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Abstract In this paper we explored patterns of
frontal and temporal asymmetry in frontotemporal de-
mentia (FTD) and tried to isolate clinical correlates as-
sociated with asymmetry or lack thereof. Volumes of
frontal and temporal lobes, hippocampus and entorhi-
nal cortex were measured using magnetic resonance
imaging (MRI) in 10 patients with FTD. Age- and cranial
size-specific values were computed through linear re-
gression analysis (W-scores). A subgroup of 3 patients
with symmetric frontal and temporal atrophy was iden-
tified. When compared to patients with asymmetric at-
rophy, the former had younger age at onset of the disease
(p=0.02), greater overall frontotemporal (p=0.02) and
greater entorhinal atrophy (p <0.04). Two of the three
patients were apolipoprotein E €4 carriers versus none
of the asymmetric patients (p =0.02). The lack of asym-
metry in this small sample of FTD patients was associ-
ated with greater brain atrophy, younger age at onset,
and presence of the €4 allele of apolipoprotein E. The
presence of the €4 allele is consistent with the hypothe-
sis of greater vulnerability of the brain in €4 carriers.
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Introduction

One of the most typical features of frontotemporal de-
mentia (FTD) is asymmetry. This is evident at both clin-
ical and biological levels. At the clinical level, language
can be affected early and disproportionately [23], indi-
cating predominantly greater involvement of the left
hemisphere.In other cases,behavioral disturbances pre-
dominate, which may indicate greater right hemisphere
involvement [22]. At the biological level, strikingly
asymmetric hypometabolism [19] and atrophy [19], as
detected with in vivo imaging methods [12], have been
repeatedly described, as well as an asymmetric distribu-
tion of lesions on pathological studies [5]. However,
asymmetry may also be absent. Miller and Gearhart an-
alyzed 15 FTD patients with single photon emission
computerized tomography (SPECT) and magnetic reso-
nance imaging (MRI), and observed symmetric hypop-
erfusion in 3,and symmetric atrophy in 7 of the subjects
[19]. Filley and colleagues reported symmetric involve-
ment in 2 of 4 FTD patients at pathological evaluation
[5].

It is not known what the origin of the observed pat-
terns of symmetry or asymmetry is, nor whether sym-
metric versus asymmetric FTD forms a further sub-
group under the umbrella of frontotemporal dementias.
Thus, the aim of this study was to explore clinical and
imaging characteristics of symmetric versus asymmet-
ric FTD patients.

Methods

Subjects and clinical assessment

The patients of this study have been described in detail elsewhere [6].
Here we summarize the characteristics of the FTD patients and the
non-demented subjects who were used as controls for the volumetric
analyses. Routine dementia assessment was carried out in all the FTD
patients.

In the original series [6], the diagnosis of FTD was made on clin-
ical grounds following clinical descriptions [8] and guidelines [17,
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20]. The patients were retrospectively assessed and judged to fulfill
the criteria for the diagnosis of frontotemporal lobar degeneration of
FTD type [23], representing rather homogeneous clinical phenotype.
The diagnosis of FTD was supported by SPECT with HM-PAO. Fol-
low-up evaluations were carried out from a minimum of eight months
to a maximum of three years. The persistence of the neuropsycholog-
ical pattern of disproportionate language and behavioral symptoms
with relative sparing of memory and orientation was regarded as con-
firmatory of the diagnosis. After excluding two patients with pro-
gressive aphasia in the absence of other cognitive and behavioral dis-
turbances, one who displayed no deterioration in three years, and the
subjects from whom compatible data for volumetric analysis were not
available, 10 FTD subjects remained.

History, estimated onset of FTD, and information on basic and in-
strumental activities of daily living were taken from a knowledgeable
informant. Laboratory studies, and clinical, neurological, and neu-
ropsychological evaluations have been described elsewhere [6].

Disease duration was computed from the estimated onset to the
date of MR imaging. Italian version of Folstein’s Mini-Mental State
Examination (MMSE) was used to assess cognition [18]. Global de-
mentia severity was assessed with the Clinical Dementia Rating scale
(CDR) [9].

