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ORIGINAL COMMUNICATION

Medial temporal lobe atrophy

In memory disorders

Abstract Media temporal |obe at-
rophy determined by temporal lobe
oriented computed tomography (CT),
1 year before death, is strongly asso-
ciated with histopathologically con-
firmed Alzheimer’s disease (AD).
The aim of this study was to assess
the diagnostic accuracy of media
temporal lobe measurement for the
diagnosis of AD in patients referred
to amemory disorders clinic, espe-
cially those at an early stage of the
disease. CT oriented to the temporal
lobe was performed in 333 subjects
aged 41-93 years consecutively re-
cruited in a Memory Disorders
Clinic: 124 had probable AD, Mini
Mental State score (MMS) = 17 (8);
50 possible AD [MMS = 21 (5)];
and 119 patients had miscellaneous
memory disorders [MMS = 22 (7):
frontotemporal lobe dementia, sub-
cortical dementia, cortical Lewy
body disease, vascular dementia,
Korsakoff syndrome, focal atrophy,
etc.]. There were also 19 anxious/
depressed patients [MMS = 29 (1)]
with normal performance on memory
tests, and 21 controls. The minimum

width of the medial temporal lobe
was measured. The best cut-off to
distinguish AD patients from non-
AD patientswas 11.5 mm, in agree-
ment with data in the literature. At
this threshold, 84% of probable AD
patients had a positive test and 90%
of controls and anxious/depressed
patients had a negative test. For the
diagnosis of probable AD, sensitivity
of the measurement was 0.81, speci-
ficity 0.95, predictive positive value
0.99, predictive negative value 0.45,
and diagnostic accuracy 0.83. The
test was positive in half the possible
AD patients, and half those with
miscellaneous memory disorders. It
was negative in all anxious/depres-
sed patients. Therefore, temporal
lobe oriented CT might be a valuable
tool for assessment of medial tempo-
ral lobe atrophy in AD routine prac-
tice.
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Introduction

Computed tomography (CT) of patients with aclinical di-
agnosis of Alzheimer’s disease (AD) shows greater atro-
phy than in controls [27, 49]. However, thereis an overlap
of subjective global indices [27] and linear [27] or volu-
metric [49] indices of ventricles and sulci measured in or-

bitomeatal or canthomeatal planes between AD patients
and controls. Therefore the usual CT indices of cerebral
atrophy cannot be used alone as a predictor of AD in indi-
vidual cases [5]. AD typically involves widespread neu-
ropathology. However, at the very beginning of the dis-
ease, neuronal loss, neurofibrillary tangles, and senile
plaques are particularly prominent in the hippocampus.
The degree of change in the hippocampus is correlated
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with hippocampal volume reduction [33]. Therefore there
has been an emphasis on in vivo neuroimaging of the hip-
pocampus. de Leon and colleagues [13, 25] used a nega-
tive angulation axial scan plane, which enables imaging
of the long axis of the hippocampal region. CT detection
of cerebrospinal fluid (CSF) accumulation in the fissures
of the perihippocampal region is valuable in supporting
the clinical diagnosis of AD, as shown by George et al.
[13] in across-sectional CT study of 175 AD patients and
controls. Most importantly, longitudinal results from this
study indicated that it predicted the development of de-
mentia among individual s with mild cognitive impairment
that was insufficient to warrant a diagnosis of AD. Jobst
and colleagues [9, 20] also used negative angulation scan
planes to assess medial temporal lobe atrophy (temporal
lobe oriented CT). The minimum width of the medial
temporal lobe in 44 patients with a histopathological diag-
nosis of AD was nearly half that in 75 controls of the
same age with no clinical evidence of dementia [19].
There was little overlap between the distribution of mea-
surements in cases and controls. However, most CT was
performed late in the course of the disease when the de-
tection of AD isless useful; a significant medial tempora
lobe atrophy was present in al the 20 patients who had
been scanned more than 1 year before death and in 9 of 20
who were scanned more than 2 years before death [19]; in
10 subjects with dementia but with no histological sign of
AD, the mean minimum width of the media tempora
lobe was significantly greater than that of cases with AD.
Nevertheless, it did not significantly differ from that in
controls[19].

The aim of our study was to assess the diagnostic ac-
curacy, the sensitivity and the specificity of media tem-
poral lobe atrophy for the diagnosis of probable AD in pa-
tients referred to a memory disorders clinic, at an early
stage of the disease.

