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Abstract
Introduction Hippocampus volumetry is a useful surrogate
marker for the diagnosis of Alzheimer’s disease (AD). Our
purpose was to compare visual assessment of medial tem-
poral lobe atrophy made by radiologists with automatic

hippocampal volume and to compare their performances
for the classification of AD, mild cognitive impairment
(MCI) and cognitively normal (CN).
Methods We studied 30 CN, 30 MCI and 30 AD subjects.
Six radiologists with two levels of expertise performed two
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readings of medial temporal lobe atrophy. Medial temporal
lobe atrophy was evaluated on coronal three-dimensional
T1-weighted images using Scheltens scale and compared
with hippocampal volume obtained using a fully automatic
segmentation method (Spearman’s rank coefficient).
Results Visual assessment of medial temporal lobe atrophy
was correlated with hippocampal volume (p<0.01). Classi-
fication performances between MCI converter and CN was
better using volumetry than visual assessment of non-expert
readers whereas classification of AD and CN did not differ
between visual assessment and volumetry except for the first
reading of one non-expert (p00.03).
Conclusions Visual assessment of medial temporal lobe
atrophy by radiologists was well correlated with hippocam-
pal volume. Radiological assessment is as good as
computer-based volumetry for the classification of AD,
MCI non-converter and CN and less good for the classifi-
cation of MCI converter versus CN. Use of Scheltens scale
for assessing hippocampal atrophy in AD seems thus justi-
fied in clinical routine.

Keywords Alzheimer’s disease .Mild cognitive impairment
(MCI) . Volumetric MRI . Visual scale

Introduction

Consensus exist that current criteria for the clinical diagno-
sis of Alzheimer’s disease (AD) should be revised [1]. New
criteria have thus been proposed recently, which incorporate
research results on biomarkers of the underlying disease
state, including cerebrospinal fluid and brain imaging [2,
3]. These new criteria stipulate that in addition to the core
memory impairment, there must also be at least one or more
abnormal biomarkers among structural MRI, PET molecular
neuroimaging and cerebrospinal fluid analysis of β-amyloid
or tau proteins [2].

Decades of research using MRI have shown that atrophy
of medial temporal structures is a core imaging feature of
AD [4]. Hippocampal volume can be quantified using MR
volumetry with manual [5, 6] or automated segmentation
[7]. Clinicians mostly rely on visual assessment of medial
temporal lobe atrophy. Visual assessment of atrophy is eas-
ily applicable in clinical practice [8–10] but subjective and
does not provide a true quantitative assessment of hippo-
campal volumes.

There is also a recent interest in automated techniques for
radiological diagnosis. Computer-based methods have been
applied to assist the diagnosis in a variety of brain diseases
including AD and mild cognitive impairment (MCI) versus
controls [7, 11–14]. These approaches rely on automated
classification algorithms such as support vector machines
(SVM). Various brain features have been used by these

algorithms to classify subjects, including whole brain atro-
phy [15], gray matter volume using VBM [16] or medial
temporal lobe atrophy [7, 13, 14]. Recent comparison be-
tween radiological reading and whole brain SVM-based
techniques has suggested that well-trained neuroradiologists
classify typical AD scans as well as the automated techni-
ques but less experienced radiologists reach poorer perform-
ances [17]. Before considering automated techniques as a
tool for clinical practice, it is therefore crucial to evaluate the
actual improvement that they provide for radiological
reading.

In this context, the purpose of our study was twofold. We
first evaluated the accuracy of visual assessment of medial
temporal lobe atrophy made by radiologists with two levels
of expertise as compared with automatic hippocampal volu-
metry. Secondly, we evaluated whether a computer-based
classification method of AD and MCI subjects versus
healthy cognitively normal (CN) subjects would achieve
better performances when using automated hippocampal
volumes as compared with visual assessment as classifica-
tion features.

