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Brain atrophy in frontotemporal dementia

G B Frisoni, A Beltramello, C Geroldi, C Weiss, A Bianchetti, M Trabucchi

Abstract
Objective-To evaluate the pattern of
regional brain atrophy in patients with
frontotemporal dementia by comparing it
with that in patients with Alzheimer's dis-
ease and normal controls.
Methods-Fourteen patients with fron-
totemporal dementia, 13 with moderate,
and 33 with mild Alzheimer's disease, and
31 controls were studied. Atrophy was
evaluated with linear measures in the
anterior brain, medial temporal lobe, and
hippocampal formation regions using
MRI.
Results-Patients with frontotemporal
dementia had greater atrophy in the ante-
rior brain regions than patients with
Alzheimer's disease or controls. Atrophy
of the hippocampal formation, which best
discriminates Alzheimer's disease from
controls, was present also in patients with
frontotemporal dementia. By contrast,
atrophy of the medial temporal lobe,
which is also present in Alzheimer's dis-
ease, was absent in frontotemporal
dementia.
Conclusion-A pattern of atrophy in the
frontal lobes and hippocampal formation
with sparing of the medial temporal lobe
might be distinctive of frontotemporal
dementia. Hippocampal involvement
might not be specific for Alzheimer's dis-
ease and specific patterns of atrophy
might be distinctive of some forms of
degenerative dementia.

(7 Neurol Neurosurg Psychiatry 1996;61: 157-165)
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Frontotemporal dementia is the most preva-
lent of non-Alzheimer's degenerative demen-
tias. -' Its main clinical features are relative
sparing of learning, pre-eminent behavioural
and language disturbances, frontotemporal
hypoperfusion on single photon emission com-
puted tomography (SPECT), and progressive
course. 1-6 The most relevant neuropathological
findings are vacuolar degeneration, gliosis,
neuronal loss, and atrophy in the anterior
regions of the frontal and temporal lobes.2
Guidelines for in vivo diagnosis of frontotem-
poral dementia have recently been issued.7

Atrophy in the medial temporal lobe region
(hippocampal formation, parahippocampal
gyrus, and amygdala) as detected with MRI

has been consistently found in Alzheimer's
disease,8'5 even in its early stages,8 and
increasing atrophy over time has been found in
subjects at risk.'6 Measurements focusing on
the hippocampus yield the highest sensitiv-
ity,8 10 14 and these have been proposed as a
marker of Alzheimer's disease.'7 However, the
specificity of hippocampal atrophy for
Alzheimer's disease is doubtful, as it has been
reported in at least two other conditions: tem-
poral lobe epilepsy and schizophrenia.'8 19
Although a radiological marker able to differ-
entiate these conditions from Alzheimer's dis-
ease is of little practical interest, it is much
more relevant in the differential diagnosis of
frontotemporal dementia. However, in vivo
data on brain atrophy in frontotemporal
dementia are not available.
The aims of the study were to investigate

the pattern of brain atrophy of frontotemporal
dementia and to assess the usefulness of mea-
sures of atrophy in the discrimination of fron-
totemporal dementia from Alzheimer's disease
and controls.

Materials and methods
SUBJECTS
This study comprised 14 patients with fron-
totemporal dementia, 46 with Alzheimer's dis-
ease (33 of mild and 13 of moderate severity),
and 31 normal controls. All patients and con-
trols were consecutively recruited at the
Alzheimer's Disease Unit, Brescia, Italy, from 1
September 1993 to 15 December 1994.

Diagnosis of frontotemporal dementia was
made on clinical grounds following clinico-
pathological descriptions3 6 and recently issued
guidelines.7 All patients with frontotemporal
dementia underwent brain SPECT with HM-
PAO, invariably showing anterior hypoperfu-
sion.520 It should be underlined that SPECT
was not used as an inclusion criterion, as all
patients suspected of frontotemporal dementia
on clinical grounds did show anterior hypoper-
fusion.20 As a further confirmation, all SPECT
images of frontotemporal dementia and 14
images of patients with Alzheimer's disease of
similar severity were sorted blind to diagnosis
by one of us (AB) into those who showed a
frontal hypoperfusion pattern and those who
did not. All patients with frontotemporal
dementia were included in the group showing
frontal hypoperfusion. Two patients with very
severe atrophy on MRI and mild to moderate
cognitive deterioration suggesting Pick's dis-
ease2' and two with progressive aphasia in the
absence of other cognitive and behavioural
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disturbances22 were not included in the study.
Mini mental state examination (MMSE)23 of
patients with frontotemporal dementia ranged
between 0 and 29. All patients were followed
up from a minimum of eight months to a max-
imum of two years, and diagnosis of fron-
totemporal dementia was always confirmed at
follow up. All patients had deteriorated mainly
on language and behaviour.

