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1. Specific Aims
Aortic Dissection (AD) is a medical emergency that results from delamination of the aortic wall resulting in a

“false lumen” (FL). Type B Aortic Dissections (TBAD) account for 20-40% of aortic dissections and affect aortic 
regions distal to the left subclavian, frequently extending into the abdominal cavity1. For patients with 
uncomplicated TBADs (without end-organ ischemia, rupture, or persistent pain), strict blood pressure and heart 
rate control is the intervention of choice, with 90% of patients surviving to hospital discharge. However, this 
cohort of patients still carries up to a 50% mortality risk over five years secondary to dissection-related aneurysm 
(DAA) dilation and potential rupture  2,3. Data suggest that early surgical intervention may improve long-term 
mortality but with significant surgical morbidity and mortality 4-6. However, we currently lack predictive metrics to 
determine if and when chronic AD patients would benefit from surgical intervention.   

Three knowledge gaps limit our understanding of DAA evolution: 1) Lack of modifiable in vitro AD 
models to simulate the biomechanical contributions of unique material properties on DAA (Aim 1), 2) Lack of 
noninvasive imaging techniques to index the biomechanical properties (Aim1 & 2), and 3) Lack of human 
biomechanical data to describe the natural history of DAA (Aim 3). 

 In this proposal, we theorize that higher wall stresses (stress = strain X modulus(stiffness)) on the 
dissected segment of the aorta will predict DAA formation and degeneration. We propose to address the gaps 
and examine our theory in these aims:  

AIM1: Against our validated ultrasound strain imaging (USSI) technique, validate Magnetic Resonance Strain 
Imaging (MRSI) as a tool to measure principal strain and examine effects of wall modulus on principal strain of 
the dissected wall in idealized 3D printed AD phantoms. Hypothesis: Unique FL stiffness conditions will 
modulate principal strains within the FL of AD phantoms under pulsatile conditions. The fulfillment of this aim 
will allow us to validate MRSI measures with USSI.    

AIM2: Against uniaxial tension tests, validate Magnetic Resonance Modulus Imaging (MRMI) to index the 
stiffness of AD phantoms. In this aim, we will measure TL and FL stiffness of AD phantoms directly with 
MRMI under pulsatile conditions. We will validate these data against stiffness measurements acquired through 
uniaxial tension tests. Hypothesis: We hypothesize that stiffness in an idealized AD phantom measured with 
MRMI will correlate to phantom stiffnesses measured by uniaxial tension tests. The fulfillment of this aim will 
allow us to validate mechanical parameters of human AD measured using MRMI. 

AIM3: Measure shear moduli and strain of human thoracoabdominal aortic dissections using MRSI and 
MRMI over a 12-month period. Hypothesis: We hypothesize that increased shear modulus and strain as 
measured by MRI of the FL wall will be a marker of future DAA due to increased wall stress. The fulfillment of 
this aim will allow us to develop biomechanical markers of DAA progression.  

Summary: Our goal is to translate MRI biomechanical indices of AD into objective markers of DAA 
progression to identify those patients that could benefit from earlier surgical intervention. 

2. Public Health Relevance

Aortic pathology related to microstructural deficits such as dissections and aneurysm affects hundreds 
of thousands of people each year. Approximately 3 per 100000 patients experience a Type B Aortic 
Dissections (TBAD), which is our disease of interest in this current proposal, resulting in ~45000 emergency 
cases/year. The prevailing method for determining surgical intervention in TBAD and these other aortic 
diseases is based on size predominantly determined by contrast CT imaging. Over the last several 
decades the limitation of using size as the only parameter has being obvious, yet to date we lack other 
modalities to help augment clinical decision making. We propose an innovative methodology using MRI 
techniques to quantify structural indices, such as stiffness and strain, of the aorta to provide patient 
specific information on metrics beyond size in determining timing and appropriateness of surgical 
intervention. The methodologies developed in this grant have application in vascular diseases beyond 
TBAD that are as varied as AAA and the general effects of hypertension in vascular beds across the 
body.   



FACILITIES AND OTHER RESOURCES 
 
Institutional Environment 
 
The University of Rochester Medical Center (URMC) is one of the top academic 
medical centers in the country, and is comprised of the School of Medicine and Dentistry 
(SMD), its faculty medical practice (University of Rochester Medical Faculty Group), 
Strong Memorial Hospital, Highland Hospital, Golisano Children's Hospital, James P. 
Wilmot Cancer Institute, School of Nursing, Eastman School of Dentistry, and the Visiting 
Nurse Service. The URMC occupies over 5.4 million square feet and consists of 
approximately 1,400 full-time faculty and 650 voluntary clinical faculty members 
organized into 32 departments and centers. Over the past fiscal year, research faculty 
within the URMC have attracted approximately $250 million in external funding. The 
student population includes approximately 400 medical students, 750 graduate students 
and over 775 residents and fellows. A large number of Academic Centers revolve around 
interdisciplinary approaches, which promote interactions between colleagues, with a 
long-standing Culture of Collaboration among the clinical and basic research faculty.   

The University of Rochester (UR) is a small, private research university located on a 
compact campus. In less than five minutes, students, and faculty can walk between the 
Medical Center and the River Campus (home to the Biology and Chemistry Departments). 
UR ranks among the top-tier research universities in the country and is well known for its 
collegial spirit and collaborative sciences. The UR has six schools and grants 
undergraduate, graduate and professional degrees, home to 200 academic majors, more 
than 2,000 faculty and instructional staff, and approximately 10,000 students, comprised 
of ~ 5,900 undergraduates and ~3,500 graduate students.  
 
Laboratories: All planned experiments will occur in Dr. Mix’s laboratory (Phantom 
manufacturing and testing), Dr. Buckley’s laboratory (Mechanical Testing) or UR CABIN 
(MRI imaging). Dr. Mix’s laboratory space (1000 sq ft) comfortably accommodates the 
PI, and up to five other people. The space has a -20 freezer, refrigerator, 2 incubators, 2 
sterile hoods, and one chemical hood. A -80 freezer is located in shared common 
resource room in the hallway. The laboratory contains all the equipment necessary for 
synthetic, biological, and biochemical studies. The lab has 3D printers that are used to 
manufacture AD phantoms used in this proposal. The lab also houses the pulsatile 
simulator and US machines used for AD phantoms strain imaging. The PI has 
administrative space equipped with five PCs that have all the requisite software such as 
office, adobe acrobat, EndNote, MATLAB and LabView installed.  
 
EQUIPMENT 
The following equipment is available for this project: 
 
Dr. Mix laboratory: Pulsatile Simulator, three 3D printers, US machines and chemical 
hoods for manufacturing (3D printing) PVA phantoms. 
 



Dr. Buckley’s laboratory: Dr. Buckley’s lab is in the BME Department of the University 
of Rochester and fully equipped to carry out the proposed mechanical testing 
components of the study. Specifically, we plan to utilize Dr. Buckley Uniaxial Tensile 
Testing Machine. Dr. Buckley’s lab has an ADMET BioTense Tensile Testing Machine 
(Norwood, MA) and a 5-N load.) This device is available to the PI as needed. Dr. 
Buckley serves on the PI’s mentoring committee and serves as a guide on mechanical 
testing for Dr. Mix. 
 
Core facilities of use to this project: 
 
MRI Imaging: Our MRE and MRSI will be carried out at the University of Rochester 
Center for Advance Brain Imaging and Neurophysiology (UR CABIN) which houses the 
MRI research scanner. UR CABIN is a 6,000+ square-foot research facility offering a 
state-of-the-art 3T magnet for the purpose of conducting investigations using magnetic 
resonance imaging (MRI) to researchers from the University of Rochester, neighboring 
institutions, and the science and technology industries. The facilities also include a 
mock magnet that can be used to train study participants before they enter the scanner. 
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A. Personal Statement 
 
My interest in medical imaging began early in my career as a computer engineer at InfiMed Incorporated. This passion for 
medical imaging became my primary interest in ultimately becoming a vascular surgeon. Under the mentorship of Dr. Ankur 
Chandra, as a medical student, I developed a novel imaging tool to estimate flows based on angiographic imaging. I also 
began to work on ultrasound based elastography techniques to measure aortic tissue stiffness in both aneurysmal and non-
aneurysmal cardiovascular disease. This work established the Cardiovascular Engineering Lab (CVEL) at the University of 
Rochester under the direction of Dr. Michael Richards, whose goal was to improve non-invasive cardiovascular imaging 
techniques. During my vascular surgical training I worked with Dr. Richards to support his NIH R21 EB018432 grant 
Abdominal Aortic Aneurysm Ultrasound Elasticity Imaging. For this project, I recruited 147 patients with abdominal aortic 
aneurysms to undergo a longitudinal ultrasound elastography study of their aortic aneurysms. I also validated our ultrasound 
elastography technique leverage a novel 3D printed hydrogel imaging phantom with known material properties.  
 

a. Mix D, Stoner MC, Day SW and Richards MS. Manufacture of Abdominal Aorta Hydrogel Tissue-Mimicking 
Phantoms for Ultrasound Elastography Validation. Journal of Visualized Experiments.  September 19 2018. 
PMID: 30295670 

b. Mix D, Yang L, Johnson CC, Couper N, Zarras B, Arabadjis I,  Trakimas LE, Stoner MC, Day SW and 
Richards MS. Detecting Regional Stiffness Changes in Aortic Aneurysmal Geometries Using Pressure 
Normalized Strain. Ultrasound Med Biol. Oct 2017. PMID: 28728780  

 
As an Assistant Professor of Vascular Surgery, I care for patients with complex aortic disease including aortic dissections. 
I have dual appointments in the Department of Biomedical Engineering at both the University of Rochester and Rochester 
Institute of Technology. I’m the director of the CVEL and have hired Dr. Adnan Hirad into the CVEL given his expertise in 
advanced MRI to study the mechanical properties of thoracic aortic pathology. My team is uniquely qualified to complete 
this project given our experience with elastographic imaging techniques as well as the production of complex hydrogel 
imaging phantoms.   
 
