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MRI in the Individual Patient

(As Opposed to the Population)



Interferon dosing 

MRI in MS Clinical Trials and Natural History Studies

From Li et al 

Question - The Relevance of Population Studies to 

the Individual ?

From Fisniku et al

Natural History Data



FROM SIMPLE TO COMPLEX

T2-Lesions

Gd-Enhancing Lesions

T1-Black Holes

Atrophy

Magnetization Transfer

Diffusion Tensor

Myelin Water

Functional MRI

MR Spectroscopy 

ÅLong Experience, Validated - Secondary Measures in Trials

ÅIncreasing Relevance to Care of the  Individual Patient



Lesion Overview



Gadolinium Enhancing Lesions

Cell Trafficking 

Inflammation 

Leaky 

Blood-Brain-Barrier



Goodkin, Rooney, Sloan, Bacchetti, Gee, Vermathen, Abundo, Majumbdar, Nelson, Weiner Neurol. ó98

Jan Feb Mar Apr

May Jun Jul Aug

Sep Oct Nov Dec

PD difference

(Dec-Jan)

Problem - MRI in Individual is a Snapshot in Time 



T2 Lesions Non-Specific Pathology

Including Edema, Demyelination 

Acute Weeks later



The T2 Footprint is Stable Over Time  



Distribution--Periventricular >> Peripheral White

Non-Specific 

Peripheral ïother WMD
MS-Peripheral- Juxtacortical-Cortical

MS-Mostly Periventricular- Minimial, Early



Brainstem/Cerebellum



T1 ñBlack Holesò

A  subset of T2 lesions with more damage

Chronic T1- Black Holes- Lesions of more severe pathology

Some Association with greater disability   



Atrophy

Strongest MRI - disability correlations but still only modest 



Proton/T2 Proton density

Spinal Cord



Why MRI?

ÅMS Is Largely 

Subclinical 

ÅThat is--most current 

and new pathology is  

not known or detected 

by the patient or the 

clinician



Most of the Disease is Subclinical
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18 monthBaseline-CIS 12 month

No Clinical Event over 5 years - Cognitive Deficits

The Focal SubClinical Changes Are Relevant



MRI in Diagnostic Criteria



MRI Criteria for Diagnosis 

(& earlier diagnosis) of MS

ÅHistorical ( clinical) criteria for MS:

ïDissemination in time and space

ÅNew Criteria 

ïQuantitative (counts of specific T2 lesions)  to 

document dissemination in space

ïMRI used as substitute (& strong) criteria for 

dissemination in time (second attack) 



Accurate Prediction of Earliest MS

After First Clinical 
Event

A positive MRI is a 
good predictor of a 
second clinically 
event which 
indicating MS

1991-1995



From F. Barkoff

N= 39 (max)

MRI Predictors of Second Clinical Event (MS)

after a Clinically Isolated Syndrome



Barkoff 

Combined Criteria 

More Accurate Prediction of Second Clinical 

Event

ï1 Enhancing or 9 T2

ï1 Juxtacortical-Cortical

ï3 Periventricular

ï1 Infratentorial



Validation of Barkoff Criteria 



McDonald Criteria

Annals of Neurology 2001

MRI Dissemination in 

Space 
3 of the 4 Barkoff Components  

1 Enhancing or 9 T2

1 Juxtacortical-Cortical

3 Periventricular

1 Infratentorial

+

MRI Dissemination in 

Time

Enhancing lesion

or 

New T2 lesion



Classic MS

Clinically Isolated Syndrome

Classical Diagnosis of MS

Clinical Obvious



Classic MS

Clinically Isolated Syndrome

MS

Earlier Diagnosis of MS with MRI Event



2005 - Polman et al 

revisions 

Spinal cord lesions can be 

utilized to substitute for 

brain lesions

MS (Diagnostic Criteria) After a CIS



December 1997 ðCIS           3 periventricular lesions-Doesnõt meet criteria

The Criteria are Imperfect ïVigilance is Required  

PD

T2



December 2002 - 5 year follow-up
Strong evidence for ongoing demyelination despite not meeting formal criteria 

initially



Swanton et al. JNNP 2005

Both criteria highly specific (>90%)

Modified criteria more sensitive (77% v 46%)

Modified criteria more accurate (86% v 73%)





2003

2004

Presentation ---Visual symptoms

Infratentorial- none

Enhancing or 9 T2-no

Juxtacortical  - not sure

Periventricular - 3



2003

2004 Improved Technique, Improved Diagnoses

Cortical Lesions only in retrospect



Even Earlier Diagnosis?

Radiologically Isolated 

Syndrome



Okuda et al. Neurology 2009;72:800



WiFi

Worrisome Imaging Follow-up Indicated



Use of MRI to Follow Subclinical 

Disease



Enhancing Lesions 6 months after a CIS

Courtesy of Fred Barkhof

Courtesy of Bill Rooney

(Goodkin et al Neurology 98)

Enhancing Lesions over 12 months

Lesion Counts

Gadoliniumïenhancing or T2



Untreated MS Patient
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Resumption of Disease Activity after IFN Discontinued 
(CEL and T2LL)
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Use of MRI to Determine 

Treatment Response

Responders - Non-Responders

Complications of Therapy 



More specifically --- Can we 

monitor treatment response to 

disease modifying therapy by MRI 

in individual patients ?

In Principle Any Disease Modifying Therapy



Evaluating the Therapeutic Response In 

The Individual Patient

ÅPatient ---------Self-Report

ÅPhysician ------Global Impression 

ÅOther -----------More Objective Data

ïMS symptoms, relapses, disability

ïBiological Markers

ïMRI metrics

Adapted from R. Rudick, Cleveland Clinic 



Evidence-Based Studies to Define Treatment 

Failure

ÅRudick et al (2004)     Gd/New T2 /Relapse

ÅRio et al (2008)          Active Lesions (N,E,Gd+)

ÅDurelli et al (2008)     Active MRI (and Nab)

ÅKinkel et al (2008)      Gd+ and T2

Classification Parameters & Outcome Measure 

Outcome Measure ïatrophy, disability, clinical event 



Two year follow-up ; Outcome = Disability

Active Lesions at One Year Post Therapy Predicted  Disability



Durelli et al, 2008

ÅClassification Parameter- Active Scan or NAb 

ÅOutcome Measure-One or more relapses or

confirmed disease progression

MRI Activity (any month) and Nab positive status 

71% sensitive, 86% specific, 50% PPV, 94% NPV



Treated Patients with 2 or more lesions at 6 months after treatment

Are Non-Responders- Hazard Ratio 4.99 (p < 0.0001)
R.P. Kinkel,1 P.W. OôConnor,2 J. Simon,3 J. Carulli,4 M. del Carmen Castrillo,4 S. Goelz,4 R. 

Hyde,4 S. Lanker,4 A. Pace,4 A. Sandrock,4 and H. Zhang4

Kinkel et al, 2008

non-responder

responder

*



Odds Ratio 8.96 (p <0.001) for Advancing 
to Worst Quartile EDSS after 15 Years 

The results provide rationale for monitoring IFN treated patients with 

MRI, and for changing therapy in patients with active lesions

B

e



A B

New  atypical weakness or seizure

In a patient with established MS 


