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Outline

* Principles & methods of serial MRI analysis

* Application: prospective population-based

longitudinal study




Longitudinal studies: why?

¢ | onhaituadinalvs-Cross-sectional:
— Subject as own control
— Time (ageing) / cohort effects: baseline value?

Cross-sectional L ongitudinal Longitudinal

Hippocampal volume ——>

Adapted from Diggle, Heagerty, Liang and Zeger
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Analysis of change: Brain

 Repeated measures:
— 'High-res’ T1 volumetric sequence

— 1 | | \VAF- 101 (0] 802 ) (oM €1\Y/ LA \Y/ :‘; — Segmenital QTI =xbrain |

— Sequential measures of;
e Total grey matter

e Total intracranial CSF

— Genuine change maps (structured noise map)

— Visual, ROI analyses
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* Fully automatic and 3D
. jon: -uni ' jon - Sled et al. IEEE-MI 1998
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0: Initial brain segmentation: rough ‘scalp’

2. CSF and background intensity characterization

4: Refinement of the GM-CSF boundary

— CSF and brain binary masks

— CSF, GM and WM volumes

Fuzzy classiiication




Exbrain Result




Similarity Vol error

98% +0.1%
95% +2.0%
96% -1.4%
CSF: 86%* -5.0%

Intra-cranial: 96% -1.3%

— *reference MNIFCSF mask has ‘imperfectons————— ]




Automati gmentatior Issue distribution

reproducibility (repeat scans; rigid-body registration)

[Lemieux et al. MRM 2003]
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[PD-Denved Tissua Volume Changes in 20 Nomal Controls Scanned 8.2 Months Apart
diGhY WA dTBw® dCSFvY DIcwt
Maan

cm
Rapeat-baselineg 0.83 24.0 +0.98
Ragistered repeat-basaline 2.72 2B/ +0.51
Registered and matched repeat-baseling 7.77 290 -3.96

# of basaline woluma
Repeat-basealing +0.10 306 +0189 5 +0.15
Registered repeat-basealine +0.35 336 +010 398 +026
Registered and matched repeat-baseline.  +0.88 3 -0.77 86 +0.30

TBY is the sum of GRNW and WMV,

BN EICY is the sum of TEV and GSFVCCR, Coafficient of rapeatability — 2 ~ S0

+2.39
+4.58
+4.56
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+0.27 A2 +0.16 1.98
+064 122 +0.31 1.42
+0.35 A6 +03 1.16
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[Lemieux et al. MRM 2003]




Algorithm reality check: ‘Double cortex’




Serial volumetry - difference image analysis

Automatic difference noise level estimate
Register and intensity match Subtract & structured voxel thrgghplding

Matched repeat Difference iffe S enuinstoheinoedmar

noise map
(SNM)

[Lemieux et al., Med Imag Anal 1998]
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AImS:

* To address the brain/hippocampal damage chicken & eqgg

PYIRP_W-C IP_U—

question:

[
O

[See Liu RSN et al 2000-2003; Lemieux L et al. 2000, 2003]




153 chronic active epilepsy

head injuries

122 chronic active epilepsy

P

90 newly diagnosed epilepsy

68 newly diagnhosed epilepsy

90 control subjects

alcohol consumption

90 control subjects

sterold use

medical / psychiatric

* Baseline and repeat

MR1"scans performed

hictAary s
ISy

seizure types + frequency

on same scanner using
identical acquisition

status epilepticus

Scquerlices

Total:




Age (years)
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Controls
Newly

”. I

Repeat scan

Baseline scan

1230
1

Insult
1210
1200
1190

(cWO) sawn|oA urelg [e10] ueaN



Repeated measures of ANOVA

.\:1 o Controls
I

History of
neurological
Insult:
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— \Wellcome I =Ditterence Imaade_analvsis—Patterns o

neocortical change

54% of chronic epilepsy cases
39% of newly diagnosed cases
24% of controls




o][0)

Baseline reductions in hippocampal and neocortical volumes could be

attributed to antecedent neurological insults.

A prior neurological insult was associated with an increased rate of

cerebral atrophy.

Structural damage primarily the result of an initial precipitating insult.

iu RSN et al. Neurolmaqge. 14(1): 231-24 00 iu RSN et al. Neurolmage

Neurol., 52: 573-580, 2002. Liu RSN et al. Ann. Neurol., 53(3): 312-324, 2003.







S SNR
WM: 2800 (65) 43
GM: 2200 (65) 34
CSF. 1000 (50) 20
Bkgnd: 125 (30)

CNRemwm=9 CNRgy csp=22

Slice thickness: 1.1mm
Scan time: 7:27

WM: 105 (4) 26
GM:—_ 90  (4) 23
CSF: 20 (4) 5
Bkgnd: 4 €))

CNRgy.wm=4 CNRgy.csF=18




3T multi-channel headcoil: non-uniformity

Problem:
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1.5T Q-HC 3T MC-HC




Tissue maps @ 3T: repeat scan results
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Prospective

— Increase sampling

— Identify optimal inter-scan interval

— Difference volume analysis by tissue type
* Whole brain; ROI atlas

» Adapt to scanner changes
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Wellcome Il - main publications

e Lemieux L et al. Hippocampal and cerebellar vqumetry in serlally acquired MRI volume

|mage anaIyS|s Neurolmage 20:22-33, 2003

Ann. Neurol., 52: 573-580, 2002.

Ann. Neurol., 53(3): 312-324, 2003.
o - ' e segmentation © e brain and intracrania
cerebrospinal fluid in T1-weighted volume MRI scans of the head and its application to
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Magn. Reson. Med., 49: 872-884, 2003.




