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Abstract: We evaluated the accuracy of the quantitative
and semiquantitative analysis in detecting regional atrophy
patterns and differentiating mild cognitive impairment
patients who remain stable (aMCI-S) from patients who
develop Alzheimer’s disease (aMCI-AD) at clinical follow-
up. Baseline magnetic resonance imaging was used for
quantitative and semiquantitative analysis using visual
rating scales. Visual rating scores were related to gray
matter thicknesses or volume measures of some structures
belonging to the same brain regions. Receiver operating
characteristic (ROC) analysis was performed to assess
measures’ accuracy in differentiating aMCI-S from aMCI-
AD. Comparing aMCI-S and aMCI-AD patients, significant
differences were found for specific rating scales, for cortical
thickness belonging to the middle temporal lobe (MTL),
anterior temporal (AT), and fronto-insular (FI) regions, for
gray matter volumes belonging to MTL and AT regions. ROC
curve analysis showed that middle temporal atrophy, AT,

and FI visual scales showed better diagnostic accuracy than
quantitative measures also when thickness measures were
combined with hippocampal volumes. Semiquantitative
evaluation, performed by trained observers, is a fast and
reliable tool in differentiating, at the early stage of disease,
aMCI patients that remain stable from those patients that
may progress to AD since visual rating scales may be infor-
mative both about early hippocampal volume loss and cor-
tical thickness reduction.

Keywords: brain MRI, regional atrophy patterns, visual
rating scales, regional thickness and volume measures

1 Introduction

Dementia is a clinical syndrome caused by various brain
diseases and Alzheimer’s disease (AD) is the most fre-
quent [1]. Mild cognitive impairment (MCI) is a prede-
mentia stage and it is known that the progression rate
to dementia is approximately 15% per year [2]. Subjects
with the amnesic subtype of MCI (aMCI) have a higher
risk to progress to AD dementia [3–5] although a substan-
tial proportion of aMCI subjects remains stable for years
or revert to normal. These observations indicate that clin-
ical aMCI symptoms can also stem from non-AD-related
etiologies [6], making patients with aMCI a challenge in
the clinical setting [7].

Structural magnetic resonance imaging (MRI), posi-
tron emission tomography, cerebrospinal fluid (CSF), or
neurophysiological biomarkers have been applied to narrow
the differential diagnosis and assess the risk of conversion to
dementia [8–11]. To date, several neuroimaging studies
assessed atrophy patterns using simple visual rating scales
or more complex quantitative manual or automated techni-
ques in MCI patients [12–15]. Visual rating scales provide
semiquantitative measures of the degree of atrophy in sec-
torized brain regions, evaluating structures and liquor
spaces of one or more neighboring lobes [16,17]. They do
not require dedicated software, are quick to apply, and are
designed specifically for routine MRI studies [17], but they
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can lead to ambiguity and variability among observers
[18,19]. On the other hand, automatic volumetric tech-
niques perform the analysis of both gray matter (GM)
volume/thickness, by using a surface morphometry
approach, and subcortical structure volume, by voxel-
based morphometry approach [20]. However, quantita-
tive measures need sophisticated post-processing and
mathematical algorithms, as well as a learning MR
dataset to assess automated diagnostic results and
automated commercial tools [21].

Some quantitative studies have adopted morpho-
metric data such as GM volume and cortical thickness
to detect the atrophy of middle temporal lobe (MTL)
regions in MCI [22]. Regional thickness measurements
are often preferred to volume measurements probably
because thickness measures are less influenced by the
anatomical variability of the cortex defined by the folding
and branching patterns of the collateral sulcus, which
dramatically affects the location of the borders [23]. More-
over, in early stage, MCI cortical thinning is more promi-
nent than GM volume loss that follows at the latter stage
of the disease [22]. Although some studies did not find a
significant volume or thickness loss of specific subre-
gions of MTL at the MCI stage [23], other studies found
that combined data of cortical thickness and volume
measures in some subregions of MTL may better predict
the conversion of MCI to AD compared to estimates of
single specific cortical subregions [24]. Moreover, the
assessment of only MTL may be unsatisfactory to sug-
gest underlying AD pathology because other regions of
the fronto-parieto-temporal network are involved in this
pathologic process [25,26].

