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Abstract

Crude and corrected amygdaloid volumes were computed from magnetic resonance scans in ten patients with fron-
totemporal dementia (FTD), 25 patients with Alzheimer’s disease (AD) and 27 controls. Amygdaloid atrophy was present
in FTD (P < 0.005) compared to controls, and a trend for increasing atrophy from controls, through FTD to AD (Pfor trend
<0.00005) showed that FTD amygdaloid volumes were intermediate between controls and AD. Behavioral and Kliver—
Bucy-like symptoms, characteristic of FTD, cannot be explained by amygdaloid atrophy alone.
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Frontotemporal dementia (FTD) is a neurodegenerative
disease characterized by a wide set of behavioral distur-
bances. A number of these disturbances, including disinhi-
bition, hyperorality and hypersexuality (Kliiver-Bucy-like
symptoms), which are characteristic for FTD as defined by
the consensus criteria [18], might indicate amygdaloid
involvement underlying the symptoms.

However, the few previous imaging studies on the amyg-
dalae in FTD and related conditions have provided unex-
pected and controversial results. A study with positron
emission tomography could not find different metabolism
of the amygdala in FTD without motor neuron disease
(MND) as compared to controls [10], but found amygdaloid
hypometabolism in FTD with MND as compared to controls
and to FTD without MND [10]. Amygdaloid volumes of
FTD patients have been recently investigated in vivo in a
volumetric magnetic resonance (MR) imaging study [19].
The authors detected amygdaloid atrophy in semantic
dementia but not in FTD, confirming previous findings on
semantic dementia [4]. However, in Pick’s disease, patho-
logic studies have also found amygdaloid damage [5]. In
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Alzheimer’s disease (AD), the amygdala has been demon-
strated to be atrophic compared to healthy elderly controls
[12].

Given the paucity of data and the controversies concern-
ing the amygdaloid involvement in FTD, the aim of this
study was to measure amygdaloid volumes with MR in
FTD, and compare them to those of AD patients and non-
demented controls.

The patients and controls have been extensively
described previously [8]. Controls were patients’ relatives
with no detectable cognitive deficits, a negative history of
neurological disease, and judged not demented by a neurol-
ogist and a psychologist (Table 1). MR images were suitable
for volumetry in ten patients with FTD (seven men), 25
patients with AD (four men), and 27 controls (ten men).
FTD patients fulfilled the criteria for frontotemporal lobar
degeneration of FTD type [17,18]. One of them had FTD
associated with motor neuron disease. The AD patients met
the NINCDS-ADRDA criteria for probable AD [16]. Apoli-
poprotein E (ApoE) genotyping was performed in 25
controls, in 24 patients with AD and nine with FTD. The
study was approved by the local ethics committee.

MR was performed with a 1.5 Tesla unit (Siemens,
Magnetom) and a standard head coil with a 3D gradient-
echo was employed for image acquisition (repetition time
10 ms; echo time 4 ms; inversion time 300 ms; flip angle
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Table 1
Sociodemographic features of patients and controls?®

Sociodemographic features

Age Disease duration MMSE CDR, n (%)
(months)
0 0.5 1 2-3
Controls *70 (8) - 29 (1) 27 (100) 0 (0) 0 (0) 0 (0)
FTD 63 (5) 30 (14) *16 (9) *0 (0) 4 (40) 2 (20) 4 (40)
AD *74 (8) 43 (26) *21 (4) *0 (0) 7 (28) 10 (40) 8 (32)

@ Values denote mean (standard deviation) unless otherwise specified. * Significant difference from the unmarked group on Mann-

Whitney U-test.

10° field of view 250 mm; acquisition two; matrix
160 X 256).

The amygdalae were manually traced by a single rater
(C.P.) blind to the study groups using a custom-made soft-
ware for a standard Siemens’ work console. Volumes of the
entire amygdalae were traced from contiguous, coronal 2.0
mm thick slices oriented perpendicular to the intercommis-
sural line. The anterior starting point was where the amyg-
dala starts to form the typical bulk in the medial temporal
lobe. The tracing continued by avoiding the hippocampus
and the rhinal cortices until the disappearance of the amyg-
dala above the hippocampus. The intraclass correlation
coefficient for intra-rater reliability was 0.93.

