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Persistent cognitive problems following traumatic brain injury (TBI) are common and cause significant disability. The heterogeneous nature of TBI means that the basis of these cognitive deficits is likely to be multi-factorial. To guide treatment the identification of common causative pathologies is likely to be beneficial. Animal and human studies have previously identified dopaminergic dysfunction following TBI. However, the cause of this disruption is unclear and could be related to damage to the dopaminergic nuclei in the substantia nigra or to their ascending projections in the nigrostriatal tract.

Objectives 

To investigate: 1) whether striatal dopamine transporter (DAT) levels are reduced following TBI; 2) whether TBI causes structural changes to the nigrostriatal ascending pathways and/or atrophy of the substantia nigra or striatum; 3) whether reduction in DAT after TBI is correlated with atrophy of the substantia nigra or structural changes to the nigrostriatal tract.  

Methods 

24 subjects who had suffered a moderate/severe TBI at least 6 months previously and had persistent cognitive problems were compared with 13 healthy controls.  All subjects underwent an ioflupane (123I) single-photon emission computed tomography (SPECT) scan and magnetic resonance imaging (MRI) including diffusion tensor imaging. DAT levels were measured from the SPECT scan in the striatum, and voxel-based morphometry methods were used to calculate substantia nigra and striatal volumes. A nigrostriatal tract mask created from 100 participants from the Human Connectome Project was used to calculate mean fractional anisotropy measures.

Results 

Clinical reporting of the SPECT scans highlighted abnormalities in 66% of patients. Quantitative assessment of DAT levels showed a statistical trend towards reduced striatal levels across the whole group of patients. Patients had reduced fractional anisotropy in the nigrostriatal tract and reduced substantia nigra and striatal volumes. There was a significant relationship between (1) DAT levels and both substantia nigra and striatal volumes and (2) fractional anisotropy in the nigrostriatal tract and both substantia nigra and striatal volumes. There was no relationship between DAT levels and fractional anisotropy in the nigrostriatal tract.

Conclusions 

A proportion of patients who have suffered a TBI and have persisting cognitive problems have reduced striatal DAT levels implying a disruption to their dopaminergic system. DAT levels are correlated with volumetric measures of the substantia nigra and the striatum. This supports a causal relationship between damage to the substantia nigra by TBI and functional dopaminergic dysfunction. 
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