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CONSENSUS Standardized MR Imaging Protocol for Multiple
STATEMENT Sclerosis: Consortium of MS Centers Consensus
Guidelines J.H,Simon, et al. AJNR 2006

Brain MR imaging protocol

Sequence

3 plane scout
Sagittal Fast FLAIR
Axial FSE PD/T2

Diagnostic Scan
for Clinically

Isolated Syndrome

Recommended
Recommended
Recommended

MS Baseline or
Follow-up Scan

Recommended
Optional
Recommended

PD series sensitive to infratentorial lesions that may be missed by FLAIR
Axial Fast FLAIR Recommended Recommended
Axial pregadolinium T1 Optional Optional

3D T1 Optional Optional
Some centers use this for atrophy measures.
Axial GdT1 Recommended Optional
Standard dose of 0.1 mmol/kg injected over 30 s;
scan starting minimum 5 min after start of injection
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sagittal FSE 4skip1.6
axial FSE 5skip1.8
coronal SE 3skip1.0 HERE D tH#H%E
coronal 3skip1.0
T1 fat sat CE coronal 3skip1.0 *{&KiERFoption

T1 CE axial 5skip1.8
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o XNZEHERE (Voxel-based analysis&)

» Magnetization transfer ratio (MTR) histogram
+ MRS (NAA, choline, whole brain NAA)

* FA histogram

» Mean diffusivity (ADC) histogram

* Fiber trackingt D fHEHE

« Tt

T2 lesion volume in MS

« MRI T2IZ &k %R R ATE & #RiE 1K 0D BEE [
BHBECATITS—ITET BH ., FLEARFE
[FBEHEROEBZHEIZEELTL =,

« WHAICKYBEENROONZENCENDH D,
* MSTIX, FEEIS#I8%
(FRR{E) B0,




Enhancing lesion volume in MS

« SRMEBEILETITHRE
TEENEDTEIR
- ;‘%J)asﬁwﬁﬁu,’fl:ot«ibn
- BRARNRVDEE TIE
DR
- BRIEENTOAN, 18 B T A
'lﬂii&‘?ﬁ’ 3;1_1_ CJ: U g L \ Average duration of disease (year,

100+

verage ELY per patient (mm3)

A

AJNR 1997; 18:705

T1,T2,volume

2 SR LAETIET1, T2RAER TORE D
I AORATE DI HSQOL D{E T EBHEL TL =

B AS T HAMEEMRIE O SE B (T200 # &

ERT10#) EREM R 5h4J Neurol
Neurosurg Psychiatry 2009; 80: 1110-1115.
BREMHAUMSTOMEREFEMAZTMT 7=
DOMRITOEHETIE, BECERBSELYIRBE
DARENE2ELELLPT LD TELTLS.
JNNP. 2009 Feb 9. 2009 Nov;80(11):1218-23.
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X =#&E (Voxel-based analysisZ)
Magnetization transfer ratio (MTR) histogram
MRS (NAA, choline, whole brain NAA)

FA histogram

Mean diffusivity (ADC) histogram

Fiber trackingE DA & H

Z Dt

Morphometry fZREETEI

« Deformation Based Morphometry [{iIi& |
= aw}%os)ﬁmammmﬁmm (B Sa—2 % LRI
bA
« Tensor based morphometry [ |
— XD BTG DERE xR H
« Voxel based morphometry &%E
— INDHEREI D BT BEDZEEE R




Segmentatiﬁon
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Preprocessmg for VBM
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Original
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SPM SPM by Ashburner J.

