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a b s t r a c t
Context: According to meta-analyses, depression is associated with a smaller hippocampus. Most magnetic
resonance imaging (MRI) studies among middle aged acute depressed patients are based on manual
segmentation of the hippocampus. Few studies used automated methods such as voxel-based morphometry
(VBM) or automated segmentation that can overcome certain drawbacks of manual segmentation
(essentially intra- and inter-rater variability and operator time consumption).
Objective: The aim of our study was to compare the sensitivity of manual segmentation, automated
segmentation and VBM to detect hippocampal structural changes in middle aged acute depressed
population.
Method: Twenty-one middle aged depressed inpatients and 21 matched controls were compared regarding
their hippocampal structure using VBM with SPM5, manual segmentation and an automated segmentation
algorithm. The VBM-ROI analysis was performed using two different normalization methods: the standard
approach implemented in SPM5 and the most recent DARTEL algorithm.
Results: Using VBM-DARTEL, when corrected for multiple comparisons, signiﬁcant volume differences were
detected between groups in different regions and more speciﬁcally in hippocampus with ROI analyses.
Whereas using standard VBM (without DARTEL), ROI analyses did not show bilateral volume between group
differences.
Signiﬁcant hippocampal volume reductions between patients and controls were also detected using manual
segmentation (−11.6% volume reduction, p b 0.05) and automated segmentation (−9.7% volume reduction,
p b 0.05). VBM-DARTEL and automated segmentation show equal sensitivity in detecting hippocampal
differences in depressed patients, while standard VBM was unable to detect hippocampal changes. Both
VBM-DARTEL and automated segmentation could be used to perform large scale volumetric studies in
humans. The new automated segmentation technique could further explore and detect hippocampal subpart
differences that could be very useful for clarifying physiopathology of psychiatric disorders.
© 2008 Elsevier Inc. All rights reserved.

Introduction
The hippocampus is a central component of the limbic system and
has a complex set of interconnections with limbic elements involved
in emotional processing (Nieuwenhuys et al., 1988). Depression is
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characterized by emotional impairment. Hippocampal abnormalities
could then have a pathophysiologic role in depression regardless of
their ultimate etiology.
Several neuroimaging studies evaluating structural changes of the
hippocampus in acute depression have reported signiﬁcant volume
reduction in patients compared to healthy subjects (Frodl et al., 2002,
2006; Bell-McGinty et al., 2002; Saylam et al., 2006; Maller et al.,
2007; Colla et al., 2007; Ballmaier et al., 2008; Vasic et al., 2008). Two
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meta-analyses reviewing 12 studies and over 300 patients concluded
that hippocampal volume is reduced in unipolar depression (Videbech
and Ravnkilde, 2004; Campbell et al., 2004). Although the patient
populations were highly heterogeneous regarding age, gender
distribution, age at onset of the disorder, average number of
depressive episodes, and response to treatment, depression was
associated with signiﬁcant reduction in hippocampal volume in both
hemispheres. Videbech and Ravnkilde (2004) reported a weighted
average reduction of hippocampal volume of 8% on the left side and
10% on the right side.
Nevertheless, some studies did not observe any difference in
hippocampal volume between acute depressed patients and controls
(Mervaala et al., 2000; Vakili et al., 2000; Von Gunten et al., 2000;
Rusch et al., 2001; Posener et al., 2003; Caetano et al., 2004; Hastings
et al., 2004). Clinical characteristics of the studied acute depressed
populations, such as ﬁrst vs. multiple depressive episodes, duration of
illness and presence of sexual abuse may account for the discrepancies
between ﬁndings; however the divergent results could also be partly
explained by methodological differences.
In the vast majority of these studies, hippocampal volumetry was
performed using a manual segmentation protocol. Divergent measuring protocols could explain the divergent ﬁndings (Geuze et al., 2005).
Furthermore, manual segmentation of the hippocampus is operator
time consuming, requires speciﬁc anatomical expertise and may result
in high intra- and inter-rater variability.
Two studies used voxel-based morphometry (VBM) with SPM
(Bell-McGinty et al., 2002; Vasic et al., 2008). VBM is a fully automatic
technique which allows an objective analysis of anatomical differences between groups across the whole-brain. It involves a voxel-wise
comparison between two groups of subjects of the local concentration
of gray matter or volume comparison using Jacobian modulation
(Ashburner and Friston, 2000). VBM has been applied in different
types of neuropsychiatric pathologies. Among psychiatric disorders,
several studies have used VBM in patients with schizophrenia
(Seidman et al., 1999; Kubicki et al., 2002; Job et al., 2002, 2003;
Moorhead et al., 2004; Borgwardt et al., 2007a; Rametti et al., 2007),
and all of these studies reported hippocampal volume differences
between patients and healthy subjects. To the best of our knowledge,
only Bell-McGinty et al. (2002) and Vasic et al. (2008) have applied
VBM in acute depressed patients. Bell-McGinty et al. (2002), using
SPM99, reported gray matter concentration differences in the
hippocampus between patients and controls but their p-value was
not corrected for multiple comparisons (p = 0.001, uncorrected), and
their research population was composed exclusively of elderly
subjects. Recently, Vasic et al. (2008) interested in the relationship
between gray matter (GM) abnormalities, psychopathology and
cognitive impairment, studied GM concentration and volume differences between middle aged acute depressed patients and controls.
Using SPM5, they have shown signiﬁcant volume differences for the
left hippocampus. However, as these volume differences were
observed with an uncorrected voxel level height threshold of
p b 0.001, it is unclear whether, in middle aged depressed patients,
VBM can detect hippocampal volume differences when using a
properly corrected statistical threshold.
Also, a preprocessing step of the VBM in SPM has recently been
improved with the Diffeomorphic Anatomical Registration using
Exponentiated Lie algebra (DARTEL) registration method (Ashburner,
2007). This technique, being more deformable, notably improves the
realignment of small inner structures (Yassa et al. 2008). To the best
of our knowledge, no studies have yet used DARTEL in acute
depressed patients. More generally, this very recent technique has
only been used in two VBM studies (Martino et al. 2008; Stonnington
et al. 2008).
In addition, one study used a semi-automatic hippocampal
segmentation method (Posener et al., 2003). Automated and semiautomatic methods have been developed for systematic segmentation

