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Abstract

The main objective of the present study was to evaluate the diagnostic
value (clinical application) of brain measures and cognitive function.
Alzheimer and multiinfarct patients (N = 30) and normal subjects over
the age of 50 (N = 40) were submitted to a medical, neurological and
cognitive investigation. The cognitive tests applied were Mini-Men-
tal, word span, digit span, logical memory, spatial recognition span,
Boston naming test, praxis, and calculation tests. The brain ratios
calculated were the ventricle-brain, bifrontal, bicaudate, third ven-
tricle, and suprasellar cistern measures. These data were obtained
from a brain computer tomography scan, and the cutoff values from
receiver operating characteristic curves. We analyzed the diagnostic
parameters provided by these ratios and compared them to those
obtained by cognitive evaluation. The sensitivity and specificity of
cognitive tests were higher than brain measures, although dementia
patients presented higher ratios, showing poorer cognitive perfor-
mances than normal individuals. Normal controls over the age of 70
presented higher measures than younger groups, but similar cognitive
performance. We found diffuse losses of tissue from the central
nervous system related to distribution of cerebrospinal fluid in demen-
tia patients. The likelihood of case identification by functional impair-
ment was higher than when changes of the structure of the central
nervous system were used. Cognitive evaluation still seems to be the
best method to screen individuals from the community, especially for
developing countries, where the cost of brain imaging precludes its
use for screening and initial assessment of dementia.
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Introduction

In 1942, Evans (1) developed a ratio of
linear measures to quantify the amount of
ventricular enlargement in the pneumoen-
cephalogram. With the advent of computer
tomography scanning (CT) and magnetic

resonance imaging (MRI), several similar
measures were developed. The most com-
monly used ones are the intercaudate dis-
tance (CC), the bifrontal distance (FH), and
some estimates of brain width to correct for
overall brain size.

Many studies have explored differences
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in the bicaudate and bifrontal measures be-
tween various patient groups and normal
controls. Some investigators studied the ef-
fects of aging on the volume of the basal
ganglia in individuals with Down syndrome
(DS) and the relationship between basal gan-
glion volumes, neuropsychological test per-
formance, and dementia status. DS subjects
showed larger putamen volumes despite sig-
nificantly smaller total brain volumes. The
association between neuropsychological test
performance and dementia status in the DS
subjects appeared to be a reflection of
neurodevelopmental or atrophic reductions
in overall brain volume rather than a reflec-
tion of specific basal ganglion abnormality.
The results suggested that volume reduc-
tions of the basal ganglia are not a salient
feature of aging or of the dementia associ-
ated with DS (2).

Clinical and neuropathological evalua-
tion of elderly subjects with dementia has
been traditionally based on focal signs of
brain disease. The clinical observation of
severe memory impairment in patients with
Alzheimer�s disease and localization of se-
nile plaque and neurofibrillary tangle forma-
tions in hippocampi implicate focal tempo-
ral lobe pathology and help to explain severe
memory dysfunction (3). The suprasellar cis-
tern (SSC), an area at the base of the brain, is
assumed to reflect the integrity of its sur-
rounding structures, which include the amyg-
dala, hippocampus, entorhinal cortex, or-
bital and straight gyri of the frontal lobe,
pons and midbrain. Measures of the SSC
may reflect the extent of atrophy in the struc-
tures that surround it, primarily in the medial
temporal lobes (3) and possibly in basal
forebrain and brainstem structures.

The application of brain measure ratios
depends on appropriate rater training and
knowledge of the normal variability of the
population under study. Although these ra-
tios are used to enhance diagnostic accuracy,
the lack of adequate diagnostic evaluations
of this method makes it uncertain. Develop-

ing countries should invest in procedures
like this only after all aspects of their use
have been properly defined and shown to be
relevant especially in terms of clinical appli-
cation.

Variables other than diseases, such as
age, nutrition, socioeconomic conditions
(education), and environmental characteris-
tics (rural and urban area), may produce
significant ratio differences among groups
of the same population (4).

The main purpose of the present study
was to investigate the diagnostic value of
brain ratios (sensitivity and specificity) and
compare it to neuropsychological evalua-
tion. Cerebral ratios from CT scans, as well
as cognitive function, were obtained from
dementia patients and normal aged subjects
to detect and quantify the influence of aging
and dementia in a Brazilian sample. Sex,
educational level, age, socioeconomic and
health conditions were recorded to analyze
their relations to brain structure and func-
tion.

