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Abstract: The hippocampus, vital for memory and spatial cognition, faces susceptibility to metabolic stress and
early degeneration in neurological disorders like Alzheimer's disease (AD). This paper explores the reproducibility of
high-resolution 7T° MRI measurements in hippocampal subfields using the UK7T travelling head study dataset.
Leveraging the Automatic Segmentation of Hippocampal Subfields (ASHS) software, subfields (CA1-3, TAIL, DG,
SUB, ERC) were segmented, with exclusion of the CYST compartment. Ten healthy volunteers underwent
scanning across five sites employing various scanners. Imaging protocols encompassed QSM, T1-weighted 3D-
MP2RAGE, and T2-weighted sequences. ASHS segmentation required approximately 3 hours per participant. The
study scrutinized 50 datasets, yielding TIV-scaled volume values. Intraclass Correlation Coefficients (ICC) were
computed to gauge reproducibility. Notably, CA1 exhibited the highest ICC (0.997) for the right hippocampus,
followed closely by TAIL (0.9806), indicating excellent agreement. Comparable trends were observed in the left
hippocampus. Overall, most subfields demonstrated very good to excellent agreement (ICC range: 0.867-0.997),
implying robust measurement reliability. These findings underscore the importance of studying hippocampal
subfield reproducibility in longitudinal studies, offering insights into neuroimaging advancements and potential
implications for precision medicine in neurological conditions.
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INTRODUCTION

The hippocampus is an important brain structure located deep in the medial temporal lobes on both sides of the
brainstem near to the cerebellum. It is involved in many brain functions such as memory and spatial reasoning
(Manjon et al., 2020). The hippocampus, and in particular the CA1 sub-region (CA = cornu ammonis), is vulnerable
to metabolic stress, a process which can be observed in acute neurological disorders such as ischaemia, limbic
encephalitis, hypoglycaemic encephalopathy, epilepsy, multiple sclerosis, and transient global amnesia. (Thorsten,
2012). Alzheimer's disease (AD) is a neurodegenerative disease which shows eatly degeneration of the hippocampus
(Braak & Braak, 1991). Furthermore, estimation of the volume of the hippocampus is considered a valuable tool for
follow-up and treatment adjustment (Jack et al., 2005).

Studies utilizing volumetric analysis (Strange et al., 2014), histopathological examination (Braak & Braak, 1991), and
molecular investigations (Genon et al, 2021) have indicated that the dorsal (or posterior) segment of the
hippocampus is involved in memory encoding and spatial navigation, while the ventral (or anterior) portion plays a
role in regulating emotional behaviors such as mood and anxiety. Various subregions of the hippocampus, including
the Cornus Ammonis (CA 1-3), Dentate Gyrus (DG), Subiculum (SUB), and the Entorhinal Cortex (ERC), which
serves as a link between the hippocampus and neocortex within the medial temporal lobe, have been scrutinized
concerning their association with neurocognitive alterations in Alzheimet's disease (Birkl et al., 2015; Fyhn et al.,
2004; Hett et al., 2019; Mueller et al., 2018).

In this study, we have characterised the reproducibility of high-resolution 7T volumetric measurements in the sub-
fields of the hippocampus, specifically focusing upon the Cornu Ammonis (CA1-3), the tail of the hippocampus
(TAIL), the dentate gyrus (DG), the subiculum (SUB) and the entorhinal cortex (ERC). The UK7T travelling head
study data set (Clarke et al., 2020) was used for this study, which was carried out in preparation for measurements of
longitudinal changes in the hippocampal sub-fields in Alzheimer’s disease.
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The segmentation of the hippocampus was accomplished through the utilization of the open-source Automatic
Segmentation of Hippocampal Subfields (ASHS) software, as developed by Yushkevich and colleagues in 2015
(Yushkevich et al., 2015). The ASHS methodology employs a sophisticated pipeline that amalgamates multi-atlas
label fusion with learning-based error correction techniques, creating a robust and accurate approach for
hippocampal subfield segmentation (Wisse et al. 2014; Yushkevich et al. 2015).

AUTOMATIC SEGMENTATION OF HIPPOCAMPAL SUBFIELDS (ASHS)

The ASHS software delineates a comprehensive set of hippocampal subfields, which encompass the Cornu
Ammonis (CA) areas including CA1, CA2, and CA3, the hippocampal tail (TAIL), Dentate Gyrus (DG), Subiculum
(SUB), CYST, and Entorhinal Cortex (ERC). Each subfield's volume (measured in mm3) was quantified for every
scan. The CYST compartment, corresponding to fluid-filled cysts, was notably absent in all images, which aligns
with expectations for a cohort of young, normal volunteers. As a result, this region of interest (ROI) was excluded
from the study's scope.

To provide visual context, Fig 1 serves as an illustrative representation of the ASHS segmentation process.
Specifically, the ASHS-derived segmentation outcomes are superimposed onto TSE (Turbo Spin Echo) image data,
offering a visualization of the delineation of hippocampal subfields.

Figure 1: TSE images showing the segmented subfields of the hippocampus of one participant from each
of the 5 sites in this study (A) Subj01 (B) Subj03 (C) Subj05 (D) Subj07 and (E) Subj09.

IMAGING PROTOCOL

Ten healthy volunteers (age 32 £ 6 years) were scanned with informed consent and ethics approval for a multi-site
study. Two participants were scanned at each site: subj01 and subj02 were scanned at the Wolfson Brain Imaging
Centre, University of Cambridge, subj03 and subj04 at the Cardiff University Brain Research Imaging Centre,
Cardiff University, subj05 and subjO6 at the Imaging Centre of Excellence, University of Glasgow, subj07 and
subj08 at the Sir Peter Mansfield Imaging Centre, University of Nottingham and subj09 and subj10 at the Wellcome
Centre for Integrative Neuroimaging (FMRIB), University of Oxford. Each subject was scanned five times at their
“home” site using the scanners shown in Table 1 below.
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Table 1: Scanner systems used at each site for data acquisition in the UK7T travelling head study.

