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YIA-1

Deep Learning-Based Prediction of Right Ventricular Ejection Fraction Using 2D
Echocardiographic Videos
M�arton Tokodi1, B�alint Magyar2, Andr�as So�os2, Masaaki Takeuchi3, M�at�e Tolvaj1, B�alint K.
Lakatos1, Tetsuji Kitano4, Yosuke Nabeshima5, Alexandra F�abi�an1, M�ark B. Szigeti2, Andr�as
Horv�ath2, B�ela Merkely1, Attila Kov�acs1. 1Heart and Vascular Center, Semmelweis
University, Budapest, Hungary; 2Faculty of Information Technology and Bionics, P�azm�any
P�eter Catholic University, Budapest, Hungary; 3Department of Laboratory and
Transfusion Medicine, University of Occupational and Environmental Health Hospital,
Kitakyushu, Japan; 4Department of Cardiology and Nephrology, Wakamatsu Hospital of
the University of Occupational and Environmental Health, Kitakyushu, Japan; 5Second
Department of Internal Medicine, University of Occupational and Environmental Health,
Kitakyushu, Japan.
Background: Recent evidence has shown the independent prognostic value of right ventric-
ular (RV) function quantified by RV ejection fraction (EF), even in patients with left-sided
heart disease. The most widely used modality to measure RV function is echocardiography;
however, conventional two-dimensional (2D) echocardiographic assessment is unable to
leverage the same clinical information that 3D imaging-derived RVEF can provide.
Accordingly, we implemented a deep learning (DL)-based tool to estimate RVEF using
2D echocardiographic videos. In addition, we benchmarked the performance of our system
against clinical experts and evaluated the prognostic power of the predicted RVEF values.
Methods: In our single-center database, we retrospectively identified 831 subjects (e.g.,
healthy volunteers, patients with heart failure, or valvular heart disease) with RVEF
measured by 3D echocardiography. For each subject, videos of 2D apical four-chamber
views were retrieved (n=3,583), and subjects were assigned to training and internal valida-
tion cohorts (80:20 ratio). Using the videos, several spatiotemporal convolutional neural
networks were trained to predict RVEF. The three best-performing networks were com-
bined into an ensemble model, which was further evaluated in an external dataset contain-
ing 1,493 videos of 365 patients with various cardiac diseases and a median follow-up time
of 1.9 years. Results: Our DL model predicted RVEF with a mean absolute error of 4.56%
(R2=0.52) in the internal and 5.54% (R2=0.45) in the external validation set. In the latter, the
model identified RV dysfunction (defined as RVEF<45%) with an area under the curve of
0.84 and an accuracy of 78.4%, which was superior to an experienced cardiologist’s visual
assessment (area under the curve of 0.73 and an accuracy of 77.0%). Impaired values of pre-
dicted RVEFwere associated with a significant risk ofmajor adverse cardiac events indepen-
dent of age and left ventricular function (hazard ratio: 0.93 [95% confidence interval: 0.87-
1.00], p=0.040). Conclusion: Using videos of 2D echocardiograms, our DL-based tool can
accurately measure RV function and is able to harvest similar diagnostic and prognostic in-
formation as 3D imaging.

YIA-2

Association of Prenatal Level of Care Assignments with Postnatal Clinical Outcomes in
Fetuses Diagnosed with Congenital Heart Disease
Sanghee Suh Ro1, Ian Milligan1, Joe Kreeger2, Andrew Porter1, William Border1, Eric
Ferguson1, Ritu Sachdeva1, Erik Michelfelder1. 1Emory University School of Medicine,
Atlanta, GA; 2Children's Healthcare of Atlanta, Atlanta, GA.
Background: In congenital heart disease (CHD) diagnosed by fetal echocardiography (FE),
prediction of perinatal outcomes is increasingly important. Institutions have developed
perinatal level of care (LOC) guidelines to stratify the risk of cardiac instability based on