Patients and methods

The study was conducted over a 2-year period (January 1993 to
December 1994), in 333 consecutive subjects aged 41-93 years re-
cruited in our University Outpatient Memory Disorders Clinic. All
patients underwent temporal lobe oriented CT and were followed
for over 1 year. The diagnoses were made after several evaluations
by a senior staff neurologist, a psychiatrist, a neuropsychologist,
and a speech therapist; al patients underwent biological examina-
tions. Magnetic resonance imaging (MRI) and single photon emis-
sion computerized tomography (SPECT) were performed in se-
lected cases. Patients were assessed with a comprehensive neu-
ropsychological test battery including the Mini Mental State ex-
amination (MMS) [10], the Mattis dementia rating scale (DRS)
[29], assessment of short-term and long-term memory [15, 46],
aphasia, agnosia, gestural, and constructive apraxia, and a semi-
structured interview with the patient and the family conducted by
apsychiatrist. AD was diagnosed according to National Institute of
Neurological and Communicative Disorders and Stroke and Alz-
heimer’'s Disease and Related Disorder Association criteria for
probable or possible AD [31]. Criteriafor possible-AD included a
history of AD associated with vascular features, atypical neurolog-

Table 1 Breakdown of clinical diagnoses in patients with miscel-
laneous memory disorders (n = 119). For criteria, see text

Frontotemporal dementia (n=36)
Parkinson’s disease (n=28)
Vascular dementia (n=16)
Cortical Lewy body disease (n=14)
Alcoholic Korsakoff syndrome (n=7)
Progressive aphasia (n=5)
Corticobasal degeneration (n= 4
Psychiatric disorder other than anxiety or depression (n= 3)
Huntington’s disease (n= 2
Posterior cortical atrophy (n= 2
Progressive supranuclear palsy (n= 1)
Traumatic head injury (n=1)

ical signs, or other pathology preventing the labelling of probable
AD, and memory impairment without fulfilling criteriafor demen-
tia[1] (“minimally impaired”’ patients [6]). Patients with memory
impairment but no clinical diagnosis of AD were grouped together
under the same heading of “miscellaneous memory disorders”.
The breakdown of clinical diagnosesis shown in Table 1. Demen-
tia of frontotemporal type (DFT) was diagnosed according to the
Lund and Manchester groups’ criteria[28]. DFT patients had ahis-
tory of behavioural disturbance predating dementia, with early per-
sonality change, loss of social skills, disinhibition, apathy and nor-
mal EEG, and showed the characteristic frontal hypoperfusion pat-
tern on SPECT [35, 40]. Vascular dementia was diagnosed ac-
cording to the NINDS-AIREN international workshop criteria
[41]; senile dementia of Lewy body type was diagnosed according
to the criteria of McKeith et al. [30]; primary progressive aphasia
was diagnosed according to Mesulam’s criteria [32, 47]; corti-
cobasal degeneration was diagnosed according to criteria provided
by Riley et a. [39]; posterior cortical atrophy was diagnosed ac-
cording to Benson et a. [2]; and the psychiatric syndromes were
diagnosed according to DSM |11-R criteria [1]. Patients with anxi-
ety or depressive disorders had attention troubles but performed
within the normal ranges in memory tests. Temporal |obe oriented
CT was performed in only 21 controls because French law forbids
the use of X-raysin healthy subjects. These controls were patients
who required CT for otological reasons, free of cognitive com-
plaints. They gave informed consent to participate in the study and
to undergo neuropsychological tests. The breakdown of the clini-
cal diagnoses and the characteristics of the populations are de-
scribed in Table 2.

CT (Siemens, Somatron DR, Erlangen, Germany) was performed
according to the procedure of Jobst and colleagues [19]: planes
were 20° caudal to the orbitomeatal line in 2-mm contiguous slices
through the posterior fossa Left and right medial temporal lobe
width (combined hippocampal formation and parahippocampal
gyrus) was measured from the film, about midway through the
brain stem, by a neuroradiologist (M.H.) blinded to the clinical di-
agnosis. The first 50 scans were assessed by two independent neu-
roradiologists (M.H. and J.P.P.). Inter-rater deviation was less than
1 mm. The raters agreed in 92% of cases.

To choose the best “cut-off” point, i.e. critical value, for medial
temporal lobe thickness measurement for diagnosing the presence
of atrophy, we used the Likelihood Ratio (LR) [LR = sensitiv-
ity/(1-specificity)] [38] and calculated the Figure of Merit (FM)
according to the relation: FM = 1-1/LR [44]. The LR is the likeli-
hood that a person with a disease would have a particular test re-
sult divided by the likelihood that a person without a disease
would have that result. The derivation of the FM allows one to
choose the most effective cut-off value corresponding to the high-
est values for both FM and sensitivity (probability of obtaining a
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Table 2 Breakdown of the