 
 
 
 
 



 
B. Positions and Honors 
 
Reviewer (Journals) 
Journals: Vascular Medicine, Cardiovascular Engineering Technology, Science Advances 
 
Faculty Positions 
2015 – Present Research Assistant Professor of Engineering, Rochester Institute of Technology, Rochester, NY 
2019 – Present Assistant Professor of Surgery, Division of Vascular Surgery, University of Rochester, Rochester, NY 
2020 – Present Research Assistant Professor of Biomedical Engineering, University of Rochester, Rochester, NY 

 
Honors and Awards 
2009 Sigma Alpha Mu Foundation Dr. Lewis A. Hare Memorial Scholarship 
2009 Offices for Medical Education Summer International Medicine Award 
2010 Sigma Alpha Mu Foundation William Ober Memorial Scholarship 
2010 Marvin J. Hoffman International Medicine Award 
2011 Sigma Alpha Mu Foundation Donald Wallach Scholarship 
2011 Society for Vascular Surgery Foundation Award Student Research Fellowship 
2012 Allastair Karmody Poster Competition Finalist 
2012 Introduction to Academic Vascular Surgery Runner-up Medical Student Presentations 
2012 Marvin J. Hoffman Translational Science Award 
2013 Allastair Karmody Poster Competition 1st Place 
2013 Doran J. Stephens Prize for Promising Teacher and Investigator 
2013 AOA Honor Fraternity 
2013 Society for Vascular Surgery Annual Meeting Poster Competition First Place 
2014 James Adams Surgical Intern of the Year Award 
2014 Burn Surgery Resident of the Year Award 
2014 Medical Student Resident Teaching Award 
2014 Arnold P. Gold Humanism and Excellence in Teaching Award 
2014       US Patent# 20120209369: Fenestrated Endograft 
2016 Rochester Research Forum Competition Finalist 
2016 Ascher Vascular Fellows Abstract Competition Gold Award 
2017 Rochester Research Forum Competition Finalist 
2017 Paul Schloerb M.D. Award for the Care of Critical Ill Patients 
2020      James A. DeWeese Resident Education Award  

 
C. Contributions to Science 
 

1. Anatomic Tissue Modeling Using Cryo-Hydrogels: My early work in the cardiovascular engineering lab was 
focused on the creation of complex hydrogel models for the creation of anatomic structures with tissue like 
properties. We created several 3D printing techniques to allow for the creation of patient specific vessel geometries 
with heterogeneous material properties. In the beginning this work was used to simulate endoleaks after 
endovascular repair but quickly expanded into using cryo-hydrogel to create complex surgical training models with 
tissue like material properties.. 

 
a. Blackwood S, Mix D, Chandra C, Dietzek A. A model to demonstrate that endotension is a non-visualized 

type 1 endoleak. J Vasc Surg. July 2015. PMID: 26213275. 

b. Santangelo G, Mix DS, Ghazi A, Stoner M, Vates E, Stone J. Development of a Whole-Task Simulator for 
Carotid Endarterectomy. Operative Neurosurgery. September 2017. PMID: 29029228 

c. Weiss MY, Melnyk R, Mix D, Ghazi A, Vates GE, Stone JJ. Design and Validation of a Cervical Laminectomy 
Simulator using 3D Printing and Hydrogel Phantoms. Oper Neurosurg (Hagerstown). 2020 Feb 1;18(2):202-
208. PMID: 31157396 

 

 

 

 

 



2. Clinical Management and Determination of outcome in Aortic Pathology: My clinical interest in aortic pathology 
has led to several collaborative projects which have focused on the management of aortic pathology. We have 
shown the correlations of renal function and obesity to complexities of endovascular aneurysm repair. This work 
also identified aspirin’s possible role in the modulation of aneurysmal disease and subsequently led to my 
investigation of the underlying platelet mechanism of disease modulation.  
 

a. Morris J, Mix D, and Cameron C. Acute Aortic Syndromes: Update in Current Medical Management. Current 
Treatment Options in Cardiovascular Medicine. April 2017. PMID: 28332098 

b. Balceniuk MD, Trakimas LE, Aghaie C, Mix DS, Rasheed K, Ellis J, Glocker R, Doyle A, and Stoner MC. 
Aspirin use is associated with decreased radiologically-determined thrombus sac volume in abdominal 
aortic aneurysms. Vascular. Jan 2018. PMID: 29473449  

c. Balceniuk MD, Trakimas L, Aghaie C, Mix DS, Rasheed K, Seaman M, Ellis J, Glocker R, Doyle A, Stoner 
MC.Volumetric Nephrogram Represents Renal Function and Complements Aortic Anatomic Severity Grade 
in Predicting EVAR Outcomes. Vasc Endovascular Surg. Jan 2018. PMID: 29473449.  

d. Sen I, Tenorio E, Pitcher G, Mix D, Marcondes G, Lima G, Ozbek P, Oderich G. Effect of obesity on radiation 
exposure, quality of life scores and outcomes of fenestrated-branched endovascular aortic repair of 
pararenal and thoracoabdominal aortic aneurysms. J Vasc Surg. Aug 24, 2020. PMID: 32853700. 

3. Cardiovascular Tissue Bank and Platelet Modulation of Aneurysmal Disease: Within the CVEL is the 
Cardiovascular Tissue Bank for which I’m the primary investigator. The Cardiovascular tissue bank has been 
invaluable to the CVEL as it has allowed for the collection of aortic aneurysm specimens and our group have used 
these specimens to validate our ultrasound algorithm with explanted specimens of aortic tissue. The tissue bank 
has also led to a fruitful collaboration with Dr. Scott Cameron, Head of Vascular Medicine, at the Cleveland Clinic. 
My collaboration with Dr. Cameron has identified a maladaptive phenotype of platelets in patients with abdominal 
aortic aneurysms (AAA) and has shown higher levels of MMP-9 content and activity in platelets of patients with 
AAA. This finding has been validated in a mouse model and we have future shown that antiplatelet medications 
protect against rupture. Our most recent finding is the role of an olfactory receptor 2L13 on the platelet which directly 
modulates aneurysmal disease and is a future therapeutic target.  

a. Cameron S, Mix DS, Ture S, Schmidt R, Mohan A, Stoner M, Shah P, Chen L, Zhang H, Field D, Modjeski 
K, Toth S, and Morrell C. Hypoxia and Ischemia Promote a Maladaptive Platelet Phenotype. 
Arteriosclerosis, Thrombosis and Vascular Biology. May 3 2018. PMID: 29724818 

b. Elbadawi A, Omer M, Ogunbayo G, Owens P, Mix D, Lyden SP, Cameron SJ. Antiplatelet Medications 
Protect Against Aortic Dissection and Rupture in Patients With Abdominal Aortic Aneurysms. J Am Coll 
Cardiol. 2020 Apr 7;75(13):1609-1610. PMID: 32241378 

c. Morrel1 C, Mix D, Bhandari R, Aggarwal A, Godwin M, Owens P, Lyden S, Doyle A, Krauel K, Rondina M, 
Mohan A, Lowenstein C, Shim S, Stauffer S, Ture S, Yule D, Wagner L, Elbadawi A, Ashton J, Cameron 
S. Platelet Olfactory Receptor 2L13 is a Therapeutic Target for Regulating Abdominal Aortic Aneurysm 
Growth. (In submission) 

D. Research Support  
Start Up Funding Mix, PI Augst 2019 – July 2022 
University of Rochester   
Cardiovascular Engineering Laboratory 
The major goals of this funding is to assist Dr. Mix in the development of the Cardiovascular Engineering 
Laboratory. 
Role: PI 

 
Investigator Initiated Clinical Research Mix, PI     October 2020 – July 2021 
Silk Road Medical, Inc.   
Diffusion-weighted magnetic resonance imaging (DW-MRI) analysis pre and post Transcarotid Artery 
Revascularization (TCAR) 
The major goals of this clinical research is to establish methods for quantification of brain lesions following 
treatment. 
Role: PI 
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Siddaganga Institute of Technology, India BEngg 09/2000 Chemical Engg. 
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A. Personal Statement 
I am an Associate Professor, Technical Director of MRI and Director of MR Elastography lab in the Department 
of Radiology, and Internal Medicine, Division of Cardiovascular Medicine at The Ohio State University. For the 
past fourteen years, I have been conducting research in the field of magnetic resonance imaging. I received 
my PhD from Mayo Clinic. My research focuses on Magnetic resonance elastography (MRE). In MRE, 
noninvasive vibrations are applied to the region of interest (ROI) to transmit waves. A magnetic resonance 
imaging (MRI) scanner images these propagating waves in the ROI induced due to externally-applied 
vibrations. The waves are converted to stiffness maps through a mathematical process called Inversion. I have 
developed cardiac MRE and aortic MRE and lung MRE from its inception (i.e. cardiac/aortic/lung MRE pulse 
sequences for running the scanner, inversion strategies to obtain stiffness maps, and noninvasive methods to 
induce vibrations in the heart/aorta/lung). For my work on MRE, I have been invited speaker on international 
and national platforms and collaborated with researchers internationally. Apart from developing MRE I am also 
involved in optimizing clinical protocols and additionally implement advance research protocols in MRI.  
 

a. Kolipaka A, McGee K P, Araoz PA, Manduca A, Ehman RL. MR Elastography as a method for the 
assessment of myocardial stiffness during cardiac cycle. MRM (2010); 64:862-70. 
PMCID:PMC3035166. 

b. Wassenaar P, Eleswarpu CN, Mo X, Raterman B, White RD, Kolipaka A. Measuring age-dependent 
myocardial stiffness across the cardiac cycle using MR Elastography: A reproducibility study. MRM 
(2016); 75(4): 1586-93. PMCID:PMC4666827. 

c. Mazumder R, Schroeder S, Mo X, Clymer BD, White RD, Kolipaka A. In-Vivo Quantification of 
Myocardial Stiffness in Hypertensive Porcine Hearts Using Magnetic Resonance Elastography. JMRI 
(2017); 45(3):813-820. PMID:27564862. 

d. Mazumder R, Schroeder S, Mo X, Clymer BD, White RD, Kolipaka A. In-Vivo Magnetic Resonance 
Elastography to Estimate Left Ventricular Stiffness in a Myocardial Infarction Porcine Model. JMRI 
(2017). 45(4): 1024-1033. PMID:27533317. 
 

B. Positions and Honors 
Professional Experience:  

1. 2001-2001: Project Engineer, Avon Organics Pvt. Ltd. India. 
2. 2001-2003: Graduate Research Assistant, Cleveland State University, Cleveland OH. 
3. 2003-2004:Biomedical Engineer, Cardiovascular Image Analysis Lab, Cleveland Clinic Foundation, 

Cleveland, OH, collaboration with Siemens Corporate Research, Princeton, NJ. 
4. 2004-2009: Graduate Research Assistant, Mayo Clinic, Rochester, MN. 
5. 2009-2011: Research Fellow, Department of Radiology, Mayo Clinic, Rochester, MN. 
6. 2010-2011: Assistant Professor, Department of Radiology, Mayo Clinic, Rochester, MN. 
7. 2011-Present: Assistant Professor, Department of Radiology, Biomedical Engineering, Internal 

Medicine-Division of Cardiovascular medicine, Member of Davis Heart and Lung Research Institute   
The Ohio State University Medical Center, Columbus, OH. 



8. 2015-Present: Technical Director of MRI, Dept. of Radiology, OSUWMC, Columbus, OH. 
9. 2017-Present: Associate Professor with Tenure Awarded, Department of Radiology, OSUWMC, 

Columbus, OH. 
 
Scientific Appointment: 

1. Active member of ISMRM, RSNA, SCMR, AHA.  
2. Convener for Souvenir Committee in Chemical Engg. National Student Seminar at SIT, India.  
3. Member on AHA-Radiology and Imaging Basic Science Grants Committee 2012-Present.  
4. Internet Assisted Reviewer on NIH-Clinical and Translational Imaging Applications 2013.  
5. NIH-Atherosclerosis and Inflammation of the Cardiovascular System 2015.  
6. SCMR- MR Physics and Education Committee 2015- 
7. SCMR –International outreach Committee 2015- 
8. ISMRM-Workshop and Study Group Review Committee 2015-16.  
9. ISMRM-MRE Study Group Chair 2015-2016 and founding member.  
10. ISMRM-Indian Chapter Executive Board Member 2014-2017. 
11. AHA-CVRI, Hypertension Council Member 
12. Reviewer for German DFG grant 2020-2021. 

