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RR= relapsing-remitting; SP= secondary progressive; PP= primary progressive



0.15 Tesla (1983) 7.0 Tesla (2026)





BWH 7T Scanner

Outcomes in MS:

✓ Central vein sign

✓ Cortical lesions

✓ Thalamic lesions

✓ Leptomeningeal enhancement

✓ Paramagnetic rim lesions

▪ Magnet: 7T Siemens Magnetom Terra Unit, 32-channel 

Nova Coil – single coil transmit/32 receiving coils 

▪ Cost: $6 million

▪ 50% lighter than older 7T model

▪ FDA-approved for clinical use in MA in 2018

▪ MRI Protocol: 0.7 mm3 voxels.

▪ Contrast: Images obtained pre-and 10-mins post-0.1 

mmol/kg IV gadoterate meglumine (Dotarem©)



Baecher-Allan C, Kaskow BJ, Weiner HL. Neuron. 2018 Feb 21;97(4):742-768.



Random

Classic MS Lesion Morphology

Typical of MS

Perivenular

Unlikely MS



Central Vein Sign

T2 *

T2 *





Cortical Lesions: 7T MRI and Neuropathology 



Thalamic Gray Matter Lesions

MP2RAGE T2 FLAIRT2 FLAIR

7T MRI Lesions - BWH

Mahajan et al. Ann. Neurol. 2020
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Leptomeningeal Inflammation and Gray Matter Demyelination in MS

Howell et al. Brain 2011Lucchinetti et al. NEJM 2011

Early MS   (n=77) 58 RR, 19 CIS SPMS  (n=123)



Meningeal B-Cell Follicles in MS

Follicle (+) Demyelination Follicle (-) Demyelination

29 SPMS Patients
Postmortem Histology

1. B-cell meningeal follicles are 

present in 40% of SPMS cases

2. Follicles are topographically 

associated with more extensive 

cortical demyelination.

3. 3. Follicle-positive patients have 

more severe clinical course

Magliozzi et al. Brain 2007;130:1089–1104.



MRI Detection of Meningeal 

Inflammation In Vivo?

✓ Hypothesis: Localized meningeal fibrosis 
near meningeal follicles leads to trapping 
of small amounts of intravenous contrast 
within the subarachnoid space.

✓ Post-contrast T2 FLAIR with delayed 
image acquisition (10 min post-Gad) has 
>10-fold increased sensitivity for 
detection of contrast enhancement 
compared to routine T1 Gad at 3T.

✓ Comparison of pre- and post-contrast 
images demonstrates subtle foci of 
leptomeningeal enhancement (LME)
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Leptomeningeal Enhancement in MS (3T)

Absinta et al. Neurology 2015;85:18-28

 



7T MRI Leptomeningeal Enhancement 

Nodular Spread

Sag FLAIR Pre-Gad Sag FLAIR Pre-GadSag FLAIR Post-Gad Sag FLAIR Post-Gad

Zurawski et al. MSJ 2020

6 case examples are shown

RRMS LME+ = 20/30 (67%)   

    Mean 2.8 ± 1.5 foci [range 1-5]

Normal Controls  

1 of 15 (6.7%) had single LME focus
Sag Pre-Gad Sag Post-Gad Ax Post-Gad

T2 FLAIR
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Calabrese et al., Annals Neurol 2024;96:1-20.

Luchetti, S. et al. Acta Neuropath (2018) 135: 511-528
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Pathogenesis of Progression Independent of Relapse (PIRA)
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7T MRI and the Translational Research 

Program at BWH



LME is Related to Cortical and Thalamic Lesion Burden

CL= cortical lesion; TL = thalamic lesion; LME = leptomeningeal enhancement Zurawski et al. MSJ 2020. 

