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1. INTRODUCTION:

2. KEYWORDS:

 

3. ACCOMPLISHMENTS:

What were the major goals of the project?

What was accomplished under these goals? 

Specific Aim 1 - Specific Aim 1 – Leverage new 7T structural, spectroscopic, and diffusion MRI 
tools to identify network changes in the brain associated with PTE (Months 1-20) 
Milestone 2: Protocol Optimized with finalized Data Collection Instruments - December 2019 
(100%) 
Milestone 3: Complete enrollment and data acquisition of subjects, PTE and HC – April 2021 (6%) 
Milestone 4: Define biomarkers of PTE – April 2021 (0%) 
Specific Aim 2 – Identify biomarkers which can be used to differentiate PTE from non-
epileptogenic TBI (Months 4-24) 
Milestone 5: Complete enrollment and data acquisition of TBI subjects – May 2021 (0%) 
Milestone 6: Quantification of metrics related to PTE and TBI – August 2021 (0%) 

1) Major Activities
Major activities this year have focused around establishing the research program, obtaining 
institutional permissions to conduct research, communicating and collaborating with the co-
investigators. We hired staff to carry out elements of the research and developed, tested, and 
optimized the protocol as well as developing and testing image processing capabilities 

We applied for and received permission to resume research at Mount Sinai after the shutdown due 
to COVID-19. PTE patients have been contacted, and screened for participation. 

Post traumatic epilepsy (PTE) can be characterized as recurring seizures develop after traumatic brain injury. 
There is often a significant delay between the manifestation of seizures and the initial injury. There is increasing 
evidence that suggests that epilepsy is a disease involving a network of abnormalities.  7 Tesla MRI, enables 
exceptionally high-contrast, high-resolution in vivo imaging of the brain. We are recruiting patients with TBI, 
PTE, and healthy controls as part of an imaging study. The data will be processed to explore suspected biomarkers 
of epilepsy in all volunteers.  

Post Traumatic Epilepsy, Traumatic Brain Injury, Ultra High Field MRI, 7T MRI 
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1) Major Activities Cont. 
 
Milestone 1: IRB Approval 
Protocol Approvals: Both IRB and HRPO approval was obtained.  
Permission to resume human research was acquired following the shutdown due to COVID-19 
 
Milestone 2: Protocol Optimization 
Personnel: A clinical coordinator was hired and has been trained on the protocol 
 
Data Acquisition and Image Analysis: A Redcap database has been established, and populated 
with forms. The final set of data collection instruments were agreed upon based on preliminary 
data collected in the Fall. An IRB amendment was submitted and approved.  
 
Milestone 3: Recruitment: Continuing IRB approval was also obtained. Following the resumption 
of research at Mount Sinai, PTE patients have been contacted, and screened for participation. 
Recruitment details, following a CONSORT chart type of information is included in Appendix 1 
 
Milestone 4: Define biomarkers of PTE 
Image analysis pipelines were developed to facilitate network analysis of PTE. Tool was 
prototyped on pilot data set. 
 
A report on the image analysis tools developed for this project was accepted for publication 
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What opportunities for training and professional development has the project provided?    
  
 
 
 
 
 
 
 
 
 
 
How were the results disseminated to communities of interest?    
 
 
 
What do you plan to do during the next reporting period to accomplish the goals?   
  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

4. IMPACT: 
 
What was the impact on the development of the principal discipline(s) of the project?    
 
 
 
 
 
 
 
 
 
 
 
 
 

Undergraduate Research Trainees: Two fourth year honors students have joined my research lab for 
their thesis. Their projects center around developing and optimizing image processing tools for the data 
to be acquired this year.   
 
These students attended the ISMRM Virtual Meeting in August, and participated in the weekend 
educational courses.  
 
 

Nothing to Report 

We plan to complete recruitment and scanning over the next 6-9 months, upload all acquired data sets 
to FITBIR, and process the data, identifying biomarkers of epilepsy.  
 
