Hello friends and colleagues,
As 2020 finally crawls to its end, we look back and reflect on the year gone by. We faced the greatest pandemic of our
lifetimes, and also began to acknowledge the inherent inequality of our justice, education, housing, and healthcare systems. Collectively these have contributed to two societies - one for people whose life expectancy and quality of life is improving, whose well-being is not threatened by daily events; and another who survive ever more tenuously, teetering on
the brink of financial, psychologic, or physical collapse.
Brain injury of course, despite the progress of the last century, continues to deeply impact functional well-being in our
society at both ends of the spectrum- its impact is still disproportionately greater for the poor and solitary, but sadly no
amount of money, love or support can fully mitigate its consequences and chronic effects.
Our mission - to prevent, classify and treat neurotrauma - remains strong and we hope that in achieving it we will contribute to improving well-being for injured people. Our goal is to do that through increased utilization of objective
measures. 2020 welcomed the release of an open source CT scan analysis algorithm in Europe, improved serum marker
understanding, and better physiologic measures for brain injury, which will make it easier to quantitate the extent of
injury objectively. We are getting closer to what people with illness in every other system in the body are able to
do: arrive into the emergency department or clinician office, get a true and exact diagnosis, and get treated. Objective measures have the advantage of mitigating healthcare disparities by reducing reliance on subjective
symptoms. I am optimistic that the next ten years will see a revolution in the understanding of prevention, diagnosis
and treatment of neurologic injury, and our lab will be part of that.
In 2020 our lab has had many successes: we published 6 peer reviewed papers, continued our research funding with 2
new major grants and presented at ten conferences. Tory Schaaf PhD has joined the lab as our new research director. Two new graduate students, Sharada Kadaba Sridhar and Atishya Ghosh, also began working with us this year and
both Dan Rafter MD and Margaret Mahan PhD left to join the startup Flywheel, an informatics platform for biomedical
research.
Dr. Mahan, who was the first graduate student to defend her doctoral thesis in our laboratory in 2019, received an honorable mention for the 2020 University of Minnesota Best Dissertation Award. Also in 2020, I was named one of the
Most Creative People in business by Fast Company magazine for my work with our neurodiagnostic start-up Oculogica.
In 2020 our lab has received its most significant philanthropic award to date. J. Aron Allen was a husband, father,
friend, and lawyer for St. Jude and Abbott. A gifted athlete, he excelled at football, hockey and baseball earning nine varsity letters in high school, and continuing to play baseball and hockey while attending Harvard University. He coached
his children Andrew, Nathaniel, Elizabeth and Hannah, along with many others. He
tragically passed away at the age of 49 in August of 2018. His wife Shelley, his children, and friends Valerie Tracy and James Ladner chose to honor his memory by
establishing a foundation in his name to support brain injury research, awareness,
and prevention. Our laboratory is tremendously grateful to the J. Aron Allen Legacy
Foundation for choosing to honor Aron’s legacy by supporting our research. We will
strive to respect and preserve his legacy as best we know how - by working to prevent others from suffering the pain, hardship and sorrow that Aron endured prior to
his passing.
We are optimistic about 2021: a vaccine, national leadership committed to science,
and continued progress with objective measures for injury are all reasons to celebrate. We wish all of our friends and collaborators a happy and healthy 2021 and
beyond!

In memory of J. Aron Allen, Age 49

Recent Publications
Evaluation of diffusion measurements reveals radial
diffusivity indicative of microstructural damage following acute, mild traumatic brain injury.
Litigation risks despite guideline adherence for
acute spinal cord injury: time is spine

Eye tracking as a biomarker for concussion in
children

Long-term spinal cord stimulation after chronic
complete spinal cord injury enables volitional
movement in the absence of simulation

A retrospective descriptive study of cranioplasty
failure rates and contributing factors in novel 3D
printed calcium phosphate implants compared to
traditional materials
tbiExtractor: A framework for extracting traumatic
brain injury common data elements from radiology
reports

Lab Presentations
Beyond Glasgow Coma Scale Score: Is There a Brain Injury Classifier for the Next 46 Years?
University of Glasgow, Surgical Society; Nov 2020, Keynote speaker
The Future of Brain Injury Diagnosis and Treatment: The Robots Are Coming,
Bell Museum, Oct 2020 , Keynote speaker
Is the Clock Ticking on Delayed Management of Acute Spinal Cord Injury? Winter
Clinics in Neurosurgery February 2020, Snowmass Colorado, Plenary speaker
A Physiologic Approach to Concussion Treatment; Big10 - Ivy Concussion Conference, July
2020, Plenary speaker