Subjects and Methods

The patient group was composed of 30
subjects, 17 Alzheimer�s disease (8 males, 9
females; age range, 54 to 89 years) and 13
multiinfarct (7 males, 6 females; age range,
50 to 74 years) from the Dementia Outpa-
tient Clinic of Hospital de Clínicas de Porto
Alegre. The diagnostic criteria for Alz-
heimer�s disease were those of the National
Institute of Neurological and Communica-
tive Disorders and Stroke (5), and the crite-
ria for vascular dementia (multiinfarct) clas-
sification were those of NINDS-AIREN (6),
Gustafson (7) and the Hachinski ischemic
score (8). All patients had a mild degree of
dementia according to the Blessed scale (9)
(scores of less than 10). The complete evalu-
ation of cases followed a standard protocol
used in this clinic (10), where CT scans are
part of the investigation.

The normal group consisted of 40 com-
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munity subjects (19 males, 21 females, mean
age 65 years, range 51 to 90) without any
chronic, neurologic or psychiatric symptoms.
They answered a call for healthy subjects
over the age of 50 for the present study. The
subjects were submitted to a standardized
interview (11) and examination for the de-
termination of their medical, neurological
and psychiatric conditions. Subjects selected
after complete evaluation were submitted to
a CT scan without administration of intrave-
nous contrast (12).

The sample was divided into three groups
according to age for the analysis of normal
aging. Group 1 consisted of 15 subjects 50 to
60 years old, group 2, of 13 subjects 61 to 70
years old, and group 3, of 12 subjects 71 to
90 years old. Research assistants performed
the neurological and physical examination
of all participants. Fourteen percent of de-
mentia patients presented normal neurologi-
cal examination, 43% soft signs, 7% local-
ized deficit and 29% diffuse, severe abnor-
malities. Volunteers had normal neurologi-
cal performances. The physical examination
did not reveal abnormalities in any of the
participants (dementia and controls). All pa-
tients and normal controls were right handed.

A battery of memory, language, visuo-
spatial abilities, calculation, abstraction,
praxis and gnosis tests (10,13) were applied
to assess cognition, with the Mini-Mental
state examination included (14). Copying
the pictures of a house and a clock (15) was
used to evaluate visuo-constructional abili-
ties. We applied an adapted version of the
Boston naming test (16) to check this lan-
guage function. The spatial recognition span
test (17) was used to test visual memory
span. Mini-Mental scores were used to evalu-
ate the severity of cognitive deficit. Moder-
ate impairment scores were from 10 to 17,
and severe from zero to 10 (14).

We applied the Bronfman scale (18) for
classification of sociocultural status. This
scale was developed for epidemiological re-
search in Brazil, and was based on the indi-

vidual/family salary (minimum wages), type
of activity (entrepreneurs, liberal profession-
als, employees, etc.), and house conditions
(light and sewage), among other socioeco-
nomic parameters. Classes may range from
lower low to upper high, representing 9 dif-
ferent groups. Subjects belonged to the up-
per low (uL), lower, middle and upper middle
(lM, M, uM) classes, indicating the middle
to low social background origin of the sample,
similar to the general population of the area.
Dementia patients were distributed as fol-
lows: uL, 12%; lM, 35%; M, 35%, and uM,
19%. Frequencies among normal controls
were: uL, 16%; lM, 43%; M, 27%, and uM,
14%. Normal volunteers grouped by age
were distributed as follows: age 1: uL, 27%;
lM, 27%; M, 33%, and uM, 13%. Age 2: lM,
39%; M, 39%, and uM, 23%. Age 3: uL,
22%, and lM, 78%.

The Committee for the Ethics in Re-
search of Hospital de Clínicas de Porto Alegre
approved the research project and all partici-
pants gave signed consent after the nature of
the procedures had been fully explained.