PTE Enrollment: Presented at the Monthly Mount Sinai Epilepsy meeting in October in order to 
accelerate recruitment. We plan to collaborate with additional epileptologists in the Mount Sinai Health 
System to expand the recruitment pool. Epileptologist will screen for Traumatic Brain Injury within 
their own clinics and refer them to our study. Additionally, we’ve distributed IRB approved passive 
recruitment materials to several epilepsy support groups. This effort to expand enrollment to meet our 
recruitment goals should not have an impact on the budget. 
 
TBI Enrollment: Presented at the Brain Injury Association of New York State (BIANYS) New York 
City Chapter meeting. Traumatic Brain Injury (TBI) patients attended the conference call and were able 
to sign up for participation.  
 

Technical development: we have developed a technique to detect and measure the venous vascular 
network in the brain using 7T MRI. This technique lets us visualize and quantify the vessels through 
which blood drains out of the brain. This additional metric may help us understand what parts of the brain 
are affected after injury and track the progression of the disease.  

 
The Project Narrative described a proof of concept analysis of blood vessel structure through automatic 
segmentation of susceptibility-weighted imaging data. Changes to vasculature is thought to be indicative 
of epileptic pathology. Analysis of blood vessels in patients with PTE, healthy controls, and TBI patients 
may help identify changes with in the brain that lead to the onset of epilepsy.  

 
 

 



7 
 

 
 
What was the impact on other disciplines?    
 
 
 
 
 
 
What was the impact on technology transfer?    

 
 

 
What was the impact on society beyond science and technology? 

 
 
 
 
 
 
 
 

5. CHANGES/PROBLEMS:   
Changes in approach and reasons for change  
 
 
 
 
 
Actual or anticipated problems or delays and actions or plans to resolve them 
 
 
 
 
 
 
 
 
 
 
 
 
Changes that had a significant impact on expenditures 
 
 
 
 
 
 

The metric designed to measure and quantify venous vasculature is also of interest to neurologists 
studying multiple sclerosis. This processing tool is being used to aide in the evaluation of 
perivascular spaces around a central vein. This metric is being used to investigate response to 
treatment in relapsing remitting multiple sclerosis.  

 

Nothing to Report 

 
Nothing to Report 

Nothing to Reports 

Due to the delay in recruitment, subject reimbursement has not yet been made for the expected number of 
participants. Similarly, there have not yet been charges for the expected use of the MRI scanner. We 
expect that these charges will be made over the next year as we accelerate recruitment to meet recruitment 
targets. 

Recruitment Delay: The worldwide pandemic has resulted in a significant recruitment delay due to 
uncertainty of the pandemic in NYC participants are hesitant to come in for in-person research at this time. 
To accelerate PTE subject recruitment, we are expanding the pool of recruiting physicians, and focusing on 
recruitment and screening. We are also currently working with Mount Sinai Hospital’s social media team to 
promote the study on their website and other social media outlets.  
  
We anticipate that we will require additional time to complete recruitment. This will delay the 
final analysis and data reporting. Once we have assessed our recruitment rate, we plan to apply 
for a no-cost extension in order to ensure that the analysis can be completed.  
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Significant changes in use or care of human subjects, vertebrate animals, biohazards, and/or select agents 
 
 
Significant changes in use or care of human subjects 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Significant changes in use or care of vertebrate animals 

 
 

 
Significant changes in use of biohazards and/or select agents 

 
 

 

Decreased one-on-one contact during intake and screening: All screening which can be done over the phone 
is now required to be done over the phone. This includes the initial safety screening, consent process, and 
questionnaires. This was done to decrease-in person contact in response to the on-going COVID-19 
pandemic. 
 
Imaging Facility Cleaning Protocol Changes: The imaging facility initiated a number of changes related to 
ensuring volunteer safety and reduce/eliminate virus transmission. This includes the use of face masks in 
public areas and enhanced cleaning protocols.   
The program for the protection of human subjects approved our research resumption 
 
 

SUBMITTED TO AND APPROVED BY: 
• Mount Sinai IRB: Submission 19-01970 
• Mount Sinai IRB: HSM: 19-00542 - Approval 06/25/2019; Expires (renewal required by) 06/16/2020 
• HRPO: Log Number E00857.1a (Approval Memorandum: 10/31/2019) 
• Mount Sinai IRB: Amendment Approved 03/30/2020 
• Mount Sinai IRB: Continuation – Approved 06/16/2020 

 

Nothing to Report 

Nothing to Report 
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6. PRODUCTS:   
 
• Publications, conference papers, and presentations    

 
 
Journal publications.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Books or other non-periodical, one-time publications.   
 