Methods

Alzheimer’s Disease Neuroimaging Initiative

Data used in the preparation of this article were obtained
from the Alzheimer’s Disease Neuroimaging Initiative
(ADNI) database (www.loni.ucla.edu/ADNI). The ADNI
was launched in 2003 by the National Institute on Aging,
the National Institute of Biomedical Imaging and Bioengi-
neering, the Food and Drug Administration, private phar-
maceutical companies and non-profit organisations, as a $60
million, 5-year public private partnership. The primary goal
of ADNI has been to test whether serial magnetic resonance
imaging (MRI), positron emission tomography, other bio-
logical markers and the progression of MCI and early AD.
Determination of sensitive and specific markers of very
early AD progression is intended to aid researchers and
clinicians to develop new treatments and monitor their ef-
fectiveness, as well as lessen the time and cost of clinical
trials. The Principal Investigator of this initiative is Michael
W. Weiner, MD, VA Medical Center and University of
California—San Francisco. ADNI is the result of efforts of
many co-investigators from a broad range of academic
institutions and private corporations, and subjects have been
recruited from over 50 sites across the USA and Canada.
The initial goal of ADNI was to recruit 800 adults, ages 55
to 90, to participate in the research—approximately 200 CN
older individuals to be followed for 3 years, 400 people with
MCI to be followed for 3 years and 200 people with early
AD to be followed for 2 years. For up-to-date information,
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see www.adni-info.org. The study was conducted with in-
stitutional review board approval and in compliance with
HIPAA regulations. All experiments on human subjects
were conducted in accordance with the Declaration of Hel-
sinki. Written informed consent was obtained from each
participant or their legal representatives prior to their inclu-
sion in the study.

Subjects

The ADNI eligibility criteria are described at http://
www.adn i - in fo .o rg / index .php?op t ion0com_con-
tent&task0view&id09&Itemid043. Briefly, subjects were
55–90 years old, not depressed and had a study partner able
to provide an independent evaluation of functioning. CN
subjects had mini-mental state examination (MMSE) [18]
scores between 24 and 30, Clinical Dementia Rating (CDR)
[19] of 0. MCI subjects had MMSE scores between 24 and
30, subjective memory complaint, objective memory loss
measured by using education-adjusted scores on the Logical
Memory II (Delayed Recall) subscale of the Wechsler Mem-
ory Scale, a CDR of 0.5, preserved activities of daily living
and an absence of dementia. AD subjects had MMSE scores
between 20 and 26, CDR of 0.5 or 1.0 and met the National
Institute of Neurological Disorders and Stroke and Alz-
heimer’s Disease and Related Disorders Association criteria
for probable AD [1]. The Protocol Summary is available
from the ADNI Protocol page of the ADNI-Info Web site at
h t tp : / /www.adni- info .org/Scient is t s /ADNIGrant /
ProtocolSummary.aspx.

We randomly selected 30 AD subjects of the ADNI
cohort (16 men and 14 women; mean age±SD, 74 years±
6.8; MMSE score, 23.0±1.9; and CDR score, 0.5 for 14
patients and 1 for 16 patients), then 30 MCI (18 men and 12
women; mean age±SD, 74.6 years±6.3; MMSE score, 26.4
±1.7; and CDR score, 0.5) and 30 CN (19 men, 11 women;
mean age±standard deviation (SD), 74.2 years±4.3; MMSE
score, 29.2±1.0; and CDR score, 0), matched for age. They
were followed up during 18 months.

MRI acquisition

MRI acquisition was done according to the ADNI acquisi-
tion protocol, with protocols individualised for each scan-
ner, as defined at http://www.loni.ucla.edu/ADNI/Research/
Cores/index.shtml and described in [20].

Different levels of pre-processing correction above are
available at ADNI. We used T1-weighted volumes with 3D
gradwarp [21] and B1 non-uniformity corrections [22], se-
lected at the available T0 scanning sessions (baseline or
screening), as being the best images that can be obtained
in clinical routine.

Fully automated segmentation of the hippocampus

Hippocampal segmentation was carried out with a fully
automatic method using probabilistic and anatomical priors
[23–25]. Briefly, it segments the hippocampus and the
amygdala simultaneously on the basis of competitive
region-deformation between these structures. It includes
prior knowledge of the relative positions of these structures
with respect to 11 sets of anatomic landmarks, which are
automatically identified at the border of the deforming
objects.

