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NAME POSITION TITLE

Andrew M. Kahn, M.D., Ph.D.

SRA COMMONS USER NAME Associate Professor of Medicine

AMKAHN

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral training.)
INSTITUTION AND LOCATION _DEGREE YEAR(s) FIELD OF STUDY

(if applicable)

Weslyan University B.A. 1981-1985 Physics

Harvard University M.A., Ph.D. 1985-1991 Physics

University of California San Diego M.D. 1996-2000 Medicine

University of California San Diego Residency 2000-2003 Internal Medicine

University of California San Diego Fellowship 2003-2006 Cardiology

Personal Statement

As a cardiologist specializing in cardiac imaging with a strong physics background Dr. Kahn is uniquely
qualified to help lead the proposed research. His research and clinical interests are in the field of
cardiovascular imaging, including echocardiography, magnetic resonance imaging (MRI), and computed
tomography. He has extensive experience interpreting clinical and research echocardiograms at UCSD. In
addition to his medical training, Dr. Kahn has a doctoral degree in physics from Harvard University and has
specific training in imaging and analyzing complex patterns. His background that combines both technical and
clinical training and experience will allow him to understand the technical issues and challenges facing the
engineers, while also providing clinical input and imaging expertise. He has an established track record of
successful collaboration with engineering colleagues at UCSD, having worked with Dr. Marsden and Dr. del
Alamos on NIH-supported research.

A. Positions and Honors

Positions

1991-1995 Postdoctoral Fellow, Physics Department, University of California, Santa Barbara.
1995-1996 Lecturer, Physics Department, University of California, San Diego.
2006-2011 Assistant Professor of Medicine, University of California, San Diego
2011-present Associate Professor of Medicine, University of California, San Diego
Honors

1984 Phi Beta Kappa Honor Society

1985 Bertman Research Prize, Department of Physics, Wesleyan University.
1985 Sigma Xi Scientific Honor Society.

1985 High Honors, Wesleyan University.

2006 Schulman Research Award, UCSD Cardiology Division.

2006-2007 Biosite Cardiovascular Fellow, UCSD Cardiovascular Center.
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C. Research Support

Ongoing Research Support

NIH NHLBI R01 grant 1R01HL123689-01 (Co-PI) 7/1/14-6/30/19

“Multiscale modeling for vein graft failure risk stratification in CABG patients”

Patient specific modeling of coronary artery bypass patients for assessment of risk of vein graft failure. The
project will develop multiscale modeling and fluid structure interaction methods, will validate simulations
against clinical data, and will virtually reverse graft stenosis to identify precursors of vein graft failure in post-
CABG patients.

NIH NHLBI R01 grant R0O1HL098237 (Site-PlI) 3/22/11-04/30/15

“Prospective Multicenter Imaging Study for Evaluation of Chest Pain”

A multicenter prospective randomized clinical trial to determine whether an initial non-invasive anatomic
imaging strategy with coronary CT angiography will improve clinical outcomes in subjects with symptoms
concerning for coronary artery disease relative to an initial functional testing strategy.




Recently Completed Research Support (within last 3 years)

R21HL108268-1 (co-Pl) 5/15/11 - 3/31/14

“Characterization and synchronization of intraventricular filling vortices in the clinical setting”

This project used Doppler echocardiography to measure blood flow vortices in the left ventricle and evaluated
the changes that occur in patients with cardiomopathies.

Gordon Macklin Foundation (Co-l) 9/1/09 — 8/31/13

“The San Diego Adult KD Collaborative”

This project involved a cross-sectional analysis of 300 young adults with a history of KD in childhood who will
undergo cardiovascular testing and imaging to determine the spectrum of abnormalities following KD.

Sotera Wireless Inc. (Pl) 02/27/12 — 02/26/13

“Validation of a New Method for Measuring Stroke Volume: Cardiac Magnetic Resonance Imaging (cMRI) vs.
Transbrachial Cardio-electric Velocimetry (TCEV)”

This project used cMRI to validate a novel non-invasive measure of cardiac output derived from electrical
interrogation of the brachial artery.

R21 HL102596 (Co-l) 4/15/10 — 3/31/12

“Patient-specific simulations for thrombotic risk assessment in Kawasaki disease”

The goal of this project was to use cardiac imaging studies to create computer models of flow in the coronary
artery aneurysms of patients following Kawasaki disease to assess sheer stress and turbulence.




Challenge: Patient-Specific Risk Assessment of Intraventricular Thrombus
Formation Based on Blood Stasis Quantification (Pl Andrew Kahn)

Aim: The goal of this challenge is to test the hypothesis that personalized assessment of blood
stasis in the left ventricle can predict the risk of intraventricular thrombus formation in patients
with left-ventricular (LV) systolic dysfunction. In the US alone, it is estimated that LV
thromboembolism is responsible for 70,000 cases of stroke in these patients every year (1,2).
This challenge has translational importance because current management of embolic risk in
patients with LV systolic dysfunction is not based on patient-specific data, and embolic events
occur with increased frequency in these patients.

To achieve our goal, we will perform a case-control study of 15 subjects with LV systolic
dysfunction and a history of LV thrombi that have resolved (with absence of thrombus at the
time of the study), and a matched comparison group of 30 subjects with LV systolic dysfunction
without a history of thrombi. All subjects will undergo full echocardiograms with additional
images taken specifically for this protocol. We postulate that the patients with a history of
thrombi that have resolved will have altered LV flow patterns leading to higher LV blood stasis
compared to the patients without history of thrombi. Patients with existing thrombi will not be
studied because the presence of an intramural thrombus disturbs LV flow patterns (3).