Lab Presentations (continued)
The Incidence of Post Traumatic Epilepsy After TBI, American Association of Neurological
Surgeons, August 2020, Discussant
Automated Eye Tracking for Assessment of Brain Injury; Eye CAN 2020, Association of
Technical Personnel in Ophthalmology Oct 2020, Plenary speaker.
Epidural Spinal Cord Stimulation in Chronic Complete Spinal Cord Injury, North American Spine Society, Oct 2020, Plenary speaker
Automatic 2D segmentation of chronic subdural hematoma from a head CT scan
Institute for Engineering in Medicine (IEM) Annual Conference

Minneapolis, MN - August 2020
Abstract: Traumatic Brain Injury (TBI) can cause bleeding and clotting of blood on the surface of the brain resulting in subdural hematoma (SDH). Untreated, SDH can become chronic within days. Excess bleeding and expansion of clot can compress and damage the brain leading to seizures, stroke, neurological damage and death.
Enzymatic breakdown of clot releases iron that is cytotoxic to brain tissue. The one-year mortality rate for
chronic subdural hematoma (CSDH) patients is 32% with survivors vulnerable to long-term incapacitating dementia and Alzheimer’s diseases. The standard treatment involves surgical drainage using craniotomy or burr
hole craniostomy with a recurrence rate greater than 10%. A newer, minimally invasive approach, called TwistDrill Craniostomy (TDC), can be performed bedside under local anesthesia with decreased length of hospital
stay. However, TDC also suffers from 18% recurrence risk due to imperfect drill placement that often results in
residual hemorrhage. The objective of the study is to apply supervised learning to automate CSDH detection
from a head CT scan and optimize TDC drill site placement to enable better diagnosis and treatment. An algorithm created for automatic 2D segmentation of CSDH from a head CT scan was tested on 35 patients and reported a 93% sensitivity, 90% precision and 85.7% accuracy.
Serum GFAP, UCH-L1, and S100B Predict Brain Death Due to Trauma and Hypoxia in
Acute Post-Injury Setting
American Association of Neurological Surgeons (AANS) Annual Scientific Meeting:
April 25-29, 2020, Boston, MA
Abstract - Introduction: The ability to predict which traumatic (TBI) and hypoxic brain injuries progress to brain
death is limited. We investigated early glial fibrillary acidic protein (GFAP), ubiquitin carboxy-terminal hydrolase
L1 (UCH-L1), and S100 Calcium-Binding Protein B (S100B) concentrations and their prognostic value in brain
death. Methods: This prospective observational study enrolled brain injury subjects presenting to a level 1 trauma center with at least one valid serum biomarker concentration within 32 hours of injury. Levels of GFAP, UCHL1 and S100B were compared between brain death (BD), CT positive TBI survivors (CTp), CT negative TBI survivors (CTn), non-traumatic brain injury survivors (NT) and healthy control subjects (CTL). BD subjects were further subdivided into high velocity trauma, presumed diffuse axonal injury (DAI), cardiopulmonary arrest (CA/
RA), and found down (FD). The prognostic value of biomarker combinations (GFAP, UCH-L1 and GFAP, UCH-L1,
S100B) in identifying subjects progressing to brain death was assessed using support vector machine (SVM) supervised learning. Prediction accuracy was determined by area under the curve (AUC) of the receiver operating
characteristic (ROC) curve and average precision (AP) for both gaussian and polynomial kernel functions. Results: The AUC for the GFAP, UCH-L1, S100B combination to predict brain death death was 0.98 among all other
cohorts (CTL, NT, CTn, CTp) and 0.96 versus to all other brain injury subjects (NT, CTn, CTp) with AP of 0.92 for
both comparisons. This model was also able to distinguish CA/RA BD from NT and DAI BD combination with an
AUC of 0.99 (AP = 0.98). Conclusions: Serum concentrations of GFAP, UCH-L1, and S100B measured within 32
hours of traumatic and hypoxic brain injury have utility in prognosticating the progression to brain death. Moreover, these biomarkers can categorize brain death by mechanism of injury as either hypoxic (CA/RA) or traumatic/unknown (DAI and FD).

Graduate Student Projects
Zhuliu Li, PhD Candidate
Zhuliu is a student from the Department of Computer Science at the University of Minnesota and
is co-mentored by Dr. Rui Kuang. His work is focused on classifying the nature of brain injury
utilizing multiple objective markers including algorithmic image analysis, blood based biomarkers, and eye-tracking data.

Congratulations to Zhuliu Li on the birth of his daughter!

Everly Li , born December 2020.

Emily Kilen, MD Candidate
Emily is a third year medical student at the University of Minnesota who spent her summer with our lab developing an automated algorithm to differentiate cerebrospinal fluid
present within anatomical landmarks and produce a volumetric output.

Michael Koller, MD Candidate

Calcium phosphate mosaic implant integrated into
the underlying titanium reinforcement.

Michael is also a third year medical
student at the University of Minnesota who spent a summer in our lab
working on a project which compared outcomes between different
types of cranioplasty material. He
presented his work at American
Association of Neurological Surgeons earlier this year and has a
manuscript submitted.