 
 
Other publications, conference papers and presentations.   
 
 
 
 
 
 
 
 
 

• Website(s) or other Internet site(s) 
 

 

Feldman RE, Marcuse LV, Verma G, Brown SSG, Rus A, Rutland JW, Delman 
BN, Balchandani P, Fields MC. “Seven-tesla susceptibility-weighted analysis of 
hippocampal venous structures: Application to magnetic-resonance-normal focal 
epilepsy.” Epilepsia. 2020. doi: 10.1111/epi.16433. Epub 2020 Feb 4. 
Acknowledgement of federal support (yes) 
 
The above manuscript reports on images acquired in MTLE patients. The major 
revision of the data analysis for this manuscript occurred over the late fall.  At the 
same time, we were focussing our efforts on developing the data analysis tools 
required to analyze the images we intend to obtain under this award. The SWI imaging 
protocol used on the MTLE patients was substantively similar to the planned PTE 
imaging protocol, thus we were able to reprocess the previously acquired MTLE 
images through the data analysis tool that we refined during Q4 of 2019.   
  
We received permission to delay the submission of the revisied manuscript until 
January 1, 2020 so we could take advantage of the reduction in false positives 
provided by the newly developed data analysis software. The above listed publication 
describes the methods we developed for the purposes of analyzing the vessels in the 
PTE data set once acquired.  

Nothing to Report 

Conference Presentation:  
Brown S, Dams-O’Connor K, Balchandani P, Feldman RE. “An MRI traumatic brain 
injury case study at 7Tesla: pre- and post- injury structural network and volumetric 
reorganization and recovery”, Proceedings of the ISMRM 28th Scientific Meeting, Virtual, 
#2011 (August 2020) Acknowledgement of Federal Support (yes – in poster) 
 

Nothing to Report 

https://www.ncbi.nlm.nih.gov/pubmed/32020606
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• Technologies or techniques 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Image Processing Flow Chart 

 

As described in the published manuscript, we have developed a technique to detect and 
measure the venous vascular network in the brain using susceptibility weighted imaging at 
7T MRI. This technique lets us visualize and quantify the vessels through which blood 
drains out of the brain. This additional metric may help us understand what parts of the 
brain are affected after injury and track the progression or development of epilepsy.  
 
Vascular structure may play a significant role in epileptic pathology, and a robust in vivo 
method of assessing this would facilitate the investigation of changes to vasculature 
associated with TBI and PTE in relation to healthy controls. This data analysis was 
performed on data acquired using a 7-T MRI scanner, and was optimized for SWI images 
acquired using the following sequence parameters (TA = 7:30, voxel size 0.2x0.2x1.5 mm3, 
TR = 23 milliseconds, TE = 14 milliseconds, FA = 12°, matrix = 1024x832, BW = 150 
Hz/pixel, image acceleration factor [iPAT] = 3). The technique makes use of structural 
images acquired using a T1-weighted sequence (Figure 1A).  
 

Minimum intensity projection images through five (5) contiguous slices were produced 
from the magnitude of the SWI acquisition (Figure 1 B). Segmentation of the T1-weighted 
image were used to isolate the region of interest in the brain, and the SWI and T1-weighted 
images were co-registered (Figure 1C). A modified Frangi filter, implemented in MATLAB 
was used to detect potential venous structures, and the principle direction was found by 
finding the eigen values of the Hessian matrix.   
 