In aMCI, we hypothesized that an accurate character-
ization of combined cortical thickness and subcortical
volume measures in brain regions matching regions detected
on visual rating scale may enhance the predictivity of the
future conversion to AD.

Objectives of the current study were (1) to evaluate,
in aMCI patients, the relationship between each vali-
dated visual rating scale and a set of thickness/volume
measurements in matching regions, (2) to evaluate the
accuracy of the regional quantitative and semiquantita-
tive analysis in detecting regional patterns of atrophy
and their usefulness in differentiating aMCI patients
either who may remain stable (aMCI-S) or progress
towards AD (aMCI-AD), and (3) to evaluate whether
combined visual rating scores or corresponding quanti-
tative measures belonging to matching atrophic regions
may increase the accuracy in differentiating aMCI-AD
from aMCI-S.

2 Materials and methods

2.1 Study population

Among patients referred to the Memory Clinic of the
Policlinico Universitario “A. Gemelli” in Rome, a total
of 300 patients had a full clinical workup and the diag-
nosis of aMCI and they performed brain MRI. All subjects
were native Italian speakers and none of them had a
history of traumatic head injury, alcoholism, epilepsy,
or stroke, nor other relevant neurologic, psychiatric,
and general medical diseases.

Clinical evaluation included medical history, phy-
sical and neurological examination, an extensive neurop-
sychological evaluation includingMini-Mental State Evaluation
(MMSE), functional evaluation by clinical dementia rating scale
(CDRS), and activity daily living scales.

aMCI was diagnosed according to the current clinical
criteria [27] and theywere clinically evaluated after 24months
(i.e., 2 years). The diagnosis of AD was based on the current
clinical criteria when CDRS was >1 and when patient showed
functional impairment [28].

2.2 Groups stratification

Based on the clinical evaluations performed after 2 years
from diagnosis of aMCI, patients were divided into two
sub-groups: stable aMCI (aMCI-S) and progressive aMCI
(aMCI-AD). We defined aMCI-S when neurologic evalua-
tion at follow-up visit was unchanged and aMCI-ADwhen
they fulfilled AD criteria.

At follow-up, patients showing symptoms or signs of
other dementia syndromes such as frontotemporal dementia,
Lewy body dementia, and vascular-ischemic dementia were
excluded from the current analysis to ensure a clinically
homogeneous group.

Each group of patients was compared with an age-
matched group of healthy subjects who had undergone
brain MRI scans for various incidental reasons, including
trauma, headache, andwhose brainMRIs were unremarkable.

All subjects were right-handed, according to the
Handedness Questionnaire [29].

Ethical approval: The research related to human use has
been complied with all the relevant national regulations,
institutional policies and in accordance the tenets of the
Helsinki Declaration, and has been approved by the authors'
institutional review board or equivalent committee.
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Informed consent: Informed consent has been obtained
from all individuals included in this study.

2.3 Structural MRI

We analyzed MRI images acquired at the time of aMCI
diagnosis (Time 0) for the two groups of patients (aMCI-S
and aMCI-AD) to detect the presence of some qualita-
tive and quantitative differences that preceded the clin-
ical manifestations of AD occurring in the following
2 years’ time.

All participants underwent brain MR with a 1.5T
PHILIPS Ingenia Scanner (Philips Healthcare, Eindhoven,
The Netherlands) with a dedicated protocol including a 3D
T1-weighted gradient echo sequence (3D-TFE), sagittal,
axial and coronal 2D-T2 weighted images, SWAN, and
FLAIR images.

Sagittal 3D T1-weighted turbo field eco sequence (3D-
T1 W-TFE) was used for thickness/volume quantitative
analysis (150 slices with TR = 9.8 ms, TE = 4.6 ms, in
plane resolution = 1.0 mm2 × 1.0 mm2, slice thickness =
1.0 mm, flip angle a = 10°, FOV = 200mm × 222 mm,
acquisition matrix = 200 × 222, NSA = 2) and for semi-
quantitative analysis by visual rating scales.

2.4 Semiquantitative analysis of brain
atrophy by visual rating scales

MR images were scored by visual rating scales.
Visual rating of all aMCI patients was performed by

two examiners with 14-year experience in neuroradiology,
blinded to all clinical and pathological information except
the person’s age at the time of scanning, according to some
previous studies [30–32]. Disagreements were resolved by
consensus.