of the hippocampus. These methods are less operator time-consuming
and generate less inter and intra-rater variability than manual
segmentation (Csernansky et al., 2002; Fischl et al., 2002; Chupin et
al., 2007). Using a semi-automated segmentation of the hippocampus
(Csernansky et al., 2002, Posener et al. (2003)) were able to detect
hippocampal changes in acute depressed patients. Chupin et al. (2007)
have recently developed an automated method, called SACHA
(“Segmentation Automatisée Compétitive de l'Hippocampe et de
l'Amygdale”), to segment the hippocampus and the amygdala. This
method has been validated by comparison with manual tracing in
healthy controls and in patients with Alzheimer's disease (AD)
(Chupin et al., 2007). It has also been successfully applied to detect
signiﬁcant hippocampal volume reduction in patients with AD and in
patients with mild cognitive impairment (MCI) (Colliot et al., 2008).
However, hippocampal volume reductions in AD and in MCI are more
severe than in acute depressed patients, with the latter average
reduction ranging at 9% according to meta-analyses (Campbell et al.,
2004; Videbech et al., 2004).
The purpose of our study was to compare the sensitivity of VBM,
manual segmentation and automated segmentation to detect hippocampal volume differences in depression. To achieve this goal we
compared VBM with two segmentation methods (a manual segmentation method and the automated method SACHA) in the same groups
of middle aged acute depressed patients and healthy controls.
Methods
Participants
Depressed inpatients fulﬁlling the DSM-IV criteria for a major
depressive episode (unipolar depressive disorder) were recruited
from the psychiatry department of the Pitié-Salpêtrière Hospital.
Healthy controls with no history of psychiatric disorders were
recruited from the community to match the patients for age and
level of education. All participants were right-handed. Participants
were screened for past or current DSM-IV axis I diagnoses by two
psychiatrists (CL and GL) with the Mini International Neuropsychiatric
Interview (Sheehan et al., 1998). Severity of depression was assessed
using the Montgomery–Asberg Depression Rating Scale (MADRS)
(Montgomery and Asberg, 1979) and the Beck Depression Inventory
(BDI) (Beck et al., 1961). Exclusion criteria were history of manic
episode, psychotic features, neurological illness, medical disorders or
medication likely to affect cognition, history of substance-related
disorders or electroconvulsive therapy in the previous 12 months.
Written informed consent was obtained for each participant. The
study was approved by the Ethics Committee for Biomedical Research
of the Pitié-Salpêtrière Hospital.
MRI acquisition
High-resolution three-dimensional (3D) T1-weighted images were
acquired on a 1.5-T whole-body scanner (SIGNA, GE, Milwaukee, WS,
USA). The MRI parameters of the 3D magnetization-prepared rapid
gradient-echo (3D-MPRAGE) (Mugler and Brookeman, 1991)
sequences were as follows: TR = 10.2 ms; TE = 2.04 ms; TI = 400 ms;
FOV = 256 mm, ﬂip angle = 10°. The images were acquired with an inplane spatial resolution of 0.9375 mm and with 106 contiguous
sagittal 1.5 mm thick slices for 39 participants and with 124
contiguous sagittal 1.3 mm thick slices for 3 participants. Thus, nearly
isotropic three-dimensional MR data sets were obtained, making
highly accurate volumetric MR measurements possible.
The three methodologies
The main goal of our study was to compare each method's
(manual, automated, VBM) sensitivity to detect subtle hippocampal
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volume differences between the depressed and normal control
groups. We then matched the statistical designs of all three analyses
as close as possible. We have included gender and age as covariates in
the three statistical analyses.
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diffeomorphic registration algorithm. For this standard version we
used HMRF segmented modulated images (obtained with step 3) and
smoothed those images at 12.
Whole-brain volume comparison