To identify vessels, the objects detected were linked using nearest-neighbors (across all 3 
dimensions), and networks shorter than 4 voxels were excluded.   
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Figure 2: Comparison of Automated and manual segmentation  

 
The protocol was validated against manually traced vessels across 13 non-contiguous axial 
mIP slices of a control SWI image representing the brain from the basal ganglia to the 
vertex. For comparison, the vessel tracing protocol was applied to the same slices. The 
manual and automatic vessel tracings were compared and, sensitivity and positive 
predictive value were calculated. The validation set contained a total 1245 manually traced 
vessels, and 1444 veins were identified by the automated method. A total of 1215 veins 
were concordant between the two methods. A total of 229 objects were labeled as veins by 
the automated method where none was indicated in the manual tracing. A total of 30 veins 
were seen only by the manual tracing. The sensitivity of the automated tracing technique is 
show in Figure 2 along with summary statistics. The sensitivity ranged between 0.81 and 
1.0. The positive predictive value of the method ranged between 0.63 and 1.00. 
 
The false positives identified by comparison between the manual and automatic tracings 
were re-examined. 43 out of the 46 objects identified by the automated tool but not the 
manual tracing were re-classified after re-examination. 
 
 
Although the majority of the structures identified by the automatic segmentation were 
visible to both the automatic and manual segmentation, each protocol uniquely identified a 
set of vessel structures. The assessment showed that manual segmentation was more 
accurate in regions near the sinuses or where low overall signal rendered the SWI less 
reliable. However, the automatic segmentation technique was more rapid and did not suffer 
from inconsistencies due to manual rater fatigue and was better able to assess information 
across multiple imaging planes to identify vessels traveling perpendicular to the plane of 
analysis.  
 
This technique was published in Epilepsia in 2020. 
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Inventions, patent applications, and/or licenses 
 
 

 
• Other Products   

 
 
 

Nothing to Report 

Nothing to Report 
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7.  PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS 

What individuals have worked on the project? 
 

 
 
 
 
 
 
 
 
 

Name: Rebecca Feldman 
Project Role: Project Director 
Researcher Identifier: 0000-0001-8403-9807 
Nearest person month worked: 4 
Contribution to Project: Dr. Feldman has developed research protocol and coordinated with the IRB 
to modify the protocol. She is also coordinating the data collection and development of analysis tools.  
 
Name: Alara Akyatan 
Project Role: Clinical Research Coordinator  
Nearest person month worked: 4 
Contribution to Project: Alara was re-deployed by Mount Sinai during April and May. She has 
coordinated PTE patient identification and recruitment. She has also identified and recruited non-PTE 
TBI participants. 
 
Name: Stephanie Brown 
Project Role: Postdoctoral Fellow (data analysis) 
Nearest person month worked: 1 
Contribution to Project: Stephanie analyzed diffusion data to evaluate network changes following 
TBI.  
 
Name: Seger Nelson 
Project Role: Undergraduate Research Assistant 
Nearest Person Month worked: 2 
Contribution to Project: Post-processing pipeline and data analysis 
 
Name: Priti Balchandani 
Project Role: Co-investigator/Collaborator 
Nearest person month worked: 1 
Contribution to Project: Dr. Balchandani advised on and facilitated the development of the imaging 
protocol and the resumption of research. 
 
Name: Kristen Dams O’Connor 
Project Role: Co-investigator/Collaborator 
Nearest person month worked: 1 
Contribution to project: Dr. Dams O’Connor advised and guided the development of the neurological 
testing protocol, and lent her expertise to the training of the clinical coordinator 
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Has there been a change in the active other support of the PD/PI(s) or senior/key personnel since the last 
reporting period?  

What other organizations were involved as partners?   

 
 
 
 

8. SPECIAL REPORTING REQUIREMENTS

COLLABORATIVE AWARDS:

QUAD CHARTS:

 New Funding 
 Image acquisition and analysis tools for magnetic resonance imaging near brain injury     
 NSERC Discovery Grant RGPIN-2020-06005 
 April 2020 – March 2025 
  CAD /y 

University of British Columbia 
Location of Organization: Kelowna, British Columbia, Canada 
Partners contribution to the project: Office space for research and data analysis and undergraduate 
trainee.   
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9. APPENDICES 
Appendix 1: Recruitment Details 
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Appendix 2: 7T SWI of hippocampal venous structures cover page 
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Appendix 3: ISMRM Abstract and Poster 
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