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Serendipity

Dans les champs de l'observation le hasard 
ne favorise que les esprits prepares
 -Louis Pasteur

In the fields of observation chance favors 
only the prepared mind.



Hypothesis Driven Research
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Summary

• FA and/or ADC can be used to Dx mTBI…
• We can all go home now…Right?



Summary

• FA and/or ADC can be used to Dx mTBI…
• We can all go home now…Right?
 Wrong.
1. Diagnosis already exists, why is imaging needed?
2. Do all Dx of mTBI actually have TBI?
3. Are all mTBI the same…one phenomena?
4. Is it reasonable to expect the imaging biomarker is 

valid?



Stroke Team
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Suburban Hospital

Washington Hospital
Center
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24 hours, 365 days
17:17 Code one paged by Blue team for 31F with Sz disorder 
presented with LUE weakness, L Facial droop and dysarthria started 
45min prior to arrival. Proceeded to MRI -> RMCA stroke with large 
perfusion mismatch -> IVtPA given DTN 44min -> IR suite: TICI 2B, 
first visualization showed R M1 and distal vessels re-canalized with 
tPA alone by the time they were able do the angio, microcatheter wire 
and IA tPA were given to try to recanalize M3/4 frontal branch. 
Patient intubated for the procedure. No NOK was available by phone 
or in person or NH consent. Only person at bedside of 
fiancée’.  Admitted to ICU. Patient intubated or procedure. Blood in 
freezer.

- Alexis Simpkins



Program – Stroke and TBI

• Attending Neurologists
• Clinical Coordinators
• MRI Technologists
• Neurology Fellows
• Neurology Residents
• Nurse Responders

• Physician Assistant
• Post-Docs
• Program Managers
• Research Nurses
• Research Assistants
• Scientists
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Natural History Studies

Stroke
• Registry
• 01-N-0007 Protocol

TBI
• 11-N-0084 “Screening”
• 10-N-0122 “THINC”
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BASIC IMAGING PRIMER



Basic Image Orientation
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Partial Volume Averaging

Slices One voxel, many tissues



Resolution vs Sensitivity

Histology

MRI

0.05 mm

5 mm

~ 0.3 mm Voxel~ 3 mm Voxel



…predementia reminder #1 … CT then Endo 1 baseline
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CT Negative = Invisible Injury
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In a patient with post concussion syndrome



FUNDAMENTAL PROBLEM
…not just with TBI or Stroke

SYMPTOM OR BIOLOGY?



CT Negative = Invisible Injury
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In a patient with post concussion syndrome
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Chinese artist Huang Guofu



“No longer Gage”
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His mind was radically 
changed, so decidedly 
that his friends and 
acquaintances said he 
was ‘no longer Gage.’



5/31/24 L. L. Latour 21

Graham Gordon Ramsay
Phineas Gage's skull and life mask, 2001Color print

Francis A. Countway Library of Medicine, Warren Anatomical Museum



5/31/24 L. L. Latour 22

2011 NHL Playoffs
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Legislation

Zack Lystedt



How do we diagnose disease

• Control • Schizophrenia



Mental Heath

http://www.nimh.nih.gov/about/director/2013/transforming-diagnosis.shtml

Dr. Insel



Imaging “Signature”

• Control “Mimic” • Disease



Sorting into Containers

� “Disease Mimic” � “Disease”



Symptom Based Classification

Aphasia Nausea



Imaging Based Classification

Imaging ClassificationIschemic Hemorrhagic



Stroke Dx…Guiding Premise:

• Image contrast mechanisms directly attributable to 
pathophysiology (biology of stroke) will provide a more precise 
diagnosis and stratification of stroke, and thereby lead to better 
therapy and and improved outcome.



1992
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Why doesn’t anyone care?

5/31/24 L. L. Latour 32



Modified Rankin Scale Scores at 90 Days in the Intention-to-Treat Population.

Berkhemer OA et al. N Engl J Med 2015;372:11-20.
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Failure of Trials in Stroke

• Neuroprotective agents tested        49
• RCTs performed        114
• Patients enrolled            21,445
• Neuroprotective agents approved         0
   - Kidwell, Liebeskind, Starkman, Saver, Stroke 2001

• Drug didn’t reach brain =
     $100  million (US)



Failed Clinical Trials in TBI
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Stroke - Last Four Years
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2013 2015



www.thennt.com

Defibrillation NNT = 2.5

NNT ~ 3

Screening Mammogram NNT ~ inf

Screening Mammogram NNH = 5



Modified Rankin Scale Scores at 90 Days in the Intention-to-Treat Population.

Berkhemer OA et al. N Engl J Med 2015;372:11-20.