LME+ LME- p-value

CL Number 21.5 ± 12.6 5.5 ± 5.0 <0.001

CL Volume (ml) 0.80 ± 1.13 0.13 ± 0.13 0.002

LME+ LME- p-value

TL Number 3.95 ± 2.11 0.70 ± 1.34 <0.001

TL Volume (ml) 0.106 ± 0.09 0.007 ± 0.01 <0.001

CL Number vs. LME CL Volume vs. LME

p<0.001 p=0.002

Thalamic Lesion Number vs. LME Thalamic Lesion Volume vs. LME

Cortical Lesions Thalamic Lesions

 



Leptomeningeal Enhancement: 1-Year On-Study Change

▪ Baseline LME foci number 

correlates with 1-year change in 

WMLV (r=0.50, p=0.01) and shows 

a trend for CL volume change 

(r=0.36, p=0.08)

    

LME Foci Number Correlation with On-Study Change 

Variable Rs p-value

EDSS 0.10 0.63

Brain T2LV 0.50 0.01

BPV 0.28 0.17

Cortical Lesion Number 0.17 0.13

Cortical Lesion Volume 0.36 0.08

Thalamic Lesion Number 0.13 0.54

Thalamic Lesion Volume 0.24 0.24

Baseline Follow-up p-value

T2 WMLV (ml) 11.0 ± 14.4 12.6 ± 16.3 <0.0001

CL number 22.9 ± 12.9 24.6 ± 14.9 0.01

CL volume (ml) 0.9 ± 1.2 1.0 ± 1.4 0.002

TL number 4.1 ± 2.3 4.3 ± 2.5 0.34

TL volume (ml) 0.10 ± 0.09 0.12 ± 0.10 0.005

Baseline Follow-up p-value

T2 WMLV (ml) 2.7 ± 2.3 3.3 ± 2.6 0.02

CL number 5.5 ± 5.2 5.9 ± 5.5 0.15

CL volume (ml) 0.1 ± 0.1 0.2 ± 0.2 0.27

TL number 0.9 ± 1.5 1.0 ± 1.4 1

TL volume (ml) 0.01 ± 0.01 0.01 ± 0.01 0.36

LME+ Cohort LME- Cohort

LME+ subjects had on-study increase in:

• WM lesion volume 

• Cortical lesion number and volume 

• Thalamic lesion volume  

LME- subjects had on-study increase in 

WM lesion volume only. 



LME Status and Brain 18F-PBR06-PET Microglial Activity

EDSS – 0

EDSS – 2.5

2 LME foci

EDSS – 6.5

10 LME foci

Singhal & Zurawski et al. unpublished  
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Singhal et al. AAN 2024, Chitnis et al. Neurology & Neuronfl 2025  



Applications of 7T MRI in the MS Clinic:

Case Examples



Case 1: Making the MS Diagnosis

3T Sag STIR 
BWH 7T Axial FLAIR

*

3T Axial FLAIR Outside MRI  

‘No abnormality’

29-year-old F with an ‘isolated transverse myelitis’ 

has positive CSF oligoclonal bands 

T2* Central vein lesion



Case 2: Reassessing ‘Possible MS’
Outside 3T Ax FLAIR

BWH 7T Axial T2*

40-year-old woman with ocular migraines has 

an episodes of right eye vision loss different 

from her usual migraines. An eye exam and OCT 

are equivocal for neuritis. 

MRI report: “Nonspecific FLAIR hyperintensities 

consistent with known history of migraine”

Case Outcome:

▪ 100% of evaluated lesions 

demonstrate central vein sign.

▪ Elevated risk of MS is suggested by 

7T for MRI findings that were 

dismissed at 3T.

▪ Patient had LP, found with positive 

CSF OCBs, leading to MS diagnosis



Advantages of 7T MRI in the MS Clinic

2. Paramagnetic rim lesions: Aids in MS diagnosis (Revised 2024 McDonald Criteria), 

prognostic value in assessing MS disease progression

3. Cortical lesions: 7T MRI doubles diagnostic yield for detection of CLs vs. 3T. CLs aid 

diagnosis (satisfy DIS criteria) and in prognosis related to disease progression

4. Leptomeningeal enhancement: Useful in assessing progression risk, used in tandem 

with CLs and PRLs 

1. Central vein sign: Aids in MS diagnosis (Revised 2024 

McDonald Criteria), assessment of non-specific lesions 

for likely demyelinating etiology vs. diagnostic mimics
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