 
Honors and Activities:  

1. Fellow of Society for Cardiovascular Magnetic Resonance 2016 
2. Fellow of American Heart Association 2016 
3. Moncada Award for an outstanding scientific paper-SCBT-MR-2009 
4. First Prize poster award in the cardiovascular category-ISMRM-2009 
5. Educational student stipend award ISMRM-2003, 2006-2009 
6. Graduate Research Assistant from 2001-2003, 2004-2009 
 

C. Contribution to Science 
2. Cardiac MRE: Myocardial stiffness is an important parameter to diagnose different cardiac disease states 

such as heart failure with preserved/reduced ejection fraction, hypertrophic cardiomyopathy, etc., which are 
leading causes of death worldwide. Currently, catheter-based invasive techniques such as pressure-
volume loops are used to estimate left ventricular chamber stiffness but do not provide intrinsic properties 
of the myocardium. Indirect non-invasive surrogates such as ultrasound based E/A ratios do not provide 
complete information of the material property of the myocardium. Therefore, I have developed cardiac MRE 
from inception to provide spatial stiffness maps of the myocardium. This work was initially validated in the 
phantoms, animal models and eventually in humans. I have recently published a manuscript (in print), 
which for the first time reports normal stiffness values of the myocardium across age groups and can be 
used to compare against different disease states. Additionally, cardiac MRE derived stiffness was 
implemented for the first time as a serial follow-up tool in a heart transplant patient to determine rejection 
and compared it against biopsy. This work was published on the Siemens FLASH magazine including a 
cover page photo. My lab is currently developing methods to estimate anisotropic stiffness of the 
myocardium. 

 
a. Kolipaka A, McGee KP, Aggarwal S, Manduca A, Ehman RL, Araoz PA. Magnetic Resonance 

Elastography as a Method to Estimate Myocardial Contractility. JMRI (2012); 36(1):120-7. 
PMCID:PMC3355216. 

b. Kolipaka A, McGee KP, Manduca A, Anavekar NS, Ehman RL, Araoz PA. In vivo assessment of MR 
elastography-derived effective end-diastolic myocardial stiffness under different loading conditions. 
JMRI (2011); 33(5):1224-28. PMCID:PMC3080706. 

c. Kolipaka A, McGee KP, Araoz PA, Glaser KJ, Manduca A, Ehman RL. Evaluation of a rapid, multi-
phase MRE sequence in a heart-simulating phantom.  MRM. (2009); 62(3): 691-98. 
PMCID:PMC3076071. 

d. Miller RM, Kolipaka A, Nash M, Young A. Relative identifiability of anisotropic properties from magnetic 
resonance elastography. NMR Biomed 2017. (In Press). [Epub ahead of print]. PMID:29106765. 
 

3. Aortic MRE: Aortic stiffness is used to diagnose many disease states such as hypertension, marfan 
syndrome, aortic aneurysms etc. Currently, pulse wave velocity (PWV) is used to estimate stiffness of the 



aorta. However, due to technical limitations, it has not been widely used for clinical applications. PWV 
provides only global stiffness of the aorta rather than spatial stiffness maps of the aorta. For example in 
abdominal aortic aneurysms it is important to obtain spatial stiffness maps to determine the risk for rupture. 
Aortic MRE plays an important role in determining the risk for rupture by obtaining spatial stiffness maps. 
Currently, I am the PI on the NIH funded project in determining the risk for rupture of aortic aneurysms. I 
have initially developed aortic MRE in identifying stiffness differences between hypertensive vs 
normotensive subjects. Additionally, correlated MRE derived aortic stiffness as a function of age, against 
PWV and also against cardiac cycle. My lab was the first to demonstrate variation of aortic stiffness across 
cardiac cycle and also show that spatial variation of stiffness in abdominal aortic aneurysms. 

 
a. Kolipaka A, Woodrum DA, Araoz PA, Ehman RL. Magnetic Resonance Elastography of the in vivo 

Abdominal Aorta: A Feasibility Study for Comparing Aortic Stiffness between Hypertensives and 
Normotensives. JMRI (2012); 35(3):582-86. PMCID:PMC3401065. 

b. Damughatla A, Raterman B, Sharkey-Toppen T, Jin N, Simonetti O, White RD, Kolipaka A. 
Quantification of Aortic Stiffness Using MR Elastography and its Comparison to MRI-Based Pulse 
Wave Velocity. JMRI (2015);41(1):44-51. PMCID:PMC4318508. 

c. Kolipaka A, Illapani VSP, Kenyhercz W, Dowell JD, Go MR, Starr JE, Vaccaro PS, White RD. 
Quantification of Abdominal Aortic Aneurysm Stiffness using Magnetic Resonance Elastography and its 
Comparison to Aneurysm Diameter. JVS. (2016); 64(4):966-74. PMCID:PMC5036977. 

d. Dong H, Russell SD, Litsky A, Joseph M, Mo X, White RD, Kolipaka A. In vivo Aortic Magnetic 
Resonance Elastography in Abdominal Aortic Aneurysm: A Validation in an Animal Model. Invest 
Radiol 2020; 55(7): 463-472. PMCID:PMC7295098. 
 

4. Other Organs MRE:  In general, MRE is a non-invasive technique to diagnose different disease states 
based on spatial stiffness maps without the need for biopsies. Liver MRE is currently a clinical tool at many 
institutions to stage liver fibrosis. However, clinical liver MRE sequence requires 18 sec breath-hold to 
acquire required images for diagnosis. This longer breath-hold has become a major problem in many 
patients to hold their breath to produce robust images with diagnostic quality. Therefore, I have developed 
a Liver MRE sequence that can reduce the breath-hold time by half and is currently released as a work-in-
progress package through Siemens. This work was also published. Additionally, I have also worked on 
estimating stiffness in other organs such as lungs, spleen, brain, and eye. This vast experience has 
enabled me to develop MRE tool even in other organs such as IVDs, breast, pancreas and placenta, which 
is currently under progress. 

 
a. Chamarthi S, Raterman B, Mazumder R, Michaels A, Oza V, Hanje J, Bolster B, Jin N, White RD, 

Kolipaka A. Rapid Acquisition Technique for MR Elastography of the Liver. MRI (2014); 32(6):679-83. 
PMCID:PMC4175984. 

b. Marriapan YK, Kolipaka A, Araoz PA, Ehman RL, McGee KP. Magnetic resonance elastography of the 
lung parenchyma in an in situ porcine model with a non-invasive mechanical driver: Correlation of shear 
stiffness with transpulmonary pressures. MRM (2012); 67(1):210-7. PMCID:PMC3158832. 

c. Litwiller DV, Lee S, Kolipaka A, Mariappan YK, Glaser KJ, Pulido JS, Ehman RL. Magnetic resonance 
elastography of the eye. JMRI (2010); 32(1): 44-51. PMCID:PMC3021318. 

d. Yin M, Kolipaka A, Woodrum DA, Glaser KJ, Romano AJ, Manduca A, Talwalkar JA, Araoz PA, 
McGee KP, Anavekar NS, Ehman RL. Hepatic and Splenic Stiffness Augmentation Assessed with MR 
Elastography in an in vivo Porcine Portal Hypertension Model. JMRI (2013);38(4):809-1.  
PMCID:PMC3661694. 

 
5. Cardiac MRI: It is known that cardiac disease is one of the leading causes of death in western world. 

Therefore, it important to develop different non-invasive diagnostic tools to diagnose different diseases. In 
the early stages of my career I have developed automatic segmentation tools to detect infarcted 
myocardium in LGE images and correlate it against strain measurements. Additionally, my current work 
focuses on developing diffusion tensor imaging of the cardiac muscle to detect different parameters such 
as helical angle, mean diffusivity, fractional anisotropy, and also estimate anisotropic stiffness of the 
myocardium using DTI and MRE. 

 



a. Kolipaka A, Chatzimavroudis GP, White RD, O’Donnell, Setser RM. Segmentation of non-viable 
myocardium in delayed enhancement magnetic resonance images. Int J Card Imaging (2005):21; 303-
311. PMID:16015446. 

b. Kolipaka A, Chatzimavroudis GP, White RD, Lieber ML, Setser RM. Relationship between non-viable 
myocardium and regional left ventricular function in chronic ischemic heart disease. JCMR (2005):7(3); 
573-579. PMID:15959970. 

c. Mazumder R, Choi S, Clymer B, White R, Kolipaka A.  Diffusion Tensor Imaging of Healthy and 
Infarcted Porcine Hearts: Study The Imapact of Formalin Fixation, JMIRS (2016); 47(1):74-85. PMCID: 
PMC4790101. 

d. Mazumder R, Clymer B, Mo X, White RD, Kolipaka A. Adaptive Anisotropic Gaussian Filtering to 
Reduce Acquisition Time in Cardiac Diffusion Tensor Imaging. Int J Card Imaging (2016); 32(6):921-34. 
PCMID:PMC4893797. 

 
List of Published Work in MyBibliography: 
http://www.ncbi.nlm.nih.gov/sites/myncbi/arunark.kolipaka.1/bibliography/41192561/public/?sort=date&directio
n=descending 
 
D.    Research Support 
Ongoing Research Support 
1. NIH: Kolipaka & Walter (MPI) R01AR075062, 5/5/2020-4/30/2025. Magnetic Resonance Elastography as a 

Personalized Assessment of Intervertebral Disc Mechanics. The purpose of this grant is to develop Aortic 
MR Elastography technology for understanding AAAs. Role: MPI  
 

2. NIH: Kolipaka (PI) R01HL24096, 12/1/2014-4/30/2021. Improved Understanding of Abdominal Aortic 
Aneurysm Progression using MR Elastography. The purpose of this grant is to develop Aortic MR 
Elastography technology for understanding AAAs. Role: PI  

 
3. Siemens Medical Solutions Inc. USA: Kolipaka (PI) 01/2021-07/2022 Magnetic Resonance Elastography. 

The purpose of this grant is to develop MRE on Siemens platform. Role: PI 
 

4. Soybean Nutrition Research Institute: Belury (PI).  Effects of Dietary Soybean Oil on Liver Fat, Body 
Composition and Cardiometabolic Disease Risk in Adults with NAFLD. (03/2021-03/2023). Role: Co-I 

 
5. NIH: NCAI-CC (PI) 01/01/2019-12/31/2021. Magnetic Resonance Elastography Derived Stiffness: A Novel 

Biomarker in Diagnosing Pulmonary Fibrosis. Role: PI 
 
Completed Research Support 
1. Marsden Fund-New Zealand: Young (PI) 14-UOA-063, 11/1/2015-10/31/2018. Sounding the Heart: The 

Mechanics of Cardiac Elastography. Role: Co-I 
 

2. American Heart Association (National: Scientist Development Grant): Kolipaka (PI) 13SDG14690027, 
1/1/2013-12/31/2017. Cardiac Magnetic Resonance Elastography. The purpose of this grant is to develop 
cardiac MR Elastography technology for estimation of isotropic myocardial stiffness. Role: PI 

 
3. Ohio Third Frontier Phase 1-Technology Validation and Start-Up Fund: Kolipaka (PI) 1/1/2013-12/31/2015. 

Magnetic Resonance Elastography (MRE). The purpose of this grant is to build a prototype high frequency 
MRE driver. Role: PI  
 