Patients with Alzheimer's disease met
NINCDS-ADRDA criteria for probable dis-
ease.24 Patients meeting these criteria but with
clinical features suggesting dementia of the
Lewy body type25 were not included in the
study. Patients with mild and moderate
Alzheimer's disease had MMSEs of > 20 and
between 12 and 19 respectively.

All patients were staged according to a scale
grading overall severity of dementia (clinical
dementia rating),26 which compounds infor-
mation on memory disturbances and daily
function. A complete history with basic and
instrumental activities of daily living (BADL
and IADL) assessment2728 was taken from a
proxy informant. Laboratory studies included
complete blood count, chemistry profile, chest
radiograph, thyroid function, B12, folic acid,
ECG, EEG, and CT. Neurological examina-
tion was performed by a neurologist, and
physical examination of all systems by a geria-
trician. Neuropsychological testing29 was per-
formed by a psychologist and included MMSE
and tests tapping constructional apraxia (copy
of Rey-Osterreith figure),30 and verbal (logical
memory test, verbal learning subscale of the
global evaluation of mental status)31 32 and
non-verbal (recall of Rey-Osterreith and
Wechsler memory scale figures)3033 learning.
The global evaluation of mental status is a
neuropsychological battery with a verbal learn-
ing subscale that has shown good reliability
(Cronbach a = 0 80) and known group valid-
ity in 1 17 moderately and 22 mildly demented
patients, and 84 controls.32

Controls were 31 patients' relatives (mostly
spouses) without detectable cognitive deficit.
They had a negative history of neurological
disease, although some reported mild subjec-
tive memory problems which did not result in

impairment in daily activities. All had MMSE,
and were judged not demented by a neurolo-
gist and a psychologist involved in the evalua-
tion of the patients.

Apolipoprotein E phenotyping was per-
formed on patients and controls with isoelec-
tric focusing on plasma samples freed from
lipid.34

Written informed consent was obtained
from patients and controls or primary carers,
after discussion of the risks and benefits of
participation. No compensation was provided.

MAGNETIC RESONANCE IMAGING TECHNIQUE
AND ANALYSIS
Imaging was performed at the Radiology
Department, University of Verona, with a 1-5
Tesla unit (Siemens, Magnetom) and a stan-
dard head coil. A 3D technique was employed
for image acquisition (TR 10 s; TE 4 ms; TI
300 ms; flip angle 100 ; field of view 250 mm;
acquisition 2; matrix 160 x 256), allowing
reconstruction of 1-3 mm thick contiguous
slices. Total acquisition time was 7A40 min-
utes. All linear measurements were performed
on Ti weighted images by the same neurora-
diologist on magnified images (magnification
factor 1-5 to 1-7) with the built in distance
measurement software, blind to the diagnosis,
age, and sex of the subject.
The following planes were identified'4:
(1) The bicommissural plane on the mid-

sagittal slice, joining the anterior with the pos-
terior commissure. The anterior commissure
is a precise anatomical landmark, and the pos-
terior commissure was set at the level of the
cranial extremity of the superior colliculi (fig
1A).

(2) The brainstem axis plane, on the mid-
sagittal slice, parallel to the dorsal surface of
the brainstem (fig IA).

(3) The temporal lobe plane on the
parasagittal slice, where the temporal lobe was
best appreciated in its full length, about 200
caudal to the orbitomeatal line (fig 1B).
The following linear measurements were

taken, on both sides when appropriate:
(1) Bifrontal index, measured on a plane

parallel to the temporal lobe plane at the level

Figure 1 Sagittal 3D gradient echo images of a patient with Alzheimer's disease. (A) Midsagittal image showing the
bicommissural plane and the brainstem axis plane. (B) Parasagittal image showing the temporal lobe plane.
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Figure 2 Axial and
coronal 3D gradient echo
images of a patient with
Alzheimer's disease. The
arrows show: (A) width
between the frontal horns
of the lateral ventricles
(inner arrows) and cranial
width (outer arrows)
(bifrontal index); (B):
interuncal distance; (C):
minimum thickness of the
medial temporal lobe; (D):
hippocampal height (1),
width of the choroidfissure
(2), and width of the
temporal horn (3).

-.1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~I
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1)

of the maximal width between the frontal
horns of the lateral ventricles,35 and defined as

the ratio of this measure to brain width (the
distance between the inner tables of the calvar-
ium at the same level) x 100 (fig 2A).35

(2) Interhemispheric fissure width, mea-

sured on the same plane as the bifrontal index,
and defined as the largest distance between the
mesial aspects of the cerebral cortex in the
interhemispheric fissure.