FSL SPM 95

. — SPM 96
Brain voyager — SPM 97

Free surferetc. — SPM 99
— SPM 2

: : — SPM 5
BEDEREZRET D
- BRI, HEETER DR DARTEL Neuroimage
W IR 2007 :
© RREEHORE SR EROTLTYR L
- KREOEEE. Fin. DVERED 1-5TSETIZENENL

BA ZEnormalizationHV AT &E,

Regions of atrophy for
gray matter in myotonic
dystrophy patients
compared to healthy
subjects (two sample t-test,
SPM 2). Significant
volume losses were
detected in the prefrontal
cortex, thalamus, striatum,
temporal cortex and
occipital cortex, but not in
the parietal cortex.
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IXZE=#EEE (Voxel-based analysisZ)
« Magnetization transfer ratio (MTR) histogram
MRS (NAA, choline, whole brain NAA)
FA histogram
Mean diffusivity (ADC) histogram
« Fiber trackingt DA EHE
T Dith

MTR (magnetization transfer ratiof#{£ %1 Lt )

o JKDILIEF RIS R BN TRRET ST
MT/SILRIE, [GULNER RIS HFET 5%
WT2{EZEFEDE D FIEEMRD KD F4Ed
st . ZOHLHEOMRESEZFHLSHE S,

MTR= (Mo— Ms) /Mo
Mo: MT/N)UZERH0EY RULISER/ IV R
Ms: MT/ X)L ZENNDE

EATFIEE




MTR @i FH

MT/N )L RZBBET S B EMREZIZH 1T H/7N99
95 R DEBDIESHIHEHISNED T,

« MRA; TOFTIIE M KYsgEs b
« ERTEERR EXNREMRILI-ES

- BEHIORERECEB R KR TR ERL
[T, MT/NILRICEAHEBR—/KBEIERILIE

FAEAISEEANHIFESN DD T, KYREH =
B

o Z2ROMIREZERLT T LIS =
EMONIREEZLZ 20227 Whole brain MTR
SR istogrs
uchem et al. ;

18:1287) Istogram

s ERNISLDE—HUDESIXIE
HEHEO=% R
ERNT S LE=YEIE. BRRIEIR
(BAIEE - IDEFRRE) &L
#HBE9 % (van Buchem et al.
Neurology 1998;50:1609)

Alzheimerf&(Ann Neurol
2002;52:62, Neurology
2001;57:1135)

5\5(J Neuropsychiatry Clin
Neurosci 2002;14:176),

— SLE (Radiology 2002;222:722),
ADEM (AUNR 2002;23:267).

INR D R 3632 (AUNR
2001;22:762) AJNR 1997; 18:1287

SR ZE 1k (Radiology.
2003;227:731, AJNR 2005;26:725)

HIVAXYEE (AJNR 2003:24:82)

Jun0o Tex1d PAZIBUKION

MS patient

40

Magnetization transfer ratio
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T25& R EER TDIRZE ATE
SRR AR
IXZ=#EE (Voxel-based analysis%)
Magnetization transfer ratio (MTR) histogram
MRS (NAA, choline, whole brain NAA)
» FA histogram
Mean diffusivity (ADC) histogram
Fiber trackingE DA EH
Z Dt

YREL TV IV EHE
DTI (diffusion tensor image)

 Brownian motion

B

x

4
figure 1 motion of free diffusion can be i o figure 2 mofion of the restncled diffusion can be
visualzed as a circle or sphere visualzed as ellipse or ellpsoid
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DTI (diffusion tensor image)

« E5%FA (fractional anisotrophy) =D1. D2,
D372 EBABNIRILDHRF,
« MD (mean diffusivity=ADC) =i &1 D 75 [A] & [ & £

BRICIEDAESZDLDERT =
D1+D2+D3

MD map FA map

a seed level of p < 0.001
a cluster level p < 0.05

The decreased
@region of FA value
.

# The increased
region of MD value




Whole brain diffusion histogram

+ ADC (mean diffusivity) histogram
+ FA histogram
— MS
« Cercignani et al. AJNR 2001; 22:952
» Rocca et al. J Neurol 2003;250:456
ADEM
+ Inglese et al. AUNR 2002;23:267
Aging
» Rovaris, et al. Radiology 20083;227:731
» Pfefferbaum et al. MRM 2003;49:953

« Yoshiura, et al. Acad Radiol
2005;12:268

Infarct

» Buffon et al. JCBFM 2005;25:641
HIV encephalopathy

= Ragin et al. AINR 2004;25:195
Migraine

* Rocca et al. Stroke 2003;34:665
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iixZ=#EE (Voxel-based analysis<F)
Magnetization transfer ratio (MTR) histogram
MRS (NAA, choline, whole brain NAA)