VBM-DARTEL analysis
Voxel-based morphometry (Ashburner and Friston, 2000) was
performed using SPM5 (Statistical Parametric Mapping, Wellcome
Department of Imaging Neuroscience, London, UK). The VBM preprocessing included ﬁve steps:
(1) Check for scanner artefacts and gross anatomical abnormalities
for each subject. (2) Set image origin at the Anterior Commissure AC.
(3) Use of Hidden Markov Random Field (HMRF) option in the
segmentation part of the VBM5 toolbox to minimize the noise level of
the segmentation. (4) Use DARTEL toolbox to have a high-dimensional
normalization protocol. We followed John Ashburner's chapter in its
standard version including the MNI space transformation (Ashburner,
2007) (see Fig. 1), but we performed the MNI space transformation
with Donald McLaren's script that modiﬁes John Ashburner's script of
code for transforming DARTEL templates and images to MNI space
(see Appendix A, Fig. 1). (5) Check for homogeneity across sample and
use the standard version of the smoothing (i.e. 8). After this preprocessing we obtained smoothed modulated normalized data that
we used for the statistical analysis.
Standard VBM analysis
For comparison on hippocampal difference sensitivity, we also
repeated the ROI analysis using the more widely used standard SPM5
segmentation code (Ashburner and Friston, 2005) instead of the

The two groups (depressed patients and controls) were compared
using multiple factorial comparisons with the sample as studied
factor.
As the Jacobian modulation takes into account both local and
global normalization, we had to correct for head-size, we thus
added the Total Intracranial Volume (TIV) as covariate in the
statistical analysis. TIV was calculated as the sum of GM, White
Matter (WM) and Cerebrospinal Fluid (CSF) volumes, derived from
SPM5 toolbox's HMRF segmentations. Thus, an analysis of covariance (ANCOVA) was computed to detect differences in gray matter
volume between groups. Gender, age and TIV were included as
nuisance covariates. To correct for multiple comparisons, we applied
the false discovery rate (FDR) approach (Genovese et al., 2002),
which controls the expected proportion of false positives among
suprathreshold voxels (Benjamini and Hochberg, 2000). We used a
threshold of p b 0.05.
ROI analysis using hippocampal masks (MARINA)
Since the purpose of our study was to assess hippocampal changes,
we also performed a region of interest (ROI) analysis restricted to the
hippocampus. Indeed, when an a priori hypothesis is made on a
speciﬁc region, an ROI analysis is more sensitive than a whole-brain
comparison. We created a mask of right and left hippocampus with
the MARINA software (MAsks for Region of Interest Analysis, Version

Fig. 1A. HMRF and DARTEL preprocessing in VBM 5 in a subject of our control group.
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Fig. 1B. Used mask for VBM-ROI analyses.