FE, but data on validity of LOC in predicting clinical outcomes are limited. The aim of
this study is to assess accuracy of LOC in predicting cardiac outcomes in neonates diag-
nosed with CHD by FE. Methods: All fetuses assigned a LOC based on FE at our center
from January 1, 2016 to November 1, 2021 were analyzed. LOC ranged from 1 through
4, with each category predicting increased risk and acuity of hemodynamic instability based
on finding on FE. Subjects with a primary diagnosis of aortic coarctation were excluded.
Neonatal outcomes included meeting a standardized definition of critical illness, hospital
mortality, any catheter based or surgical cardiac interventions, the need for inotropes,
and the need for prostaglandins. Frequency of clinical outcomes for each LOC were
compared. Planned versus unplanned interventions were defined for each LOC, and their
frequency assessed by review of clinical records. Results: Analysis included 744 fetuses
with LOC assignment over the study period. The frequency of all clinical outcomes
increased with higher LOC (p<0.001 for all outcomes) (Figure 1). There was a higher fre-
quency of unplanned interventions with higher LOC assignments due to false positives
(Figure 2). Post-hoc quality review of initial LOC assignment demonstrated over-
assignment of LOC in 22/116 (19%) for LOC 3-4 cases. Misassignment of LOC 1-2 was un-
common (28/628, 4.4%), with LOC over- and under-assigned in 15/28 and 13/28, respec-
tively. Conclusions: Stratification of cardiovascular risk utilizing LOC for CHD
diagnosed by FE are predictive of neonatal clinical outcomes. Our data suggest that
observed variance in higher LOCs in predicting cardiac outcomes could improve with pro-
vider education regarding appropriate LOC assignment.

YIA-3

A Deep Patient-Similarity Learning Framework for Age-invariant Recognition of
Diastolic Dysfunction in Elderly Patients
Rohan Shah, Ankush Jamthikar, Sabha Bhatti, Ehimare Akhabue, Grace Casaclang-Verzosa,
Naveeena Yanamala, Partho Sengupta. Rutgers Robert Wood Johnson Medical School, New
Brunswick, NJ.
Background: Age-related cardiac structure and function changes impose challenges in as-
sessing left ventricular diastolic dysfunction (LVDD) in the elderly population. We sought
external validation of a deep learning model of LVDD in a large prospective population-
based cohort study for predicting incident heart failure (HF). Methods: We trained a
deep neural network model (DeepNN) on a patient-similarity network (n=1,262;
age=62617 years; 57% female) and externally tested its generalizability on 5,596 older par-
ticipants in the ARIC study (Atherosclerosis Risk in Communities; age range, 66-90 years;
mean age, 7665 years; 57% female; 19.7% black; mean follow-up 6.661.3 years). The ARIC
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population was subdivided into two cohorts based on American College of Cardiology
Foundation/American Heart Association Stage A/B (n=4,054, 72.4%) and Stage C/D
(n=1,542, 27.6%). The association of DeepNN predictions and prediction probabilities
with incident HF or all-cause death were assessed by Kaplan-Meier (KM) analysis and
Cox proportional hazard models. Results: The DeepNN-predicted High-Risk phenogroup
compared to the Low-Risk phenogroup showed a higher probability of incident HF and
death within the ARIC study for Stage A/B and Stage C/D (KM log-rank test p<0.0001
for all). The DeepNN showed incremental value over the 2016 ASE guidelines, specifically
for the indeterminate diastolic grade where 54.6% Stage A/B and 73.3% Stage C/D could be
reclassified as High-Risk. In multivariate analyses, DeepNN remained an independent pre-
dictor of incident HF and death in adjusted models with age, gender, race, and comorbid-
ities for both Stage A/B (adjusted hazard ratio (HR) [95% confidence interval], 6.52[4.20-
10.13] and 2.21(1.68-2.91), respectively, both p<0.0001) and Stage C/D (adjusted HR
[CI], 6.51[4.06-10.44] and 1.03(1.00-1.06), respectively, both p<0.0001). The primary unad-
justed model and the model adjusted for age, gender, race showed similar prediction per-
formance (c-statistic: both 0.76, p<0.0001). Conclusions: A deep patient-similarity-based
learning framework can incorporate age- and gender-related differences in LVDD param-
eters and provide a robust prediction of all-cause mortality and incident heart failure for
both asymptomatic (Stage A/B) and symptomatic (Stage C/D) older patients.

