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BACKGROUND

Need of standard hippocampal atrophy quantification

- Biomarker for early diagnosis

- Surrogate marker tracking disease progression in clinical
trials

- Validation of automated segmentation algorithms






HARMONIZED PROTOCOL ?




AIM

To provide quantitative values about:

test-retest variability -
Impact on total hippo volume
informativeness for differences —2’

between AD and controls /
For the Experts participating to the r

Delphi Panel



Subjects sample

CTRL P P 0 p
(n=31) MCI (n=23) AD (n=23) MCI vs AD vs MCI vs AD AD+MCI vs
B CTRL CTRL CTRL
75.74 76.09 76.30
Age, years (5.18) (5.58) (5.58) 0.816 0.704 0.895 0.718
Gfee?ﬁaelg 15 (48.4%) 11 (47.8%) 11 (47.8%) 0.999 0.999 0.999 0.961
Education, 15.97 15.57 15.17
years (2.98) (3.38) (3.38) 0.732 0.791 0.697 0.511
CSF AB,, 242.68 133.74 136.04
levels, pg/mi (25.21) (23.56) (625  <0-0005  <0.0005 0.755 <0.0005
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LEFT HIPPOCAMPUS

p
CTRL (n=31) MCI (n=23) AD (n=23) vl Vsp CcTRL D VSpCTRL vC| \F/)s 5 AD+MCI vs
CTRL
MinH 1467 (204) 1122 (263) 1023 (251) <0,0005 <0,0005 0,199 <0,0005
Alveus/fimbria 248 (45) 232 (61) 200 (48) 0,269 <0,0005 0,055 0,01
Subiculum 243 (72) 220 (84) 213 (64) 0,279 0,118 0,754 0,121
Oblique line 196 (67) 178 (66) 176 (53) 0,338 0,262 0,936 0,207
Morphology 243 (72) 220 (84) 213 (64) 0,279 0,118 0,754 0,121
Horizontal line 234 (72) 210 (78) 211 (62) 0,243 0,221 0,957 0,153
Tail 485 (131) 383 (99) 353 (101) 0,003 <0,0005 0,307 <0,0005
Crura 190 (74) 177 (70) 146 (69) 0,538 0,034 0,14 0,101
End Tail 296 (120) 206 (76) 206 (86) 0,003 0,004 0,984 <0,0005
MaxHV 2443 (291) 1957 (348) 1788 (342) <0,0005 <0,0005 0,105 <0,0005
RIGHT HIPPOCAMPUS
CTRL (n=31) MCI (n=23) AD (n=23) P P P AD+|\§CI VS
MClvs CTRL  ADvs CTRL MCI vs AD ety
MinH 1462 (232) 1214 (247) 1061 (241) <0,0005 <0,0005 0,039 <0,0005
Alveus/fimbria 255 (47) 258 (71) 225 (65) 0,84 0,05 0,103 0,35
Subiculum 225 (79) 208 (89) 184 (56) 0,459 0,042 0,294 0,109
Oblique line 181 (67) 167 (71) 150 (46) 0,455 0,059 0,334 0,122
Morphology 225 (79) 208 (89) 184 (56) 0,459 0,042 0,294 0,109
Horizontal line 220 (78) 203 (83) 182 (54) 0,459 0,053 0,309 0,117
Tail 487 (151) 349 (115) 349 (131) 0,001 0,001 0,999 <0,0005
Crura 187 (75) 169 (68) 140 (69) 0,37 0,025 0,17 0,058
End Tail 301 (120) 181 (113) 209 (110) <0,0005 0,006 0,394 <0,0005
MaxHV 2429 (303) 2029 (372) 1820 (369) <0,0005 <0,0005 0,062 <0,0005




