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Novel Concepts in Theranostics: Magnetic Nanoparticle Embedding 
Within Ultrasound Contrast Drug Carriers Allows Guidance by Multi-
modality Imaging
Wenwei Huang1, Lanxi Chen1, Christie Boswell-Patterson2, Junyun Tang1, Yan 
Li1, Jianhua Zhou1, Amer Johri2. 1Sun Yat-sen University, Guangzhou, China; 
2Cardiovascular Imaging Network at Queen’s University, Kingston, ON, 
Canada
Background: Theranostic use of contrast enhanced ultrasound can both guide drug 
delivery and control the rate of drug release. Previously we reported on the creation of 
a novel ultrasonic contrast agent consisting of an eccentric aqueous core and an elastic 
polydimethylsiloxane (PDMS) shell. We demonstrated that these microcapsules could 
be loaded with drug and then stimulated with external ultrasonic stimuli to ‘burst’ and 
release drug at a specific site, in a controlled manner. However, accurate localization of such 
ultrasound agents remains a challenge if echogenicity is identical to surrounding tissue. To 
investigate the use of complementary multi-modality imaging (MMI) to solve this problem, 
we embedded magnetic nanoparticles within the PDMS shell, making eccentric magnetic 
microcapsules (EMMs). Our objective was to determine whether magnetic EMMs could 
be accurately and simultaneously visualized by ultrasound, magnetic resonance imaging 
(MRI) and computed tomography (CT). Methods: EMMs were prepared on a three-phase 
microfluidic device. The morphology and structure of the EMMs were confirmed by 
scanning electron microscopy (SEM, JSM-6010LA). MRI (Siemens), CT (GE Healthcare) 
and ultrasound (Mindray) were used to visualize the EMs. To simulate MMI-guided local 
injection of the EMMs, we prepared a phantom consisting of: agarose to mimic liver and 
soft tissue, a skeletal model to mimic bone, and PVC to mimic vessels. We then imaged 
the EMMs using all 3 modalities following their injection into the phantom. Results: 
After injection, the EMMs were successfully visualized by MRI, CT, and ultrasound 
(Figure 1). However, it remained difficult to distinguish the magnetic EMs from bony 
tissue using MRI, from the soft tissues in CT images, and from the surrounding sham 
tissues under ultrasound, likely due to artifact. Nevertheless, the integration of MRI, CT 
and ultrasound, allowed us to track EMMs during injection more precisely than could 
have been accomplished by one modality alone. Conclusions: Our findings suggest the 
potential for ultrasonic theranostic agent guidance by MMI. Further work is required to 
assess toxicity and clearance of such modified particles, however our study provides an 
important proof-of-concept for drug carrier guidance and delivery enhanced by multi-
modality imaging. 
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Function: Comparisons with Cardiac Magnetic Resonance Imaging and 
Contrast Echocardiography
Masood Ahmad, Geru Wu, Luba Frank, Tianrong Xie, Meneleo M. Dimaano. 
University of Texas, Galveston, TX
Background: We recently reported the efficacy of High-Definition blood flow imaging 
(HDI-Arietta 70, Hitachi Healthcare) in assessment of left ventricular (LV) volumes/
function and demonstrated the results are comparable to those obtained by contrast 
echocardiography (CE). The present study further validated the HDI technique in 
assessment of LV function by simultaneous comparisons with CE and Cardiac Magnetic 
Resonance imaging (CMR). Methods: Twelve patients (age range 25 -79 yrs.) with limited 
baseline echocardiographic images had measurements of LV end diastolic volume (EDV, 
ml), end systolic volume (ESV, ml), and ejection fraction (EF, %) by CE, HDI, and 
CMR. (Figure 1, 4 chamber views by CE, HDI, and CMR, LV=left ventricle, RV=right 
ventricle, LA=left atrium, RA=right atrium). Results: Measurements of EDV, ESV, and EF 
correlated well by the three imaging techniques with correlation coefficients (r) ranging 
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from 0.97 to 0.99 in comparisons between HDI and CMR (Figure 2), and from 0.94 
to 0.96 in comparisons between CE and CMR. The limits of agreement for the inter-
methods comparisons by Bland-Altman analysis (mean ± 1.96 SD) between HDI and 
CMR for LVEF, EDV, and ESV were 5.02 ± 12.5 %, 19.87 ± 36.4 ml and 2.51 ± 17.21 ml 
respectively, and between CE and CMR, 1.91 ± 11.92 %, 22.48 ± 53.84 ml, and 9 ± 46.55 ml 
respectively. Conclusions: Assessment of LV size and function by High-Definition Blood 
Flow imaging correlated well with CMR. Using CMR as the gold standard, the agreements 
in measurements of LV volumes were slightly superior for High-Definition Blood Flow 
imaging compared to contrast echocardiography. In measurements of LV ejection fraction, 
contrast echocardiography showed slightly less mean difference when compared to High-
Definition Blood Flow imaging. 