Controls were patients’ relatives (mostly spouses) without de-
tectable cognitive deficit. They had a negative history of neurological
disease, though some reported mild subjective memory problems
which did not result in impairment of daily activities. All had the
MMSE administered, and were judged not demented by a neurologist
and a psychologist involved in the evaluation of the patients. Their
mean age was 70 * 8 years, percentage of men was 37 %, and they had
received education for an average of 8+ 3 years. Of the original 31
controls, 27 had MR images suitable for volumetric analyses of the
present study.

The study was approved by the local ethics committee.

Brain measurements

MRI was performed with a 1.5 T Siemens Magnetom using a standard
head coil. A 3D gradient-echo technique was employed for acquisi-
tion of T1-weighted images for volumetry (TR 10 ms; TE 4 ms; TI 300
ms; flip angle 10°% field of view 250 mm; acquisition 2; matrix
160 x256). All volumetric measurements were made blind to the sub-
jects’ diagnostic category.

Frontal and temporal lobes

Prior to tracing of the lobar volumes, MR images were transferred to
a Sun workstation (Sun Microsystems Inc., Mountain View, CA), and
aligned to correct for head tilt, pitch, and rotation in 3D. The frontal
and temporal lobe volumes were analyzed with the software QUANTA
[3]. This software combines manual tracing of a crudely defined re-
gion of interest (ROI) with an automatic thresholding procedure sep-
arating CSF from brain pixels. The first frontal and temporal ROIs
were traced on the slices where the brain matter appeared, and the
most posterior ROIs on the slice where the Sylvian aqueduct ap-
peared. In the posteriormost portions of the frontal lobe, the tempo-
ral lobe was separated from the frontal lobe with a line drawn from
the angle of the medial temporal lobe where it is attached to the tem-
poral stem to the midpoint of the operculum. The frontal and tempo-
ral horns were manually drawn within the brain matter in close prox-
imity (about 2-3 mm) of the border of the horn. The intraclass
correlation coefficient for intrarater reliability for the measurements
ranged from 0.83 to 0.99.

Medial temporal lobe

The hippocampus and the entorhinal cortex were manually traced
from contiguous coronal, 2.0 mm thick images oriented perpendicu-
lar to the intercommissural line. The hippocampus included the den-
tate gyrus, the hippocampus proper and the subicular complex. The
rostral end of the hippocampus, when it first appears below the amyg-
dala, was the anatomical starting point. The caudal end of the hip-
pocampus was taken as the section in which the crura of the fornices

depart from the hippocampal tail. The intraclass correlation coeffi-
cient for intrarater reliability for hippocampal volumes, measured
from 10 subjects was 0.95.

The entorhinal volumes were traced according to the criteria by
Insausti et al. [10]. The first slice measured was the one after the ap-
pearance of limen insula when the temporal lobe can be first appre-
ciated to be attached to the rest of the brain when proceeding from
anterior, and the last slice was the one where the uncus and gyrus in-
tralimbicus could no longer be appreciated. The intraclass correlation
coefficient for intrarater reliability for entorhinal volumes was 0.90.

Head size

The intracranial area (ICA), measured on a coronal section at the level
of the anterior commissure, was used to normalize brain volumes
[15].

Data management and statistical analyses

The combined effect of age [25] and brain size was controlled for with
a multivariate approach by transforming crude volumes into W-
scores according to the formula:

_ (observed value) - (predicted age- and ICA-specific value in controls)

standard deviation of residuals in controls

where age- and ICA-specific values and residuals in controls are com-
puted by linear regression analysis [11]. W-scores are thus the dis-
tance in standard deviation units of an observed value from the ex-
pected age- and ICA-specific value.

Overall values of atrophy were computed by summing up the
crude brain volumes, and correcting the obtained value, with the W
formula, with respect to the sum of crude volumes of controls.

Symmetry of the frontotemporal atrophy was operationalized as
the difference between right and left W-scores lower than 1 both in
the frontal regions (mean between brain and horns) and in the tem-
poral regions (brain and horns).
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where A indicates the difference between right and left.

If the patient had a difference higher than 1 (mean between brain
and horn) in the frontal or in the temporal lobe, the patient was clas-
sified as asymmetric.

The significance of comparisons among groups was assessed with
Mann-Whitney U and y? tests. The level for statistical significance
was set at 0.05.

