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Ultrasound imaging of blood flow changes following spinal cord injury
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Traumatic spinal cord injury (tSCI) causes an almost complete loss of blood flow in the injury center as well as hypo perfusion
of adjacent tissue (penumbra), resulting in secondary cell death over-time. The disruption of blood vessels and subsequent
haemorrhage and edema after tSCI leads to an increase in intraspinal pressure (ISP) and a growing zone of ischemia and
secondary injury in tissue adjacent to the primary contusion. A biomarker to identify ischemic changes in spinal cord tissue
could help guide and assess neuro-protective treatment strategies for tSCI and potentially other situations. Intraoperative
ultrasound imaging of the spinal cord enables the leveraging of the most recent advances. Using these advances, we have
recently developed ultrafast contrast-enhanced ultrasound (CEUS) Doppler imaging of blood flow, which enables the
segmentation and investigation of micro vascular flow (<30 mm/sec) not previously possible. Ultrafast plane wave acquisitions
(>30,000 frames/second) and Doppler processing with microbubbles enables segmentation of blood flow in the entire vascular
tree by velocity, providing access to the distribution of velocities at each level of flow. This combination of ultrafast imaging
and nonlinear pulsing sequences enables for the first time the investigation of microvascular hemodynamics. This approach has
been used to investigate hemodynamic changes in a rodent contusion tSCI model, where it was found the extent of
hypoperfused spinal cord tissue correlates significantly to injury severity and functional outcome. Motivated by these
observations, we seek to develop an early ultrasound-based non-invasive real-time biomarker of microvascular hemodynamics
for tSCI and other applications.
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