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Diagnosis of amyloid-positive mild cognitive impairment using structural
magnetic resonance imaging: The worth of multiple regions of interest.

(BERNEZRIERERELAWET a4 RBEBRERMEERES

FARIREE | ook - S RO F )

Objective: Briefly to compare twin and multiple regions of interest (ROIs) in structural magnetic
resonance image (sMRI) diagnosis, testing two statistical parametric mapping (SPM) packages
against amyloid status in patients diagnosed with mild cognitive impairment (MCI), who
underwent positron emission tomography with Pittsburg compound B (PiB-PET). The packages
were Voxel-based Specific Regional Analysis system for Alzheimer’s Disease (VSRAD) and Brain
Anatomical Analysis using DARTEL (BAAD).

Subject data: Data on 65 patients diagnosed with MCI, who had undergone both sMRI scans and
PiB-PET beta-amyloid imaging, were downloaded from the Alzheimer's Disease Neurcimaging
Initiative (ADNI) database. Of those 65 MCI cases, 18 were found positive by PiB-PET.

Data Processing: BAAD interprets sMRI both in false-color images and in Z-scores for 98 brain
regions. VSRAD also gives a false-color picture, and just one bilateral-twin-ROI z-score, usually
for the region ‘of the hippocampus and entorhinal cortex, with ROI-locations specified in MNI
coordinates.

Results and Discussion: Receiver operating characteristic (ROC) curves were used to measure
the reliability of discrimination with each set of ROIs, by the area under the curve (AUC). Test
indices such as AUC and accuracy scores seem much better when discriminating large differences
than small ones, so that high AUC and accuracy scores are easier to achieve between AD and
normal controls than between the amyloid-positive and -negative MCI cases studied here. Because
the sorts of memory impairment which attract a clinical diagnosis of MCI are all likely to involve
no more than moderate hippocampus dysfunction, discrimination is much less easy with this MCI
sample, and lower AUC scores would be expected when the hippocampal region is studied.
VSRAD has been widely used and trusted for AD diagnosis in Japan for some years, and in the
present study it scored an AUC of only 0.68, showing that the minimum BAAD result (AUC =
0.69) was in a plausible range.
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Using BAAD and comparing the results of various selections of ROls indicated several
principles. First, AUC figures increased as more ROIs were added, up to 0.86 for 12 or more
(bilateral) ROIs. Second, some ROIs contribute significantly more than others; for example, the
parahippocampal gyrus contributes approximately as much as the posterior cingulum + fusiform
gyrus + inferior temporal regions. Third, not all the ROIs which appeared significant were
contiguous. Fourth, regions also varied in significance asymmetrically between the left and right
sides of the brain. As a result, by post-hoc “cherry-picking” selective sets of (mostly unilateral)
regions, AUC could be increased to almost 0.98 with 11 empirically selected ROIs. However, this
study used a relatively small sample, and ail these results will need validation when further
MRI+PET data become available.

Atlas components, as incorporated in BAAD, define standard brain regions and are crucial for
the exchange and comparison of z-scores and other data, especially for multicenter studies, perhaps
in combination with other acquisition protocols (e.g., MRS and DTI) and with other software
packages. They are also necessary for multi-ROI studies.

Multi-ROI studies are necessary for fuller use of MRI data, and are more valuable than the type
of protocol established in VSRAD. First, the hippocampus/entorhinal region is an insufficient
biomarker. Those regions may be neither the earliest nor the only regions where AD really appears,
and a number of studies have identified atypical varieties of AD, some of which spare the
hippocampus. Second, the hippocampus/entorhinal region is an unreliable, non-specific biomarker.
Artrophy similar or identical to that caused by AD is also caused by other diseases including AGD,
FTD, HCScl, SD, and VaD. Third, no neurcdegenerative disease is known to protect against others,
so multiple pathologies are not ‘only possible but reportedly common.

Accordingly, atlas-based multi-ROI studies not only facilitate multi-center studies, but should
also allow more sensitive, earlier, and comprehensive discrimination not just of AD pathology but
of other pathologies too.

Conclusions: Our results indicated that the multi-ROI approach offers greater versatility and
better discrimination of the amyloid-positive MCI cases, improving the prospect of data-acquisition
and diagnosis earlier than the MCI stage. Both the number and selection of ROIs are crucial to
accuracy. Further testing will be needed to validate ROI combinations for MCI and earlier stages,
for other populations and pathologies, and for mixed pathologies.
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