clinical diagnoses and charac- Diagnosis Probable-AD PossibleeAD  Miscellaneous Qn);i) . Controls
teristics of the populations (AD epres
e e o T
disorders, Anxiety/depression Age (SD) 711 (7.7) 727 (7.3 67.8 (8.9) 60.7 (6.4) 66.7 (8.5)
ders, SD standard deviation, Male/female ratio 0.80 0.56 1.05 0.36 11
Duration duration of thedis-  Duration 41 (27) 38 (29) 51 (7.0) 43 (3.8) -
ga%yynin '\g;”;a[\frfmidsge' MMS 169 (7.9) 212 (55) 220 (7.1) 290 (14 293 (0.9)
9 Mattis DRS 957 (32.8)  114.4 (20.3) 1166 (21.6) 1403 (4.7) 1365 (4.3)

positive test if the disease exists). True positives is the number of
probable AD patients with a positive test; false positives is the
number of controls with a positive test; false negatives is the num-
ber of probable AD patients with a negative test; true negativesis
the number of controls with a negative test. The sensitivity is the
probability that the test is positive when the patient has AD; it is
assessed by the ratio True positives/(True positives + False nega-
tives). The specificity is the probability that the test is negative
when the patient does not have AD; it is assessed by theratio True
negatives/(True negatives + False positives). The predictive posi-
tive value is the probability of having AD when the test is positive;
it is assessed by the ratio: True positives/(True positives + False
positives). The predictive negative value is the probability of not
having AD when the test is negative; it is assessed by the ratio:
True negatives/(False negatives + True negatives). The diagnostic
accuracy of the test is assessed by the formula: (True positives +
True negatives)/(True positives + True negatives + Falses posi-
tives + False negatives).

Quantitative data were compared with analyses of variances
and qualitative variables were compared with the chi square test.

Results

Means and standard deviations of minimum media tem-
poral lobe thickness for each patient and control groups
are shown in Table 3. There was a significant difference
between groups for left [F(4,328) = 24.27; P < 0.0001]
and right [F(4,328) = 27.42; P < 0.0001] medial temporal
lobe thickness. Post hoc analysis (Bonferroni test) showed
that the media tempora lobe was significantly smaller
(P < 0.0001) in probable AD than in anxious/depressed
patients, controls, and in patients with miscellaneous
memory disorders; it was significantly smaler (P <
0.0001) in possible AD than in anxious/depressed pa
tients and controls; it was aso significantly smaller (P <
0.0001) in patients with miscellaneous memory impair-
ments than in anxious/depressed patients and controls.
The difference did not reach the level of significance be-
tween probable and possible AD patients (P = 0.02 for the

right side, P = 0.03 for the | eft side); between possible AD
patients and patients with miscellaneous disorders (P =
0.05 in both sides); and between anxious/depressed patients
and controls (P = 0.98 for the right side and P = 0.70 for
the left side).

The best cut-off value corresponding to the highest
values for both FM and sensitivity is obtained for amedial
temporal lobe measurement lower than 11.5 mm (Fig. 1).
Because there was no difference between anxious/de-
pressed patients and controls for medial temporal Iobe
thickness measurement, we combined the two groups to
calculate the sensitivity, specificity, predictive value, and
diagnostic accuracy of thetest. Using this threshold value,
104 of the 124 probable AD patients (84%) and 38 of the
40 controls (95%) (anxious/depressed and healthy) were
correctly classified. Thus, the sensitivity of the test was
0.84; the specificity was 0.95; the predictive positive
value was 0.98; the predictive negative value was 0.66;
and the diagnostic accuracy was 0.87.

AD was histologically confirmed in 2 patients with
probable AD: both had a 2-year history of memory im-
pairment and spatia and tempora disorientation, fol-
lowed by language, praxis and gnosis impairments; one
patient was a 64-year-old woman with a minimum medial
temporal lobe thickness of 6.7 mm and a MMS score of
20/30 a year before death caused by pneumonia; Alzhei-
mer pathology was widespread and severe. The other pa-
tient was a 74-year-old man withaMMS score of 18/30 at
the time of measurement, 18 months before death; MM S
was 10/30 a few weeks before he suddenly died from a
heart attack; minimum media temporal lobe thickness was
16.0 mm. Histological changes were prominent in frontal
and parietal lobes and the media temporal 1obes were rel-
atively spared.

The probable AD group of patients with a positive test
(n = 104) did not differ from the probable AD patients

Table3 Minimum media tem-

poral lobe thickness (mm) in the Diagnosis Probable-AD Possible-AD Miscellaneous g\nxi / Controls
five groups; for statistics see text epression

(AD Alzheimer’'s disease, Mis- .

cellaneous miscellaneous mem- Right/left 8.9/ 8.7 10.5/10.4 11.7/11.6 16.4/16.1 16.0/15.6
ory disorders, Anxiety/depres- SD right/left (3.9 4.1) 4.2/ 3.9) (4.5/ 4.5) (2.6/ 2.1) (2.6/ 3.1)
sion anxiety and depressive dis- i i imax 1.6/20 3.3/183 1.7/233 133233  10.0/20.0

orders, SD standard deviation)
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Specificity %

