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Background

Computational neuroanatomical models and rodent studies suggest that hippocampal (Hc) subfields support discrete functions, but are less well studied
in humans because reliable in vivo identification of human Hc subfields remains a significant challenge. Partial volume effects are particularly significant
in the anterior and posterior Hc regions, because the main axis curves with respect to the imaging plane. Here, we sought to delineate and quantify
human Hc subfields along two interlocking convoluted layers of neurons - the dentate gyrus (DG/CA4) and the cornu Ammonis (CA1-3) - and the
subiculum (SUB), in healthy adults and in adults with bilateral hippocampal-mediated amnesia, using a single-acquisition MRI sequence that would be
amenable to participant comfort and minimise time in the scanner.

Method

A 32-element volume-transmit receive coil array with three-dimensional fast-spin echo imaging at 7.0-Tesla was used to acquired images in 12 healthy
adults and in three adults with bilateral hippocampal-mediated amnesia. Visualization of DG/CA4, CA3, CA2, CA1 and SUB Hc subfields along the full
transverse axis was conducted in vivo at an unprecedented resolution by using a slice thickness of 0.1 mm and an in-plane resolution of 0.4 x 0.4 mm?,
Two raters performed manual delineation to segment bilateral DG/CA4, CA3, CA2, CA1 and SUB Hc subfields, using the manual segmentation tool in
ITK-SNAP 3.0. Hc subfield delineation was guided by the Duvernoy et al. (2013) hippocampus atlas, the 7.0-Tesla protocol of Wisse et al. (2013), and
the 4.7- and 3.0-Tesla protocols of Malykhain et al. (2010) and Bonnici et al. (2012), respectively. Both hippocampi were identified in all participants as
lobulated structures, between the ambient cistern and temporal horn on the 3D-FSE images. As in the Wisse et al., we did not include the alveus and
fimbria as part of the segmentation protocol. Intra-rater segmentation repeatability and inter-rater segmentation was assessed for full 3-D whole
hippocampus segmentations of each subfield in the healthy adults and in the amnesic adults using Dice overlap indices (Dice, 1945).

Results

Unlike previous studies, we were able to visualize a hypointense border between CA1 and SUB fields along the transverse axis of the hippocampus, so
the border was followed as it moved medially into the head and eventually body of the hippocampus. The DG typically appeared within 2.0-3.0 mm of
the anterior-most hippocampal slice, within the folds of the CA1 regions of the digitationes hippocampi, with clear delineation of the DG usually ending
approximately 1.5-3.0 mm from the posterior-most extent of the hippocampus. The border between CA1 and CA2 became visible within 2.0-3.0 mm of
the anterior-most appearance of the hippocampus, and usually disappeared < 1 mm from the posterior-most extent of the hippocampus. The
polymorphic layer of the DG was present immediately above the DG cell layer, but was not readily differentiated from CA4 because the borders were
ambiguous. Subfield volumes in the healthy adults yielded distributions along the transverse axis that were consistent with histological data. Average
Dice index based reliability between two raters was generally high for both groups, indicating that the scanning protocol was suited to reliable
delineation of the Hc subfields in health and in disease. The results also revealed that our protocol tolerated flow driven artifacts (associated with over
20% bilateral whole hippocampal volume loss relative to the healthy age-matched control participants), because it was possible to segment and identify
pathology (volume loss) that was isolated to particular subfields.

Conclusion

In vivo three-dimensional Fast-Spin Echo 7.0-Tesla imaging conducted at 0.4 x 0.4 x 0.1 mm resolution can be used to visualize human hippocampal
subfields in health and in disease. The results from our novel neuroimaging and segmentation protocol have the potential to test whether hippocampal
pathology associated with focal organic hippocampal amnesia is manifest in specific subfields that are otherwise inaccessible at 1.5-Tesla or even 3.0-
Tesla MR neuroimaging, and thereby enable discovery of important information about functional differentiation along the axis of the hippocampus that
can be incorporated into models of human computational neuroanatomy.
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