4. Society of Interventional Radiology Foundation Pilot Grant: Dowell (PI) 10/1/2013-9/30/2015. Magnetic 
Resonance Elastography as a Method to Estimate Wall Stiffness in Abdominal Aortic Aneurysms and its 
Correlation to Aneurysm Size. The purpose of this grant is to develop aortic MR Elastography technology 
for estimation of abdominal aortic aneurysm stiffness. Role: Co-I 

http://www.ncbi.nlm.nih.gov/sites/myncbi/arunark.kolipaka.1/bibliography/41192561/public/?sort=date&direction=descending
http://www.ncbi.nlm.nih.gov/sites/myncbi/arunark.kolipaka.1/bibliography/41192561/public/?sort=date&direction=descending
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Medicine 
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Please refer to the Biographical Sketch sample in order to complete sections A, B, C, and D of the 
Biographical Sketch. 
A.  Personal Statement 
Dr. Stoner specializes in complex open and endovascular (catheter-based) vascular surgery and is a nationally 
recognized expert in comparative effectiveness research, and is the Chief of Vascular Surgery at UR Medicine.  He most 
recently served as Chief of Vascular Surgery at East Carolina University’s Department of Cardiovascular Science and 
East Caroline Heart Institute.  A native of Syracuse, Dr. Stoner was also named Co-Director of UR Medicine’s Heart and 
Vascular Serviceline.  His surgical interests center on comprehensive arterial vascular disease, including the medical, 
catheter-based and traditional surgical treatment for all aspects of atherosclerosis.  Dr. Stoner is a national leader in 
studying how medical treatments impact patients with vascular disease and outcomes from surgery.  He is able to use this 
knowledge and interest to provide customized patient-centered treatment plans for all aspects of vascular disease.  Dr. 
Stoner’s clinical research focuses on cost efficacy and value-reimbursement framework development for cardiovascular 
care.  He also studies techniques to prevent complications following aortic repair and carotid artery surgery.   
 
B.  Positions and Honors 

10/1991-5/1992  Physiology tutor   University at Buffalo Department of Biology 
1/1992-6/1992  Anatomy instructor  University at Buffalo Department of Anthropology 
7/1993-8/1993  Histology instructor  University at Buffalo School of Medicine 
7/2005-10/2007  Assistant Professor  East Carolina University, Dept. of Surgery 
10/2007-6/2009  Assistant Professor  East Carolina University, Dept. of Cardiovascular Sciences 
7/2009-2013   Associate Professor  East Carolina University, Dept. of Cardiovascular Sciences 
1/1/2014-9/2016   Associate Professor  University of Rochester Medical Center 
09/2016-present  Professor of Surgery University of Rochester Medical Center 
1/1/2014-present  Chief, Vascular Surgery URMC 

 
1. Member, Phi Eta Sigma, undergraduate freshman’s honor society 
2. Member, Golden key national honors society 
3. Member, Alpha Epsilon Delta, premedical honors society 
4. Who’s who in college graduates, 1996 



 

5. Bachelor of Science with departmental honors, Magna Cum Laude 
6. School of Medicine Dean’s List 
7. Doctorate of Medicine with honors 
8. Member, Alpha Omega Alpha, medical honors society 
9. Member, Sigma Xi, scientific research society 
10. Resident research award, Medical College of Virginia department of Surgery, 2000 
11. Resident research award, Medical College of Virginia department of Surgery, 2001 
12. Lazar J. Greenfield Humera resident award, 2002 
13. Isaac A. Bigger resident award, 2003 
14. New England Surgical Society award, New England Resident Research Competition, 2004 
15. John J. Ricotta award, 20th Annual Vascular Fellow’s Abstract Competition, 2004 
16. Senior Author – First Place Winner North Carolina / South Carolina ACS Resident Competition, 2006 
17. Senior Author – Winner of ECU Surgery Resident Research Competition, 2006 
18. Who’s who in medicine, 2007 
19. Senior Author – Winner of ECU Surgery Resident Research Competition, 2007 
20. Senior Author - Southern Association for Vascular Surgery Founder’s Prize, 2008 
21. Senior Author – Winner of PCMH GME Research Day, 2008 
22. SCVS Young Vascular Surgeons Scholarship recipient 2008 
23. Nominee Brody School of Medicine “String of pearls”, 2008 
24. Senior Author – Second Place Winner North Carolina / South Carolina ACS Resident Competition, 2008 
25. SCVS Young Vascular Surgeons Scholarship recipient, 2009 
26. Senior Author – Poster of Distinction, Society for Surgery of the Alimentary Tract, 2009 
27. Senior Author – Winner of PCMH GME Research Day, 2009 
28. Project Mentor – AAA Screening, Lifeline scholarship 2009 
29. Bernard Vick, MD Award for Teaching Excellence in Clinical and Operative Surgery, ECU, 2009 
30. Senior Author – First Place Winner North Carolina / South Carolina ACS Resident Competition, 2009 
31. Senior Author – Winner of ECU Surgery Resident Research Competition, 2010 
32. ECU Health Science Author Award, 2010 
33. Senior Author – Southern Association for Vascular Surgery S. Timothy String President’s Award, 2011 
34. Senior Author – Winner of PCMH GME Research Day, 2011 
35. Senior Author – Winner of ECU Surgery Resident Research Competition, 2011 
36. Distinguished Fellow of the Society for Vascular Surgery, 2014 

 
C.  Contributions to Science 
 
My early publications have focused on the perioperative and postoperative medical management of patients with 
cardiovascular disease. Through these reports, my team has outlined treatment strategies to reduce the risk of operation 
and reduce the risk of recurrent disease. These papers have been cited throughout the Vascular Surgery literature, and 
add to a body of evidence supporting the shift towards more comprehensive patient care strategies. I served as the senior 
author on all of the following publications: 
 

1. McNally MM, Agle SC, Parker FM, Bogey WM, Powell CS and Stoner MC. Statin Therapy is Associated with Improved 

Outcomes and Resource Utilization in Patients Undergoing Aortic Aneurysm Repair. J Vasc Surg 2010:51(6):1390-6. 

2. Durham CA, Mohr MC, Parker FM, Bogey WM, Powell CS and Stoner MC. The Impact of Socioeconomic Factors on 

Clinical Outcome and Hostpital Costs Associated with Femoropopliteal Bypass. J Vasc Surg 2010:52:600-7. 

3. Stoner MC.  Open surgery versus endovascular revascularization.  Endovascular Today 2015:June (S):24-25.   

4. Stoner MC, Calligaro KD, Chaer RA, Dietzek AM, Farber A, Guzman RJ, Hamdan AD, Landry GJ, Yamaguchi DJ.  

Reporting standards of the Society for Vascular Surgery for the endovascular treatment of chronic lower extremity peripheral 

arterial disease: Executive Summary.  J Vasc Surg 2016:64(1):227-8. 

5. Tadros RO, Tardiff ML, Faries PL, Stoner MC, Png CY, Kaplan D, Vouyouka AG, Marin ML.  Vascular surgeon-hospitalist 

comanagement improves in-hospital mortality at the expense of increased in-hospital cost.  J Vasc Surg 2017:65(3):819-25. 

 
Secondly, I am interested in the economic implications of expanded technology in the endovascular space. While these 
procedures certainly provide a lower morbidity for patients, the full adoption of minimal access treatment strategies has 
not been well studied in the vascular literature.  Work in this space has included national leadership in CER research, 
including the development of a professional society position statement. Selected references are listed below. 
 
 

1. Stoner MC, Davies M, Forbes T, LoGerfo F, McDaniel H and Meissner M. Society for Vascular Surgery position statement: 

Comparative effectiveness research in vascular disease management. J Vasc Surg 2009:49(6):1592-3. 



 

2. Durham CA, Mohr MC, Parker FM, Bogey WM, Powell CS and Stoner MC. The Impact of Socioeconomic Factors on 

Clinical Outcome and Hostpital Costs Associated with Femoropopliteal Bypass. J Vasc Surg 2010:52:600-7. 

3. Ehlert BA, Durham CA, Parker FM, Bogey WM, Powell CS and Stoner MC. Impact of operative indication and surgical 

complexity on outcomes after thoracic endovascular aortic repair at National Surgical Quality Improvement Program Centers. 

J Vasc Surg 2011:54(6):1629-36. 

4. Moriart JP, Murad MH, Shah ND, Prasad C, Montori VM, Erwin PJ, Forbes TL, Meissner MW and Stoner MC. A 

systematic review of lower extremity arterial revascularization economic analyses. J Vasc Surg 2011:54(4):1131-1144. 

5. Torrent DJ, Maness MR, Kachare SD, Zink JN, Haisch CE, Harland RC, Morgan C, Guyton RL, Colomb AG, Barham DW, 

Katz EC and Stoner MC. A Critical Examination of the HeRO Catheter Performance in Challenging Hemodialysis Access 

Cases. J Surg Res 2014:192(1):1-5. 

6. Rasheed K, Cullen JP, Seaman MJ, Messing S, Ellis JL, Glocker RJ, Doyle AJ, Stoner MC.  Aortic anatomic severity grade 

correlates with resource utilization.  J Vasc Surg 2016:63(3):569-76. 

7. Glocker RJ, TerBush MJ, Hill EL, Guido JJ, Doyle A, Ellis JL, Raman K, Morrow GR, Stoner MC.  Bundling of 

reimbursement for inferior vena cava filter placement resulted in significantly decreased utilization between 2012 and 2014.  

Ann Vasc Surg 2017(38):172-76. 

 
 
D.   Research Support 

Ongoing Research Support 

A Phase II Clinic Study of the Safety and Efficacy of the Relay TM Thoracic Stent-Graft in Patients with Thoracic Aortic 
Pathologies 
  Type: Clinical Research 
   Relationship: Site Principle Investigator 
  Date:  IRB Current 
  Sponsor:  Bolton Medical 
 
PRICELESS: Pressure and Imaging – using the CardioMEMS EndoSure Sensor for Long-term follow-up after EVAR with 
Standard Surveillance (Prospective Registry) 
  Type: Clinical Research 
   Relationship: Site Principle Investigator 
  Date: June 2008 – April 2011 
  Sponsor: CardioMEMS, Inc. 
 