For each subjects, both hippocampi were segmented. The
time needed for hippocampal segmentation was 15 min/
subject. Segmentation quality was controlled by two observ-
ers, blinded to clinical data and diagnosis, using a visual
scale of 0–4, 0 stands for completely wrong segmentation
results and four for perfect segmentation results, as previ-
ously described [25]. All the segmentations were used re-
gardless of their quality grades. Volumes were then
normalised by the total intracranial volume (TIV), computed
by using SPM5. Normalised hippocampal volume (NHV)
was defined as NHV0HV×TIVm/TIV, where TIVm was the
average of TIV of all the subjects. Normalised volumes of
right (HRN) and left (HLN) hippocampi were used in this
work.

Visual assessment of medial temporal atrophy

Six radiologists rated separately the 90 scans, identified with
a number, in random order using a five-point rating scale (0–
4) described by Scheltens et al. [9] based on width of
choroid fissure, width of temporal horn of lateral ventricle
and height of hippocampal formation (Fig. 1). Radiologists
presented two levels of experience, two were experts (more
than 10 years neuroradiological practice and 100 MRI
examinations per year in AD patients) and four were non-
experts (resident, beginning of the first training course in
neuroradiology with no neuroradiological experience at
time of reading or less than ten readings of MRI scans in
AD patients). The experts were radiologists 1 and 2 and the
non-experts were radiologists 3 to 6. Radiologists were
blind to clinical data but provided information about number
of subjects, age range of patients and controls, informed that
there were three diagnostic categories (AD, MCI and CN)
for differentiation and that categories were age-matched and
equal in number. Radiologists had the Scheltens scale in
front of them (description and illustration), but they were
not given any sort of project training or practice datasets
before being asked to apply the five-point visual Scheltens
scale. Software used for visualisation was MRIcro [26]. Two
readings were made by each radiologist. The interval be-
tween the two readings was 15 days. No duration limit was
set for each reading. For each reading, the order of subjects
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was randomised differently. Each hippocampus was evalu-
ated separately. The three criteria of the rating scale and the
scores were evaluated on each side and results are presented
separately for each hemisphere.

Automatic classification

Values derived from automatic segmentation (more pre-
cisely NHV) and from visual assessment were used as
features in an automatic classification method. The
goal was to evaluate their performances compared with
one another and to clinical diagnosis. We used the
same methodology as the one employed in a previous
study [25], with a nearest mean approach and boot-
strap for training set selection to obtain robust esti-
mates of classification rate, sensitivity, specificity and
cut-off score. In this procedure, we drew without re-
placement approximately 75 % of each group to obtain
a training set. On this training set, we estimated the
mean value (normalised hippocampal volume or visual
score) for each group. Each participant in the remain-
ing 25 % was then assigned to the group which mean
was closest to the value of this participant. Specifical-
ly, if S1 and S2 were two groups of participants with
respective means, defined as m1 and m2, a new indi-
vidual with value x was assigned to S1 if (x-m1) was
less than (x-m2) and to S2 if otherwise. The procedure
was repeated 5,000 times. We thus obtained the correct
classification rates, sensitivity, specificity and cut-off
scores for the 5,000 drawings. The cut-off score was
only determined by automatic classification.

Statistical analysis

Statistical comparison of clinical characteristics of CN,
MCI and AD subjects were performed with ANOVA for
age, Chi-square for gender and Kruskal–Wallis for
MMSE, hippocampal volume and visual assessment.
Post-hoc analyses were performed with a Mann–Whit-
ney U test for MMSE and multiple comparisons of
mean ranks for hippocampal volume and visual assess-
ment. Kappa coefficient was used to assess interobserver
reliability of quality control of automatic segmentation
and intraobserver reliability of visual assessment. To
compare the assessment of medial temporal lobe atrophy

made visually by radiologists and automatically by
hippocampal volumetry, we correlated visual assess-
ment and NHV using Spearman’s rank coefficient.
Automatic classifications with NHV or visual assess-
ment as features were compared using the McNemar
test. Statistical analyses were performed using Med-
Calc for Windows, version 12.2.1 (MedCalc Software,
Mariakerke, Belgium).