0.6.1, B. Walter, Giessen, Germany, 2002). This mask was then inserted
as the explicit mask in our VBM factorial analyses.
When doing ROI analyses in standard VBM: analysis of covariance
(ANCOVA) computed on HMRF segmented modulated and smoothed
images between groups with gender, age and TIV included as nuisance
covariates.
Within the hippocampal mask, we set signiﬁcance at a threshold of
uncorrected p b 0.001.
Manual segmentation of the hippocampus
We segmented the hippocampus according to the protocol
introduced by Pruessner et al. (2000). Prior to manual hippocampal
segmentation, the following preprocessing steps were performed:
non-uniformity correction, linear registration to standard stereotaxic
space (using the ICBM 152 template), and signal intensity normalization. Volumetric analysis was performed with the interactive
software package DISPLAY developed at the Brain Imaging Center of
the Montreal Neurological Institute. This program allows visualization
of MR images in all orientations. The protocol includes the ﬁmbria,
alveus, dentate gyrus, cornu ammonis and excludes the subiculum.
Measurements were performed by a trained rater (LB), who was blind
to group membership and clinical information. The whole procedure
takes about 90 min for each side. To assess intra-rater reliability,
volumetric measurement of the hippocampus was carried out twice
for 10 participants; the time between two successive sessions was
8–12 months. Intra-rater reliability was assessed using Pearson's
intra-class correlation (Fig. 2).
Statistical analysis
To test for differences between depressed patients and controls, a
repeated measures ANCOVA (analysis of covariance) was used, with
one between-subject grouping factor (patients and controls), one

within-subject factor (laterality: left, right) and gender and age as
covariates.
Automated segmentation of the hippocampus using SACHA
Automated segmentation was performed using the SACHA software (Chupin et al., 2007) included in the Brainvisa image analysis
platform (Institut Fédératif de Recherche de Neuroimagerie, IFR 49,
Saclay, France, Cointepas et al., 2001, http://www.brainvisa.info/).
SACHA extracts the hippocampus from a native scan according to the
protocol described in Chupin et al. (2007), Appendix C. As in the
manual protocol, the ﬁmbria, alveus, dentate gyrus, cornu ammonis
are included and the subiculum excluded.
This software relies on region deformation, introducing a competition between the hippocampus and the amygdala. It gives the volume
of both regions; here we only took hippocampal volumes into account.
The method requires the following initialization from the operator.
First, a bounding box is manually deﬁned around the amygdalo–
hippocampal complex (Fig. 3, 1st step) by selecting six slices that
correspond to the limits of the hippocampus and the amygdala. The
dimension of the bounding box is typically around 30 × 50 × 20 voxels.
Then, two seeds are placed, one in the hippocampus and one in the
amygdala (Fig. 3, 2nd step). These seeds constitute the starting points
of the deformation process. They are positioned close to the centre of
the amygdala and the center of the head of the hippocampus. Lastly,
starting from these two seeds, the algorithm automatically aggregates
voxels and converges to the segmentation of the two structures (Fig. 3,
‘Final segmentation’). Additionally, two parameters of the algorithm
can be adjusted: a radiometric parameter and a geometric parameter.
1) The radiometric parameter controls the ratio between the intensity
characteristics (mean and Standard Deviation (SD)) of the hippocampus and the amygdala and those of the gray matter. The ratio between
the mean and SD of the intensity of the amygdala and the

Fig. 2. Left hippocampus segmented with Pruessner's manual segmentation protocol in a subject of our patient group: l. HC = left hippocampus; r. HC = right hippocampus.
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Fig. 3. Right hippocampus segmented with SACHA software in a subject of our control group: HC = hippocampus; AMG = amygdala.