SAPPHIRE WW – Carotid Stent 
   Type: Clinical Research 
   Relationship: Site Principle Investigator 
   Date: November 2007 - present 
   Sponsor: Cordis endovascular 
 
A rabbit model for paralysis in thoracic aortic stent grafting 
   Type: Basic Science Research 
   Relationship: Principle investigator 
   Date: July 2006 – present 
   Sponsor: W.L. Gore and associates 
 
Prevention of contrast nephropathy using the PARP inhibitor PJ-34 
   Type: Basic Science Research 
   Relationship: Principle investigator 
   Date: November 2005 – 2007 
   Sponsor: W.L. Gore and associates, Cordis Endovascular 
                                                            
Positive Impact of Endovascular Options for Treating Aneurysm Early (PIVOTAL) Small aneurysm study    
 Type: Clinical Research 

Relationship: Site Sub-Investigator 
Date: April 2005 – Dec. 2009  
Sponsor:  Medtronic 

 
Phase II Clinical Research Study using Gore c-TAG Device for the Treatment of Acute Aortic Transection 
   Type: Clinical Research 
   Relationship: Site Principle Investigator 



 

   Date: IRB Pending 
   Sponsor: W.L. Gore and Assocaites 
 

Completed Research Support 

Individual National Research Service Award, 1998-2000, NIH/NIDDK#: 1-F2-DK-09834 
   Type: Basic Science Research 
   Relationship: Principle investigator 
   Date: 1998 – 2000 
   Sponsor: NIH/NIDDK 
 
CAPTURE - Carotid Stent 

Type: Clinical Research 
Relationship: Site Sub-Investigator 
Date: April 2005- October 2007 
Sponsor: Guidant 
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NAME: Richards, Michael S.  

eRA COMMONS USER NAME: msrichards 

POSITION TITLE: Assistant Professor of Biomedical Engineering 

EDUCATION/TRAINING  

INSTITUTION AND LOCATION DEGREE Completion Date FIELD OF STUDY 

University of Rochester 
Rochester, NY 

B.S. 05/01 Biomedical Engineering 

Boston University 
Boston, MA 

Ph.D. 01/07 Biomedical Engineering 

University of Michigan 
Ann Arbor, MI 

Post-doctoral 2006-2009 Biomedical Engineering 

University of Rochester 
Rochester, NY 

Post-doctoral 2009-2012 Biomedical Engineering 

 
A. Personal Statement 
 
This proposal is designed to investigate the hypotheses that the mechanical properties of aortic dissection can 
be measured using Magnetic Resonance Elastography. The long-term goal of the project is to provide new 
information to clinicians to quantify the need for surgical intervention. Throughout my education and career as 
a biomedical engineer, my research has focused on the measurement of soft tissue motion and the study of 
the biomechanics of that motion. I have experience developing strain-imaging algorithms for ultrasound 
systems, as well as other imaging modalities. In addition, I have developed and implemented finite element 
based mechanical models of soft tissues in the context of solving elastic inverse problems. I believe that my 
research expertise makes me uniquely qualified to oversee the specific aims outlined in this project. I am 
aware of the importance of collaboration between all the Co-investigators and Collaborators of this project and 
I am confident that, with our combined expertise, we will meet the suggested aims. 

 
B. Positions and Honors 
 
Positions and Employment 
2012-2013  Research Associate 

Department of Electrical and Computer Engineering, University of Rochester, Rochester, NY 
2013-2018  Assistant Research Professor 

Department of Surgery, Division of Vascular Surgery, U. of Rochester Medical Center, Rochester, NY 
2018-Present  Assistant Professor 

Department of Biomedical Engineering, Rochester Institute of Technology, Rochester, NY 
 
Other Experience and Professional Memberships 
2012   Course Instruction, ECE 241 Signals and Systems (Adjunct Faculty) 

University of Rochester, Rochester, NY. 
2009-2011  Guest Lecturer, ECE 447 Digital Image Processing: Image Warping and Image Registration  
 University of Rochester, Rochester, NY. 
2005   Mayneord-Phillips Summer School: Ultrasound and Other Minimally-Invasive Therapies,    
   University of Oxford, Oxford, UK. 
 
Honors 
2001    National Institutes of Health Ph.D. Training grant in Quantitative Biology and Physiology, Boston 
    University, Biomedical Engineering Department. 
2001    First Place, ASME International Mechanical Engineering Congress and Exposition,     
     Bioengineering Division’s Student Paper Competition, 2001. 
2001    The Charles L. Neuton Prize for Engineering Proficiency, University of Rochester. 
 



 
C. Contributions to Science  
1. My early work was in the specific field of model-based elasticity imaging. My thesis project targeted the 

application of elastography in the detection of breast carcinomas as an adjunct to screening 
mammography. Model-based elastography is a subset of elastography that uses finite elements 
mechanical models and measured displacement fields to quantify a tissue’s mechanical properties (e.g. 
moduli). Although my thesis did not include a clinical component, I found I was able to accurately measure 
these displacements and reconstruct stiff, tumor-like “inclusions” in tissue mimicking phantoms using both 
3D US and a 3D X-ray tomosynthesis system. As a extension to this work, in a postdoctoral position, I 
worked on the design and implementation of a combined X-ray tomosynthesis and 3D US mammography 
system for an ongoing clinical trial. In addition I applied this my initial algorithm development to 3D model-
based elastography of artificial tissue scaffolds.  

a. Booi, R.C., Carson, P.L., O’Donnell, M., Richards, M.S., Rubin, J.M. “Diagnosing Cysts with 
Correlation Coefficient Images from 2D Elastography”, Journal of Ultrasound in Medicine, 2007. 
Vol. 26:1201-1207 

b. Richards, M.S., Barbone, P.E., Oberai, A.A. “Quantitative three-dimensional elasticity imaging from 
quasi-static deformation: a phantom study”, Physics in Medicine and Biology, 2009. Vol. 54:757-
779. 

c. Fisher, T.G., Hall, T.J., Panda, S. Richards, M.S., Barbone, P.E., Jjiang, J., Resnick, J., Barnes, S. 
“Volumetric Elasticity Imaging with a 2-D CMUT Array”, Ultrasound in Medicine & Biology, 2010. 
Vol. 36:978-990. 
 

 
2. In other work I have studied arterial mechanics with model-based elastography. Specifically, I have 

developed displacement estimation and reconstruction based techniques tailored to the study of vascular 
mechanics. I developed an image registration based algorithm for use with 2D IVUS images and trans-
abdominal US to measure the displacement and strain with a high degree of accuracy. However, Much of 
my work with coronary elasticity imaging was dedicated to solving the mechanical inverse problem. That is, 
given the measured displacement field and a constitutive equation, to predict the underlying material 
properties. The inverse problem requires careful implantation of a mechanical model and an optimization 
technique to solve for the model parameters. In the case of vascular elastography, I found it was necessary 
to introduce a priori information regarding the spatial distribution of the modulus field using US image 
information, grouping similar regions of echogenicity to reduce the solution set of modulus distributions. I 
showed, through an initial phantom study, the feasibility of using this reconstruction method to visual stress 
distributions in atherosclerotic plaque mimicking vessels. Currently, I am extending this work to include 
time-dependent measurements over the entire cardiac cycle to study changes in the mechanical properties 
following the onset of abdominal aortic aneurysms. 

a. Mix, D. S., Stoner, M. C., Day, S. W., Richards, M. S. (2018). Manufacturing abdominal aorta 
hydrogel tissue-mimicking phantoms for ultrasound elastography validation. JoVE (Journal of 
Visualized Experiments), (139), e57984. 

b. Richards, M.S., Doyley, M.M. “Non-rigid image registration based strain estimator for IVUS 
elastography”, Ultrasound in Medicine and Biology, 2013, Vol 39: 515-533.  

c. Richards, M.S., Perruchio, R., Doyley, M.M. “Visualizing the Stress Distribution Within Vascular 
Tissues using Model-based Elastography: A Preliminary Investigation” Ultrasound in Medicine and 
Biology, (2015). Vol. 41:1616-1631.  

d. Richards, M.S., Doyley, M.M. “An investigation into the impact of structural priors on the 
performance of model-based IVUS elastography”, Physics in Medicine and Biology, 2011. Vol. 
56:7223-7246.  

 
3. My current work is in the development of algorithms for the quantification of strain and material properties 

in the soft tissue of the musculoskeletal system as they are undergoing exercise. This research began by 
studying how the amount of strain in the Achilles tendon, measured in vivo using elastography as the ankle 
was dorsiflexed, was altered by patients with tendinopathy. One finding of this study was that the tendons 
of these patients experience reduced compressive and axial strain, implying some increase in the 
mechanical properties associated with the pathology. In addition, I have further studied the strain patterns 
in a pre-clinical mouse model of flexor tendon damage and repair. In this study, we are investigated 



whether similar elastographic strain measurements can be used as a functional metric to non-invasively 
monitor the healing rate in these mice. This work is ongoing but has led to the foundational hypothesis we 
propose testing in this study. 

a. Ackerman, J. E., Studentsova, V., Myers, M., Buckley, M. R., Richards, M. S., Loiselle, A. E. 
(2019). Non‐invasive ultrasound quantification of scar tissue volume identifies early functional 
changes during tendon healing. Journal of Orthopaedic Research, 37(11), 2476-2485. 

b. Kelly, M., MacDonald, A., Olson, R., Weyand, G., Chimenti, R., Richards, M.S., Buckley M.R., Ketz 
J., Flemister, A. (2018). Novel Physical Therapy Protocol Targeting Insertional Achilles 
Tendinopathy Improves Patient Reported Outcomes that Persist For 1 Year. Foot & Ankle 
Orthopaedics, 3(3). 

c. Kelly, M., Bucklin, M., Chimenti, R., Olson, R., Richards, M., Buckley, M.R, Ketz J., Flemister, A. 
(2017). Novel Physical Therapy Protocol Results in Increased Compressive Strain and Improved 
Outcomes in Insertional Achilles Tendinopathy. Foot & Ankle Orthopaedics, 2(3). 

d. Chimenti, R. L., Bucklin, M., Kelly, M., Ketz, J., Flemister, A. S., Richards, M. S., & Buckley, M. R. 
(2017). Insertional achilles tendinopathy associated with altered transverse compressive and axial 
tensile strain during ankle dorsiflexion. Journal of Orthopaedic Research, 35(4), 910-915. 
 

 

Complete List of Published Work 

https://www.ncbi.nlm.nih.gov/myncbi/michael.richards.1/bibliography/public/ 
 
D. Research Support 

Ongoing Research Support 

R01 AR070765                     2017-Present 
 Modulation of Insertional Achilles Tendinopathy by Multiaxial Mechanical Strains. Insertional Achilles 
tendinopathy (IAT) is a common and painful disease that responds poorly to conservative (i.e., non-operative) 
care. Improved outcomes for IAT patients require interventions that target its fundamental cause. Thus, this 
study aims to elucidate the patterns of mechanical strain (i.e., deformation) that cause and reverse IAT in vitro, 
and determine how to induce these strain patterns in vivo during exercise-based physical therapy. The findings 
of this study will motivate effective, targeted non-surgical therapies for IAT. 
Role: Co-Investigator 
 
R01 AR073169 

Following injury, tendons from individuals with Type II Diabetes Mellitus heal with an exuberant scar tissue 
response, resulting in tendons that are more prone to re-rupture or failure than non-diabetics, however the 
mechanism of impaired healing is unknown. We have identified the requirement for S100a4 signaling in scar-
mediated tendon healing and observe increased RAGE expression in diabetic tendon repairs. Thus, we will 
investigate the role of overactive S100a4-RAGE signaling as the predominant mechanism of impaired tendon 
healing in Type II Diabetics. 
Role: Consultant 
 
R21 AR073961 

Identification of therapeutic targets to improve tendon injury outcomes has been hindered by the lack of a 
rapid, cost-effective screening tool to non-invasively assess tendon healing in pre-clinical models. Our 
preliminary data indicate that novel ultrasound-based metrics of healing may serve as surrogate biomarkers to 
non-invasively evaluate the efficacy of therapeutic candidates. Thus, we will define, validate and correlate 
longitudinal ultrasound-based outcome measures of tendon healing with established-terminal endpoint 
outcomes of tendon range of motion and mechanical properties. 
Role: Principal Investigator 