P2-067
Echocardiography-Based Three-Dimensional Printing for Sizing and 
Positioning of Percutaneous Left Atrial Appendage Occluder Device
Yiting Fan1, Martin Leong1,2, Marco Chow1,2, Ka-Wai Kwok2, Alex P. Lee1. 
1Prince of Wales Hospital, The Chinese University of Hong Kong, Hong Kong, 
China; 2Mechanical Engineering, University of Hong Kong, Hong Kong, 
China
Background: Accurate sizing and positioning of percutaneous left atrial appendage 
(LAA) occlusion (LAAO) device underscores the importance of understanding LAA 
anatomy and tissue-device interaction. 3D printing using tissue-mimicking materials 
allows creation of patient-specific models for simulation of interventional procedure. We 
aim to evaluate the accuracy of LAAO device sizing and positioning on 3D-printed LAA 
models. Methods: 3D tranesophageal echocardiography (TEE) datasets of 57 patients 
(age=72±9, 39 men) undergoing LAAO [WATCHMAN (n=32); Amulet device (n=25)] 
were converted to physical LAA models by 3D printing (Connex 3; Stratasys) using 
flexible materials (Agilus Clear; Stratasys). Device size, position, and compression on the 
printed models were compared with that observed in the actual procedure. Results: 3D 
printing was feasible in all subjects. The maximal (24.2±3.3mm vs. 23.9±3.3mm), minimal 
LAA orifice diameters (19.4±4.4mm vs. 19.2±3.2mm), and LAA depth (27.7±6.4mm vs. 
27.1±6.1mm) were similar when measured on 3D datasets and printed models (all p=NS). 
Printed models recreated pectinate muscles of surgical specimens accurately (Fig. A & B). 
Device testing accurately determined optimal device size in all patients (100%), in contrast 
to only 71% by 3D TEE (p<0.05). Device shoulder protrusion beyond LAA ostium (r2=0.95) 
and device compression (r2=0.88) in the simulated procedure correlated closely with the 
actual procedure (both p=NS) (Fig. C & D). Conclusion: Echocardiography-derived 3D 
printed models provides incremental information on LAA anatomy and tissue-device 
interaction that may allow more accurate device sizing and positioning than conventional 
2D/3D imaging guidance. 

P2-068
Handheld Wireless Digital Phonocardiography for Machine Learning-
Based Detection of Aortic Stenosis
Brent E. White1, Jason H. Paek1, Steve L. Pham2, John Maidens2, Patrick M. 
McCarthy1, James D. Thomas1. 1Northwestern Memorial Hospital, Chicago, 
IL; 2Eko Devices, Inc., Berkeley, CA
Background: Aortic stenosis (AS) is a common disease which can be detected as a murmur 
on auscultation, but studies show that up to 80% of new primary care physicians do not 
detect AS murmurs which are confirmed by transthoracic echocardiography (TTE). The 
FDA-approved Eko CORE device is a digital stethoscope wirelessly paired with the Eko 
Mobile application to allow recording and analysis of phonocardiograms (PCG). These 
PCG data drive a machine learning-based detection algorithm to identify clinically 
significant AS, validated by TTE, as part of the ongoing Phono- and Electrocardiogram 
Assisted Detection of Valvular Disease (PEA-Valve) Study. Methods: Patients undergoing 
TTE at Northwestern Medicine underwent PCG recording by the Eko CORE device. 
