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Hello everyone, today I’ll be discussing the Hofstetter lab’s studies on segmental hemodynamic changes after cervical spinal cord injury



Introduction
• 17,000 new cases of spinal cord injury (SCI) per 

year in U.S, majority are cervical
• Primary spinal cord injury—mechanical impact 2

• Secondary spinal cord injury—pathological damage 
to neural tissue following mechanical impact 2

1 National Spinal Cord Injury Statistical Center, 2018 SCI Data Sheet
2 Tator and Fehlings, Journal of Neurosurgery, 1991
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Spinal cord injury (SCI) occurs at an incidence rate of 17 thousand new cases per year in the US, the majority of which are at the cervical level, resulting in impaired voluntary movement of arms and legs as well as control over the torso, or breathing, bowel and bladder control, sexual function, and other autonomic functions.SCI is typically thought of in two stages: the primary injury, mechanical damage to the cord; and secondary injury, which is the broad category for all the pathological damage to neurological tissue following mechanical impact.Research on neuroprotectants after SCI typically focuses on minimizing the spread of secondary injury in order to improve functional outcomes for SCI patients, which is what we seek to do in our studies of the hemodynamics post-SCI



Introduction
• Ultrafast contrast-enhanced ultrasound (CEUS) allows 

for real-time visualization of hemodynamic changes

Cross-section ultrasound image of a 
fetus Source: Courtesy of Phillips 
Health Care- iu22xMATRIX system

Clinical Anatomical Ultrasound
CEUS
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To study the intricate changes in tissue perfusion after SCI, our lab uses a novel ultrafast contrast-enhanced ultrasound (or CEUS).In comparison with commonly-used anatomical ultrasound systems, this functional ultrasound system from Verasonics uses unique nonlinear pulsing sequences, plane wave acquisitions, and doppler SVD sequencing. These features in combination with contrast-enhancing microbubbles enable us to study slowly and rapidly-moving blood flow, or the micro and microcirculation, separately.Previously, our lab has used this system to study hemodynamics after thoracic SCI, and the present study is our first to examine cervical hemodynamics, where we find the CEUS system is sensitive enough to detect the differences between directly injured segments and those above and below.Notes:Provide images of top-of-the-line clinical systems in comparison to ours (so they can directly see what we’re doing)”we are quantifying the Perfusion, which is microvasculature, which nobody else is able to do”There are no non-invasive imaging methods for SC currently available



Our unique ability to visualize perfusion deficits and their correlated 
functional outcomes has meaningful implications for cervical SCI patients

Introduction
Acute perfusion deficits correlate with 

chronic functional outcomes



Our Study

• Laminectomy
• Pre-injury CEUS
• Unilateral contusion
• Post-injury CEUS

Longitudinal
• Area of perfusion deficit

Cross-sectional
• Area of perfusion deficit
• Segmental deficit differences
• Cross sectional area changes

Procedure

Measurements

Spinal cord
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In our study, using our small animal model, we conducted cervical laminectomies, recorded baseline CEUS acquisitions, performed a unilateral contusion injury at C5, and acquired post-injury CEUS recordings.Following data acquisition, we estimated the volume of perfusion deficit and area of perfusion deficit per plane in longitudinal acquisitions, as we did with our previous thoracic studiesIn addition, we analyzed the area of perfusion deficits in cross-sectional acquisitions, compared the deficits between cord segments, and compared the cross-sectional area changes between ipsilesional and contralesional cord.Note:Explain what you expect to see after our injury



Lesion area analysis using longitudinal acquisitions
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Lesion area analysis using 
longitudinal acquisitions
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First, we conducted analysis similar to our thoracic studies, finding the area or perfusion deficit in lesioned grey matterAnalyzed from individual image acquisitions in the grey matter at what we predicted to be the largest area in the lesionWe found the areas to be fairly consistent, with an average area of 5 mm2



Lesion area analysis using cross-sectional acquisitions
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Analysis of cross sections may 
provide more consistent 
estimates due to better 
visualization of lateral cord
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Sample
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To correct for this, we experimented with taking cross-sectional acquisitions, with good success.We are able to estimate the tissue perfusion deficit and better visualize the shape and extent of the lesion with a wide enough laminectomy. In the unilateral lesions for this experiment, we find that the average lesion area is 3.2 mm2Moving forward, we plan to make lesion volume estimates using cross-sectional 3D-sweep videos much like how we’ve estimated volume using the 3D longitudinal acquisitions.Notes:Thin the lines on the images, point out the cord, animate the outline of the lesions



Cross-section segmental 
data consistent with 
qualitative observations in 
longitudinal acquisitions

C4 C5 C6C4 C5 C6

Segmental perfusion deficits
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Not only are we able to see the lesion at the injured level, we can see that the area of perfusion deficit at the injury level is significantly larger than the perfusion deficit at C4 and C6. This confirms that the injuries were focal and allows us to see the direction of spreadWe can also see that the deficit rostral to the injury tends to be larger than the deficit caudal to the injury, which is consistent with our qualitative observations of the lesion’s shape in longitudinal acquisitions.Currently, there is no functional imaging modality for perfusion in clinics—seeing these segmental differences, especially in cervical cord with so many more neurons than other locations, will have even greater implications for functional recovery than we’ve seen previously in our thoracic studies.



Segmental area analysis for comparison of swelling 
and spared tissue

C4 C5 C6
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Finally, we can compare the cross-sectional area of ipsilesional and contralesional halves of the cord as we begin to understand swelling both within the injured segment and in neighboring sections. While we can see the ipsilesional half of the cord is significantly larger than the contralesional side at the injured section, there are no significant differences between ipsi- and contralesional areas rostral and caudal to the injured segment.We plan to continue this analysis by comparing lesion areas to the total ipsilesional area as a measure of spared tissue, which we will validate histologically.



Future analysis
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Moving forward on this project, we plan to analyze lesion volumes using 3D cross-sectional acquisitions, as rendered hereAs well as histologically validating our spared tissue volumes and comparing our cervical studies with our thoracic experiments in the pursuit of establishing a the critical perfusion thresholds where tissue is salvageable for recovery in order to improve SCI patients’ quality of life.
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