Completed Research Support 

R21 EB018432      Richards (PI)            2015-2018 
 The study of abdominal aortic aneurysm mechanical properties and stresses using a novel stress 
measurement algorithm will be developed for use with an Ultrasonix SonixTouch ultrasound system to 

https://www.ncbi.nlm.nih.gov/myncbi/michael.richards.1/bibliography/public/


measure deformation and model the vessel tissue over an entire cardiac cycle. This algorithm is tested and 
validated using computational simulations and tissue mimicking, ultrasound phantoms as well as a small 
clinical evaluation. 
Role: Primary Investigator 
 
Carestream Health/NYSTAR, Collaborative Innovative Research (CIS) Grant     2016-2018    

Plane Wave and Elastographic Imaging of AAA and Carotid Arteries. The overall goal of the proposed 
research is to improve the patient-specific assessment of the pathological severity associated with the onset of 
cardiovascular diseases such as aneurysm and atherosclerosis. The recent development of clinical ultrasound 
(US) based tissue mechanical property measurements (e.g. elastography) has motivated the use of these 
technologies to measure the spatial variations of in-vivo vascular mechanical properties in real time, or pseudo 
real time. This patient-specific information gathered in a diagnostic or screening mode can then be used to 
improve treatment recommendations for a variety of life threatening vascular diseases. 
Role: Principal Investigator 
 
R03 AR067484      Buckley (PI)             2014-2017 
 Insertional Achilles tendinopathy (IAT) is a painful and common disorder that is difficult to treat. There is a 
need to develop novel and effective treatments to improve clinical outcomes for IAT patients. A critical step in 
this process is to establish a tool or accurately monitoring the efficacy of conservative and non-conservative 
care. IAT is thought to be caused by compressive stress due to impingement of the tendon on the heel bone as 
the ankle rotates, and our preliminary studies support this theory. Thus, we hypothesize that tracking 
compression of the Achilles tendon against the heel as the ankle rotates is a useful tool for assessing the 
severity of IAT. In preliminary work, we have shown that we can quantify compression of the Achilles tendon 
onto the heel by analyzing ultrasound images taken while the ankle rotates. 
Role: Co-Investigator. 
 



  List PERSONNEL (Applicant organization only) 
  Use Cal, Acad, or Summer to Enter Months Devoted to Project 
  Enter Dollar Amounts Requested (omit cents) for Salary Requested and Fringe Benefits 

NAME 
ROLE ON 
PROJECT 

Cal. 
Mnths 

Acad. 
Mnths 

Summer 
Mnths 

INST.BASE 
SALARY 

SALARY 
REQUESTED 

FRINGE 
BENEFITS TOTAL 

Doran S. Mix PD/PI 0.50 199,300 0 0 0 

SUBTOTALS 
0 0 0 

CONSULTANT COSTS 0 

EQUIPMENT  (Itemize) 0 

SUPPLIES  (Itemize by category) 0 

TRAVEL 0 

INPATIENT CARE COSTS 0 

OUTPATIENT CARE COSTS 
0 

ALTERATIONS AND RENOVATIONS  (Itemize by category) 0 

OTHER EXPENSES (Itemize by category) 
1. MRI Sequence development and validation @$600 per hour fee (12.5 hr) 7,500 

2. AD Patient MRI Scans (7 patients scanned 4 times each for 1 hour – plus 1 hour for potential delays)

17,400 

CONSORTIUM/CONTRACTUAL COSTS DIRECT COSTS 24,900 

SUBTOTAL DIRECT COSTS FOR INITIAL BUDGET PERIOD (Item 7a, Face Page) 
$ 24,900 

CONSORTIUM/CONTRACTUAL COSTS FACILITIES AND ADMINISTRATIVE COSTS 0 

TOTAL DIRECT COSTS FOR INITIAL BUDGET PERIOD $ 24,900 
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Budget Justification: 

The principal cost in this proposal is scanner time ($24,900, @$600/hour, for almost 42 hrs. of scanning time). 
For this project we anticipate we will need approximately 13 hours of scanner time for sequence development 
and validation on our phantoms at the Rochester’s Center for Advanced Brain Imaging & Neurophysiology (UR 
CABIN). The project also requires 29 hours more of scanner time for AD patient imaging (7 patients each 
scanned 4 times at 14 days, 3, 6 and 12 months). 

Program Director/Principal Investigator (Last, First, Middle): Mix, Doran, S. 

DETAILED BUDGET FOR INITIAL BUDGET PERIOD 
DIRECT COSTS ONLY 
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6. Research Plan
A. Significance

In the chronic phase of TBAD, DAA rupture is the primary cause of mortality, but surgical repair remains
heavily debated2.  Clinical, radiologic, and demographic criteria have been suggested to classify patients as high 
risk for DAA, but no consensus exists. This limitation stems from a lack of validated imagining techniques 
to measure indices of aortic wall biomechanics.  

Although the biomechanical properties of abdominal aortic aneurysms (AAA) have been extensively profiled, 
little evidence exists on the evolution of the material properties in DAA. AAAs evolve over a time scale of decades, 
while DAAs occur within months following the acute dissection. Despite this time-scale difference, we can 
use the extensive biomechanical evidence from AAA to guide the investigation of factors contributing 
to DAA.   

In AAA, stiffening of the aortic wall leads to pathological wall stress distribution and predisposes for 
aneurysmal degeneration and rupture7. Mechanically, increased stiffness due to loss of elastic lamina and 
increased collagen cross-linking is likely a significant predictor of AAA growth. In AD, the medial layer, which 
is the elastic component of the aorta, is disrupted, making the false lumen consequently stiffer. The 
clinical consequence of this stiffness gradient is unknown but could lead to true lumen collapse in acute AD.  

In the chronic phase (>90 days), we predict the consequence of this gradient is DAA secondary to increased 
wall stress. The underlying premise of this proposal is that high wall stress due to high principal strain or modulus 
is the mechanism leading to DAA formation and rupture.  

In this proposal, we will validate novel tools that measure strain and modulus (stiffness) directly, thus deriving 
stress to determine patients who will benefit from early surgical intervention.   

More precisely, we propose to 1) validate MRI based measures of stiffness (MRMI, aim 2) and strain (MRSI, 
aim 1) using our idealized 3D printed hydrogel AD phantoms, and 2) in a prospective longitudinal design, apply 
these MRI measures to understand the biomechanical process of DAA formation in patients with TBAD (aim 3). 
Our work will biomechanical indices of aortic dissection pathology which will represent a substantial improvement 
on the currently available morphometry-based imaging indices. 

B. Innovation
In vitro Models for Aortic Dissections

To date, one of the most significant constraints in the study of human AD pathology is the limitation of in vivo 
models and their ability to reproduce the biomechanical properties of human disease. Researchers have reported 
various chemically induced (β-aminopropionitrile monofumarate and angiotensin II infusions) AD formations in 
animal models with marked differences in biomechanical properties compared to human disease. Various injury 
models (surgical, balloon, or radiofrequency) of AD have also been described in larger animals. However, in 
these models, DAA does not occur and likely only represents the acute phase of AD. Ex vivo models of AD using 
explanted large animal aortic tissue in hemodynamic flow simulators have also been used to create AD models 
but again likely represent acute injuries and are not representative of the spectrum of tissue properties in DAA 
(atherosclerosis, elastin degradation, or collagen remodeling)8. 

 Given the above limitations, we created a 3D printed hydrogel phantom of aortic diseases for 
several reasons. First, our phantom allows for creating programmatically controlled geometries and regional 
material properties that can tolerate the stress of human physiologic pulsatile conditions. Second, hydrogels are 
known to have similar imaging properties to human soft tissues. For these reasons, our hydrogel phantoms are 
excellent testbeds for validating ultrasound and MRI imaging techniques 9,10. 
MRI as an Imaging Tool for Aortic Wall Biomechanics 

To date, a significant limitation of the studies of aortic biomechanics is the use of computer simulations based 
on morphometry instead of direct measurements of wall stress. Our study proposes to overcome these limitations 
by directly measuring strain and modulus utilizing our MRI techniques validated against USSI for strain and 
Uniaxial Tensile Testing (UTT) for modulus. In the following two sections, we outline innovative ways to utilize 
and validate MRI to measure strain and modulus in AD dissection phantoms.  

a) MRSI as a Direct Measure of Aortic Wall Strain
Strain is a measure that is used to determine the distensibility of aortic tissue. Previous studies have used

this as a measure of vascular tissue health and regional tissue stress. Our group has previously measured 
regional strain with USSI in complex hydrogel models and human AAA’s. Our technique utilizes a finite element 
mesh (FEM) and tracks the full 2D strain tensor during the cardiac cycle. Unfortunately, USSI cannot be extended 
to the study of AD in vivo since the pathology of dissection mainly originates and propagates from the thoracic 
region, where noninvasive USSI has known limitations due to challenges related to acoustic transmission 
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through lung tissue. Therefore, in this study, USSI will be utilized to validate novel MRSI measures of 
principal strain through the cardiac cycle, which can image the human thoracic aorta. Briefly, our MRSI 
sequences, based on Two-Dimensional (2D) Spiral Cine DENSE MRI 11, allows to track precise circumferential 
vessel deformations at the sub-millimeter level during the cardiac cycle from fiducials produced in the image. 
Principal strain (Green Strain) is then measured from these 2D strain tensor.   

b) MRMI as an Imaging Model for Aortic Wall Modulus
MRMI has emerged as an essential tool for imaging tissue stiffness in the liver, heart, brain, and vascular tissue12. 
In vascular tissue, MRMI has been extensively applied in AAA 13, where growth has been correlated with aortic 
wall stiffness but not aneurysmal size, the current clinical standard 14. In MRMI, tissue stiffness is based on direct 
measurement of micron-level displacements created by externally produced mechanical shear waves 15. Our 
study will be the first to apply the MRMI to study aortic dissection biomechanics and the first to apply 
MRMI to any vascular bed in a prospective longitudinal design.  

C. Approach and Study Methods
Specific Aim 1: Against our ultrasound strain imaging (USSI) technique, validate Magnetic Resonance

Strain Imaging (MRSI) as a tool to measure principal strain and examine effects of wall modulus on principal 
strain of the dissected wall in idealized 3D printed AD phantoms. 

Rationale: To date, the contributions of variation in modulus of the dissected wall to aortic wall strain have 
not been modeled. The depth of the AD tear is stochastic, resulting in false lumen stiffness variation, which alters 
lumen strain fields. In this experiment, we hypothesize that the stiffer false lumen will decrease the FL principal 
strain. Results of strains measured with USSI will be used to validate strains measured using MRSI. 

Experimental Set-Up: In total, four AD phantoms will be used, 
each comprised of heterogeneous material properties consisting of 
two differing polyvinyl alcohol cryogel (PVA-c) concentrations (True 
lumen (TL) always 10% PVA and false lumen (FL) 10%, 15%, 20%, 
or 25% PVA by volume), which has been previously reported to 
model human aortic tissue16. The phantoms of varying 
concentrations are attached to the pulsatile flow and imaged with 
USSI and MRSI. 

