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Summary: 
 
We seek funding for an interdisciplinary research team to develop a suite of deep machine 
learning models to solve high-impact problems in medical data analysis and prediction. The 
projects will involve the learning, development and application of machine learning (specifically 
deep learning) over real-world medical imaging data sets for real problems. These projects, if 
successful, can make a significant impact on patient outcomes, as well as the productivity of 
medical staff. Furthermore, this experience will allow students to develop a solid working 
understanding of deep machine learning models (aka neural networks), as well as their practical 
applications on medical imaging data.  
 
Project descriptions and significance:  
 
We plan to focus on two sub-projects: 
 

• Project 1  Intracranial hemorrhage 
  

Intracranial hemorrhage (ICH) is a general term that describes abnormal bleeding within the 
skull. ICH may result from either traumatic (i.e,. car accident) or nontraumatic injuries. Since 
the skull is a closed space, any increase in volume — in this case, blood — can result in very 
serious problems including death. Thus, rapid identification and appropriate treatment are 
paramount. The imaging modality of choice to identify intracranial hemorrhage is a 
noncontrast brain CT scan. Different types of ICH have varying but predictable patterns that 
radiologists look for on these CT 
scans. The figures on the right 
illustrate the salient aspects of this 
condition; the first figure shows an 
example ICH and the second one 
shows how the condition may 
change over time.  
 
In this project, the students will develop a deep learning algorithm that would be able to 
detect the presence or absence of intracranial hemorrhage using non-contrast brain CT data. 
On an immediate basis, this could be applied in the emergency room to quickly triage 
patients. On a larger scale, this could be the first step in creating an algorithm that could 
accurately identify “abnormal” brain scans. The ultimate goal would be to accurately pass 
“normal” brain CTs which would a give radiologists more time to interpret the abnormalities.  



 

• Project 2  Emergent Large Vessel Occlusion “ELVO"  
 

A stroke is simply the blockage of a blood vessel in the brain resulting brain cell death. An 
ELVO, or “emergent large vessel occlusion,” is a particularly severe category of stroke 
whereby one of the major blood vessels feeding the brain is blocked. ELVO’s were historically 
very devastating and patients suffered permanent paralysis or lost 
the ability for speech or language comprehension. However, over 
the past several years, a novel therapy called mechanical 
thrombectomy has become more mainstream and has radically 
improved outcomes (see the figure on the right for an illustration 
of this therapy). For mechanical thrombectomy to be successful, 
patients need to be rapidly triaged and diagnosed. The imaging 
modality we use for this diagnosis is called "CT angiography”. The 
figure below shows a CT ELVO example. 
 
In this project, the students will develop a deep learning algorithm 
that would be able to detect the presence or absence of an ELVO 
using CT angiography data. This would be immediately useful 
because a “normal” study mean the study would not need to be 
read on a STAT basis as all ELVO studies currently are. This would 
improve a radiologist’s workflow and prevent unnecessary 
disruptions by the stroke team waiting for rapid interpretation.  

 
 
Project’s interdisciplinary background: 
 
This work will occur at the intersection of two disciplines: computer science (specifically machine 
learning and data science), and medical diagnostics. The PIs, Cetintemel and McTaggart, are 
experts in these two disciplines. This cross-disciplinary research inherently benefits from a 
diverse group of students who can collectively manage the methodology, technical, and medical 
aspects of these projects. In particular, we will aim to form a group of students with skills and/or 
interests in machine learning, image data analysis (computer vision), medical analytics, and 
neuroradiology. For both projects, the students will execute full data science pipelines, thus will 
learn and practice hypothesis generation, data preparation, feature extraction, learning model 
training-testing-validation, predictive analysis, outcome interpretation and communication.  
 
Research environment and resources: 
  
Cetintemel and McTaggart’s groups have already met multiple times to discuss various aspects 
of these projects, which they believe will lead to a long-term collaboration as they see 
unprecedented opportunities and benefits in using deep learning for medical data diagnostics.  
 



Deep learning algorithms have recently become the subject of remarkable attention due to their 
ability to make accurate analysis and predictions especially over image data. These algorithms 
require large amounts of “training data”, e.g., example data that exhibit the signals (patterns) 
that the algorithm will learn to recognize. The RI hospital has one of the largest ICH and ELVO 
patient datasets in the nation, which present a unique opportunity to build highly accurate 
models to tackle these challenging problems. The teams already started the IRB process for 
making RI Hospital’s relevant patient data sets available for their collaborative work.  
 
Both groups will offer space in their respective buildings for the students. Sub-groups will be 
embedded in these two spaces and the entire group will get together regularly to compare notes, 
communicate findings and do all-hands work and presentations, which will improve group 
communication and cross-disciplinary communication skills. Such soft skills are key to effective 
group work and we intend to emphasize these along with technical skills and provide 
opportunities for students to practice those and give them feedback. We will organize regular 
check-ins as well as readings and mini-workshops to get the students up to speed on deep 
learning, computer vision and brain imaging, as well as relevant neuro-conditions. All these 
activities will be designed to establish a multi-disciplinary, collaborative cohort culture and 
maximize peer interactions and learning.  
 
The computing and data infrastructure will be managed by Cetintemel’s group in the Computer 
Science Department. Cetintemel has also secured significant resources from the Google Compute 
Cloud that can be used for this research effort. In addition, the RI Hospital’s Hi-Res Medical 
Computing group will provide technical and intellectual support to the students as needed. There 
are also several graduate students and residents working on overlapping problems, who can offer 
additional guidance and feedback to the students as needed. As a result, the students will be 
integrated into and leverage being a part of cutting-edge research environment. 
 
The Computer Science Department and PI Cetintemel have long been actively engaged with and 
engaging undergraduates in their research and teaching, thus have considerable experience in 
working with and mentoring groups of undergraduate students. Cetintemel made a presentation 
about these projects for the Brown Data Science Undergraduate Club earlier this semester 
(attended by ~100 undergraduates), after which more than ten undergraduates, who are mostly 
first and second year students, expressed interest in participation. This preliminary interest is a 
good indication that the project will likely get interest from a large number of students, if it is 
funded, allowing us to pick a diverse cohort with complementary interests and skills.  
 
 
 
 


