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The Cardiac Bioelectricity and Arrhythmia Center (CBAC) is an interdisciplinary center 
whose goals are to study the mechanisms of rhythm disorders of the heart (cardiac  
arrhythmias) and to develop new tools for their diagnosis and treatment.  
 
Cardiac arrhythmias are a major cause of death (over 400,000 deaths annually in the US 
alone; an estimated 7 million worldwide) and disability, yet mechanisms are poorly  
understood and treatment is mostly empirical. Through an interdisciplinary effort, CBAC 
investigators apply molecular biology, ion-channel and cell electrophysiology, optical  
mapping of membrane potential and cell calcium, multi-electrode cardiac  
electrophysiological mapping, Electrocardiographic Imaging (ECGI) and other noninvasive 
imaging modalities, and computational biology (mathematical modeling) to study  
mechanisms of arrhythmias at all levels of the cardiac system. 

Our mission is to battle cardiac arrhythmias and sudden cardiac death through scientific 
discovery and its application in the development of mechanism-based therapy. 

Cardiac Bioelectricity & Arrhythmia Center 
(CBAC) Mission 

On the Cover
“Simulation of ion-channel function from its molecular structure using artificial intelligence 
machine learning”

By Smiruthi Ramasubramanian, PhD, Yoram Rudy Laboratory

Computing large numbers of ion-channel trajectories at an atomistic scale, a requirement for 
simulating ion-channel gating, is now possible with the help of artificial intelligence machine 
learning. This new approach includes:  the creation of a structural library containing many (millions) 
of ion-channel conformations, “learning” the relationship between the ion-channel protein structure 
and its energy, generating an energy landscape for the protein conformational space, performing 
random walks on the energy landscape to simulate the structural changes during channel 
activation and computing the channel function in terms of ionic current. This image of the different 
protein structures with trailing binary numbers portrays the library and the novel machine learning 
approach. The jellyfish appearance of our protein gives this composition a deep-sea theme and a 
dream-like feeling of infinite space. It represents the random walk on the protein energy landscape. 
Does our ion-channel remind you of another deep-sea or mythical creature?

Ramasubramanian S, Rudy Y. The Structural Basis of IKs Ion-Channel Activation: Mechanistic Insights from Molecular 
Simulations. Biophys J. 2018 Jun 5;114(11):2584-2594. PMCID: PMC6129186

http://cbac.wustl.edu/


From the Director’s Desk...  

This volume of the Center Heartbeat is being issued at a time of uncertainty and  
unprecedented challenges caused by the COVID-19 pandemic. This global and deadly 
epidemic is a reminder of our vulnerability as human beings. I was hesitant to distribute 
the Newsletter at this time, but decided that it might contribute in a small way to feelings 
of normalcy and hope among our readers. The coronavirus epidemic and the struggle to 
control it, highlights the need for science as a guide at multiple levels, from under- 
standing molecular mechanisms to patient support, diagnosis and treatment, to patterns 
of social interactions and behaviors at the population level.  A multiscale approach is at the 
heart of the CBAC mission, as related to cardiac arrhythmias and sudden death. CBAC also  
provides a platform for interaction and collaboration between researchers and clinicians 
from various disciplines (biophysics and biochemistry, physiology, cardiology, radiology, 
radiation oncology and biomedical engineering). The articles and interviews in this issue of 
the Center Heartbeat reflect this philosophy and highlights the diversity of the CBAC  
membership.

In addition to this newsletter, our longstanding seminar series is available for viewing  
online. The CBAC Seminar Series was established in 2005 and has provided a steady  
platform for scientific exchange and discussion in the fields of cardiac electrophysiology 
and arrhythmia. The seminar speakers are leaders in these fields, from the US and abroad, 
in both the basic science and clinical aspects of cardiac electrophysiology. The archive of 
more than 150 seminar videos is an invaluable resource, available to all both on the CBAC 
website (cbac.wustl.edu) and on YouTube (just type “cbac seminars” in the youtube.com 
search bar) or click on this link:  
 
https://www.youtube.com/channel/UCYz22ssMTrCTSva0n9uGfsA/
 
We hope that the cardiac electrophysiology community will take advantage of this  
treasure.

Many of us are operating in a “stay-at-home” mode, while others are at the frontline of  
patient care. To those who are in the trenches of the COVID-19 battle – a humble and  
appreciative thank you. Last year, while on a sabbatical in the UK, I visited many  
laboratories across Europe. Following the Gordon Research Conference in Barga, Italy,  
I visited the University of Florence and later the Universitat Politècnica de València in 
Spain. Both Italy and Spain have gone through unimaginable suffering and tragic times 
because of COVID-19; my thoughts are with colleagues and friends in these countries and 
other places around the globe that have been hit by the pandemic.

https://www.youtube.com/channel/UCYz22ssMTrCTSva0n9uGfsA/


Finally, my thanks to Huyen (Gwen) Nguyen who finalized editing this newsletter while 
working from home. 

To all of you – stay healthy and safe!

 
Yoram Rudy, PhD, FAHA, FHRS

Above:  Sunrise in Barga, Italy, photographed during the Gordon Research Conference on Cardiac 
Arrhythmia Mechanisms in April 2019.
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THE NEXT FRONTIER IN CARDIOVASCULAR  
PRECISION MEDICINE 

 
By Kory J. Lavine1* and Michael J. Greenberg2*  
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Abstract

Dilated cardiomyopathy (DCM) is a major cause of heart failure and cardiovascular  
mortality. In the past 20 years, there has been an overwhelming focus on developing  
therapeutics that target common downstream disease pathways thought to be involved  
in all forms of heart failure independent of the initial etiology. While this strategy is effective 
at the population level, individual responses vary tremendously and only approximately one 
third of patients receive benefit from modern heart failure treatments. We propose that 
DCM should be considered as a collection of diseases with a common phenotype of left 
ventricular dilation and systolic dysfunction rather than a single disease entity. We  
postulate that mechanism-based classification of disease subtypes will revolutionize our 
understanding and clinical approach towards DCM. We discuss how these efforts are  
central to realizing the potential of precision medicine and how they are empowered by 
the development of new tools that allow investigators to strategically employ genomic and 
transcriptomic information. Finally, we outline an investigational strategy to 1) define DCM 
at the patient level, 2) develop new tools to model and mechanistically dissect subtypes of 
human heart failure, and 3) harness these insights for the development of precision  
therapeutics. 
 
KEYWORDS: Heart failure, engineered heart tissue, stem cells, next generation sequencing,  
personalized medicine
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Cardiovascular diseases including heart failure and coronary artery disease represent 
important causes of morbidity and mortality worldwide. Over the past several decades, 
the predominant focus of cardiovascular medicine has centered on identifying common 
factors that contribute to the progression of these prevalent diseases. Such initiatives have 
formed the basis of our current approach to patient care, which is generally agnostic to the 
underlying cause of a patient’s disease. For example, patients diagnosed with heart failure 
are offered essentially identical treatments regardless of whether their disease was caused 
by blockages in their coronary arteries or genetic mutations. Mechanistically, heart failure 
therapeutics target a process termed adverse remodeling, a common pathway by which 
the adult heart is thought to universally respond to injury. Pathologically, adverse  
remodeling is defined by cardiomyocyte hypertrophy and fibrosis (1, 2). Landmark clinical 
trials have established that therapeutics which target adverse remodeling including  
ß-adrenergic, angiotensin receptor II, and aldosterone signaling inhibitors reduce mortality 
and improve left ventricular systolic function in adult heart failure patients (3).

While this “one-size-fits-all’ approach has led to improvements in clinical outcomes when 
large populations are examined, individual response rates vary tremendously, and it is  
difficult to distinguish patients who will achieve a favorable response from those who will 
experience disease progression and ultimately succumb to their illness. Consequently, 
many individuals are left inadequately treated and current 5-year transplant-free survival 
rates remain above 50% (4).

Intriguingly, therapies targeting adverse remodeling have substantially less efficacy in 
pediatric populations. The Pediatric Carvedilol Study failed to demonstrate improvements 
in clinical outcomes for children with symptomatic heart failure (5-7). Registry data further 
revealed that adult heart failure therapeutics have provided no survival benefit in children 
over digoxin and diuretic based regimens that were established in the 1970s (8). Our group 
has previously demonstrated that patients with pediatric heart failure displayed markedly 
reduced adverse remodeling at the histopathologic, electron microscopic, and gene  
expression levels compared to adult heart failure patients (9). These observations indicate 
that pediatric and adult heart failure represent distinct entities, provide a mechanistic 
rationale for why children display substantially lower rates of ventricular arrhythmias and 
sudden cardiac death compared to adults (10, 11), and highlight the clinically unmet need  
to identify novel approaches for pediatric cardiomyopathies.

In the cardiovascular field, we are now just beginning to appreciate that heart failure and 
coronary artery disease may actually represent a compilation of unique pathologies that  
are driven by complex interactions among a diverse array of genetic perturbations,  
environmental risk factors, and host responses to tissue injury or chronic disease. For  
example, due to the increased use of genetic sequencing in the clinic, inherited or  
spontaneously occurring mutations in genes important for cardiac contractility, structure, 
and metabolism are increasingly found in patients with idiopathic dilated cardiomyopathy 
(DCM), a common etiology of heart failure in adult and pediatric populations (12, 13). The 
vast majority of patients harbor heterozygous missense mutations that produce proteins 
with altered activity, abundance, cellular localization, and/or stability. It is likely that different 
mutations give rise to distinct disease entities with differing phenotypes, environmental 
interactions, and responses to current medical regimens. We believe that an individualized 
approach to cardiovascular medicine targeting the mechanisms that initiate disease and 
drive disease progression has the potential to be transformative and will ultimately lead to 
new treatments and hope for our patients.
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Large gaps in knowledge must be overcome to realize the potential of cardiovascular  
precision medicine. Specifically, we must: reclassify cardiovascular diseases based on  
the mechanisms that drive pathogenesis; develop diagnostic strategies to identify  
patients with shared disease subtypes; and, generate therapeutics that target the specific 
mechanisms that underlie disease subtypes. Here, we will focus on the application of this 
approach to DCM, which represents a major cause of heart failure and mortality; however, 
these tools and approaches are broadly applicable to a host of cardiovascular diseases. We 
believe that this approach will reshape our clinical and research philosophy and realize the 
potential for precision medicine in the cardiovascular field.

Precision Medicine Beyond Genomics

Recent innovations in sequencing technology has made it feasible and reasonably  
inexpensive to sequence whole human exomes and genomes. The large volume of  
available sequencing data has revealed surprising diversity in the human gene pool,  
and as such, has become a focal point for precision medicine. Large scale sequencing  
and genome wide association studies (GWAS) have changed how we think about cardio-
vascular disease. They have helped to uncover the genetic bases of monogenic diseases 
with common presentations, such as DCM, Marfan’s Syndrome, and Long Q-T syndrome,  
as well as polygenic risk factors for diseases including atherosclerosis and hypertension. 
In the case of DCM, at least 25% (14) can be attributed to specific mutations in a subset of 
genes that encode for sarcomeric (Troponin C, Troponin T, Myosin Heavy Chain, Tropomy-
osin, Myosin Binding Protein C3), structural (Titin, Desmin), mechanotransduction (Lamin 
A/C), calcium handling (Phospholamban, SERCA), signaling (Integrin-Linked Kinase), and 
metabolic or mitochondrial proteins (12, 13). The majority of genotype-positive patients  
have heterozygous missense mutations that produce proteins with altered activity,  
abundance, cellular localization, and/or stability.

While the genetic basis for DCM has become better understood, this advancement has  
yet to impact patient care beyond family screening. One challenge arises from the fact  
that despite sharing the common feature of cardiac remodeling and having a prevalence  
of 1:250 in the population, DCM can be caused by hundreds of mutations (12). For newly  
discovered mutations, it is difficult to determine whether a given variant is pathogenic,  
especially if examined families are not sufficiently large or the mutation occurred  
spontaneously. Genetic testing can be quite useful for individuals or families carrying a 
known or well-characterized variant that causes DCM. Individuals at risk for developing 
disease can easily be identified and subjected to either careful monitoring or aggressive 
treatment regimens focused on reducing cardiovascular risk factors and early initiation of 
anti-remodeling therapies. It is important to note that the genetic background and  
environment of a patient impact the presentation and prognosis of the disease. As a result, 
the timing of onset and heart failure phenotypes may differ between matched siblings and 
between parents and children. While some have suggested that genetic information alone 
could be used to decide whether to treat a patient with anti-remodeling therapies  
prophylactically, there is no consensus in the field as to the efficacy of such an approach 
with respect to the entire population of DCM or in regards to individual mutations (15).

Unfortunately, the direct translation of genomic data into precision medicine has been  
frustrated by several limitations. The most important limitation is that many genomic  
studies are correlative and do not necessarily provide actionable mechanistic insights  
into the disease pathogenesis. Surprisingly little is known regarding whether patients who
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harbor mutations in different genes display distinct heart failure phenotypes and/or clinical 
outcomes. It is possible that DCM could be better reclassified based on the identification 
of mutations that give rise to common disease phenotypes. Moreover, mutations within 
the same molecule can lead to different gross phenotypes. For example, mutations within 
troponin T can lead to hypertrophic (16), dilated (17), restricted cardiomyopathy, or no effect 
depending on the specific variant (18). In fact, it has been shown that point mutations at 
the same residue with different amino acid substitutions can lead to different phenotypes 
(19). 

Realizing the promise of precision medicine will require us to pair insights from genomic 
studies with mechanistic studies of the disease pathogenesis. Here, we discuss our  
approach and the fields progress towards precision medicine in 1) defining disease at the 
patient level, 2) developing new tools to mechanistically understand and model subtypes 
of human heart failure, and 3) harnessing these insights for the development of precision 
therapeutics (Figure 1).

Defining Disease at the Patient Level

The establishment of cardiac tissue biobanks have provided critical opportunities to  
explore cellular and molecular mechanisms that contribute to heart failure pathogenesis. 
Early histopathology and gene expression profiling studies have provided key evidence that 
heart failure is more heterogeneous and complex than previously appreciated (20). In fact, 
standard classification schemes dividing cardiomyopathies based on ischemic or non- 
ischemic etiologies are not sufficient to account for variability between individual patients 
(21). It is evident from rudimentary pathological analysis that dramatic differences exist 
between different forms of ischemic and non-ischemic cardiomyopathies (Figure 2). These 
observations highlight the need to develop new techniques and approaches to investigate, 
appropriately reclassify, and identify causative mechanisms that give rise to different forms 
of human heart failure.

Over the past several years, an explosion of molecular pathology techniques built on the 
shoulders of next generation nucleic acid sequencing technologies have revolutionized 
modern pathology. With the advent of single cell and single nuclei RNA sequencing  
approaches, it is now possible to measure gene expression at single cell resolution. Such 
technologies enable investigators to define the cellular composition of a given tissue,  
discover new cell types, and compare gene expression within a given cell type across  
experimental conditions or diseases within a single comprehensive and unbiased  
workflow. The introduction of single nuclei RNA sequencing has expanded these  
promising capabilities to encompass cell types that cannot be recovered from  
enzymatically digested tissues. Most importantly, single nuclei RNA sequencing is readily 
adaptable to cryopreserved specimens, fueling unprecedented exploration of biobanked 
tissues and reinvigorating enthusiasm for developing and expanding human tissue  
repositories. These technologies have already provided critical new insights into disease 
diversity and new cell types that contribute to the pathogenesis of diseases ranging from 
cancer to autism (22-25).

A limitation of single cell and single nuclei RNA sequencing approaches is the loss of spatial 
information, most notably the location of cell types within a tissue and the existence of 
unique tissue niches composed of various cell populations. Within current workflows, this 
information must be acquired retrospectively using either immunohistochemistry or in situ
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hybridization. Spatial transcriptomics and advanced small sample input tissue acquisition 
systems offer viable solutions. These technologies provide transcriptomic level information 
from fresh or fixed tissue sections, respectively. Spatial transcriptomics provides an  
unbiased platform for spatial resolved transcriptional profiling (26). In this system,  
fresh frozen tissue sections are placed over a slide containing uniquely barcoded oligo-dT  
primers spaced every 40-100 microns printed over a 6mm X 6mm area. Co-registration  
of an H&E or antibody stained image with the position of the barcoded oligos allows the  
integration of spatial and transcriptomic data. Advanced laser capture and other small 
input tissue capture systems provide an alternative approach by allowing investigators to 
select particular regions of interest (27). These platforms have the unique advantage of 
working on an array of tissue types ranging from fresh frozen to formalin fixed paraffin  
embedded tissues.

Today, there is incredible opportunity to apply these technologies to cardiovascular dis-
eases. Understanding, the cellular composition of the healthy and diseased human heart 
is likely to provide unprecedented opportunities to identify disease potentiating cell types 
and delineate the functional diversity of human heart disease. For example, we know very 
little regarding the exact immune and fibroblast cell types that orchestrate myocardial  
fibrosis, whether mutations in distinct DCM genes produce unique tissue pathologies, or 
the underlying signaling pathways that contribute to rare cardiomyopathies including  
cardiac sarcoidosis, giant cell myocarditis, and cardiac amyloidosis. Most importantly,  
next generation molecular pathology will undoubtedly allow investigators to glean critical  
information directly from the human disease itself rather than relying on oversimplified  
or potentially inaccurate animal or cellular models.

New Tools to Mechanistically Understand and Model Subtypes of Human Heart Failure

Recent technological advances have also opened the door to modeling human heart  
failure subtypes in vitro. These new tools can be leveraged for the development of  
precision therapeutics for heart failure. Here, we will focus on recent advances in stem  
cell technologies, gene editing, and tissue engineering, and their translational potential  
for cardiovascular precision medicine.
 
Gene Editing and Human Pluripotent Stem Cells

There are several model systems that have been applied to model heart failure. Each of 
these systems comes with its own set of advantages and caveats. Tissue from patients 
provides useful information about the specific patient phenotype in human tissues (28); 
however, it is often not possible to obtain genetically matched control tissues for functional 
experiments, and it is difficult to obtain sufficient volumes of tissue for most functional  
experiments. Moreover, human tissue is usually only available from patients in the 
end-stages of the disease, either after the implantation of a ventricular assist device, heart 
transplantation, or postmortem. Transgenic animals including drosophila, zebrafish, and 
mice are excellent systems for studying some genetic forms of cardiovascular disease (15); 
however, they do not always recapitulate the disease phenotype seen in humans due to 
physiological differences between species (19, 29-34). In the case of mice, mouse hearts 
beat 500-600 times per minute, compared to approximately 60-80 times per minute for 
humans. To achieve this faster heart rate, murine hearts have different proteins isoforms 
for calcium handling, ion channels, and contractile proteins. For example, murine hearts 
express the alpha myosin isoform (MYH6), which has a speed (as measured by the ADP 
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release rate from actomyosin) that is ~10-times greater than the beta cardiac isoform 
(MYH7) expressed in human ventricles (35). These differences can make it so that mouse 
models of heart failure do not recapitulate the human disease phenotype, and efforts have 
been made to make more humanized mice (30, 36, 37). Given known limitations of rodent 
and other model systems, there has been a great push to develop new experimental  
platforms that focus on human tissues or cell-based systems.

Recent advances in stem cell technologies and gene editing have made it easier to  
study mutations that cause human heart failure in experimentally tractable systems.  
The derivation of human induced pluripotent stem cells (hiPSCs) (38) from a patient  
blood sample, urine sample, or skin biopsy, has enabled the study of patient-specific  
disease-causing mutations. hiPSCs can be differentiated into cardiomyocytes (hiPSC-CMs) 
using small molecules that activate developmental pathways (39-41). hiPSCs can undergo 
genome editing using the CRISPR/Cas9 system (42) to enable the modeling of human 
disease on a controlled genetic background. One caveat of this system is that hiPSC-CMs 
are developmentally immature compared to adult cardiomyocytes (43, 44). These cells 
differ from mature cardiomyocytes in several ways. For example, hiPSC-CMs have a lower 
mitochondrial content, minimal t-tubular structures, show sarcomeric disarray, have higher 
membrane resting potentials, generate less force in response to activation, and have  
altered action potentials (45, 46). That being said, the field is actively developing  
approaches to promote maturity, including providing hiPSC-CMs with mechanical (47-54), 
electrical (55-57), and chemical (43, 58) cues that mimic the native environment of the 
heart.

Single hiPSC-CMs can be extensively characterized using deep phenotyping tools.  
Transcriptional profiles can be probed using RNA sequencing. Precise measurements 
of contractility can be obtained using tools such as traction force microscopy or atomic 
force microscopy (47, 59, 60). Cellular metabolism can be measured using tools such as 
the Seahorse Analyzer. Cellular and sarcomeric structural organization can be examined in 
fixed cells using immunofluorescence or in live cells using fluorescently tagged proteins 
(61). E-C coupling can be investigated using single cell patch clamping and voltage/calcium 
sensitive dyes (62). Moreover, these profiling techniques can be used for drug screening of 
individual patient-specific cell lines.

Using genome edited hiPSC-CMs, it is now possible to engineer single cells carrying  
disease-causing mutations on a controlled genetic background. The CRISPR/Cas9 system 
(42) can be used both to introduce mutations into control lines or to correct mutations 
found in patient cells (i.e., generate a genetically matched healthy control lines). The use of 
gene editing on a controlled genetic background removes confounding factors that arise 
when comparing two non-matched patients or even siblings. This gene editing approach 
has been used to model several forms of cardiac diseases at the single cell level including 
hypertrophic cardiomyopathy, long QT syndrome, Duchenne’s Muscular Dystrophy, and 
dilated cardiomyopathy (63). While hiPSC-CMs are developmentally immature (43) and do 
not currently capture the late stages of the disease, single cell assays have been able to 
recapitulate many features of the early disease phenotype including cellular hypertrophy, 
disrupted calcium transients, altered gene expression, and altered action potentials (64). 
This can be seen as a key advantage to study disease initiation.

In the case of DCM, several patient-specific mutations have been modeled in hiPSC-CMs, 
including mutations in troponin T (60, 65), lamin A/C (66), titin (67), dystrophin (68), and 
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phospholamban (69). Moreover, hiPSC-CMs have been used to model diabetic cardiomy-
opathy (70, 71). These studies have been used to identify new mechanisms involved in the 
disease pathogenesis, such as aberrant PDGFR signaling (66) and disrupted responses to 
mechanobiological cues (65). hiPSC-CMs have also been used to test the effects of  
potential therapeutics for individual patient-specific mutations (60), revealing interesting 
similarities and differences between specific mutations, supporting the power of this  
experimental system for precision medicine approaches.

One place where this technology shows great promise for precision medicine is in  
determining whether a given variant is pathogenic. For many DCM-associated variants, 
there are not enough patients with a particular variant to definitively determine whether 
it is likely pathogenic or not using linkage analysis.  Gene edited hiPSC-CMs were recently 
used to demonstrate the likely pathogenicity of a mutation that causes cardiomyopathy 
(72). Cells from both healthy and diseased patients were obtained, reprogrammed, and 
differentiated to form hiPSC-CMS. The hiPSC-CMs from the diseased patients showed 
alterations in calcium transients, contractility, sarcomeric structure, and gene expression 
compared to healthy controls. Next, the healthy lines underwent gene editing to introduce 
the mutation, and the diseased patient line underwent editing to fix the mutation. The data 
clearly demonstrate that cellular dysfunction is dependent of the presence of the mutation, 
establishing that the mutation is likely pathogenic.

Human Engineered Heart Tissues

Human engineered heart tissues (EHTs) provide a unique system for human disease  
modeling and the development of novel therapeutics. EHTs are in vitro systems that  
recapitulate aspects of the 3D environment of the heart (73, 74). As such, they provide a 
more physiologically relevant environment for studying cardiomyocyte function. The  
heart is a complex environment, consisting of many cell types including cardiomyocytes,  
fibroblasts, endothelial cells, and immune cells. These cells interact with each other, and 
these interactions can affect the contractile and electrophysiological properties of the  
myocardium (75). In EHTs, cardiomyocytes are mixed with desired stromal cells in the  
presence of extracellular matrix proteins. These tissues will self-assemble in engineered 
devices where they can undergo extensive phenotyping. EHTs can be assembled using 
hiPSC-CMs, giving flexibility to examine patient-specific mutations that cause  
cardiovascular disease.

Multiple EHT platforms have been designed (Figure 3), each with its own set of strengths 
and weaknesses (56, 76-79). These platforms have varied geometries for tissue formation 
and are designed to examine different functional parameters (80). These platforms can 
incorporate elements for measuring contractility, tissue organization, perfusion,  
electrophysiology, and conduction velocities. Moreover, systems have been designed to 
provide various cues to promote tissue maturity and to model environmental interactions 
including electrical stimulation (55, 81), afterload (52), exogenous chemicals, and specific 
extracellular matrix scaffolds. hiPSC-CMs cultured in EHTs show improvements over single 
cells in mitochondrial content, sarcomeric organization, gene expression, T-tubule structure, 
electrophysiology, and contractility (55). EHT systems have also been designed for higher 
throughput drug screening (82, 83). As such, EHTs show great promise for human disease 
modeling and drug discovery.
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EHT systems have been used to model patient-specific mutations in several forms of heart 
disease. These studies have revealed diversity in the disease pathogenesis and highlight 
the potential role for EHTs in cardiovascular precision medicine. For example, an EHT model 
of DCM-causing truncations of the muscle protein titin revealed that these mutations likely 
exert their effect through haploinsufficiency (67). EHTs were also used to model  
hypertrophic cardiomyopathy caused by mutations in myosin binding protein C (MyBPC), 
and it was used as a platform to demonstrate that expression of a phosphomimetic MyBPC 
could restore cardiac function in a particular mutant (84). EHTs have also been used to 
study patient specific sensitivity to the chemotherapeutic agent, sunitinib, and to reveal 
that some heart specific effects of the drug become more pronounced with increased  
cardiac afterload (85).

Control of the genetic, chemical, cellular, and mechanical environment in EHTs gives them 
unique qualities that can be harnessed for precision medicine. For example, these systems 
could be used for diagnostic purposes, testing whether a given variant identified in a pa-
tient is pathogenic or for dissecting how multiple genetic polymorphisms contribute to the 
development of complex polygenic diseases. Moreover, one can completely define the EHT 
environment to mimic different physiological or pathological conditions. For example, it is 
possible to examine the effects of different cell types in the heart, and their relative roles in 
disease. One can examine how changes in mechanics, such as increased afterload in hy-
pertension or stiffening of the myocardium in fibrosis affects the disease development (52, 
85, 86). Moreover, it is now possible to examine how changes in the extracellular matrix that 
accompany disease affect EHT function.

Road to Precision Therapies

The ultimate goal of precision medicine is to develop and appropriately match therapeutics 
to patients. This approach requires upfront knowledge of the patient’s diagnosis, disease 
classification, and therapeutic options. Thus, the generation of new diagnostic tools is an 
essential element that cannot be ignored. Diagnostic classifications based on genetic  
testing, imaging, and/or serum biomarkers represent feasible options. For example,  
genetic testing for DCM variants or molecular imaging for particular immune cell  
populations would provide physicians with the requisite information to prescribe  
tailored or individualized therapies that target specific genotypes of DCM or inflammatory  
mediators, respectively. As opposed to our current practice, this approach maximizes  
benefit for a given individual and minimizes risk associated with adverse effects. These 
tools can be applied to other diseases with cardiac involvement. For example, hiPSC-CMs 
from cancer patients were recently screened for cardiotoxicity to tyrosine kinase inhibitors 
(87). Moreover, precision diagnostic tools are also likely to yield useful prognostic  
information regarding the anticipated natural history of an individual’s disease.

As highlighted above, EHTs provide a human model of heart disease for drug discovery, 
development, and cardiotoxicity studies. By using patient specific hiPSC-derived cardiomy-
ocytes or engineering an individualized mutation into an established hiPSC cell line, EHTs 
can be used to predict an individual’s response to a particular therapy. The use of human 
EHTs has several advantages over animal systems for early drug discovery, including fewer 
ethical concerns, easier scaling for high throughput screening (82, 83), and lower cost per 
experiment. Moreover, murine hearts do not express the hERG channel that is expressed in 
humans. Many drugs bind to this channel, and as such, undetected cardiotoxicity in mouse 
models is one of the leading causes for clinical trial failures (87, 88).
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There are several opportunities for the development of precision treatments for DCM, that 
expand beyond the current “one-size-fits-all” treatments that target remodeling. It is likely 
that therapeutics which correct the activity of individual DCM variants, prevent their  
incorporation into sarcomeres, or promote their removal through selective degradation 
would constitute a highly effective strategy to delay or reverse the natural history of DCM. 
For example, there are several new compounds in development that target the sarcomere 
to correct altered contractile protein function (89-91).  Moreover, gene therapy and exon 
skipping strategies to correct or mitigate the functional effects of mutant proteins have 
continued to evolve (92, 93); however, there are substantial challenges that still must be 
overcome before these technologies can be brought to the clinic.  Alternatively, since the 
vast majority of DCM patients harbor heterozygous missense mutations that display  
reduced or absent activity, it might be possible to target mutant proteins for selective  
degradation. For many but not all of these mutants, the incorporation of these mutant  
proteins into sarcomeres (or other complexes) occurs in a stoichiometric fashion and  
results in a dominant effect on contractile function. For example, the TNNT2K210 variant 
encodes a mutant protein with markedly reduced sensitivity to calcium (65). Incorporation 
of this mutant protein into sarcomeres containing wild type TNNT2 leads to reduced force 
generation and abnormal relaxation (17, 94). Targeting of mutant protein for degradation or 
removal from the sarcomere has the possibility of rescuing the disease phenotype.  Taken 
together, there are multiple exciting avenues for the development of precision therapeutics 
for cardiovascular disease.

We anticipate that the application of precision medicine to cardiovascular diseases will 
have profound translational impacts and result in paradigm shifts that will ultimately 
reshape our approach towards treating heart failure and other cardiovascular diseases. 
We envision that these initiatives will yield new diagnostics that define specific disease 
subtypes with differing etiologies, prognoses, and treatment responses. Ultimately, the 
deployment of precision therapies will finally arm physicians with the appropriate tools to 
treat disease on an individual rather than a population level. While these “forward-looking” 
initiatives may appear futuristic, technological advances are propelling the field at unprec-
edented speed and investigators are now only limited by their imagination and creativity 
rather than technical expertise.
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Figure 1: Schematic describing a precision medicine approach to heart failure and other  
cardiovascular diseases.