Methods: 
a. Aortic Dissection Phantom: A 3D extrusion printer will be used

to create a mold consistent with human AD geometries. Four
phantoms will be created using an injection of PVA-c into the molds. The “true lumen” sidewall will consist of 
10% PVA and will remain constant in all phantoms. The opposing “false lumen” sidewall will have varied 
PVA-c concentrations of 10%, 15%, 20%, or 25% PVA. Three mold subassemblies (A, B, C) will be required 
for phantom creation (Figure 1 left). Assembly A will be injected with a designated concentration of PVA-c 
and will create the FL. Assembly A will then undergo a 12-hour freeze at -20⁰C to solidify the PVA-c. In the 
next step, frozen assembly A and an empty assembly B will be assembled inside assembly C (Figure 1 
middle). PVA-c will be injected into empty assembly B to create both the TL sidewall and the dissection flap. 
Assembly C will prevent leakage of PVA-c and provide opposition of assemblies A and B for optimal c-PVA 
cross-linking. The entire assembly will undergo four freeze-thaw cycles from -20⁰C to 20⁰C to allow c-PVA 
cross-linking of the phantom assembly. AD Phantoms (Figure 1 right) will be stored in chlorinated 20⁰C water 
until use. 

b. Hemodynamic Simulator: Our AD phantoms will be attached to a hemodynamic simulator consisting of an
NT110 Mechantorlink computer motion controller with a Yaskawa servo motor that drives a hydraulic piston.
A real-time controller can adjust the stroke volume, systolic ejection velocity, and heart rate to achieve user-
designated BP, MAP, and flow. The hemodynamic pressure profiles are designed to mimic human
physiologic and cyclic cardiac profiles 17,18.

c. USSI Acquisition and Analysis: Ultrasound images of the AD phantoms attached to the hemodynamic
simulator will be collected using a SonixTOUCH ultrasound machine in conjunction with an Ultrasonix C7-
3/50 convex transducer in the Cardiovascular Engineering Lab (CVEL) by a Registered Physician in
Vascular Interpretation (RPVI). The ultrasound settings will be set to achieve the maximum frame rate.
For each experiment, 10 seconds of axial imaging, as well as pressure and flow data, will be recorded.
Our custom MATLAB USSI algorithm has been defined in detail 16,19,20. Briefly, the principal strain will be
calculated using user-defined TL and FL and measured through one cardiac cycle. The mean principal

Figure	 1:	 (left)	 Shells	 A,	 B,	 and	 C,	 disassembled,	
(middle)	 Shells	 A,	 B,	 and	 C,	 assembled,	 (right)	
completed	AD	phantom.		
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strain will be defined as the mean of the strains in all the vessel elements for a given image in the cardiac 
cycle. The maximum mean principal strain and time from diastole will be measured for both the TL and FL. 	

d. MRSI Acquisition and Analysis: Imaging will be performed in a Siemens 3T whole-body horizontal-bore
Prisma magnet on AD phantoms attached to the hemodynamic simulator. Studies are performed by an
accredited Magnetic Resonance Technologist (MR-RT) at the University of Rochester Center for
Advanced Brain Imaging & Neurophysiology (UR CABIN) core lab. Two-Dimensional (2D) Spiral Cine
DENSE MRI with the following parameters will be obtained: frame rate 78 Hz, slice thickness 6 mm, with a
FOV 240x150 mm, resolution 1.3 x 1.3 mm x 6mm, and with gating over ten cardiac cycles, in order to
calculate principal strain. Our custom MATLAB tracking algorithm, similar to its use for USSI, will be utilized
to determine mean principle strain in the user-defined vessel wall, TL, and FL regions.

Expected outcomes/interpretations: First, for each phantom, we will report mean principal strain per frame,
over one cardiac cycle, to show discordant and dependent TL and FL behaviors. We expect that the principal 
strain of the TL to be higher than the FL during pulsatile deformations. Secondly, parametric peak principal 
strains of the different phantoms will be displayed together to show the effects of increasing FL modulus on the 
TL principal strain. We expect to see decreasing principal strains in FL with increasing FL moduli. Together, 
these findings will provide novel data to show the biomechanical effect of the FL material properties in an in vitro 
model. Secondarily, as measured by ultrasound, we expect principal strain to be correlated to principal strain 
as measured by MRSI, thus validating these MRSI-derived principal strain measures against our previously 
validated USSI technique.  

Limitations and alternatives: To our knowledge, the only alternative to estimate principal strain in a 
complex geometry with regional stiffness differences would be a complex Finite Element Analysis (FEA) that 
would combine solid mechanics and Computational Flow Dynamics (CFD). While our group has experience with 
these computational models, such a model would require many assumed boundary conditions, which would 
make the results of the model highly dependent on those assumptions. In addition, the number of hours to set 
up such a complex model in a program such as COMSOL Multiphysics (Burlington, MA) would far exceed the 
number of hours to directly measure phantom strain using USSI. 

 Specific Aim 2: Against uniaxial tension tests, validate Magnetic Resonance Modulus Imaging (MRMI) 
to index the stiffness of AD phantoms. 
 Rationale: DAA is an evolving pathology that commonly develops following a dissection, and we currently 
lack biomarkers to predict its occurrence. To date, DAA has not been studied using MRMI. We hypothesize that 
true and false lumen stiffness in a PVA-c phantom can be measured at peak pressure with MRMI, and these 
results will correlate with moduli measured under uniaxial tension tests of these phantoms. 

Experimental Set-Up: In total, four phantoms will be used, with each comprised of heterogeneous material 
properties consisting of two differing c-PVA concentrations (true lumen always 10% PVA and false lumen 10%, 
15%, 20%, or 25% c-PVA). c-PVA samples will be harvested from the TL and FL of the AD vessel phantoms 
after completing MRMI testing to conduct a uniaxial tension test. 

Methods: 
a. Aortic Dissection Phantoms and Hemodynamic Simulator: (see the Methods in Aim 1)
b. Uniaxial Tension Test (UTT), Method, and Analysis: The UTT will be conducted using an ADMET

BioTense Tensile Testing Machine (Norwood, MA) and a 5-N load. Two 3cm x 9 cm samples will be cut from
the phantoms TL and FL walls and will be subjected to five tensile loading and unloading cycles to 25% strain,
and force will be measured. Abaqus (Dessault Systems, Johnston, RI) will be used to derive the hyperelastic
Mooney-Rivlin material model for each PVA specimen to calculate the shear modulus.

a. MRMI, Acquisition:  Our custom MRMI pulse sequence will use an external driver to induce a displacement
in AD phantom under pulsatile conditions to measure their shear moduli. MRMI studies will be performed
by an accredited Magnetic Resonance Technologist (MR-RT) at the University of Rochester Center for
Advanced Brain Imaging & Neurophysiology (UR CABIN) core lab. The phantom will be placed in a head
coil, and a point source driver will be connected to the head coil. The point source driver will touch the
top of the stiffer side of the phantom. These parameters will be used: Driving frequency 175Hz; Encoding
Frequency 175Hz; slice thickness 7 mm, FOV 120x120 mm; Matrix:128x128; interpolated 256x256.

b. MRMI, Analysis: MRE-lab (Mayo Clinic, MN) will be used to obtain both 2D and 3D shear modulus maps
from MRMI wave images collected at peak pressure. Two regions of interest (ROI), encompassing the true
and false lumens, will be used to obtain the mean shear modulus ± SD throughout the cardiac cycle.
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Expected Outcome/Interpretations: The shear moduli measured under uniaxial tension testing of the 
phantom wall samples will be correlated to MRMI measured shear moduli of the phantoms at peak 
deformation. We expect to see a significant correlation between shear moduli measured with these different 
techniques. Our finding will provide proof of principle that MRMI can reliably measure stiffness contrast on our 
in vitro models against a gold standard, uniaxial testing. 

Limitations and alternatives: To our knowledge, the only methodology to validate our MRMI would be a 
complex FEA model where for a given pressure and displacement of a given AD phantom geometry, we would 
solve for modulus using the inverse equation. These computer models again would require many assumptions, 
so the results of these FEAs models would be highly dependent on applied assumptions. As before, we believe 
the phantom experiment models are more applicable to imaging conditions of the human aorta for validation of 
MRMI and MRSI.  

Specific Aim 3: Measure the Shear Modulus of Human Thoracic AD. 
 Rationale: Previously, MRMI has been used to measure regional variations in human aortic wall stiffness in 
both healthy and AAA subjects 14,21. We hypothesize that a higher shear modulus will be detected in the FL 
compared to that of the TL of the dissected thoracic aortic wall. We further hypothesize that increasing 
stiffness in the FL or increasing strain, compared to baseline, will be a surrogate for future aneurysmal 
degeneration of the aorta due to increased wall stress in the dissected aortic segment. 

Experimental Set-Up: For each patient, MRI scans will be performed at 14 days, 3, 6, and 12 months after 
presentation to the University of Rochester Medical Center in the UR-CABIN facility. During an inspiratory hold, 
MRMI and MRSI images will be obtained of the thoracic aorta distal to the left subclavian and before the 
diaphragmatic hiatus. MRSI and MRMI data will be used to derive wall stress at the area of maximum dilation 
of the thoracic aorta to predict the rate of DAA dilation. 

Methods: Under IRB approval (Study#5062) and in accordance with the human subject research 
protection board at the University of Rochester, adult subjects presenting to Strong Memorial Hospital with 
acute (< 14 days from onset of symptoms) non-traumatic thoracoabdominal aortic dissection, as determined by 
an admission CT scan, will be offered enrollment in our study. Based on historical data from the University of 
Rochester, we admit ~40 patients/year with acute aortic dissections, of which 17 patients/year go on for 
emergent/urgent repair during their index hospitalization. Historically, we also have excellent enrollment (~90%) 
in our ultrasound studies. Based on this data, we are estimating that ~10-15 patients/year will complete the 
following protocol. A large effect size (d) corresponds to a d of 0.8 or greater. With a sample size of 7 or greater, 
we will have at least 80% power and a Type I error of 0.05, to detect a medium to large MRMI and MRSI effect. 

Expected Outcome/Interpretations: 1) We will compare the shear moduli of each dissection patient's FL 
and TL walls. We expect a given patient, the FL wall, to have a higher 
shear modulus than the TL. 2) We will also compare the principal strain 
of a given patient's FL and TL walls and expect the FL to have a lower 
principal strain than the TL. We will also evaluate differences between 
the principal strain of the FL of different patients. We expect to see 
patients with stiffer FL and higher dissection region principal strains to 
show higher overall growth rates towards DAA formation because of 
higher wall stress. We also expect this trend of higher strains and stiffer 
walls in the FL to show a temporal increase in a given patient and at the 
area of largest DAA, again as this should be the location of greatest wall 
stress. Finally, we will derive wall stress from MRMI and MRSI to predict 
the rate of DAA dilation, thus determining the patient-specific DAA-
degeneration profile. Together, these findings will be the first-time 
stiffness and strain have been used to index chronic AD progression 
towards DAA and will allow us to develop metrics for surgical indications. 

