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Amygdalar and Hippocampal Volumetry in Control
Participants. Differences Regarding Handedness

C. Akos Szabo, Jinhu Xiong, Jack L. Lancaster, Lacy Rainey, and Peter Fox

BACKGROUND AND PURPOSE: Amygdalar and hippocampal volume measurements in-
dicate a right-greater-than-left asymmetry for right-handed normal participantsin most stud-
ies. The purpose of this study was to compare amygdalar and hippocampal volume ratios
between right- and left-handed participants.

METHODS: Amygdalar and hippocampal volume measurements were performed in 34 (20
right-handed and 14 left-handed) normal participants. All participants completed a 10-item
handedness questionnaire. The MR imaging sequence was a 3D T1-weighted gradient-echo
acquisition of the whole brain (24/6 [TR/TE]; flip angle, 25 degrees). MR images wer e spatially
normalized, and volumes were painted with a 1.0-mm3 resolution cursor on an SGlI
wor kstation.

RESULTS: In right-handed participants, the amygdala and hippocampus (P < .001 for both)
wer e significantly larger on theright side than on the left. The left-handed group did not show
a significant difference between right- and left-sided structures. Right-to-left volume ratios
differed significantly between right- and left-handed participants for both amygdalar (P < .02)
and hippocampal (P < .01) structures. Gender did not affect right-to-left amygdalar and hip-

pocampal volume ratiosin right- or left-handed participants.
CONCLUSION: Handedness, but not gender, seems to affect right-to-left amygdalar and

hippocampal volume ratios.

Hippocampal volumetry has become a clinical tool
in identifying unilateral or bilateral hippocampal
volume changes in cases of temporal 1obe epilepsy
(1, 2). Amygdalar volumetry has been implemented
more recently to help in the lateralization of a sus-
pected temporal lobe seizure focus in the absence
of hippocampal atrophy (3). Because of the differ-
ences in acquisition techniques, technical capabili-
ties, processing, and techniques for delineation of
the anatomic structures, absolute volumes vary
among centers (1-6). Volume ratios have been
more consistent among epilepsy surgery centers
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than have been the measurements of absolute vol-
umes. Still, some centers show right-greater-than-
left volume ratios in normal participants whereas
others do not (4-6).

The effect of handedness has not been well doc-
umented in the past. Only one study included a
small number of left-handed and ambidextrous par-
ticipants, but the participants were not selected on
the basis of a questionnaire (4). Although only ap-
proximately 10% of the general population is de-
velopmentally left-handed, left-handedness is
found in =30% of patients with medically refrac-
tory epilepsy, especialy in the setting of left hemi-
spheric foci that become symptomatic during in-
fancy or early childhood (7-9).

Hence, it is important to determine whether
handedness affects amygdalar and hippocampal
volume ratios. If volume ratios differ between
right- and left-handed persons, normative data for
developmentally left-handed participants may im-
prove the sensitivity and specificity of amygdalar
and hippocampal volumetry in the evaluation of
patients with epilepsy. Furthermore, a difference
between left- and right-handed epilepsy would
identify the need to reevaluate asymmetry ratios in
pathologically left-handed persons.
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Fic 1. Amygdala and hippocampus in coronal (A), sagittal (B), and axial (C) planes.

M ethods

Participants

MR images of 20 right-handed participants (11 women and
nine men) were randomly selected from a database of 170 nor-
mal participants (10). A total of 17 left-handed participants
were also identified. MR images with the appropriate sequenc-
es and resolution were available for only 14 left-handed (eight
women and six men) participants. All the participants com-
pleted a handedness questionnaire at the time of MR imaging.
The questionnaire inquired about hand preference for 10 activ-
ities: writing, drawing, throwing, using scissors, toothbrushing,
using a screwdriver, using a spoon, using a key, using a ham-
mer, and striking a match. The questions were drawn from the
Edinburgh Laterality Inventory and Reitan Handedness Scale.
The handedness index for right-handed participants ranged be-
tween 8 and 10 (mode 10) and for left-handed participants
between 0 and 4.9 (mode 1). Ten participants indicated com-
plete right-handedness. Family history of left-handednessin at
least one parent was identified for two (10%) of 21 right-hand-
ed participants and five (36%) of 14 left-handed participants.