Table 4 Breakdown of patients with a positive (medial temporal
lobe thickness < 11.5 mm) and a negative (medial temporal lobe
thickness >11.5 mm) test according to clinical diagnoses
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50 |

Sensitivity %

10.5 11.5
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Fig.1a, b The Figure of Merit shows that the best cut-off value is
11.5 mm

group with a negative test (n = 20) as regards age [mean
(SD) = 71.1 (7.7) vs 71.2 (8.0) years, F(1,123) = 0.004;
P = 0.95], sex [men/women = 48/56 vs 7/13; chi square =
0.56; P = 0.45]; level of education [chi square = 1.6; P =
0.45]; and duration of the disease [4.2 (2.8) vs 3.7 (2.8)
years, F(1,123) = 0.75; P = 0.39]. Probable AD patients
with a positive test had a lower MMS score and a lower
Mattis DRS score than those with a negative test [MMS =
16.1 (8.1) vs 19.9 (6.4), P = 0.02; DRS = 93.2 (32.0) vs
112.1 (18.6), P = 0.005].

The test was positive in half of the patients with possi-
ble AD, and in half of the patients with miscellaneous
memory disorders (Table 4). It was negative in al anx-
ioux/depressed patients.

Positive  Negative

Medial temporal lobe thickness <11.5mm >11.5mm
Possible-AD (n = 50) 25 25
Frontotemporal dementia (n = 36) 20 16
Parkinson’s disease (n = 28) 11 17
Vascular dementia (n = 16) 8 8
Cortical Lewy body disease (n = 14)
Alcoholic Korsakoff syndrome (n = 7)
Progressive aphasia (n = 5)
Corticobasal degeneration (n = 4)
Psychiatric disorder other than anxiety
or depression (n = 3)
Huntington’s disease (n = 2)
Posterior cortical atrophy (n = 2)
Progressive supranuclear palsy (n = 1)
Traumatic head injury (n = 1)
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The possible AD patient group with a positive test (n=
25) did not differ from the possible AD patient group with a
negative test (n = 25) asregards age [74.7 (7.1) vs 72.2 (7.7)
years, F(1,48) = 0.72; P = 0.40], level of education [chi
square = 2.43; P = 0.29]; and duration of the disease [4.19
(3.29) vs 3.54 (2.46); F (1,48) = 0.53; P = 0.47] but differed
for sex [men/women = 13/12 vs 6/19; chi square = 4.69; P =
0.03]. The two groups also did not differ as regards the
MM S score [21.39 (5.41) vs 20.87 (5.75); F(1,48) = 0.10;
P = 0.75] and the DRS score [112.4 (23.66) vs 114.2
(16.3); F(1,48) = 0.07; P =0.79].

Possible AD patients with a positive test were patients
with a history of AD associated with vascular features
preventing them from being labelled probable AD (n =
11) or with atypical neurological signs (pyramidal or ex-
trapyramidal, n = 8); alcoholism (n = 1); hypothyroidism
(n=1); predominant language dysfunction without fulfill-
ing criteriafor primary progressive aphasia (n = 1). Three
patients were “minimally impaired”. Possible AD cases
with a negative test were mainly “minimally impaired”
patients (n = 13); and patients with extrapyramidal signs
(n = 5) suggesting possible senile dementia of Lewy body
types but not fulfilling the current criteria for this disease
[33]; vascular findings (n = 3); acoholism (n = 1); hy-
pothyroidism (n = 1); dysarthria (n = 1); and predominant
apraxia but not fullfilling criteria for corticobasal degen-
eration [39] (n = 1).

When DFT patients had a positive test (80%), there
was a clear global lobar anterior temporal atrophy, asym-
metrical in 3 cases, distinct from the typical medial tem-
poral lobe atrophy and out of proportion with the atrophy
of the other part of the temporal lobe seen in AD.

Among patients with miscellaneous memory disorders
the group with a positive test did not differ from the group
with negative test as regards age [68.6 (9.6) vs 67.2 (8.2)
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years, F(1,117) = 0.70; P = 0.40], sex [chi square = 1.46;
P =0.22]; level of education [chi square=4.06; P =0.13];
duration of the disease[5.4 (3.9) vs 5.7 (4.7) years, F (1,117)
= 0.11; P = 0.74]; and MMS score [21.2 (7.4) vs 23.0
(6.7); F(1,117) = 1, 39; P = 0.24]. Patients with a positive
test had alower DRS score than those with a negative test
[111.5 (21.9) vs 121.1 (20.2), F(1,117) = 4.28; P = 0.04].

Of 11 patients with Parkinson’s disease and a positive
test, 9 had severe memory impairment; 3 of these had a
mild medial temporal atrophy (10 mm). Ten patients with
Parkinson’s disease and severe memory impairment had a
negative test. Two patients had severe medial temporal
lobe atrophy and only slight memory impairment.

