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MR Spectroscopy: The Virtual Biopsy
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Neurometabolic Cascade of 
Concussion 

From Hovda et al J Neurotrauma 1995



MR Spectroscopy of 
Severe Head Injury
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• Acute changes: 
optimal time: 4 days 
after injury

• Progressive changes:

– Decreased NAA

– Increased Glx

– Increased lactate

From Ross et al AJNR 1997



MRS Predictive of Outcome

From Shutter et al J Neurotrama 2004



MRS in Acute Sports-Related 
Mild Head Injury

From Vagnozzi et al J Neurosurg 2008



Aims

• Diagnosis for CTE in life is needed

• Identify biomarkers for repetitive head injury 
using advanced MR spectroscopy methods

• Measure brain chemistry in retired professional 
athletes with history of multiple concussions and 
CTE-related complaints



Regional Metabolite Profiles in 
Chronic Sports-Related Concussion
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Significant Metabolite Changes
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Lin et al IBIA 2014



Glutathione

Lin et al IBIA 2014



2D MRS

• Crosspeaks represent scalar coupling 
between the protons

• Unambiguous identification of additional 
metabolites 



From Lin and Bluml.  MR Spectroscopy of Pediatric Brain 
Disorders. Eds Bluml and Panagrahy. Springer 2012



2D MRS: Significant Changes

Lin et al Alz Res Therapy 2015



Potential Treatment Targets



http://www.Wikipedia.org

Subconcussive Head Injury

http://www.hawaiiarmyweekly.com/



Heading Changes Brain Chemistry

Koerte*, Lin* et al. J Neurotrauma 2015



Correlation with Number of Headings

Koerte*, Lin* et al. J Neurotrauma 2015



Multimodal Imaging

Pasternak et al ISMRM 2014
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