lude regulation of cortica l elec trica l act ivity, the d istri­
bution of afferent input to the cortex, and integration of motor 
functions via relays between the basal ganglia/ motor cortex and 
cerebellum . It is intrigu ing but speculative at thi s point to suggest 
that th e anatomic and metabolic changes reported here ref lec t 
impairment of some of these func tions or re lated pathways . Our 
results do. however, suggest the general involvement of st ructures 
in the reg ion of the third ventric le and indicate the need for further 
in vivo and pathologic study. 
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