FA histogram

Mean diffusivity (ADC) histogram

Fiber trackingt DA & H
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QBrain Benefits

* Automatic segmentation saves time

* Decreases intra- and inter-observer variability
* Provides objective, validated results

QBrain Features

+ Guided workflows ensuring ease of use

* Automatic 3D registration

* Automatic segmentation of brain volumes and lesions

+ Advanced, time-saving drawing and editing tools

* Marking of regions of interest, such as new lesions

+ Accurate calculation of volumes and lesions in the
brain

* Multiple time point analysis, enabling quantitative
comparison of follow-up studies

* Storage of analyses as DICOM, export as XML

* Export of reports as PDF




Neurolmage 28 (2005) 607 — 617

Fully automatic segmentation of white matter
hyperintensities in MR images of the elderly

F. Admiraal-Behloul,* D.M.J. van den Heuvel, H. Olofsen M.J.P. van Osch, J.
van der Grond, M.A. van Buchem, and J.H.C. Reiber

Department of Radiology, C2S, Leiden University Medical Center, Leiden, The
Netherlands i ELAIR

QBrain M 451
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HREMIUMSTOMBRREZ(ERZIET 5=HDMRI
TOEHETIE, BEP2MASERYRBEDERENE-
EEZEELPT LD TELTLYS. JNNP. 2009 Feb 9.
2009 Nov;80(11):1218-23.

MRI acauisition and segmentation

All datasets consisted of two-dimensional T1 weighted spin echo
images acauired at 1.5 T. All images had a field of view of 250 mm,
matrix of 2566256 and pixel size=0.9860.98 mm2. The RRMS1 and
RRMS3 datasets consisted of 44 contiguous axial slices covering the
entire brain with a slice thickness of 3 mm. The images were part of a
multicentre study in which the allowed ranges of contrast parameters
were the following: TR=450-650 ms, TE=10-20 ms, The RRMS2
dataset consisted of 24 contiguous axial slices covering the entire brain
with a slice thickness of 5 mm. The images were acquired in San
Raffaele hospital using a TR of 768 ms and a TE of 15 ms. SIENAX
was used to estimate the three brain volume measurements:
normalised GMV, normalised WMV and normalised BPV.19 SIENAX
uses a brain extraction tool to segment brain from non-brain tissue in
the head and to estimate the skull surface. Then, the extracted image
was segmented into WM, GM and CSF, to estimate the absolute
volumes of the tissue compartments.

Segmentation
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Gene expression profiling of IEFNB-effects on T-cell activation

fhpg #—
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(1) MHC Il
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Gene Expression Omnibus (GEO) KeyMolnet (www.immd.co.jp)
ﬁﬁﬂ‘]g*ﬁ' 71—9 a Tool for Analyzing Molecular Relations
/_,_};:;-7—‘_9/(_ % Operating on a Curated Knowledgebase
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CISEBERMMY VIRV RI) Th—LT—43
GEO : GSE14386 Zhang et al. J Immunol, 182:3928-36, 2009
> CIS patients with MRI 2 lesions, treatment-free (n =15) — (n = 14) after QC
» PBMC stimulated by plate-bound anti-CD3 and aniti-CD28 mAbs
for 24 hours in the serum-free medium with or without 1,000 U/ml IFNB-1a
» Affymetrix GeneChip HG-U133 Plus 2.0 array (39,000 transcripts)
> a Welch two-sample t test
» GeneSpring GX10.0.2: RMA or MAS5 normalization
Paired T-test, Benjamini Hochberg FDR, p = 0.05; Fold change = 2
> INTERFEROME (www.interferome.org) : IRG lists, promoters
» KeyMolnet (www.immd.co.jp)
» GNF SymAtlas (biogps.gnf.org)

Quality Control PCA (blue: untreated; red: treated)
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Hierarchical Clustering Heat Map (GeneSpring)

MASS5 normalization (40) RMA normalization (58) Zhang et al. (36) MAS5
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