(3) Interuncal distance, measured on a

plane parallel to the bicommissural plane at
the level of the suprasellar cistern, as the dis-
tance between the unci of the temporal lobes
(fig 2B).36

(4) Minimum thickness of the medial tem-
poral lobe, measured on the temporal lobe
plane, as the thickness of the medial temporal
lobe considered at its narrowest point (fig
2C).9

(5) Hippocampal height, measured on a

plane parallel to the brainstem axis plane
where the hippocampal formation was highest,
as the greatest height of the hippocampal for-
mation (fig 2D).10 Cerebral width (the maxi-
mum distance between the inner tables of the
calvarium) at this level was also measured.

(6) Width of the choroid fissure, measured
on the same plane used for hippocampal
height measurement, as the vertical width of

the choroid fissure centred on the midpoint of
the hippocampal formation (fig 2D).'0 This
point usually lies on the line where hippocam-
pal height is taken.

(7) Width of the temporal horn, measured
on the same plane used for hippocampal
height measurement (fig 2D) .1 Figure 3
shows hippocampal height, width of the
choroid fissure, and width of the temporal
horn.

Test-retest reliability of all measures was
assessed in randomly selected patients (n =
10) and controls (n = 10) with measurements
on two separate occasions two to six weeks
apart and blind to previous results. Intraclass

A

a

b

Figure 3 Schematic drawing of the hippocampal
formation. (a) width of the temporal horn; (b) hippocampal
height; (c) width of the choroidfissure. (Adaptedfrom
Scheltens et al 10)
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Figure 4 Example of the calculation of age
measures. Minimum thickness of the medial
is used as an example. MT = minimum thu
medial temporal lobe (mm). Open circle = p
circles = controls. The patient is 72 years ok
is 6-9 mm. The expected normal value ofM
old control is 13 6 mm. The value of the age
measure is 6 9113 6 = 0 51. Direct measure
such as MTand hippocampal height indicatd
atrophy than controls for age standardised va
than 1, and indirect measures, such as bifron
interhemisphetic fissure width, interuncal disi
of the choroidfissure, and width of the tempo
indicate greater atrophy than controls for age

values greater than 1.

correlation coefficents37 ranged frc
0-98 for all measures, indicating gc

ity.

STATISTICAL ANALYSIS
Statistical analysis was performed
Differences of continuous or di
variables between groups were as,

Student's t test or x2 test when a

The relations of measures of bra
with age and cerebral width were as

Pearson's r. Significance was set a

but values < 0 10 are reported in th
frontotemporal dementia and
Alzheimer's disease groups becau
low numbers.
The normal effect of age (ar

width when appropriate) on braii
was taken into account by transfol
sures into age standardised values,
the ratio of the observed meas

expected value (fig 4).9 The expi

was computed by regressing braii
on age and, when appropriate, cer

in the controls. The effect of sex (

tion between atrophy and age in t

was considered by general factorial analysis of
variance (ANOVA). General factorial
ANOVA models were built with sex, age, and
their interaction as factors.

Measures of atrophy independently con-

. tributing to the prediction of disease (fron-
totemporal dementia, Alzheimer's disease, or

control) were identified with multivariable dis-
criminant analysis with stepwise selection of
variables.38 This technique minimises the over-

lapping between the three groups by com-

80 9o puting two orthogonal (uncorrelated)
multivariable functions allowing two scores

standardised
(discriminant scores) to be computed for each

temporal lobe subject. The discriminant scores are such that
ckness of the their combination in a bidimensional space
5atient; full results in separating the three groups with the
4i and his MT smallest possible overlapping, resulting inF'in a 72 year

standardised maximal overall sensitivity and specificity.
,s of atrophy, Measures of atrophy contributing to the sepa-
e greater ration of the assessed in discrimi-

ilues lower

ital index, nant models with two approaches: (a) the
tance, width algorithmic approach, with stepwise selection
ral homn of variables, that takes into account the inde-
standardised

pendent contribution of each variable, and
whichever variable was unable to increase sep-

aration of the groups was excluded from the
)m 0-91 to final model. Variables were entered as age
od reliabil- standardised values. Entering of variables was

based on the smallest Wilks' A of the discrimi-
nant function and on F to enter for Wilks' A
greater than 3-84. Removal of variables was

based on F to remove values for Wilks' A lower
vith SPSS.38 than 2-71; (b) a hypothesis driven approach,
ichotomous with a priori selection of variables. Those mea-
sessed with sures of hippocampal atrophy expected to be
ippropriate. the best discriminators were simultaneously
ain atrophy entered in the model.
;sessed with
it P < 0-05, Results
ie tables for Table 1 shows clinical and demographic fea-
moderate tures of patients with frontotemporal dementia

ise of their and Alzheimer's disease and controls. Patients
with frontotemporal dementia were mainly

id cerebral men and they were younger than the other
n measures study groups both at the time of study and at
rming mea- onset of disease, and a trend for shorter dura-
defined as tion of disease than in patients with moderate

ure to the Alzheimer's disease was present. The preva-
ected value lence of the e4 allele of apolipoprotein E was
n measures similar to that found in controls, and lower
ebral width than that of patients with Alzheimer's disease.
on the rela- The MMSE for patients with frontotemporal
the controls dementia was similar to that of patients with