hippocampus and those of gray matter may depend on image contrast.
For this reason, two preset values controlling these intensity ratios can
be chosen depending on the visual contrast of the image. 2) The
geometric parameter controls the degree of inﬂuence of an anisotropic
regularisation strategy taking into account the particular shape in the
tail of the hippocampus. Namely, growth in the tail will be inﬂuenced by
a parameter called tail's anisotropy. These parameters can be adjusted
when the hippocampus is atrophied. The default radiometric parameter
is 1 and the tail's anisotropy is at 1. The whole procedure takes about
10 min for each side. Measurements were performed by a trained rater
(LB) who was blind to group membership and clinical information.
The SACHA algorithm has been validated only on native data and
not on normalized data. We used this standard version and obtained
non-normalized hippocampal segmentations. We thus had to take into
account brain inter-subject variability during the statistical analyses.
Statistical analysis
We took TIV into account in the statistical analyses. ANCOVA was
used to test for differences between depressed patients and controls,
with one two-level-between-subject factor (group: patients, controls), one within-subject factor (laterality: left, right) and gender, age
and TIV as covariates.

We added an ANCOVA with one two-level-between-subject factor
(group: patients, controls), one within-subject factor (laterality: left,
right) and gender, age and Total Cerebral Volume (TCV) as covariates. The
TCV was calculated as the sum of GM and WM. We added this analyse to
ensure that the segmentation of the CSF did not inﬂuence the results.
Results
Participants' description
Twenty-one unipolar depressed inpatients (17 women, 4 men) and
21 healthy controls (14 women, 7 men) were recruited. All controls
had no history of psychiatric disorder. Clinical and demographic
characteristics of the participants are displayed in Table 1.
All patients were taking antidepressants and were tested within
the ﬁrst week of receiving their treatment. Sedative drugs were not
allowed on the experiment day. One male depressed inpatient was
excluded from the study population due to an abnormal enlargement
of the lateral ventricles revealed by the MRI scanning. This patient was
hospitalized due to suicidal thoughts and subsequently experienced
atypical memory symptoms.
VBM results

Table 1
Clinical and demographic characteristics of participants
Patients
Mean s.d.
Age
Scholar level
Number of MDE
Duration of
illness (years)
Age on the ﬁrst
MDE
Duration of the
last MDE
(month)
Number of
hospitalizations
MADRS
BDI

Controls
Min

Max Mean s.d.

33.16
13.05
2.18
8.45

9.58 20
2.50 9
1.13
1
9.03 0.33

49 28.21 5.50
17 14.14 2.06
5
27

23.8

8.65 13

46

4.56 3.22

1.53 1.06

1

Min Max test t
21
9

38 t = 1.82 p N 0.05
17 t = −1.51

12

1

5

28.71 6.82 18
19.36 4.67 13

40
27

MDE = Major Depression Episode. MADRS = Montgomery and Asberg Depression Rating
Scale. BDI = Beck Depression Inventory.

Whole-brain analysis with DARTEL-VBM
No scanner artefacts or gross anatomical abnormalities were found.
After the segmentation and the normalization, no outlier was found
when checking for homogeneity. No subject was excluded from the
analyses.

Table 2
Regions of GM volume difference in VBM5 with FDR correction
Region

Side

x

y

z

Z-score (t-value)

Cingulate gyrus (BA 24)
Middle temporal gyrus
Posterior lobe
Superior parietal lobule
Parahippocampal gyrus
Inferior semi-lunar lobule

Right
Right
Right
Right
Right
Left

7
57
19
28
41
− 33

−3
−6
−71
−57
−32
−65

46
−21
−15
50
− 11
36

5.77 (7.68)
4.56 (5.43)
4.32 (5.05)
4.24 (4.94)
4.21 (4.89)
4.13 (4.78)

BA = Brodmann Area.
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Fig. 4A. Hippocampal volume difference observed in VBM5, including DARTEL preprocessing, in MARINA hippocampus restricted ROI analyses with p b 0.001 uncorrected threshold.

As some artefacts appeared outside the brains, which could not be due
to real differences, we have added a mask, namely a canonical brain image.
The whole-brain VBM analysis showed signiﬁcant volume differences in
different regions including the parahippocampal gyrus, but not hippocampus (see Table 2), using a threshold of pb 0.05 and the FDR method.
ROI analysis
VBM-DARTEL. When doing ROI analyses with the SPM5 VBM-DARTEL
procedure: analysis of covariance (ANCOVA) with a threshold of
p b 0.001 uncorrected showed signiﬁcant bilateral hippocampal
differences (see Fig. 4A).