Brain ratios were determined from CT
scans using a standard technique (12,19,20)
by measuring distances and areas of some
regions of interest adjusted to brain size. The
measures used were the ventricle-brain
(VBr), bicaudate (BCr), bifrontal (BFr), su-
prasellar cistern (SSCr), and third-ventricle
(IIIVr) ratios. BCr is CC divided by the
distance between the inner tables of the skull
at CC, and BFr is FH divided by the distance
between the inner table of the skull at the FH
line (21-26). SSCr is the area of the suprasel-
lar cistern divided by the brain area (at the
level of frontal horns) (19,27). VBr was
obtained by dividing the lateral ventricle
area by the brain area (at the same level)
(28).

The CT scans (without contrast) were
obtained with a clinical scanner (Siemens,
São Paulo, SP, Brazil, Somatom DR). The
CT density number scale was -1000
Hounsfield units for air and zero for water.
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The scans were obtained approximately 15o

to the canthomeatal line starting at the level
of the chiasmatic cistern and proceeding to
the level of the superficial sulci at the vertex.
We obtained approximately 12 slices per
subject (8 mm thick). The radiologist who
performed the exams was blind to diagnosis
of subjects.

Data were analyzed statistically by the
Student t-test for independent samples, one-
way ANOVA followed by the Tukey test
and MANOVA with covariance and multi-
variate procedures (29,30). All variables were
submitted to a pegboard test (normal prob-
ability plot) before being analyzed by
MANOVA (30). MANOVA coefficients (re-
verse Helmert) were used for the identifica-
tion of differences (a positive coefficient
expresses greater mean among the class fac-
tor of higher order). Sensitivity and specific-
ity analysis of brain ratios, as well as the
Mantel-Haenszel chi-square test (Yates cor-
rected and exact confidence limits due to the
small size of the sample) were applied to
patients with dementia and aging patients
(31,32). Cutoff points for brain ratios were
obtained by analysis of Gaussian distribu-
tions for multiples of the median (the ob-
served measure was divided by the expected
value, controlled for age) and receiver oper-
ating characteristic curves (33).

Results

Table 1 shows the analyses of brain ra-
tios controlled for the age effect for demen-
tia and normal controls. All but SSCr were
higher in dementia patients. Bi-caudate, bi-
frontal and ventricle-brain ratios presented
salient magnitudes among dementia subjects,
but not among normal individuals, suggest-
ing more diffuse, telencephalic and dien-
cephalic losses of tissue from the CNS of
dementia patients.

Brain ratios from Alzheimer and vascu-
lar patients were not significantly different
(MANOVA, age controlled). Covariance a-

nalysis showed significant regression of VBr
(B = 0.177, beta = 0.427, P = 0.001), IIIVr (B
= 0.018, beta = 0.458, P = 0.000), SSCr (B =
0.034, beta = 0.326, P = 0.011), and BCr (B
= 0.225, beta = 0.555, P = 0.000) with age.

Performances in the Mini-Mental test
were different between groups, and were
impaired in dementia patients (Alzheimer
and vascular). The range of scores within the
dementia groups suggested moderate to se-
vere levels of impairment (34). Alzheimer
patients presented lower scores than multi-
infarct patients. The analysis of cognitive
performance between subgroups of patients
defined by Mini-Mental cutoffs demonstrated
significantly lower performance for digit
span, famous faces, visual recognition, nam-
ing, abstraction and calculation among se-
verely impaired patients than among moder-
ately impaired patients, regardless of diag-
nosis (MANOVA, P<0.05).

Age, educational level (one-way ANOVA
followed by the Tukey test, P>0.05) and
social conditions (Mantel-Haenszel chi-
square with Yates correction, P>0.05) were
similar for all groups.

Brain ratios were compared among nor-
mal aging subjects (Table 2). The BCr was
significantly different among the 3 groups,
with the oldest, group 3, having higher di-
mensions than group 2, which had higher
dimensions than group 1. Age group 3 (older
subjects) presented higher third ventricle and
suprasellar ratios than groups 1 and 2, while
no differences were observed between the
latter two groups in these measures. VBr and
BFr were similar for all age groups.

The suprasellar cistern ratio did not dif-
fer between dementia and controls, or a-
mong age groups and dementia patients (as
the fourth class of factor) by a multivariate
MANOVA (Table 3).