Table 1 Clinical and demographic features ofpatients with frontotemporal dementia (FDT), Alzheimer's disease (AD), and controls

FTD MildAD Moderate AD Controls
(n = 14) (n = 33) (n = 13) (n = 31) P* Pt Pt

Sex (men/total) 10/14 (0-71) 9/33 (0 27) 2/13 (0 15) 10/3 (0-32) 0 004 0 01 0-03
Age (y) 62-9 (5 6) 74.9 (8-0) 69-7 (9-8) 69-1 (8 6) < 0-0005 0 04 0.02
Education (y) 7-5 (4 2) 7 5 (4 4) 6-8 (3 5) 8-2 (3-3) NS NS NS
Age at onset (y) 60-4 (5 9) 71 4 (8-1) 65-7 (8-4) - < 0 0005 0 07
Disease duration (months) 30-8 (13-9) 42-0 (27 8) 47-7 (29-3) - NS 0-06
Apolipoprotein E t4 allele (e4/total)§ 4/24 (0-17) 26/62 (0 40) 14/26 (0 54) 8/56 (0-14) 0-05 0 01 NS
Mini mental state examination 14-6 (9 2) 22-0 (2-1) 14-5 (1-7) 29-0 (1-8) < 0 0005 NS < 0 0005
Instrumental activities of daily living

(functions lost) 2-9 (2 7) 3-6 (2 1) 5-2 (2-8) 0.0 (0 0) NS 0 03 < 0 0005
Clinical dementia rating 1-21 (1 01) 0 95 (0-45) 1-96 (0 66) 0 00 (0 00) NS 0 03 < 0 0005

Values are number (proportion) for sex and apolipoprotein E t4 allele, and means (SD) for all other variables.
§Apolipoprotein E phenotyping was performed in 12 patients with FTD, 31 with mild AD, all patients with moderate AD, and 28 controls. The total number of c4
alleles in each group is twice the number of subjects of the group.
P = Significance on %2 or t test between FTD and: *mild AD, tmoderate AD, and tcontrols. Significance values below 0 10 are reported.
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Table 2 Neuropsychologicalfeatures ofpatients with frontotemporal dementia (FDT) and Alzheimer's disease (AD)

FTD MildAD Moderate AD
(n=9) (n=32) (n=12) P* Pf

Mini mental state examination 18-1 (7-3) 22-1 (2-1) 14-6 (1-7) 0 009 NS
Clinical dementia rating 0-67 (0-61) 0-95 (0-45) 1-96 (0 69) NS < 0 0005
Logical memory 5-7 (4-8) 4-1 (3-9) 1-6 (2 7) NS 0-02
GEMS verbal learning 10-6 (5-7) 8-1 (3-9) 5-2 (4 4) NS 0-02
Rey's figure copy 13 8 (12-6) 19-6 (11-7) 0 1 (0 2) NS 0 005
Rey's figure recall 4-0 (6 3) 1 0 (1 9) 0 0 (0 0) 0-02 0 05
WMS delayed recall 1-22 (2 90) 0 10 (0 30) 0 00 (0 00) 0-04 NS

Values are means (SD).
P = Significance on t test between FTD and: *mild AD, and tmoderate AD. Significance values below 0 10 are reported.
GEMS = global evaluation of mental status battery.32 WMS = Wechsler memory scale.33

moderate Alzheimer's disease, and lower than
that of patients with mild Alzheimer's disease.
However, disability in daily function and over-
all severity of dementia were similar to those of
patients with mild Alzheimer's disease, and
lower than those of patients with moderate
Alzheimer's disease.

