LENITEM (Laboratory of

Estimating the Impact of Differences among Protocol
Hippocampal Segmentation on Alzheimer’s Disease-Rel

Preparatory Phase for a Harmonized Protocol

Marina Boccardi, Martina Bocchetta, Rossana Ganzola,

Nicolas Robitaille, Alberto Redolfi, George Bartzo

C. Pruessner, Hilkka Soininen, Craig Watson, Simon D

kis, Richard Camicioli, John G. Csernansky, Mony J.

s for Manual
ated Atrophy:

uchesne, Clifford R. Jack Jr, Giovanni B Frisoni.

—ADNI

= EF

alzheimer’s Qb association’

de Leon, Leyla deToledo-Morrell, Ronald J. Killiany,

Stéphane Lehéricy, Johannes Pantel, Jens

IRCCS - S. Giovanni di Dio — Fatebenefratell Brescia, Italy (MB, MBocch, RG, AR, GBF); Department of Radiology, Université Laval and Centre de Recherche Université Laval - Robert Giffard, Quebec City, Canada (NR, SD); Department of Psychiatry, David Geffen School of Medicine at UCLA, Los Angeles, CA (GB); Department of Biomedical Engineering, Centre for Neuroscience, University of Alberta, Edmonton, Alberta, Canada. (RC); Department of Psychiatry and

Behavioral Sciences, Northwestern University Feinberg School of Medicine, Chicago, IL, USA (JGC); New York University School of Medicine, Center for Brain Health, New York, NY (MJdL); Dept. of Neurological Sciences, Rush University, Chicago, linois (LATM); Department of Anatomy and Neurobiology, Boston University School of Medicine (RJK); Center for Neurolmaging Research - CENIR and Dept of Neuroradiology, Université Pierre et Marie Curie-Paris 6, Groupe Hospitalier Pitié-Salpétriére, Paris, France (SL); Department of psychiatry
and Psychoterapy, University of FrankfurtMain, Germany (JP); McGill Centre for Studies in Aging, Department of Psychiatry, McGill University, Montreal, Quebec, Canada (JCP); Dept of Neurology, University of Eastern Finland and Kuopio University Hospital, Kuopio, Finland (HS). Wayne State University School of Medicine, 8D-University Health Center, St. Antoine, Detroit, MI (CW); Department of Diagnostic Radiology, Mayo Clinic and Foundation, Rochester, MN (CJ)