Recordings 15 seconds long were obtained at four standard auscultation positions. A 
TensorFlow-based machine learning algorithm assessed the presence or absence of murmur 
with dominant localization to the right upper sternal border indicating clinically significant 
AS, defined as moderate or greater on TTE (Figure 1). Results: To date, 161 patients 
with 639 recordings have been enrolled, with 14 patients (8.7%) found to have significant 
AS on TTE. The receiver-operating characteristic curve had an area of 0.964, yielding a 
sensitivity of 97.2% (95% CI, 84.7-99.5%) and a specificity of 86.4% (95% CI, 84.0-88.7%) 
for the detection of AS (Figure 2). Conclusion: PCG assessment using the Eko CORE 
device and machine learning interpretation is a fast and effective method to screen for 
significant AS and should be validated in a primary care setting, which may lead to more 
appropriate referrals for echo. 
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P2-069
Planning Structural Heart Interventions: Comparison of Measurements 
Made on Volume Rendered 3D Virtual Reality Models Versus 
Conventional 3D Software
Niklas Hitschrich1, Akhil Narang2, Georg Schummers1, Karima Addetia3, 
David Hitschrich1, Victor Mor-Avi3, Bernhard Mumm1, Roberto M. Lang3. 
1TOMTEC, Unterschleissheim, Germany; 2Northwestern University, Chicago, 
IL; 3University of Chicago, Chicago, IL
Background: Accurate measurements of cardiac structures, particularly valves, are critical 
for planning valvular interventions. Th ree-dimensional echocardiography (3DE) is time 
consuming because measurements require expertise with multiplanar reconstruction 
(MPR) to manipulate 3D datasets and knowledge of specialized soft ware. We have 
developed a workfl ow to create dynamic, volume rendered virtual reality (VR) models from 
3DE datasets and a VR environment that enables intuitive manipulation and measurements 
of cardiac structures while reducing the need for prior experience. Th e purpose of this 
study was to compare the time, accuracy and variability of measurements made with 
conventional soft ware (TOMTEC 4D Cardio-ViewTM) to those made on VR models in 
the VR environment. Methods: Datasets from 30 patients who underwent a clinical 3D 
transesophageal echocardiogram (TEE) to evaluate aortic valve (AV) or mitral valve (MV) 
pathology were used in this study (15 datasets each). Each dataset was converted into a 3D 
VR model using the novel algorithm. Blinded measurements independently performed 

by three users (ranging from novice to experienced) were made using conventional MPR 
and the custom VR environment using headsets and hand controllers. Common clinical 
measurements of the AV (left  ventricular outfl ow tract (LVOT) diameter, AV area) and 
MV (anterior-posterior (A-P) and anteromedial-posterolateral (AM-PL) diameters and 
MV annular circumference) were performed. Results: All (30/30) TEE datasets were 
successfully converted and loaded into the novel VR environment in under 2 minutes. 
Measurements made in VR of all AV and MV parameters had lower variability than 
the same measurements performed using conventional soft ware (Table). Furthermore, 
the times required to perform measurements in VR was shorter than the times using 
conventional soft ware (Table). Conclusion: Th is is the fi rst study to demonstrate that 
measurements made on VR models obtained from 3DE datasets have lower variability 
and are faster than those made using conventional methodology. Using a VR environment 
to analyze and measure 3DE-based models is a promising new tool to plan and guide 
structural interventions that off ers the advantage of true 3D visualization and interaction. 

P2-070
Functional 3D Printed Modeling of the Mitral Apparatus for MitraClip 
Intervention
Marija Vukicevic1, Kinan Carlos El-Tallawi1, Clara I. Angulo1, Stefano 
Filippini1, Eleonora Avenatti2, Colin M. Barker1, Stephen H. Little1. 1Houston 
Methodist Hospital, Houston, TX; 2Cardiovascular Research Foundation, New 
York, NY
Background: Th e MitraClip procedure is a catheter-based treatment for patients with 
severe mitral regurgitation (MR) and prohibitive surgical risks. Th e evaluation of multi-jet 
residual MR aft er MitraClip can be challenging. We sought to test if 3D printed models 
could be useful tools for the assessment of post-MitraClip hemodynamic conditions. 
Methods: En-face and long-axis 3D transesophageal echocardiographic (TEE) imaging 
datasets (systole) were used for the reconstruction of fi ve patient-specifi c MV apparatus 
models. MitraClip devices were implanted in all fi ve multi-material 3D printed MV models 
and each post-MitraClip construct was coupled into a fl ow loop and subjected to the 
patient-specifi c systolic hemodynamic condition. Post-MitraClip geometry and residual 
MR was evaluated using echocardiographic imaging and standard fl ow measurements. 