Figure 2: Individual heart failure etiologies display distinct histopathology features. Arrow denotes 
site of myocardial infarction. ARVC: arrhythmogenic right ventricular cardiomyopathy, DCM: dilated 
cardiomyopathy. Images from Wikipedia and Pathpedia.
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Figure 3: Examples of engineered heart tissues (EHTs) generated for disease modeling.  
(A) A circular EHT consisting of hiPSC-CMs and fibroblasts was mounted in between a force trans-
ducer and a length mover (Aurora Scientific) for active mechanical measurements. (B-C) An EHT 
consisting of hiPSC-CMs and fibroblasts was grown between two PDMS posts (EHT Technologies). 
The tissue self assembles and contracts spontaneously within 5 to 7 days after seeding. (D) An EHT 
grown between two PDMS posts was electrically stimulated (yellow). As the tissue contracts, it  
displaces the PDMS posts, enabling the calculation of the force of contraction (blue) for the tissue.

A B

C

D

P. 16 | CBAC Newsletter



References

1.	 Burchfield JS, Xie M, Hill JA. Pathological ventricular remodeling: mechanisms: part 1 of 2. Circulation. 	
	 2013;128:388-400.
2.	 Xie M, Burchfield JS, Hill JA. Pathological ventricular remodeling: therapies: part 2 of 2.  Circulation.  
	 2013;128:1021-1030.
3.	 Goldberg, LR. In the clinic. Heart failure. Ann Intern Med. 2010;152:ITC61-15; quiz ITC616. 
4.	 Towbin JA, Lowe AM, Colan SD, Sleeper LA, Orav EJ, Clunie S, Messere J, Cox GF, Lurie PR, Hsu D,  
	 Canter C, Wilkinson JD, Lipshultz SE. Incidence, causes, and outcomes of dilated cardiomyopathy in  
	 children. JAMA. 2006;296:1867-1876.
5.	 Shaddy RE, Boucek MM, Hsu DT, Boucek RJ, Canter CE, Mahony L, Ross RD, Pahl E, Blume ED, Dodd  
	 DA, Rosenthal DN, Burr J, LaSalle B, Holubkov R, Lukas MA, Tani LY; Pediatric Carvedilol Study Group.  
	 Carvedilol for children and adolescents with heart failure: a randomized controlled trial. JAMA.  
	 2007;298:1171-1179.
6.	 Bristow MR, Gilbert EM, Abraham WT, Adams KF, Fowler MB, Hershberger RE, Kubo SH, Narahara KA,  
	 Ingersoll H, Krueger S, Young S, Shusterman N. Carvedilol produces dose-related improvements in left  
	 ventricular function and survival in subjects with chronic heart failure. MOCHA Investigators.  
	 Circulation. 1996;94:2807-2816.
7.	 Packer M, Bristow MR, Cohn JN, Colucci WS, Fowler MB, Gilbert EM, Shusterman NH. The effect of  
	 carvedilol on morbidity and mortality in patients with chronic heart failure. U.S. Carvedilol Heart  
	 Failure Study Group. N Engl J Med. 1996;334:1349-1355.
8.	 Kantor PF, Abraham JR, Dipchand AI, Benson LN, Redington AN. The impact of changing medical  
	 therapy on transplantation-free survival in pediatric dilated cardiomyopathy. J Am Coll Cardiol.  
	 2010;55:1377-1384.
9.	 Patel MD, Mohan J, Schneider C, Bajpai G, Purevjav E, Canter CE, Towbin J, Bredemeyer A, Lavine KJ.  
	 Pediatric and adult dilated cardiomyopathy represent distinct pathological entities. JCI Insight.  
	 2017;2(14).
10.	 Everitt MD, Sleeper LA, Lu M, Canter CE, Pahl E, Wilkinson JD, Addonizio LJ, Towbin JA, Rossano J,  
	 Singh RK, Lamour J, Webber SA, Colan SD, Margossian R, Kantor PF, Jefferies JL, Lipshultz SE; Pediatric  
	 Cardiomyopathy Registry Investigators. Recovery of echocardiographic function in children with  
	 idiopathic dilated cardiomyopathy: results from the pediatric cardiomyopathy registry.  
	 J Am Coll Cardiol. 2014;63:1405-1413.
11.	 Pahl E, Sleeper LA, Canter CE, Hsu DT, Lu M, Webber SA, Colan SD, Kantor PF, Everitt MD, Towbin JA,  
	 Jefferies JL, Kaufman BD, Wilkinson JD, Lipshultz SE; Pediatric Cardiomyopathy Registry Investigators.  
	 Incidence of and risk factors for sudden cardiac death in children with dilated cardiomyopathy: a  
	 report from the Pediatric Cardiomyopathy Registry. J Am Coll Cardiol. 2012;59:607-615.
12.	 McNally EM, Mestroni L. Dilated Cardiomyopathy: Genetic Determinants and Mechanisms. Circ. Res.  
	 2017;121:731-748.
13.	 McNally EM, Golbus JR, Puckelwartz MJ. Genetic mutations and mechanisms in dilated  
	 cardiomyopathy. J. Clin. Invest. 2013;123:19-26.
14.	 Petretta M, Pirozzi F, Sasso L, Paglia A, Bonaduce D. Review and metaanalysis of the frequency of  
	 familial dilated cardiomyopathy. Am J Cardiol. 2011;108:1171-1176.
15.	 Fatkin D, Huttner IG, Kovacic JC, Seidman JG, Seidman CE. Precision Medicine in the Management of  
	 Dilated Cardiomyopathy: JACC State-of-the-Art Review.  J Am CollCardiol. 2019;74:2921-2938. 
16.	 Chandra M, Tschirgi ML, Tardiff JC. Increase in tension-dependent ATP consumption induced by  
	 cardiac troponin T mutation. Am J Physiol Heart Circ Physiol. 2005; 289:H2112-2119.
17.	 Du CK, Morimoto S, Nishii K, Minakami R, Ohta M, Tadano N, Lu QW, Wang YY, Zhan DY, Mochizuki M,  
	 Kita S, Miwa Y, Takahashi-Yanaga F, Iwamoto T, Ohtsuki I, Sasaguri T. Knock-in mouse model of dilated  
	 cardiomyopathy caused by troponin mutation. Circ. Res. 2007;101:185-194. 
18.	 Lynn ML, Lehman SJ, Tardiff JC. Biophysical Derangements in Genetic Cardiomyopathies. Heart Fail  
	 Clin. 2018;14:147-159. 
19.	 He H, Javadpour MM, Latif F, Tardiff JC, Ingwall JS. R-92L and R-92W mutations in cardiac troponin T  
	 lead to distinct energetic phenotypes in intact mouse hearts. Biophys J. 2007; 93:1834-1844.
20.	 Kurmani S, Squire I. Acute Heart Failure: Definition, Classification and Epidemiology.  
	 Curr Heart Fail Rep. 2017;14:385-392.
21.	 Yang KC, Yamada KA, Patel AY, Topkara VK, George I, Cheema FH, Ewald GA, Mann DL, Nerbonne JM.  
	 Deep RNA sequencing reveals dynamic regulation of myocardial noncoding RNAs in failing human  
	 heart and remodeling with mechanical circulatory support. Circulation. 2014;129:1009-1021. 
22.	 Velmeshev D, Schirmer L, Jung D, Haeussler M, Perez Y, Mayer S, Bhaduri A, Goyal N, Rowitch DH,  
	 Kriegstein AR. Single-cell genomics identifies cell type-specific molecular changes in autism. Science.  
	 2019;364:685-689.

CBAC Newsletter | P. 17



23.	 Stewart BJ, Ferdinand JR, Young MD, Mitchell TJ, Loudon KW, Riding AM, Richoz N, Frazer GL,  
	 Staniforth JUL, Vieira Braga FA, Botting RA, Popescu DM, Vento-Tormo R, Stephenson E, Cagan A,  
	 Farndon SJ Polanski K, Efremova M, Green K, Del Castillo Velasco-Herrera M, Guzzo C, Collord G,  
	 Mamanova L, Aho T,  Armitage JN, Riddick ACP,  Mushtaq I, Farrell S, Rampling D, Nicholson J, Filby A,  
	 Burge J, Lisgo S, Lindsay S, Bajenoff M, Warren AY, Stewart GD, Sebire N, Coleman N, Haniffa M,  
	 Teichmann SA, Behjati S, Clatworthy MR. Spatiotemporal immune zonation of the human kidney.  
	 Science. 2019;365:1461-1466.
24.	 Bartoschek M, Oskolkov N, Bocci M, Lövrot J, Larsson C, Sommarin M, Madsen D, SA Lindgren D,  
	 Pekar G, Karlsson G, Ringnér M, Bergh J, Björklund Å, Pietras K. Spatially and functionally distinct  
	 subclasses of breast cancer-associated fibroblasts revealed by single cell RNA sequencing.  
	 Nat Commun. 2018;9:5150.
25.	 Camp JG, Platt R, Treutlein B. Mapping human cell phenotypes to genotypes with single-cell  
	 genomics. Science. 2019;365:1401-1405.
26.	 Ståhl PL, Salmén F, Vickovic S, Lundmark A, Navarro JF, Magnusson J, Giacomello S,  Asp M, Westholm  
	 JO, Huss M, Mollbrink A, Linnarsson S, Codeluppi S, Borg Å, Pontén F,  Costea PI, Sahlén P, Mulder J,  
	 Bergmann O, Lundeberg J, Frisén. Visualization and analysis of gene expression in tissue sections by  
	 spatial transcriptomics. Science. 2016;353:78-82.
27.	 Kamal M, Saremi S, Klotz R, Iriondo O, Amzaleg Y, Chairez Y, Tulpule V, Lang JE, Kang I, Yu M. PIC&RUN:  
	 An integrated assay for the detection and retrieval of single viable circulating tumor cells. Sci Rep.  
	 2019;9:17470.
28.	 Fananapazir L, Dalakas MC, Cyran F, Cohn G, Epstein ND. Missense mutations in the beta-myosin  
	 heavy-chain gene cause central core disease in hypertrophic cardiomyopathy.  
	 Proc Natl Acad Sci U S A. 1993;90:3993-3997.
29.	 Lowey S, Bretton V, Gulick J, Robbins J, Trybus KM. Transgenic mouse alpha- and beta-cardiac myosins  
	 containing the R403Q mutation show isoform-dependent transient kinetic differences. J Biol Chem.  
	 2013; 288:14780-14787.
30.	 Ford SJ, Mamidi R, Jimenez J, Tardiff JC, Chandra M. Effects of R92 mutations in mouse cardiac tropo 
	 nin T are influenced by changes in myosin heavy chain isoform. 	J Mol Cell Cardiol. 2012;53:542-551.
31.	 Lowey S, Lesko LM, Rovner AS, Hodges AR, White SL, Low RB, Rincon M, Gulick J, Robbins J. Functional  
	 effects of the hypertrophic cardiomyopathy R403Q mutation are different in an 	alpha- or beta-myosin  
	 heavy chain backbone. J Biol Chem. 2008;283:20579-20589.
32.	 Roh J, Houstis N, Rosenzweig A. Why Don’t We Have Proven Treatments for HFpEF? Circ. Res.  
	 2017;120:1243.
33.	 Conceição G, Heinonen I, Lourenço AP, Duncker DJ, Falcão-Pires I. Animal models of heart failure with  
	 preserved ejection fraction. Neth. Heart J. 2016; 24:275-286.
34.	 Sacco A, Mourkioti F, Tran R, Choi J, Llewellyn M, Kraft P, Shkreli M, Delp S, Pomerantz JH, Artandi SE,  
	 Blau HM. Short telomeres and stem cell exhaustion model Duchenne muscular dystrophy in mdx/ 
	 mTR mice. Cell. 2010;143:1059-1071. 
35.	 Deacon JC, Bloemink MJ, Rezavandi H, Geeves MA, Leinwand LA. Identification of functional  
	 differences between recombinant human alpha and beta cardiac myosin motors. Cell Mol Life Sci.  
	 2012;69:2261-2277. 
36.	 Tyska MJ, Hayes E, Giewat M, Seidman CE, Seidman JG, Warshaw DM. Single-molecule mechanics of  
	 R403Q cardiac myosin isolated from the mouse model of familial hypertrophic cardiomyopathy.  
	 Circ Res. 2000;86:737-744. 
37.	 Nag S, Sommese RF, Ujfalusi Z, Combs A, Langer S, Sutton S, Leinwand LA, Geeves MA, Ruppel KM,  
	 Spudich JA. Contractility parameters of human beta-cardiac myosin with the hypertrophic cardiomy 
	 opathy mutation R403Q show loss of motor function. Sci Adv. 2015.1:e1500511.eCollection 2015 Oct.
38.	 Takahashi K, Yamanaka S. Induction of pluripotent stem cells from mouse embryonic and adult fibro 
	 blast cultures by defined factors. Cell. 2006.126:663-676.
39.	 Lian X, Zhang J, Azarin SM, Zhu K, Hazeltine LB, Bao X, Hsiao C, Kamp TJ, Palecek SP. Directed cardio 
	 myocyte differentiation from human pluripotent stem cells by modulating Wnt/beta-catenin signaling  
	 under fully defined conditions. Nat Protoc. 2013;8:162-175.
40.	 Lian X, Hsiao C, Wilson G, Zhu K, Hazeltine LB, Azarin SM, Raval KK, Zhang J, Kamp TJ, Palecek SP.  
	 Robust cardiomyocyte differentiation from human pluripotent stem cells via temporal modulation of  
	 canonical Wnt signaling. Proc Natl Acad Sci U S A. 2012;109:E1848-1857.
41.	 Kehat I, Kenyagin-Karsenti D, Snir M, Segev H, Amit M, Gepstein A, Livne E, Binah O, Itskovitz-Eldor J,  
	 Gepstein L. Human embryonic stem cells can differentiate into myocytes with structural and  
	 functional properties of cardiomyocytes. J Clin Invest. 2001;108:407-414. 
42.	 Jinek M, Chylinski K, Fonfara I, Hauer M, Doudna JA, Charpentier E. A programmable dual-RNA-guided  
	 DNA endonuclease in adaptive bacterial immunity. Science. 2012;337:816-821. 
43.	 DeLaughter DM, Bick AG, Wakimoto H, McKean D, Gorham JM, Kathiriya IS, Hinson JT, Homsy J, Gray J,  
	 Pu W, Bruneau BG, Seidman JG, Seidman CE. Single-Cell Resolution of Temporal Gene Expression

P. 18 | CBAC Newsletter



	 during Heart Development. Dev Cell. 2016;39:480-490. 
44.	 Matsa E, Ahrens JH, Wu JC. Human Induced Pluripotent Stem Cells as a Platform for Personalized and  
	 Precision Cardiovascular Medicine. Physiol Rev. 2016;96:1093-1126.
45.	 Addis RC, Epstein JA. Induced regeneration--the progress and promise of direct reprogramming for  
	 heart repair. Nat Med. 2013;19:829-836.
46.	 Iorga B, Schwanke K, Weber N, Wendland M, Greten S, Piep B, Dos Remedios CG, Martin U, Zweigerdt  
	 R, Kraft T, Brenner B. Differences in Contractile Function of Myofibrils within Human Embryonic Stem  
	 Cell-Derived Cardiomyocytes vs. Adult Ventricular Myofibrils Are Related to Distinct Sarcomeric  
	 Protein Isoforms. Front Physiol. 2017;8:1111.
47.	 Ribeiro AJ, Ang YS, Fu JD, Rivas RN, Mohamed TM, Higgs GC, Srivastava D, Pruitt BL. Contractility of  
	 single cardiomyocytes differentiated from pluripotent stem cells depends on physiological shape and  
	 substrate stiffness. Proc Natl Acad Sci U S A. 2015;112:12705-12710.
48.	 Feaster TK, Cadar AG, Wang L, Williams CH, Chun YW, Hempel JE, Bloodworth N, Merryman WD, Lim  
	 CC, Wu JC, Knollmann BC, Hong CC. Matrigel Mattress: A Method for the Generation of Single  
	 Contracting Human-Induced Pluripotent  Stem Cell-Derived Cardiomyocytes. Circ. Res. 2015;117:995- 
	 1000.
49.	 Motlagh D, Senyo SE, Desai TA, Russell B. Microtextured substrata alter gene expression, protein local 
	 ization and the shape of cardiac myocytes. Biomaterials. 2003;24:2463-2476.
50.	 Engler AJ, Carag-Krieger C, Johnson CP, Raab M, Tang HY, Speicher DW, Sanger JW, Sanger JM,  
	 Discher DE. Embryonic cardiomyocytes beat best on a matrix with heart-like elasticity:  scar-like  
	 rigidity inhibits beating. J Cell Sci. 2008;121:3794-3802.
51.	 Fink C, Ergün S, Kralisch D, Remmers U, Weil J, Eschenhagen T. Chronic stretch of engineered heart  
	 tissue induces hypertrophy and functional improvement. FASEB J. 2000;14:669-679.
52.	 Leonard A, Bertero A, Powers JD, Beussman KM, Bhandari S, Regnier M, Murry CE, Sniadecki NJ.  
	 Afterload promotes maturation of human induced pluripotent stem cell derived cardiomyocytes in  
	 engineered heart tissues. J Mol Cell Cardiol. 2018;118:147-158. 
53.	 Shimko VF, Claycomb WC. Effect of mechanical loading on three-dimensional cultures of embryonic  
	 stem cell-derived cardiomyocytes. Tissue Eng Part A. 2008;14:49-58.
54.	 Mihic A, Li J, Miyagi Y, Gagliardi M, Li SH, Zu J, Weisel RD, Keller G, Li RK. The effect of cyclic stretch on  
	 maturation and 3D tissue formation of human embryonic stem cell-derived cardiomyocytes.  
	 Biomaterials. 2014;35:2798-2808. 
55.	 Ronaldson-Bouchard K, Ma SP, Yeager K, Chen T, Song L, Sirabella D, Morikawa K, Teles D, Yazawa M,  
	 Vunjak-Novakovic G. Advanced maturation of human cardiac tissue grown from pluripotent stem cells.  
	 Nature. 2018;556:239-243. 
56.	 Nunes SS, Miklas JW, Liu J, Aschar-Sobbi R, Xiao Y, Zhang B, Jiang J, Massé S, Gagliardi M, Hsieh A,  
	 Thavandiran N, Laflamme MA, Nanthakumar K, Gross GJ, Backx PH, Keller G, Radisic M. Biowire: a  
	 platform for maturation of human pluripotent stem cell-derived cardiomyocytes. Nat Methods.  
	 2013;10:781-787.
57.	 Radisic M, Park H, Shing H, Consi T, Schoen FJ, Langer R, Freed LE, Vunjak-Novakovic G. Functional  
	 assembly of engineered myocardium by electrical stimulation of cardiac myocytes cultured on  
	 scaffolds. Proc Natl Acad Sci U S A. 2004;101:18129-18134.
58.	 Birket MJ, Casini S, Kosmidis G, Elliott DA, Gerencser AA, Baartscheer A, Schumacher C, 	Mastroberar 
	 dino PG, Elefanty AG, Stanley EG, Mummery CL.PGC-1alpha and reactive oxygen species regulate  
	 human embryonic stem cell-derived cardiomyocyte function. Stem Cell Reports. 2013;1:560-574.
59.	 Ribeiro AJS, Schwab O, Mandegar MA, Ang YS, Conklin BR, Srivastava D1 Pruitt Bl. Multi-	Imaging  
	 Method to Assay the Contractile Mechanical Output of Micropatterned Human iPSC-Derived Cardiac  
	 Myocytes. Circ. Res. 2017;120:1572-1583.
60.	 Sun N, Yazawa M, Liu J, Han L, Sanchez-Freire V, Abilez OJ, Navarrete EG, Hu S, Wang L, Lee A, Pavlovic  
	 A, Lin S, Chen R, Hajjar RJ, Snyder MP, Dolmetsch RE, Butte MJ, Ashley EA, Longaker MT, Robbins RC,  
	 Wu JC. Patient-specific induced pluripotent stem cells as a model for familial dilated cardiomyopathy.  
	 Sci Transl Med. 2012;4:130ra147.
61.	 Toepfer CN, Sharma A, Cicconet M, Garfinkel AC, Mücke M Neyazi M, Willcox JAL, Agarwal R,  
	 Schmid M, Rao J, Ewoldt J, Pourquié O, Chopra A, Chen CS, Seidman JG, Seidman CE.  
	 SarcTrack. Circ Res. 2019;124:1172-1183. 
62.	 van Meer BJ, Krotenberg A, Sala L, Davis RP, Eschenhagen T, Denning C, Tertoolen LGJ, Mummery CL.  
	 Simultaneous measurement of excitation-contraction coupling parameters identifies mechanisms  
	 underlying contractile responses of hiPSC-derived cardiomyocytes. Nat Commun. 2019;10:4325. 
63.	 Musunuru K, Sheikh F, Gupta RM, Houser SR, Maher KO, Milan DJ, Terzic A, Wu JC;  American Heart  
	 Association Council on Functional Genomics and Translational Biology; Council on Cardiovascular  
	 Disease in the Young; and Council on Cardiovascular and Stroke Nursing. Induced Pluripotent Stem  
	 Cells for Cardiovascular Disease Modeling and Precision Medicine: A Scientific Statement From the  
	 American Heart Association. Circ Genom Precis Med. 2018;11:e000043.

CBAC Newsletter | P. 19



64.	 Salla K, Kodo K, Wu JC. Modeling inherited cardiac disorders. Circ J. 2014;78:784-794.
65.	 Clippinger SR, Cloonan PE, Greenberg L, Ernst M, Stump WT, Greenberg MJ. Disrupted  
	 mechanobiology links the molecular and cellular phenotypes in familial dilated cardiomyopathy.  
	 Proc Natl Acad Sci U S A. 2019;116:17831-17840.
66.	 Lee J, Termglinchan V, Diecke S, Itzhaki I, Lam CK, Garg P, Lau E, Greenhaw M, Seeger T, Wu H, Zhang  
	 JZ, Chen X, Gil IP, Ameen M, Sallam K, Rhee JW, Churko JM, Chaudhary R, Chour T, Wang PJ, Snyder  
	 MP, Chang HY, Karakikes I, Wu JC. Activation of PDGF pathway links LMNA mutation to dilated  
	 cardiomyopathy. Nature. 2019;572:335-340.
67.	 Hinson JT, Chopra A, Nafissi N, Polacheck WJ, Benson CC, Swist S, Gorham J, Yang L, Schafer S, Sheng  
	 CC, Haghighi A, Homsy J, Hubner N, Church G, Cook SA, Linke WA, Chen CS, Seidman JG, Seidman CE.  
	 HEART DISEASE. Titin mutations in iPS cells define sarcomere insufficiency as a cause of dilated  
	 cardiomyopathy. Science. 2015;349:982-986.
68.	 Tsurumi F, Baba S, Yoshinaga D, Umeda K, Hirata T, Takita J, Heike T. The intracellular Ca2+  
	 concentration is elevated in cardiomyocytes differentiated from hiPSCs derived from a Duchenne  
	 muscular dystrophy patient. PloS One. 2019;14:e0213768.
69.	 Karakikes I, Stillitano F, Nonnenmacher M, Tzimas C, Sanoudou D, Termglinchan V, Kong CW, Rushing  
	 S, Hansen J, Ceholski D, Kolokathis F, Kremastinos D, Katoulis A, Ren L, Cohen N, Gho JMIH, Tsiapras D,  
	 Vink A, Wu JC, Asselbergs FW, Li RA, Hulot JS, Kranias EG, Hajjar RJ. Correction of human  
	 phospholamban R14del mutation associated with cardiomyopathy using targeted nucleases and  
	 combination therapy. Nat Commun. 2015;6:6955. 
70.	 Burkart AM, Tan K, Warren L, Iovino S, Hughes KJ, Kahn CR, Patti ME. Insulin Resistance in Human iPS  
	 Cells Reduces Mitochondrial Size and Function. Sci Rep. 2016;6:22788.
71.	 Drawnel FM, Boccardo S, Prummer M, Delobel F, Graff A, Weber M, Gérard R, Badi L1, Kam-Thong T, Bu  
	 L, Jiang X, Hoflack JC, Kiialainen A, Jeworutzki E, Aoyama N, Carlson C, Burcin M, Gromo G, Boehringer  
	 M, Stahlberg H, Hall BJ, Magnone MC, Kolaja K, Chien KR, Bailly J, Iacone R. Disease modeling and  
	 phenotypic drug screening for diabetic 	cardiomyopathy using human induced pluripotent stem cells.  
	 Cell Rep. 2014;9:810-821. 
72.	 Ma N, Zhang JZ, Itzhaki I, Zhang SL, Chen H, Haddad F, Kitani T, Wilson KD, Tian L, Shrestha R, Wu H,  
	 Lam CK, Sayed N, Wu JC. Determining the Pathogenicity of a Genomic Variant of Uncertain  
	 Significance Using CRISPR/Cas9 and Human-Induced Pluripotent Stem Cells. Circulation.  
	 2018;138:2666-2681.
73.	 Eschenhagen T, Fink C, Remmers U, Scholz H, Wattchow J, Weil J, Zimmermann W, Dohmen HH,  
	 Schäfer H, Bishopric N, Wakatsuki T, Elson EL. Three-dimensional reconstitution of embryonic  
	 cardiomyocytes in a collagen matrix: a new heart muscle model system. FASEB J. 1997;11:683-694.
74.	 Greenberg MJ, Daily NJ, Wang A, Conway MK, Wakatsuki T. Genetic and Tissue Engineering  
	 Approaches to Modeling the Mechanics of Human Heart Failure for Drug Discovery.  
	 Front Cardiovasc Med. 2018;5:120.
75.	 Hulsmans M, Clauss S, Xiao L, Aguirre AD, King KR, Hanley A, Hucker WJ, Wülfers EM, Seemann G,  
	 Courties G, Iwamoto Y, Sun Y, Savol AJ, Sager HB, Lavine KJ, Fishbein GA, Capen DE, Da Silva N,  
	 Miquerol L, Wakimoto H, Seidman CE, Seidman JG, Sadreyev RI, Naxerova K, Mitchell RN, Brown D,  
	 Libby P, Weissleder R, Swirski FK, Kohl P, Vinegoni C, Milan DJ, Ellinor PT, Nahrendorf M. Macrophages  
	 Facilitate Electrical Conduction in the Heart. Cell. 2017;169:510-522 e520.
76.	 Legant WR, Pathak A, Yang MT, Deshpande VS, McMeeking RM, Chen CS. Micro-fabricated tissue  
	 gauges to measure and manipulate forces from 3D microtissues. Proc Natl Acad Sci U S A.  
	 2009;106:10097-10102. 
77.	 Boudou T, Legant WR, Mu A, Borochin MA, Thavandiran N, Radisic M, Zandstra PW, Epstein JA,  
	 Margulies KB, Chen CS. A microfabricated platform to measure and manipulate the mechanics of  
	 engineered cardiac microtissues. Tissue Eng Part A. 2012;18:910-919. 
78.	 Zimmermann WH, Schneiderbanger K, Schubert P, Didié M, Münzel F, Heubach JF, Kostin S, Neuhuber  
	 WL, Eschenhagen T. Tissue engineering of a differentiated cardiac muscle construct. Circ. Res.  
	 2002;90:223-230. 
79.	 Huebsch N, Loskill P, Deveshwar N, Spencer CI, Judge LM, Mandegar MA, Fox CB, Mohamed TM, Ma Z,  
	 Mathur A, Sheehan AM, Truong A, Saxton M, Yoo J, Srivastava D, Desai TA, So PL, Healy KE, Conklin BR.  
	 Miniaturized iPS-Cell-Derived Cardiac Muscles for Physiologically Relevant Drug Response Analyses.  
	 Sci Rep. 2016;6:24726.
80.	 Loskill P, Huebsch N. Engineering Tissues from Induced Pluripotent Stem Cells. 	Tissue Eng Part A.  
	 2019;25:707-710. 
81.	 Hirt MN, Boeddinghaus J, Mitchell A, Schaaf S, Börnchen C, Müller C, Schulz H, Hubner N, Stenzig J,  
	 Stoehr A, Neuber C, Eder A, Luther PK, Hansen A, Eschenhagen T. Functional improvement and  
	 maturation of rat and human engineered heart tissue by chronic electrical stimulation.  
	 J Mol Cell Cardiol. 2014;74:151-161.