Results

Subjects

Demographic and neuropsychological data are given in
Table 1. Among the 30 MCI patients, 11 converted to AD
during the 18-month follow-up (MCI converters
(MCIc)), and 19 remained stable (MCI non-converters
(MCInc)). The four groups did not differ for age
(ANOVA, F3

8601.5, p00.22) and gender (Chi-square
test, χ²00.85, 3 df, p00.83). There was a significant
difference between groups for the MMSE (Kruskal–
Wallis H3

90063.6, p<0.0001) and in all pair-wise com-
parisons using Mann–Whitney U test at P<.0001 except
between MCInc and MCIc (p00.28). The hippocampal
volumes differed between the four groups for the right
(Kruskal–Wallis, H3

90029, p<0.0001) and left hemi-
spheres (Kruskal–Wallis, H3

90030, p<0.0001). HRN
were significantly different between CN and MCIc (p<
0.0001) and between CN and AD (p<0.0001). HLN
were significantly different between CN and MCIc (p<
0.0001), CN and AD (p<0.0001) and between MCIc
and MCInc (p<0.05). The visual assessment were sig-
nificantly different between the four groups for reading
1 for the right (Kruskal–Wallis, H3

90030.42, p<0.0001)
and the left hemispheres (Kruskal–Wallis, H3

90028.6, p
<0.0001) with a significantly difference between CN
and AD (p<0.0001). Visual assessment was significantly
different between MCInc and AD only for the left
hemispheres (p<0.05). The visual assessment were sig-
nificantly different between the four groups for reading
2 for the right (Kruskal–Wallis, H3

90031.17, p<0.0001)
and the left hemispheres (Kruskal–Wallis, H3

90030.53,
p<0.0001) with a significantly difference between CN
and AD (p<0.0001) and MCInc and AD (p<0.05).

Fig. 1 Representative coronal
MRI image of the 0–4 visual
score of medial temporal
atrophy
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Quality of fully automated segmentation
of the hippocampus

For the 30 AD patients, the segmentation proved correct
(≥3) for 17 (56.7 %) patients, acceptable (≥2) for 11
(36.6 %) patients and not satisfactory (<2) for 2 (6.7 %).
For the 30 MCI patients, the segmentation proved correct
(≥3) for 21 (70 %) patients, acceptable (≥2) for 9 (30 %)
patients and not satisfactory (<2) for 0. For the 30 CN
patients, the segmentation proved correct (≥3) for 24
(80 %) patients, acceptable (≥2) for 5 (16.7 %) patients
and not satisfactory (<2) for 1 (3.3 %). There was good to
very good interobserver agreement, with kappa coefficients
of 0.84, 0.76 and 0.83 for right, left, and mean quality-
control scores.

Visual assessment

The time needed for rating was approximately 1 to 2 min by
hemispheres. There was moderate to good intraobserver
agreement, with kappa coefficients between 0.58±0.06 and
0.63±0.05 for expert readers and between 0.45±0.08 and
0.74±0.04 for non-expert readers.

Correlation between visual assessment and NHV

Visual assessment of medial temporal lobe atrophy cor-
related significantly with normalised hippocampal vol-
umes for all radiologists and all readings (Fig. 2) except
for the right hemispheres on the first reading of one

non-expert reader (Table 2). Correlation coefficients var-
ied between −0.17 and −0.53 for the first reading and
between −0.26 and −0.49 for the second reading. p
values were similar between readers and readings (p<
0.0001) except for the first readings of two non-expert
readers which were not (p00.09) or less (p00.01) cor-
related with normalised hippocampal volumes and for
the right hemispheres of one non-expert reader on the
second reading (p00.01).