Image Acquisition and Processing

The MR imaging sequence used for volumetric analysis was
a 3D T1-weighted gradient-echo acquisition of the whole brain
(24/6; flip angle, 25 degrees; field of view, 256 X 256 mm;
matrix, 256 X 192). The right side was marked by a 1-cm-
diameter plastic tube filled with water, placed caudally from the
participant’s ear and additionally defined in the header file. Pix-
els were 1.0 X 1.0 mm, and section width was 1 mm without
an interleave gap. Spatial normalization was performed on all
images, using validated methods to remove brain size effects
(20). All volumes were painted with a 1.0-mm3 resol ution cursor
on an SGI workstation using Display (MNI, Canada), which
allowed smultaneous visualization of the structures in three
planes (Fig 1). The use of Display for volumetric measurements
of brain structures has been recently reported (11-13).

All volumetric measurements were performed by the prin-
ciple investigator (C.A.S.), who was blinded to handedness in
all the left-handed participants and more than half the right-
handed participants. Five images of right-handed participants
were chosen randomly for repeated measurements to assess
intrarater intertrial reliability within 48 hr of the first measure-
ment and in five left-handed participants 6 months after the
first measurement.

Amygdalar Volumetry

The anterior border was defined in the axial and sagittal
planes (Fig 1). The anterior border was delimited by the gyrus

ambiens and the endorhinal sulcus at the level of the optic
chiasm. Anteromedially, the amygdala included the cortical
surface of the semilunar gyrus. The lateral border was differ-
entiated from the anterior portion of the claustrum on axial and
sagittal images. The inferolateral border was defined by the
temporal horn of the lateral ventricle or alveus intervening be-
tween amygdala and the hippocampal head. The superior bor-
der was best delineated on axial and sagittal planes and in-
cluded the central nucleus of the amygdala. Posteriorly, the
amygdala was delineated as a structure overlying the temporal
horn of the lateral ventricle, reaching from the apex of the
ventricle medially, where it bordered the hippocampus.

Hippocampal Volumetry

The anterior border of the hippocampus emerged beneath
the amygdala as the anterior recess of the tempora horn as-
cended laterally and was delineated by the alveus medially and
inferiorly (Fig 1). The medial, intervening portion of the alveus
and subcortical white matter was extended to the cortical sur-
face, excluding most of the overlying parahippocampal gyrus
and uncus anteriorly and the prosubiculum posteriorly. Supe-
riorly, it bordered amygdala and the temporal horn. Posteriorly,
the fornix was excluded from the measurements. The posterior
boundary was the last coronal section before visualization of
the crus fornix in its entire length and width as it ascended
toward the thalamus. Choroid plexus was included if it was
contiguous with the hippocampus.

Satistical Analysis

For the comparison of right and left amygdalar and hippo-
campal volumes, right-to-left volume ratios were calculated for
each participant. A natural logarithm transform was then per-
formed on the ratios to facilitate statistical analysis. For the
right-handed participants, analysis of variance with 2 X 2 fac-
torial design was used to detect an interaction between right-
to-left volume ratios as the dependent measure and structure
(amygdala versus hippocampus). A simplet test was conducted
to reveal any significant asymmetry between right and left
amygdalar and hippocampal volumes. For the left-handed par-
ticipants, a similar t test was conducted for each structure to
detect interhemispheric asymmetry. To test whether any sig-
nificant difference existed between right- and left-handed par-
ticipants, a group t test was conducted on the volume ratio
data. The effect of gender on hippocampal or amygdalar asym-
metry was investigated in right- and left-handed groups using
an analysis of variance 2 X 2 factorial design. Finaly, intrar-
ater intertrial reliability was assessed for repeated measure-
ments, 48 hr apart for five right-handed participants and
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Absolute amygdalar and hippocampal volumes and their ratios in healthy subjects

Amygdalar Volumes

Hippocampal Volumes Right-to-left Volume Ratios

Subjects Age (y) Right Left Right Left Amygdala Hippocampus
Right-handed 27 1600* 1484* 3008* 2858* 1.07t 1.05t
(n = 20) (4) (167) (182) (398) (399) (0.06) (0.04)
L eft-handed 28 1611 1578 2989 3039 1.02t 0.981
(n=14) (6) (240) (132) (455) (445) (0.07) (0.05)

N(umber), all absolute volumes are provided in mm3: standard deviations are in brackets, *statistically significant difference of amygdalar and
hippocampal volumes between right and left sides, T statistically significant difference between left- and right-handed subjects.