Discussion

Our study confirmed that the medial temporal lobe thick-
ness is nearly reduced to half normal in probable AD pa-
tients compared with controls [19]. We found that the de-
termination of medial temporal atrophy with temporal ori-
ented CT and a threshold of 11.5 mm fits with 84% of
probable AD diagnoses. This cut-off point of 11.5 mm is
in agreement with previous studies [19, 20], although this
one was conducted in patients at a much earlier stage. The
sensitivity of thistest is good and its specificity is excel-
lent.

The method we used is very simple. It yielded a diag-
nostic accuracy close to those of more sophisticated tech-
niques|[11, 21, 22, 42, 48], although our patient group was
much larger. In asmaller population aged 5571 years, we
did not find overlap between probable AD patients and
anxious/depressive controls [37]. Six of the 19 probable
AD patients with medial temporal |obe atrophy had MM S
scores above 24. These results were in accordance with
MRI findings [22].

MRI aso shows the association between medial tem-
poral lobe atrophy and AD [6, 9, 11, 21, 22, 26, 42]. Me-
dial temporal lobe atrophy is not significantly related to
age, sex, level of education, or presence of infarction [24].
In arecent review of studies that have examined temporal
lobe MRI change in AD, O'Brien [36] showed, pooling
results from all studies, that temporal lobe MRI has both a
sensitivity and a specificity of 85-90% in differentiating
AD subjects from controls; and overall 88% (294/333) of
subjects examined could be correctly identified by MRI,
which is close to our results. Other candidate temporal
lobe regions have been examined [6] and only the hippo-
campal parenchymal volume significantly differentiated
the groups [6].

Although magnetic resonance volumetry is probably
more sensitive, it also raises difficulties: technical reasons
may give errorsin measurements[17], and it is not easy to
determine accurately the hippocampal boundaries. These
difficulties lead to intra- and inter-observer variabilities
up to 12% and 14% [3], and even more (30%) on visual

assessment [43]; the normal range for one centre cannot
be transferred to another centre [3], since normal ranges
may vary by 40% [7]. Considerable variations in sensitiv-
ity and specificity are found depending on which mea-
surement of which area is chosen in the hippocampal re-
gion [9, 36].

In addition, although MRI provides more information
about cerebral structure, this examination is more arduous
for the patient. It is even not aways feasible in demented
patients, and less widely available in routine practice.
Thus, CT remains the most applicable imaging technique
in the clinical practice of a memory disorders unit. The
main use of CT was to exclude intracranial mass lesions,
cerebral infarction, chronic subdural haematoma, and nor-
mal-pressure hydrocephalus. Our study emphasizes that
regional atrophy may also be helpful in the differential di-
agnosis of memory disorders.

Sixteen percent of patients with probable AD, includ-
ing one histologically proven patient, had no medial tem-
poral lobe atrophy. Some patients with histologically con-
firmed AD cannot be detected with this technique [19].
Although the hippocampus area is one of the first in-
volved in AD, and usually the most severely affected, it
may be relatively spared, as in one of our patients.

We did not use Jobst’s method for rating medial tem-
poral lobe atrophy according to age and normal values
(multiples of the median) because we did not have enough
controls to determine normal ranges. We gave up the idea
of using normal values from other groups because we
were not sure, for technical reasons, that the measurement
would be the samein the two centres. However, we do not
think that not taking into account the minimal changes re-
lated to age greatly modifies the results. DeCarli et al. [8]
showed that in very healthy aging, the volume of the tem-
poral lobe remains constant over the age range of human
life, whereas there was a significant age-related decrease
(approximately 1% per decade) of posterior frontal lobe
volume [8]. Moreover, visual assessment distinguished AD
patients from controls as accurately as volumetry [45].

Two-third of patients with a clinical diagnosis of AD
but with another cerebral disease (included in the possible
AD group) had amedial temporal lobe atrophy. In Jobst’s
study [19] the group of 10 patients with histologically
confirmed AD who had other cerebral diseases did not
differ from the “pure” AD group as regards medial tem-
poral lobe thickness measurement. Three of 19 patients
with Parkinson’s disease and severe memory impairment
had medial temporal lobe atrophy. These patients may have
had an Alzheimer pathology in addition to the Parkinson
pathology [4, 12]. In the same way, the 57% of patients
with clinical Lewy body disease may have had both Lewy
bodies and Alzheimer pathology [16].

