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Background: 
Traumatic brain injury (TBI) is a leading cause of death and disability in children and young adults around the world. Long-term disability following TBI include: cognitive disabilities such as disorders in attention, memory, learning and executive functioning; psychiatric and behavioural problems including depression, anxiety, aggression, agitation and social inappropriateness; and epilepsy. This all comes at significant cost to the individual, their families and to society because of the health burden. There are currently no effective interventions to reduce the incidence or severity of these problems post-TBI. The current study was designed to investigate the underlying neurobiological processes that lead to these outcomes to facilitate a more comprehensive approach for the development of new therapeutic strategies.

Aims: 
Using an animal model of TBI, we have studied the acute and chronic changes that occur in the hippocampus and other relevant brain regions, by investigating:
(1) Progressive structural and functional changes with advanced in vivo imaging;
(2) Cognitive, behavioural and epileptic outcomes using defined testing procedures; and,
(3) The underlying cellular and network changes at post-mortem by histology.

Methods: 
We used serial neuroimaging, with small animal MRI (saMRI) and [18F] fluorodeoxyglucose positron emission tomography (saPET), to investigate progressive brain atrophy and metabolism changes long-term following experimental TBI in the rat. These changes were correlated with behavioural, cognitive and epilepsy outcomes in the rats over the 6 months following the TBI.

Results: 
The study demonstrated that morphological and functional changes after TBI are dynamic and continue to progress and evolve for months. Widespread decreases in brain functioning on the saPET are seen in specific brain regions, many of which are remote from the site of direct trauma and unaccompanied by signs of injury on the MRI. The hippocampus, a brain structure critical to memory and emotion, is the key area of these changes. The severity of the neurological deficits and changes on MRI soon after the injury are predictive of severity of these long-term neurodegenerative changes. TBI rats showed increased anxiety behaviour and decreased cognitive performance, indicating that these psychiatric outcomes in at least part have a neurological basis. Furthermore approximately 30% of the rats had developed evidence of epilepsy by 6 months.


Conclusion: 
The findings of this study indicate that secondary structural and functional changes in the brain continue to occur for many months post-TBI, which has implications for understanding the pathophysiology and evolution of the long-term neurological and psychiatric consequences. Importantly, this indicates that there is a time-window in which intervention could modulate these processes and mitigate against these disabling consequences of TBI. This study has provided a practical paradigm for testing the biological effectiveness of potential therapies prior to embarking on expensive and lengthy clinical trials.
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