Regional atrophy patterns were rated based on cur-
rently used scales: (i) the five-point anterior temporal
scale (AT) by Davies et al. [33] and Kipps et al. [34], (ii)
the five-point medial temporal lobe atrophy scale (MTA)
by Scheltens et al. [18], and (iii) the four-point posterior
atrophy scale (PA) by Koedam et al. [32].

AT defines, for each side, the atrophy of part of the
frontal and temporal lobe and evaluates the region that
connects the frontal lobe to the temporal fronto-insula
rating; MTA defines the atrophy of each temporal lobe
and PA defines atrophy of both parietal lobes and cuneus
gyri of occipital lobes.

To provide an additional, more fine-grained assess-
ment of anterior atrophy other three regional scales were
evaluated: orbito-frontal (OF), anterior cingulate (AC), and
fronto-insula (FI) scales [35–37]. For OF, AC, and FI scales,
a four-part grading system was used; only for the FI scale,
separate scores for left and right sides were recorded.

2.5 Quantitative analysis of brain atrophy by
thickness and volume measurements

Cortical, subcortical, and deep GM structures were pro-
cessed and segmented using Freesurfer image analysis
software (version 6.0.0), which is documented and freely
available for download online (http://surfer.nmr.mgh.
harvard.edu/) [20,38–41].

Briefly, the processing pipeline includes motion cor-
rection and averaging [42] of volumetric T1-weighted
images, removal of non-brain tissue [39], automated
Talairach transformation, segmentation of the subcor-
tical white matter (WM) and deep GM volumetric struc-
tures (including the hippocampus, amygdala, caudate,
putamen, and ventricles) [40,43], intensity normalization
[44], tessellation of the GM/WM boundary, automated
topology correction [45,46], and surface deformation fol-
lowing intensity gradients to place the GM/WM and GM/
CSF borders optimally [20,47,48]. Cortical thickness was
measured as the closest distance from the GM/WMboundary
to the GM/CSF boundary at each vertex. Cortical parcella-
tions were made according to Desikan atlas [41] and thick-
ness/volume measurements were collected from bilateral
regions of interest [49].

Among the multitude of data processed by Freesurfer
image analysis software, only the cortical volumes, the
subcortical volume of hippocampi, and the cortical thick-
ness measurements were selected, because they are the
main structures involved in MCI [7,50] (Figure 1).

All volumetric measurements were normalized for
head size by including total intracranial volume while for
thickness measurements, the average value was computed.

2.6 Relationship between visual rating
scales and quantitative regional
measures

The visual rating score of each region was compared to
the average cortical thickness and normalized volumes of
some structures belonging to the same brain region.

Semi-quantitative and quantitative study in MCI  337

http://surfer.nmr.mgh.harvard.edu/
http://surfer.nmr.mgh.harvard.edu/


The MTA score of each side was compared with the
parahippocampal and entorhinal average cortical thick-
nesses or with hippocampal, parahippocampal, and entorh-
inal normalized volumes of the MTL.

The AT score of each side was compared with the
average cortical thicknesses or the normalized volumes
of the following temporal gyri (temporal pole, superior
temporal, middle temporal, and inferior temporal gyri).

The PA score was compared with the average cortical
thicknesses or the normalized volumes of the parietal
lobes and cuneus gyrus. The OF score was compared
with the average cortical thicknesses or the normalized
volumes of the medial and lateral orbitofrontal gyri of
both frontal lobes. The AC score was compared with the
average cortical thicknesses or the normalized volumes of
the rostral anterior cingulate and caudal anterior cingu-
late gyri of both frontal lobes.

The FI score of each side was compared with the
average cortical thicknesses or the normalized volumes
of the insula and pars opercularis, triangularis, and orbi-
talis of the frontal lobe.

Because the left and right hemispheres may show
asymmetry in terms of atrophy, regional scores and thick-
ness/volume measures were considered independently
for each side for both semiquantitative and quantitative
analysis.

2.7 Statistical analysis

Statistical analysis was conducted using Statistical Package
for the Social Sciences (SPSS) for Windows version 24.0
(SPSS Inc., Chicago, IL, USA). Descriptive statistics were
expressed asmean ± SD for continuous variables if not other-
wise reported. For continuous variables, Shapiro–Wilk test
was used to test the normality of data distribution.