Comparison of classification accuracy of automatic
classification using visual assessment and NHV as
discriminant features

Accuracy, sensitivity, specificity and cut-off values for the
classification of AD versus CN and MCIc versus CN using
NHV obtained by automated segmentation or visual assess-
ment are given in Tables 3 and 4. Mean classification
accuracies over the two readings of expert readers were
82 % for AD versus CN, 72 % for MCIc versus CN and
71.5 % for MCInc versus CN. Mean classification accura-
cies over the two readings of non-expert readers were 75 %
for AD versus CN, 58 % for MCIc versus CN and 56 % for
MCInc versus CN. Classification accuracies with automatic
volumetry were 76 % for AD versus CN, 89.5 % for MCIc
versus CN and 64 % for MCInc versus CN. For AD versus
CN classification, the difference between the classification
accuracy of automatic classification with automated seg-
mentation and visual assessment was statistically significant
only on the first reading of one non-expert reader for the left

Table 1 Baseline characteristics of CN, MCI and AD subjects

CN MCI AD

MCInc MCIc

Sample size 30 19 11 30

Age (years) 74.2±4.3 73.9±7.5 75.6±4.1 74.9±6.8

Gender (F/M) 11/19 7/12 5/6 14/16

MMSE score 29.2±1.0 26.7±1.8 26±1.5 23.0±1.9

CDR (n)

0 30 0 0 0

0.5 0 19 11 14

1 0 0 0 16

NHV (cm3; right/left) 2.4 (0.3)/2.5 (0.5) 2.1 (0.4)/2.3 (0.5) 1.5 (0.5)/1.6 (0.4) 1.8 (0.7)/1.8 (0.6)

Score of visual assessment

Reading 1 (right/left) 1.2 (1)/1.2 (1) 1.8 (1.1)/1.8 (1.1) 1.8 (1.3)/1.7 (1.2) 2.7 (1)/2.6 (1.1)

Reading 2 (right/left) 1.2 (1)/1.1 (0.9) 1.7 (1)/1.8 (1.1) 1.9 (1.2)/1.9 (1.2) 2.7 (1.1)/2.7 (1.1)

Data are given as mean±standard deviation for age and MMSE score. For NHVand visual score, data are given for right and left hemisphere (standard
deviation). For CDR, the numbers of subjects per score are presented. Score of visual assessment are the average of values for all six raters

MMSE Mini-mental state examination, CDR Clinical Dementia Rating scale, NHV right and left normalised hippocampal volume, CN cognitively
normal, MCI mild cognitive impairment, MCInc mild cognitive impairment non-converter, MCIc mild cognitive impairment converter, AD
Alzheimer’s disease

Neuroradiology (2012) 54:1321–1330 1325



side (p00.03). For MCIc versus CN, the classification ac-
curacy with automatic segmentation was significantly better
than those obtained with visual assessment for all non-
expert readers except for the left hemisphere on the second
reading of one non-expert (p00.09), and better than one
obtained with visual assessment for one expert reader on
the first reading for the right hemisphere (p00.04) (Fig. 3).
For MCInc versus CN classification, the difference between
the classification accuracy of automatic classification with
automated segmentation and visual assessment was not
statistically significant in all readers (p>0.05).

The cut-off scores for the visual assessment varied be-
tween readers from 1.6 to 2.2 for the classification of AD
versus CN for the first reading and from 1.5 to 2.2 for the
second reading. For the classification of MCIc versus CN,
cut-off scores varied from 1.2 to 2 for the first reading and
from 1.2 to 1.8 for the second reading. For the classification
of MCInc versus CN, cut-off scores varied from 1.2 to 1.9
for the first reading and from 1.3 to 1.5 for the second
reading.

Discussion

Correlation between visual assessment and NHV

Visual assessment was efficient to evaluate hippocampal
atrophy as compared with hippocampal segmentation. This
result is in line with previous studies [27–30], which used
the same visual scale [9]. Measurements performed in these
previous studies included the width of temporal horn [27] or
manual segmentation [27–30] for obtaining hippocampal
volumes. Here, we extend these results by assessing the
effects of expertise and practice. To our knowledge, this is
the first time that the Scheltens visual rating scale with
expert and non-expert readers has been compared with a
computerised method. As expected, practice improved per-
formances in non-expert readers as visual assessment of
medial temporal lobe atrophy of two non-expert readers
correlated with the automatic volumes better for the second
than the first reading. In clinical practice, expert neuroradi-
ologists work primarily in specialised centres whereas MRI

