Harmonization of Protocols for Manual
Hippocampal Volumetry:
an EADC-ADNI project
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Objective

To operationalize differences among protocols  for
hippocampal tracing, in order to achieve a harmonized
protocol for the manual segmentation of the hippocampus.

Background

Hippocampal atrophy is a key diagnostic marker for early-
preclinical Alzheimer’'s disease (AD), but manual tracing on
magnetic resonance (MR) images (present gold standard
procedure) results in heterogeneous volumetric estimates (2
to 5.3 cm®) depending on the adopted segmentation protocol.

Methods

We selected 12 most used tracing protocols in the AD
literature (Figure 2). One rater carried out complete tracings
on two prototypical 1.5T MR scans (0.99x0.99 mm?) (one
control and one matched AD, ADNI subjects) on 1.2 mm
slices, using each protocol. Individual interactive web
conferences with the primary author of each protocol allowed
to check or correct the execution of the tracing. We extracted
the differences among the author-certified protocols,
operationalized them into segmentation units (Figure 1) in
order to compute their influence on total hippocampal volume,
difference due to AD, and reliability measures in the manual
tracing. Then, we traced and re-traced the segmentation units
on 20 ADNI subjects (4 for each severity degree at the MTA
scale - Scheltens et al.,, 1992) and, for each, we quantified
their intra-rater reliability and impact on volume and
differences.

Figure 1. 3D rendering
of the differences
among the 12
protocols,
operationalized based
on the certified
tracings.

Red=Minimum
hippocampal body,
common to all protocols;
Yellow=alveus/fimbria;
Green= different criteria
to trace the medial
border at the level of the

subiculum; Blue=
. . different criteria to trace
i the most

caudal slice (tail).
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Results

The certified protocols (available at www.hippocampal-
protocol.net) differed in the definition of the medial border
(subiculum, green), of the last slice (tail, blue), and the
inclusion of hippocampal white matter (alveus/fimbria,
yellow). The impact of these differences, operationalized into
segmentation units (SU) (Figure 1), on total volume, AD
difference, and tracing reliability, as computed from the 20
ADNI subjects, is reported in the Table. SU can also be used
to reconstruct the 3D renders of original protocols (Figure 2).
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Figure 2. 3D rendering of the originally examined protocols, by
segmentation units assembly

Controls % of MCI/AD % of % diff P Intra-
(n=8) total (n=12) total MCI/A  (MCI/A rater
hippo hippo D-CT Dvs
Controls)
MinHB 1763 (283) 64 (5) 1188 (357) 64 (6) -63% 0.004 0.992
Alveus/fimbria 227 (56) 8(1) 147 (51) 8(2) -9% 0.009 0.863
Subiculum 256 (78) 10 (3) 233(104) 125(4) -2,5% 0.6
Obliqueline 164 (43) 6(2) 184 (87) 10 (4) +2% 0.7 0.964
Morphology 256 (78) 10 (3) 233(104) 125(4) -2,5% 0.3 0.981
Horizontal line 240 (79) 9(3) 224 (103) 12 (4) -2% 0.6 0.980
Tail 508 (151) 18 (6) 276 (125) 155(7) -255% 0.005
Crus/crura 187 (106) 6,5(4) 104 (37) 55 (2) -9% 0.025 0.998
Most caudal 321(77) 115(2) 172 (104) 10(6) -16,5% 0.009 0.988
MaxHV 2754 (335) 100 1844 (474) 100 -33% 0.001

Table. Quantification of impact on total volume, on difference between AD and
controls, and on intra-rater reliability of segmentation units.

Volumes are in mm3. HB=hippocampal body, HV=Hippocampal volume.

Conclusions

This  operationalization, and the quantification of
segmentation units features provide quantitative evidence
that will assist an international panel of experts in achieving
consensus for a harmonized protocol for the manual tracing
of the hippocampus.