Pearson correlation was used to assess the relation-
ship between visual rating scores and the thickness/
volume of corresponding brain regions.

Significant correlations of semiquantitative and quan-
titative measures were used to differentiate aMCI-AD from
aMCI-S.

Kruskal–Wallis tests were performed to compare the
semiquantitative (visual scores) and quantitative thick-
ness/volume measurements among groups (aMCI-S, aMCI-
AD, Controls) and post-hoc Mann–Whitney U-tests were
performed between aMCI-S and aMCI-AD subgroups.
Statistical significance was set at P < 0.05 and signifi-
cance levels were adjusted according to the Bonferroni
correction for multiple comparisons.

For visual rating scores and thickness/volume mea-
sures that resulted statistically different between the two
aMCI subgroups (aMCI-S and aMCI-AD), receiver oper-
ating characteristic (ROC) curve analysis and area under

Figure 1: A representative image segmentation flowchart using Freesurfer image analysis software and selection of the structures used to
differentiate aMCI-AD from aMCI-S. WM, white matter; GM, gray matter.

338  Rosalinda Calandrelli et al.



the curves (AUC) were used to determine the optimal cut-
off values capable of differentiating aMCI-AD from aMCI-
S. Sensitivity and specificity were calculated for different
cut-off points in the two aMCI groups. Combined visual
rating scores and thickness/volumemeasures were included
in the multivariate analysis in order to evaluate if the cap-
ability to differentiate aMCI-AD from aMCI-S improved.
The multivariate analysis was conducted by developing,
separately, logistic regression models for combined scores
or thickness/volume measurements belonging to different
brain atrophy regions. Thickness/volume measurements
were normalized with the z-score before model fitting.

The ability of the models to discriminate between
aMCI-S and aMCI-AD was evaluated by computing the AUC
of the ROC curves. The best cut-off points were determined
according to the Youden index method and used to compute
sensitivity and specificity.

3 Results

3.1 Patient groups and clinical features

A total of 134 individuals were consecutively enrolled in
the study. Based on the clinical evaluation performed
after 2 years following up the diagnosis of aMCI, 54
patients were stable (aMCI-S) and 79 developed AD
(aMCI-AD) (Table 1).

Each subgroup was compared with 59 healthy control
subjects matched for age and gender (age 72.23 + 3.55; M/F:
26/33) who performed brain MRI using the same scanner
and protocol as patients with aMCI.

3.2 MRI evaluation

At the time of diagnosis of aMCI (Time 0), all aMCI
patients showed a negative correlation between MTA,
AT, FI, OF visual rating scores and some GM thickness
measures belonging to MTL, AT, FI, and OF regions. No
correlation emerged between PA or AC visual rating
scores and GM thickness measures within the same brain
region. A negative correlation was found between MTA,
AT visual rating scores and some GM volume measures
belonging to MTL and AT regions. No correlation emerged
between PA, FI, OF visual rating scores and GM volume
measures within the same brain region (Table 2, Figures 2
and 3).

Table 1: Demographics and clinical data of aMCI-S and aMCI-AD
patients at diagnosis

aMCI-S (n. 54)
(mean ± SD)

aMCI-AD (n. 79)
(mean ± SD)

Age (years) 72.88 ± 6.81 72.19 ± 7.44
Gender M = 25; F = 28 M = 39; F = 40
Educational level 12.20 ± 4.74 12.51 ± 4.24
MMSE 26.24 ± 2.52 26.11 ± 2.53
CDRS 0.5 0.5

MMSE, mini mental state examination; CDRS, clinical dementia
rating scale; n, number; M, male; F, female; aMCI-S, stable amnesic
MCI; aMCI-AD, progressive amnesic MCI.