Standard-VBM
When doing ROI analyses with the standard SPM5 VBM procedure:
analysis of covariance (ANCOVA) with a threshold of p b 0.001
uncorrected showed slight signiﬁcant differences restricted to the
left hippocampal region. However, the small region that appears is
outside the hippocampus, and it is therefore difﬁcult to conclude that
this difference is related to hippocampal changes (see Fig. 4B).
Manual hippocampal volumetry
The intra-rater reliability (intra-class correlation) was 0.89 for the
left hippocampus and 0.82 for the right hippocampus.

Fig. 4B. Hippocampal volume difference observed in VBM5, without DARTEL preprocessing, in MARINA hippocampus restricted ROI analyses with p b 0.001 uncorrected threshold.
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Mean left hippocampal volumes were 3.95 cm3 ± 0.75 (range: 2.25–
5.41) for depressed patients and 4.42 cm3 ± 1.04 (range: 2.36–6.93) for
control participants. Right hippocampal volumes were 3.93 cm3 ± 0.80
(range: 2.32–5.70) for depressed patients and 4.50 cm3 ± 1.06 (range:
2.47–7.16) for control participants. The ANCOVA with hippocampal
volume as the dependent variable and gender and age as covariates
revealed no side effect (F = 0.514, df = 38, p = 0.478) or group × side
interaction (F = 0.031, df = 38, p = 0.861). However a signiﬁcant group
effect was revealed (F = 4.718, df = 38, p b 0.05). The mean hippocampal
volume reduction in patients compared to controls was 11.6% (10.6%
on the left and 12.6% on the right). Detailed results are presented in
Table 3.
Automated hippocampal volumetry
Seventy-four (74/84 = 88%) hippocampi were segmented with the
default parameters. Ten segmentations needed parameter adjustments: for radiometric parameters, ﬁve were set at 0 (bad contrast);
for tail's geometric parameter two had the tail's anisotropy set at 0, six
at 2 and one at 3.
Left hippocampal volumes were 2.73 cm3 ± 0.35 (range: 2.23–3.27)
for depressed patients and 2.95 cm3 ± 0.31 (range: 2.45–3.47) for
control participants. Right hippocampal volumes were 2.71 cm3 ± 0.47
(range: 1.38–3.40) for depressed patients and 3.10 cm3 ± 0.33 (range:
2.63–3.73) for control participants. Detailed results are presented in
Table 4.
The ANCOVA with the hippocampal volume (cm3) as the
dependant variable and the TIV, gender and age as covariates revealed
no signiﬁcant side effect (F = 0.842, df = 37, p = 0.365) or group × side
interaction (F b 0.001, df = 37, p = 0.992). However a signiﬁcant group
effect was revealed (F = 6.504, df = 37, p b 0.05). The ANCOVA with the
hippocampal volume (cm3) as the dependant variable and the TCV,
gender and age as covariates revealed similar results [no signiﬁcant
side effect (F = 1.467, df = 37, p = 0.233), or group × side interaction
(F = 0.022, df = 37, p = 0.884), but a signiﬁcant group effect (F = 4.234,
df = 37, p b 0.05).
The mean hippocampal volume reduction in patients compared to
controls was 9.7% (7.8% on the left and 11.6% on the right). T test on TIV
values showed no signiﬁcant difference between group (t = 0.836,
df = 40, p = 0.408).
Supplementary analyses
When analysing our data with the standard normalization of SPM5
(i.e. without DARTEL normalization) VBM analyses were unable to
reveal bilateral hippocampal changes. This could be due to the fact
that, in patients with depression, volume loss could be mostly found in
the posterior subparts of the hippocampus, the hippocampal anterior
part being preserved (Maller et al., 2007) and that this posterior part
needs a good realignment. This may account for the discrepancies
between VBM without DARTEL and with DARTEL. Since the posterior
part of the hippocampus is a thin elongated structure, it might not be
accurate for VBM analyses without DARTEL realignment. To test this
hypothesis, we used the SACHA software and divided each automated
hippocampal labels into head, body and tail. We used ANCOVA with
one two-level-between-subject factor (group: patients, controls), two
within-subject factors [1) subpart: head, body, tail; 2) laterality: left,
right], and sex and TIV as covariates. This revealed a signiﬁcant group
Table 3
Hippocampal volumes (cm3) using manual segmentation

Patients
Controls

Left Hc manual segmentation

Right Hc manual segmentation

Mean

s.d.