LEFT HIPPOCAMPUS

~ % of total ~ ~ % diff MClvs % MClvs CTRL % diff AD % AD vs CTRL
CTRL (n=31) hippo MCI (n=23) AD (n=23) CTRL (impact) vs CTRL (impact)
MinH 1467 (204) 60% 1122 (263) 1023 (251) 23,5% 71% 30% 68%
Alveus/fimbria 248 (45) 10% 232 (61) 200 (48) 6,5% 3% 19% 7%
Subiculum 243 (72) 10% 220 (84) 213 (64) 9,5% 5% 12% 4,5%
Oblique line 196 (67) 8% 178 (66) 176 (53) 9% 3,5% 10% 3%
Morphology 243 (72) 10% 220 (84) 213 (64) 9,5% 5% 12% 4,5%
Horizontal line 234 (72) 9% 210 (78) 211 (62) 10% 5% 10% 3,5%
Tail 485 (131) 20% 383 (99) 353 (101) 21% 21% 27% 20,5%
Crura 190 (74) 8% 177 (70) 146 (69) 6,5% 2,5% 23% 6,5%
End Tail 296 (120) 12% 206 (76) 206 (86) 30% 18,5% 30% 14%
MaxHV 2443 (291) 100% 1957 (348) 1788 (342) 20% 100% 27% 100%
RIGHT HIPPOCAMPUS
_ % of total _ _ % diff MCl vs % MCI vs CTRL % diff AD % AD vs CTRL
CTRL (n=31) hippo MCI (n=23) AD (n=23) CTRL (impact) vs CTRL (impact)
MinH 1462 (232) 60% 1214 (247) 1061 (241) 17% 62% 27% 66%
Alveus/fimbria 255 (47) 11% 258 (71) 225 (65) 1% -0,5% 12% 5%
Subiculum 225 (79) 9% 208 (89) 184 (56) 8% 4% 18% 6,5%
Oblique line 181 (67) 8% 167 (71) 150 (46) 8% 3,5% 17% 5%
Morphology 225 (79) 9% 208 (89) 184 (56) 8% 4% 18% 6,5%
Horizontal line 220 (78) 9% 203 (83) 182 (54) 7,5% 4% 17% 6%
Tail 487 (151) 20% 349 (115) 349 (131) 28,5% 34,5% 28,5% 22,5%
Crura 187 (75) 8% 169 (68) 140 (69) 10% 4,5% 25% 7,5%
End Tail 301 (120) 12% 181 (113) 209 (110) 40% 30% 31% 15%
MaxHV 2429 (303) 100% 2029 (372) 1820 (369) 16,5% 100% 25% 100%
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Introduc

Methods

Intra- and inter-ratar refabiity of SUs COMPUEd on 20 ADNI SUB|ECtS [4 by 2ach

To guaniify the impact of the differences among Magnetic Resonance imaging (MRI-based hippocampal segmentation protocols on volume estimates of

tion

A power analysis was camed ocut on 3 preliminary sample of 20 ADN| subjects {4 by sach degree of severty of hippocampal atrophy at the visual scale by
180832), to define the sample size allowing reliable computation. Then, we manually traced each 5L within the right and l=ft hippocampi of a sample
of 77 Aizheimer's Dizeaze Neuroimaging iniiafive (ADMNI) paricipants, which inciuded Mid Cognitive Impairment (MCI) patients who subsequently converted o AD

Scheltens et al.,

Alzheimer's disease (AD}-related atrophy, in order to support evidence-based decisions for an intemationally hammonized protocal.
procedure is required, since quaniifative MR should help diagnosis and tracking of AD. A survey of segmentation protocols allowed 1o operationalize the
landmarks vanability into segmentation units (SlUs) (Figure), and their impact on volume estimates has been prefiminarily quantified.

The power analysis indicated a required sample size for the quantfication of SUs
mpact on AD-related volume differences of n=77 {31 CTRL, 23 MCI, 23 ADL The
Fverags volume difference betweesn patients and controls was 538 mm3, with Minimum
Hippocampus (red SU in Figure} contributing to over 88% of this difference, Tail (blus
Sls in Figure) over 20%. Alveus/Fimbria (yeflow S5U in Figure) 8%, Subiculum (green
SUs in Figure) over 5%. The SU volume differences between patients and controls
were significant for all SUs except the Subicufumm_

A harmonized

Resulis

and AD patients, all with abnormal Cerebrospinal Fluid (C5F) AR levels, and controls (CTRL), with norma! CSF AR levels.

degres of severfly of hippocampal awoahy af the visual scale oy Scheltens el al.,

1082)