The tracing of the frontal lobes has been accurately
described elsewhere [1]. This was carried out on a Sun
workstation with the software QUANTA [6] that combines
manual tracing of the crudely defined region of interest,
traced in each slice in which it is visible, with an automatic
thresholding procedure separating cerebrospinal fluid from
brain pixels. The intraclass correlation coefficient for intra-
rater reliability for the lobar measurements ranged from
0.83 to 0.99.

Intracranial area (ICA), measured on a coronal section at
the level of the anterior commissure, was used for normal-
ization [8].

Pearson’s correlation was used to assess the effect of
possible confounding variables. The effect of cranial size
was accounted for with the formula: (volume/ICA X 100).
Further correction was necessary for the frontal lobes and all
computations that included this structure, since age had a
significant effect on their volume. This correction was
carried out with the computation of standardized measures
of change (W-scores) [12] computed by dividing, for each
subject, the difference between the expected value (based on
age and cranial size) and the observed value, by the standard
deviation of residuals in controls [1].

The standardized ratio between frontal and amygdaloid
volumes was computed by dividing the mean right and left
frontal by the mean right and left amygdaloid volumes, and
then correcting this ratio for age according to the W-scores
formula. Volume loss was defined as the percentage differ-
ence of patients’ volume with respect to the mean of control
subjects (set at 100). Significance of between group compar-

isons was assessed by the Kruskall-Wallis analysis of
variance, and Mann—-Whitney U test. Proportions were
compared with the x* test. The test for trend used to assess
the significance of increasing atrophy among groups
consisted in a regression model with group (group coding
mirroring increasing atrophy: zero for controls, one for FTD
two for AD) as independent variable, and volumes as depen-
dent variable.

FTD patients were 11 years younger and more often men
than AD patients, these differences reaching statistical
significance. No significant effect of age and gender was
found in amygdaloid volumes in the control group, while
a significant effect of age was present in the frontal lobes
(r=—048, P<0.012 on the right, r=—0.64, P <
0.0005 on the left frontal brain). The two patients groups
did not differ for disease duration (P = 0.21) and dementia
severity (Table 1). The prevalence of the ApoE &4 alleles
was 3/18 (17%) in the FTD patients, 18/48 (37%) in the AD
patients, and 5/50 (10%) in the control group.

The normalized volumes of the amygdalae were different
from control values in both demented groups: FTD vs.
controls (P < 0.005), AD vs. controls (P < 0.0005), but
not between the two patient groups (P > 0.15) (Table 1).
However, there was a trend for increasing atrophy from
controls, through FTD, to AD (P for trend <0.00005).

The comparisons of the FTD amygdaloid volumes were
also carried out without the subject with FTD associated to
motor neuron disease. Normalized volumes of this subject
were 0.726 and 0.632 for right and left amygdala, and the
results of comparisons among groups did not change.

Although the crude volumes of the frontal lobes were not
dissimilar in FTD and AD patients, age-corrected volumes
were smaller in FTD (Table 2) as well as the ratio between
frontal lobes and amygdaloid volumes (W = 0.6 = 1.4 vs.
2.1 = 2.0; P = 0.04), the latter value indicating larger fron-
tal relative to amygdaloid volume in AD patients.

Previous studies on amygdaloid volumes did not detect
amygdaloid involvement in FTD [10,19]. This finding, that
does not seem compatible with the typical FTD symptoms
[18], is not confirmed by our work, indicating a tissue loss of
about 20% in the amygdalae of the FTD group. Moreover,
the amygdaloid atrophy tended to be greater in AD patients,
up to 30%.



Table 2
Crude and corrected amygdaloid and frontal volumes?®

Amygdalae Frontal lobes

Crude values, cm® Normalized values Loss, % Crude values, cm? Normalized values (W- Loss, %

scores)

Right Left Right Left Right Left Right Left Right Left Right Left
Controls 1.16 (0.18) 1.11 (0.17) 0.91 (0.13) 0.87 (0.11) 0.0 0.0 196 (19) 193 (19) ref ref 0.0 0.0
FTD 0.96 (0.26) 0.88 (0.19) *0.74 (0.21) *0.69 (0.16) 18.6 21.6 180 (31) 170 (25) * —1.7 (2.0) t-2.6(1.9) 12 17
AD 0.77 (0.17) 0.78 (0.20) *0.64 (0.15) *0.64 (0.18) 30.2 26.3 172 (23) 170 (21) *-0.9(1.2) *—-0.8(1.2) 7 6