No difference was found in brain meas-
ures analyzed on the basis of health condi-
tions (MANOVA, P>0.05) controlled for
age. Social conditions, tested by recoding
the four social classes of the sample into two
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(1 = upper low and lower middle; 2 = middle
and upper middle), showed a significant ef-
fect on SSCr (F = 4.51203; P = 0.038; coef-
ficient = 0.370767), while VBr, IIIVr, BFr,
and BCr did not (F = 1.53198, P = 0.219; F =
0.15887, P = 0.692; F = 1.10917, P = 0.297;
F = 0.45959, P = 0.501, respectively). We

did not observe any further effect of age or
social conditions on brain ratios (VBr: F =
1.67192, P = 0.184; IIIVr: F = 1.36200, P =
0.264; SSCr: F = 0.51732, P = 0.672; BFr: F
= 1.04661, P = 0.380; BCr: F = 0.78754, P =
0.506).

The scores for the Mini-Mental test were

Table 1 - Brain ratios obtained for dementia patients and normal controls (MANOVA F-values, coefficients of
the two-level factor comparison, and P value).

Results are reported as means ± SD. VBr: Ventricle brain ratio; BFr: bifrontal ratio; BCr: bicaudate ratio; IIIVr:
third ventricle ratio; SSCr: suprasellar cistern ratio.

Ratios Dementia (Group 1) Controls (Group 2) F Coefficient level 1 P value

VBr 12.28 ± 4.9 9.78 ± 3.2 8.37494 -2.8042599 0.005

BFr 35.85 ± 4.7 31.93 ± 4.1 15.88289 -4.4328615 0.000

BCr 16.67 ± 4.6 13.45 ± 3.4 16.37103 -3.5336548 0.000

IIIVr 1.01 ± 0.5 0.80 ± 0.3 6.36013 -0.23139952 0.014

SSCr 4.96 ± 1.2 4.68 ± 0.8 1.93819 -0.35419506 0.169

Table 2 - Brain ratios obtained for normal controls: age groups (MANOVA multivariate F-values, coefficients of
each two-level factor comparison with significance, and P value for the 3 levels).

Results are reported as means ± SD. Age 1: 50-60 years; age 2: 61-70 years; age 3: 71-90 years; VBr: ventricle
brain ratio; BFr: bifrontal ratio; BCr: bicaudate ratio; IIIVr: third ventricle ratio; level 1: comparison between age
1 and age 2; level 2: comparison between age 3 and ages 1 and 2.

Variable  Age 1  Age 2  Age 3  F Coefficient P value

Level 1 Level 2

VBr 8.63 ± 2.40 9.46 ± 2.66 11.49 ± 4.81 2.22333 0.3747 (0.773) 2.5376 (0.049) 0.124

BFr 30.98 ± 4.08 31.17 ± 4.64 34.05 ± 4.29 1.70060 -0.0319 (0.076) 2.9593 (0.985) 0.198

BCr 11.01 ± 2.46 14.64 ± 2.25 15.62 ± 4.60 6.80377 2.8602 (0.024) 2.9947 (0.015) 0.003

IIIVr 0.66 ± 0.18 0.78 ± 0.30 1.07 ± 0.46 5.28714 0.1131 (0.364) 0.3558 (0.005) 0.010

Table 3 - Suprasellar cistern ratios (SSCr) for the dementia and age groups of normal controls (MANOVA
multivariate F-values, coefficients of each two-level factor comparison with significance and P value of the 3
levels).

Results are reported as means ± SD. Age 1 = 50 to 60 years; Age 2 = 61 to 70 years; Age 3 = 71 to 90 years;
SSCr: suprasellar cistern ratio; level 1: comparison between age groups 1 and 2; level 2: comparison between
age group 3 and groups 1 and 2; level 3: comparison between dementia group and age groups 1, 2 and 3.

 Age 1  Age 2  Age 3 Dementia F Coefficient P value

Level 1 Level 2 Level 3

SSCr 4.31 ± 0.71 4.69 ± 0.69 5.25 ± 0.95 4.96 ± 1.23 2.225 0.3798 0.753 0.248 0.095
(0.318) (0.053) (0.340)
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similar for age groups 1, 2, and 3 of normal
controls, but were significantly lower among
dementia patients (Alzheimer and vascular).
Complete cognitive evaluation showed no
significant differences between age groups.
This indicates normal cognitive function in-
dependent of changes in brain size produced
by aging.