Table 2: Correlations of semiquantitative visual ratings score and thickness measures/volumes of corresponding regions in all aMCI
patients at baseline

Visual rating score Average cortical thicknesses

MTA-s Parahippocampal and entorhinal gyri P < 0.001; r: −0.35
AT-s Temporal pole, superior temporal, middle temporal, inferior temporal gyri P < 0.001; r: −0.38
PA-s Parietal gyri and cuneus gyrus P = 0.12; r: −0.13
FI-s Insula and frontal gyri (pars opercularis, triangularis, orbitalis) P < 0.001; r: −0.27
OF-s Medial and lateral orbitofrontal gyri P = 0.001; r: −0.27
AC-s Rostral and caudal anterior cingulate gyri P = 0.88; r: −0.01

Visual rating score Normalized volumes

MTA-s Hippocampal, parahippocampal, entorhinal gyri P < 0.001; r: −0.20
AT-s Temporal pole, superior temporal, middle temporal, inferior temporal gyri P < 0.001; r: −0.27
PA-s Parietal gyri and cuneus gyrus P = 0.44; r: 0.06
FI-s Insula and frontal gyri (pars opercularis, triangularis, orbitalis) P = 0.62; r: −0.02
OF-s Medial and lateral orbitofrontal gyri P = 0.12; r: −0.13
AC-s Rostral and caudal anterior cingulate gyri P = 0.9; r: −0.28

MTA-s, middle temporal atrophy rating scale; AT-s, anterior temporal rating scale; PA-s, posterior atrophy rating scale; FI-s, fronto-insular
rating scale; OF-s, orbito-frontal rating scale; AC-s, anterior cingulate rating scale.
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Comparing aMCI subgroups (aMCI-S and aMCI-AD), a
significant difference was found for MTA, AT, and FI
rating scales, for cortical thickness belonging to MTL,
AT, FI regions and for GM volumes belonging to MTL,
AT regions with higher scores and lower thickness/volume
measures in aMCI-AD than aMCI-S (Figures 2 and 4,
Table 3).

ROC curve analysis using visual rating scores for
MTA, AT, and FI showed a high diagnostic value (AUC:
MTA-score 0.83, AT-score 0.80, FI-score 0.80) and, for AT
score, the cut-off value >1.5 was able to differentiate MCI-
S from MCI-AD with the best combination of sensitivity
(80%) and specificity (99%) (Figures 2 and 5a, Table 4).

ROC curve analysis for quantitative analysis showed
that the diagnostic accuracy of thickness measures for
MTL, AT, and FI regions was low (AUC: MTL 0.59, AT-
region 0.61, FI-region 0.58) while the diagnostic accuracy
of volume measures for MTL and AT regions was moderate
(AUC: MTL 0.73, AT-r 0.69) (Figures 2 and 5b, c, Table 4).

The multivariate analysis for combined scores, thick-
ness or/and volume measurements of matched brain
atrophic regions demonstrated that the capability to dif-
ferentiate aMCI-AD from aMCI-S improved only for visual
rating scores (AUC 0.85; sensitivity 95%) or for thickness
measures along with hippocampal volume (AUC 0.77;
sensitivity 76%). In the first case, the AT score showed
a greater influence compared to the MTA and FI scores
given by its higher model coefficient (1.77). In the second
case, the hippocampal volume provided a greater influ-
ence compared to the thickness measures given by its
higher model coefficient (−1.13).

On the other hand, considering only combined thick-
ness measures, diagnostic value and sensitivity were
comparable to those of the single region (AUC 0.62; sen-
sitivity 57%), while considering only combined volume
measures, a comparable diagnostic value emerged (AUC
0.74) but with a lower sensitivity (61%) than to those of
the single region (Figure 2, Table 5).

Figure 2:Workflow diagram showing the steps of MRI analysis. High resolution T1 MRI images of aMCI-S and aMCI-AD patients were used for
quantitative and semiquantitative analysis. Correlations between semiquantitative visual ratings score and thickness measures/volumes of
corresponding regions were used to assess the relationship between each visual rating scales and corresponding quantitative regional
measures. Only the significant qualitative and quantitative measures (thicknesses and volumes) were used to differentiate aMCI-AD from
aMCI-S. Only significant visual rating scores, cortical thickness, and volume measures between aMCI-S and aMCI-AD were used to calculate
the diagnostic accuracy. Moreover, the multivariate analysis was conducted by logistic regression models for combined scores or thick-
ness/volume measurements in order to evaluate if the capability in differentiating aMCI-AD from aMCI-S improved. AUC, area under the
curve; MTA-s, medial temporal atrophy score; AT-s, anterior-temporal score; PA-s, posterior atrophy score; FI-s, fronto-insula score; OF-s,
orbito-frontal score; AC-s, anterior cingulate score; MTL, medial temporal lobe; AT-r, anterior-temporal region; PA-r, posterior atrophy
region; FI-r, fronto-insula region; OF-r, orbito-frontal region; AC-r, anterior cingulate region; and aMCI, amnesic mild cognitive impairment.
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4 Discussion

Structural MRI is a leading diagnostic tool for patients
with cognitive impairment [16,21], but its usefulness in
differentiating patients at the preclinical stage of AD is
limited because of patients heterogeneity and observers’
experience, and it requires several post-processing soft-
ware [51,52].