P. 20 | CBAC Newsletter



82.	 Marquez JP, Legant W, Lam V, Cayemberg A, Elson E, Wakatsuki T. High-throughput measurements of  
	 hydrogel tissue construct mechanics. Tissue Eng Part C Methods. 2009;15:181-190.
83.	 Lam V, Wakatsuki T. Hydrogel tissue construct-based high-content compound screening.  
	 J Biomol Screen. 2011;16:120-128.
84.	 Dutsch A, Wijnker PJM, Schlossarek S, Friedrich FW, Krämer E, Braren I, Hirt MN, Brenière-Letuffe D,  
	 Rhoden A, Mannhardt I, Eschenhagen T, Carrier L, Mearini G. Phosphomimetic cardiac myosin-binding  
	 protein C partially rescues a cardiomyopathy phenotype in murine engineered heart tissue. Sci Rep.  
	 2019;9:18152.
85.	 Truitt R, Mu A, Corbin EA, Vite A, Brandimarto J, Ky B, Margulies KB. Increased Afterload Augments  
	 Sunitinib-Induced Cardiotoxicity in an Engineered Cardiac Microtissue Model. JACC Basic Transl Sci.  
	 2018;3:265-276.
86.	 Rodriguez ML, Werner TR Becker B, Eschenhagen T, Hirt MN. A magnetics-based approach for  
	 fine-tuning afterload in engineered heart tissues. ACS Biomater Sci Eng. 2019;5:3663-3675.
87.	 Sharma A, Burridge PW, McKeithan WL, Serrano R, Shukla P, Sayed N, Churko JM, Kitani T, Wu H,  
	 Holmström A, Matsa E, Zhang Y, Kumar A, Fan AC, Del Álamo JC, Wu SM, Moslehi JJ, Mercola M, Wu.  
	 High-throughput screening of tyrosine kinase inhibitor cardiotoxicity with human induced pluripotent  
	 stem cells. Sci Transl Med. 2017;9(377).
88.	 Liang P, Lan F, Lee AS, Gong T, Sanchez-Freire V, Wang Y, Diecke S, Sallam K, Knowles JW, Wang PJ,  
	 Nguyen PK, Bers DM, Robbins RC, Wu JC. Drug screening using a library of human induced  
	 pluripotent stem cell-derived cardiomyocytes reveals disease-specific patterns of cardiotoxicity.  
	 Circulation. 2013;127:1677-1691.
89.	 Woody MS, Greenberg MJ, Barua B, Winkelmann DA, Goldman YE, Ostap EM. Positive cardiac inotrope  
	 omecamtiv mecarbil activates muscle despite suppressing the myosin working stroke. Nat Commun.  
	 2018;9:3838.
90.	 Malik FI, Hartman JJ, Elias KA, Morgan BP, Rodriguez H, Brejc K, Anderson RL, Sueoka SH, Lee KH,  
	 Finer JT, Sakowicz R, Baliga R, Cox DR, Garard M, Godinez G, Kawas R, Kraynack E, Lenzi D, Lu PP,  
	 Muci A, Niu C, Qian X, Pierce DW, Pokrovskii M, Suehiro I, Sylvester S, Tochimoto T, Valdez C, Wang W,  
	 Katori T, Kass DA, Shen YT, Vatner SF, Morgans DJ. Cardiac myosin activation: a potential therapeutic  
	 approach for systolic heart failure. Science. 2011;331:1439-1443.
91.	 Green EM, Wakimoto H, Anderson RL, Evanchik MJ, Gorham JM, Harrison BC, Henze M, Kawas R, Oslob  
	 JD, Rodriguez HM, Song Y, Wan W, Leinwand LA, Spudich JA, McDowell RS, Seidman JG, Seidman CE.  
	 A small-molecule inhibitor of sarcomere contractility suppresses hypertrophic cardiomyopathy in  
	 mice. Science. 2016;351:617-621.
92.	 Ma H, Marti-Gutierrez N, Park SW, Wu J, Lee Y, Suzuki K, Koski A, Ji D, Hayama T,  Ahmed R, Darby H,  
	 Van Dyken C, Li Y, Kang E, Park AR, Kim D, Kim ST, Gong J, Gu Y, Xu X, Battaglia D, Krieg SA, Lee DM,  
	 Wu DH, Wolf DP, Heitner SB, Belmonte JC, Amato P, Kim JS, Kaul S, Mitalipov S. Correction of a patho 
	 genic gene mutation in human embryos. Nature. 2017;548:413-419.
93.	 Gramlich M, Pane LS, Zhou Q, Chen Z, Murgia M, Schötterl S, Goedel A, Metzger K, Brade T, Parrotta E,  
	 Schaller M, Gerull B, Thierfelder L, Aartsma-Rus A, Labeit S, Atherton JJ, 	McGaughran J, Harvey RP,  
	 Sinnecker D, Mann M, Laugwitz KL, Gawaz MP, Moretti A. Antisense-mediated exon skipping: a  
	 therapeutic strategy for titin-based dilated cardiomyopathy. EMBO Mol Med. 2015;7:562-576.
94.	 Morimoto S, Lu QW, Harada K, Takahashi-Yanaga F, Minakami R, Ohta M, Sasaguri T, Ohtsuki I.  
	 Ca(2+)-desensitizing effect of a deletion mutation Delta K210 in cardiac troponin T that causes familial 	
	 dilated cardiomyopathy. Proc Natl Acad Sci U S A. 2002;99:913-918.

CBAC Newsletter | P. 21



NONINVASIVE CARDIAC RADIOABLATION 
TO TREAT VENTRICULAR TACHYCARDIA 

 
By Phillip S. Cuculich1 and Clifford G. Robinson2  
 
1 Phillip S. Cuculich, MD, Associate Professor of Medicine, Cardiovascular Division 
Associate Professor of Radiation Oncology; Co-Director, Center for Noninvaisve Cardiac Radioablation 
(CNCR), Washington University School of Medicine 
 
2 Clifford G. Robinson, MD, Director, Clinical Trials and Clinical Informatics; Chief, Stereotactic Body  
Radiation Therapy (SBRT); Professor of Radiation Oncology; Professor of Medicine, Division of  
Cardiovascular Diseases; Co-Director, Center for Noninvasive Cardiac Radioablation (CNCR)
Washington University School of Medicine

The field of clinical cardiac electrophysiology has grown substantially in the past three  
decades. A major reason for this growth is the now-routine use of invasive catheters to  
map arrhythmias and deliver ablative energy to the critical structures of the arrhythmia 
focus or circuit. Techniques and tools have been refined such that a routine catheter abla-
tion procedure is generally a positive patient experience. For most types of supraventricular 
tachycardia and some forms of idiopathic ventricular tachycardia (VT), the procedure times 
range from 1-4 hours with high rates of success and low procedural risk.

For patients with life-threatening VT related to structural heart disease, the patient  
experience of catheter ablation is generally not positive. Mapping and ablation components 
require considerably more time, often extending the procedure beyond seven hours. With 
the increased procedural complexity and duration comes increased procedural risk. The 
procedural risk is further amplified by the fact that patients with structural VT are among 
the sickest, with severely reduced cardiac function and substantial comorbidity. As a result, 
even in the most experienced centers, 7% of patients experienced a complication related 
to a VT ablation procedure and 5% of all patients who underwent VT ablation died within a 
month of the procedure (1). This highlights both the complexity of the procedure and the 
grave prognosis of patients with refractory VT.

For patients who survive the procedure and recover successfully from the subsequent  
hospitalization, recurrence of VT is too common. There are several reasons for this.  
Frequently, certain regions of the heart are difficult to reach with the necessary energy for 
ablation. Alternatively, cardiac maps may tell an incomplete story of the arrhythmia circuit. 
Either of these will result in acute procedural failure. After the procedure, the underlying 
cardiomyopathy continues to evolve, leading to the formation of new circuits. In response 
to this, the field continues to develop new ablative tools and new strategies to approach 
myocardial scar. The evolution of this process can be summarized as “more ablation” and 
“deeper ablation,” usually with more invasive tools, longer procedures, and increased risk.

To improve the overall patient experience, we developed EP-guided Noninvasive Cardiac 
Radioablation (ENCORE), an entirely noninvasive way to map and treat cardiac arrhythmias 
(2). This method combines multiple noninvasive cardiac imaging modalities to best identify 
the arrhythmogenic region. This location is then targeted for treatment with Stereotactic
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Ablative Radiotherapy (SAbR), a technique 
that delivers precise, high doses of radiation 
to targets in the body with minimal  
damage to normal adjacent tissue, and is 
not constrained by the depth or location of 
the target.

The concept of using ionizing radiation as a 
therapy for arrhythmia is not novel. In fact, 
Walt Disney in a prescient and beautiful 
manner illustrated the concept in his 1956 
pictoral book, “Our Friend the Atom” (Figure 
1, right). After witnessing the destructive 
power of nuclear energy at the end of World 
War II, the public was fearful of atomic 
energy. Disney saw the important positive 
opportunities that controlled nuclear energy 
could bring to humankind, so he partnered 
with leading physicist Heinz Haber to teach 
the lay public about the generative rather 
than destructive force of atomic power.

Figure 1: Illustration from “Our Friend the Atom” 
by Heinz Haber (ill. Walt Disney Studios)

Enabling precise noninvasive ablation with images, a process called “radioablation,”  
requires accurate noninvasive cardiac mapping. Early inspiration for the partnership  
between a Heart Rhythm specialist and a Radiation Oncologist began in the laboratory of 
Yoram Rudy, with the development and testing of Electrocardiographic Imaging (ECGI). As 
ECGI was refined over years, it proved to be sufficiently accurate in identifying the location 
of the circuits causing VT (2) and the abnormal ventricular substrate harboring VT circuits 
(3). As a result, ECGI forms the basis for noninvasive targeting for radioablation  
(Figure 2, below)

Figure 2: CardioInsight noninvasive cardiac mapping vest, the 
commercial version of ECGI manufactured by Medtronic.

ENCORE addresses many of 
the current shortcomings of 
catheter ablation procedures.
The noninvasive mapping 
component is performed
ahead of the treatment,  
allowing operators to comfort-
ably analyze the relationship 
between the arrhythmia  
and the abnormal myocardial 
substrate without the time 
constraints of an invasive  
procedure. Noninvasive  
mapping incorporates 3D  
scar topology from MRI and/
or CT scans, metabolism from  
PET or SPECT scans, and 
identification of surrounding 
structures from a CT scan 
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to give the treating physicians a more complete assessment of the myocardial substrate. 
Electrical mapping of the VT is initially provided by analysis of a standard 12-lead ECG  
(for exit site) and in greater detail by ECGI (for full reentry characteristics of exit site, reentry 
site, and putative diastolic isthmus). The electrical map created with ECGI can then be  
layered over the combined anatomic map to develop an intelligent ablation strategy. 

Once the arrhythmogenic region of the heart is targeted for treatment, a virtual plan is  
developed by the radiation oncology team following largely standardized SAbR practices. 
For example, as shown in Figure 3 (bottom), it is now common to develop SAbR plans using  
continuous sweeping arcs of radiation with simultaneous shaping of the beam to the  
target, bringing treatment times down to minutes. Ultimately, energy is delivered to the  
entire thickness of the targeted myocardium at once, bringing forth the concept of treating 
a target “volume” to the electrophysiology community. In our experience, the delivery time 
is now as short as five minutes, without any sedation or anesthesia. After treatment,  
patients stand up, walk out, and go home.

Figure 3: 3D rendering of a patient undergoing virtual treatment planning for ENCORE. The pro-
jected path of a continuous arc of radiation (red) is seen, with one position in the arc (yellow lines) 
delineating the required beam shape at that position to conform to the target. A virtual digital 
radiograph behind the patient represents what would be “seen” by x-rays passing through the 
patient at that position. Other 3D structures highlighted include the external surface of the patient 
(dark blue), lungs (light blue), heart (red), esophagus (green), and spinal cord (tan).
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Without doubt, the patient experience is faster and more comfortable than traditional 
catheter ablation. But is it safe? And does it work? The initial experience in patients with a 
high VT burden who failed standard therapies demonstrated a strong signal for efficacy 
(4). To carefully test key questions about longer-term safety and efficacy, we completed 
an investigator-initiated and funded, prospective Phase I/II clinical trial (ENCORE-VT trial, 
NCT02919618). The results of this trial were published late 2018, in coordination with a 
Late-Breaking Science presentation at American Heart Association Scientific Sessions and 
subsequent publication in Circulation (5). In short, ENCORE-VT confirmed the early safety 
and efficacy of ENCORE for refractory VT, with 94% of patients having any reduction in VT, 
coupled with significant decrease in dual antiarrhythmic medication (59% to 12%) and  
concomitant improvements in quality of life at 6 months.

Important questions remain to be answered: 

     •  How is cardiac radioablation actually antiarrhythmic? What are the mechanisms  
         involved?
     •  What are the longer-term risks with focused cardiac radiation? How can we apply  
         historical lessons learned from radiation oncology?
     •  How much is too much? Is there a threshold ablation volume or treatment dose  
         above which the risk for complication escalates? 
     •  Is the treatment effect similar in different types of cardiomyopathy? 
     •  Can advances in cardiac imaging, in silico modeling, and artificial intelligence better  
         identify the critical regions to target for treatment noninvasively? 
     •  Can we automate the process of noninvasively mapping and treating VT?
     •  Can cardiac radioablation be helpful earlier in the management of VT?
     •  Can cardiac radioablation be useful in other arrhythmias, such as atrial fibrillation?
     •  What is the best collaborative workflow and compensation model between radiation  
         oncologists and cardiac electrophysiologsts? 

Answers to these questions will require meticulous science, dedicated effort from radiation 
oncology and cardiology teams, and a strong willingness to collaborate between centers  
interested in exploring this further. Toward this effort, we have created the Center for 
Noninvasive Cardiac Radioablation (CNCR), the world’s first multidisciplinary Center explor-
ing the biology, clinical implementation, and population impact of cardiac radioablation. 
CNCR is already fueling new molecular discoveries and technical innovations, with two 
licensed patents, a NIH R01, and AHA Collaborative Sciences Award within the first year of 
its inception. To date, CNCR has helped over 25 medical centers worldwide to safely and 
reproducibly treat patients. In 2020, CNCR is scheduled to lead a multinational, multicenter 
prospective trial for cardiac radioablation of VT.

As we move forward with careful testing of noninvasive cardiac radioablation, we must  
always keep the patient in the center of the discussion and be prepared to answer the 
questions they are already asking: “Hours with catheters inside my body? Or minutes  
without?”
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CBAC FACULTY PROFILE:  Phyllis K. Stein, PhD 
 
Director, Heart Rate Variability Laboratory  
Associate Professor of Medicine  
(Cardiovascular Division) 

Heart Rate Variability Expert
 
I have been at Washington University in St. Louis since 1990. 
The year after I arrived in Saint Louis as a brand new post-
doc, and after failing to fit into my first lab, I was “given” to 
Dr. Robert Kleiger in Cardiology, then at Jewish Hospital.  
My PhD thesis was about exercise training and cardiovascu-
lar reactivity to mental stress, but I had literally never heard 
of heart rate variability (HRV). Dr. Kleiger’s revolutionary 
paper reporting that decreased HRV was an independent 
predictor of mortality in post-Myocardial Infarction (MI)  
patients had only been published in 1987. So, I continued as, 
a postdoc, a research instructor, a research assistant  
professor and as an associate professor to become the “go 
to” person here for HRV studies. 

The actual annotation of the continuous ECGs that we study 
falls to my assistant Beverly Vanderheyden. After she  
generates the basic results - which we call a beatfile, the 
associated graphical displays of the heart rate patterns, and 
in the case of a Holter, the report itself, I overread them and 
suggest any necessary changes. These results are stored by 
study, in our huge database that is now on a server.  

Meanwhile, I am editing papers, supervising the work of 
students in the lab, keeping up with the latest findings, if 
possible, and writing up our results. In active studies, the 
Holter report is shared with the originating investigator.
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Research Interests: 
 
       •	 Extracting prognostic markers for 	  	
 	 cardiovascular mortality, non- 
             cardiovascular mortality and autonomic  
	 dysfunction from continuous ECG  
             recordings 

 
 
•     Use of Holter recordings to detect sleep 	
        apnea and analysis of ECGs from sleep  
        studies

Growing Up

I grew up in Brooklyn, NY and, literally, was 
in the same high school class as Bernie 
Sanders (but I do not remember him). My 
graduating class had 1,404 students. There 
were enough bright kids to fill several class-
es. Being very bright and good at science 
and math just seemed normal. Almost all 
the bright kids were second-generation 
descendants of Eastern European Jewish 
immigrants and education was a primary 
value. However, my maternal grandmother, 
who was very bright and knew five  
languages, did not have any professional  
opportunities. She talked about getting 
into a bitter fight, back in the “old country” 
with her stepfather who did not believe that 
women should be educated. My parents 
would have been professionals (chemists) 
except their ambitions were quashed by the 
great depression. My father, who eventually 
became a high school industrial arts  
teacher, after doing outdoor construction 
work, finished his BA at Brooklyn College at 
the age of 85. My mother was deeply  
opposed to my going to an out-of-town 
school, afraid that I would “change.” So I 
went to Barnard College, commuting by 
subway over an hour each way. I planned 
to major in physics and since Columbia and 
Barnard shared a physics department, I was, 
I thought, going to be in one of the best  
departments anyway. Also, my boyfriend, 
and eventual first husband, was a physics 
major at Columbia, a year ahead of me.

Barnard was a shock, because everyone had 
been at the top of their class, not just me.   
I continued to declare my major as physics, 

partly because people were so impressed 
when I said it. I thought that it was the  
most fundamental science, the basis for  
everything, so it was the most worth  
studying. When I got to theoretical physics, 
in my 3rd year, I became disillusioned.   
Theoretical physics turned out to be pages 
of equations, and if there were a mistake on 
the third line, it would be pages of garbage.  
More than that, the true theoreticians were 
so “out there” that the faculty could not be 
sure if they were brilliant or insane! I knew I 
was not in their league.

However, I finished Barnard in three years in 
order to catch up with my now husband at 
the time. Millicent MacIntosh, the president 
of Barnard, was a strong proponent of  
married women having careers. She had 
five children and it did not stop her! She 
was also wealthy enough to have full time 
household help, but who is counting! This 
was the ‘50s. Living with or literally even 
sleeping with one’s boyfriend was not  
acceptable and the subject of gossip. I was 
18 when I got married and finally able to 
leave home. 

We were both accepted at Rutgers as  
graduate assistants in Physics and during 
that year, I realized that there was nothing  
in physics that really interested me. My then 
husband also decided that a PhD in physics 
was not his goal, so he got a job at the  
National Bureau of Standards. As a result, 
we moved to Washington, DC.
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Knowledge that can Prevent Unnecessary 
Suffering

None of this history directly relates to my  
career choice, because I had become  
passionate about the possibility of giving 
birth without suffering or needing to be put 
out of my misery (i.e., the Lamaze method).  
When I talked about it, people said, “How do 
you know if you haven’t had a baby?” So, I 
did have a baby!  I taught myself from  
whatever (pre-internet) resources were 
available and found a reasonably supportive 
OB and a hospital, where my husband could 
stay with me and my baby could stay with 
me from birth. Labor was the hardest  
physical work I could ever imagine, like  
running around the block and then  
knowing in less than a minute, I was going 
to run around the block again, whether I 
wanted to or not. The intensity of the  
sensations was also astounding, but never 
more than I could handle, and I did have 
one real labor pain when I tried a position 
that did not work. I am glad that happened, 
because it showed me the reality of what 
women had endured.  The pain was so bad 
that I did not know how I was going to live 
through it, and yet I knew I would. I went 
back to what was working. Without realizing 
it, this experience was the first round of my 
true passion, knowledge that can prevent  
unnecessary suffering. 

I went on to help start a formal Lamaze 
group in Washington, DC, teach Lamaze 
to couples in my home, and have a second 
baby (at home with a physician present).  
When I did the stats, after seven years of  
teaching, nearly 90% of couples were able to 
use Lamaze to deliver their babies without 
needing drugs. This was before the days of 
30% C-section rates, and most couples who 
did not have a supportive OB had changed 
doctors. I also became involved with La 
Leche League, a lay organization that  
supports nursing mothers.

My world changed in 1968, and I “dropped 
out.” The pre-programmed life that I was 

dutifully following suddenly became  
uninhabitable. My husband and I split up.  I 
had never really asked the question of what 
my life could be. I will skip over this phase 
in detail, except to say that I learned a lot 
about different therapy modalities, like  
bioenergetics and even primal scream. 
When my sons were ready to leave for 
college, we were living in a log cabin in the 
woods of Virginia. That was when I had to 
decide what I wanted to be when I grew up.  
This was in 1985. I knew, at the time, that 
any knowledge that promised to prevent  
unnecessary suffering excited me and that 
I needed a PhD to become “credible” in 
whatever I decided to do.

I decided, after realizing that medical  
school would not be a good fit for me, to 
go to the University of Virginia (UVA), which 
was about a 45 minute drive from the cabin. 
Although I had no idea what I should get a 
PhD in, fate sent me to exercise physiology. 
The program director was new and  
looking for students and did not care what 
else they were interested in beyond the core 
curriculum. I was the only non-athlete in 
the program, but what I learned, including 
how to write a scientific paper, which we 
did every two weeks after the entire group 
did something like lactate threshold testing, 
or strength testing in our regular lab, was 
invaluable. I got my MEd in Exercise  
Physiology and then joined the PhD  
program in health promotion.

I went to many conferences and was  
especially drawn to psychophysiology, i.e., 
determinants of the physiologic response  
to mental stress. A moment that stands  
out was an early conference where  
someone said that by looking at the effect 
of respiration on heart rate, it is possible to 
quantify “vagal tone.” Now I already knew 
that recovery and better health were  
associated with “better” vagal tone and  
suddenly I saw that there would be a way  
to quantify whether people were getting 
better because of an intervention rather 
than relying on subjective data from 
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questionnaires. My PhD thesis title was “The 
Effect of Exercise Training on Cardiovascular 
Responses to Mental Stress in Previously 
Sedentary Middle-Aged Men.” I commuted 
from the cabin (chestnut logs, built in 1910 
before the blight) until the last year of my 
studies when I moved to Charlottesville, 
Virginia. By then, I had given up the goats, 
chickens, geese and horse, but I moved to 
town with two older dogs and two older 
cats.  

When I received my degree in 1990,  
I assumed I would find a faculty position 
somewhere, but again, pre-internet, I had 
no idea how this even worked. By a stroke of 
complete luck, I had met Robert  
Carney, now a professor of psychiatry here 
at WashU, at what I remember to have been 
a psychophysiology conference, and he had 
a slot for an interdisciplinary postdoc, which 
he offered to me. So, this totally East Coast 
person moved to Saint Louis, a place I never 
imagined living, and a place I found to have 
just the right balance of resources and  
affordability. I came with the same two dogs 
and two cats. And I am still here.

Career in Heart Rate Variability (HRV)  
Research at WashU

I landed at Jewish Hospital as a postdoc  
and I never left, even though Jewish  
became Barnes-Jewish. It seems like once I 
found HRV — my evolution was set.  
However, in my first two years I collected up 
all of the known papers about HRV and put 
them, alphabetically, in binders. There were 
nearly 2,000. I still have the binders, but 
looking back at the days when I thought I 
could know all there was to know about the 
topic, I shake my head. Keeping up is now 
impossible, and that does not count the 
endless supply of the “Journals of Advanced 
Whatever” that sound so legitimate and 
beg me to contribute. What struck me the 
most about being at Wash U, however, is 
that, somehow, I had wound up in “the big 
leagues.” I am glad it happened that way.

When I came to Saint Louis, the obvious 
place for me to start my postdoc was in 
applied physiology. Within months, it was 
clear that who I was then was not a good fit.  
I was offered to Robert Kleiger in cardiology 
(then at Jewish Hospital) who was  
becoming known for work that showed  
that markedly decreased heart rate  
variability (HRV) is a powerful independent 
predictor of mortality post-MI. In 1991, he 
was part of a data collection of normative 
values for 24-hour HRV in healthy adults.  
He was happy to take me, and I recruited 
subjects for that study and put Holter  
monitors on them. Even though I was  
interested in cardiovascular reactivity, I had 
never heard of HRV. Indeed, my dissertation  
advisor, who had returned to his native  
Australia, was skeptical about its validity. 
Nevertheless, information from applications 
of HRV became my career. 

Research Goals  

I have joked that torturing the continuous 
ECG until it admits everything is my life’s 
goal. Now, I think it is closer to using HRV 
research findings to guide alleviation of and 
prevention of physical and emotional  
suffering both in health and disease and  
in all age groups.  

We have increasingly been involved with 
NICU data and are involved in a project in 
Malawi where HRV data is being used to 
discover optimal treatment for babies with 
cerebral malaria. As I write this, I think what 
motivates me is the understanding of our 
basic physiology as reflected, in part, by 
information from the heart, gives us solid 
guidance towards a path of better lives  
because this information does not lie. 
 

Right: Stein’s 
log cabin in  
Virginia
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Challenges

Too much data, too little time to fully  
analyze it and write it up. (Students at all 
levels and IMGs welcome to help me in this 
undertaking!) I want to create an online 
database so that people can apply to do 
projects within our datasets, none of which 
have been fully explored. We probably have 
over 25,000 annotated continuous ECG 
recordings, mostly Holters, but also sleep 
studies, lab studies, animal studies, NICU 
and ICU studies etc.  

The earlier recordings are just the beat-to-
beat files from which HRV is calculated.  
When more storage became available, we 
stored the digitized multichannel ECG. Now 
we can store the analyzed recording saved 
directly from the Holter scanner (which will 
read any continuous ECG recording) as well. 
There are huge and frustrating HIPPA issues 
about doing this, even though the data are 
de-identified, and, post-HIPPA, nearly  
impossible to connect to the actual person. 
It is an active area of effort.

Most Important Research Achievement

I have been very much oriented to looking 
at beat-by-beat heart rate patterns, even if 
they are obtained from a 24-hour (or longer) 
continuous ECG recording. We routinely  
create a heart rate tachogram, on a scale 
that is interpretable, for every recording, 
even for very short ones. Seeing these  
patterns result in insights that cannot come 
from numbers alone. I think one of my most 
important research achievements, possibly 
being somewhat undone now by the  
commercialization of self-monitoring HRV 
apps and the oversimplification of what 
they can be used for, is to promote a much 
deeper understanding of the complex  
physiology that HRV reflects. This has been 
further guided by the work of Stephen 
Porges (polyvagal theory) and Julian Thayer 
(neurovisceral integration). 

One way to explore a deeper under- 
standing of HRV is to plot it, using power 
spectral analysis. As a result, I was able to 
detect a form of higher HRV that should  
reflect better vagal functioning and  
therefore better health, but it does not.  
Unlike the earlier lesson that got me into 
the field, sometimes the changes in HRV 
with breathing are actually disorganized and 
unrelated to breathing. I called this erratic  
sinus rhythm (ESR). This HRV actually  
reflects a higher risk of mortality, at least in 
older adults, and can now be captured by 
some novel non-linear HRV measures that 
reflect the organization, rather than just the 
amount of HRV, but at the time I published 
on it, that was not known.

Shortly after I had begun to observe ESR, I 
saw a poster at a cardiology meeting, from 
the Cardiovascular Health Study (CHS),  
reporting the higher “vagal” HRV is  
associated with healthy aging, because, 
cross-sectionally, the oldest participant had 
higher values. I asked the presenter “How 
do you know that this is truly respiratory 
sinus arrhythmia, maybe it is a more  
disorganized sinus rhythm?” The person 
I asked contacted me later and said “We 
need you in the CHS.” 

The result was an R0-1 to re-analyze all of 
the 2,500 or so Holter recordings in the CHS, 
and a renewal to analyze the two cycles 
of overnight sleep studies from the same 
participants in the Sleep Heart Health Study 
(SHHS). I also discovered that heart rate  
patterns could detect sleep onset and  
detect sleep disordered breathing from  
outpatient recordings. This was validated in 
the SHHS and we continue to update prior 
studies to include sleep-disordered  
breathing in risk models, including,  
currently, a predictive model for higher  
fasting glucose in the CHS. In all active  
studies, we notify the investigators who 
notify participants and encourage them to 
seek follow-up. 
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Currently, we are exploring abnormalities in 
circadian rhythms, specifically sleep time 
heart rate patterns which indicate that the 
person is not getting normal rest at night.  
In CHS, patterns at baseline and changes 
over five years in people with two Holter  
recordings appear to be associated  
incidents of dementia. We are also  
exploring the application of artificial  
intelligence (AI) to Holter-derived beat-to-
beat files in order to detect clinical  
characteristics. In the first such effort, AI 
could successfully classify CHS participants 
as currently having no cardiovascular  
disease (CVD), subclinical CVD or clinical 
CVD with 96% accuracy. This was done as a 
pilot study on a smaller number of  
participants, but was just validated on the 
entire dataset of about 1,400 people with 
usable 24-hour recordings. Errors were 
always in the direction of classifying people 
who were supposedly free of CVD as  
having CVD. The potential applications of 
this methodology to our different datasets, 
e.g., to identify higher risk of mortality, or to 
detect subjects with depression, boggles 
the mind. And, since most of our datasets 
have the actual digitized ECG available as 
well, this further explodes the potential  
applications of AI.

Learning and Life in St. Louis

It had never occurred to me that I might 
live in the Midwest, but, of course, St. Louis 
is the perfect balance. It is big enough and 
cosmopolitan enough to have everything I 
might want, without nightmarish traffic and 
pollution and the cost of living is affordable. 
Also, now, social media and easy calling and 
VOIP means that we do not have to lose 
contact with people in other places. When I 
came here, I rented an apartment near  
Tower Grove Park, still one of my favorite 
places. I have grown so much since I got 
here. Partly, of course, since I got here in 
1990, the world and what is possible, have 
changed. Also, in 1994, when the RFT was 
still ubiquitous and had a personals section, 
I met my second husband, an Indian man, 
who is a member of the Chemistry faculty 

at UMSL. We were together for 10 years and 
then divorced. During the time we were 
together, my first son, Daniel, who lived in 
Yellow Springs, Ohio, was diagnosed with 
brain cancer (ologdendroglioma) and died 
10 years later, teaching all of us so much in 
that journey. His widow, after he died, went 
to medical school and is now the Medical 
Director of the Dayton Area Hospice. He left 
two children. 

After our divorce and some recovery time, 
my ex- and I remained friends, and 2 ½ 
years ago we became a couple again, both 
of us very different people capable of so 
much more together. During that period 
also, I had been deeply involved in different 
modalities of personal growth (preventing 
unnecessary suffering) but felt like I was not 
very “good at” what they required me to do, 
e.g., release my anger by beating on pillows.   
Several years ago, I took a class at U College 
(Somatic Awareness) and one of the three 
modules was called Somatic Experiencing 
(SE). SE is about addressing and rewiring 
the underlying autonomic consequences of 
trauma (e.g., being stuck in a highly  
activated sympathetically mediated flight 
or fight mode mode).  I got it, and suddenly 
my passion for HRV, a measure of  
autonomic functioning and my passion for 
using knowledge to prevent unnecessary 
suffering came together.   

I no longer needed to be “good at” a modal-
ity to heal, because modalities like SE take 
into account my actual physiology instead 
of what someone else thinks it should be. 
I now knew why I was doing what I was 
doing in my research and in helping others.  
I did complete the 3-year SE certification 
program and it led me to other related  
modalities where my expertise in HRV and 
my earlier passion for optimizing childbirth 
and attachment of mother and baby all 
came together. I am now in a role, among 
others, of being able to help develop and 
guide trauma-healing research, where HRV 
can evaluate the baseline physiology and 
document healing that takes place.
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What Does the Future Hold?

I would like to be able to continue my  
research into making the continuous ECG 
admit to everything, including research in 
the ICU where changes in HRV patterns 
might warn of an impending event before 
the patient becomes symptomatic. I want to 
continue to contribute to the science-based 
prevention and alleviation of unnecessary 
suffering, and to our application of  
autonomic physiology to promoting the 
increased ability of humans to love and  
support each other. 

As mentioned before, I would love to find 
a way to make the incredible amount of 
clinical HRV data and research that we have 
done available so that others can further 
explore it or apply novel and yet to be  
discovered methods to deepen the insights 
from it.  

I have mentored many foreign medical  
students and graduate students. I would 
love to continue to build on these  
collaborations. We are all learning to deal 
with this new world of information overload, 
but I am trying to learn how to navigate it 
with kindness to myself. As an example, I 
went off Facebook a couple of months ago, 
because it was taking up too much of my 
life, but I continue to manage the Somatic 
Experiencing Research Coalition page so 
that I can share relevant research findings 
with a large community. We also have a 
WUSM HRV Lab page where I post personal 
updates from anyone who has spent time in 
the lab. 