Table1 Clinical and demographic features of the 10 FTD patients

FTD Controls
N=10 N=27
Age, mean years (SD) 63 (5) 70 (8)°
Sex, number of men 7 10 (37 %)°
Education, mean years (SD) 7(4) 8(3)
Disease duration, mean months (SD) 30(14) -
Mini-Mental State Examination, 16 (9) 29 (1)
mean score (SD)
Clinical Dementia Rating 0/0.5/1/2-3 (no.) 0/4/2/4 27/0/0/0
Instrumental Activities of Daily Living,
number of functions lost (SD) 3.0(2.4) 0
ApoE €4, n/total alleles (percentage)? 3/18(17 %)  5/50 (10 %)

2 ApoE genotyping was performed in 9 patients
b significant difference at non-parametric tests



Results

As summarized in Table 1, the FTD patients were of
moderate disease severity. The frequency of the €4 allele
was not significantly higher than in the Italian popula-
tion (0.17 vs.0.10) [2].

One subject could not be categorized as either sym-
metric or asymmetric since the frontal brain was nor-
mal, frontal and temporal horns were smaller than in
controls, and atrophy was limited to the temporal brain,
and she was excluded from the following analyses. This
patient had no €4 alleles. Of the other 9 patients, 6 were
asymmetric (Fig.1).

Symmetric
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Comparisons between the symmetric and asymmet-
ric groups (Table 2) show that they are similar in so-
ciodemographic features, disease duration and clinical
severity. The symmetric group is, however, distinct from
the asymmetric group for age at onset and genetic asset.
The patients with symmetric atrophy had onset of de-
mentia 9 years earlier compared with the asymmetric
cases (53+2.0 vs.62%2.5, exact p=0.02), and higher
prevalence of the €4 allele of the apolipoprotein E (50 %
vs. 0%, p=0.02).

The symmetric group also had greater atrophy of the
frontal and temporal regions (Table 3). Moreover, medial
temporal atrophy was absent, or rather minor in the
asymmetric, and markedly greater in the symmetric pa-
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Fig.1 Examples of symmetricand asymmetric patients with frontotemporal dementia. Upper part: MR scan. Lower part: quantification of atrophy with W-scores (see meth-

ods). FB frontal brain, FH frontal horn, 7B temporal brain, TH temporal horn. A = right, B =

ment. Note different scales of atrophy

left. Negative W-scores indicate shrinkage, positive values indicate enlarge-

Table 2 Sociodemographic and clinical features of

each FTD subject, divided in symmetric and asym- Subtype Age Sex Education Disea§e Ageat €4 MMSE (DR

metric groups duration  onset
Symmetric 54 M 5 24 52 2 18 1.0
Symmetric 59 F 5 40 55 1 4 2.0
Symmetric 56 M 5 36 53 0 19 2.0
Asymmetric 68 F 5 18 66 0 12 0.5
Asymmetric 64 M 8 24 62 0 23 0.5
Asymmetric 65 M 17 36 62 0 29 0.5
Asymmetric 66 M 5 60 61 0 0 3.0
Asymmetric 61 M 5 18 59 0 14 0.5
Asymmetric 65 M 3 12 64 = 13 1.0
P 0.02 n.s. n.s. n.s. 0.02 0.02 n.s. n.s.
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Table3 Atrophy of frontal, temporal and medial temporal regions in the sym-
metric and asymmetric groups

Region Symmetric ~ Asymmetric p
n=3 n==6
Frontal region
Brain R -3.78(0.47) -0.91(1.70) 0.04
L -409(032) -220(2.01) n.s.
Horn* R -449(133) -1.41(1.09) 0.04
L -5.03(0.91) -294(1.52) 0.07
Temporal region
Brain R -3.82(0.17) -1.38(0.55) 0.02
L -407(046) -175(2.11) n.s.
Horn* R -543(249) -1.86(229) n.s.
L -522(2.14) -471(3.53) n.s.
Overall fronto- -6.61(1.05) -2.72(1.69) 0.02
temporal atrophy
Medial temporal region
Hippocampus R -287(132) -097(1.18) 0.07
L -259(1.83) -0.82(1.23) 0.07
Entorhinal cortex R -3.18(0.26) -0.76(1.16) 0.02
L -238(0.81) -0.92(1.03) 0.04

Overall medial
temporal atrophy
Overall atrophy

-3.46(1.13) -1.22(1.16) 0.04

-3.66(1.11) -1.31(1.19) 0.04

Values denote mean (SD) values of atrophy expressed as W-scores. Overall values
of atrophy are the W-score of the sum of crude right and left frontal and temporal
brain and horns (overall frontotemporal), right and left hippocampus and entorhi-
nal cortex (overall medial temporal, and of all brain regions considered in the study
(overall atrophy).