What is best in life?
Symptoms Biological



Symptoms Target
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What is best in life?
Symptoms Biological



Biological Target
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Stent Retriever

5/31/24 L. L. Latour 43



…predementia reminder #2 … 
 Endo 1 IR then Outcome

Endo 2
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Failure of Trials in Stroke

• Neuroprotective agents tested        49
• RCTs performed        114
• Patients enrolled            21,445
• Neuroprotective agents approved         0
   - Kidwell, Liebeskind, Starkman, Saver, Stroke 2001

• Drug didn’t reach brain =
     $100  million (US)
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Neuroprotection, revisited

• Neuroprotective agents tested        49
• RCTs performed        114
• Patients enrolled            21,445
• Neuroprotective agents approved         0
   - Kidwell, Liebeskind, Starkman, Saver, Stroke 2001

• Drug didn’t reach brain =
     $100  million (US)



mTBI
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J Wang et al, JCB vol. 196 no. 1 7-18 



Dominant Paradigm
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J Wang et al, JCB vol. 196 no. 1 7-18 



Axonal injury

• Assumed to be the problem in mTBI

• …ergo DTI the solution

• “Ask impertinent questions…get pertinent answers”
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Postulate: 

Following head trauma, brain injury is mediate 
by damage to the meninges and related 
vasculature.
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Mild Traumatic Brain Injury



Simplified Model for Displacement
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Y. Feng et al, J R Soc Interface. Dec 6, 2010; 7(53): 1677–1688 



Compression and Shear Forces

• Compression/dilatation • Shear
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M. Kimberly, North Carolina State Univ.

P.A. Taylor et al., Sandia National Laboratories, 2007



Acoustic Elastic-plastic Deformation
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Its all over in under 1 second.

P.A. Taylor et al., Sandia National Laboratories, 2007



Lets look a bit more carefully…
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Sinus, Falx and Tent
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Components of Meninges
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Vessels in the Meninges
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Glial Limitans and the BBB 
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Iadecola and Nedergaard, Nature Neuroscience 10, 1369 - 1376 (2007)



5/31/24 L. L. Latour 60
Allen and Low, J Comp Neurol. 1975 Jun 15;161(4):515-39
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Allen and Low, J Comp Neurol. 1975 Jun 15;161(4):515-39



Simple Spring? …nope

• Layers
– Glial Limitans
– Pia
– Arachnoid
– Meningeal Dura
– Periosteal Dura

• Structures
– Superficial vessels
– Bridging veins
– Arachnoid trabeculae
– Arachnoid villi
– Inervation
– Falx and tentorium

• Spaces
– Basement
– Perivascular
– Subarachnoid
– Subdural (potential)
– Venous lacuna
– Epidural (potential)
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Is there evidence of damage to these 
structures following head injury?
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Thesis: Meningeal Injury

Blumenfeld Neuroanatomy through Clinial Cases, Sinauer Assoc. Inc, 2002. , p 122.



Bleeding at the Dural Border

Epidural
• < 1% of population

Subdural
• 22% of population
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J. Mack, Pediatr Radiol. 2009 Mar;39(3):200-10



Subdural Effusion
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Acute

90 Day Follow-up

FLAIR 3D T1

FLAIR



Shaken Baby Syndrome – SDH?

Stroke
TBI

6-mo old

http://www.asnr.org/
neurographics/2/1/1
/3.shtml



Injury to the SAS

Stroke
TBI

6-mo old

SecondFirst Third



TMI (Traumatic Meningeal Injury)



Angiogenesis and Fenestrations
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T1-weighted

Pre-contrast Post-contrast

Tumor



BBB Disruption - Stroke
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T1 – Post Contrast

FLAIR HARM

GRE



Nothing!

Nothing on T1 – Post, and no HARM
No BBB disruption
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Acute Dural Enhancement in mTBI
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Acute Follow-up
Pre- Post-contrast Post-contrast

FLAIR



Traumatic Meningeal Injury (TMI)
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Resolution of TMI
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3D FLAIR - Normal

5/31/24 L. L. Latour 76



Acute TMI
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Potential Progression

FLAIR-pre FLAIR-post FLAIR-pre

Acute TMI Chronic SDH
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Dorian McGavern
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TVI (Traumatic Vascular Injury)



Brainwashing
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So Called Traumatic Microbleeds
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Traumatic Vascular Injury (TVI)



Vascular Injury





Approximately 700 um FOV



Approximately 1.4 mm FOV



Approximately 3 mm FOV



Approximately 7 mm FOV



Segmentation of Lesions on MRI



Parikh et al



Amyloid Beta PET
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