Hobbies

I do not have a lot of spare time, partly  
because I am and have always been  
someone who needed almost nine hours of 
sleep every night, one of the reasons I  
decided not to try to get an MD. I do love 
classical music and have a very good sound 
system. When I do my nightly treadmill  
exercise, there is always something  
interesting on YouTube, or a saved  
webinar, often related to trauma healing, 
but sometimes comedy. I have become 
able; recently, to watch Rachel Maddow 
and/or Lawrence O’Donnell again, but there 
was an unbearable period too. Weekends,  
I spend as much time as I can with my  
partner, just being together or going to 
events together, dealing with the necessary 
and getting ready for the week ahead. 

Surprising Thing to Know about Phyllis

I would say they might be surprised to know 
about the several different “lives” I have led.

Below: Photographs by Robert Kleiger, Professor of Medicine, Cardiovascular Division
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GETTING TO KNOW:  
NATHANIEL HUEBSCH, PhD 

 
Assistant Professor, Department of Biomedical Engineering

Education: 

•     2003   BS, Bioengineering
      University of California, 
      Berkeley, CA
•     2010   PhD, Engineering  
      Science and Medical Engineering
      Harvard University, MA

Research Interests: 

•    Pluripotent-stem cell derived cardiac  
      micro-tissues for modeling cardiac  
      development, drug toxicity and  
      cardiomyopathy
•    Synthetic extracellular matrix mimetics  
      with defined presentation of adhesion     
      ligands and growth factors

I have been at WashU for just about two 
years. Previously, I was a research scientist 
at UC Berkeley working on a heart-on-a-
chip team to develop iPSC-based models of 
disease. I was attracted to WashU because 
of its strengths in electrophysiology and 
collaborative science.

My lab uses human induced pluripotent 
stem cell technology, micro-fabrication, and 
tissue engineering to study how mechanical 
loading influences electrophysiology  
of heart muscle. We primarily rely on  
high-speed video microscopy, using  
fluorescent indicators of voltage and  
calcium, to monitor tissue conduction,  
calcium handling and contractility. We  
develop elastomer and hydrogel-based  
synthetic materials to change the  
extracellular matrix environment of  
cardiomyocytes, as well as to model  
changes in preload and afterload.

The most challenging aspect of making  
tissue-engineered models of disease is  
figuring out ways to test whether the  
in vitro models are actually predicting the  
biology that happens in the human body.
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Research Interests and Professional  
Development   

I was an undergraduate when the field of 
tissue engineering was growing rapidly. 
While trying to form tissue by putting cells 
on various polymer scaffolds and exposing 
them to growth factor cocktails meant to 
induce differentiation, researchers kept  
seeing that the scaffolds themselves had 
a very strong influence on differentiation – 
sometimes an even stronger influence than 
the growth factors had. I became  
fascinated by the idea that mechanical  
rigidity of the matrix cells grew could  
control differentiation. As a graduate  
student I studied how the mechanical 
rigidity of synthetic gel materials influence 
differentiation of bone marrow stromal cells 
encapsulated within.

During the course of my PhD studies, I 
became very interested in understanding 
more of the molecular machinery that  
cells used to sense their mechanical  
environment. I realized I needed to have 
a stronger background in stem cell and 
molecular biology to do this, so I opted to 
pursue postdoctoral work in iPSC  
technology. My postdoctoral mentor,  
Bruce Conklin, uses iPSC and genome  
editing techniques to study inherited  
cardiomyopathies. While working with 
Bruce, I became interested in combining 
my interests in tissue engineering with 
these cells. Through a collaboration with 
Kevin Healy at Berkeley, I was able to  
leverage study my longstanding interest of 
mechanobiology toward questions about 
inherited heart disease.

I do not think there was a singular  
“epiphany” that led me to pursue an  
academic career, but there were  
certainly people who encouraged me  
along the way. My PhD mentor, David 
Mooney, provided me with a strong  
foundation in using engineering  
approaches to study basic questions  
about cell biology, as did my postdoctoral
mentors. I also had mentors and colleagues 
in the lab who supported me during my 
research training and career search.

Motivations   

I have been very fortunate to work with  
passionate, driven students, which is  
motivating in itself. In terms of problems: 
we still do not understand exactly how 
cells sense their mechanical environment, 
in terms of the passive mechanics of the 
extracellular matrix, as well as active forces 
transmitted through the tissue. It is a basic 
question important to all tissues in our body 
including the heart. But it also has  
important implications for understanding 
how disease develops: protein-coding  
genetic mutations linked to sudden cardiac 
death most commonly occur in structures 
that generate mechanical contraction  
(sarcomeres) or maintain the integrity of 
cell-cell junctions under loading  
(desmosomes). 

Previous Page Images: (Left) Scanning electron  
micrograph of a micro-heart muscle formed 
on normal tissue culture plastic. (Right) Thin 
section of a self-organized human iPSC-derived 
micro-heart muscle. Cardiomyocyte structure  
is revealed by staining for Sarcomeric  
Alpha-Actinin (green) and cell nuceli (blue).
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Important Achievements  

As a PhD student, I led some of the  
first work showing that stromal cell  
differentiation could be controlled by the 
mechanics (rigidity) of a cell-encapsulating 
material, and that this could affect cell- 
mediated bone repair in vivo. These were 
some of the first studies showing that you 
could use physical properties of materials  
to elicit therapeutic behaviors from  
transplanted cells.     

I also had the chance to be involved with 
the development of some material-based 
cancer vaccines. Although I didn’t lead this 
work, I’m very proud to have contributed to 
it – in the time since I left grad school, these 
materials went on to be used to successfully 
treat cancer patients. It is very humbling to 
have been involved in work that went on to 
directly affect patients’ lives.

Future Goals  

Inherited heart disease is the most  
common cause of arrhythmias in children, 
but it’s very hard to predict exactly who will 
be most at risk for arrythmias, even when 
we know patients’ genetics. I’m interested 
in the possibility that mechanical loading  
on the heart – caused by patients’  
hemodynamics – could act as a non-genetic  
modifier of arrhythmia risk. In the next 
few years, I hope we can use these models 
we’re developing to directly test this idea. 
I am also interested in developing ways to 
change cardiomyocyte signaling using  
peptide-conjugated polymers. 

In terms of long-term goals, I want to create 
in vitro models that allow us to predict both 
genetic and non-genetic contributions to 
arrhythmia and heart failure. I want to  
leverage the same models to test new  
biomaterials-based regenerative therapies 
for the heart.

Being a Member of the CBAC  

There is often a disconnect between  
basic research and clinical reality. Having 
the chance to meet clinicians and hear 
directly about the problems they face every 
day when treating patients is important for 
bridging that gap. I have also benefitted  
tremendously from the chance to  
collaborate with other CBAC members,  
particularly Jon Silva and Stacey Rentschler.  

Hobbies 

My wife and I have two young children 
and we spend our spare time doing things 
with them. There are many things we enjoy 
about St. Louis, but my kids’ favorites are 
probably the zoo and the City Museum.

(Left to Right): The Huebsch Family - Nate,  
Jacob, Isabella and Grace at Galaxy’s Edge in  
Disneyland, California
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I am a 4th year BME PhD candidate in  
Dr. Stacey Rentschler’s lab on the medical 
school campus. My thesis research is  
focused on studying left/right differences  
in gene expression that regulate electro-
physiology in the context of development 
and disease in both mouse and human 
ventricles. My research spans across mouse 
models, adult human donor hearts, and 
human iPSC-derived cardiomyocytes. I am 
particularly interested in uncovering  
mechanisms underlying chamber-specific 
congenital heart diseases and arrhythmias.

So far, the PhD experience has been  
quite the adventure. Prior to joining Dr.  
Rentschler’s lab, I had very little wet lab 
experience, so I have spent a significant 
amount of time continuously learning a 
wide range of techniques from optical 
mapping to Western blotting. In addition 
to my technical training, I have also had the 
privilege and opportunity to practice grant 
writing, present my research at WashU and 
beyond, form professional networks and 
collaborations, as well as teach and mentor 
several students.

As a first-generation student from a small 
town, I have always been motivated to push 
boundaries and explore the unknown. This 
passion to constantly learn new things has 
led me to study abroad in Australia, pursue 
a research internship in Brazil, and decide to 
embark on a PhD journey. In research, the 
excitement that comes with being the only

PhD STUDENT:  
BRITTANY BRUMBACK 

 
Department of Biomedical Engineering 

Stacey Rentschler Laboratory 
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person in the world to know something  
(for a short bit!) drives me to design the next 
experiment to answer follow-up questions. 
I love solving complex, interdisciplinary 
problems and communicating my research 
with the global scientific community. In my 
career, I aim to help close the gap between 
basic science and clinical research of  
therapeutic design in the treatment of  
arrhythmias and cardiovascular disease.

During the summer before my senior year 
of undergrad, I completed a research  
internship in Dr. José Bassani’s  
Cardiovascular Research Laboratory at the 
Center for Biomedical Engineering at the 
University of Campinas, Brazil. Under  
Dr. Bassani’s guidance, I worked in  
collaboration with an electrical engineering 
graduate student to test a new circuit  
design for defibrillators that would be more 
effective and less dangerous. Ultimately, this 
experience taught me that clinicians can 
only treat patients to the extent that  
engineers can design therapeutics,  
which cannot be done effectively without  
understanding the problem’s underlying 
mechanism. 

At a glance 

Education: 
	        
•   2016  BS, Biomedical Engineering 
    The George Washington University 

•   2018  MS, Biomedical Engineering 
    Washington University in St. Louis 

•   x 2021 PhD, Biomedical Engineering
    Washington University in St. Louis

Research Interests: 

The left/right differences in gene ex- 
pression that regulate electrophysiology 
in the context of development and  
disease in both mouse and human  
ventricles.

(Left to Right): Stacey Rentschler, Brittany  
Brumback, Akshay Shekhar, and Glenn Fishman

Brittany Brumback receives her GRC Trainee 
Poster Award from Ursula Ravens (left) at the 
2019 Gordon Research Conference on Cardiac 
Arrhythmia Mechanisms in Barga, Italy.
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In my senior year of undergrad at  
The George Washington University, I worked 
in Dr. Igor Efimov’s cardiovascular engineer-
ing laboratory. That lab introduced me to 
panoramic optical mapping of the heart’s 
conduction properties to study arrhythmo-
genic mechanisms. While working in the 
lab, I also realized that it was necessary to 
combine principles from my background in 
engineering and physiology with molecular 
biology to develop comprehensive  
understanding of the mechanisms  
underlying arrhythmias. From these  
experiences, I knew that interdisciplinary  
research was going to be a cornerstone of 
my future career as a biomedical scientist, 
and I chose to attend Washington  
University in St. Louis for my PhD studies 
due to the vast interdisciplinary cardiac  
research opportunities.

Before I arrived at WashU for my PhD, I met 
with Dr. Rentschler and became intrigued 
about how developmental signaling  
pathways could regulate crucial factors  
that can cause arrhythmias. My previous  
educational and research experiences  
were focused on medical device design for  
treatment of arrythmias, and I was looking 
for an opportunity to expand my graduate 
research to further understand biological 
mechanisms underlying cardiac disease. 
The Rentschler lab seemed to be an ideal 
place for me to become a part of, and after 
my rotation, I was hooked on both the  
interesting research and the amazing group 
of individuals working in the lab.

I am most proud of being awarded a  
National Science Foundation Graduate 
Research Fellowship and winning the best 
poster award at the Gordon Conference for 
Cardiac Arrythmia Mechanisms. Prior to 
graduate school, I had never had the chance 
to communicate my research, and these  
experiences early in my career have given 
me the confidence to continue presenting 
my research and pursuing professional  
development as an interdisciplinary  
scientist.

Since I have been in St. Louis, I have learned 
to embrace every opportunity to explore  
aspects of life outside of science and  
research to maintain a work-life blend.  
Taking time to further understand myself 
and my passions outside of lab has enabled 
me to grow personally and has ultimately 
made me a better scientist as well.

I am also proud that I have been able to 
overcome the barriers to becoming the first 
person in my family to not only graduate 
with a bachelor’s but also a master’s  
degree and soon a PhD, all while maintain-
ing a 4-year international relationship with 
my now fiancé, Bruno. I would not have 
been able to make it through without the 
endless support of my family, friends, and 
Bruno.

My short-term goals are to publish  
manuscripts sharing my thesis research, 
defend my thesis, and ultimately finish my 
PhD training. While I have not quite  
resolved which career path lies beyond 
the PhD, my long-term goals are to remain 
connected to the research community and 
help advance translational research and 
therapeutic development for cardiovascular 
diseases.

When I’m not in lab, I enjoy spending time 
with my fiancé, Bruno, and exploring the 
events around St. Louis. We both are  
passionate about travelling and extreme 
sports such as bungee jumping, skydiving, 
glacier climbing, dog sledding, white water 
rafting, and more.

As a BME student working in a cardiology 
lab, the CBAC provides a home for  
interdisciplinary cardiac research that unites 
the Danforth and medical campuses. I enjoy 
attending the seminar series and  
constantly learning from scientists,  
physicians, and physician scientists that 
work on a huge range of topics related to 
cardiac health.
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I enrolled as a MD/PhD student at WashU 
in 2015, and I am currently a third year PhD 
student in Dr. Jianmin Cui’s lab working in 
the field of ion channel biophysics. I am  
particularly interested in the molecular  
aspect of cardiac electrophysiology. Normal 
heart function requires synchronized  
cellular electrical activity provided by  
proteins called voltage-gated ion channels. 
When these ion channels fail due to drug or  
inherited mutation, life-threatening  
arrhythmias can occur. My thesis work  
involves studying one such voltage-gated 
ion channel called KCNQ1. The lab’s overall 
goal is to determine the molecular  
mechanism underlying how KCNQ1 opens 
to conduct ionic current in response to 
changes in the transmembrane potential of 
the cell. To this end, I perform experiments 
to record ionic current through KCNQ1  
channels. I also measure KCNQ1 channel 
molecular movement and interaction with 
other protein partners through sensitive  
optical fluorescence experiments. These  
experiments ultimately allow us to  
understand how KCNQ1 channel normally 
function, how aberrant behavior of KCNQ1 
may lead to disease, and how therapeutic 
strategies may be devised to restore  
abnormal KCNQ1 channels. 

The thrill of scientific discovery and  
unraveling fundamental knowledge  
of the natural world motivates me to do 
what I do. We devise new experiments  
and methodologies to answer these  
fundamental questions about how the 
world works. The answers we obtain  

typically spawn questions that are even 
more interesting. This cycle of ever- 
changing questions excites me the most. 
I hope that my work can serve as research 
directions for others in the field, explain  
human diseases, and ultimately help  
advance human health. 

I immigrated with my family to the U.S.  
from Taiwan when I was ten years old.  
I was drawn to engineering and science  
early on. Some of my best high school 
memories were of long nights spent with 
friends putting together engineering  
projects for Science Olympiad competitions. 
I distinctively remember an event in which 
we were tasked with building a car  
powered by gravitational energy. We took 
the heaviest pineapple can in the kitchen 
and rigged it to fall and send our car flying!

MD, PhD STUDENT:  
POWEI (BILLY) KANG

 
Division of Biology & Biomedical Sciences 

Jianmin Cui Laboratory 
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These experiences drove me to pursue 
biomedical engineering at Johns Hopkins 
University. Even today in Dr. Cui’s lab, I often 
find myself jerry-rigging parts for quick 
experiments. Unfortunately, I no longer use 
oversized pineapple cans for lab safety  
reasons.     

During my undergraduate studies at Johns 
Hopkins University, I found myself leaning 
toward the electrical engineering and  
instrumentation courses. In my junior year, I 
was introduced to ion channel biophysics by 
Dr. David Yue. Dr. Yue gave riveting lectures 
on how ion channels function as biological 
transistors, analogous to how electronic 

transistors found in modern computers.  
I was fascinated by this intersection of  
biology and engineering. I later joined  
Dr. Yue’s lab as an undergraduate student 
and eventually a master’s student, where I 
studied voltage-gated sodium channels.  
I greatly enjoyed my work in the Yue lab and 
decided to continue pursuing the field of 
electrophysiology in my PhD studies.

I first met Dr. Cui when I interviewed for 
the combined MD/PhD program at WashU. 
The thirty-minute interview flew by as we 
both gushed about channel biophysics. My 
interviews with Dr. Cui and other faculty in 
the CBAC fully convinced me that WashU is 
an excellent place to train as an aspiring ion 
channel biophysicist. Given the strong  
training environment at WashU and the 
perfect match with my research interests, 
coming to WashU was an easy choice for 
me.      

Lab Life and Hobbies 

I have come to appreciate that every  
occasion for celebration should not be 
missed. Whether it is a birthday or a good  
manuscript peer review, life is significantly 
improved when small victories are  
celebrated.   

My wife Lily and I enjoy spending the  
evening preparing a nice meal together. 

Powei (Billy) Kang 

Education: 
	        
•   2014  BS, Biomedical Engineering 
    Johns Hopkins University 

•   2015  MS, Biomedical Engineering 
    Johns Hopkins University 

•   x 2023 MD, PhD, Biomedical Engineering
    Washington University in St. Louis

 
Research Interests: 

•     Study the structure and function of the   
       voltage-gated potassium channel  
       KCNQ1  

•     How KCNQ1 works on the molecular  
       level and how dysfunction in KCNQ1 can  
       lead to human disease

Above: The microscopy setup that Powei  
(Billy) Kang uses to guide different colored laser 
beams into a fluorescence microscope to image 
ion channels in living cells.
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We also enjoy playing co-operative video 
games, in which we work together (usually 
successfully), to complete objectives and  
puzzles.

What the Future Holds

After completing my doctoral thesis work, 
I plan to return to medical school to finish 
the remainder of the combined MD/PhD 
degrees. I expect to move on to residency 
training to solidify my clinical training. I plan 
to join a residency program with significant 
research or post-doc components such that 
I will continue to grow as a physician  
scientist.  

CBAC Collaborations

CBAC is a strong community of  
electrophysiology researchers that  
fosters a highly collaborative research  
environment. I anticipate that I will  
participate in collaboration projects with 
other members of CBAC through the  
course of my thesis work. As another  
highlight, the CBAC seminars are easily 
among the best scientific talks at WashU.   

NEWS & ANNOUNCEMENTS 
2019-PRESENT

in the news 
 
Jon Silva, PhD, developed 
the first computational  
model  that shows the  
molecular groundwork of  
a popular drug’s effectiveness in a 
variety of ways. The findings were 
published in the Journal of the 
American College of Cardiology: 
Basic to Translational Science 
October 2019 issue.  
Link: https://engineering.wustl.edu/news/
Pages/New-model-of-irregular-heartbeat-
could-boost-drug-efficacy.aspx 
 
Clifford Robinson, MD, Daniel 
Cooper, MD, Mitchell Faddis, 
MD, PhD, Timothy W. Smith, 
D Phil, MD, Pamela Woodard, 
MD, Yoram Rudy, PhD, Phillip 
Cuculich, MD, et al. developed 
a noninvasive radiation therapy 
approach to treating ventricular 
tachycardia. A single high dose 
of radiation aimed at the heart 
significantly reduces episodes of 
a potentially deadly rapid heart 
rhythm, according to results of a 
phase one/two study. The research 
was reported on Sept. 15, 2019 at 
the American Society for Radiation 
Oncology (ASTRO) Annual 
Meeting in Chicago.  
Link: https://medicine.wustl.edu/news/
radiation-therapy-effective-against-
deadly-heart-rhythm/

Phillip S. Cuculich, MD received 
the Skandy Award in Innovation 
from the Skandalaris Center for 
Interdisciplinary Innovation and 
Entrepreneurship, Washington  
University in St. Louis. 
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NEWS & ANNOUNCEMENTS 2019-PRESENT (Continued)

Clifford Robinson, MD received the James T. Willerson Award In Clinical Science for paper 
“Phase I/II Trial of Electrophysiology-Guided Noninvasive Cardiac Radioablation for  
Ventricular Tachycardia,” recognizing “the best clinical paper published in Circulation in the 
preceding twelve months.” Paper: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6331281/

Yoram Rudy, PhD gave two keynote lectures, “Noninvasive Mapping of Ventricular  
Arrhythmic Substrates and  Arrhythmias in the Intact Human Heart” Universitat Politecnica 
de Valencia, Ciudad Politecnica de la Innovacion, CARBIOyTEC 2019 in Valencia, Spain and  
“The Story of ECG-Imaging from Concepts to Clinical Application” UCL & Barts Heart Centre  
Translational Electrophysiology Symposium in London, UK 
 
Rajan Sah, MD  and Chao Zhou, PhD received the  Leadership and Entrepreneurial Acceler-
ation Program (LEAP) Award from Washington University in St. Louis.  
Link: https://fuse.wustl.edu/washu-fall-2019-leap-challenge-winners/ 
 
Jennifer N. Avari Silva, MD received the World Zoroastrian Chamber of Commerce  
Outstanding Zarathushti Entrepreneur and the Skandy Award in Innovation from the  
Skandalaris Center for Interdisciplinary Innovation and Entrepreneurship, Washington  
University in St. Louis.

title changes

R. Martin Arthur, PhD is now the Newton R. & Sarah Louisa Glasgow Wilson Emeritus  
Professor.  

Daniel Cooper, MD, has been promoted to Associate Professor of Internal Medicine,  
Cardiovascular Division. He is also the Director of Electrophysiology Fellowship.

Pamela Woodard, MD,  
recognized for her  
expertise in cardio- 
thoracic radiology has  
been named the  
inaugural Hugh Monroe  
Wilson Professor of  
Radiology.  
Link: https://medicine.wustl. 
edu/news/woodard-named- 
wilson-professor-of-radiology/

Douglas Mann, MD received the 
Heart Failure Society of America  
Lifetime Achievement Award at the 
23rd Annual Heart Failure Society of 
America Scientific Meeting in  
Philadelphia, PA. 
Link: https://www.hfsa.org/douglas-l-mann-
md-fhfsa-to-receive-2019-hfsa-lifetime-
achievement-award/
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congratulations to

                         Yoram Rudy, PhD (right) received the Chancellor’s Award for Innovation and  
		  Entrepreneurship on Nov. 8, 2019. Prior to that, he was inducted into the  
		  National Academy of Inventors (NAI) to the rank of Fellow.   
		  Link: https://fuse.wustl.edu/two-faculty-members-named-national-academy-of-inventors- 
		  fellows/?_ga=2.7716786.1018925473.1546871913-1457637254.1545836855
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FOCUS ON A SPECIAL REPORT

Electromechanics of the Normal Human 
Heart In Situ 
 
The Yoram Rudy laboratory conducts first 
study of electromechanics of healthy, living 
human hearts. 
 
Link: https://engineering.wustl.edu/news/
Pages/Rudy-lab-conducts-first-study-of-
electromechanics-of-healthy,-living-human-
hearts.aspx
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title changes (Continued)

Patrick Jay, MD, PhD, is currently a Director at Alnylam Pharmaceuticals in Boston. 

R. Gilbert Jost, MD is now the Professor Emeritus of Radiology.
 
Amit Noheria, MBBS, SM, is now an Associate Professor in the Department of  
Cardiovascular Medicine at Kansas University Medical Center, the University of Kansas.  
 
Daniel Ory, MD, is now also a Senior Vice President of Translationational Medicine, Casma 
Therapeutics.  
 
Jean Schaffer, MD, is currently the Associate Research Director, Joslin Diabetes, and a 
Member, Faculty of Medicine, Harvard Medical School.

Jon Silva, PhD,  has been promoted to Associate Professor of Biomedical Engineering,  
Department of Biomedical Engineering. 
 
Gautam Singh, MD is now a Professor of Pediatrics at Central Michigan University.

George Van Hare, MD is now also a part-time Medical Officer in the FDA’s Implantable  
Electrophysiology Devices Branch in the Cardiac Devices division of CDRH.
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R. MARTIN ARTHUR, PhD 

Marrus, SB, Zhang, M, Martin Arthur. Identification of Acute Coronary Syndrome via Activation and Recovery 
Times in Body-Surface Mapping and Inverse Electrocardiography. Int J Bioelectromagn. 2019; 21(1):1-6.

PHILIP BAYLY, PhD

Bottier M, Thomas KA, Dutcher SK, Bayly PV. How Does Cilium Length Affect Beating? Biophys J. 
2019 Apr 2;116(7):1292-1304. Epub 2019 Feb 26. PMID: 30878201, PMCID: PMC6451027.

Okamoto RJ, Romano AJ, Johnson CL, Bayly PV. Insights Into Traumatic Brain Injury From MRI of Harmonic 
Brain Motion. J Exp Neurosci. 2019 Apr 7;13:1179069519840444. eCollection 2019. PMID: 31001064, 
PMCID: PMC6454654.

Kim M, Huff E, Bottier M, Dutcher SK, Bayly PV, Meacham JM. Acoustic trap-and-release for rapid assessment 
of cell motility. Soft Matter. 2019 May 29;15(21):4266-4275. PMID: 30968924.

Hou Z, Okamoto RJ, Bayly PV. Shear Wave Propagation and Estimation of Material Parameters in a Nonlinear, 
Fibrous Material. J Biomech Eng. 2019 Aug 1. [Epub ahead of print] PMID: 31513702.

Lu YC, Daphalapurkar NP, Knutsen AK, Glaister J, Pham DL, Butman JA, Prince JL, Bayly PV, Ramesh KT. A 3D 
Computational Head Model Under Dynamic Head Rotation and Head Extension Validated Using Live 
Human Brain Data, Including the Falx and the Tentorium. Ann Biomed Eng. 2019 Sep;47(9):1923-1940.  
Epub 2019 Feb 14. PMID: 30767132, PMCID: PMC6693976.

SANJEEV BHALLA, MD

Raptis DA, Bhalla S2 Raptis CA. Computed Tomographic Imaging of Cardiac Trauma. Radiol Clin North Am. 
2019 Jan;57(1):201-212. Epub 2018 Oct 31. PMID: 30779459. 

Shetty AS, Sipe AL, Zulfiqar M, Tsai R, Raptis DA, Raptis CA, Bhalla S. In-Phase and Opposed-Phase Imaging: 
Applications of Chemical Shift and Magnetic Susceptibility in the Chest and Abdomen. Radiographics.  
2019 Jan-Feb;39(1):115-135. Epub 2018 Dec 14. PMID: 30547731. 

Magudia K, Menias CO, Bhalla S, Katabathina VS, Craig JW, Hammer MM. Unusual Imaging Findings 
Associated with Germ Cell Tumors. Radiographics. 2019 Jul-Aug;39(4):1019-1035.  Epub 2019 May 24. 
PMID:31125295. 

Hammer MM, Barile M, Bryson W, Bhalla S, Raptis CA. Errors in Interpretation of Magnetic Resonance Imaging  
for Thymic Lesions. J Thorac Imaging. 2019 Nov;34(6):351-355. PMID: 30562222.

Raptis DA, Neal K, Bhalla S. Imaging Approach to Misplaced Central Venous Catheters. Radiol Clin North Am. 
2020 Jan;58(1):105-117. PMID:31731895.	

DANIEL H. COOPER, MD 

Robinson CG, Samson PP, Moore KMS, Hugo GD, Knutson N, Mutic S, Goddu SM, Lang A, Cooper DH, Faddis M,  
Noheria A, Smith TW, Woodard PK, Gropler RJ, Hallahan DE, Rudy Y, Cuculich PS. Phase I/II Trial of  
Electrophysiology-Guided Noninvasive Cardiac Radioablation for Ventricular Tachycardia. Circulation. 
2019 Jan 15;139(3):313-321. PMID: 30586734, PMCID: PMC6331281. 

Agboola KM, Lee JM, Liu X, Novak E, Cuculich PS, Cooper DH, Noheria A. Interaction of cardiac implantable 
electronic device and patent foramen ovale in ischemic stroke: A case-only study. Pacing Clin 
Electrophysiol. 2019 Mar;42(3):341-348. Epub 2019 Jan 31. PMID: 30620091, PMCID: PMC6414253.  

Steyers CM 3rd, Sodhi S, Faddis MN, Cooper DH, Cuculich PS, Noheria A. Ablation using 3D maps adjusted for 
spatial displacement of premature ventricular complexes relative to sinus beats: Improving precision 
by correcting for the shift. J Cardiovasc Electrophysiol. 2019 Nov;30(11):2319-2325. Epub 2019 Aug 26.  
PMID: 31424125.