Neuropsychological evaluation showed
marked differences in all cognitive tests be-
tween dementia and normal controls by
MANOVA controlled for age and educa-
tion. Dementia patients presented lower
scores in the cognitive tests. Comparisons
between the Alzheimer and multiinfarct
groups demonstrated (Table 4) significantly
lower test performances for the first group.

Covariance analysis showed significant
regressions between years of schooling and
Mini-Mental state examination (B = 0.389,
beta = 0.336, P = 0.010) and calculation (B =
0.091, beta = 0.259, P = 0.043). Age was
correlated with digit span (B = -0.054, beta =
-0.281, P = 0.036), word span (B = -0.050,
beta = -0.325, P = 0.015), calculation (B =
-0.052, beta = -0.341, P = 0.009), copy of the
house (B = -0.023, beta = -0.291, P = 0.031),
and copy of the clock (B = -0.032, beta =

-0.374, P = 0.005). The other tests did not
present significant regressions for age and/
or schooling.

Diagnostic value of ratios and
neuropsychological evaluation

Cutoff values for brain ratios obtained by
Gaussian distribution of multiples of the
median were: 1) VBr: 12.00, 2) BCr: 15.00,
3) BFr: 34.00, 4) IIIVr: 1.00, and 5) SSCr:
5.00.

The sensitivity and specificity of the ra-
tios are shown in Table 5. The sensitivity of
the brain ratios was low for all measures,
although specificity was higher. This was
observed especially when dementia patients
were compared to control age group 1
(younger individuals) (Table 6).

We evaluated the correlation of the diag-
nosis of dementia with the brain ratios by the
Mantel-Haenszel chi-square test with Yates
correction. Each brain measure was tested
individually and was followed by stepwise
analysis (32) (Table 7). Individual analysis
presented higher associations between BCr,
BFr and IIIVr with the diagnosis of demen-
tia, and the stepwise analysis showed an

Table 4 - Results of the neuropsychological evaluation (Alzheimer, multiinfarct and normal volunteers) reported as mean ± standard deviation
(controlled for age and years of education) (MANOVA F-values, coefficients of the two-level factor comparison, and P value).

Coeff = Coefficient; DS = digit span; MM = Mini-Mental; WS = word span; FF = famous faces; SRS = spatial recognition span; Calc = calculation;
Abst = abstraction; Ideom = ideomotor. *Comparison between Alzheimer and multiinfarct patients; **comparison between dementia (Alzheimer
and multiinfarct together) and normal controls.

Tests  Alzheimer  Multi-infarct Control F* Coeff* P value* F** Coeff** P value**

(Group 1) (Group 2) (Group 3)

DS 2.44 ± 1.99 4.50 ± 2.07 7.16 ± 1.88 4.4375 1.7593 0.047 50.8648 3.8585 0.000
MM  9.44 ± 7.02 18.90 ± 6.85 27.76 ± 3.00 9.2672 7.9335 0.006 80.5013 13.5946 0.000
WS 2.25 ± 1.48 3.80 ± 1.93 6.32 ± 1.45 4.0629 1.4468 0.056 59.7205 3.8585 0.000
FF 6.19 ± 3.87 10.50 ± 4.50 18.54 ± 2.04 4.8944 3.8546 0.038 129.741 10.4922 0.000
SRS 3.13 ± 2.58 6.90 ± 3.14 10.24 ± 2.95 8.2962 3.2396 0.009 38.6161 5.1544 0.000
Calc 1.56 ± 1.03 2.50 ± 0.71 3.68 ± 0.67 7.7087 1.8590 0.011 56.9089 1.6959 0.000
Abst 1.87 ± 1.09 2.50 ± 0.85 4.95 ± 0.23 8.1606 1.5052 0.009 85.7379 2.2009 0.000
Naming 12.69 ± 6.99 19.40 ± 6.43 24.57 ± 0.60 4.3546 5.9908 0.049 43.8675 8.9049 0.000
House 1.94 ± 1.69 4.20 ± 1.81 8.32 ± 1.33 4.5282 0.7562 0.045 144.967 5.1777 0.000
Clock 0.75 ± 1.00 2.40 ± 1.58 3.00 ± 0.00 3.1156 0.8332 0.091 14.1772 0.8723 0.000
Ideom 2.25 ± 1.29 3.40 ± 1.27 5.00 ± 0.00 1.3782 0.4899 0.253 53.9902 3.546 0.000
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increase of association with dementia, with
an odds ratio of 6.30 (Mantel-Haenszel odds
ratio, with exact confidence limits).