Min

Max

Mean

s.d.

Min

Max

3.95
4.42

0.75
1.04

2.25
2.36

5.41
6.93

3.93
4.50

0.80
1.06

2.32
2.47

5.70
7.16
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Table 4
Hippocampal volumes (cm3) using automated segmentation
Left Hc automated
segmentation
Patients
Controls

Right Hc automated
segmentation

Mean

s.d.

Min

Max

Mean

s.d.

Min

Max

2.73
2.95

0.35
0.31

2.23
2.45

3.27
3.47

2.71
3.10

0.47
0.33

1.38
2.63

3.40
3.73

by subpart effect (p = 0.018). We then performed distinct ANCOVAs for
each subpart of the hippocampus to determine which one triggered
this effect. There was no signiﬁcant effect on the head (p = 0.299).
There was a signiﬁcant group effect on the body (p = 0.003) and a
tendency of group effect on the tail (p = 0.093). Detailed results are
presented in Table 5.
Discussion
ROI-based VBM with DARTEL normalization (but not with standard
normalization) as well as manual and automated segmentation of the
hippocampus were able to detect signiﬁcant bilateral hippocampal
volume reduction in acute depressed patients compared to controls.
There were comparable degrees of hippocampal reduction with
manual segmentation and automated segmentation.
This signiﬁcant hippocampal volume reduction in acute depressed
patients is consistent with the two meta-analyses of Videbech and
Ravnkilde (2004) and Campbell et al. (2004).
Thus, according to our results the three methods (ROI-based VBMDARTEL, manual and automated segmentation) are sensitive enough
to detect hippocampal volume differences in acute depression. As
speciﬁed in the introduction, only two studies using VBM (the
standard version) have been published in acute depressed patients.
The study of Bell-McGinty et al. did not ﬁnd any signiﬁcant gray
matter differences in the hippocampal region with corrected p values
but found some with an uncorrected p value at p = 0.001 (BellMcGinty et al., 2002) and Vasic et al. (2008) have recently found
positive results in middle aged acute depressed patients (Vasic et al.,
2008). A study in chronic patients found positive results with VBM
(Shah et al., 1998). Some other works might have been done with
standard-VBM in acute depression, but these may have not been
published due to negative results.
In our study, the results of whole brain analysis with VBM-DARTEL
were close to the results of Vasic et al. (2008). In our study, when using
a FDR corrected threshold of p b 0.05, there were volume differences
on middle temporal gyrus, parahippocampal gyrus, superior parietal
lobule, and cingulate gyrus.
VBM is a fully automatic technique which allows an objective analysis
of anatomical differences between groups across the whole-brain. Its
main advantage is to simultaneously analyse many different brain
regions. With its diffeomorphic image registration algorithm (DARTEL),
it has certainly improved the realignment. Even if it is not yet totally
user-friendly and needs to run during few days to get the template,
DARTEL is a real improvement over the standard approach specially for
the medial temporal lobe (Yassa et al. 2008), including, as we can see
with our results, an improvement for the hippocampus analyses.
Using a subdivision of the automated segmentation into hippocampal head, body and tail, we observed that our depressed patients
had no signiﬁcant volume reduction in the head of the hippocampus
but showed a signiﬁcant difference in the body and a trend in the tail.
This is consistent with the results of Maller et al. (2007), who found a
more pronounced difference in the posterior part of the hippocampus.
On the contrary, in schizophrenia, atrophy seems to mainly affect the
hippocampal head (Csernansky et al., 2002). Several studies using the
standard version of VBM with SPM have shown hippocampal gray
matter differences when comparing schizophrenic patients with
healthy controls (Kubicki et al., 2002; Job et al., 2002, 2003; Moorhead
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Table 5
Hippocampal head, body and tail volumes (cm3) using automated segmentation
Left hippocampus
Head
Patients
Controls

Right hippocampus
Body

Tail

Head

Body

Tail

Mean

s.d.