Fig. 2 Correlation between normalised hippocampal volume and vi-
sual scores of all raters for right (a) and left (b) hemisphere. Reading 1
is displayed in gray, reading 2 in black. For the right hemisphere, r0

−0.36 (p<0.001) on the reading 1 and −0.41 (p<0.001) on the reading
2. For the left hemisphere, r0−0.44 (p<0.001) on the reading 1 and
−0.50 (p<0.001) on the reading 2

Table 2 Spearman rank corre-
lations (r) between visual rating
scores and hippocampal volume
for each of the two readings

Data are given as rho value (p
value). Non-significant p value
is set in italic

Rater No. First reading Second reading

Right Left Right Left

Expert radiologists

1 −0.40 (<0.0001) −0.53 (<0.0001) −0.42 (<0.0001) −0.47 (<0.0001)

2 −0.41 (<0.0001) −0.43 (<0.0001) −0.41 (<0.0001) −0.49 (<0.0001)

Non-expert radiologists

3 −0.39 (0.0002) −0.46 (0.0002) −0.39 (<0.0001) −0.49 (<0.0001)

4 −0.17 (0.09) −0.27 (0.01) −0.39 (0.0002) −0.45 (<0.0001)

5 −0.36 (0.0004) −0.37 (0.0003) −0.26 (0.01) −0.41 (<0.0001)

6 −0.25 (0.02) −0.24 (0.02) −0.41 (<0.0001) −0.48 (<0.0001)
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examinations of MCI and AD patients are often performed
by radiologists with less neuroradiological experience.

Comparison of classification accuracy of automatic
classification using visual assessment and NHV
as discriminant features

In the present study, classification accuracy of automat-
ic classification was 76 % for AD versus CN, 89.5 %
for MCIc versus CN and 64 % for MCInc versus CN
using automated hippocampal segmentation, in line
with previous results using a larger database and auto-
matic hippocampus segmentation [25] and also numer-
ous other hippocampal volumetry studies [13, 31–33].
Classification accuracy for AD versus CN was less
good using hippocampal segmentation than whole brain
atrophy [14] but similar for MCIc versus CN. Lower
classification accuracy in AD subjects was probably
due to the lower performances of hippocampus seg-
mentation in these patients compared with MCI or
control subjects. Automated segmentation may be eas-
ily performed in clinical practice, with fully automated
segmentation of the hippocampus requiring only a T1-

weighted volume, and no manual intervention from the
radiologist. Using visual assessment, the overall classi-
fication accuracy for AD versus CN, MCIc versus CN
and MCInc versus CN was better for scores of expert
than non-expert radiologists.

For AD versus CN and MCInc versus CN, the clas-
sification accuracy of automatic classification was simi-
lar for hippocampal volumes and visual assessment.
Some studies reported that visual assessment were more
discriminant than volumetry to distinguish AD from
control [8, 28] but others did not confirm an advantage
of visual assessment [27, 30, 34]. For MCIc versus CN
in non-expert readers, the classification accuracy was
better using hippocampal volumes than visual assess-
ment and the second reading was not better than the
first reading. In MCI patients, visual assessment of
medial temporal lobe atrophy was more difficult than
in AD as atrophy was less severe. This explains why
expert readers and hippocampal segmentation were more
accurate than non-expert readers.

Mean cut-off scores from experts ranged from 1.2 to 1.5
to distinguish MCIc from CN and from 1.5 to 1.8 to distin-
guish AD from CN, in line with previously reported cut-off

Table 3 Sensitivity, specificity,
percent correct classification and
cut-off scores or volume of AD
versus CN with automatic clas-
sification using automated hip-
pocampal volumetry and visual
assessment of radiologists

p values were obtained using a
MacNemar test. Significant p
value is set in italic

R1 first reading, R2 second read-
ing, AD Alzheimer disease, CN
cognitively normal

Rater No. Right Left

Sensitivity/
specificity
classification (%)

Cut-
off

p value Sensitivity/
specificity
classification (%)

Cut-
off

p value

Volumetry
(cm3)