Complete neuropsychological testing was
available for nine patients with frontotemporal
dementia, 32 with mild, and 12 with moderate
Alzheimer's disease. Those five patients with
frontotemporal dementia who had not under-
gone complete neuropsychological testing
were more impaired (mean MMSE = 8-2,
ranging from 0 to 19) than those who had
(MMSE = 18&1, range 10 to 29). The
patients with mild and moderate Alzheimer's
disease who had not undergone complete neu-
ropsychological testing had MMSEs of 20 and
13, respectively. Table 2 shows neuropsycho-
logical features of the patient groups. Global
cognitive severity in patients with frontotem-
poral dementia as measured with the MMSE
was intermediate between that of patients with
moderate and mild Alzheimer's disease. On
the other hand, clinical dementia rating indi-
cated milder impairment in frontotemporal
dementia than patients with Alzheimer's dis-
ease, which was significant for patients with
moderate Alzheimer's disease. Neuropsycho-
logical tests of learning were relatively spared
in patients with frontotemporal dementia
compared with patients with Alzheimer's dis-
ease. Verbal learning was better than patients
with both mild and moderate Alzheimer's dis-

Table 3 Rough values of cerebral width and measures of atrophy in patients with
frontotemporal dementia (FDT) and Alzheimer's disease (AD), and controls

FTD Mild AD Moderate AD Controls
(n = 14) (n = 33) (n = 13) (n = 31)

Cerebral width 132-5 (7-1) 129-5 (5 6) 134-4 (6 3) 132-9 (6 9)
Bifrontal index 33-3 (3-5) 31-9 (2-6) 31-0 (5 4) 29-0 (2 7)
Interhemispheric fissure width 5-3 (1-9) 5-4 (2 0) 5 0 (1-5) 4-1 (1-5)
Interuncal distance 31-0 (6-3) 30-2 (3-8) 30-1 (4-9) 26-8 (4-0)
Minium thickness of the MTL:

Right 14 2 (2 2) 12-3 (3-1) 13-5 (1-7) 14 5 (1-9)
Left 14-8 (3 0) 12-4 (2-1) 10-6 (0-5) 14-7 (1-6)
Smallest* 13 7 (2 4) 11-4 (2-9) 10 6 (2 0) 13-7 (1-5)

Hippocampal height:
Right 13-9 (2-5) 13 8 (1-8) 13-8 (1-7) 15-5 (1-6)
Left 13-0 (2-3) 12 9 (1-9) 12-9 (3 2) 14 7 (1 3)
Smallest* 12 5 (2-2) 12 6 (1-7) 12-4 (2 6) 14 3 (1-3)

Width of the choroid fissure:
Right 4 3 (2 0) 4-5 (1 9) 3-9 (1-1) 2-5 (1 1)
Left 4-1 (1-4) 4-4 (1-5) 4-1 (1-7) 2-8 (1-1)
Largest* 4-8 (1-8) 4-8 (1-8) 4-5 (1-4) 3-0 (1-2)

Width of the temporal horn:
Right 5-1 (22) 5-0 (21) 60 (23) 3-1 (1-3)
Left 7-2 (3 6) 6-1 (2-3) 6-5 (1 9) 3-3 (1-1)
Largest* 7.3 (3-5) 6-5 (2-2) 7-2 (2-1) 3-5 (1-2)

Measures are means (SD) in mm except bifrontal index, which is computed as indicated by Barr
et al." MTL = medial temporal lobe.
*Only right or left values indicating greater atrophy in each patient have been used for
computations.

ease, but significantly so only compared with
those with moderate Alzheimer's disease.
Sparing of learning in frontotemporal demen-
tia was even more pronounced for non-verbal
learning. The significance for the difference of
the delayed recall of the Wechsler memory
scale between patients with frontotemporal
dementia and those with moderate
Alzheimer's disease was not reached, possibly
because of few patient numbers.

Table 3 shows the rough values of all cere-
bral measures. All measures indicated greater
atrophy in patients with Alzheimer's disease
than controls, and this was true in patients
with frontotemporal dementia except for mini-
mum thickness of the medial temporal lobe,
which had values similar to controls. Width of
the temporal horn, a measure shown to be a
sensitive discriminator between Alzheimer's
disease and controls,"-'5 showed as much atro-
phy in patients with frontotemporal dementia
as in patients with Alzheimer's disease.

Older age39 and smaller cranial volume are
associated with a smaller quantity of brain tis-
sue. Furthermore, sex is associated with differ-
ential brain aging.40 Therefore, the normal
effect that age, cerebral width, and sex have in
elderly controls must all be taken into account
to compare measures of atrophy across patient
groups. Age has been shown to be the most
consistent correlate of brain atrophy in normal
elderly subjects,39 and all measures were cor-
rected for age, whereas the correction for cere-
bral width and sex was applied only to
measures in which an association was found in
our control group. Bifrontal index (r = 0-47;
P = 0 008), and right (r = 0-46; P = 0 009)
and left (r = 0 59; P = 0 001) width of the
temporal horn were associated with age,
whereas interuncal distance (r = 0 59;
P < 0 0001) and right (r = 0 49; P = 0 005)
and left (r = 0 47; P = 0-008) width of the
temporal horn were associated with cerebral
width in controls. Correlations of the other
measures with age and cerebral width in con-
trols were not significant and ranged between
-0-02 and 0 31, and between -0-11 and
0-23 respectively. Age standardised values
were computed for all measures across values
of age-that is, correcting the rough measure
for the effect of greater atrophy with advancing
age (see methods). For interuncal distance
and width of the temporal horn, age standard-
ised values were computed also across values
of cerebral width. Furthermore, the relation
between atrophy and age in controls was dif-
ferent in men and women for the right width
of the temporal horn (age x sex interaction in
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Table 4 Measures of atrophy expressed as multiples of the median in patients with frontotemporal dementia (FTD) and Alzheimer's disease (AD) and
controls