While the magjority of patients with probable AD have
medial temporal lobe atrophy, a significant number of
non-demented individuals do as well [14, 24, 26]. Conse-
quently, the important population for critical longitudinal
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research for the identification of an early marker is the
non-demented elderly, especially those with minimal cog-
nitive impairments [6]. In clinical practice, these mini-
mally impaired individuals present a difficult challenge as
there is clearly something wrong with them, but it is not
of sufficient magnitude to classify them as demented or to
alow adiagnosis of probable AD. Longitudinal study of
this patient group has shown that 50-70% will be diag-
nosed as AD after 3 years [26]. The next step after the
present study isto follow up the minimally impaired “ pos-
sible AD” patientsto seeif the presence of medial tempo-
ral lobe atrophy precedes the clinical diagnosis of proba-
ble AD. Postmortem examinations of individuals dying of
non-AD related causes who were not demented but had
minimal cognitive impairments show an AD type of neu-
ropathological changes accentuated in the hippocampus
[34]. Ninety-one percent of the minimally impaired indi-
viduals who were rated as having increased perihip-
pocampal CSF at baseline developed dementia within a4
year follow-up period [26].

Because of the high prevalence of AD, the simplest
and cheapest high-performance tools are welcome. Tem-
poral lobe oriented CT, as well as hippocampa MRI,

show considerable promise as positive markers to assist
with the diagnosis of AD, although they are unlikely to be
definite diagnostic tests, since involvement of the hippo-
campal areais not always severe at the early stage of the
disease. As stressed by Jobst and Smith [18], NINCDS-
ADRDA criteria for probable AD [31] give a false posi-
tive rate of 35% for a detection rate of 92% [23] so there
isaneed for an accurate test for AD early in the course of
the disease; temporal oriented CT cannot establish adiag-
nosis of AD but its diagnostic accuracy is good enough to
include it in the multidisciplinary arguments that must be
put forward to make the diagnosis of AD. This very sim-
ple technique should be widely used in so far as CT isin-
dicated for memory disorders.

Acknowledgements We thank Alain Desaulty, professor of oto-
rhinolaryngology, for allowing us to test some of his patients;
Marie Magdeleine Ruchoux and André Delacourte, for neuro-
pathological assessment; Didier Leys, for statistical assistance and
helpful advice. This study was supported by the Direction de la
Recherche et des études Doctorales (DRED) du Ministere de |’ En-
selgnement Supérieur et de la Recherche (Grant ER 153), and the
Commission Mixte CHRU-Faculté de Médecine de Lille (Grant 93
06).

References

1. American Psychiatric Association,
Committee on Nomenclature and Sta-
tistics (1987) Diagnostic and Statistical
Manua of Mental Disorders, 3rd edn,
revised. Washington, DC

2.Benson F, Davies J, Snyder BD (1988)
Posterior cortical atrophy. Arch Neurol
45: 789-793

3.Bergin PS, Raymond AA, Free SL,
Sisodiya SM, Stevens JM (1994) Mag-
netic resonance volumetry. Neurology
44: 17701771

4.Boller F, Mitzutani R, Roessmann V,
Gambetti P (1980) Parkinson’s disease,
dementia and Alzheimer’ s disease:
clinicopathological correlations. Ann
Neurol 7: 329-335

5.Burns A, Jacoby R, Levy (1991) Com-
puted tomography in Alzheimer’s dis-
ease: alongitudinal study. Biol Psychi-
atry 29: 383-390

6.Convit A, Leon MJ de, Golomb J,
George AE, Tarshish CY, Bobinski M,
Tsui W, De Santi S, Wegidl J, Wis-
niewski H (1993) Hippocampal atro-
phy in early Alzheimer’s disease:
anatomic specificity and validation.
Psychiatr Q 64: 371-387

7.Cook M, Fish D, Shorvon S, Straughan
K, Stevens J (1992) Hippocampal vol-
umetric and morphometric studiesin
frontal and temporal 1obe epilepsy.
Brain 115: 1001-1015

8.DeCarli C, Murphy DGM, Gillette JA,
Haxby JV, Teichberg D, Schapiro MB,
Horwitz B (1994) Lack of age-related
differences in temporal lobe volume of
very healthy adults. Am J Neuroradiol
15: 689696

9. Erkinjuntti T, Lee DH, Gao F, Steen-
huis R, Eliasziw M, Fry R, Merskey H,
Hachinski VC (1993) Temporal lobe
atrophy on magnetic resonance imag-
ing in the diagnosis of early Alzhei-
mer’s disease. Arch Neurol 50: 305~
310

10. Folstein MF, Folstein SE, McHugh PR

(1975) “Mini Mental State”: a practical
method for grading the cognitive state
of patients for the clinician. J Psychiatr
Res 12: 189-198

11. Frisoni GB, Bianchetti A, Geroldi C,

Trabucchi M, Beltramello A, WeissC
(1994) Measures of medial temporal
lobe atrophy in Alzheimer’s disease.