Limitations and alternatives: Our study will be limited by its small 
sample size given the low number of patients being enrolled in the study, 
but it is essential as it will be the first study of this kind to investigate DAA 
tissue mechanics. Alternative methods to complete patient-specific 
calculations of stress would again include geometric modeling from computer tomography CT imaging, which 
requires many assumptions to calculate stress and strain. Similarly, aortic wall strain and moduli could be 

Fig 2: Ultrasound elastography measuring 
strains of AD phantom walls.  A) Mean 
principal strain per frame, over one cardiac 
cycle of a heterogenous cryo-hydrogel 
dissection model. B) Parametric imaging of 
mean principal strain within a heterogenous 
cryo-hydrogel dissection model at peak 
pressure. Parametric imaging clearly shows 
regional difference in wall biomechanics 
with the left vessel wall (true-lumen) 
comprised of 10% cyro-hydrogel (~20 kPa) 
and the right vessel wall (false-lumen) 
comprised of 20% cryo-hydrogel (~100 
kPa). 
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calculated from gated CT imaging. However, they would expose a human subject to a large amount of ionizing 
radiation, who clinically will already be exposed to large amounts of ionizing 
radiation because of clinical monitoring CT protocols. Our MRSI and MRMI have 
the advantage of not exposing the patient to ionizing radiation or potentially 
compromise their kidney function secondary to contrast. An alternative method to 
calculate thoracic aortic stress and strain could be to perform ultrasound imaging 
via transesophageal aortic imaging. A patient would have to undergo sedation for 
such imaging, and again the associated risks of the procedure would be prohibitive 
for research purposes.  

D. Preliminary Data:
AIM 1: Ultrasound Elastography of Heterogenous 3D-Printed Phantoms: We
constructed a 10% TL/20% FL heterogenous PVA-c phantom and tested it with a 
total system flow of 1 L (500 cc/min/lumen) and a pulse pressure of 27 mmHg. 
The mean principal strain was measured for the entire vessel using our USSI 
technique across the cardiac cycle (Fig 2, Right). Marked differences were noted 
in principal strain parametric imaging at peak pressure, which showed increased 
TL strain compared to the FL (Fig 2, Left). 

AIM 2: MRMI of Heterogenous 3D-Printed Phantoms: As a proof of concept of our novel MRMI imaging 
protocol that can observe shear modulus contrast, we imaged our heterogenous PVA-c phantom (10%TL /25% 
FL). Fig 3 shows the differential shear modulus (stiffness) contrast of the phantom walls in kilopascals. Our 
experiments will show the correlation of these findings with shear moduli measured under uniaxial testing. 

AIM 3: Ultrasound Elastography of Human TBAD: As proof of principle 
that TL strains are, in fact, higher in AD patients, we have imaged a patient 
with acute dissection using our USSI methodology. Fig 4 shows USSI in an 
abdominal aortic window of a patient with acute dissection. Our data 
support that the TL experiences higher principal strains, throughout most 
of the cardiac cycle, notably at systole, compared to the FL. We 
hypothesize that this finding is secondary to the stiffness contrast of the FL 
to that of the TL. Alternatively, lower strains could be due to decreased 
pressure in the FL. Since our study requires imaging of the thoracic aorta, 
we propose utilizing MRSI to obtain similar data as in Figure 4. We will also 
confirm with MRMI that the FL has higher shear moduli (i.e., stiffer) than 
the TL per our hypothesis (AIM2). 

Figure 3: MRMI measured regional 
shear moduli for the true and false 
lumen of the 10/25% PVA 
phantom. The heat map shows that 
the top half of the phantom with the 
higher PVA concentration (25%, 
top segment) to have higher shear 
modulus (i.e., stiffer) compared to 
the bottom side with the lower 
concentration (10%).   

Figure 4: Clinical USSI of a patient with 
an acute AD after emergent surgical 
repair.  
A. Finite element mesh of user
selected aortic vessel wall with the true
lumen depicted on the left and smaller
false lumen depicted (top, right)
B. Parametric peak (Heat map)
principal strain (top Left panel).
C. Mean aortic (black), true lumen
(blue), and false lumen (red) principal
strains across a cardiac cycle. Panel
depicts true lumen peak principal strain
twice that of the false lumen.
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July 26, 2021 
 
Re: Letter of Nomination for Eastern Vascular Society Research Seed Grant 

Doran Mix, MD 

Division of Vascular Surgery, Department of Surgery at the University of Rochester 

   

To whom it may concern: 

 
Please allow this letter to serve as my full support and commitment as the primary 
scientific mentor of Dr. Mix's application to the Eastern Vascular Society Research 
Seed Grant. I am an associate professor of radiology and director of the Magnetic 
Resonance Imaging Laboratory at The Ohio State University Wexner Medical Center. 
To date, my group has one of the most extensive experiences utilizing Magnetic 
Resonance Elastography (MRE) imaging the biomechanical properties of the human 
aorta with more than 40 peer-reviewed articles on MRE, 20 of which are in the 
cardiovascular system. Dr. Mix first approached me in November of 2020 to discuss 
the possibility of imaging the human thoracic aorta to determine if the biomechanical 
properties of the dissected aorta could serve as a surrogate to aneurysmal 
degeneration. I took an interest in his project, given the likely high degree of material 
heterogeneity that would occur in an acute aortic dissection and the rapid formation of 
aneurysms with acute aortic dissections. I was excited to mentor Dr. Mix given his prior 
work with hydrogel modeling of the aorta, his use of ultrasound-based elastography to 
measure principal strain, and a clinical collaborator who could bridge the gap between 
engineering and clinical problems given his prior research and career as an engineer. 
I'm committed to serving as his mentor as I see great value in our collaboration, being 
able to mentor him in the utilization of MRE technology in exchange for his clinical 
expertise in vascular disease for future intra-institutional projects.  
 
In a short time, Dr. Mix and I have completed a material transfer agreement between 

our institutions. We have successfully installed all relevant Magnetic Resonance 
Elastography pulse sequences and inversion executables on the University of 
Rochester Center of Advance Brain Imaging Neurophysiology (UR-CABIN) Siemen's 
Prisma 3T scanner. I have also provided Dr. Mix a resonance driver required for MRE 
imaging. We hope to complete pulsatile phantom imaging with the financial support 
supplied by this seed grant to allow dedicated time on the UR-CABIN scanner. In the 
interim Dr. Mix has supplied me a number of his dissection phantoms and phantom 
models. With the supplied phantoms, we have completed preliminary imaging of these 
phantoms in my scanner to show the expected contrast in the material properties of the 
phantom. This preliminary data is presented in the attached proposal. Some technical 

http://radiology.osu.edu/24693.cfm
mailto:Arunark.Kolipaka@osumc.edu
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problems still need to be solved to complete pulsatile imaging of these phantoms with 
MRE and correlate these results to uniaxial material properties. Once our MRE 
technique is validated, I'm excited to move on to collect human pilot data, which will 
serve as the basis for Dr. Mix's K08 clinical investigator application and development 
into an independent surgeon-scientist. 
 

In closing, I'm committed to supporting Dr. Mix's development as a surgeon-scientist 
and excited to serve as his technical mentor on his advisory committee. I think he is 
well-positioned to make a difference in patients' lives with vascular disease, and I look 
forward to years of productive mentorship and collaboration. 

 
Should you have any concerns, please do not hesitate to contact me at 614-366-0268.  
 
 

Sincerely, 

 
Arunark Kolipaka, PhD, FAHA, FSCMR 
Associate Professor,  
Technical Director, Magnetic Resonance Imaging 
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July 26th, 2021 
 
Eastern Vascular Society Research Seed Grant 
 
Dear Selection Committee: 
 

My name is Dr. Michael Richards. I am an Assistant Professor of Biomedical 
Engineering at the Rochester Institute of Technology. It is with great enthusiasm that I offer this 
letter of support for Dr. Doran Mix’s application for the Eastern Vascular Society Research Seed 
Grant. I strongly believe that his research proposal, if awarded, would be incredibly impactful in 
improving the clinical outcomes of patients with aortic dissections. I have known Dr. Mix for 
over 7 years, having the good fortune to meet Dr. Mix while I was a Post-Doctoral Fellow in the 
Electrical and Computer Engineering Department at University of Rochester and he was a 
medical student. We collaborated on a project studying the mechanics of atherosclerotic 
progression in a rabbit model, where he helped implement the surgical protocol for imaging 
these rabbits using an intravascular ultrasound system. Following this project, I began working 
as a Research Professor at the University of Rochester. In continued collaboration with Dr. Mix, 
we developed medical ultrasound techniques to measure the mechanical property changes 
associated with rapidly expanding aneurysmal aortic tissues. During my time there, Dr. Mix was 
instrumental in the collection and processing of clinical patient data which led to multiple 
presentations and publications in peer reviewed journals. Dr. Mix has presented this work 
himself at several national conferences, as well many meetings within the University. If not for 
the motivation, enthusiasm and hard work of Dr. Mix, this project would not have been 
successful. It was this collaborative effort that led to Dr. Mix to develop the proposal for this 
award and I believe it is an incredibly interesting problem that, to date, has been largely 
understudied. I strongly believe Dr. Mix’s approach to use non-invasive techniques to study the 
natural progression of aortic dissection mechanics will have a high impact in the field. 
 

All this is to say that over the past several years I have come to know Dr. Mix very well. I 
can confidently say that, as researcher, he has a very strong future. I have worked with other 
residents at the URMC and Dr. Mix is one of the few that stands out as genuinely interested in 
taking the time to learn the fundamentals of the research so that he is able to contribute new ideas 
and new directions to the work. Many residents use their research year to engage in retrospective 
statistical analysis of clinical data, in which little novel contributions are required of the resident. 
However, Dr. Mix took two full years from his residency to pursue research that has the potential 
to make a great impact on vascular surgery. This research area requires a working knowledge of 



the physics of medical imaging, the biomechanics of soft tissues and the computational methods 
of forward and inverse problems. All of these things are well beyond the scope of the surgical 
training programs. Investing in research in this way epitomizes the difference between a resident 
simply meeting the requirements of a research year and a resident eager to have a successful 
research career. It is also the reason I plan to continue my collaboration with Dr. Mix. 
 
I will further say that my experience working with Dr. Mix has been one of the most successful 
collaborations of my career. He is incredibly easy to work with, passionate about research and 
just one of the nicest people I know. During his time in my lab, he helped mentor several 
undergraduate and medical students. These students spoke highly of Dr. Mix’s willingness to 
help and thoughtful approach to their questions. Even today, after I have left the University of 
Rochester, I still recommend to undergraduates interested in particular aspects of medicine or 
surgery that they reach out to Dr. Mix because I know that he will help them in any way that he 
can. 
 
In conclusion, I would like to restate my highest recommendation of Dr. Doran Mix’s research 
proposal studying the mechanical properties aortic tissue in patients affected by aortic 
dissections. In my estimation, this research proposal is a very strong and Dr. Mix would make an 
exemplary candidate for this award. I look forward to continuing to work with Dr. Mix for many 
years to come. If you have any further questions about Dr. Mix, please do not hesitate to contact 
me. 
 

Sincerely Yours, 

 
 
 
 
Michael S. Richards, Ph.D. 
Assistant Professor 
Department of Biomedical Engineering 
Rochester Institute of Technology 