We used the same technique to analyze
the association of cognitive performance with
dementia, whose cutoffs were previously
studied for detection of dementia produced
by organic diseases (i.e., Alzheimer, vascu-
lar, Parkinson, etc.) (11). We applied a mul-
tiple parallel strategy for test positivity (50%
+ 1 tests should be positive, i.e., below cut-
off) to identify positive individuals for cog-
nitive deficit (11,35). The association ob-
served by this method was higher, as also
was the odds ratio (Table 7). The sensitivity
of cognitive performance was 87% and the
specificity 98%.

To increase the effectiveness of the par-
allel strategy we mixed cognitive tests and
brain ratios; however, sensitivity, specificity
and odds ratio were lower than cognitive
tests alone (Table 7). Sensitivity was 76%
and specificity 90%.

Discussion

CT and MRI, which are currently the
most commonly used imaging techniques,
provide optimal visualization of brain im-
ages. CT and especially MRI should recog-
nize and differentiate the changes seen in
normal aging from pathological brain anoma-
lies. However, those demonstrated by CT
and MRI in the most commonly encountered
types of dementia are still poorly specific
and never pathognomonic. Some authors
have suggested that CT and MRI should be
promptly performed in demented patients in
order to rule out diseases curable by surgery,
which CT and MRI demonstrate particularly
well (36), although they infrequently cause
dementia.

The present results suggest diffuse losses
of CNS tissue, especially related to the dis-
tribution of cerebrospinal fluid (CSF) in de-
mentia patients. Ratios were higher in de-
mentia patients, except for the suprasellar

Table 7 - Analysis of brain measure correlations, individually and in a stepwise-
stratified way (dementia and controls).

Cognitive measures: Mini-Mental, digit span, word span, famous faces, calculation,
abstraction and praxis. Ratios + cognitive measures: combination of brain measures
(BFr, BCr, IIIVr) and cognitive tests in a multiple parallel way. c2 = Chi-square (Mantel-
Haenszel). OR (CL) = odds ratio and confidence limits. For abbreviations, see legend
to Table 1.

Measure  c2 P value OR (CL)

VBr 2.03 0.154 2.49 (0.76-8.34)
BFr 6.66 0.009 4.40 (1.37-14.42)
BCr 6.13 0.013 4.17 (1.30-13.63)
IIIVr 4.40 0.035 3.88 (1.08-14.80)
SSCr 3.11 0.077 2.91 (0.90-9.45)
BFr + BCr + IIIVr 5.96 0.014 6.30 (1.35-38.93)
Cognitive 36.48 0.000 80.50 (12.4-799.61)
Ratios + cognitive 33.56 0.000 64.17 (10.39-628.62)

Table 6 - Sensitivity and specificity of brain ratios
(dementia and controls by age groups).

1 - Dementia x age group 1; 2 - Dementia x age
group 2; 3 - Dementia x age group 3. For abbrevia-
tions, see legend to Table 1.

Ratio Sensitivity Specificity

1 2 3 1 2 3

VBr 44 44 44 87 77 56
BCr 61 61 61 93 54 67
BFr 68 68 68 80 69 44
IIIVr 43 43 43 93 92 56
SSCr 52 52 52 93 62 56

Table 5 - Sensitivity and specificity of brain ratios
comparing dementia patients to normal controls.

For abbreviations, see legend to Table 1.

Ratio Sensitivity Specificity

VBr 44 76
BCr 39 73
BFr 32 78
IIIVr 57 84
SSCr 48 73

cistern. The suprasellar cistern ratio is an
expression of mesial temporal lobe at the
level of the amygdala and entorhinal cortex
(27,37). The similarities observed between
the age and dementia groups suggest that
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either SSCr is not influenced by Alzheimer�s
or multiinfarct dementias, or the changes
produced by aging beyond a threshold (age
and/or tissue involvement) also include the
mesial temporal region. This second hypoth-
esis seems more appropriate and may sup-
port the conclusion of Kasahara and co-
workers (38) that some changes seemingly
representing physiological aging might be
promoted by pathologic processes.

