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TARGET AUDIENCE - Methodological and clinical researchers alike interested in MRI-based hippocampal volumetry as a neurodegeneration biomarker.
PURPOSE - In the 2008-2013 period, a joint European Alzheimer’s Disease Center (EADC) and Alzheimer’s Disease Neuroimaging Initiative
(ADNI) effort was carried out to provide a consensual, harmonized protocol (HarP) for manual hippocampal segmentation on MRI. The protocol
was defined through an evidence based Delphi panel that converged on a consensual definition based on personal experience, data specifically
collected for this purpose 1, and recursive re-evaluation of the choices preferred by the other panelists and reasons thereof 2. Although
segmentations by different tracers proved to be very reliable 3, manual hippocampal segmentation remains a time consuming task, with added
effort required if one is to comply with the HarP, as it is lengthy. The need to train automated algorithms that may segment large datasets based on
the HarP is an urgent requirement for clinical trials and a necessary step towards wider clinical acceptance.
Yet, there remains a substantial obstacle to wide uptake of the HarP by automated algorithms. Not unlike new or naïve human raters, most
algorithms require a very large sampling of image presentations, physiological variability and pathological effects to learn exemplars and properly
generalize the knowledge of hippocampal boundaries to new subjects. However, all of the segmentations generated in the different phases of this
project were taken on a very limited number of ADNI subjects (n=16 in total).
The purpose of this work was to provide a large sample of benchmark hippocampal segmentations based on the HarP with good balance of typical
confounders typically connected to hippocampal volumetry (tracer, subject, side, time point, scanner field strength and manufacturer).
METHODS - 135 ADNI images from different subjects, balanced by main confounders, were segmented by five qualified HarP tracers, with
absolute inter-rater intra-class coefficients: left:0.953(95% confidence interval:0.873-0.987), right:0.975(0.920-0.994). Each image was segmented
once. Labels were verified and validated as HarP-compliant after centralized quality checks and corrections. Head size was quantified with
SIENAX 4. Diagnosis and medial temporal lobe atrophy effects were evaluated with parametric tests and Spearman’s rho correlation. Labels were
back-transformed in native space and released publicly.
RESULTS - A maximum of two rounds of corrections were required to tracers to achieve full compliance with the HarP for all of the segmented
hippocampi. Hippocampal volumes of controls -left: mm3 3096 (standard deviation:541), right 3997(511)- were over 22% larger than AD patients’,
and 14% larger than mild cognitive impairment subjects (p<0.0005). Volumes significantly correlated with medial temporal lobe atrophy severity
at Scheltens’ scale 5 (p<0.0005). Cerebrospinal fluid spaces were larger in controls - left=mm3 34(41), right=36(40), than in patients – mild
cognitive impairment: left=19(13), right=29(20); AD: left=14(18), right=25(34). Five subjects (3.7%) presented with unusual anatomy.
Contours in pseudo-Talairach space were voxelized to the Analyze image format using the ShapeToImage utility found in the LONI ShapeTools
library. The resulting Analyze contours were then converted to NIFTI using BrainVisa/Anatomist 6. The original image header, including geometry
and orientation, was applied to the Nifti contour using FSL 7. Finally, a binary hole filling filter was applied on each coronal slices to create the
labels. AC-PC pseudo-Talairach voxellized labels were then back-transformed in the native space using the inverse linear transform and trilinear
interpolation.
DISCUSSION - UCF labels and Multitracer files, .mnc and .nifti voxellized labels, linear transformations and .mnc reoriented voxellized and
interpolated labels in native space are made available at www.hippocampal-protocol.net. List of ADNI subject IDs, image codes and conversion
files reporting the orientation function for each MRI for segmentation in AC-PC, as required by the HarP, are also reported.
One of the limitations of this study consists in the lack of longitudinal images of the same subjects; this will not serve algorithms that exploit
differences between scans, nor allow for the validation of atrophy rate estimations and other longitudinal behavior (e.g. transitivity, linearity).
A second limitation lies in the segmentation of each hippocampus by a single tracer rather than by more experts as for the previously generated
benchmark labels 8. It was felt that the very accurate definitions provided by the HarP reduced the range of alternative segmentations that may be
considered to be correct for each hippocampus. Nonetheless, some divergence may be considered acceptable due to a certain degree of ambiguity
in tissue definition from MRIs, which do not provide perfect visualization of subtle features of brain morphology. Certification criteria that can
flexibly account for these ambiguities depending on the different anatomical regions will need to be defined in order to make certification both
possible and highly accurate for human tracers and algorithms.
CONCLUSION - With this work, we have provided a relatively large set of benchmark hippocampal segmentations based on the HarP, which
covers a wide range of physiological variability. This set is meant to provide the appropriate reference to train human tracers and automated
algorithms so that they can generalize the learning and appropriately segment hippocampi of new subjects. This work follows the completion of
the HarP project, defining the new standard for the measurement of hippocampal volumetry and its use as a biomarker for Alzheimer’s disease.
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