@ * Significant difference from the unmarked group on Mann-Whitney U-test and t between groups. Normalized values are volumes corrected for cranial size (amygdalae) or for
cranial size and age (frontal lobes). Percent loss is computed with respect to the mean normalized volumes of the control subjects. W-scores are obtained by dividing the difference
between the observed volume and the expected volumes for a subject of the same age and cranial size by the standard deviation of residuals in controls. Expected values and
residuals are computed in controls with a linear regression analysis where age and cranial size are independent variables. By definition, the W-scores of controls are equal to zero
and negative values indicate shrinkage.
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After the observations of Kliiver and Bucy on monkeys,
symptoms like hyperorality, hypersexuality, absence of fear
have been related to amygdaloid involvement in man as well
[11,14,15]. The fact that amygdaloid atrophy is lesser in
FTD than in AD in our study is not consistent with the
clinical observation that symptoms considered to be largely
due to amygdaloid damage are more frequent in FTD than in
AD [7,16,18]. A possible explanation might be that these
symptoms are not due to amygdaloid damage per se, but to
disruption of a neural system including this structure. This
might include the frontal lobes, particularly damaged in
FTD [1,9] and in close connection with the amygdalae
[21]. This view is supported by the greater frontal/amygda-
loid ratio in AD as compared to FTD patients, indicating a
disproportionate frontal preservation in AD compared to
FTD. Such explanation of Kliiver-Bucy-like symptoms is
based on results obtained through mathematical modeling of
the frontal/amygdaloid ratios in order to account for the
effect of younger age in FTD patients, and needs to be
replicated in age-matched groups.

However, the hypothesis is consistent with findings of
other authors, who, contrary to expectations, found
Kliiver—Bucy-like symptoms in patients without amygda-
loid involvement, and attributed them to disruption of
fronto-limbic connections [3,22].

Overall, this hypothesis is still speculative. As we have
not systematically recorded behavioral and Kliiver-Bucy-
like symptoms in our patients, the hypothesis cannot be
tested systematically. However, the clinical criteria that
we used to isolate patients with FTD are devised in way
that they indirectly lend support to this hypothesis. The
typical Kliiver-Bucy symptoms comprise bulimia, hyperor-
ality, hypersexuality, irresistible impulse to touch objects,
and loss of normal fear and anger [13,14]. Most of these are
included in clinical criteria for FTD [18], and it is accepted
that these patients show these symptoms early [3,18] while
in AD patients they take place only later in the disease
course [7]. Therefore, it is very likely that our FTD patients
had more Kliiver-Bucy symptoms than AD, although accu-
rate recording is lacking in our study.

Finally, it should be noted that attributing a particular
cluster of symptoms to lesions of a single brain structure
implies a localizationist approach that has serious limits in
the light of recent findings in neurosciences [2], and invol-
vement of a circuit can better account for such a set of
symptoms.

An issue to bear in mind when interpreting these data is
that the observed amount of amygdaloid volume loss does
not necessarily reflect amygdaloid function. The amygdala
may be more dysfunctional in FTD despite lesser volume
loss since the amygdala consists of at least 13 subnuclei
[5,20], and the two dementias may selectively affect differ-
ent nuclei, which are not possible to be evaluated separately
by using current MR technologies. In a similar manner, this
study cannot say whether or not the patterns of atrophy in
FTD and AD are regionally different in the functionally

heterogeneous frontal lobes. Histopathological studies are
needed to shed light on these issues. What can be concluded
based on this study, and the previous studies not finding
amygdaloid atrophy in FTD [10,19] is that, in terms of
volumetric atrophy or lack thereof, the amygdaloid involve-
ment alone cannot explain behavioral symptoms in FTD.

Some caveats of the study must be underlined. First, the
small number of subjects, especially in the FTD group,
prompts caution in the generalization of the results. Second,
lack of pathological confirmation prevents to draw final
conclusions about the specificity of our findings. Future
research might study the involvement of neural networks
and systems rather than single structures in neurodegenera-
tive dementias.
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