FTD MildAD Moderate AD Controls
(n = 14) (n = 33) (n = 13) (n = 31) P* P1- 1

Bifrontal index 1 18 (0-13) 1-07 (0-11) 1 06 (0 17) 1 00 (0 08) 0 003 0 05 < 0 0005
Interhemispheric fissure width 1 32 (0 49) 1 28 (0-48) 1 22 (0 39) 1 00 (0 38) NS NS 0-02
Interuncal distance 1 18 (0 26) 1-16 (0 15) 1 10 (0-16) 1-00 (0 12) NS NS 0-002
Minimum thickness of the MTL (smallest)§ 0-93 (0-16) 0-80 (0-19) 0-81 (0-14) 0 94 (0-09) 0-03 0-05 NS
Hippocampal height (smallest)§ 0-83 (0-15) 0-83 (0-11) 0-82 (0-16) 0-96 (0-09) NS NS 0-001
Width of the choroid fissure (largest)§ 1-96 (0-85) 1 77 (0 67) 1-71 (0 50) 1-15 (0-45) NS NS < 0-0005
Width of the temporal horn (largest)§ 2-73 (1-62) 2-00 (0-68) 2-22 (0-72) 1 09 (0 29) 0-03 NS < 0-0005

Measures are mean (SD) of multiples of the median.
P = Significance on t test of the difference between FTD and *mild AD, tmoderate AD, and tcontrols. Significance values below 0-10 are reported.
MTL = medial temporal lobe; multiples of the median are computed by regressing measures of atrophy on age and cerebral width (interuncal distance and width of
the temporal horn) or age alone (all other measures).
§Only right or left values of the multiples of the median indicating greater atrophy in each patient have been used for computations.

Table 5 Discriminant functions separating 14 patients
with frontotemporal dementia (FTD) and 46 with
alzheimer's disease (AD), and 31 controls

Predicted group membership (no (%))
Actual
group FTD AD Control

Algorithmic model
FTD 11 (79) 1 (7) 2 (14)
AD 10 (17) 28 (61) 8 (22)
Control 0 (0) 4 (13) 27 (87)
1st discriminant function: 2 43*bifrontal index+0+ 64*
minimum thickness of the MTL - 4-17*hippocampal
height + 1 12*width of the temporal horn- 1 -50.
2nd discriminant function: 3 43*bifrontal index + 6-16*
minimum thickness of the MTL + 1 77*hippocampal
height + 0 23*width of the temporal horn - 11-29.

Hypothesis driven model
FTD 11 (79) 0 (0) 3 (21)
AD 10 (17) 28 (61) 8 (22)
Control 0 (0) 2 (6) 29 (94)
1st discriminant function: 3 57*bifrontal index+ 2 14*
minimum thickness of the MTL + 1 09*width of the temporal
horn- 7-65.
2nd discriminant function: 2-11 *bifrontal index + 6 25*
minimum thickness of the MTL - 0 08*width of the temporal
horn - 7-55.

MTL = medial temporal lobe.
In the algorithmic model, variables independently maximising
the distance between groups were selected on a stepwise
selection basis. In the hypothesis driven model measures
selected a priori were entered. Variables are entered in the
models as multiples of the median (for further details, see
methods).

a general factorial ANOVA model: b =

-0 05; 95% confidence interval -0 09 to
-0-01; F(I,27) = 5 90; P = 002) indicating
that this measure was increasing with
Alzheimer's advancing age in male and female
controls, but more so in men. For this reason,
age standardised values of the right width of
the temporal horn were computed separately
for men and women.

Table 4 shows measures of atrophy
expressed in terms of age standardised values,
confirming that all measures except minimum
thickness of the medial temporal lobe showed
greater atrophy in patients with frontotempo-
ral dementia than in controls. The bifrontal
index showed greater atrophy and minimum
thickness of the medial temporal lobe indi-
cated lower atrophy in patients with fron-
totemporal dementia than patients with
Alzheimer's disease. Width of the temporal
horn showed greater atrophy in patients with
frontotemporal dementia than patients with
mild Alzheimer's disease. Significance for dif-
ference with moderate Alzheimer's disease was
not reached.