To quantify the impact of the differences among Magnetic Resonance Imaging (MRI)-based hippocampal segmentation The power an_a_ly5|_s indicated a required sample size i i iects:
- X ! J 7 e for the quantlflcatlon of SUs impact on AD-related Tab. 1 Sociodemographic features  of the ADNI sample of 77 subjects: 31
protocols on volume estimates of Alzheimer's disease (AD)-related atrophy, in order to support evidence-based decisions . controls with normal CSF AB levels, 23 (subsequently converted) MCI, and 23 AD
o . ’ f . - . . o volume differences of n=77 (31 CTRL, 23 MCI, 23 '
Introductlon for an internationally harmonized protocol. A harmonized procedure is required, since quantitative MRI should help AD). All Sus had good ICC values 'Tab 2 'The patients. All MCland AD had abnormal CSF AB levels.
diagnosis and tracking of AD. A survey of segmentation protocols allowed to operationalize the landmarks variability into a e)lla e ; me d'?ference bt;/twltjeen ( al'enl)l and CTRL Vel p p p
segmentation units (SUs) (Figures), and their impact on volume estimates has been preliminarily quantified. verage volu ! - o patients (=31) (=23 (=23 MClvs  ADvs  MClvs  AD+MCI
I controls was 538 mma3, with Minimum Hippocampus CTR CTR AD _ vsCTR
. . o . . . Resu tS (red SU in Figures) contributing to over 66% of this Age, years 757(52) 76.1(56) 76.3(5.6) 0.816 0704 0895 0718
A power analys'ls was carried out on a preliminary sample' of 20 ADNI supjects 4 _by ea_ch degree of severity of hippocampal difference, Tail (blue SUs in Figures) over 20%, ||geer n n
M th d atrophy at the vnsuql s_cale by_ScheItens et a!., 1992), to define the sample size al!owmg re'l|able computation. Then_,_w_e manually Alveus/Fimbria (yellow SU in Figures) 6%, Subiculum || female 15(84%)  (4re0)  (a7.8%) 0.999 0999 0999 0.961
e O S traget_i each SL_J w_lthm the n_ght and ) I_eft hlppqcampl of a sample of 77 Alzheimer's Disease Neuroimaging Initiative (ADNI) (green SUs in Figures) over 5%. The SU volume || Education, 163 156(4) 152(34) 0732 0701 o697 0511
participants, which included Mild Cognitive Impairment (MCI) patients who subsequently converted to AD and AD patients, all with differences between patients and controls were ||”*°
abnormal Cerebrospinal Fluid (CSF) AB levels, and controls (CTRL), with normal CSF AB levels (Tab. 1). significant for all SUs except the Subiculum (Tabs 3 if;:ﬁ;;;:“l (22“5227) (1233347) 136(263) <0.0005  <00005 0755  <0.0005
and 4).
Tab 2 Intra- and inter-rater reliability of SUs ~ computed on 20 ADNI subjects (4 Cortrars T A (e 3 B A Comiors e WD - AD () N A VN ;E:‘n:eogjgg e}_‘r:ngoocfalrf:]e Esrelln;g:ryosed
by each degree of severity of hippocampal atrophy at the visual scale by Scheltens =3y MClys  ADVSCTR  MCIVSAD  ADMCIvs = Hibpo TR mpy CTR (e PP pus, P
etal., 1792) Tab. 3 Segmentation i TTEoh TG 105 (mh <0006 <0000 155 <0.0005 G Ta67 (200) 60% 122263 105D 235% 1% 0% %] Tab.4 Informative value by the sum of all SUs chosen by the
! Units volumes in Alveus/fimbria 248 (45) 232 (61) 200 (48) 0,269 <0,0005 0,055 0oL Alveusfimbria 248 (45) 10% 232 (61) 200 (48) 65% 3% 19% 7% of Segmentation Units majority of panelists. This is a preliminary
Subiculul 243 (72) 220 (84) 213 (64) 0279 0118 0754 0121 Subiculum 243(72) 10% 220(84) 213 (64) 9.5% 5% 12% 45% - result from the first round of the Delphi
Intra- Inter- controls, MCl and AD Ol)iu::e‘l::e 196 (67) 178 (66) 176 (53) 0338 0262 0936 0,207 Obliqueline 196 (67) 8% 178 (66) 176 (53) 9% 35% 10% 3% for AD-related atrophy. ; . P .
atients. . . . Volumes (SD) are the Panel. Details and other issues regarding
rater rater p Morphology 243(72) 220 (84) 213 (64) 0279 0118 0,754 0121 Morphology 243(72) 10% 220(84) 213 (64) 9.5% 5% 12% 45% h | I d
MinH 0992 0.974 Numbers denote mean Horizontal tine 28472) 210 (78) 211(62) 0203 0221 0957 0153 Horizona line 224(72) % 210(78) 211(62) 10% s 10% 35% same as in Table 3. the tracing protocol are still under
n d g volume (mm3) and Tail a8 (131) @) sssqon 0003 <00005 0307 <0000 Tail awsasy 2o a.mEe) 3oy 2% 20 2 205% Percent values denote evaluation by the panel of experts.
R N Crura 190 (74) 177 (70) 146 (69) 0538 0034 014 0101 Crura 190 (74) 8% 177 (70) 146 (69) 65% 25% 23% 65% the proportion of the SU
Alveus/fimbria 0.863 0.885 S‘a”da}:d de"'a‘f"’” (in EndTal meqm,  me(w  me@)  ome  ome oms  <aoms e Tal mem e meee  mee  ww  mee e Cgmgared o tho toral
. . . parentheses) of MaxHv auaon 10578 178334 00005 <0000 0105 <o000s MaxHv 2aaon om0 197@e s 2% 1006 2me 100% h 1 vol %
MinH+Alveus/fimbria 0.993 0.973 Segmentation Units. p — RGITHIPROCAWPUS RIGHT HIPPOCAVPUS ippocampal volume (%
) , denotes signficance on t- e Y R D T e o Mmoo e | ©ftota ippo), the percent
" cre : B
ﬂ Subiculum test. Data are obtained on | BT R T 6 N B 55 0,008 I T BT e T = between groups (% diff)
) ) the ADNI sample of 77 Aveustimoria msan  ass 2565 0w Alveustimbria ssan  mw  zean  zses v ome 12 s groups (% aifL),
Obliqueline 0.964 0.907 || subjects. Subrcutum 259 2080 a0 oaso oos2 ot oos . ety e e e e e see|  and the impact of the SU
Obliqueline 181 (67) 167 (71) 150 (46) 0455 0059 0334 0122 Obliqueline 181 (67) % 167 (71) 150 (46) 8% 35% 17% 5% on the total volume
Morphology 0.981 0.937 Morphology 225 (79) 208 89) 184(56) 050 00s2 020 009 Morphology 225(79) % 208 (29) 184 (56) % % aew 6% difference between
. . . Horizontal line 220(78) 203 (83) 182 (59) 0,459 0053 0308 0117 Horizontal line 220 (78) %% 203 (83) 182 (54) 7.5% % 7% % patients and controls.
y Horizonta line 0.980 0.932 Tail 487 (151) 349 (115) 349 (131) 0,001 0,001 0,999 <0,0005 Tail 487 (151) 200 349 (115) 240 (131) 285% 345% 285% 225%
- Crura 187 (75) 169 (68) 140 (69) 037 0025 017 0.058 Crura 187 (75) 8% 169 (68) 140 (69) 10% 45% 25% 75%
Tail End Tail 301 (120) 181 (113 209 (110) <0.0005 0.006 0394 <0.0005 End Tail 301 (120) 12% 181 (113) 209 (110) 40% 30% 31% 15%
Maxy 220309 2029(372)  1m0(69) <0005 <0000 00s2 <0005 MaxHv 220309 lowe  2000@7) 182039 1es% 16 2% 100%
- Crura 0.998 0.937
- Tail End 0.988 0.905 COF]C| USIOﬂS Reliability of individual SUs and how informative th ey are in identifying AD-related atrophy are being  used by a panel of experts to define which
SUs should be included in a harmonized protocol. (Fi gure shows the preliminary results from the first ro und of the Delphi Panel.)