Atishya Ghosh, PhD Candidate
Atishya is a student from the Bioinformatics and Computational
Biology program and is co-mentored by Dr.Yuk Sham. Her work is
focused on improving the treatment outcomes of chronic subdural
hematoma, through the identification and localization of hematoma, and optimal drill location for subdural evacuation. This research will be translated to create a hologram-based neuronavigation system to aid neurosurgeons in the placement of the
drill.

Graduate Student Projects (continued)
Sharada Kadaba Sridhar, PhD Candidate
Sharada is a student at the Bioinformatics and Computational Biology program and is co-advised by Dr. Rui Kuang. She is researching
the chronic effects of neurotrauma and will be working on developing objective markers to distinguish between and predict the chronic effects of traumatic brain injury versus those of other neuropathologies like Alzheimer disease, frontal temporal dementia, vascular disease, etc. using image processing and machine learning. Her
work will be used for better prognosis and effective management of
care for neurotrauma patients.
Mark Gormley III, MD Candidate
Mark is a medical student performing research on the feasibility of early surgery for
patients with spinal cord injuries (SCI) . A goal of this research is to determine whether the
United States has the capacity to provide surgery within 24 hours to every acute SCI
patient that requires surgery.
Brett Sterk, MD Candidate
Brett is a second year medical student at the University of Minnesota who spent this past
summer in our lab working on a project focusing on the prognostication of brain injury in
the most severely injured patients. He is currently finalizing a manuscript for submission.

Lab Member Updates
Tory Schaaf PhD, Research Director
Tory Schaaf joined the lab this Fall. He graduated with his Ph.D. in biochemistry, molecular biology, and biophysics in 2017. His graduate thesis work involved the development of a novel drug
screening technology with two small companies from Minnesota and resulted in a patent application. He has multiple experiences working on large-scale industrial projects. As a post doctoral
trainee, Tory was also project manager at a non-profit core facility at the University of Minnesota. He was awarded a K12 NIH grant under the training research educators in Minnesota program, resulting in multiple publications and successfully funded NIH grant applications.
Scarlett Cheong, Undergraduate Volunteer
Scarlett is a recent graduate from St. Cloud State University. She is currently applying to the
University of Minnesota Graduate Program in Neuroscience. Scarlett is starting her research project focusing on early intervention on spinal cord injuries contributing to the outcome of patients.

Daniel Rafter MD
After four years in the lab, Dr. Rafter has taken a position with Flywheel.io, but will continue to
collaborate with the lab as a consultant and aid in completion of multiple projects in the pipeline.

Lab Member Updates (continued)
Margaret Mahan PhD, Consultant
Dr. Mahan worked on multiple projects in the lab as a graduate student. Her work received an honorable mention for the 2020 UMN Best Dissertation Award. She continues
to work on advancing the field of medical imaging analytics in industry while maintaining
her contributions to the lab as a computational neuroscience consultant.

Patricia McCracken PT
Patricia McCracken PT, DPT received her BA from Bates College and both her Master’s in
Physical Therapy and Doctorate in Physical Therapy from Baylor University. As a Colonel in
the US Army Reserve, she currently serves as a lecturer for the US Army Baylor Doctoral
Program in Physical Therapy. Patricia works as a clinical researcher for the Center for Veterans Research and Education at the Minneapolis Veterans Health Care System working on
neuromodulation research studies and rehabilitative adaptive design products. Her main
projects are the E-STAND trial and the VA SCI demographic study.
Dylan Sturtevant and Aliya Ahmadi are research assistants working on reducing the effects of spinal cord injury in paralyzed people. This work is being performed as part of the Epidural Stimulation for Spinal Cord Injury (E
-STAND) in collaboration with Dr. David Darrow and Dr. Ann Parr in the neurosurgery department.

Collaborative Partners
Dr. Rui Kuang

Associate Professor and Director of Graduate Studies,
Computer Science and Engineering
Adjunct Professor, Bioinformatics and Computational Biology
University of Minnesota Twin Cities
Visit Dr. Kuang’s lab website here.
Our collaborator professor Dr. Rui Kuang celebrated the birth of his son Seanan
Kuang on July, 9th 2020.

Dr. Yuk Sham

Assistant Professor, Department of Integrative Biology and Physiology (IBP)
Codirector of Graduate Education, Bioinformatics and Computational Biology
University of Minnesota Twin Cities
Visit Dr. Sham’s lab website here.

Highlight pictures of 2020!
It has been a tough year when a major accomplishment is getting a vaccination.
We look forward to meeting with you all in the future!
Take care and happy holidays from the NeuroTrauma Lab!

Dr. Samadani receiving her first
COVID-19 vaccination on Dec. 17!

www.SamadaniLab.org