6 months apart for five left-handed participants. Reliability was
tested in the first group by using a Pearson correlation, whereas
in the latter group, a paired t test was used because the data
range was small and the correlation coefficient could not be
calculated.

Results

Mean amygdalar and hippocampal volumes were
calculated regarding handedness (Table). In right-
handed participants (n = 20), the mean amygdalar
volumes were 1600 and 1494 mm3 for the right and
left hemispheres, respectively, and the mean hip-
pocampal volumes were 3008 and 2858 mm3, re-
spectively. Right-to-left amygdalar and hippocam-
pa volume ratios were 1.07 = 0.06 (mean *= SD)
and 1.05 = 0.04, respectively. In left-handed par-
ticipants (n = 14), the mean amygdalar volumes
were 1612 and 1578 mm?3 for the right and left
hemispheres, respectively, and the mean hippocam-
pal volumes were 2989 and 3039 mms2, respective-
ly. Right-to-left amygdalar and hippocampal vol-
ume ratios were 1.02 = 0.07 and 0.98 *+ 0.05,
respectively. The mean right and left hippocampal
and amygdalar volumes differed significantly (P <
.001 for both) for right-handed participants but not
for left-handed participants. The right-to-left vol-
ume ratios were statistically different between
right- and left-handed participants for both the
amygdala (P < .02) and the hippocampus (P <
.001). Gender did not seem to affect amygdalar or
hippocampal volume measurementsin either group.

The intrarater intertrial correlation for the mea-
surement of amygdalar and hippocampal volume
ratios measured 48 hr apart for right-handed par-
ticipants exceeded 0.98 and 0.99, respectively. No
significant difference was found for intrarater in-
tertrial measurements of hippocampal volumes ob-
tained 6 months apart for left-handed participants
(paired t test, « < 0.05). The right-to-left volume
ratios for the five left-handed participants measured
6 months apart are 0.96 = 0.04 and 0.98 = 0.07,
respectively. Both of these comparisons suggested
that the intrarater intertrial measurements were
reliable.

Discussion
A right-greater-than-left asymmetry was shown

in right-handed normal participants by some stud-
ies (4, 5) but not by others (1, 6). The reasons un-

derlying this discrepancy are unclear but may be
differences in techniques for image acquisition and
hippocampal delineation (14). Norms for amygda-
lar volumes and their ratios are limited (5). In this
study, right-handed participants showed significant
right-greater-than-left amygdalar and hippocampal
volume ratios. Furthermore, statistically significant
differences were noted for amygdalar and hippo-
campal volume ratios between right- and left-hand-
ed participants. The only study that considered the
effect of handedness on volume ratios indicated
that handedness did not play a detectable role (4).
However, that study included only a small number
of left-handed and ambidextrous participants and
relied largely on self-report and not handedness in-
dices. It is unclear why some left-handed partici-
pants should have inverted asymmetries from right-
handed participants, but these shifts could be
related to the lateralization of cognitive or language
functions. Nonetheless, the results of this study
show the need to establish different criteriafor left-
and right-handed patients with epilepsy. Consider-
ing that almost 30% of patients with epilepsy are
left-handed (7-9), implementing criteria based on
handedness may improve the sensitivity and spec-
ificity for detecting clinically significant asymme-
tries in patients with temporal lobe epilepsy. How-
ever, the results of this study did not address
differences between developmentally and pathol og-
ically left-handed participants, who tend to have an
early onset of epilepsy originating from the left
hemisphere. More extensive analysis of these
groups would be necessary to better use the pro-
posed handedness criteria

Gender did not affect right-to-left hippocampal
and amygdalar volume ratios in the right-handed or
left-handed groups. This finding confirmed the re-
sults of studies performed at other epilepsy centers,
which included hippocampal (4, 6) and amygdalar
(6) volumetry.

In summary, amygdaar and hippocampa vol-
ume ratios in right-handed normal participants
showed a significant right-greater-than-left asym-
metry, whereas most left-handed participants
showed a left-greater-than-right asymmetry. It
seems that different criteria should be applied to
left- and right-handed patients undergoing amyg-
dalar and hippocampa volumetry to improve the
ability to lateralize a temporal lobe seizure focus.
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