J Neurol Neurosurg Psychiatry 57:
1438-1439

12. Gaspar P, Gray F (1984) Dementiain

idiopathic Parkinson’s disease. Acta
Neuropathol (Berl) 64: 43-52

13.George AE, Leon MJ de, Stylopoulos

LA, Miller J, Kruger A, Smith G,
Miller DC (1990) CT diagnostic fea-
tures of Alzheimer disease: importance
of the choroidal/hippocampal fissure
complex. Am J Neuroradiol 11: 101—
107

14.Golomb J, Leon MJ de, Kruger A,
George AE, Tarshish C, Ferris SH
(1993) Hippocampal atrophy in normal
aging: an association with recent mem-
ory impairment. Arch Neurol 50: 967—
973

15. Grober E, Buschke H (1987) Genuine
memory deficits in dementia. Dev
Neuropsychol 3: 13-36

16.Hansen L, Salmon D, Galasko,
Masliah E, Katzman R, DeTeresa R,
Tha L, Pay MM, Hofstetter R, Klau-
ber M, Rice V, Butters N, Alford M
(1990) The Lewy body variant of Alz-
heimer’s disease: a clinical and patho-
logic entity. Neurology 40: 1-8

17.Jack CR, Sharbrough FW, Cascino
GD, Hirschorn KA, O'Brien PC,
Marsh WH (1992) Magnetic resonance
image-based hippocampal volumetry:
correlation outcome after temporal
lobectomy. Ann Neurol 31: 138-146

18.Jobst KA, Smith AD (1993) Measure-
ment of medial temporal |obe atrophy
in diagnosis of Alzheimer’s disease.
Lancet 341: 125-126

19. Jobst KA, Smith AD, Szatmari M,
Molyneux A, Esiri ME, King E, Smith
A, Jaskowski A, McDonald B, Wald N
(1992) Detection in life of confirmed
Alzheimer’s disease using a simple
measurement of medial temporal lobe
atrophy by computed tomography.
Lancet 340: 1179-1183



181

20.Jobst KA, Smith AD, Barker CS, Wear
A, King EM, Smith A, Anslow PA,
Molyneux AJ, Shepstone BJ, Soper N,
Holmes KA, Robinson JR, Hope RA,
Oppenheimer C, Brockbank K, Mc-
Donald B (1992) Association of atro-
phy of the medial temporal lobe with
reduced blood flow in the posterior
parietotemporal cortex in patients with
aclinical and pathological diagnosis of
Alzheimer’s disease. J Neurol Neuro-
surg Psychiatry 55: 190-194

21.Kesslak JP, Nalcioglu N, Cotman CW
(1991) Quantification of magnetic res-
onance scans for hippocampal and
parahippocampal atrophy in Alzhei-
mer’s disease. Neurology 41: 51-54

22.Killiany RJ, Moss MB, Albert MS,
Sandor T, Tieman J, Jolesz F (1993)
Temporal |obe regions on magnetic
resonance imaging identify patients
with early Alzheimer’s disease. Arch
Neurol 50: 949-954

23.Kukull WA, Larson EB, Reifler BV,
Lampe TH, Yerby M, Hughes J (1990)
Interrater reliability of Alzheimer's dis-
ease diagnosis. Neurology 40: 257-260

24.Launer LJ, Scheltens P, Lindeboom J,
Barkhof F, Weinstein HC, Jonker C
(1995) Medial temporal |obe atrophy
in an open population of very old per-
sons. cognitive, brain atrophy, and so-
ciomedical correlates. Neurology 45:
747-762

25.Leon MJ de, George AE, Stylopoulos
LA, Smith G, Miller DC (1989) Early
marker for Alzheimer disease: the at-
rophic hippocampus. Lancet |1: 672—
673

26.Leon MJ de, Golomb J, George AE,
Convit A, Tarshish CY, McRae T, De
Santi S, Smith G, Ferris SH, Noz M,
Rusinek H (1993) The radiologic pre-
diction of Alzheimer’s disease: the at-
rophic hippocampal formation. Am
J Neuroradiol 14: 897-906

27.Leys D, Pruvo JP, Petit H, Gaudet Y,
Clarisse J (1989) Maladie d’ Alzheimer.
Analyse statistique des résultats du
scanner X. Rev Neurol (Paris) 145:
134-139

28.Lund and Manchester Groups (1994)
Clinical and neuropathological criteria
for frontotempora dementia. J Neurol
Neurosurg Psychiatry 57: 416-418

29.Mattis S (1976) Mental status examina-
tion for organic mental syndrome in the
elderly patients. In: Bellak L, Karasu
TB (eds) Geriatric psychiatry: a hand
book for psychiatrists and primary care
physicians. Grune & Stratton, New
York, pp 77-121

30.McKeith IG, Perry R, Fairbairn AF,
Jabeen S, Perry EK (1992) Operational
criteriafor senile dementia of Lewy
body type (SDLT). Psychol Med 22:
911-922