Previous studies, performed using 1.5T MRI, demon-
strated that cortical thinning and GM volume reduction
begin mainly from the region of MTL and spread up to
temporal, frontal, and parietal areas as the disease pro-
gresses but the structural changes of aMCI pathology are
heterogeneous [53,54]. Other studies showed that 3T MRI
is more informative and potentially more suitable for the
parcellation of the cerebral cortex and the segmentation
of the subcortical structures in the brain because of a
higher signal-to-noise ratio than 1.5T MRI [55]. However,
in clinical practice, the theoretical doubling of the signal-
to-noise ratio is only 25%, and 1.5T and 3T scans do not
significantly differ in their power to detect differences in
quantitative values [56].

To date, structural MRI studies in aMCI patients
have been mainly focused on the subregions of the MTL
but other studies demonstrated that a combination of

different structural measures within the frontotemporal
network might be more accurate than measures of single
structures for predicting future conversion from MCI to
AD [57–59]. Although some studies focused on measures
of the brain’s region volume, these kinds of measures
are biased by some anatomical factors which may vary
among individuals, such as the depth of the collateral
sulcus [50,60–62]. Conversely, thickness measures have
not been fully evaluated at the early stage of disease,
although the cytoarchitectural structure of the GM shows
a lower variability [51] and cortical thinning is more pro-
minent than volume changes [22]. Therefore, thickness eva-
luation of specific brain regions identified by visual scales
may be a promising tool to objectively quantify the global
and regional atrophy at the early stage of the disease.

The first goal of this study was to explore, in aMCI
patients at an early stage, the relationship between vali-
dated visual rating scales and some thickness or volume
measurements belonging to the same regions in order to
assess the agreement between regional quantitative and
visual semiquantitative analyses.

Our data showed that, at the prodromal stage of
aMCI, quantitative measures might reveal the atrophic
pattern detected by visual scales in frontotemporal regions.
This finding suggests a specific regional atrophic pattern;

Figure 3: GM thickness and volume maps corresponding to brain regions evaluated by MTA, AT, and FI visual rating scales. MTA, AT, and FI
visual rating scores are delimited by a white square while in the contralateral side white dotted line delimits some cortical gyri whose
thickness or volume was assessed. MTA, medial temporal atrophy; AT, anterior temporal; and FI, fronto-insula.
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Table 4: Diagnostic accuracy of visual rating scales, regional cortical thickness, and volume measures in differentiating aMCI-AD from
aMCI-S

Cut-off value AUC (95%CI) Sen (%) Spe (%)

Visual rating score
MTA-s >1.5 0.83 (0.79–0.87) 56 83
AT-s >1.5 0.80 (0.75–0.84) 80 99
FI-s >1.5 0.80 (0.75–0.84) 57 85

Average cortical thicknesses (mm)
Parahippocampal and entorhinal gyri (MTL) <4.24 0.59 (0.53–0.65) 60 53
Temporal pole, superior temporal, middle temporal, inferior temporal gyri
(AT-r)

<8.88 0.61 (0.55–0.67) 61 59

Insula and frontal gyri (pars opercularis, triangularis, orbitalis) (FI-r) <8.38 0.58 (0.52–0.64) 62.5 46
Normalized volumes (mm3)
Hippocampal, parahippocampal and entorhinal gyri (MTL) 3,513,502 0.73 (0.68–0.79) 71 65
Temporal pole, superior temporal, middle temporal, inferior temporal gyri
(AT-r)

28,423,001 0.69 (0.64–0.74) 66 60

The table considers only visual rating score, average cortical thickness, and normalized volume measures statistically different by
comparing aMCI-S and aMCI-AD.
Sen, sensitivity; Spe, specificity; AUC, area under curve; CI, confidence interval.
MTA-s, middle temporal atrophy rating scale; AT-s, anterior temporal rating scale; FI-s, fronto-insular rating scale; MTL, middle temporal
lobe; AT-r, anterior temporal region; FI-r, fronto-insular region.