PHILLIP S. CUCULICH, MD 

Zhang S, Cuculich PS, Noheria A. Atrial Flutter With Narrow QRS Complexes in a Patient	With Pacemaker. 
Circulation. 2019 Jan 15;139(3):407-409. PMID: 30640540. 
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PHILLIP S. CUCULICH, MD (Cont.’d)

Robinson CG, Samson PP, Moore KMS, Hugo GD, Knutson N, Mutic S, Goddu SM, Lang A, Cooper DH, Faddis M,  
	 Noheria A, Smith TW, Woodard PK, Gropler RJ, Hallahan DE, Rudy Y, Cuculich PS. Phase I/II Trial of  
	 Electrophysiology-Guided Noninvasive Cardiac Radioablation for Ventricular Tachycardia. Circulation.  
	 2019 Jan 15;139(3):313-321. PMID: 30586734, PMCID: PMC6331281.  
Agboola KM, Lee JM, Liu X, Novak E, Cuculich PS, Cooper DH, Noheria A. Interaction of cardiac implantable  
	 electronic device and patent foramen ovale in ischemic stroke: A case-only study. Pacing Clin  
	 Electrophysiol. 2019 Mar;42(3):341-348. Epub 2019 Jan 31. PMID: 30620091, PMCID: PMC6414253. 
Wu W, Wang H, Zhao P, Talcott M, Lai S, McKinstry RC, Woodard PK, Macones GA, Schwartz AL, Cahill AG,  
	 Cuculich PS, Wang Y. Noninvasive high-resolution electromyometrial imaging of uterine contractions  
	 in a translational sheep model. Sci Transl Med. 2019 Mar 13;11(483). PMID: 30867320.
Cronin EM, Bogun FM, Maury P, Peichl P, Chen M, Namboodiri N, Aguinaga L, Leite LR, Al-Khatib SM, Anter E,  
	 Berruezo A, Callans DJ, Chung MK, Cuculich P, d’Avila A, Deal BJ, Della Bella P, Deneke T, Dickfeld TM,  
	 Hadid C, Haqqani HM, Neal Kay G, Latchamsetty R, Marchlinski F, Miller JM, Nogami A, Patel AR,  
	 Pathak RK, Saenz Morales LC, Santangeli P, Sapp JL Jr, Sarkozy A, Soejima K, Stevenson WG, Tedrow  
	 UB, Tzou WS, Varma N, Zeppenfeld K. 2019 HRS/EHRA/APHRS/LAHRS expert consensus statement on  
	 catheter ablation of ventricular arrhythmias. J Arrhythm. 2019 May 10;35(3):323-484. eCollection 2019  
	 Jun. PMID: 31293696, PMCID: PMC6595359. 
Cronin EM, Bogun FM, Maury P, Peichl P, Chen M, Namboodiri N, Aguinaga L, Leite LR, Al-Khatib SM, Anter E,  
	 Berruezo A, Callans DJ, Chung MK, Cuculich P, d’Avila A, Deal BJ, Della Bella P, Deneke T, Dickfeld TM,  
	 Hadid C, Haqqani HM, Kay GN, Latchamsetty R, Marchlinski F, Miller JM, Nogami A, Patel AR, Pathak  
	 RK, Saenz Morales LC, Santangeli P, Sapp JL Jr, Sarkozy A, Soejima K, Stevenson WG, Tedrow UB, Tzou  
	 WS, Varma N, Zeppenfeld K. 2019 HRS/EHRA/APHRS/LAHRS expert consensus statement on catheter  
	 ablation of ventricular arrhythmias. Heart Rhythm. 2019 May 10. [Epub ahead of print]. PMID: 31085023. 
Robinson CG, Knutson NC, Samson PP, Cuculich PS. Response by Robinson et al to Letter Regarding Article,  
	 “Phase I/II Trial of Electrophysiology-Guided Noninvasive Cardiac Radioablation for Ventricular  
	 Tachycardia”. Circulation. 2019 Jul 2;140(1):e3-e4. Epub 2019 Jul 1. PMID: 31549873. 
Gach HM, Green OL, Cuculich PS, Wittland EJ, Marko A, Luchtefeld ME, Entwistle JM, Yang D, Wilber DJ, Mutic  
	 S, Robinson CG. Lessons Learned From the First Human Low-Field MRI Guided Radiation Therapy of  
	 the Heart in the Presence of an Implantable Cardiac Defibrillator. Pract Radiat Oncol.  
	 2019 Jul - Aug;9(4):274-279. Epub 2019 Feb 18. PMID: 30790716. 
Cronin EM, Bogun FM, Maury P, Peichl P, Chen M, Namboodiri N, Aguinaga L, Leite LR, Al-Khatib SM, Anter E,  
	 Berruezo A, Callans DJ, Chung MK, Cuculich P, d’Avila A, Deal BJ, Della Bella P, Deneke T, Dickfeld TM,  
	 Hadid C, Haqqani HM, Kay GN, Latchamsetty R, Marchlinski F, Miller JM, Nogami A, Patel AR, Pathak  
	 RK, Sáenz Morales LC, Santangeli P, Sapp JL, Sarkozy A, Soejima K, Stevenson WG, Tedrow UB, Tzou  
	 WS, Varma N, Zeppenfeld K; ESC Scientific Document Group . 2019 HRS/EHRA/APHRS/LAHRS expert  
	 consensus statement on catheter ablation of ventricular arrhythmias. Europace. 2019 Aug 1;21(8):1143- 
	 1144. PMID: 31075787. 
Knutson NC, Samson PP, Hugo GD, Goddu SM, Reynoso FJ, Kavanaugh JA, Mutic S, Moore K, Hilliard J,  
	 Cuculich PS, Robinson CG. Radiation Therapy Workflow and Dosimetric Analysis from a Phase 1/2 Trial  
	 of Noninvasive Cardiac Radioablation for Ventricular Tachycardia. Int J Radiat Oncol Biol Phys. 2019 Aug  
	 1;104(5):1114-1123. Epub 2019 Apr 16. PMID: 31002942. 
Steyers CM 3rd, Sodhi S, Faddis MN, Cooper DH, Cuculich PS, Noheria A. Ablation using 3D maps adjusted for  
	 spatial displacement of premature ventricular complexes relative to sinus beats: Improving precision  
	 by correcting for the shift. J Cardiovasc Electrophysiol. 2019 Nov;30(11):2319-2325. Epub 2019 Aug 26.  
	 PMID: 31424125. 
Wang H, Wu W, Talcott M, McKinstry RC, Woodard PK, Macones GA, Schwartz AL,  Cuculich P, Cahill AG, Wang  
	 Y. Accuracy of electromyometrial imaging of uterine contractions in clinical environment. Comput Biol  
	 Med. 2019 Nov 18;116:103543. [Epub ahead of print]. PMID: 31786490. 
Yasar SJ, Bickel T, Zhang S, Akkaya M, Aznaurov SG, Krishnan K, Cuculich PS, Gautam S. Heparin reversal with  
	 protamine sulfate is not required in atrial fibrillation ablation with suture hemostasis. J Cardiovasc  
	 Electrophysiol. 2019 Dec;30(12):2811-2817. Epub 2019 Nov 5. PMID: 31661173. 
Cronin EM, Bogun FM, Maury P, Peichl P, Chen M, Namboodiri N, Aguinaga L, Leite LR, Al-Khatib SM, Anter E,  
	 Berruezo A, Callans DJ, Chung MK, Cuculich P, d’Avila A, Deal BJ, Della Bella P, Deneke T, Dickfeld TM,  
	 Hadid C, Haqqani HM, Kay GN, Latchamsetty R, Marchlinski F, Miller JM, Nogami A, Patel AR, Pathak  
	 RK, Saenz Morales LC, Santangeli P, Sapp JL Jr, Sarkozy A, Soejima K, Stevenson WG, Tedrow UB, Tzou  
	 WS, Varma N, Zeppenfeld K. 2019 HRS/EHRA/APHRS/LAHRS expert consensus statement on catheter  
	 ablation of ventricular arrhythmias: Executive summary. Heart Rhythm. 	2020 Jan;17(1):e155-e205. Epub  
	 2019 May 10. PMID: 31102616.
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JIANMIN CUI, PhD 

Hou P, Kang PW, Kongmeneck AD, Yang ND, Liu Y, Shi J, Xu X, White KM, Zaydman MA, Kasimova MA,  
	 Seebohm G, Zhong L, Zou X, Tarek M, Cui J. Two-stage electro-mechanical coupling of a KV channel in  
	 voltage-dependent activation. Nat Commun. 2020 Feb 3;11(1):676. PMID: 32015334,  
	 PMCID: PMC6997178.
Taylor KC, Kang PW, Hou P, Yang ND, Kuenze G, Smith JA, Shi J, Huang H, White KM, Peng D, George AL, Meiler  
	 J, McFeeters RL, Cui J, Sanders CR. Structure and physiological function of the human KCNQ1 channel  
	 voltage sensor intermediate state. Elife. 	[Epub ahead of print]. 2020 Feb 25;9. PMID: 32096762 
Hou P, Shi J, White KM, Gao Y, Cui J. ML277 specifically enhances the fully activated open state of KCNQ1 by  
	 modulating VSD-pore coupling. Elife. 2019 Jul 22;8. PMID: 31329101, PMCID: PMC6684268.

AARTI DALAL, DO

Orr WB, Stanley C, Dalal A, Zoeller B, Van Hare GF, Avari Silva JN. Institutional experience of healthy pediatric  
	 patients presenting with atrial fibrillation who had an electrophysiology study. J Card Surg. 2020  
	 Mar 12. [Epub ahead of print] PMID: 32163635.
Dalal AS, Van Hare GF. Disturbances of rate and rhythm of the heart In: Kliegman RM, St. Geme III, JW, eds.  
	 Nelson’s Pediatrics 21st Edition ed. Philadelphia; 2020: Chapter 462, pp 2436-2448. 
Dalal AS, Van Hare GF. Sudden death In: Kliegman RM, St. Geme III, JW, eds. Nelson’s Pediatrics 21st Edition ed.  
	 Philadelphia; 2020: Chapter 463, pp 2448-2451. 
Dalal AS, Van Hare GF. Syncope In: Kliegman RM, St. Geme III, JW, eds. Nelson’s Pediatrics 21st Edition ed.  
	 Philadelphia; 2020: Chapter 87, pp 566-569.

RALPH J. DAMIANO, Jr, MD

Antonoff MB, Luc JGY, Patterson GA, Meyers BF, Damiano RJ Jr, Moon MR. Graduate Subspecialty and  
	 Perceptions of Cardiothoracic Surgery Training: A 60-Year Retrospective Study. Ann Thorac Surg. 2019  
	 Jan;107(1):285-293.  Epub 2018 Sep 19. PMID: 30240766.
Takahashi T, Gauthier JM, Albertin EK, Damiano RJ Jr, Patterson GA, Bierhals AJ, Pasque MK, Hachem RR,  
	 Puri V, Kreisel D. Transplantation of Lungs Procured From a Donor With 	an Atrioesophageal Fistula.  
	 Ann Thorac Surg. 2019 Feb;107(2):e121-e122. Epub 2018 Aug 3. PMID: 30081029, PMCID: PMC6935363. 
Filardo G, Ailawadi G, Pollock BD, da Graca B, Phan TK, Thourani V, Damiano RJ Jr. Postoperative atrial  
	 fibrillation: Sex-specific characteristics and effect on survival. J Thorac Cardiovasc Surg. 2019 May 18.  
	 [Epub ahead of print]. PMID: 31208806.
Adademir T, Khiabani AJ, Schill MR, Sinn LA, Schuessler RB, Moon MR, Melby SJ, Damiano RJ Jr. Surgical  
	 Ablation of Atrial Fibrillation in Patients With Tachycardia-Induced Cardiomyopathy. Ann Thorac Surg.  
	 2019 Aug;108(2):443-450. Epub 2019 Mar 27. PMID: 30928552. 
Khiabani AJ, Greenberg JW, Hansalia VH, Schuessler RB, Melby SJ, Damiano RJ Jr. Late Outcomes of Surgical  
	 Ablation for Inappropriate Sinus Tachycardia. Ann Thorac Surg. 2019 Oct;108(4):1162-1168. Epub 2019 May  
	 8. PMID: 31077661, PMCID: PMC6930839. 
Filardo G, Pollock BD, da Graca B, Phan TK, Damiano RJ Jr, Ailawadi G, Thourani V, Edgerton  JR. Post-coronary  
	 artery bypass graft atrial fibrillation event count and survival: differences by sex. Ann Thorac Surg. 2019  
	 Oct 4. pii:S0003-4975(19)31490-0. [Epub ahead of print]. PMID: 31589856. 
Damiano RJ Jr, MacGregor R. 30 Years of Surgical Ablation for “Stand-Alone” Atrial Fibrillation: Have We  
	 Abandoned an Evidence- Driven Approach? 2020 Mar;109(3):627-629. Epub 2019 Oct 4.  
	 PMID: 31589860.

VICTOR G. DAVILA-ROMAN, MD

Kraja AT, et. al. Associations of Mitochondrial and Nuclear Mitochondrial Variants and Genes with Seven  
	 Metabolic Traits. Am J Hum Genet. 2019 Jan 3;104(1):112-138. Epub 2018 Dec 27. PMID:30595373,  
	 PMCID: PMC6323610.
Samaha E, Brown J, Brown F, Martinez SC, Scott M, Jaffe AS, Davila-Roman VG, Nagele P. High-sensitivity  
	 cardiac troponin T increases after stress echocardiography. Clin Biochem. 2019 Jan;63:18-23. Epub 2018  
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VICTOR G. DAVILA-ROMAN, MD (Cont.’d)

	 Nov 28. PMID: 30502318.
Boutjdir M, Aromolaran AS, de Las Fuentes L, Boyington JEA, Arteaga SS, Jobe J, Jeffe DB, Rao DC, Rice TK,  
	 Davila-Roman VG. Research Education and Mentoring Program in Cardiovascular Diseases for  
	 Under-Represented Junior Faculty From NHLBI SIPID/PRIDE. J Am Coll Cardiol.  
	 2019 Apr 16;73(14):1861-1865. PMID: 30975303, PMCID: PMC6464379. 
Baumann AA, Mutabazi V, Brown AL, Hooley C, Reeds D, Ingabire C, Ndahindwa V, Nishimwe A, Cade WT,  
	 de Las Fuentes L, Proctor EK, Karengera S, Schecthman KB, Goss CW, Yarasheski K, Newsome B,  
	 Mutimura E, Davila-Roman VG. Dissemination and Implementation Program in Hypertension in  
	 Rwanda: Report on Initial Training and Evaluation. Glob Heart. 2019 Jun;14(2):135-141. PMID: 31324367,  
	 PMCID: PMC6816501.
McGill JB, Johnson M, Hurst S, Cade WT, Yarasheski KE, Ostlund RE, Schechtman KB, Razani B, Kastan MB,  
	 McClain DA, de Las Fuentes L, Davila-Roman VG, Ory DS, Wickline SA, Semenkovich CF. Low dose  
	 chloroquine decreases insulin resistance in human metabolic syndrome but does not reduce carotid  
	 intima-media thickness. Diabetol Metab Syndr. 2019 Jul 29;11:61.eCollection 2019. PMID: 31384309,  
	 PMCID: PMC6664523.
Yan LL, Vedanthan R, Mensah GA, Karmacharya B, Shrestha A, Fitzpatrick A, Duc HA, Tandon N, Davila-Roman  
	 VG, Huffman MD, Miranda JJ, Irazola V, Koju R, Newsome B, Yusuf S. Developing the Core Pillars of  
	 Training Global Cardiovascular Health Researchers: Companionship, Light, and Fuel. Glob Heart. 2019  
	 Dec;14(4):387-389. PMID: 31727269.

MITCHELL N. FADDIS, MD, PhD 

Steyers CM 3rd, Sodhi S, Faddis MN, Cooper DH, Cuculich PS, Noheria A. Ablation using 3D maps adjusted for  
	 spatial displacement of premature ventricular complexes relative to sinus beats: Improving precision  
	 by correcting for the shift. J Cardiovasc Electrophysiol. 2019 Nov;30(11):2319-2325.Epub 2019 Aug 26.  
	 PMID: 31424125. 
Faddis MN. Quantitation of the Left Atrial Appendage. Circ Cardiovasc Imaging. 2019 Dec;12(12):e010109. Epub  
	 2019 Dec 17. PMID: 31842588. 
Sodhi SS, Cooper DE and Faddis MN. 2019. Cardiac Arrhythmias. In The Washington Manual of Medical  
	 Therapeutics. 36th Edition. Lippincott, Williams, and Wilkins. 
Faddis MN. Cardiac Resynchronization Therapy. American College of Cardiology Self-Assessment Version 9.  
	 2019.  

MICHAEL J. GREENBERG, PhD  
 
Porter JR, Moeder KE, Sibbald CA, Zimmerman MI, Hart KM, Greenberg MJ, Bowman GR. Cooperative  
	 Changes in Solvent Exposure Identify Cryptic Pockets, Switches, and Allosteric Coupling. Biophys J.  
	 2019 Mar 5;116(5):818-830. Epub 2019 Jan 25. PMID: 30744991, PMCID: PMC6400826. 
Barrick SK, Clippinger SR, Greenberg L, Greenberg MJ. Computational Tool to Study Perturbations in Muscle  
	 Regulation and Its Application to Heart Disease. Biophys J. 2019 Jun 18;116(12):2246-2252. Epub 2019  
	 May 7. PMID: 31126584, PMCID: PMC6588827.
Clippinger SR, Cloonan PE, Greenberg L, Ernst M, Stump WT, Greenberg MJ. Disrupted mechanobiology links  
	 the molecular and cellular phenotypes in familial dilated cardiomyopathy. Proc Natl Acad Sci USA. 2019  
	 Sep 3;116(36):17831-17840. Epub 2019 Aug 19. PMID: 31427533, PMCID: PMC6731759.

RICHARD W. GROSS, MD, PhD  
 
Li W, Feng G, Gauthier JM, Lokshina I, Higashikubo R, Evans S, Liu X, Hassan A, Tanaka S, Cicka M, Hsiao HM,  
	 Ruiz-Perez D, Bredemeyer A, Gross RW, 	Mann DL, Tyurina YY, Gelman AE, Kagan VE, Linkermann A,  
	 Lavine KJ, Kreisel D. Ferroptotic cell death and TLR4/Trif signaling initiate neutrophil recruitment after  
	 heart transplantation. J Clin Invest. 2019 Feb 26;129(6):2293-2304. PMID: 30830879,  
	 PMCID: PMC6546457. 
Liu GY, Moon SH, Jenkins CM, Sims HF, Guan S, Gross RW. Synthesis of oxidized phospholipids by  
	 sn-1 acyltransferase using 2-15-HETE lysophospholipids. J Biol Chem. 2019 Jun 28;294(26):10146-10159.  
	 Epub 2019 May 12. PMID: 31080170, PMCID: PMC6664186.

NATHANIEL HUEBSCH, PhD  
 
Boggess SC, Gandhi SS, Siemons BA, Huebsch N, Healy KE, Miller EW. New Molecular Scaffolds for Fluorescent  
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NATHANIEL HUEBSCH, PhD (Cont.’d)

	 Voltage Indicators. ACS Chem Biol. 2019 Mar 15;14(3):390-396. Epub 2019 Feb 8. PMID: 30735344,  
	 PMCID: PMC6499379. 
Loskill P, Huebsch N. Engineering Tissues from Induced Pluripotent Stem Cells. 	Tissue Eng Part A. 2019  
	 May;25(9-10):707-710.Erratum in: Tissue Eng Part A. 2019 Jul;25(13-14):1065. PMID: 31030627. 
Huebsch N. Translational mechanobiology: Designing synthetic hydrogel matrices for improved in vitro  
	 models and cell-based therapies. Acta Biomater. 2019 Aug;94:97-111. Epub 2019 May 24. Review.  
	 PMID: 31129361.

DOUGLAS L. MANN, MD 
 
Shah N, Qian M, Di Tullio MR, Graham S, Mann DL, Sacco RL, Lip GYH, Labovitz AJ, Ponikowski P, Lok DJ,  
	 Anker SD, Teerlink JR, Thompson JLP, Homma S, Freudenberger RS; WARCEF Investigators. Pulse  
	 pressure and prognosis in patients with heart failure with reduced ejection fraction. Eur J Clin Invest. 	
	 2019 Feb 3:e13092. [Epub ahead of print]. PMID: 30801690. 
Mann DL. What Are the Off-Target Effects of Plan “S” For Translational Investigators? JACC Basic Transl Sci.  
	 2019 Feb 25;4(1):132-133. eCollection 2019 Feb. PMID: 30847428, PMCID: PMC6390673. 
Li W, Feng G, Gauthier JM, Lokshina I, Higashikubo R, Evans S, Liu X, Hassan A, Tanaka S, Cicka M, Hsiao HM,  
	 Ruiz-Perez D, Bredemeyer A, Gross RW, 	Mann DL, Tyurina YY,  Gelman AE, Kagan VE, Linkermann A,  
	 Lavine KJ, Kreisel D. Ferroptotic cell death and TLR4/Trif signaling initiate neutrophil recruitment after  
	 heart transplantation. J Clin Invest. 2019 Feb 26;129(6):2293-2304. PMID: 30830879,  
	 PMCID: PMC6546457. 
Mann DL. Scott Gottlieb’s Resignation as FDA Commissioner Is a Loss for Translational Medicine. JACC Basic  
	 Transl Sci. 2019 Mar 20;4(2):289-290. eCollection 2019 Apr. PMID: 31061931, PMCID: PMC6488735. 
Lee TC, Qian M, Mu L, Di Tullio MR, Graham S, Mann DL, Nakanishi K, Teerlink JR, Lip GYH, Freudenberger RS,  
	 Sacco RL, Mohr JP, Labovitz AJ, Ponikowski P, Lok DJ, Estol C, Anker SD, Pullicino PM, Buchsbaum R,  
	 Levin B, Thompson JLP, Homma S, Ye S; WARCEF Investigators. Association between mortality and  
	 implantable cardioverter-defibrillators by aetiology of heart failure: a propensity-matchedanalysis of  
	 the WARCEF trial. ESC Heart Fail. 2019 Apr;6(2):297-307. Epub 2019 Feb 27. PMID: 30816013,  
	 PMCID: PMC6437435. 
Mann DL. JACC: Basic to Translational Science 2018 Young Author Award Winner. JACC Basic Transl Sci. 2019  
	 Apr 29;4(2):288. eCollection 2019 Apr. PMID: 31061930, PMCID: PMC6488731. 
Rocha-Resende C, Weinheimer C, Bajpai G, Adamo L, Matkovich SJ, Schilling J, Barger PM, Lavine KJ, Mann DL.  
	 Immunomodulatory role of non-neuronal cholinergic signaling in myocardial injury. JCI Insight. 2019  
	 Jun 4;5. PMID: 31162139, PMCID: PMC6675555. 
Mann DL. Q4 Vital Signs: Can Machine Learning Protect Patients From the Machinery of Modern Medicine?  
	 JACC Basic Transl Sci. 2019 Jun 24;4(3):468-469. eCollection 2019 Jun. PMID: 31312769,  
	 PMCID: PMC6609994. 
Reddy YNV, Lewis GD, Shah SJ, Obokata M, Abou-Ezzedine OF, Fudim M, Sun JL, Chakraborty H, McNulty S,  
	 LeWinter MM, Mann DL, Stevenson LW, Redfield MM, Borlaug BA. Characterization of the Obese  
	 Phenotype of Heart Failure With Preserved Ejection Fraction: A RELAX Trial Ancillary Study. Mayo Clin  
	 Proc. 2019 Jul;94(7):1199-1209. PMID: 31272568. 
Stewart GC, Cascino T, Richards B, Khalatbari S, Mann DL, Taddei-Peters WC, Baldwin JT, Jeffries NO, Spino C,  
	 Stevenson LW, Aaronson KD; REVIVAL Investigators. Ambulatory Advanced Heart Failure in Women: A  
	 Report From the REVIVAL Registry. JACC Heart 	Fail. 2019 Jul;7(7):602-611. Epub 2019 May 8.  
	 PMID: 31078480, PMCID: PMC6599582. 
Triposkiadis F, Butler J, Abboud FM, Armstrong PW, Adamopoulos S, Atherton JJ, Backs J, Bauersachs J,  
	 Burkhoff D, Bonow RO, Chopra VK, de Boer RA, de Windt L, Hamdani N, Hasenfuss G, Heymans S,  
	 Hulot JS, Konstam M, Lee RT, Linke WA, Lunde IG, Lyon AR, Maack C, Mann DL, Mebazaa A, Mentz RJ,  
	 Nihoyannopoulos P, Papp Z, Parissis J, Pedrazzini T, Rosano G, Rouleau J, Seferovic PM, Shah AM,  
	 Starling RC, Tocchetti CG, Trochu JN, Thum T, Zannad F, Brutsaert DL, Segers VF, De Keulenaer GW.  
	 The continuous heart failure spectrum: moving beyond an ejection fraction classification. Eur Heart J.  
	 2019 Jul 1;40(26):2155-2163. PMID: 30957868. 
Mann DL. JACC: Basic to Translational Science: The End of the Beginning. JACC Basic Transl Sci. 2019 Aug  
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DOUGLAS L. MANN, MD (Cont.’d)
	
	 26;4(4):566. eCollection 2019 Aug. PMID: 31468012, PMC6712040. 
Aaronson KD, Stewart GC, Pagani FD, Stevenson LW, Palardy M, McNamara DM, Mancini DM, Grady K, Gorcsan  
	 J, Kormos R, Jeffries N, Taddei-Peters WC, Richards B, Khalatbari S, Spino C, Baldwin JT, Mann DL;  
	 REVIVAL Investigators. Registry Evaluation of Vital Information for VADs in Ambulatory Life (REVIVAL):  
	 Rationale, design, baseline characteristics, and inclusion criteria performance. J Heart Lung Transplant.  
	 2019 Sep 14. [Epub ahead of print]. PMID: 31679943. 
Schafer AI, Mann DL. Current Education of Physicians: Lost in Translation? JACC Basic Transl Sci. 2019 Sep  
	 23;4(5):655-657. eCollection 2019 Sep. PMID: 31768480, PMCID: PMC6872778. 
Feldman AM, Mann DL. Restoring public trust in scientific research by reducing conflicts of interest. J Clin  
	 Invest. 2019 Oct 1;129(10):3971-3973. PMID: 31449057, PMCID: PMC6763216.
Lee TC, Qian M, Liu Y, Graham S, Mann DL, Nakanishi K, Teerlink JR, Lip GYH, Freudenberger RS, Sacco RL, 	
	 Mohr JP, Labovitz AJ, Ponikowski P, Lok DJ, Matsumoto K, Estol C, Anker SD, Pullicino PM, Buchsbaum  
	 R, Levin B, Thompson JLP, Homma S,  Di Tullio MR; WARCEF Investigators. Cognitive Decline Over 	
	 Time in Patients With Systolic Heart Failure: Insights From WARCEF. JACC Heart Fail. 2019  
	 Dec;7(12):1042-1053. PMID: 31779926. 
Tchoukina I, Shah KB, Thibodeau JT, Estep JD, Lala A, Lanfear DE, Gilotra NA, Pamboukian SV, Horstmanshof  
	 DA, McNamara DM, Haas DC, Jorde UP, McLean RC, Cascino TM, Khalatbari S, Richards B, Yosef M,  
	 Spino C, Baldwin JT, Mann DL, Aaronson KD, Stewart GC; REVIVAL Investigators. Impact of  
	 Socioeconomic Factors on Patient Desire for Early LVAD Therapy Prior to Inotrope Dependence. J Card  
	 Fail. 2019 Dec 3.[Epub ahead of print]. PMID: 31809791. 
Heart Failure: A Companion to Braunwald’s Heart Disease 3rd Edition, edited by Felker GM and Mann DL 2019,  
	 Elsevier/Saunders, Philadelphia, Pennsylvania.  
Mann, DL.  Role of innate immunity in heart failure, in Heart Failure: A Companion to Braunwald’s Heart  
	 Disease 4th Edition, edited Felker GM and Mann DL 2019, pp 103- 114, Elsevier, Philadelphia,  
	 Pennsylvania.

ARYE NEHORAI, PhD  
 
Zhang Z, Wang M, Nehorai A. Optimal Transport in Reproducing Kernel Hilbert Spaces: Theory and  
	 Applications. IEEE Trans Pattern Anal Mach Intell. 2019 Mar 4. [Epub ahead of print]. PMID: 30843802. 
Huang Y, Liao G, Xiang Y, Zhang L, Li J, Nehorai A. Low-Rank Approximation via Generalized Reweighted  
	 Iterative Nuclear and Frobenius Norms. IEEE Trans Image Process. 2019 Oct 30. [Epub ahead of print].  
	 PMID: 31675328. 
Lin Y, Zhang M, La Rosa PS, Wilson JD, Nehorai A. Electro-Mechanical Ionic Channel Modeling for Uterine  
	 Contractions and Oxytocin Effect during Pregnancy. Sensors (Basel). 2019 Nov 9;19(22). PMID: 31717577,  
	 PMCID: PMC689127. 
Prateek GV, Mazzoni P, Earhart GM, Nehorai A. Gait Cycle Validation and Segmentation using Inertial Sensors.  
	 IEEE Trans Biomed Eng. 2019 Nov 25. [Epub ahead of print]. PMID: 31765301. 
Cawi E, La Rosa PS, Nehorai A. Designing machine learning workflows with an application to topological data  
	 analysis. PLoS One. 2019 Dec 2;14(12):e0225577. eCollection 2019. PMID: 31790458, PMCID: PMC6886815.

JEANNE NERBONNE, PhD  

Lai CF, Chen YT, Gu J, Nerbonne JM, Lin CH, Yang KC. Circulating long noncoding RNA DKFZP434I0714  
	 predicts adverse cardiovascular outcomes in patients with end-	stage renal disease. Int J Cardiol. 2019  
	 Feb 15;277:212-219. Epub 2018 Aug 7. PMID: 30097337, PMCID: PMC6340736. 
Hart NS, Mountford JK, Voigt V, Fuller-Carter P, Barth M, Nerbonne JM, Hunt DM, Carvalho LS. The Role of the  
	 Voltage-Gated Potassium Channel Proteins Kv8.2 and Kv2.1 in Vision and Retinal Disease: Insights from  
	 the Study of Mouse Gene Knock-Out Mutations. eNeuro. 2019 Feb 25;6(1). pii: ENEURO.0032-19.2019.  
	 eCollection 2019 Jan-Feb. PMID: 30820446, PMCID: PMC6393689.
Wang W, Mellor RL, Nerbonne JM, Balke CW. Regional differences in the expression of tetrodotoxin-sensitive  
	 inward Ca(2+) and outward Cs(+)/K(+) currents in mouse and human ventricles. Channels (Austin). 2019  
	 Dec;13(1):72-87. PMID: 30704344, PMCID: PMC6380286. 
Brill AL, Fischer TT, Walters JM, Marlier A, Sewanan LR, Wilson PC, Johnson EK, Moeckel G, Cantley LG,  
	 Campbell SG, Nerbonne JM, Chung HJ, Robert ME, Ehrlich BE. Polycystin 2 is increased in disease to  
	 protect against stress-induced cell death. Sci Rep. 2020 	Jan 15;10(1):386. PMID: 31941974,  
	 PMCID: PMC6962458.
Ransdell, J.L., and Nerbonne, J.M. Molecular and functional diversity of sodium channels in cell-type and  
	 circuit-specific regulation of neuronal excitability. Physiological Reviews (to be published in 2020). 
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JEANNE NERBONNE, PhD (Cont.’d)

Nerbonne, J.M. Voltage-gated potassium channels. In: Cardiac Electrophysiology: From Cell to Bedside, Eighth  
	 Edition, J. Jalife and W. G. Stevenson, Eds., Saunders, New York, N.Y. Chapter 3 (to be published in 2020).