Mean

s.d.

Mean

s.d.

Mean

s.d.

Mean

s.d.

Mean

s.d.

1.46
1.52

0.33
0.24

0.75
0.83

0.09
0.13

0.52
0.62

0.21
0.17

1.67
1.68

0.62
0.35

0.72
0.85

0.11
0.15

0.42
0.56

0.29
0.18

et al., 2004; Borgwardt et al., 2007b; Rametti et al., 2007). These
different spatial patterns of hippocampal atrophy between depression
and schizophrenia might have inﬂuence VBM standard version's
sensitivity. With the subdivision in head-body-tail with the automated segmentation, and in the VBM-DARTEL ROI analyses, we can
observe that the difference is larger in the posterior part of the
hippocampus in our population (see Fig. 4).
Manual and automated segmentation resulted in comparable
volume reductions (9.7% vs. 11.6%). However, in both populations,
manual volumes were larger than non TIV corrected automated
volumes (mean = 4.20 cm3 for manual segmentation, mean = 2.87 cm3
for automated segmentation). Considering that the manual and the
automated hippocampus segmentation protocols are highly similar,
this difference is likely to be due to the normalization in the MNI
stereotactic space that was performed prior to manual segmentation
with the linear ICBM 152 template (Lancaster et al., 2007).
Our study has some limitations: we did not perform any direct
comparison between the methods. The automated segmentation
method was done on native scans whereas manual segmentations and
VBM after normalization to a standard space (as speciﬁed on the
methodology, with the modulation we also needed to take into
account global differences during statistical analyses with the VBM).
One would expect that the sharper edges of the native scans would be
as beneﬁcial to manual segmentation as they are to automated
segmentation. However, the use of normalization may be beneﬁcial to
the manual segmentation because it improves reproducibility and
Pruessner's manual segmentation has not been adapted for a
segmentation on native MRI images. Whatsoever repeating the
manual segmentation on the native scans to have a direct comparison
of automated and manual segmentations would in turn not allow for
direct comparison to the VBM-DARTEL method that includes spatial
normalization as part of the preprocessing. Beyond this limitation, our
results conﬁrm the hippocampal difference between patients and
controls and highlight the posterior aspect of this difference.
Episodic memory retrieval is critically dependent upon hippocampal integrity (Sapolsky et al., 1990). According to the HIPER model
(HIPpocampal Encoding/Retrieval model), activations in the hippocampal region associated with episodic memory encoding are located
in the rostral part of the region (i.e. head), whereas activations
associated with episodic memory retrieval are located in the caudal
part (i.e. body and tail) (Lepage et al., 1998). Episodic memory retrieval
is impaired in depressed patients not only in acute state (Lemogne
et al., 2006), but also in euthymic state (Bergouignan et al., 2008). The
speciﬁc anatomical abnormality found in the posterior hippocampus
in our study in acute depression may be associated with speciﬁc
retrieval deﬁcits in depression.
Structural changes in the hippocampus could be due to remodeling
of key cellular elements, involving retraction of dendrites, decreased
neurogenesis in the dentate gyrus, and loss of glial cells (Cameron
et al., 1998; Magarinos et al., 1999; Malberg et al., 2000; McEwen,
1999; Rajkowska, 2000; Rogatsky et al., 1997). According to post
mortem clinical studies and animal model studies, most antidepressants stimulate adult hippocampal neurogenesis (Malberg et al., 2000;
Perera et al., 2000; Madsen et al., 2000; Van Praag et al., 1999; Duman,
2004). Hippocampal changes could be associated with acute
depressed patient's responsiveness to antidepressants. Large scale
longitudinal studies evaluating the link between hippocampal

atrophy and medication responsiveness are necessary to test this
hypothesis.
To summarize, our results demonstrate that automated segmentation and VBM with DARTEL can constitute a viable alternative to
manual segmentation to detect hippocampal atrophy in acute
depressed patients. The two automated techniques can be used to
perform large scale volumetric studies in humans. The new automated
segmentation technique could further explore and detect hippocampal subpart differences that could be very useful for clarifying
physiopathology and providing further light on the clinical implications of these structural brain abnormalities.
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