Location Vendor model Software

1 Wellcome Centre for Integrative Neuroimaging (FMRIB), | Siemens Magnetom 7T VB17A
University of Oxford

2 Cardiff University Brain Research Imaging Centre, Cardiff | Siemens Magnetom 7T VB17A
University

3 Sitr  Peter Mansfield Imaging Centre, University of | Philips Achieva 7T R5.1.7.0
Nottingham

4 Wolfson Brain Imaging Centre, University of Cambridge Siemens Magnetom Terra | VE11U

5 Imaging Centre of Excellence, University of Glasgow Siemens Magnetom Terra | VE11U

All scanners used in the data acquisition were equipped with a Nova Medical (Wilmington MA, USA) single-channel
transmit, 32-channel receive (1Tx; 32Rx) head coil. All protocols were optimised for use with this coil.

The image acquisition used for QSM was a whole-brain, 3D, single-echo GE sequence with an echo time of 20 ms.
Additional imaging parameters were: repetition time (TR)=43 ms; Field of view 224 X 224 X 224 mm?, voxel size,
0.7 x0.7 X0.7 mm?, and frequency per pixel of 70 Hz. The data acquisition time for this sequence was 12:38
minutes (Clarke et al., 2020).

A Ti-weighted 3D-MP2RAGE image data set was also acquired for each subject. The following acquisition
parameters were used: inversion times of 725/2150 ms; echo time (TE) of 2.64 ms; TR= 3500 ms; Field of view
224 X 224 X 224 mm3; 0.8 X 0.8 X0.8 mm?3 voxel size; receiver bandwidth of 300 Hz; the total time for this scan
was 7:51 minutes, as described in (Clarke et al., 2020).

T>-weighted images spanning the hippocampus were also acquired from each subject. The acquisition parameters
were as follows: partial brain TSE sequence, with a resolution of 0.4 X 0.4 X1.0 mm?; field of view of 224 X 224 X
55 mm3; TR = 8020ms; TE = 76 ms and a bandwidth per pixel of 155 Hz. The acquisition time for this sequence
was 4:32 minutes. (Clarke et al., 2020). The slice orientation was chosen so that the slices ran orthogonal to the
longest axis of the hippocampus.

RESULTS

In this analysis, a total of 50 datasets were considered, corresponding to the five repeat measurements acquired on
10 subjects at the 5 different UK7T sites in the travelling head study. Segmentation of the hippocampal subfields
using the ASHS software took about 3 hours for each participant's data.
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Figure 2 show the repeatability graph for the left and right hippocampus value to the two participants with the intra
class correlation value (ICC) shown in table 2 below.

Table 2: showing the ICC value for the right and left hippocampus subfield measured.

ICC VALUE FOR  LEFT
SUBFIELDS 1CC VALUE FOR RIGHT HIPPOCAMPUS | HIPPOCAMPUS
ERC 0.762 0.856
SUB 0.942 0.942
CA1 0.997 0.996
CA2 0.867 0.994
DG 0.965 0.978
CA3 0.959 0.904
TAIL 0.986 0.919
DISCUSSION

This study has characterised the reproducibility of hippocampal subfield, which is important information to know
before embatking on longitudinal studies involving individuals with Alzheimer's disease. By utilizing high-resolution
scans at 7T scanners and implementing ASHS for precise subfield segmentation, the research quantified
hippocampal subfield with a reasonable degree of consistency.

The study described here identified certain limitations in ASHS segmentation, particularly in smaller structures
CYST. To mitigate this, the study combined some of these structures to volume values. For the CYST
compartment, largely absent in young, normal volunteers, was excluded.

The ICC (Intraclass Correlation Coefficient) values presented in the table indicate the degree of agreement or
consistency in volume measurements of hippocampal subfields between repeated scans. A higher ICC value closer
to 1 suggests greater reliability and consistency in measurements.

e For the right hippocampus:

e Among the subfields, CA1 exhibits the highest ICC value of 0.997, indicating excellent agreement
between repeated measurements.

e This is followed by the TAIL subfield with an ICC value of 0.986, also indicating excellent
agreement.

e  Other subfields such as DG (ICC = 0.965), SUB (ICC = 0.942), and CA3 (ICC = 0.959) also show
very good to excellent agreement.

e  For the left hippocampus:

e Similar to the right hippocampus, CA1 exhibits the highest ICC value of 0.996, indicating excellent
agreement between repeated measurements.

e The TAIL subfield follows closely with an ICC value of 0.919, indicating good agreement.

e Other subfields such as DG (ICC = 0.978), SUB (ICC = 0.942), and CA2 (ICC = 0.994) also
demonstrate very good to excellent agreement.

Overall, these ICC values suggest high reliability and consistency in volume measurements for most hippocampal
subfields between repeated scans, indicating that the method used for measurement is robust and dependable.
However, slight variations in agreement across different subfields and hemispheres highlight potential differences in
measurement precision or biological variability.
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CONCLUSION

In summary, this study's findings underscore the critical role of studying hippocampal subfield susceptibility and
volume reproducibility when planning longitudinal studies. The ability to explore microstructural changes,
comprehend brain function, detect neurological disorders early, and devise personalized treatment approaches
underscores the significance of this research. By contributing to neuroimaging advancement and offering potential
subfield-specific therapeutics, this study introduces new prospects for precision medicine and enhanced diagnosis
and management of neurological conditions. Ultimately, the insights garnered from this research could have
profound implications for our understanding of brain health and function.
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