* Polarized so that negative values indicate atrophy. p significance on Mann-
Whitney U test

tients (Table 3). The difference between the two groups
was close to statistical significance for the hippocampi,
and significant for the entorhinal cortex. Global values
of frontotemporal, medial temporal and overall atrophy
indicate significantly greater atrophy in symmetric pa-
tients.

Discussion

In this study we describe some characteristics associ-
ated with the symmetric distribution of brain atrophy
in FTD. First, the patients with symmetric atrophy had
earlier onset of disease. Second, they presented with
more severe global and medial temporal atrophy despite
equal global clinical severity duration. Third, in the pa-
tients with asymmetric disease, only the left frontal and
temporal regions were affected, while right frontotem-
poral and bilateral medial temporal regions were only
mildly atrophic. Finally, the patients with symmetric
presentation also had greater frequency of the ApoE €4
alleles.

The asymmetric involvement of the brain in FTD is
maintained as the cause of the wide variety of symptoms
of this type of dementia (mainly linguistic or behav-
ioral, considered to represent left and/or right involve-
ment, respectively)[22]. Symmetric involvement would
imply that both linguistic and behavioral symptoms are
both present and severe, but lack of detailed data in our

patients over the years does not allow us to test this hy-
pothesis.

The genetic asset (the presence of ApoE €4 allele) is
consistent with a theory of greater brain vulnerability in
the €4 carriers. The greater frequency of the €4 allele
might be atleast in part responsible for greater and sym-
metric atrophy, as well as younger age at onset. None of
the cases with asymmetric FTD were €4 carriers. Smaller
brain volumes in normal and AD subjects carrying the
€4 allele have repeatedly been addressed [1], as well as
reduced asymmetry [16].In addition, the £4 allele might
contribute to the younger age at onset [1], although this
effect in FTD is more controversial [21, 24], and indeed
the identification of different polymorphisms of the
ApoE itself suggests that the interaction of this gene
with the clinical phenotypes might be particularly com-
plex [27].

A more symmetric distribution of atrophy might be
due to a very advanced stage of disease, and represent a
floor effect. Our symmetric patients had a mean disease
duration 5 months longer than the asymmetric. As the
initial pattern of atrophy in degenerative dementias has
been shown to remain unchanged as the disease pro-
gresses for at least 2-3 years [26], it does not seem likely
that the minor difference of disease duration is respon-
sible for the different distribution of atrophy in our
groups.

Limitations of this study mustbe underlined. First, the
small patient groups are not sufficient to guarantee gen-
eralizability of the results regardless of whether the find-
ings were statistically significant. Second,a more detailed
clinical assessment, including neuropsychological and
behavioral evaluation, would have been of great impor-
tance to better investigate the clinical correlates of asym-
metry or lack thereof. Third, pathologic evaluation was
not available for our patients, but the follow-up allowed
us to repeatedly verify the diagnosis (one subject was in
fact excluded since he did not deteriorate over time),and
this should increase reliability of the diagnoses.

Moreover, the clinical profile remained consistent
with typical FTD and inconsistent with either AD or its
frontal variant [13], thus excluding the possibility that
the symmetric FTD might have been frontal variant AD.
Moreover, for the known effect of apoE €4 on the devel-
opment of AD in the age window around 70 years [4],
pre-senile onset of AD is characterized by a lower preva-
lence of €4, which is inconsistent with that observed in
our symmetric FTD patients.

In any case, these findings should be regarded as de-
scriptive, trying to explain a phenomenon, and provid-
ing a platform to investigate the subject, until replicated
or challenged in larger samples.
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