70/82/76 2.1 73/79/76 2.2

Expert radiologists

1

R1 86/77/81 1.8 0.64 86/80/83 1.7 0.34

R2 85/77/81 1.8 0.61 85/77/81 1.8 0.58

2

R1 90/80/85 1.7 0.30 86/83/85 1.6 0.27

R2 77/83/80 1.7 0.79 73/90/82 1.5 0.51

Non-expert radiologists

3

R1 75/85/80 2.1 0.58 77/92/84 2.1 0.30

R2 70/86/78 2.1 1 64/85/75 2.1 1

4

R1 79/64/71 1.9 0.66 75/73/74 2 1

R2 79/70/75 1.9 1 72/83/78 2.1 0.79

5

R1 75/67/71 1.9 0.81 82/67/74 1.8 1

R2 85/70/78 1.8 1 83/70/77 1.8 1

6

R1 63/63/63 2.2 0.11 63/59/61 2.2 0.03

R2 77/83/80 2.2 0.77 78/83/80 2.1 0.61
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score of 1.33 using a modified version of Scheltens scale,
the Visual Rating System [35], whereas dichotomised scores
as 2 or less (for CN) or more than 2 (for AD) using Schel-
tens scale were reported [9, 36].

Limitations

Best quality of segmentation was obtained with CN, then
with MCI and finally with AD, in accordance with a previ-
ous study, which had shown that the errors of segmentation
did not influence the performances of classification on larg-
er samples [25].

This study was conducted on a research cohort with
optimised MRI acquisition procedure therefore the scans
were likely of better quality than scans available in
clinical settings. Another limitation of the study was
that medial temporal lobe atrophy is not specific of
AD, as it has been reported in numerous other demen-
tias including fronto-temporal lobar dementia, dementia
with Lewy body or vascular dementia as well as in
patients with temporal epilepsy due to hippocampal
sclerosis [37].

Conclusions

Concordance between visual assessment and automatic hippo-
campal segmentation was high, showing that radiologists accu-
rately evaluate hippocampal atrophy. Automated segmentation,

Table 4 Sensitivity, specificity,
percent correct classification and
cut-off scores or volume of
MCIc versus CN with automatic
classification using automated
hippocampal volumetry and vi-
sual assessment of radiologists

p values were obtained using a
MacNemar test. Significant p
values are set in italics

R1 first reading, R2 second read-
ing,MCIcmild cognitive impair-
ment converter, CN cognitively
normal

Rater No. Right Left

Sensitivity/
specificity
classification (%)

Cut-
off

p value Sensitivity/
specificity
classification (%)

Cut-
off

p value

Volumetry
(cm3)

82/95/91 2 90/87/88 2.08

Expert radiologists

1

R1 44/76/67 1.3 0.04 46/77/69 1.2 0.12

R2 73/77/76 1.5 0.23 63/76/63 1.4 0.51

2

R1 64/80/75 1.4 0.23 64/83/78 1.3 0.23

R2 45/83/73 1.4 0.11 45/90/78 1.3 0.45

Non-expert radiologists

3

R1 62/53/55 1.6 0.003 64/57/59 1.7 0.01

R2 72/63/66 1.7 0.02 72/63/65 1.6 0.09

4

R1 30/52/46 1.4 0.0007 30/48/43 1.5 0.0007

R2 64/64/64 1.6 0.007 63/60/61 1.6 0.01

5

R1 51/61/58 1.4 0.0042 53/66/62 1.3 0.02

R2 31/61/53 1.2 0.0042 44/68/61 1.3 0.035

6

R1 55/55/55 2 0.001 40/48/45 1.9 0.001

R2 64/66/65 1.8 0.007 64/67/66 1.7 0.04

Fig. 3 Classification accuracy for AD, MCIc and CN for readings 1
(R1) and 2 (R2) compared with the results derived from the automatic
volumes
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requiring no manual intervention from the radiologist, gives the
same results whatever the person who uses it. Radiological
assessment took less time and was as accurate as computer-
based volumetry for the classification of AD andMCInc versus
CN but less accurate for the classification of MCIc versus CN.
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