COLIN NICHOLS, PhD  

Wang S, Lee SJ, Maksaev G, Fang X, Zuo C, Nichols CG. Potassium channel selectivity filter dynamics revealed  
	 by single-molecule FRET. Nat Chem Biol. 2019 Apr;15(4):377-383. Epub 2019 Mar 4. PMID: 30833778,  
	 PMCID: PMC6430689. 
Huang Y, Hu D, Huang C, Nichols CG. Genetic Discovery of ATP-Sensitive K(+) Channels in Cardiovascular  
	 Diseases. Circ Arrhythm Electrophysiol. 2019 May;12(5):e007322. PMID: 31030551, PMCID: PMC6494091.
Shyr ZA, Wang Z, York NW, Nichols CG, Remedi MS. The role of membrane excitability in pancreatic ß-cell  
	 glucotoxicity. Sci Rep. 2019 May 6;9(1):6952. PMID: 31061431, PMCID: PMC6502887. 
Emfinger CH, Lőrincz R, Wang Y, York NW, Singareddy SS, Ikle JM, Tryon RC, McClenaghan C, Shyr ZA, Huang Y,  
	 Reissaus CA, Meyer D, Piston DW, Hyrc K, Remedi MS, Nichols CG. Beta-cell excitability and  
	 excitability-driven diabetes in adult Zebrafish islets. Physiol Rep. 2019 Jun;7(11):e14101. PMID: 31161721,  
	 PMCID: PMC6546968. 
McClenaghan C, Woo KV, Nichols CG. Pulmonary Hypertension and ATP-Sensitive Potassium Channels.  
	 Hypertension. 2019 Jul;74(1):14-22. Epub 2019 May 28. Review. PMID: 31132951, PMCID: PMC6561811. 
Ma A, Gurnasinghani S, Kirk EP, McClenaghan C, Singh GK, Grange DK, Pandit C,  Zhu Y, 	Roscioli T, Elakis G,  
	 Buckley M, Mehta B, Roberts P, Mervis J, Biggin A, Nichols CG. Glibenclamide treatment in a Cantú  
	 syndrome patient with a pathogenic ABCC9 gain-of-function variant: Initial experience. Am J Med  
	 Genet A. 2019 Aug;179(8):1585-1590. Epub 2019 Jun 7. PMID: 31175705, PMCID: PMC6899598. 
Smeland MF, McClenaghan C, Roessler HI, Savelberg S, Hansen GÅM, Hjellnes H, Arntzen KA, Müller KI,  
	 Dybesland AR, Harter T, Sala-Rabanal M, Emfinger CH, Huang Y,  Singareddy SS, Gunn J, Wozniak DF,  
	 Kovacs A, Massink M, Tessadori F, Kamel SM, Bakkers J, Remedi MS, Van Ghelue M, Nichols CG,  
	 van Haaften G. ABCC9-related Intellectual disability Myopathy Syndrome is a K(ATP) channelopathy  
	 with loss-of-function mutations in ABCC9. Nat Commun. 2019 Oct 1;10(1):4457. PMID: 31575858,  
	 PMCID: PMC6773855. 
Grange DK, Roessler HI, McClenaghan C, Duran K, Shields K, Remedi MS, Knoers NVAM,  Lee JM, Kirk EP,  
	 Scurr I, Smithson SF, Singh GK, van Haelst MM, Nichols CG, van Haaften G. Cantú syndrome: Findings  
	 from 74 patients in the International Cantú Syndrome Registry. Am J Med Genet C Semin Med Genet.  
	 2019 Dec;181(4):658-681. PMID: 31828977. 
McClenaghan C, Huang Y, Yan Z, Harter T, Halabi CM, Chalk R, Kovacs A, van Haaften G, Remedi MS, Nichols  
	 CG. Glibenclamide reverses cardiovascular abnormalities of Cantu Syndrome driven by KATP channel  
	 overactivity. J Clin Invest. 2019 Dec 10. [Epub ahead of print]. PMID: 31821173. 
Zangerl-Plessl EM, Lee SJ, Maksaev G, Bernsteiner H, Ren F, Yuan P, Stary-Weinzinger A, Nichols CG. Atomistic  
 	 basis of opening and conduction in mammalian inward rectifier potassium (Kir2.2) channels. J Gen  
	 Physiol. 2020 Jan 6;152(1). PMID: 31744859.

JOSEPH A. O’SULLIVAN, PhD 

Zhang S, Han D, Williamson JF, Zhao T, Politte DG, Whiting BR, O’Sullivan JA. Experimental implementation of  
	 a joint statistical image reconstruction method for proton stopping power mapping from dual-energy  
	 CT data. Med Phys. 2019 Jan;46(1):273-285.Epub 2018 Dec 4. PMID: 30421790, PMCID: PMC6519926. 
Jiang J, Li K, Komarov S, O’Sullivan JA, Tai YC. Feasibility study of a point-of-care positron emission tomography  
	 system with interactive imaging capability. Med Phys. 2019 Apr;46(4):1798-1813. Epub 2019 Feb 14.  
	 PMID: 30667069, PMCID: PMC6453727. 
Lu J, Zhang S, Politte DG, O’Sullivan JA. Low-dose photon counting CT reconstruction bias reduction with  
	 multi-energy alternating minimization algorithm. Proc SPIE Int Soc Opt Eng. 2019 Jun;11072. Epub 2019  
	 May 28. PMID: 32025078, PMCID: PMC7002020. 
Jiang J, Li K, Wang Q, Puterbaugh K, Young JW, Siegel SB, O’Sullivan JA, Tai YC. A second-generation  
	 virtual-pinhole PET device for enhancing contrast recovery and improving lesion detectability of a  
	 whole-body PET/CT scanner. Med Phys. 2019 Sep;46(9):4165-4176. Epub 2019 Aug 7. PMID: 31315157,  
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JOSEPH A. O’SULLIVAN, PhD (Cont.’d)

	 PMCID: PMC6739194.  
O’Sullivan JA, Chang AT, Youngblood BA, Bochner BS. Eosinophil and mast cell Siglecs: From biology to drug  
	 target. J Leukoc Biol. 2020 Jan 22. [Epub ahead of print] 	Review. PMID: 31965606.

MARIA S. REMEDI, PhD  
 
Shyr ZA, Wang Z, York NW, Nichols CG, Remedi MS. The role of membrane excitability in pancreatic ß-cell  
	 glucotoxicity. Sci Rep. 2019 May 6;9(1):6952. PMID: 31061431, PMCID: PMC6502887. 
Emfinger CH, Lőrincz R, Wang Y, York NW, Singareddy SS, Ikle JM, Tryon RC, McClenaghan C, Shyr ZA, Huang Y,  
	 Reissaus CA, Meyer D, Piston DW, Hyrc K, Remedi MS, Nichols CG. Beta-cell excitability and  
	 excitability-driven diabetes in adult Zebrafish islets. Physiol Rep. 2019 Jun;7(11):e14101. PMID: 31161721, 	
	 PMCID: PMC6546968. 
Smeland MF, McClenaghan C, Roessler HI, Savelberg S, Hansen GÅM, Hjellnes H, Arntzen KA, Müller KI,  
	 Dybesland AR, Harter T, Sala-Rabanal M, Emfinger CH, Huang Y,  Singareddy SS, Gunn J, Wozniak DF,  
	 Kovacs A, Massink M, Tessadori F, Kamel SM, Bakkers J, Remedi MS, Van Ghelue M, Nichols CG, van  
	 Haaften G. ABCC9-related Intellectual disability Myopathy Syndrome is a K(ATP) channelopathy with 
	 loss-of-function mutations in ABCC9. Nat Commun. 2019 Oct 1;10(1):4457.  PMID: 31575858,  
	 PMCID: PMC6773855. 
Grange DK, Roessler HI, McClenaghan C, Duran K, Shields K, Remedi MS, Knoers NVAM,  Lee JM, Kirk EP,  
	 Scurr I, Smithson SF, Singh GK, van Haelst MM, Nichols CG, van Haaften G. Cantú syndrome: Findings  
	 from 74 patients in the International Cantú Syndrome Registry. Am J Med Genet C Semin Med Genet.  
	 2019 Dec;181(4):658-681. 	PMID: 31828977. 
McClenaghan C, Huang Y, Yan Z, Harter T, Halabi CM, Chalk R, Kovacs A, van Haaften G, Remedi MS, Nichols  
	 CG. Glibenclamide reverses cardiovascular abnormalities of Cantu Syndrome driven by KATP channel  
	 overactivity. J Clin Invest. 2019 Dec 10. [Epub ahead of print]. PMID: 31821173.

STACEY L. RENTSCHLER, MD, PhD  
 
Jimenez J, Rentschler SL. DNA Damage Prediction Tool in Dilated Cardiomyopathy: Don’t Go Breaking My  
	 Heart. JACC Basic Transl Sci. 2019 Oct 28;4(6):681-683. eCollection 2019 Oct. PMID: 31713536,  
	 PMCID: PMC6834952. 
Jimenez J, Rentschler SL. Transcriptional and Epigenetic Regulation of Cardiac Electrophysiology. Pediatr  
	 Cardiol. 2019 Oct;40(7):1325-1330. Epub 2019 Jul 25. Review. PMID: 31346662, PMCID: PMC6785575.

CLIFFORD G. ROBINSON, MD  
 
Henke LE, Olsen JR, Contreras JA, Curcuru A, DeWees TA, Green OL, Michalski J, Mutic S, Roach MC, Bradley 	
	 JD, Parikh PJ, Kashani R, Robinson CG. Stereotactic MR-Guided Online  Adaptive Radiation Therapy  
	 (SMART) for Ultracentral Thorax Malignancies: Results of a Phase 1 Trial. Adv Radiat Oncol. 2018 Oct  
	 18;4(1):201-209. eCollection 2019 Jan-Mar. PMID: 30706029, PMCID: PMC6349650.
Gabani P, Fischer-Valuck BW, Robinson CG, Wilson DB, Michalski JM. Stereotactic Body Radiation Therapy for  
	 the Treatment of Primary Cardiac Angiosarcoma Causing Hemodynamic Instability. Pract Radiat  
	 Oncol. 2019 Jan;9(1):5-8. PMID: 30611463. 
Robinson CG, Samson PP, Moore KMS, Hugo GD, Knutson N, Mutic S, Goddu SM, Lang A, Cooper DH, Faddis M,  
	 Noheria A, Smith TW, Woodard PK, Gropler RJ, Hallahan DE, Rudy Y, Cuculich PS. Phase I/II Trial of  
	 Electrophysiology-Guided Noninvasive Cardiac Radioablation for Ventricular Tachycardia. Circulation.  
	 2019 Jan 15;139(3):313-321. PMID: 30586734, PMCID: PMC6331281. 
Kennedy WR, Gabani P, Nikitas J, Samson PP, Robinson CG, Bradley JD, Roach MC. Treatment of T3N0  
	 non-small cell lung cancer with chest wall invasion using stereo	tactic body radiotherapy. Clin Transl  
	 Radiat Oncol. 2019 Feb 21;16:1-6. eCollection 2019 May. PMID: 30859139; PMCID: PMC6396077. 
Semenkovich TR, Samson PP, Hudson JL, Subramanian M, Meyers BF, Kozower BD, Kreisel D, Patterson GA,  
	 Robinson CG, Bradley JD, Puri V. Induction Radiation Therapy for Esophageal Cancer: Does Dose  
	 Affect Outcomes? Ann Thorac Surg. 2019Mar;107(3):903-911.Epub 2018 Nov 13. PMID: 30444988,  
	 PMCID: PMC6382550. 
Wallace AN, Robinson CG, Meyer J, Tran ND, Gangi A, Callstrom MR, Chao ST, Van Tine BA, Morris JM, Bruel BM,  
	 Long J, Timmerman RD, Buchowski JM, Jennings JW. The Metastatic Spine Disease Multidisciplinary  
	 Working Group Algorithms. Oncologist. 2019 Mar;24(3):424. PMID: 30867318, PMCID: PMC6519761. 
Kavanaugh JA, Holler S, DeWees TA, Robinson CG, Bradley JD, Iyengar P, Higgins KA, Mutic S, Olsen LA.  
	 Multi-Institutional Validation of a Knowledge-Based Planning Model for Patients Enrolled in RTOG  
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CLIFFORD G. ROBINSON, MD (Cont.’d) 

	 0617: Implications for Plan Quality Controls in Cooperative Group Trials. Pract Radiat Oncol. 2019  
	 Mar;9(2):e218-e227. Epub 2018 Dec 15. PMID: 30562615. 
Videtic GM, Paulus R, Singh AK, Chang JY, Parker W, Olivier KR, Timmerman RD, Komaki RR, Urbanic JJ,  
	 Stephans KL, Yom SS, Robinson CG, Belani CP, Iyengar P, Ajlouni MI, Gopaul DD, Gomez Suescun JB,  
	 McGarry RC, Choy H, Bradley JD. Long-term Follow-up on NRG Oncology RTOG 0915 (NCCTG N0927): A  
	 Randomized Phase 2 Study Comparing 2 Stereotactic Body Radiation Therapy Schedules for Medically
	 Inoperable Patients With Stage I Peripheral Non-Small Cell Lung Cancer. Int J Radiat Oncol Biol Phys.  
	 2019 Apr 1;103(5):1077-1084. Epub 2018 Dec 1. PMID: 30513377, PMCID: PMC6454873.  
Knutson NC, Hawkins BJ, Bollinger D, Goddu SM, Kavanaugh JA, Santanam L, Mitchell TJ, Zoberi JE, Tsien C,  
	 Huang J, Robinson CG, Perkins SM, Dowling JL, Chicoine MR, Rich KM, Dunn GP, Mutic S.  
	 Characterization and validation of an intra-fraction motion management system for masked-based  
	 radiosurgery. J Appl Clin Med Phys. 2019 May;20(5):21-26.Epub 2019 May 4. PMID: 31055877,  
	 PMCID: PMC6522989. 
Gach HM, Green OL, Cuculich PS, Wittland EJ, Marko A, Luchtefeld ME, Entwistle JM, Yang D, Wilber DJ, Mutic  
	 S, Robinson CG. Lessons Learned From the First Human Low-Field MRI Guided Radiation Therapy of  
	 the Heart in the Presence of an Implantable Cardiac Defibrillator. Pract Radiat Oncol. 2019  
	 Jul - Aug;9(4):274-279. Epub 2019 Feb 18. PMID:30790716. 
Kavanaugh J, Hugo G, Robinson CG, Roach MC. Anatomical Adaptation-Early Clinical Evidence of Benefit and  
	 Future Needs in Lung Cancer. Semin Radiat Oncol. 2019 Jul;29(3):274-283. Review. PMID: 31027644.
Badiyan SN, Robinson CG, Bradley JD. Radiation Toxicity in Lung Cancer Patients: The Heart of the Problem?  
	 Int J Radiat Oncol Biol Phys. 2019 Jul 1;104(3):590-592. PMID: 31162057. Robinson CG, Knutson NC,  
	 Samson PP, Cuculich PS. Response by Robinson et al to Letter Regarding Article, “Phase I/II Trial of  
	 Electrophysiology-Guided Noninvasive Cardiac Radioablation for Ventricular Tachycardia”. Circulation.  
	 2019 Jul 2;140(1):e3-e4. Epub 2019 Jul 1. PMID: 31549873. 
Bovi JA, Pugh SL, Sabsevitz D, Robinson CG, Paulson E, Mehta MP, Gondi V, Kundapur V, Shahin MS, Chao ST,  
	 Machtay M, DeNittis AS, Laack NN, Greenspoon JN,  Moore KN, Huang J, Dominello MM, Kachnic LA.  
	 Pretreatment Volume of MRI-Determined White Matter Injury Predicts Neurocognitive Decline After  
	 Hippocampal Avoidant Whole-Brain Radiation Therapy for Brain Metastases: Secondary Analysis of  
	 NRG Oncology Radiation Therapy Oncology Group 0933. Adv Radiat Oncol. 2019 Jul 16;4(4):579-586.  
	 eCollection 2019 Oct-Dec. PMID: 31673651, PMCID: PMC6817553.  
Knutson NC, Samson PP, Hugo GD, Goddu SM, Reynoso FJ, Kavanaugh JA, Mutic S, Moore K, Hilliard J,  
	 Cuculich PS, Robinson CG. Radiation Therapy Workflow andDosimetric Analysis from a Phase 1/2 Trial  
	 of Noninvasive Cardiac Radioablation for Ventricular Tachycardia. Int J Radiat Oncol Biol Phys. 2019 Aug 
	 1;104(5):1114-1123. Epub 2019 Apr 16. PMID: 31002942. 
Kennedy WR, Gabani P, Nikitas J, Robinson CG, Bradley JD, Roach MC. Repeat stereotactic body radiation  
	 therapy (SBRT) for salvage of isolated local recurrence after definitive lung SBRT. Radiother Oncol. 2019  
	 Aug 31. pii: S0167-8140(19)33056-7. [Epub ahead of print]. PMID: 31481272. 
Hall WA, Paulson ES, van der Heide UA, Fuller CD, Raaymakers BW, Lagendijk JJW, Li XA, Jaffray DA, Dawson  
	 LA, Erickson B, Verheij M, Harrington KJ, Sahgal A, Lee P, Parikh PJ, Bassetti MF, Robinson CG, Minsky  
	 BD, Choudhury A, Tersteeg RJHA, Schultz CJ; MR Linac Atlantic Consortium and the ViewRay C2T2  
	 Research Consortium. The transformation of radiation oncology using real-time magnetic resonance  
	 guidance: A review. Eur J Cancer. 2019 Nov;122:42-52. Epub 2019 Oct 12. Review. PMID: 31614288. 
Rogers CL, Won M, Vogelbaum MA, Perry A, Ashby LS, Modi JM, Alleman AM, Galvin J, Fogh SE, Youssef E, Deb  
	 N, Kwok Y, Robinson CG, Shu HK, Fisher BJ, Panet-Raymond V, McMillan WG, de Groot JF, Zhang P,  
	 Mehta MP. High-risk meningioma: Initial outcomes from NRG Oncology/RTOG 0539. Int J Radiat Oncol  
	 Biol Phys. 2020 Mar 15;106(4):790-799. Epub 2019 Nov 29. PMID: 31786276. 
Robinson CG, Tan D, Yu SS. Recent advances in Merkel cell carcinoma. F1000Res. 2019 Nov 26;8. pii: F1000  
	 Faculty Rev-1995. eCollection 2019. Review. PMID: 31824653, PMCID: PMC6880270.
Bradley JD, Hu C, Komaki RR, Masters GA, Blumenschein GR, Schild SE, Bogart JA, Forster KM, Magliocco AM,  
	 Kavadi VS, Narayan S, Iyengar P, Robinson CG, Wynn RB, Koprowski CD, Olson MR, Meng J, Paulus R,  
	 Curran WJ Jr, Choy H. Long-Term Results of NRG Oncology RTOG 0617: Standard- Versus High-Dose  
	 Chemoradiotherapy With or Without Cetuximab for Unresectable Stage III Non-Small-Cell Lung  
	 Cancer.  J Clin Oncol. 2019 Dec 16:JCO1901162.[Epub ahead of print]. PMID: 31841363.
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YORAM RUDY, PhD, FAHA, FHRS

Robinson CG, Samson PP, Moore KMS, Hugo GD, Knutson N, Mutic S, Goddu SM, Lang A, Cooper DH, Faddis M,  
	 Noheria A, Smith TW, Woodard PK, Gropler RJ, Hallahan DE, Rudy Y, Cuculich PS. Phase I/II Trial of  
	 Electrophysiology-Guided Noninvasive Cardiac Radioablation for Ventricular Tachycardia. Circulation.  
	 2019 Jan 15;139(3):313-321. PMID: 30586734, PMCID: PMC6331281.
Rudy Y. Letter to the Editor-ECG imaging and activation mapping. Heart Rhythm. 2019 Jun;16(6):e50-e51.  
	 Epub 2019 Feb 5. PMID: 30735790. 
Orini M, Graham AJ, Martinez-Naharro A, Andrews CM, de Marvao A, Statton B, Cook SA, O’Regan DP, Hawkins  
	 PN, Rudy Y, Fontana M, Lambiase PD. Noninvasive Mapping of the Electrophysiological Substrate in  
	 Cardiac Amyloidosis and Its Relationship to Structural Abnormalities. J Am Heart Assoc. 2019 Sep  
	 17;8(18):e012097. Epub 2019 Sep 8. PMID: 31496332, PMCID: PMC6818012. 
Andrews C, Cupps BP, Pasque MK, Rudy Y. Electromechanics of the Normal Human Heart In Situ. Circ  
	 Arrhythm Electrophysiol. 2019 Nov;12(11):e007484. Epub 2019 Nov 8. PMID: 31698936.
Rudy Y. In-silico Pipeline for Drug Cardiotoxicity Assessment. Circ Res 2020 Apr;126(8)965–967. Epub 2020  
	 Apr 9. PMID: 32271685.

RAJAN SAH, MD, PhD 

Menegaz D, Hagan DW, Almaça J, Cianciaruso C, Rodriguez-Diaz R, Molina J et al. Mechanism and effects of  
	 pulsatile GABA secretion from cytosolic pools in the human beta cell. Nature Metabolism. 2019 Nov  
	 1;1(11):1110-1126. 
Gunasekar SK, Xie L, Sah R. SWELL signalling in adipocytes: can fat ‘feel’ fat? Adipocyte. 	2019 Dec;8(1):223-228.  
	 PMID: 31112068, PMCID: PMC6768237.

RICHARD B. SCHUESSLER, PhD 

Adademir T, Khiabani AJ, Schill MR, Sinn LA, Schuessler RB, Moon MR, Melby SJ, Damiano RJ Jr. Surgical  
	 Ablation of Atrial Fibrillation in Patients With Tachycardia-Induced Cardiomyopathy. Ann Thorac Surg.  
	 2019 Aug;108(2):443-450. Epub 2019 Mar 27. PMID: 30928552. 
Khiabani AJ, Greenberg JW, Hansalia VH, Schuessler RB, Melby SJ, Damiano RJ Jr. Late Outcomes of Surgical  
	 Ablation for Inappropriate Sinus Tachycardia. Ann Thorac Surg. 2019 Oct;108(4):1162-1168.Epub 2019 May  
	 8. PMID: 31077661, PMCID: PMC6930839. 
MacGregor RM, Melby SJ, Schuessler RB, Damiano RJ. Energy Sources for the Surgical Treatment of Atrial  
	 Fibrillation. Innovations (Phila). 2019 Nov/Dec;14(6):503-508. Epub 2019 Oct 22. PMID: 31637938.

JENNIFER N.A. SILVA, MD 

Dubin AM, Jorgensen NW, Radbill AE, Bradley DJ, Silva JN, Tsao S, Kanter RJ, Tanel RE, Trivedi B, Young ML,  
	 Pflaumer A, McCormack J, Seslar SP. What have we learned in the last 20 years? A comparison of a 
	 modern era pediatric and congenital catheter ablation registry to previous pediatric ablation registries.  
	 Heart Rhythm. 2019 Jan;16(1):57-63. Epub 2018 Aug 14. PMID: 30118886. 
Andrews C, Southworth MK, Silva JNA, Silva JR. Extended Reality in Medical Practice. Curr Treat Options  
	 Cardiovasc Med. 2019 Mar 30;21(4):18. Review. PMID: 30929093, PMCID: PMC6919549. 
Southworth MK, Silva JR, Silva JNA. Use of extended realities in cardiology. Trends Cardiovasc Med. 2020  
	 Apr;30(3):143-148. Epub 2019 Apr 30. PMID: 31076168, PMCID: PMC6917970. 
Silva JNA, Van Hare GF. Catheter Ablation in Pediatric Congenital Heart Disease: A Modern Perspective.  
	 Circ Arrhythm Electrophysiol. 2019 Nov;12(11):e008019. Epub 2019 Nov 14. PMID: 31722542.
Dalal AS, Silva JNA. Sudden Infant Death and Electrophysiology Abnormalities in Young Children. Sex and  
	 Cardiac Electrophysiology. 2019.
Silva JNA.  The Normal Electrocardiogram.  Moss and Adams’ Heart Disease in Infants, Children and  
	 Adolescents. 2019.
Cox K, Privitera MB, Alden T, Silva JR, Avari Silva JN. Augmented Reality in Medical Devices.  Human Factors  
	 Engineering. 2019. 
Orr WB, Stanley C, Dalal A, Zoeller B, Van Hare GF, Avari Silva JN. Institutional experience of healthy pediatric  
	 patients presenting with atrial fibrillation who had an electrophysiology study. J Card Surg. 2020  
	 Mar 12. [Epub ahead of print] PMID: 32163635.

JONATHAN SILVA, PhD 
 
Zhu W, Mazzanti A, Voelker TL, Hou P, Moreno JD, Angsutararux P, Naegle KM, Priori SG, 	Silva JR. Predicting  
	 Patient Response to the Antiarrhythmic Mexiletine Based on Genetic Variation. Circ Res. 2019 Feb  
	 15;124(4):539-552. PMID: 30566038, PMCID: PMC6588292. 
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JONATHAN SILVA, PhD (Cont.’d) 
 
Andrews C, Southworth MK, Silva JNA, Silva JR. Extended Reality in Medical Practice. Curr Treat Options  
	 Cardiovasc Med. 2019 Mar 30;21(4):18. Review. PMID: 30929093,  PMCID: PMC691954. 
Southworth MK, Silva JR, Silva JNA. Use of extended realities in cardiology. Trends Cardiovasc Med. 2020  
	 Apr;30(3):143-148. Epub 2019 Apr 30. PMID: 31076168, PMCID: PMC6917970. 
Moreno JD, Zhu W, Mangold K, Chung W, Silva JR. A Molecularly Detailed Na(V)1.5 Model Reveals a New Class I  
	 Antiarrhythmic Target. JACC Basic Transl Sci.  2019 Oct 28;4(6):736-751. eCollection 2019 Oct.  
	 PMID: 31709321, PMCID: PMC6834944.  
Salvage SC, Zhu W, Habib ZF, Hwang SS, Irons JR, Huang CLH, Silva JR, Jackson AP. Gating control of the  
	 cardiac sodium channel Nav1.5 by its ß3-subunit involves distinct roles for a transmembrane glutamic  
	 acid and the extracellular domain. J Biol Chem. 2019 Dec 20;294(51):19752-19763. Epub 2019 Oct 28.  
	 PMID: 31659116, PMCID: PMC6926464.
Cox K, Privitera MB, Alden T, Silva JR, Avari Silva JN. Augmented Reality in Medical Devices. Human Factors  
	 Engineering. 2019. 

GAUTAM K. SINGH, MD 
 
Bussmann N, El-Khuffash A, Breatnach CR, McCallion N, Franklin O, Singh GK, Levy PT. Left ventricular  
	 diastolic function influences right ventricular - Pulmonary vascular coupling in premature infants. Early  
	 Hum Dev. 2019 Jan;128:35-40. Epub 2018 Nov 19. PMID: 30465910. 
Singh GK. Prelude to “Pediatric and Congenital Heart Disease”. Curr Treat Options Cardiovasc Med. 2019 Feb  
	 15;21(2):9. Review. PMID: 30767074. 
Gropler MRF, Dalal AS, Bierhals AJ, Romberg E, Singh GK, Manning PB. Anomalous Origin of Left Pulmonary  
	 Artery From the Aorta: A Rare Entity in Congenital Heart Disease. Ann Thorac Surg. 2019  
	 Mar;107(3):e181-e182. Epub 2018 Sep 29. PMID: 30278169. 
Woo KV, Ornitz DM, Singh GK. Diagnosis and Pathophysiological Mechanisms of Group 3 Hypoxia-Induced  
	 Pulmonary Hypertension. Curr Treat Options Cardiovasc Med. 2019 Mar 22;21(3):16. PMID: 30903302.
Levy PT, El Khuffash A, Woo KV, Hauck A, Hamvas A, Singh GK. A Novel Noninvasive Index to Characterize  
	 Right Ventricle Pulmonary Arterial Vascular Coupling in Children.  JACC Cardiovasc Imaging. 2019  
	 Apr;12(4):761-763. Epub 2018 Dec 12. PMID: 30553673. 
Singh GK. Congenital Aortic Valve Stenosis. Children (Basel). 2019 May 13;6(5). pii: E69. PMID: 31086112,  
	 PMCID: PMC6560383.
Ma A, Gurnasinghani S, Kirk EP, McClenaghan C, Singh GK, Grange DK, Pandit C,  Zhu Y, 	Roscioli T, Elakis G,  
	 Buckley M, Mehta B, Roberts P, Mervis J, Biggin A, Nichols CG. Glibenclamide treatment in a Cantú  
	 syndrome patient with a pathogenic ABCC9 gain-of-function variant: Initial experience. Am J Med  
	 Genet A. 2019 Aug;179(8):1585-1590. Epub 2019 Jun 7. PMID: 31175705, PMCID: PMC6899598. 
Patel MD, Breatnach CR, James AT, Choudhry S, McNamara PJ, Jain A, Franklin O, Hamvas A, Mertens L, Singh  
	 GK, El-Khuffash A, Levy PT. Echocardiographic Assessment of Right Ventricular Afterload in Preterm  
	 Infants: Maturational Patterns of Pulmonary Artery Acceleration Time Over the First Year of Age and  
	 Implications for Pulmonary Hypertension. J Am Soc Echocardiogr. 2019 Jul;32(7):884-894.e4.  
	 PMID: 31272593, PMCID: PMC6613806. 
Erickson CT, Patel MD, Choudhry S, Bisselou KS, Sekarski T, Craft M, Li L, Khuffash AE, Hamvas A, Kutty S, Singh  
	 GK, Levy PT. Persistence of right ventricular dysfunction and altered morphometry in asymptomatic  
	 preterm Infants through one year of age: Cardiac phenotype of prematurity. Cardiol Young. 2019  
	 Jul;29(7):945-953. Epub 2019 Jul 9. PMID: 31287038, PMCID: PMC6715519. 
Singh GK, Mowers KL, Marino C, Balzer D, Rao PS. Effect of Pressure Recovery on Pressure Gradients in  
	 Congenital Stenotic Outflow Lesions in Pediatric Patients-Clinical Implications of Lesion Severity and  
	 Geometry: A Simultaneous Doppler Echocardiography and Cardiac Catheter Correlative Study. J Am  
	 Soc Echocardiogr. 2019 Nov 4. pii: S0894-7317(19)30976-9. [Epub ahead of print]. PMID: 31699474. 
Patel MD, Myers C, Negishi K, Singh GK, Anwar S. Two-Dimensional Strain is more Precise than Conventional  
	 Measures of Left Ventricular Systolic Function in Pediatric Patients. Pediatr Cardiol. 2019 Nov 9.  
	 [Epub ahead of print]. PMID: 31707490. 
Mokkarala M, Ballard DH, Wesley RA, Gutierrez FR, Javidan-Nejad C, Singh GK, Woodard PK, Lindley KJ.  
	 Coronary-cameral fistula with double-chambered right ventricle: appearance on cardiac magnetic 

PUBLICATIONS  
January 2019 - June 2020 (continued)

P. 56 | CBAC Newsletter

https://www.ncbi.nlm.nih.gov/pmc/articles/691954
https://www.ncbi.nlm.nih.gov/pubmed/31707490
https://www.ncbi.nlm.nih.gov/pubmed/31287038
https://www.ncbi.nlm.nih.gov/pmc/articles/6715519
https://www.ncbi.nlm.nih.gov/pubmed/31699474
https://www.ncbi.nlm.nih.gov/pmc/articles/6613806
https://www.ncbi.nlm.nih.gov/pubmed/31175705
https://www.ncbi.nlm.nih.gov/pmc/articles/6899598
https://www.ncbi.nlm.nih.gov/pubmed/30553673
https://www.ncbi.nlm.nih.gov/pubmed/31086112
https://www.ncbi.nlm.nih.gov/pubmed/30278169
https://www.ncbi.nlm.nih.gov/pubmed/30465910
https://www.ncbi.nlm.nih.gov/pubmed/30767074
https://www.ncbi.nlm.nih.gov/pubmed/30929093
https://www.ncbi.nlm.nih.gov/pmc/articles/6917970
https://www.ncbi.nlm.nih.gov/pmc/articles/6834944
https://www.ncbi.nlm.nih.gov/pmc/articles/6926464
https://www.ncbi.nlm.nih.gov/pubmed/31076168
https://www.ncbi.nlm.nih.gov/pubmed/31272593
https://www.ncbi.nlm.nih.gov/pmc/articles/6560383
https://www.ncbi.nlm.nih.gov/pubmed/31709321
https://www.ncbi.nlm.nih.gov/pubmed/31659116


GAUTAM K. SINGH, MD (Cont.’d)

	 resonance imaging and 3D printed anatomic modeling. Clin Imaging. 2020 Jan;59(1):84-87. Epub 2019  
	 Nov 11. PMID: 31760282. 
Grange DK, Roessler HI, McClenaghan C, Duran K, Shields K, Remedi MS, Knoers NVAM, Lee JM, Kirk EP, Scurr  
	 I, Smithson SF, Singh GK, van Haelst MM, Nichols CG, van Haaften G. Cantú syndrome: Findings from 
	 74 patients in the International Cantú Syndrome Registry. Am J Med Genet C Semin Med Genet. 2019  
	 Dec;181(4):658-681. PMID: 31828977.