Results: Five functional patient-specifi c, multi-material 3D printed models of the MV 
apparatus and left  ventricle (LV), including chordae, papillary muscles and left  ventricle 
outfl ow tract were generated using a co-registration technique (Figure A). Each anatomical 
element was printed of diff erent materials with appropriate mechanical properties suitable 
to mimic native valve tissue behavior. Selected 3D print materials for the leafl ets and 
chordae were fl exible enough for implantation of MitraClip devices as demonstrated in 
two specifi c patients (Figure B). Color Doppler images captured from models compared 
favorably to actual patient post-MitraClip implantation images (Figure C). Residual MR 
in the models with single or multiple MitraClip devices was quantifi ed. Th e measurements 
showed a signifi cant reduction of MR (up to 77%) within the tested models. Th is fi nding 
corresponded well to the actual MR reduction observed in the patients (Figure C).
Conclusion: Functional MV apparatus models can be accurately reconstructed using 3D 
echocardiographic images. 3D printed models can be used for the benchtop implantation 
of MitraClip devices and resemble the clinical deployment. When subjected to patient-
specifi c hemodynamic conditions, 3D printed models with implanted MitraClip devices 
are suitable for mimicking the realistic residual MR found in specifi c patients and allow 
for the in vitro assessment of MR aft er MitraClip deployment.
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Technologies in the ASE Foundation Community Health Outreach 
Imaging and Cardiovascular Examinations (CHOICE) Program: A 
Cluster Randomized Trial
Sirish Shrestha Shrestha1, Sanjeev Bhavnani2, Grace Casaclang-Verzosa1, 
Muhammad Khalil1, Ritu Thamman3, Jay Patel1, Anand Desai1, Rohan Shah1, 
Lan Hu1, Marco Piccirilli1, Muhammad Ashraf1, Partho P. Sengupta1. 1West 
Virginia University Hospitals, Morgantown, WV; 2Scripps Clinic, San Diego, 
CA; 3University of Pittsburgh School of Medicine, Pittsburgh, PA
Background: Screening for acute and chronic diseases with new digital health technologies 
represent promising methods to diagnose common cardiac diseases in resource-limited 
areas; however, the impact of technology-based care on provider referral and downstream 
testing has not been rigorously evaluated. We compared conventional clinical assessment 
with technology-first assessments used as clinical decision-support tools to understand 
the incremental value of digital health devices in clinical diagnoses, referrals, resource 
utilization, and perceived quality of care. Method: Patients were enrolled in a cluster 
randomized study at 4 cardiac outreach centers randomized to either standard care or to 
digital health assessments. Psychological well-being, lifestyles and habits, risk factors, and 
user experiences were measured using onsite and follow-up surveys. In the technology arm, 
point of care tests included smartphone enabled pocket ultrasound and electrocardiogram, 
and wireless connected vital sign devices were provided at the patient visit. Results: Total 
374 individuals (median age: 61 [21 - 85] years) were enrolled, with patients stratified 
to standard-of-care arm (n = 187) and technology-enabled care (n = 187). Compared 
to standard-care, treating physicians using digital health devices at the point-of-care 
demonstrated greater diagnostic certainty for conditions including myocardial ischemia 
(24 % vs 13%, p = 0.030), heart failure (17% vs 3%, p < 0.001), atrial fibrillation (15% 
vs 3%, p < 0.001), and pulmonary embolism (3% vs 0%, p = 0.012). Significantly more 
number of patients in the technology-arm were recommended for appropriate testing (20% 
vs 8%, p = 0.002) and follow-up visits (27% vs 15%, p = 0.011). Although there were no 
significant differences in patient’s experience between the groups, patients in the technology 
arm expressed greater confidence when physicians explained and discussed their results 
with them (98% vs 72%, p < 0.001). Conclusions: An intervention of technology-enabled 
care with digital health devices used at the point-of-care in ambulatory settings improves 
physician diagnostic certainty for clinical decision making. This may prove to be an 
effective strategy to reduce the number of downstream tests and referrals in resource 
constrained environments.