This study poses the following engineering challenge: to non-invasively quantify blood flow
stasis in a patient-specific basis using non-invasive medical imaging. We have identified a group
in the Jacobs School of Engineering (JSOE) with the necessary expertise to address this
challenge: Prof. del Alamo’s lab at the Mechanical and Aerospace Engineering Dept.

Significance: Intraventricular thrombosis is an important clinical problem that contributes to the
incidence of stroke, peripheral arterial thrombosis and other embolic events (4). Additionally,
some thrombi have been reported to grow inside the ventricle until they occupy a significant
fraction of the chamber, leading to severe cardiac dysfunction (5). Several studies have shown
that there is a significantly higher incidence of thrombosis and thromboembolic syndromes in
patients with LV systolic dysfunction (2,6). Specifically, the incidence of stroke has been
reported to be 5 times higher in these patients than in controls (7). However, the routine
treatment with anticoagulation of LV systolic dysfunction patients is not supported by existing
data. While anticoagulation treatment does reduce embolic events, it also increases the
incidence of major bleeding and it does not improve 5-year patient survival rate (8).
Consequently, the majority of patients are not treated, despite the knowledge that they are at
increased risk of forming thrombi and having embolic events (9). Thus, there is a major clinical
need for patient-specific risk assessment of intraventricular thrombus formation to identify those
patients who are at highest risk and would benefit most from treatment.

Rationale: Thrombosis is precipitated by a combination of stasis, endothelial injury and
hypercoagulability commonly known as “Virchow’s triad” (9). Stasis of blood in regions of
myocardial dysfunction can lead to thrombus formation by triggering activation of the
coagulation system and leading to fibrin formation. Thus, understanding the role of blood stasis
and blood flow in the genesis and evolution of intraventricular thrombi would significantly
improve the identification and clinical management of patients at risk, for whom there is
currently no evidence-based therapy. In recent years there has been a substantial increase in
the sophistication and clinical applicability of computational tools for the patient-specific
quantification of intraventricular blood flow (10). These tools involve clinical image acquisition,
anatomic model construction and flow simulation to produce performance measures that are
surrogates for known predictors of patient outcomes.



The rationale for studying patients with resolved thrombi is that the blood flow patterns
associated with stasis that trigger thrombus formation are recovered once the thrombus
disappears. This approach will allow us to recruit the required number of patients within the time
scope of this project. The rationale for the proposed engineering challenge is that determining
blood stasis in each patient by computational analysis the patient’s echocardiographic images
will provide a patient-specific surrogate measure of thrombogenic risk. Successful completion of
this challenge will address an important need for evidence-based clinical decision-making.

Innovation: Intraventricular blood stasis is recognized as one of the three key elements in the
pathophysiology of thrombogenesis in patients with LV systolic dysfunction. However, blood
stasis and its correlation with thrombus formation have not yet been quantified in the clinical
setting, let alone on a patient-specific basis. It is generally agreed that intraventricular flow
critically depends on several physiological factors such as heart rate, valve morphology and
chamber geometry (11-13). Consequently, recent pilot studies with small numbers of subjects
suggest that intraventricular blood stasis and transport can be significantly altered in
cardiomyopathies (14,15). However, there is no information about how these changes correlate
with patient outcomes. Novel indices of thrombogenesis based on blood stasis may permit the
identification of patients at highest risk who are most likely to benefit from anticoagulation, and
to subsequently determine the duration of such treatment through serial assessments. The
proposed work may contribute to the development of new clinical practice guidelines for
managing patients with decreased LV function, thus enabling a major translational innovation
that may lead to decreased morbidity and mortality.

Feasibility: From a clinical perspective, the proposed study is feasible given the large number
of patients with LV systolic dysfunction and patients with history of LV thrombi treated at UCSD
Medical Center. The proposed case-control study design will permit the acquisition of
preliminary data to demonstrate the utility of this technique. We envision subsequently using
these pilot data to apply for extramural funding to carry out a larger prospective study.

From a technological standpoint, this project will leverage a novel echocardiographic modality
developed by del Alamo’s group at the UCSD JSOE: color-Doppler velocimetry. This modality
provides two-dimensional bi-directional time-resolved flow maps in the LV (16,17). Compared
with other existing noninvasive modalities such as phase contrast MRI, color-Doppler
velocimetry is fast, clinically feasible in all patients (unlike MRI, for which many of these patients
would have a contraindication due to the presence of implantable cardioverter defibrillators),
and requires little training. Patients routinely undergo evaluations with echocardiograms as part
of their standard care. Color-Doppler velocimetry only requires a few additional images,
extending the duration of the study by approximately 5 minutes (16).

In addition to the necessity of reliably measuring blood flow velocity in the ventricle, a barrier to
assessing thrombogenic risk is being able to comprehend how flow arrangement contributes to
blood stasis within the LV. This can be achieved by tracking the evolution of blood transport and
mixing inside the LV, using the patient-specific flow data obtained by color-Doppler velocimetry.
The expected outcome of this multidisciplinary challenge is a quantitative index of blood stasis
and mixing that will correlate positively with history of resolved thrombi in the study population.

Investigator Qualifications: Dr. Kahn is well-qualified to perform the proposed research in
collaboration with engineering colleagues. In addition to his medical training Dr. Kahn has a
doctorate degree in physics and specific expertise and board certification in echocardiography.
He also has a track record of successful collaborations doing NIH-supported research with two
members of the engineering faculty.
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