Table 5 shows discriminant analyses sepa-
rating patients with frontotemporal dementia
from patients with Alzheimer's disease and
controls. Two separate models were built, the

first relying on the mathematical properties of
the technique of stepwise selection of vari-
ables, and the second entering in the model
only those variables that were expected to best
discriminate groups on the basis of the previ-
ously shown data (see methods). The first
analysis selected bifrontal index, minimum
thickness of the medial temporal lobe, hip-
pocampal height, and width of the temporal
horn, achieving sensitivity for detection of
frontotemporal dementia around 80%. Eighty
seven per cent of controls and only 61% of
patients with Alzheimer's disease were cor-
rectly classified. Overall, 73% of subjects were
correctly classified. The second analysis

Figure 5 Measures of atrophy best discriminating patients
with frontotemporal dementia (FTD), patients with
Alzheimer's disease (AD), and controls. The thick lines
represent the means and the upper and lower borders of
boxes represent upper and lower standard deviations.
Minimum thickness of the medial temporal lobe and width
of the temporal horn are smallest and largest, respectively:
only right or left values indicating greater atrophy in each
patient have been usedfor computations.

162

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.61.2.157 on 1 A

ugust 1996. D
ow

nloaded from
 

http://jnnp.bmj.com/


Brain atrophy in frontotemporal dementia

proved more efficient, increasing specificity of
discrimination of frontotemporal dementia
from Alzheimer's disease (one patient with
frontotemporal dementia previously classified
as having Alzheimer's disease was now classi-
fied as a control) and sensitivity for classifica-
tion of controls (two controls previously
classified as having Alzheimer's disease were

now correctly classified). Overall, 79% of sub-
jects were correctly classified. Figure 5 shows
the age standardised values of bifrontal index
(A), minimum thickness of the medial temporal
lobe (B), and width of the temporal horn (C)
in patients with frontotemporal dementia,
mild and moderate Alzheimer's disease, and
controls.

Discussion
The study shows that patients with frontotem-
poral dementia have greater atrophy in the
anterior brain regions than patients with
Alzheimer's disease, that atrophy of the hip-
pocampal formation is present in patients with
frontotemporal dementia as well as in patients
with Alzheimer's disease, and that the medial
temporal lobe is spared in frontotemporal
dementia. A pattern of frontal and hippocam-
pal atrophy in the absence of atrophy of the
medial temporal lobe might be distinctive of
frontotemporal dementia.
The most striking neuropathological fea-

tures of frontotemporal dementia are gliosis,
neuronal loss, and atrophy in the anterior
regions of the frontal and temporal lobes.2
Although quantitative brain atrophy in vivo
has never before been evaluated in frontotem-
poral dementia, it is not surprising that the
bifrontal index indicated greater atrophy than
in both patients with Alzheimer's disease and
controls. Functional neuroimaging with
SPECT and HM-PAO or PET showing ante-
rior hypofunction is thought to be supportive
of the diagnosis of frontotemporal demen-
tia,2-4 6 but specificity is probably low.5 41 42 The
extent to which brain atrophy contributes to
perfusion deficits evidenced by SPECT is
debatable,43 but it can be hypothesised that at
least part of the frontal hypoperfusion of
patients with frontotemporal dementia is due
to loss of brain tissue in the anterior regions.
The hippocampus is the first structure to be

affected in the course of Alzheimer's disease.44
This is in good agreement with the clinical
finding of early memory deficits in patients
with Alzheimer's disease, and has prompted in
vivo investigations on the development of hip-
pocampal atrophy in the disease. 17 Recent
research has shown that accurate (but elabo-
rate) measurements of hippocampal volumes
can differentiate early Alzheimer's disease
from controls with a sensitivity and specificity
of around 95%,8 and that the more feasible
linear measures of atrophy of the hippocampal
formation also have satisfactory accuracy.'° 1214
However, hippocampal atrophy has been
reported also in temporal lobe epilepsy and
schizophrenia,'8 19 although memory distur-
bances are not pre-eminent in these condi-
tions. Hippocampal atrophy has been reported

in pathological studies of frontotemporal
dementia.4546 The present data indicate that
atrophy of the hippocampal formation can also
be seen in vivo in frontotemporal dementia,
although memory disturbances are character-
istically minor. ' 3 5 6

Atrophy in the medial temporal lobe has
been shown in moderately to severely
demented patients with Alzheimer's disease
and has been proposed as a sensitive marker of
this disease.9 It has previously been shown that
atrophy of the medial temporal lobe is indeed
present in early Alzheimer's disease, but it is
less pronounced than atrophy of the hip-
pocampal formation as shown by the width of
the temporal horn.'214 Atrophy of the medial
temporal lobe was notably absent in our
patients with frontotemporal dementia, sup-
porting the view that different subcomponents
of the medial temporal lobe structures are
involved in Alzheimer's disease and fron-
totemporal dementia,.