Most studies employing CT demonstrate
highly significant increases in the distribu-
tion of CSF in patients with Alzheimer�s
disease (39). The regions that showed the
greatest difference were the lateral and third
ventricles (40,41) and parts of the temporal
lobe, such as the CSF areas around the Sylvian
fissures and the tips of the temporal horns
(42,43). Alzheimer�s, but not Huntington�s,
disease affects the suprasellar cistern (12),
suggesting that atrophy of the frontal-tempo-
ral basal forebrain areas could be associated
with cognitive decline in Alzheimer�s dis-
ease (12). A technique to estimate CSF vol-
umes from CT scans in Alzheimer patients
and normal elderly individuals was evalu-
ated in a longitudinal design (44). The rate of
CSF volume showed greater annual increases
among Alzheimer�s disease patients than
among elderly individuals. The enlargement
was region specific, with marked annual
changes occurring in the ventricular system
and the Sylvian fissures. Younger patients
showed more rapid progression in the ven-
tricular and frontal sulcal regions than did
older patients.

MRI scans may be used to distinguish
possible parenchymal abnormalities between
different dementia processes. A study car-
ried out on patients with probable Alzhei-
mer�s disease, vascular dementia, and nor-
mal controls with MRI scans showed signif-
icantly more abnormalities (thromboembo-
lic infarctions, confluent white matter, and
irregular periventricular hyperintensities) in
vascular dementia than in the other subsets.
Signal abnormalities on intermediate T2-

weighted scans in the uncal-hippocampal or
insular cortex were frequent and almost ex-
clusive in Alzheimer�s disease. Moderate
and severe cortical and ventricular atrophy
and a third ventricular to intracranial width
ratio higher than 7% were good discrimina-
tors between demented groups and normally
aging controls. Selective atrophy measure-
ments, however, failed to separate dementia
syndromes, but the authors suggested that
MRI has the potential to increase the accu-
racy of the clinical diagnosis of Alzheimer�s
disease and vascular dementia (45). Never-
theless, the small number of normal controls
could be criticized for these conclusions re-
lated to normal aging.

In the present study, cognitive perfor-
mance among normal controls did not dem-
onstrate the influence of aging. The conclu-
sion that normal function of the brain may be
due to better health conditions during the life
span and to certain age and/or brain tissue
conditions (or amount of neurons or connec-
tions) seems relevant. As disease appears,
like Alzheimer�s or multiinfarct, critical re-
gions for cognitive function are affected pro-
gressively to the point of clinical manifesta-
tions. The interpretation that brain lesions
affect only locally mediated functions ig-
nores a fundamental principle of brain or-
ganization: all cognitive tasks are subserved
by many areas whose functions are inte-
grated by a complex network of connections.
The search for the identification of this point
(amount of losses, definition of regions or
connections) should continue to help early
diagnosis of diseases, to allow strategies to
improve prognosis, and/or to modify the
course of diseases, especially Alzheimer�s.
Presently, risk factors are often studied since
preventive strategies should be strongly im-
portant. There is evidence that the most im-
portant determinants for cerebral neurode-
generative changes and cognitive decline
during aging are neuronal shrinkage and/or
loss, which are accelerated by certain risk
factors. The conditions usually assumed as
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risk factors are transient ischemic attacks,
hypertension, heart disease, hyperlipidemia,
smoking, heavy alcohol consumption, male
gender, low educational status, family his-
tory of cerebrovascular disease and absence
of estrogen replacement therapy among
women. Brain degenerative alterations meas-
ured by neuroimaging may be premorbid
markers for depleted neuronal and synaptic
reserves, which predispose to the onset of
dementia of both vascular and Alzheimer
types (46). Normal subjects at risk for cogni-
tive decline include those with transient is-
chemic attacks, hypertension and heart dis-
ease, because these risk factors accelerate
cerebral atrophy, ventricular enlargement,
leukoaraiosis, and a decline in cortical per-
fusion. However, the findings of the present
study did not show a significant effect of
health or social conditions on brain degen-
eration or function. The main interpretation
of this result is that elderly controls were in
very good health, and patients presented ei-
ther clear probable Alzheimer diagnosis (i.e.,
exclusion of co-morbidity) or vascular dis-
ease.

