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1.  Consideration of TBI as a Homogeneous Disease

2. Belief that the Pathophysiology of TBI Exists as a Continuum 

Across the Spectrum of Injury Ranging from Mild to Severe  

3. Belief  that all the Pathophysiology of TBI Occurs in the Same 

Spatial-Temporal Framework

4. Overreliance on Limited Preclinical Discovery in Terms of  

Therapeutic Targeting

Failure of Clinical Trials in TBI Has Been 
Related in Part To The:



GCS 

13

GCS 8

GCS  4

THE NET RESULT OF THESE BELIEFS HAS BEEN A ONE SIZE FITS ALL 

CLINCIAL APPROACH, WITH GCS REPRESENTING THE MOST 

COMMON ADMISSION CRITERION



The Fallacy of This GCS-Centric Approach is Illustrated in These CTs 

Taken From  6 Different Patients With the Same  Admission GCS

EDH Contusion/Hematoma

SDH SAH/IVH

DAI

Diffuse Swelling



• Pathologic consequences largely determine the clinical consequences of 

TBI, especially in early course of recovery.

• Comorbid factors may have an important effect on recovery (other injuries, 

illnesses, medical complications).

• Other non-injury factors influence recovery, especially later in the course 

(e.g., personal characteristics: age, psychological, environmental, 

rehabilitative, educational, vocational , financial).

Traumatic Brain Injury is

the most complex disease known to man 

in the most complex of all organs.



 TBI should be framed within the context of focal and diffuse 
abnormalities when assessing initial  patient morbidity and 
predicting subsequent recovery.

 TBI should be considered a disease of  primary circuit/ 
network disruption and/or dysfunction related to contusion-
mediated focal deafferentation as well as diffuse axonal 
injury-mediated diffuse deafferentation/synaptic loss.

 When considering morbidity and recovery in the context of 
focal and diffuse injury , TBI should also be framed within the 
context of injury severity, with milder injuries involving more 
diffuse changes, while the more severe injuries typically evoke 
concomitant contusional damage.

Despite This Complexity, Several Components of TBI 
Are  Now Recognized As Major Players For Patient 

Morbidity and Subsequent Recovery 

SPECIFICALLY, IT IS NOW RECOGNIZED THAT:



Focal versus Diffuse TBI and Their 
Implications for CNS Circuit Disruption

Diffuse Injury/DAI Can Be 

Embedded  With Focal TBI

Diffuse  Injury/DAI can structurally or functionally alter 

EXCITATORY & INHIBITORY circuit components

Focal Damage Can Trigger  Local 

Antero/RetroGrade Change/Circuit  Disruption 



Potential Therapeutic Targeting of 
Early  Focal/Contusional Change

Such Targeting Could Include:

- Many of the neuroprotective agents 

previously described by Faden et al.              

- Antioxidants to preserve vasoreactivity 

and BBB function

- Aquaporins to attenuate brain edema

Or Alternatively, the Targeting of 

Contusional Expansion May Be 

Appropriate.
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Simard &colleagues have identified Sur1 as a therapeutic target 

using the Sur1 inhibitor glibenclamide 

J. Neurotrauma 29:19-31, 2012



Although contusion is most common with more severe TBI, it can be found 

following mild TBI (Panels F,G,H) from Yuh et al. Ann Neurol. 73:224-235,2013



Diffuse TBI Evokes Diffuse Structural/DAI 
and Functional Axonal Changes

Diffusion Tensor 

Imaging

APP 

Immunocytochemistry 

Reveals Diffuse Axonal 

Injury (DAI)

Compound action 

potentials are 

abnormal in the 

corpus callosumAltered FA reflecting 

axonal damage



Smith, Hicks and 

Povlishock, J. 

Neurotrauma, 2013

In humans, this march to 

axonal disconnection can 

take several hours

Pathogenesis of DAI



Procaspase 9 Procaspase 3

Calpain

Calcineurin

Cyto c

Apaf-1

Ca2+

The pathogenesis of DAI has been linked to local 

calcium dysregulation, calpain activation and 

mitochondrial dysfunction and damage 

Potential therapies include calpain 

inhibitors, agents targeting 

mitochondrial preservation and 

mPTP inhibition including CsA



The complexity of targeting mitochondria in DAI is illustrated by the unanticipated 

response of cortical DAI(proximal bulbs), callosal DAI(distal bulbs) and WD(varicosities) 

with cyclophilin D knockout which positively regulates mPTP.

Proximal

Distal

varicosity
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This complexity is further highlighted by the finding that following Mild TBI physiological 

abnormalities can be  found in both structurally and non-structurally altered neurons



Evidence For Electrophysiological mTBI-Induced Circuit/Network 

Disruption Greer, Povlishock and Jacobs 

J. Neuroscience  2012

When patched, the previously 

identified axotomized  neurons  

remain viable, with an increased AP 

amplitude and a decreased 

afterhyperpolarization duration. 

More importantly, the intact/non-

axotomized neurons reveal an 

unanticipated increased excitability. 

These findings demonstrate that 

TBI, particularly milder forms of 

injury/concussion can trigger 

electrophysiological changes that 

may be even more important for  

initial morbidity and subsequent 

recovery, presenting even a more 

complex therapeutic target.



mTBINormal

?

Another consequence of DAI following mild TBI is anterograde degeneration and 

deafferentation that sets the stage for either adaptive vs maladaptive plasticity 

here shown in the visual axis (Lateral geniculate nucleus(LGN) and optic nerve).

LGN



This panel  shows the control 

and mild TBI induced DAI and 

its associated deafferentation  

within the lateral geniculate 

nucleus

Deafferentation  

after  mild TBI 

induced DAI in the 

visual axis  does not 

elicit  adaptive 

synaptic 

reorganization in 

the  lateral 

geniculate nucleus 

at 30 days post TBI



Parallel electrophysiological assessment of the consequences of DAI 

following mild TBI in the visual axis. Note that DAI results in a persisting 

failure to generate EPSCs in the LGN consistent with the structural 

findings.



In vivo chronic VEP

Shepherd and Bear, 2011

Despite this mild TBI induced 

deafferentation without synaptic 

recovery in the lateral geniculate 

nucleus visual function assessed via 

visual evoked potentials (VEPs) 

reveals a complete recovery of vision 

by 1 week post mild TBI. This 

suggests that following mild TBI 

adaptive cortical neuroplasticity 

directly mediates recovery. 



In Light of The Complex Pathobiology Associated With the Spectrum of TBI We 
Recommend the Following Design Criteria for Pharmacological Targeting 

 Consider potential therapies in the context of focal vs 
diffuse pathology

 For focal lesions involving contusion, both the formation 
and progression of the contusion are appropriate targets as 
are the anterograde and retrograde consequences of 
contusion.

 For diffuse injury , the diffuse involvement of axonal injury 
must be evaluated using both pathoanatomic and 
electrophysiological tools.

 With diffuse injury/DAI, it must be recognized that DAI 
may involve different fiber types and pathologies that may 
require different therapeutic targeting .



Recommended Design Criteria-Continued

 Additionally with DAI, it should be appreciated that 
deafferentation can ensue and evoke different neuroplastic 
responses. This may mandate different targeted therapeutic 
strategies to promote adaptive plasticity , while suppressing 
maladaptive target reorganization.

 As noted previously , focal and diffuse change should be 
evaluated in multiple animal models, species, injury 
severities and age ranges, recognizing that higher order 
animals have a proportionally greater amount of grey and 
white matter and are thereby  prone to  more extensive 
diffuse injury /DAI.

 Lastly, as noted previously, any potential therapeutic 
benefit should be confirmed across laboratories.