31.McKhann G, Drachman D, Folstein M,
Katzman R, Price D, Stadlan EM
(1984) Clinical diagnosis of Alzhei-
mer’s disease: report of the NINCDS-
ADRDA work group under the aus-
pices of Department of Health and Hu-
man Services Task Force on Alzhei-
mer’s disease. Neurology 34: 939-944

32.Mesulam MM (1982) Slowly progres-
sive aphasia without generalized de-
mentia. Ann Neurol 11: 592-598

33.Monte SM de la (1989) Quantitation of
cerebral atrophy in preclinical and end-
stage Alzheimer’s disease. Ann Neurol
25: 450459

34.Morris JC, McKeel DW, Storandt M,
Rubin EH, Price PL, Grant EA, Ball
MJ, Berg L (1991) Very mild Alzhei-
mer’s disease: informant-based clini-
cal, psychometric, and pathological
distinction from normal aging. Neurol-
ogy 41: 469-478

35.Neary D, Snowden JS, Northen B,
Goulding P (1988) Dementia of frontal
lobe type. J Neurol Neurosurg Psychia-
try 51: 353-361

36. 0O’ Brien JT (1995) Is hippocampal at-
rophy on magnetic resonance imaging
amarker for Alzheimer’s disease. Int
J Geriatr Psychiatry 10: 431435

37.Pasquier F, Bail L, Lebert F, Pruvo JP,
Petit H (1994) Determination of medial
temporal lobe atrophy in early Alzhei-
mer’ s disease with computed tomogra-
phy. Lancet 343: 861-862

38. Radack KL, Rouan G, Hedges J (1986)
The likelihood ratio. Arch Pathol Lab
Med 110: 689693

39.Riley DE, Lang AE, Lawis A, Resch
L, Ashby P, Hornykiewicz O, Black S
(1990) Cortical-basal ganglionic de-
generation. Neurology 1990 40: 1203—
1212

40. Risberg J (1987) Frontal 1obe degener-
ation of non-Alzheimer type. |1l Re-
gional blood flow. Arch Gerontol Geri-
atr 6: 225-233

41.Roman GC, Tatemichi TK, Erkinjuntti
T, Cummings JL, Masdeu JC, Garcia
JH, Amaducci L, Orgogozo JM, Brun
A, Hofman A, Moody DM, O'Brien
MD, Yamaguchi T, Grafman J, Drayer
BP, Bennett DA, Fisher M, Ogata J,
Kokmen E, Bermejo F, Wolf PA,
Gorelick PB, Bick KL, Pgjeau AK,
Bell MA, DeCarli C, Culebras A, Kor-
czyn AD, Bogousslavsky J, Hartmann
A, Scheinberg P (1993) Vascular de-
mentia: diagnostic criteria for research
studies. Report of the NINDS-AIREN
International Workshop. Neurology 43:
250-260

42. Scheltens P, Leys D, Barkhof F, Huglo
D, Weinstein HC, Vermersch P,
Kuiper M, Steinling M, Wolters EC,
Vak J(1992) Atrophy of the medial
temporal lobe on magnetic resonance
imaging in “probable” Alzheimer’'s
disease and normal aging: diagnostic
value and neuropsychological corre-
lates. J Neurol Neurosurg Psychiatry
55: 967-972

43. Scheltens P, Launer LJ, Barkhof F,
Weinstein HC, Gool WA van (1995)
Visual assessment of medial temporal
|obe atrophy on magnetic resonance
imaging: interobserver reliability.

J Neurol 242: 557-560

44. Steinling M, Leys D, Amegassi F,
Soetart G, Vergnes R (1990) Can Alz-
heimer and multiinfarct demenita be
differentiated using 99mTc-HMPAO
tomograms? In: Bés A, Géraud G (eds)
Circulation cérébrale et vieillissement.
Libbey Eurotext, London, pp 291-293

45.Vermersch P, Scheltens P, Leys D,
Barkhof F (1994) Visual rating of hip-
pocampal atrophy: correlation with
volumetry (letter). J Neurol Neurosurg
Psychiatry 57: 1015

46.Wechsler D (1991) Echelle Clinique de
Mémoire de Wechsler-Révisée, WM S-
R. Editions du Centre de Psychologie
Appliquée, Paris

47.Weintraub S, Rubin NP, Mesulan MM
(1990) Primary progressive aphasia.
Longitudinal course, neuropsychol ogi-
cal profile, and language features. Arch
Neurol 47: 1329-1335

48.Willmer J, Carruthers A, Guzman DA,
Collins B, Pogue J, Stuss DT (1993)
The usefulness of CT scanning in diag-
nosing dementia of the Alzheimer type.
Can JNeurol Sci 20: 210-216

49. Wippold FJ, Gado MH, Morris JC,
Duchek JM, Grant EA (1991) Senile
dementia and healthy aging: a longitu-
dinal CT study. Radiology 179: 215—
219