The analysis of case detection by brain
measures and/or cognitive evaluation is the
main clinical application of the present find-
ings. Although brain ratios produce interest-
ing data for the purpose of research on patho-
logical mechanisms of dementing illnesses,
their clinical impact is not very high. Cogni-
tive evaluation still seems the best method to
screen individuals from the community for
detection of intellectual decline and demen-
tia, independent of the quality of the health
system. For developing countries like Brazil,
the cost of investigation with brain imaging
should be avoided for screening and initial
assessment of dementia, and may be carried
out during the further process of diagnosis
confirmation. The Agency for Health Care
Policy and Research of the US Department
of Health and Human Service strongly sup-
ports the use of clinical methods (focused
history, focused physical examination, and

assessments of functional and mental status)
for this purpose (35). The mental status is the
most critical component of physical exami-
nation.

There is evidence suggesting an impor-
tant role for a measure of the medial tempo-
ral lobe as a screening test to detect
Alzheimer�s disease (47). Whether atrophy
of the medial temporal lobe could be de-
tected in life in patients, for whom a diagno-
sis of Alzheimer�s disease was subsequently
established by histopathological examina-
tion, was the aim of the present study. The
minimum width of the medial temporal lobe
was measured by temporal-lobe-oriented CT
about one year before death. Although lim-
ited, there was overlap in the distribution of
measures of cases and controls. Two cutoff
values (<0.79 and <0.70) yielded 5 and 1%
false-positive rates (specificity of 95 and
99%) and gave expected detection rates (sen-
sitivity) of 92 and 79%. Among non-
Alzheimer dementia patients (Alzheimer�s
disease histopathologically excluded, but not
clinically excluded), the ratio was signifi-
cantly different from that observed in Alz-
heimer patients, but was not different from
that observed in controls. The ratio showed
high specificity for Alzheimer�s disease and
has been suggested to play the role of a
�screening� tool. Screenings are tests of very
high sensitivity, because they are expected
to identify all real cases in the community
even if false-positives are also screened (not
so high specificity). This is almost the oppo-
site of what was observed by Jobst and co-
workers (47). Furthermore, screening indi-
viduals from the community is usually the
process of identification of mild cases, which
increases the difficulty for this type of test.
What will happen for the negative non-Alz-
heimer demented individuals in the commu-
nity after the test? Moreover, how do very
mild, initial cases of Alzheimer patients per-
form five or more years before death?

The existence of a test to screen only
Alzheimer�s disease may be interesting, al-
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though its diagnostic accuracy must be prop-
erly evaluated. The use of expensive tests
(CT scanning) for first detection of suspected
cases, i.e., as a screening test instead of a
confirmation test (gold standard), should be
extensively studied. Comparison of this
method with neuropsychological evaluation
may be imperative. The possibility of screen-
ing demented individuals from the commu-
nity by cognitive tests will always be less
time and money consuming. Any health pro-
fessional can be trained for this purpose
and be able to correctly apply these instru-
ments.

Another issue of interest is the determi-
nation of the place of brain structure alter-
ations related to abnormal cognitive func-
tion in non-demented elderly people. Fac-
tors such as systemic diseases (hyperten-
sion, diabetes, coronary diseases, etc.) and
social conditions must be better analyzed in
community-based samples especially from
various cultures. Definition of their role in
determining brain dysfunction is very im-
portant for an understanding of the develop-
ment of abnormal cognitive function in the
elderly (differentiation between normal se-
nescence from vascular dementia).

Conclusions

1) The data suggest diffuse losses of CNS
tissue in dementia patients, especially re-
lated to the distribution of cerebrospinal fluid;
2) the similarities observed in the medial
temporal region observed in the aged and
dementia groups suggest that the changes
produced by aging beyond a threshold (age
and/or tissue involvement) may also include
this region; 3) dementia patients showed
great cognitive impairment compared to con-
trols; 4) cognitive performance did not show
the influence of aging among normal con-
trols. With the appearance of disease, like
Alzheimer�s or multiinfarct, critical regions
for cognitive function are affected progres-
sively to the point of clinical manifestations;
5) diagnostic values of brain ratios were low
(for IIIVr, sensitivity was 57% and specific-
ity 84%), although interesting for research
on pathological mechanisms of dementing
illnesses, and 6) cognitive evaluation proved
to be the best index for case detection (87%
sensitivity and 98% specificity) and seems
to be the best method to screen individuals
from the community.
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