TIMOTHY W. SMITH, MD, FACC, FHRS 

Robinson CG, Samson PP, Moore KMS, Hugo GD, Knutson N, Mutic S, Goddu SM, Lang A, Cooper DH, Faddis M,  
	 Noheria A, Smith TW, Woodard PK, Gropler RJ, Hallahan DE, Rudy Y, Cuculich PS. Phase I/II Trial of  
	 Electrophysiology-Guided Noninvasive Cardiac Radioablation for Ventricular Tachycardia. Circulation.  
	 2019 Jan 15;139(3):313-321. PMID: 30586734, PMCID: PMC6331281.
Augostini RS, Afzal MR, Costanzo MR, Westlund R, Stellbrink C, Gutleben K, Gupta S, Saleem M, Smith TW,  
	 Peterson M, Drucker M, Merliss A, Hayes J, Butter C, Hutchinson M, Jagielski D. How to implant a 	
	 phrenic nerve stimulator for treatment of central sleep apnea? J Cardiovasc Electrophysiol. 2019  
	 May;30(5):792-799. Epub 2019 Mar 18. PMID: 30834611, PMCID: PMC6850096.

PHYLLIS K. STEIN, PhD 

Blanchard M, Molina-Vicenty HD, Stein PK, Li X, Karlinsky J, Alpern R, Reda DJ, Toomey R. Medical Correlates of  
	 Chronic Multisymptom Illness in Gulf War Veterans. Am J Med. 2019 Apr;132(4):510-518. Epub 2018  
	 Dec 18. PMID: 30576630. 
Harrison TM, Chen CY, Stein P, Brown R, Heathcock JC.Neonatal Skin-to-Skin Contact: Implications for  
	 Learning and Autonomic Nervous System Function in Infants With Congenital Heart Disease. Biol Res  
	 Nurs. 2019 May;21(3):296-306. Epub 2019 Feb 5. PMID: 30722675. 
Kerola T, Dewland TA, Vittinghoff E, Heckbert SR, Stein PK, Marcus GM. Predictors of atrial ectopy and their  
	 relationship to atrial fibrillation risk. Europace. 2019 Jun 1;21(6):864-870. PMID: 30843034,  
	 PMCID: PMC6545500. 
Carricarte Naranjo C, Marras C, Visanji NP, Cornforth DJ, Sanchez-Rodriguez L, Schüle B, Goldman SM, Estévez  
	 M, Stein PK, Lang AE, Jelinek HF, Machado A. Increased 	markers of cardiac vagal activity in  
	 leucine-rich repeat kinase 2-associated Parkinson’s disease. Clin Auton Res. 2019 Dec;29(6):603-614. 
	 Epub 2019 Aug 23. PMID: 31444591. 
Stein PK.  Sex and circadian rhythm. In Marek Malik (Ed). Sex and Cardiac Electrophysiology. Elsevier. 2020  
	 (in press).

GEORGE VAN HARE, MD

Nguyen HH, Grange DK, Johnson MC, Van Hare GF, Jay PY. Dichotomous roles of TBX3 in the establishment of  
	 atrioventricular conduction pathways in the human heart. HeartRhythm Case Rep. 2018 Nov  
	 20;5(2):109-111. eCollection 2019 Feb. PMID: 30820409, PMCID: PMC6379565. 
Stout KK, Daniels CJ, Aboulhosn JA, Bozkurt B, Broberg CS, Colman JM, Crumb SR,  Dearani JA, Fuller S,  
	 Gurvitz M, Khairy P, Landzberg MJ, Saidi A, Valente AM, Van Hare GF. 2018 AHA/ACC Guideline for the  
	 Management of Adults With Congenital Heart Disease: Executive Summary: A Report of the American  
	 College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines.  
	 Circulation. 2019 Apr 2;139(14):e637-e697. Erratum in: Circulation. 2019 Apr 2;139(14):e831-e832.  
	 PMID: 30586768. 
Stout KK, Daniels CJ, Aboulhosn JA, Bozkurt B, Broberg CS, Colman JM, Crumb SR, Dearani  JA, Fuller S,  
	 Gurvitz M, Khairy P, Landzberg MJ, Saidi A, Valente AM, Van Hare GF. 2018 AHA/ACC Guideline for the  
	 Management of Adults With Congenital Heart Disease: A Report of the American College of  
	 Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. Circulation. 2019 Apr  
	 2;139(14):e698-e800. Erratum in: Circulation. 2019 Apr 2;139(14):e833-e834. PMID: 30586767. 
Stout KK, Daniels CJ, Aboulhosn JA, Bozkurt B, Broberg CS, Colman JM, Crumb SR, Dearani JA, Fuller S, Gurvitz  
	 M, Khairy P, Landzberg MJ, Saidi A, Valente AM, Van Hare GF. 2018 AHA/ACC Guideline for the  
	 Management of Adults With Congenital Heart Disease: Executive Summary: A Report of the American  
	 College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. J Am Coll  
	 Cardiol. 2019 Apr 2;73(12):1494-1563. Epub 2018 Aug 16. Erratum in:  J Am Coll Cardiol. 2019 May  
	 14;73(18):2361. PMID: 30121240. 
Stout KK, Daniels CJ, Aboulhosn JA, Bozkurt B, Broberg CS, Colman JM, Crumb SR, Dearani JA, Fuller S, Gurvitz  
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GEORGE VAN HARE, MD (Cont.’d)

	 M, Khairy P, Landzberg MJ, Saidi A, Valente AM, Van Hare GF. 2018 AHA/ACC Guideline for the  
	 Management of Adults With Congenital Heart Disease: A Report of the American College of  
	 Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. J Am Coll Cardiol.  
	 2019 Apr 2;73(12):e81-e192. Epub 2018 Aug 16. Erratum in: J Am Coll Cardiol. 2019 May 14;73(18):2361-2362.  
	 PMID: 30121239. 
Van Hare GF. Perspective. Digoxin for interstage single ventricle patients: What could possibly go wrong?  
	 Congenit Heart Dis. 2019 May;14(3):321-323. PMID: 31183954. 
Silva JNA, Van Hare GF. Catheter Ablation in Pediatric Congenital Heart Disease: A Modern Perspective. Circ  
	 Arrhythm Electrophysiol. 2019 Nov;12(11):e008019. Epub 2019 Nov 14. PMID: 31722542. 
Van Hare GF. Challenges in Ablation of Complex Congenital Heart Disease. Card Electrophysiol Clin. 2019  
	 Dec;11(4):711-718. PMID: 31706477. 
Van Hare GF. Challenges in ablation of complex congenital heart disease In: Shenasa M, 	Al-Ahmad A, eds.  
	 Advances in Cardiac Mapping and Catheter Ablation (Cardiac Electrophysiology Clinics) Philadelphia;  
	 2019. 
Dalal AS, Van Hare GF. Disturbances of rate and rhythm of the heart In: Kliegman RM, St. Geme III, JW, eds.  
	 Nelson’s Pediatrics 21st Edition ed. Philadelphia; 2020: Chapter 462, pp 2436-2448. 
Dalal AS, Van Hare GF. Sudden death In: Kliegman RM, St. Geme III, JW, eds. Nelson’s Pediatrics 21st Edition ed.  
	 Philadelphia; 2020: Chapter 463, pp 2448-2451. 
Dalal AS, Van Hare GF. Syncope In: Kliegman RM, St. Geme III, JW, eds. Nelson’s Pediatrics 21st Edition ed.  
	 Philadelphia; 2020: Chapter 87, pp 566-569.
Orr WB, Stanley C, Dalal A, Zoeller B, Van Hare GF, Avari Silva JN. Institutional experience of healthy pediatric  
	 patients presenting with atrial fibrillation who had an electrophysiology study. J Card Surg. 2020  
	 Mar 12. [Epub ahead of print] PMID: 32163635.

PAMELA K. WOODARD, MD 
 
Robinson CG, Samson PP, Moore KMS, Hugo GD, Knutson N, Mutic S, Goddu SM, Lang A, Cooper DH, Faddis M,  
	 Noheria A, Smith TW, Woodard PK, Gropler RJ, Hallahan DE, Rudy Y, Cuculich PS. Phase I/II Trial of  
	 Electrophysiology-Guided Noninvasive Cardiac Radioablation for Ventricular Tachycardia. Circulation.  
	 2019  Jan 15;139(3):313-321. PMID: 30586734, PMCID: PMC6331281. 
Weisman JA, Ballard DH, Jammalamadaka U, Tappa K, Sumerel J, D’Agostino HB, Mills DK, Woodard PK.  
	 3D Printed Antibiotic and Chemotherapeutic Eluting Catheters for Potential Use in Interventional  
	 Radiology: In Vitro Proof of Concept Study. Acad Radiol. 2019 Feb;26(2):270-274. Epub 2018 May 22.  
	 PMID: 29801697, PMCID: PMC6488040. 
Rischpler C, Woodard PK. PET/MR Imaging in Cardiovascular Imaging. PET Clin. 2019 Apr;14(2):233-244. Epub  
	 2019 Feb 1. Review. PMID: 30826021. 
Wu W, Wang H, Zhao P, Talcott M, Lai S, McKinstry RC, Woodard PK, Macones GA, Schwartz AL, Cahill AG,  
	 Cuculich PS, Wang Y. Noninvasive high-resolution electromyometrial imaging of uterine contractions  
	 in a translational sheep model. Sci Transl Med. 2019 Mar 13;11(483). pii: eaau1428. PMID: 30867320. 
Tappa K, Jammalamadaka U, Weisman JA, Ballard DH, Wolford DD, Pascual-Garrido C, Wolford LM, Woodard  
	 PK, Mills DK. 3D Printing Custom Bioactive and Absorbable Surgical Screws, Pins, and Bone Plates for  
	 Localized Drug Delivery. J Funct Biomater. 2019 Apr 1;10(2). pii: E17. PMID: 30939719,  
	 PMCID: PMC6616894.
Woodard PK, Nguyen TD. Preferences in Cardiac Testing: Why Patient Experience Matters. Radiology. 2019  
	 May;291(2):349-350. Epub 2019 Mar 19. PMID: 30913020. 
Liu Y, Luehmann HP, Detering L, Pressly ED, McGrath AJ, Sultan D, Nguyen A, Grathwohl S, Shokeen M, Zayed  
	 M, Gropler RJ, Abendschein D, Hawker CJ, Woodard PK. Assessment of Targeted Nanoparticle  
	 Assemblies for Atherosclerosis Imaging with Positron Emission Tomography and Potential for Clinical  
	 Translation. ACS Appl Mater Interfaces. 2019 May 1;11(17):15316-15321. Epub 2019 Apr 19. PMID: 30969098,  
	 PMCID: PMC6918720. 
Ballard DH, Tappa K, Boyer CJ, Jammalamadaka U, Hemmanur K, Weisman JA, Alexander JS, Mills DK,  
	 Woodard PK. Antibiotics in 3D-printed implants, instruments and materials: benefits, challenges and  
	 future directions. J 3D Print Med. 2019 Jun;3(2):83-93. Epub 2019 May 31. PMID: 31258936,  
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PAMELA K. WOODARD, MD  (Cont.’d) 

	 PMCID: PMC6587109. 
Ferencik M, Lu MT, Mayrhofer T, Puchner SB, Liu T, Maurovich-Horvat P, Ghemigian K, Ivanov A, Adami E,  
	 Nagurney JT, Woodard PK, Truong QA, Udelson JE, Hoffmann U. Non-invasive fractional flow reserve  
	 derived from coronary computed tomography angiography in patients with acute chest pain:  
	 Subgroup analysis of the ROMICAT II trial. J Cardiovasc Comput Tomogr. 2019 Jul - Aug;13(4):196-202.  
	 Epub 2019 May 15. PMID: 31113728, PMCID: PMC6801016. 
Nazarian S, Cantillon DJ, Woodard PK, Mela T, Cline AM, Strickberger AS; MRI Ready Investigators. MRI Safety  
	 for Patients Implanted With the MRI Ready ICD	System: MRI Ready Study Results. JACC Clin  
	 Electrophysiol. 2019 Aug;5(8):935-943. Epub 2019 Jun 26. PMID: 31439295.
Liu Y, Woodard PK. Chemokine receptors: Key for molecular imaging of inflammation in atherosclerosis. J Nucl  
	 Cardiol. 2019 Aug;26(4):1179-1181. Epub 2018 Mar 7.  PMID: 29516368, PMCID: PMC6128785. 
Nazarian S, Cantillon DJ, Woodard PK, Mela T, Cline AM, Strickberger AS; MRI Ready Investigators. MRI Safety  
	 for Patients Implanted With the MRI Ready ICD System: MRI Ready Study Results. JACC Clin  
	 Electrophysiol. 2019 Aug;5(8):935-943.M 
Ballard DH, Mills P, Duszak R Jr, Weisman JA, Rybicki FJ, Woodard PK. Medical 3D Printing Cost-Savings in  
	 Orthopedic and Maxillofacial Surgery: Cost Analysis of Operating Room Time Saved with 3D Printed  
	 Anatomic Models and Surgical Guides.Acad Radiol. 2019 Sep 18. pii: S1076-6332(19)30418-0.  
	 [Epub ahead of print]. PMID: 31542197.
Massalha S, Walpot J, Dey D, Guler EC, Clarkin O, Godkin L, Ratnayake I, Jayasinghe P, Hossain A, Crean A, Chan  
	 M, Butler C, Tandon V, Nagele P, Woodard PK, Mrkobrada M, Szczeklik W, Abdul Aziz YF, Biccard B,  
	 Devereaux PJ, Sheth T, Chow BJW. Epicardial Adipose Tissue: An Independent Predictor of Post- 
	 Operative Adverse Cardiovascular Events (CTA VISION Substudy). JACC Cardiovasc Imaging.  
	 2020 Mar;13(3):882-884. Epub 2019 Nov 13. PMID: 31734207.
Cade WT, Laforest R, Bohnert KL, Reeds DN, Bittel AJ, de Las Fuentes L, Bashir A, Woodard PK, Pacak CA,  
	 Byrne BJ, Gropler RJ, Peterson LR. Myocardial glucose and fatty acid metabolism is altered and  
	 associated with lower cardiac function in young adults with Barth syndrome. J Nucl Cardiol. 2019 Nov  
	 8. [Epub ahead of print]. PMID: 31705425. 
Mokkarala M, Ballard DH, Wesley RA, Gutierrez FR, Javidan-Nejad C, Singh GK, Woodard PK, Lindley KJ.  
	 Coronary-cameral fistula with double-chambered right ventricle: appearance on cardiac magnetic  
	 resonance imaging and 3D printed anatomic modeling. Clin Imaging. 2020 Jan;59(1):84-87. Epub 2019  
	 Nov 11. PMID: 31760282. 
Wang H, Wu W, Talcott M, McKinstry RC, Woodard PK, Macones GA, Schwartz AL, Cuculich P, Cahill AG, Wang  
	 Y. Accuracy of electromyometrial imaging of uterine contractions in clinical environment. Comput Biol  
	 Med. 2020 Jan;116:103543. Epub 2019 Nov 18. PMID: 31786490, PMCID: PMC7021013. 
Wang H, Wu W, Talcott M, McKinstry RC, Woodard PK, Macones GA, Schwartz AL, Cuculich P, Cahill AG, Wang  
	 Y. Electromyometrial imaging dataset of electromyograms and isochrone maps under deformation/ 
	 electrical noise contaminations. Data Brief. 2020 Jan 3;28:105078. eCollection 2020 Feb.  
	 PMID: 31956675, PMCID: PMC6956746.
Nie X, Elvington A, Laforest R, Zheng J, Voller TF, Zayed MA, Abendschein DR, Bandara N, Xu J, Li R, Randolph  
	 GJ, Gropler RJ, Lapi SE, Woodard PK. (64)Cu-ATSM Positron Emission Tomography/Magnetic  
	 Resonance Imaging of Hypoxia in Human Atherosclerosis. Circ Cardiovasc Imaging. 2020 
	 Jan;13(1):e009791. Epub 2020 Jan 8. PMID: 31910670.  
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er C, Tandon V, Nagele P, Woodard

LECTURES & PRESENTATIONS 
January 2019 - June 2020

DANIEL H. COOPER, MD

2019	 Cooper DH. “Approach to PVC and VT ablation.’’ EP Core Curriculum Conference, Washington  
	 University School of Medicine, St. Louis, MO (January). 
2019	 Cooper DH. “Chair/Master of Ceremony: Ask the EP Experts.” ACC Scientific Sessions, New Orleans, LA  
	 (March).
2019	 Cooper DH. “Live Case: LV Summit PVC Ablation for PVC-induced Cardiomyopathy.” ARCH EP St. Louis,  
	 MO (April).
2019	 Cooper DH. “Moderator: Real-World Case Presentations.” ARCH EP, St. Louis, MO (April).
2019	 Cooper DH. “Painless Defibrillation.” ARCH EP, St. Louis, MO (April).
2019	 Cooper DH. “Novel PVC Mapping & Navigation with Robotic EP.” Robotic EP Pro Talks at HRS 2019,  
	 San Francisco, CA (May).
2019	 Cooper DH. “SA Node, AV node, His-Purkinje System” EP 101: A Program for Incoming EP Fellows,  
	 Boston, MA (May). 
2019	 Cooper DH. “Workshop: Cardiac Conduction System” EP 101: A Program for Incoming EP Fellows,  
	 Boston, MA (May).
2019	 Cooper DH. “Proof and Probability: Approach to Narrow Complex Tachycardia.” EP Core Curriculum 
	 Conference, Washington University School of Medicine, St. Louis, MO (August).
2019	 Cooper DH. “‘Brady’ and Blocks: Who should make me nervous” Cardiology and Primary Care Update,  
	 Yosemite National Park, CA (August).
2019	 Cooper DH. “Corralling the Racing Heart: Approach to SVT.” Cardiology and Primary Care Update,  
	 Yosemite National Park, CA (August).
2019	 Cooper DH. “Sorting Through the Headlines: Anticoagulation in Atrial Fibrillation.” Cardiology and  
	 Primary Care Update, Yosemite National Park, CA (August).
2019	 Cooper DH. “Beyond Beta Blockers: Modern Day Management of PVCs.” Cardiology and Primary Care  
	 Update, Yosemite National Park, CA (August).
2019	 Cooper DH. “Sorting out Syncope: Benign to Deadly.” Cardiology and Primary Care Update, Yosemite  
	 National Park, CA (August).
2019	 Cooper DH. “Finding and Fighting the Enemy: Sudden Cardiac Death.” Cardiology and Primary Care  
	 Update, Yosemite National Park, CA (August).
 
RALPH J. DAMIANO, Jr, MD

2019	 Damiano, Jr, MD. “Optimizing Results of the Maze IV Procedure; Lessons Learned from the ABLATPAS  
	 Post Market Approval Trial and An Update on Recent Research and Clinical Papers.” The Society of  
	 Thoracic Surgeons Annual Meeting, San Diego, CA (January).
2019	 Damiano, Jr, MD. “Cox-Maze IV.” 1st Annual St. Louis Cardiac Surgery Symposium, St. Louis, MO 
	 (February). 
2019	 Damiano, Jr, MD. “Patients with Advanced Atrial Fibrotic Myopath Should be Surgically Ablated.”  
	 Western Atrial Fibrillation Symposium, Park City, UT (February). 
2019	 Damiano, Jr, MD. “Case Presentations - Houston, We have a Problem! “ Afib. Re-Evolution Summit,  
	 Houston, TX (April).
2019	 Damiano, Jr, MD. “Persistent AF: PVI Plus What? Lessons from Surgical Maze Experience. ARCH,  
	 St. Louis, MO (April).
2019	 Damiano, Jr, MD. “How to Deal with the Appendage.” American Association for Thoracic Surgery  
	 Annual Meeting Mitral Conclave, New York, NY (May).
2019	 Damiano, Jr, MD. “Maximizing Bipolar Ablation Performance.” New Research. American Association for  
	 Thoracic Surgery Annual Meeting Mitral Conclave, New York, New York (May). 
2019	 Damiano, Jr, MD. “Second Conduit for CABG in a 75-Year-Old: Vein.” American Association for Thoracic  
	 Surgery Annual Meeting, Toronto, Canada (May).
2019	 Damiano, Jr, MD. “Indications for Atrial Fibriallation Surgery and Open Chest/Concomitant Maze.” Get  
	 in Rhythm. Stay in Rhythm. Atrial Fibrillation Patient Conference, Dallas, TX (August).
2019	 Damiano, Jr, MD. “How I do it: Maze-IV Procedure.” The Catheter and Surgical Therapies for Atrial  
	 Fibrillation Conference, Chicago, IL (August 16).
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RALPH J. DAMIANO, Jr, MD (Cont.’d)

2019	 Damiano, Jr, MD. “Long-term Results of the Maze Procedure for Atrial Fibrillation.” The Catheter and  
	 Surgical Therapies for Atrial Fibrillation Conference, Chicago, IL (August). 
2019	 Damiano, Jr, MD. “Surgical Treatment of Atiral Fibrillation: Current State of the Art.” 2019 Annual  
	 Meeting, Northern New England Chapter, ACC. New Castle, NH (October).
2019	 Damiano, Jr, MD. “Surgical Treatment of Current Atrial Fibrillation: State-of-the-Art.” University of  
	 Missouri School of Medicine, Columbia, MO (October).
2019	 Damiano, Jr, MD. “Minimally Invasive A-Fib Ablation and LAA Closure.” Course Director: The Heart  
	 Team Summit, Chicago, IL (October).
2019	 Damiano, Jr, MD. “ECGI and Advanced in Atrial Fibrillation Surgery.” Asia Pacific Heart Rhythm Society  
	 Scientific Session, Bangkok, Thailand (October).
2019	 Damiano, Jr, MD. Moderator: “Surgical Ablation of Atrial Fibrillation: Joint sessions between STST and  
	 APHRS.” Asia Pacific Heart Rhythm Society Scientific Session, Bangkok, Thailand(October).
2019	 Damiano, Jr, MD. “Minimally Invasive Septal Myectomy for HCM.” Asia Pacific Heart Rhythm Society  
	 Scientific Session, Bangkok, Thailand (October). 
2019	 Damiano, Jr, MD. “Surgical Treatment of Atrial Fibrillation: Current State of the Art.” Grand Rounds, 	
	 Johns Hopkins University School of Medicine. Baltimore, MD (November). 
2019	 Damiano, Jr, MD. “Mechanisms of Atrial Fibrillation: New Insights and Their Implications for Surgical  
	 Ablation.” China Heart Congress, Beijing, China (November).
2019	 Damiano, Jr, MD. “The Scienfific Basis of Surgical Ablation.” China Heart Congress, Beijing, China.  
	 (November).
2019	 Damiano, Jr, MD. “Live Operation – Maze IV procedure in Atrial Fibrillation Concomitant Mitral Valve  
	 Surgery.” China Heart Congress, Beijing, China (November).
2019	 Damiano, Jr, MD. “The Evolution of Current Role of the Cox Maze IV Procedure.“ Keynote Speaker.  
	 China Heart Congress, Beijing, China (November)..

MICHAEL J. GREENBERG, PhD 

2019	 Greenberg, PhD. “Dissecting the Mechanism of Familial Cardiomyopathies from the Ground Up.”  
	 Department of Biochemistry and Molecular Biophysics, Washington University School of Medicine,  
	 St. Louis, MO (May).
2019	 Greenberg, PhD. Keynote Lecture - Department of Physiology, Perelman School of Medicine at the  
	 University of Pennsylvania, Philadelphia, PA 
2019	 Greenberg, PhD. “Understanding Familial Cardiomyopathies from the Ground Up.”  Cardiac  
	 Bioelectricity and Arrhythmia Center, Washington University, St. Louis, MO (December). 
2020	 Greenberg, PhD. “Disrupted Mechanobiology in Familial Cardiomyopathies.” Department of Genetics,  
	 Washington University, St. Louis, MO (February).

NATHANIEL HUEBSCH, PhD 

2019	 Huebsch, PhD. “Metabolic Cues Enhance Maturation of Human iPSC-derived Cardiomyocytes in a  
	 Cardiac Microphysiological System.” SelectBio Biofabrication & Biomanufacturing Europe Conference,  
	 Rotterdam, The Netherlands (June).
2019	 Huebsch, PhD. “In vitro studies of the synergy between mechanical loading and genetics  
	 within human induced stem cell derived micro-scale engineered heart tissues.” Keynote Speaker. 56th  
	 Annual Technical Meeting of the Society for Engineering Science, St. Louis, MO (October). 
 
DOUGLAS L. MANN, MD 

2019	 Mann, MD. “Myocardial Recovery and the Failing Heart: The Audacity of Hope.” Frontiers in  
	 Cardiovascular Medicine, University of Michigan, Ann Arbor, MI (April). 
2019	 Mann, MD. “Myocardial Remission in Heart Failure:  The End of the Beginning or the Beginning of the  
	 End.” University of Missouri  Biomedical Science, Columbia, MO (April). 
2019	 Mann, MD. “Myocardial Remission in Heart Failure:  The End of the Beginning or the Beginning of the  
	 End,” Northwestern University, Chicago, IL (June). 
2019	 Mann, MD. “Medical Device-Based Therapies for Heart Failure with Reduced Ejection Fraction.”  
	 Gordon Research Conference on Assisted Circulation, Castelldefels, Spain (June).
2019	 Mann, MD. “Mechanisms of Reverse Remodeling.” Gordon Research Conference on Assisted  
	 Circulation Castelldefels, Spain (June).
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JEANNE M. NERBONNE, PhD 

2019	 Nerbonne, PhD. “Advances in Cardiac Ion Channel Structure.” Gordon Research Conference entitled:  
	 Cardiac Arrhythmia Mechanisms: Addressing Multiscale Challenges in Arrhythmia Biology by  
	 Integrating Molecular, Genomic, Computational and Translational Approaches,  Lucca, Italy.  
	 Discussion Leader (April). 
 
COLIN NICHOLS, PhD 

2020	 Nichols PhD. “K Channels and Diseases.” Function journal inaugural symposium. Duke University,  
	 Durham, NC (January). 
 
STACEY RENTSCHLER, MD, PhD

2019	 Rentschler, MD, PhD. “Notch-Mediated Transcriptional and Epigenetic Regulation of Cardiac Ion  
	 Channels.” Gordon Conference on Cardiac Arrhythmia Mechanisms, Lucca, Italy (April). 
2019	 Rentschler, MD, PhD. Weinstein Cardiovascular Development Conference, Cardiac Conduction  
	 System, Indianapolis, IN. Session Chair (May).
2019	 Rentschler, MD, PhD. “Transcriptional and Epigenetic Regulation of Cardiac Electrophysiology.” Baylor  
	 College of Medicine, Cardiovascular Research Institute, Houston, TX (November). 
2019	 Rentschler, MD, PhD. Cincinnati Children’s Heart Institute, Cody Lecture Series, Cincinnati, OH 
2019	 Rentschler, MD, PhD. American Heart Association Scientific Sessions Arrhythmia Research Summit, 	
	 Philadelphia, PA (November). 
2020	 Rentschler, MD, PhD. Duke University, CVRC Mandel Seminar Series, Durham, NC (February).

CLIFFORD G. ROBINSON, MD

2019	 Robinson, MD. “ENCORE-VT for Ventricular Tachycardia.” George Washington University Combined  
	 Cardiology and Radiation Oncology Grands Rounds and Visiting Professorship, Washington, D.C.  
	 (February).
2019	 Robinson, MD. “ENCORE-VT for Ventricular Tachycardia.” University of Miami Combined Cardiology  
	 and Radiation Oncology Grands Rounds and Visiting Professorship, Miami, FL (March)
2019	 Robinson, MD. “Live Case – Noninvasive Cardiac Radioablation.” ARCH Symposium, St. Louis, MO 	
	 (April). 
2019	 Robinson, MD. “Radiotherapy as a Last Resort.” Heart Rhythm Society Annual Meeting, EHRA/HRS  
	 Joint Session, San Francisco, CA (May). 
2019	 Robinson, MD. “Role of Immunotherapy and SBRT for Inoperable Early Stage NSCLC” IASLC Chicago  
	 Meeting, Chicago, IL (October). 
2019	 Robinson, MD. “ENCORE-VT for Ventricular Tachycardia.” SABR Symposium Plenary Session  
	 (November). 
2019	 Robinson, MD. “ENCORE-VT for Ventricular Tachycardia.” Cedars-Sinai Combined Cardiology and  
	 Radiation Oncology Grands Rounds and Visiting Professorship, Los Angeles, CA (November). 
2019	 Robinson, MD. “ENCORE-VT for Ventricular Tachycardia.” University of Pittsburgh Combined  
	 Cardiology and Radiation Oncology Grands Rounds and Visiting Professorship, Pittsburgh, PA  
	 (December). 
2020	 Robinson, MD. “Noninvasive Cardiac Radioablation for Ventricular Tachycardia.” 25th annual  
	 kukuna-o-ka-la Radiation Oncology Conference, Kapolei, HI (January). 
2020	 Robinson, MD. “ENCORE-VT for Ventricular Tachycardia.” Lehigh Valley Health Network Combined  
	 Cardiology and Radiation Oncology Grands Rounds and Visiting Professorship, Allentown, PA (March).
2020	 Robinson, MD. “Noninvasive Cardiac Radioablation for Ventricular Tachycardia.” ESTRO Annual  
	 Meeting Plenary Session, Milan, Italy (April).