Figure 4:Whisker plots show MTA, AT, and FI visual rating scores (a–c), a set of matched cortical thickness measures (d–f), and normalized
volumes (g, h) useful to differentiate aMCI-AD from aMCI-S. Plots show higher visual rating scores and lower GM thickness and volume
measures in aMCI-AD than aMCI-S. The width of the plot shows the distribution of score values and thickness or volume measures for each
corresponding rating scale. Whisker plots display the median values and IQR. Y-as: respectively, visual rating scores (a–c), GM average
thickness (d–f), and GM normalized volumes (g, h) for aMCI-S and aMCI-AD groups. *Indicates significant difference between groups. MTA,
medial temporal atrophy; AT, anterior temporal; FI, fronto-insula; MTL, medial temporal lobe; AT-r, anterior temporal region; FI-r, fronto-
insula region; and aMCI, amnesic mild cognitive impairment.
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in particular, higher rating scores were associated with
lower GM thickness/volume regional measures. Moreover,
our data demonstrated that, at the early stage of MCI, visual
scales matched more with thickness measures than with
volume measures because the early loss of GM is better
evaluated by thickness measures [22] that may detect
changes also in other cortical regions, beyond MTA and
AT regions.

The second aim was to assess the accuracy of visual
rating scores and quantitative analyses in differentiating
aMCI-S and aMCI-AD in the short term. Our analysis
showed that MTA, AT, and FI visual rating scores besides
a set of thickness measurements within the MTL, AT, and
FI regions and a set of volume measurements within the
MTL and AT regions were significantly different between

aMCI-S and aMCI-AD. These data show that, at the early
stage of disease, selected visual rating scores and a set of
thickness/volume measures in specific regions of fronto-
temporal network may discriminate aMCI-AD from aMCI-
S patients because aMCI-AD showed higher scores and
lower cortical thickness/GM volumes than aMCI-S.

The diagnostic accuracy of semiquantitative analysis
was higher, in particular for MTA, AT, and FI visual rating
scales (AUC: MTA-score 0.83, AT-score 0.80, and FI-score
0.80). The cut-off value >1.5 of AT visual rating scale was
able to differentiate aMCI-S by aMCI-AD with the best
combination of sensitivity (80%) and specificity (99%).
It is conceivable that early changes in AT region are
determined by better visibility of the CSF/cortex interface
due to its wider dimensions.

Figure 5: ROC curves of visual rating scales useful in differentiating aMCI-S from aMCI-AD (a). AUC = 0.83 for MTA score, 0.80 for AT score,
0.80 for FI score. ROC curves of a set of GM thickness measures belonging to brain regions assessed by visual rating scale, able to
discriminate between aMCI-AD and aMCI-S (b). AUC = 0.59 for thickness measures of MTL, 0.61 for thickness measures of AT region, and
0.58 for thickness measures of FI region. ROC curves of a set of GM normalized volumes belonging to brain regions assessed by visual rating
scale, able to discriminate between aMCI-AD and aMCI-S (c). AUC = 0.73 for normalized volumes of MTL, 0.69 for normalized volumes of AT
region. AUC, area under the curve; MTA, medial temporal atrophy; AT, anterior-temporal; FI, fronto-insula; MTL, medial temporal lobe; AT-r,
anterior-temporal region; FI-r, fronto-insula region; and aMCI, amnesic mild cognitive impairment.
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On the other hand, we found that the diagnostic
accuracy of some volume measures in MTL and AT regions
was moderate (AUC: MTL 0.73 and AT-region 0.69),
whereas the diagnostic accuracy of some thickness mea-
sures in MTL, AT, and FI regions was low (AUC: MTL
0.59, AT-region 0.61, and FI-region 0.58). The reason for
the better accuracy of volume measures compared to
thickness measures may be related to the inclusion of
hippocampal structures only in volume measures; in
fact, the hippocampus is a subcortical structure [63],
and it is the main involved structure in AD [8,28].