Intra- Inter-
rater rater
MinH 0992 0974
Alveus/fimbria 0.863 0.885
MinH+Alveus/fimbria 0993 0.973
Subiculum
Oblique line 05964 0.907
Maorphology 0981 0.937
Honzontal ine 0980 0.932
Thail
Crura 0998 0.937
Tail End 0988 0.903

Ran@aring of the Praiminary

Harmonizad HIppOCampus, compasad
By the sum of 3k SUs chosen by the
maorty of panaliis. This Is 3 preliminary
FagUit ffOM the Arst Foumd of me Delght
Panel. DetEls and othar IS5UEE ragarding
ihe fracing profcol are st under
avaluztion by fe panel of experts
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Reliability of individual SUs and how informative they are in identifying AD-related atrophy are being used by a panel of experts to define which SU
should be included in a harmonized protocel. Figure shows the preliminary results which came out from the first round of the Delphi Panel
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Delphi Panel

Alveus/Fimbria - QUESTION 1

AlveusfFimbria {(AfF) is the hippocampal white matter covering the dorso-lateral
tissue of the hippocampus. The 5U relates to how it can be detected and segmented on
magnetic resonance images. It is either included or excluded by the available tracing
criteria.

A/F compounds the 10.5% of the Maximum Hippocampal Yolume. Intra rater re-test
reliability for AfF is 0.863.

Inter rater re-test reliability for &/F is 0.885.

Please note that this lower reliability relates to the isolated tracing of the fimbria.
Thus this lower reliability would be reflected more in the exclusion of the fimbria,

rather than in a segmentation of the hippocampal body that includes the fimbria.
Indeed, the tracing of the MinH and AfF as a unique structure has an intra-rater

reliability of 0.993, and an inter-rater of 0.973. 1) Would you include AF in a harmonized protocol?
The percent tissue loss of &/F in &D is 15.5%b. 0 ves

Its global impact on the total volume difference due to AD is 6%b. O N

Flease justify your choice:

Yote



Delphi Panel

Subiculum — QUESTION 2

| "
g,

A =

Subiculum - Oblique Subiculum - Horizontal Subiculum - Morphology

2) Which criterion do you choose for the
segmentation of the medial boundary at the level of
the hippocampal body?

) ma Subiculum
O onligue

¥ Haorizantal

) morphalogy

Please justify your choice;

“Wote



Delphi Panel

Tail End — QUESTION 3

Tail-End includes the most caudal slices where hippocampal tissue
can be seen, beyond the crura level.

Issues related to the separation of caudal hippocampal tissue from
vestigial hippocampal gray matter will be considered at a later stage.
Therefore, we invite you to answer on the inclusion of this SU
irrespective to the need to separate it from vestigial gray matter.

Tail-End compounds 12% of the Maximun Hippocampal Yolume.

3) Which criterion do you choose for the
segmentation of the tail for a harmonized protocol?

Intra rater re-test reliability for Tail-End is 0.988.

O Mo Tail
O crura
Inter rater re-test reliability for Tail-End is 0.905. O Grura+End Tail
The percent tissue loss of Tail-End in AD is 20.5%. Please justity your cholce:
Yiote

Its global impact on the total volume difference due to AD is of
14.5%p.



Delphi Panel — Preliminary Results

P for agreement
among panelists

Global model:
P=0.001|

Tail End P=0.035 |

Covers 100% of

hippocampus proper

Captures 100% of
AD-related atrophy

Subiculum
P=0.057

Al [Fimbri
P:g_%zllm e Intra-rater (BS-BS): 0.993

Inter-rater (BS-BS): 0.985
Preliminary ICC (BS-Mayo-LONI): 0.95



Delphi — Preliminary Results

This model includes some tissue
which Is not hippocampus proper

- A/F 1s white matter

- Tail end may Include some
vestigial tissue

- The medial boundary of the body
may Include some entorhinal cortex



Discussion

 The quantitative information is being used by panelists
to complement their experience in weighing pros and cons

for the inclusion of each SU
e Controversial aspects: more Delphi rounds will

* The Harmonized Protocol will represent (hopeful
optimal compromise for:

o€ run

y) the

- Early diagnosis
- Tracking disease progression in clinical trials
- Validation of automatic segmentation algorithms



www.hippocampal-protocol.net
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