P2-072
Network Tomography for Integrating Features and Similarities of 
Multiparametric Echocardiographic Data
Cho Jung Sun1,2, Sirish Shrestha2, Muhammad Ashraf2, Nobuyuki Kagiyama2, 
<asir AEdul Ghaৼar2, Irfan Zeb2, Partho P. Sengupta2. 1Daejeon St. Mary 
Hospital, Dae-jeon, Republic of Korea; 2West Virginia University Heart & 
Vascular Institute, Morgantown, WV
Background: Network-based approaches for precision medicine take advantage of 
computational methods that support integration of heterogeneous data to support 
clustering and subgroup identification, eventually leading to tailored therapies. We assessed 

the value of a novel patient similarity network using topological data analysis (TDA) for 
integrating multidimensional echocardiographic data to identify relatively homogenous 
patient subgroups with similar clinical presentations. Methods: Total 297 patients 
(55.4 ± 17.4 years) underwent conventional two-dimensional (2-D) echocardiography 
and Doppler-based measurements enriched with 2D speckle tracking and vector flow 
mapping for integrating multiple parameters of left ventricular (LV) structure and function. 
Total forty two echocardiographic variables were integrated to create similarity networks 
using TDA. The patient groups were compared for clinical stages of cardiac disease and 
occurrence of short-term major adverse cardiac and cerebrovascular events (MACCE). 
Results: The TDA model integrated multiple echocardiographic variables and resulted 
into the formation of a loop with continuous changes in LV geometry and function. After 
defining four clusters in the TDA model (I-IV), patients in each cluster showed distinctive 
clinical presentation based on ACC/AHA heart failure stage and occurrence of MACCE. In 
particular, cluster IV had higher prevalence of stage C heart failure[KN1] (59%, p<0.001) 
and NYHA III or IV (61%, p<0.001), higher incidence of MACCE (p<0.001) compared 
to patients in the remaining three clusters. Conclusion: TDA can fuse multidimensional 
parameters of echocardiography for identifying distinct cardiac phenogroups in terms 
of clinical characteristics, cardiac structure and function, hemodynamics and outcomes. 

P2-073
Association of LA Reservoir Strain and ATTR Cardiomyopathy in 
Patients with LV Hypertrophy
Andrea C. Furlani, Waddy Gonzalez, Faraj Kargoli, Mohammed Makkiya, 
0arN 7ravin, Cynthia C� 7auE� 0onte¿ore 0ediFal Center, %ron[, 1<
Background: The cardiac involvement of transthyretin-related amyloidosis (ATTR) is 
associated with atrial (especially interatrial septum) and ventricular amyloid deposits, often 
leading to decreased left ventricular (LV) function and increased left atrial (LA) pressure. 
We aim to evaluate the left atrial strain in patients with suspected TTR cardiac amyloidosis 
and its association with the diagnosis. We hypothesized that atrial amyloid deposits in 
ATTR patients would lead to greater impairment of LA strain when compared to other 
causes of LV hypertrophy. Methods: LA and LV strain were retrospectively analyzed by 
echocardiography (Tom Tec Imaging systems, Germany) from a cohort of LV hypertrophy 
and heart failure patients (n=61), who underwent technetium 99m-pyrophosphate (Tc-
PYP) nuclear scintigraphy due to suspicion for ATTR cardiomyopathy. Furthermore, the 
cohort was divided into two groups based on their nuclear test results. Apical 4 and 2 
chamber views were used for assessment of atrial global longitudinal strain (LAGLS), 
measured at the end of the reservoir phase. Apical 4, 2 and 3 chamber views were used for 
left ventricula global longitudinal strain (LVGLS) analysis. Continuous and categorical 
data are presented as means and frequencies, respectively. Comparisons between means 
were performed using student t-test. Categorial data were compared with Fisher Exact test. 
Results: There were 29 patients with positive 99m Tc-PYP test (n=29) vs. 32 with negative 
test. Baseline characteristics were different between groups (Table), being LAGLS impaired 
in all patients. LV end-diastolic volume (LVEDV) and LV ejection fraction (LVEF) were 
significantly smaller on the amyloid group. In our fully adjusted model (LVEF, LVGLS, 
gender, age and atrial fibrillation), we found significant difference in the interatrial septal 
strain between groups. Conclusion: Interatrial longitudinal septal strain is significantly 
lower in patients with positive (Tc-PYP) nuclear scintigraphy compared with those with 
negative study. This data suggests that amyloid deposits indeed cause localized impairment 
of LA mechanics. Although reduced LA reservoir strain (LAGLS) is associated with ATTR 
cardiomyopathy in patients with LV hypertrophy and heart failure, this parameter is 
essentially dependent on the LV function. 