Thus, in agreement with previous studies, our data
confirm that expert semiquantitative analysis is more sui-
table for differentiating aMCI-S and aMCI-AD subgroups
when compared to quantitative structural measures because
the neuroradiological regional semiquantitative visual inspec-
tion can better catch the spatial-temporal pattern of brain
atrophy [64]. In fact, the standardized visual rating scales,
assessing the relationship between brain structures and liquor
spaces of sectorized regions, provide a more complete picture
of regional atrophy patterns.

The last goal was to evaluate whether the combina-
tion of some visual rating scales and corresponding
quantitative measures improved the accuracy in differen-
tiating aMCI-AD from aMCI-S. To this aim, we developed
a model of combined visual rating scores, thickness and
or volume measures. This analysis showed an improve-
ment in the capability to differentiate aMCI-AD from
aMCI-S when regional thickness measures along with the
hippocampal volume were combined. This was mostly due
to the greater influence of the hippocampal volume com-
pared to the thickness measures in the combined model,

which can be explained by the key role of the hippo-
campus in AD.

Although combined regional thickness measures with
hippocampal volume have better diagnostic accuracy than
the combined regional thickness or volume measurements
alone, visual rating scores showed even better results when
assessed by expert observers, with a greater influence of the
AT score in the model combining different visual scores.
Thus, semiquantitative findings may be considered as sur-
rogate parameters helpful for differentiating aMCI-AD from
aMCI-S and their diagnostic accuracy may be increased
when visual rating scores of specific regions are combined.

This study has some limitations. First, the study’s
results may be influenced by the retrospective design.
Second, semiquantitative and quantitative analyses of
brain MR were done using a 1.5T MRI. However, our
results are helpful in proposing prospective semiquanti-
tative brain MR studies performed by experienced and
moderately experienced observers trained in this scoring
system to evaluate the impact of experience in this kind
of evaluation. Longitudinal quantitative studies assessing
differences in thickness and volume measures between
1.5T and 3T MRI scanners in aMCI patients could help to
understand if MRI with higher field strength provides more
advantages in detecting earlier signs of brain atrophy.

5 Conclusion

Our study demonstrated that visual rating scales, assessed
by experienced neuroradiologists, has better accuracy

Table 5: Logistic regression model developed by combining visual rating scores and regional thickness/volume measures in differentiating
aMCI-AD from aMCI-S

AUC (95% CI) Sen (%) Spec (%)

Visual rating score/subscore
MTA-s + AT-s + FI-s 0.85 (0.81–0.88) 95 64

Average cortical thicknesses (mm)
Parahippocampal and entorhinal gyri (MTL) + temporal pole, superior temporal, middle

temporal, inferior temporal gyri (AT-r) + insula, frontal gyri (pars opercularis, triangularis,
orbitalis) (FI-r)

0.62 (0.55–0.68) 57 75

Normalized volumes (mm3)
Hippocampal, parahippocampal and entorhinal gyri (MTL) + temporal pole, superior

temporal, middle temporal, inferior temporal gyri (AT-r)
0.74 (0.69–0.79) 61 77

Average cortical thicknesses (mm) + normalized hippocampal volume (mm3)
Parahippocampal and entorhinal gyri thicknesses (MTL) + temporal pole, superior temporal,

middle temporal, inferior temporal gyri thicknesses (AT-r) + insula, frontal gyri thicknesses
(pars opercularis, triangularis, orbitalis) (FI-r) + hippocampal volume

0.77 (0.72–0.81) 76 67

Sen, sensitivity; Spec, specificity; AUC, area under curve, CI, confidence interval.
MTA-s, middle temporal atrophy rating scale; AT-s, anterior temporal rating scale; FI-s, fronto-insular rating scale; MTL, middle temporal
lobe; AT-r, anterior temporal region; FI-r, fronto-insular region.
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than quantitative measures of corresponding brain struc-
tures in detecting atrophy in specific brain regions, even
when thickness measurements were combined to hippo-
campal volume.

Semiquantitative evaluation, performed at the early
stage of disease by expert observers, may be a fast and
reliable diagnostic tool capable of differentiating aMCI
patients that may evolve to AD, because they may catch
both hippocampal volume loss and early cortical thick-
ness changes.
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