LECTURES & PRESENTATIONS 
January 2019 - June 2020 (continued)
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YORAM RUDY, PhD, FAHA, FHRS

2019	 Rudy, PhD, FAHA, FHRS, “Non-invasive Electrocardiographic Imaging (ECGI): Methods and Examples of  
	 Clinical Applications.”University College London (UCL) Institute of Healthcare Engineering (March).
2019	 Rudy, PhD, FAHA, FHRS. “Relating Ion Channel Structural Dynamics to Physiological Function –  
	 The IKs Paradigm.” Gordon Research Conference on Cardiac Arrhythmia Mechanisms, Il Ciocco, Italy  
	 (April).
2019	 Rudy, PhD, FAHA, FHRS. University of Florence School of Medicine, Firenze, Italy (April). 
2019	 Rudy, PhD, FAHA, FHRS. Imperial Centre for Translational and Experimental Medicine, Imperial College  
	 London, London, United Kingdom (May).
2019	 Rudy, PhD, FAHA, FHRS. “Noninvasive Mapping of Ventricular Arrhythmic Substrates and Arrhythmias 	
	 in the Intact Human Heart.” Keynote Lecture. Universitat Politecnica de Valencia, Ciudad Politecnica  
	 de la Innovacion, CARBIOyTEC 2019, Valencia, Spain (May).  
2019	 Rudy, PhD, FAHA, FHRS. Universitat Politecnica de Valencia, Institute for Research and Innovation in  
	 Bioengineering, Valencia, Spain (May).  
2019	 Rudy, PhD, FAHA, FHRS. University College London (UCL) Institute of Cardiovascular Science  
	 Distinguished Speaker Seminar,  London, United Kingdom (June). 
2019	 Rudy, PhD, FAHA, FHRS. “The Story of ECG-Imaging from Concepts to Clinical Application.”  
	 Kenote 	Lecture. UCL & Barts Heart Centre Translational Electrophysiology Symposium, London,   
	 United Kingdom (June).
2019	 Rudy, PhD, FAHA, FHRS. University of Bern School of Medicine Seminar in Cardiology, Bern,  
	 Switzerland (June).
2019	 Rudy, PhD, FAHA, FHRS. University of Bern Department of Physiology, Bern, Switzerland (June).
2019	 Rudy, PhD, FAHA, FHRS. University of Amsterdam, Grand Rounds in Cardiology, Amsterdam,  
	 The Netherlands (July).
2019	 Rudy, PhD, FAHA, FHRS. University of Amsterdam, Department of Clinical and Experimental  
	 Cardiology Seminar,  Amsterdam, The Netherlands (July).
2019	 Rudy, PhD, FAHA, FHRS. University of Amsterdam, Department of Clinical and Experimental  
	 Cardiology, Master Class on ECGI,  Amsterdam, The Netherlands (July).
2020	 Rudy, PhD, FAHA, FHRS. 6th UC Davis Cardiovascular Symposium, Davis, CA (February). 

RAJAN SAH, MD, PhD

2019	 Sah, MD, PhD. “SWELL1/LRRC8a (VRAC) channel signaling.” Ion Channel Symposium, University of  
	 Copenhagen, Copenhagen, Denmark (May). 
2019	 Sah, MD, PhD. “SWELL1/LRRC8a mediated nutrient sensing.” 30th Ion Channel Meeting, Association  
	 Canaux Ionique, Setes, France (September).
2019	 Sah, MD, PhD. “SWELL1-LRRC8 regulation of glucose homeostasis.” Department of Biochemistry &  
	 Molecular Medicine School of Medicine & Health Sciences, The George Washington University,  
	 Washington, DC (September-October) 
2019	 Sah, MD, PhD. “Targeting dysfunctional ion channel signaling to treat cardio-metabolic disease.”  
	 Cardiology Grand Rounds, Cardiovascular Division, Washington University in St. Louis, St. Louis, MO  
	 (October).
2019	 Sah, MD, PhD. “Targeting dysfunctional ion channel signaling to treat NAFLD.” NAFLD Interest Group,  
	 (October). 
2019	 Sah, MD, PhD. “Dysfunctional adipose ion channel mechano-signaling induces NAFLD and T2D.”  
	 Digestive Diseases Research Center Seminar Series, Division of Gastroenterology, Washington  
	 University in St. Louis, St. Louis, MO (November). 
2020	 Sah, MD, PhD. “Pharmacological SWELL1-LRRC8 induction improves systemic glycemia and non- 
	 alcoholic fatty liver disease in murine Type 2 diabetes.” NASH-TAG Conference, Park City, UT (January).

JENNIFER N. AVARI SILVA, MD 

2019	 Silva, MD. “From Unmet Need to Clinical Tool: Through the Eyes of an EP.” Division of Cardiology Grand  
	 Rounds, University of Minnesota, Minneapolis, MN (January). 
2019	 Silva, MD. “Where Would You Ablate?” Women in Electrophysiology, San Diego, CA (February). 
2019	 Silva, MD. “What It Takes To Get A FDA Cleared Solution On The Market.” VR in Healthcare, Tuscon, AZ  
	 (March). 
2019	 Silva, MD. “Wearable Technology And Cardiac Application.” American College of Cardiology,  
	 New Orleans, LA (March). 
2019	 Silva, MD. “Novel Approaches to Ventricular Tachycardia Ablation.” American College of Cardiology,  
	 New Orleans, LA (March).

CBAC Newsletter | P. 63



LECTURES & PRESENTATIONS 
January 2019 - June 2020 (continued)

JENNIFER N. AVARI SILVA, MD (Cont.’d)

2019	 Silva, MD. “Is VR and AR Ready for Clinical Medicine?” American College of Cardiology, New Orleans, LA  
	 (March). 
2019	 Silva, MD. “Navigating in 3D—What IR Can learn from other spaces?” Society for Interventional  
	 Radiology, Austin, TX (March). 
2019	 Silva, MD. “Avoiding Secondary Prevention ICDs.” Heart Rhythm Scientific Sessions, San Francisco, CA  
	 (May). 
2019	 Silva, MD. “Social Media and Advocacy:  Pipe Dream or Reality?” Heart Rhythm Scientific Sessions,  
	 San Francisco, CA (May). 
2019	 Silva, MD. “From Unmet Need to Practical Solution.” Department of Anesthesiology Grand Rounds,  
	 Washington University School of Medicine,St Louis, MO (June). 

JONATHAN R. SILVA, PhD

2019	 Silva, PhD. “Precision Antiarrhythmic Medicine: The Devil is in the Molecular Details.” Department of  
	 Biochemistry and Molecular Biophysics, Washington University School of Medicine,St Louis, MO  
	 (February). 
2019	 Silva, PhD. “Understanding Emerging and Disruptive Technologies.” Skandalaris Center for  
	 Interdisciplinary Innovation and Entrepreneurship, Washington University in St. Louis, St Louis, MO  
	 (February). 
2019	 Silva, PhD. “Precision Antiarrhythmic Medicine.” Department of Biomedical Engineering, Ohio State  
	 University, Columbus, OH (November).
2020	 Silva, PhD. “Modeling studies.” Na+ Channels and Transporters Section, UC Davis Cardiovascular  
	 Symposium, Davis, CA (February). 
2020	 Silva, PhD. “Predicting Long QT Type 3 Patient Response to Class I Antiarrhythmics: The Devil is in the  
	 Molecular Details.” Channelopathy 2020, Quebec City, Canada (June).

GEORGE VAN HARE, MD 

2019	 Van Hare, MD. “Challenging accessory pathways: Difficult supraventricular tachycardia - How to  
	 survive in the lab.” European Heart Rhythm Association meeting, Lisbon, Portugal (March).
2019	 Van Hare, MD. “Pay It Forward: Tips For Teaching Ablation.” Heart Rhythm 2019, 40th Annual Heart 
	 Rhythm Scientific Sessions, San Francisco, CA (May).
2019	 Van Hare, MD. “What’s New in congenital AV block management?” European Cardiac Arrhythmia  
	 Society: 15th Annual Congress, Marseille, France (June).
2019	 Van Hare, MD. “Have Rhythm management Randomized Clinical Trials Died: Who killed them and  
	 where are the alternatives?” FDA Viewpoint, 14th Global Cardiovascular Clinical Trialists Forum, 
	 Washington, DC (December).
2019	 Van Hare, MD. “Risk Stratification for Sudden Arrhythmic Death: Is there a role for machine learning,  
	 big data or other options?” FDA Viewpoint, 14th Global Cardiovascular Clinical Trialists Forum, 
	 Washington, DC (December).

PAMELA K. WOODARD, MD 

2019	 Woodard MD. “Imaging the Biology of Atherosclerosis.’ Hugh Monroe Wilson Professor of Radiology,  
	 Inaugural Installation, Eric P. Newman Center, Washington University School of Medicine, St. Louis, MO  
	 (January).
2019	 Woodard MD. “Recent Advances and The Future of Cardiovascular CT: The Editors Speak!” Circulation  
	 Journals: Circulation/Circulation Cardiovascular Imaging, Society of Cardiovascular Computed  
	 Tomography (SCCT), Baltimore, MD (July).
2019	 Woodard MD. “The Year-in-Review: Editor’s Picks.” Circulation Cardiovascular Imaging (as Associate  
	 Editor), North American Society for Cardiovascular Imaging, Seattle, WA (September).
2019	 Woodard MD. “Cardiac PET/MRI perfusion imaging in Ischemic Heart Disease – New Frontiers.” North  
	 American Society for Cardiovascular Imaging, Seattle, WA (September).
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PAMELA K. WOODARD, MD (Cont.’d)

2019	 Woodard MD. “Research in medical school and residency.” Radiology Interest Group (RIG), Howard  
	 University College of Medicine, Washington, DC (September).

CBAC NEW MEMBERS: 
AARTI DALAL, DO
Assistant Professor, Department of Pediatrics, Cardiology 

Research Interests: 
Pediatric heart rhythm disorders, electrophysiology studies,  
catheter ablation and pacemaker/defibrillator implantation

Education:     
2002	 BA, cum laude, Boston University
2007	 DO, Rowan University, School of Osteopathic Medicine  
	 (formerly University of Medicine and Dentistry, School of  
	 Osteopathic Medicine)

MICHAEL J. GREENBERG, PhD
Assistant Professor of Biochemistry & Molecular Biophysics

Research Interests: 
Understanding the regulation of cardiac power output in both health 
and disease

Education:     
•     2004   BS, Brandeis University, Waltham, MA
•     2010    PhD, Boston University Medical School, Boston, MA

NATHANIEL HUEBSCH, PhD
Assistant Professor, Department of Biomedical Engineering 

Research Interests: 
•    Pluripotent-stem cell derived cardiac micro-tissues for modeling  
      cardiac development, drug toxicity and cardiomyopathy
•    Synthetic Extracellular Matrix Mimetics with defined presentation  
      of adhesion ligands and growth factors

Education:     
•     2003   BS, Bioengineering, University of California, Berkeley, CA
•     2010    PhD, Engineering Science and Medical Engineering
      	      Harvard University, MA
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CBAC NEW MEMBERS  
(CONTINUED)

RAJAN SAH, MD, PhD
Associate Professor of Medicine, Cardiovascular Division

Research Interests: 
• Ion channel signaling in the adipocyte
• Ion channel regulation of pancreatic ß-cell function
• Modulators of calcium signaling in skeletal muscle
• Novel ion channel signaling in myocardium
• Ion channel signaling in endothelium

Education:     
1996    BS,   Physiology: University of Toronto, Ontario, Canada
2001	 PhD, Institute of Medical Sciences, University of Toronto,  
	 Ontario, Canada 
2004   MD,  Institute of Medical Sciences, University of Toronto,  
	 Ontario, Canada

CHAO ZHOU, PhD
Associate Professor, Department of Biomedical Engineering

Research Interests: 
• Space-division multiplexing optical coherence tomography       
  (SDM-OCT)
• Molecular-targeted OCT and OCM for cancer detection
• OCT and OCM Imaging in Developmental Biology
• 3D OCT imaging of Brain Functions
• OCT (OCM) combined with deep learning
• Optogenetic pacing in Drosophila melanogaster using  
  integrated OCM imaging and red light stimulation system

Education:     
2001	 BS, Department of Physics Peking University, Beijing,  
	 P.R. China
2003	 MS, Department of Physics and Astronomy University of  
	 Pennsylvania, Philadelphia, PA
2007   PhD, Department of Physics and Astronomy University of  
	 Pennsylvania, Philadelphia, PA
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CBAC MEMBER DIRECTORY

DIRECTOR YORAM RUDY, PhD, FAHA, FHRS

The Fred Saigh Distinguished Professor of  
Engineering; Professor of Biomedical Engineering, 
Cell Biology & Physiology, Medicine, Radiology, and 
Pediatrics 
Email: rudy@wustl.edu 
Phone: (314) 935-8160 
Websites: rudylab.wustl.edu, cbac.wustl.edu

DANIEL H. COOPER, MD 
Associate Professor of Medicine 
Cardiovascular Division 
Director, Electrophysiology Fellowship
Washington University School of Medicine

Email: cooperdh@wustl.edu 
Phone: (314) 747-8494

R. MARTIN ARTHUR, PhD

Newton R. & Sarah Louisa Glasgow Wilson Emeritus 
Professor, The Preston M. Green Department of  
Electrical & Systems  Engineering 

Email: rma@wustl.edu 
Phone: (314) 935-6167 
Website: arthurlab.wustl.edu 

PHILLIP S. CUCULICH, MD

Associate Professor of Medicine 
Cardiovascular Division 
Washington University School of Medicine

Email: pcuculic@wustl.edu 
Phone: (314) 454-7698

C. WILLIAM (BILL) BALKE, MD 

Professor of Medicine, Cardiovascular Division 
Washington University School of Medicine  
Chief of Cardiology, St. Louis Veterans Affairs Medical 
Center (VAMC) & Health Care System

Email: bill.balke@wustl.edu 
Phone: (314) 362-8908 

JIANMIN CUI, PhD 

Professor of Biomedical Engineering
Department of Biomedical Engineering

Email: jcui@wustl.edu 
Phone: (314) 935-8896 
Website: research.engineering.wustl.edu/~jcui

PHILIP BAYLY, PhD 

The Lee Hunter Distinguished Professor of  
Mechanical Engineering; Chair, Department of  
Mechanical Engineering & Materials Science 

Email: pvb@wustl.edu 
Phone: (314) 935-6081 
Website: baylylab.wustl.edu

AARTI DALAL, DO
 
Assistant Professor of Pediatrics, Cardiology, 
Washington University School of Medicine

Email: asdalal@wustl.edu 
Phone: (314) 273-1470  

SANJEEV BHALLA, MD 

Professor of Radiology; Chief, Cardiothoracic  
Imaging; Co-Chief, Body Computed Tomography; 
Assistant Radiology Residency Program Director, 
Mallinckrodt Institute of Radiology 

Email: sanjeevbhalla@wustl.edu 
Phone: (314) 362-2927 

RALPH J. DAMIANO, JR., MD

Evarts A. Graham Professor of Surgery 
Chief, Cardiothoracic Surgery 
Washington University School of Medicine
 
Email: damianor@wustl.edu 
Phone: (314) 362-7327 
Website: cardiothoracicsurgery.wustl.edu
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CBAC MEMBER DIRECTORY 
(continued) 

VICTOR G. DAVILA-ROMAN, MD, FACC, FASE

Professor of Medicine, Anesthesiology, Radiology  
Medical Director, Cardiovascular Imaging and 
Clinical Research Core Laboratory 
 
Email: vdavila@wustl.edu 
Phone: (314) 362-4748 
Website: circl.wustl.edu

R. GILBERT JOST, MD 
Professor Emeritus of Radiology 
Department of Radiology 
Washington University School of Medicine

Email: jostg@wustl.edu 
Phone: (314) 747-4563

MITCHELL N. FADDIS, MD, PhD

Professor of Medicine 
Cardiovascular Division 
Director, Electrophysiology 
Washington University School of Medicine

Email: faddism@wustl.edu 
Phone: (314) 454-7772

SÁNDOR J KOVÁCS, MD, PhD

Professor of Medicine, Cell Biology & Physiology,  
Biomedical Engineering; Adj. Prof. of Physics 
Director & Founder, Cardiovascular Biophysics Lab;  
Washington University School of Medicine
 
Email: sjk@wustl.edu 
Phone: (314) 454-7660 

MICHAEL J. GREENBERG PhD

Assistant Professor of Biochemistry &  
Molecular Biophysics 
Washington University School of Medicine 

Email: greenberg@wustl.edu 
Phone: (314) 362-8670 
Website: glab.biochem.wustl.edu 

DOUGLAS L. MANN, MD 

Lewin Distinguished Professor of Cardiovascular  
Disease; Professor of Medicine, Cell Biology and 
Physiology, Washington University School of  
Medicine 
 
Email: dmann@wustl.edu 
Phone: (314) 362-8908

RICHARD W. GROSS, MD, PhD
 
Professor of Medicine & Developmental Biology
Washington University School of Medicine 
Professor of Chemistry 
Washington University in St. Louis 

Email: rgross@wustl.edu 
Phone: (314) 362-2690

ARYE NEHORAI, PhD
 
Eugene & Martha Lohman Professor of  
Electrical Engineering, The Preston M. Green  
Department of Electrical & Systems Engineering 

Email: nehorai@wustl.edu 
Phone: (314) 935-7520                                                  
Website: www.ese.wustl.edu/~nehorai

NATHANIEL D. HUEBSCH, PhD

Assistant Professor
Department of Biomedical Engineering 

Email: nhuebsch@wustl.edu 
Phone: (314) 935-7208 
Website: huebschlab.wustl.edu

JEANNE M. NERBONNE, PhD, FAHA

Alumni Endowed Professor of Molecular Biology & 
Pharmacology; Director, CCR; Co-Director, CIMED; 
Departments of Developmental Biology & Internal 
Medicine; Washington University School of Medicine 

Email: jnerbonne@wustl.edu; Phone: (314) 362-2564 
Website: nerbonnelab.wustl.edu
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COLIN G. NICHOLS, Ph.D. 

Carl Cori Professor, Department of Cell Biology & 
Physiology; Director, Center for the Investigation of 
Membrane Excitability Diseases 
Washington University School of Medicine 
 
Email: cnichols@wustl.edu; Phone: (314) 362-6630 
Website: cimed.wustl.edu

RAJAN SAH, MD, PhD

Associate Professor of Medicine, & of Cell Biology & 
Physiology; Washington University School of Medi-
cine

Email: rajan.sah@wustl.edu  
Phone: (314) 273-7749 

JOSEPH A. O’SULLIVAN, PH.D., PhD

Samuel C. Sachs Prof. of Electrical Engineering  
Professor & Dean of the UMSL/WUSTL Joint  
Undergraduate Engineering Program

Email: jao@wustl.edu  
Phone: (314) 935-4173

MARIA S. REMEDI, PhD

Assistant Professor of Medicine and of Cell Biology & 
Physiology, Washington University School of  
Medicine

Email: mremedi@wustl.edu 
Phone: (314) 362-6636 
Website: endo.wustl.edu/remedi-lab 

RICHARD B. SCHUESSLER, PhD 

Director, Cardiothoracic Surgery Research  
Laboratory; Research Professor of Surgery 
(Cardiothoracic Surgery) & Biomedical Engineering 
Washington University School of Medicine

Email: schuesslerr@wustl.edu 
Phone: (314) 362-8310

STACEY L. RENTSCHLER, MD, PhD
 
Associate Professor of Medicine, of Developmental 
Biology, & of Biomedical Engineering 
Washington University School of Medicine 

Email: stacey.rentschler@wustl.edu 
Phone: (314) 362-6212 
Website: rentschlerlab.wustl.edu

JINGYI SHI, PhD
 
Research Assistant Professor 
Department of Biomedical Engineering

Email: jshi22@wustl.edu 
Phone: (314) 935-7623
Website: research.engineering.wustl.edu/~jcui/

CLIFFORD G. ROBINSON MD

Professor, Radiation Oncology
Chief of Service, Stereotactic Body Radiation Therapy 
(SBRT); Director, Clinical Trials & Clinical Informatics 
Washington University School of Medicine
 
Email: clifford.robinson@wustl.edu  
Phone: (314) 362-8567
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JONATHAN R. SILVA, PhD

Associate Professor 
Department of Biomedical Engineering

 
Email: jonsilva@wustl.edu 
Phone: (314) 935-8837
Website: silvalab.bme.wustl.edu

TIMOTHY W. SMITH, DPHIL, MD, FACC, FHRS

Professor of Medicine, Cardiovascular Division 
Washington University School of Medicine 
 

Email: tsmith@wustl.edu 
Phone: (314) 454-7982 

mailto:tsmith%40wustl.edu?subject=
http://www.nicholslab.wustl.edu/nichols.htm
http://cimed.wustl.edu
mailto:cnichols%40wustl.edu?subject=
https://engineering.wustl.edu/Profiles/Pages/Joseph-OSullivan.aspx
mailto:jao%40wustl.edu%20%20?subject=
https://profiles.wustl.edu/en/persons/maria-remedi
mailto:mremedi%40wustl.edu?subject=
http://endo.wustl.edu/remedi-lab/
https://profiles.wustl.edu/en/persons/stacey-rentschler
https://rentschlerlab.wustl.edu/
mailto:stacey.rentschler%40wustl.edu?subject=
https://profiles.wustl.edu/en/persons/clifford-robinson
mailto:clifford.robinson%40wustl.edu%0A?subject=
https://profiles.wustl.edu/en/persons/rajan-sah
mailto:rajan.sah%40wustl.edu%0A?subject=
https://surgery.wustl.edu/people/richard-schuessler/
mailto:schuesslerr%40wustl.edu?subject=
mailto:jshi22%40wustl.edu?subject=
http://research.engineering.wustl.edu/~jcui/
https://engineering.wustl.edu/Profiles/Pages/Jonathan-Silva.aspx
mailto:jonsilva%40wustl.edu?subject=
http://silvalab.bme.wustl.edu
https://profiles.wustl.edu/en/persons/timothy-smith


P. 70 | CBAC Newsletter

CBAC MEMBER DIRECTORY 
(continued) 

JASON W. TROBAUGH, DSc.  
Professor of Practice 
The Preston M. Green Department of Electrical & 
Systems Engineering

Email: jasont@wustl.edu 
Phone: (314) 935-7549

PAMELA K. WOODARD, MD 
 
Hugh Monroe Wilson Professor of Radiology
Professor, Biomedical Engineering
Sr. Vice Chair, Radiology Research Facilities
Director, Center for Clinical Imaging Research (CCIR)
Head, Advanced Cardiac Imaging (CT/MR) 
 
Email: woodardp@wustl.edu; Phone: (314) 747-3386

CHAO ZHOU, PhD

Associate Professor 
Department of Biomedical Engineering
 

Email: chaozhou@wustl.edu 
Website: zlab.wustl.edu

PHYLLIS K. STEIN, PhD
 
Associate Professor of Medicine
Director, Heart Rate Variability (HRV) Laboratory  
Washington University School of Medicine

Email: pstein@wustl.edu 
Phone: (314) 286-1350 
Website: hrvlab.wustl.edu

Luciano C. Amado, MD
Amir A. Amini, PhD
Kyongtae T. Bae, MD, 
PhD
John P. Boineau, MD 
Michael Cain, MD 
Jane Chen, MD
Jonas A. Cooper, MD, 
MPH  
Igor Efimov, PhD
Vadim V. Fedorov, PhD
Steven C. George, MD, 
PhD
Patrick Jay, MD, PhD
Daniel P. Kelly, MD 
Mark D. Levin, MD
Bruce Lindsay, PhD

Leonid Livshitz, PhD
Achi Ludomirsky, MD 
Scott B. Marrus, MD, PhD
Tony J. Muslin, MD
Ali Nekouzadeh, PhD
Amit Noheria, MBBS, SM  
Vladimir P. Nikolski, PhD
Daniel S. Ory, MD
Edward Rhee, PhD 
Jeffrey E. Saffitz, MD, 
PhD
Jean E. Schaffer, MD 
Gautam K. Singh, MD
Kathryn A. Yamada, PhD
Lihong Wang, PhD
Samuel A. Wickline, PhD 

GEORGE F. VAN HARE, MD

The Louis Larrick Ward Professor of Pediatrics 
Director, David Goldring Division of Pediatric  
Cardiology; Co-director, St Louis Children’s and 
Washington University Heart Center
Washington University School of Medicine

Email: vanhare@wustl.edu, Phone: (314) 454-4217

CBAC ALUMNI

https://profiles.wustl.edu/en/persons/phyllis-stein
http://zlab.wustl.edu
https://hrvlab.wustl.edu/
mailto:pstein%40wustl.edu?subject=
https://profiles.wustl.edu/en/persons/george-van-hare
mailto:vanhare%40wustl.edu?subject=
https://engineering.wustl.edu/Profiles/Pages/Jason-Trobaugh.aspx
mailto:jasont%40wustl.edu?subject=
https://profiles.wustl.edu/en/persons/pamela-woodard
mailto:woodardp%40wustl.edu?subject=
https://engineering.wustl.edu/Profiles/Pages/Chao-Zhou.aspx
mailto:chaozhou%40wustl.edu?subject=


CBAC 2019 Fall Seminar Schedule
Mondays @ 5:15 pm | Whitaker Hall, Room 218

Mon. 9/16 
“Unravelling the Mechanisms of Fight or Flight: It’s All About the  
Neighborhood”
Steven O. Marx, M.D. ‑ Herbert and Florence Irving Professor of  
Cardiology; Professor of Medicine (Pharmacology), Columbia University  
College of Physicians and Surgeons; Director, Cardiovascular Fellowship 
Program, Columbia University Irving Medical Center

Mon. 10/28
“From Biological Pacemakers to Cancer Therapy”

Ira S. Cohen, M.D., Ph.D. ‑ Distinguished Professor, Department of  
Physiology and Biophysics, Renaissance School of Medicine  
Stony Brook University     

.wustl.edu

The Cardiac Bioelectricity & Arrhythmia Center (CBAC) presents:
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Mon. 11/4
“Structural Mechanisms of Selectivity & Gating of the Mitochondrial
Calcium Uniporter”
Youxing Jiang, Ph.D.‑ W.W. Caruth, Jr. Scholar in Biomedical Research 
Rosewood Corporation Chair in Biomedical Science   
UT Southwestern Medical Center, HHMI Investigator   

Mon. 12/2
“Understanding Familial Cardiomyopathies from the Ground Up”
 

Michael Greenberg, Ph.D. ‑ Assistant Professor  
Department of Biochemistry and Molecular Biophysics 
Washington University in St. Louis School of Medicine

Mon. 11/25
 
 

“ECGI AI in 2019: The Power to See the Invisible”
David E. Albert, M.D. ‑ Founder & Chief Medical Officer
AliveCor Inc. 
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Mon. 1/27 

“From Pacing the Heart to the pace of Evolution” 
 

Denis Noble, C.B.E., Ph.D., F.R.S.  

Emeritus Professor of Cardiovascular Physiology,  

University of Oxford, United Kingdom

 Mondays @ 5:15 pm | Whitaker Hall, Room 218 

Mon. 2/10 

“An integrated high-speed imaging and optogenetic pacing system to 

study the Drosophila heart”

Chao Zhou, Ph.D.  

Associate professor, Department of Biomedical Engineering 

Washington university in st. louis

CBAC 2020 Spring Seminars

Mon. 4/27 to be rescheduled 

“Abnormalities in Sodium Current and Calcium Homeostasis as Drivers of 

Arrhythmogenesis in Hypertrophic Cardiomyopathy”

Elisabetta Cerbai, Ph.D.  

Professor of pharmacology, department of neurosciences, Psychology, drug  

research and child health, director, center for molecular medicine, School of  

Medicine and Surgery, University of Florence, Italy

The Cardiac Bioelectricity & Arrhythmia Center (CBAC) presents:

Mon. 3/23 to be rescheduled 

“Arrhythmias After Myocardial Infarction – of Myocytes and Fibroblasts”

Karin R. Sipido, M.D., Ph.D.  

Professor and Head of Experimental Cardiology Division of Experimental Cardiology, 

Department of Cardiovascular Sciences, KU Leuven, University of Leuven, Belgium

CBAC.wustl.edu
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CHECK OUT THE CBAC SEMINAR 
YOUTUBE CHANNEL 

All CBAC Seminars are on youtube, 
finally!
 
The CBAC Seminar Series was established 
in 2005 and has provided a steady platform 
for scientific exchange and discussion in the 
fields of cardiac electrophysiology and  
arrhythmia. The seminar speakers are lead-
ers in these fields, from the US and abroad, 
both in the basic science and clinical  
aspects of cardiac electrophysiology. The  
archive of more than 150 seminar videos is 
an invaluable resource, available to all both 
on the CBAC website (cbac.wustl.edu) and 
on YouTube (just type “cbac seminars” in 
the youtube.com search bar or go to this 
link: https://www.youtube.com/channel/
UCYz22ssMTrCTSva0n9uGfsA/). 

We hope that the cardiac electrophysiology  
community will take advantage of this  
treasure. 

https://www.youtube.com/channel/UCYz22ssMTrCTSva0n9uGfsA/

https://www.youtube.com/channel/UCYz22ssMTrCTSva0n9uGfsA/

https://www.youtube.com/channel/UCYz22ssMTrCTSva0n9uGfsA?view_as=subscriber
https://www.youtube.com/channel/UCYz22ssMTrCTSva0n9uGfsA?view_as=subscriber


NOTES





If you would like to be added to the CBAC email list to receive information on upcoming 
seminars, events, news, or to be added to the newsletter mailing list to receive future  
newsletters, contact Huyen (Gwen) Nguyen at hbnguyen@wustl.edu.

Cardiac Bioelectricity & Arrhythmia Center (CBAC) 
Whitaker Hall, Room 290 
CB 1097
1 Brookings Drive 
St. Louis, MO 63130-4899

			 
			   Administrative Contact:
			   Huyen (Gwen) Nguyen 
			   hbnguyen@wustl.edu 
			   (314) 935-7887 
			   http://cbac.wustl.edu

“An interdisciplinary approach to studying and treating rhythm disorders of the heart”

http://cbac.wustl.edu/pageContacts.asp
mailto:hbnguyen%40wustl.edu?subject=
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