In the present study, the rubric of fron-
totemporal dementia did not include Pick's
disease and progressive aphasia.22 Pick's dis-
ease is less frequent than frontotemporal
dementia (ratio of 1:4).2 It can be clinically
similar to frontotemporal dementia,2 6 21 but is
characterised by striking morphological fea-
tures-namely, frontal and temporal pole atro-
phy2'-and distinctive neuropathology.45
Therefore, it has been suggested that Pick's
disease might represent a nosographic entity
distinct from frontotemporal dementia.45 47
Frontotemporal dementia, although it can
have different pathological patterns,45 has
much less striking morphological features,
which are limited to mild frontal and temporal
cortical atrophy.245 For these reasons, quanti-
tative measurements of atrophy are not useful
in the diagnosis of Pick's disease, but are
potentially useful in the diagnosis of fron-
totemporal dementia. Had cases of Pick's dis-
ease been included in our frontotemporal
dementia sample, it could have been argued
that the atrophic changes were an effect due to
cases of Pick's disease. Progressive aphasia is a
descriptive term with heterogeneous pathol-
ogy, comprising frontotemporal dementia, and
Alzheimer's and Creutzfeldt-Jakob disease.48
Thus the inclusion of patients with progressive
aphasia with our patients with frontotemporal
dementia could have biased the sample.

Measures of atrophy in frontotemporal
dementia have been compared with those in
two samples of patients with Alzheimer's dis-
ease of different severity. Although what is
meant by severity in Alzheimer's disease is
clear and accepted, this is much less clear for
frontotemporal dementia. The MMSE,2'
which is the most used and sensitive indicator
of severity in patients with Alzheimer's dis-
ease, might not be appropriate in frontotem-
poral dementia because of the frequent
presence of language disturbances. The clini-
cal dementia rating scale,26 on the other hand,
is less influenced by language disturbances,
but is much less sensitive. As can be seen from
table 1, patients with frontotemporal dementia
were similar on the clinical dementia rating
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scale as patients with mild Alzheimer's disease
and similar on the MMSE to patients with
moderate Alzheimer's disease. Whatever the
definition of severity in frontotemporal
dementia, we think that the fact that our find-
ings hold by comparing frontotemporal
dementia with two samples of patients with
Alzheimer's disease of different severity adds
more strength to the results.
Some notes of caution should be considered

in the interpretation of these results.
The best results in the discrimination of

patients with early Alzheimer's disease from
controls have been achieved with volumetric
measurements of the hippocampus.8 However,
linear measures have also been shown to yield
good sensitivity and specificity in this discrimi-
nation.'I" 12 14 Furthermore, linear measures of
hippocampal atrophy have greater feasibility
than volumetric measurements.

In this study, patients with frontotemporal
dementia were defined on clinical grounds
only. However, some findings suggest that
they are a distinct clinical entity. Firstly,
neuropsychological testing and functional
assessment were clearly indicative of relative
sparing of daily function and learning, which
are among the most striking features of fron-
totemporal dementia.'356 Furthermore, visu-
ospatial learning was spared more than verbal
learning, and visuospatial abilities are thought
to be more preserved than verbal abilities in
patients with frontotemporal dementia.'3I5 6
Secondly, the allele£4 of apolipoproteinE has
been consistently shown to be more frequent
in patients with Alzheimer's disease than in
controls.4950 Patients with mild and moderate
Alzheimer's disease had the expected fre-
quency of040-0O50, whereas those with fron-
totemporal dementia had a much lower
frequency of£4, similar to that found in con-

trols, suggesting that patients with frontotem-
poral dementia had a disease distinct from
Alzheimer's disease. Thirdly, frontal atrophy
as measured with the bifrontal index was more

pronounced in patients with frontotemporal
dementia than patients with Alzheimer's dis-
ease. It should be emphasised that the£4 allele
and frontal atrophy were not used to differenti-
ate patients with frontotemporal dementia
from patients with Alzheimer's disease, and
therefore constitute independent evidence of
nosographic autonomy. Lastly, clinical confir-
mation of the diagnosis of frontotemporal
dementia was obtained in all patients after
eight to 24 months of follow up, providing fur-
ther support for the clinical diagnosis.

We thank Dr Scheltens for his kind permission to the use the
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