YIA-4

The Effect of Sonothrombolysis on Infarct Size and Myocardial Salvage in ST Elevation
Myocardial Infarction: A Pilot RCT
Prajith Jeyaprakash1,2, Faraz Pathan1,2, Kedar Madan2, Lynn Khor2, Shanthosh
Sivapathan2, Chris Yu1, Christine Madronio1,2, Thomas Porter3, Hisham Hallani2, Koya
Ozawa1, Han Loh2, Kirsty Robledo1, Robert Mansberg2, Diep Nguyen2, Kazuaki Negishi1,2.
1University of Sydney, Campderdown, Australia; 2Nepean Hospital, Kingswood, Australia;
3University of Nebraska, Nebraska, NE.
Background: Over 50% of patients with successful primary percutaneous coronary
intervention (pPCI) for ST Elevation Myocardial Infarction (STEMI) have microvas-
cular obstruction (MVO), an independent predictor of prognosis. Sonothrombolysis
(STL) is the application of high mechanical index ultrasound whilst infusing an ultra-
sound contrast agent, with the potential to improve microcirculation. We aimed to
investigate the role of STL in reducing infarct size and salvaging myocardium when
delivered pre & post pPCI for STEMI. Methods: We conducted a single centre pilot,
double-blind, randomised controlled trial of STEMI patients (symptom onset <6
hrs) undergoing pPCI into 3 arms: STL pre/post pPCI (Group 1); Sham pre/STL
post pPCI (Group 2); and Sham pre/post pPCI (Group 3). Our primary endpoint
was infarct size assessed by cardiac MRI at day 462. Secondary endpoints included
myocardial salvage index (MSI) assessed on MRI and echocardiographic parameters.
Patients were randomised 1:1:1. Interventionists, Imaging cardiologists, and patients
were blinded to treatment allocation. Results: Between September 2020 and June
2021, 64 patients met inclusion criteria. After excluding 13 patients (12 without
pPCI and 1 died prior to STL delivery), 51 patients (Age 60 [IQR 52, 66], male 82%)
were allocated into Group 1 (n=16), Group 2(n=19) and Group 3(n=16). Baseline char-
acteristics including age (p=0.6), culprit vessel (p=0.9), and reperfusion time (p=0.8)
were similar among trial arms. There was no delay to reperfusion time, with pre
pPCI STL taking �4 minutes. Door to balloon times were even better for enrolled pa-
tients (38 min in trial vs 62 min in 2019). There was no difference in infarct size: 8%
[4,11] in Group 1, 11% [7,19] in Group 2, and 15% [9,22] in Group 3 by group com-
parison (p=0.13) but a reducing trend (p=0.043). However MSI was significantly
higher in Group 1 at 79% [64, 85] compared to Groups 2 (51% [45, 70]) and 3 (48%
[37, 73]) p=0.047. Pairwise comparison showed that Group 1 was significantly better
than Group 3 (p=0.023). No adverse cardiac events occurred because of STL during
hospitalization. Conclusion: Our pilot study indicates that pre PCI STL is key to
improving MSI, and generates the hypothesis that pre/post STL could reduce infarct
size by salvaging more myocardium in STEMI.
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SIA-1

RightHeart Function andRecovery inMultisystem Inflammatory Syndrome inChildren
Cassandra Polsen1, Courtney Cassidy1, Michelle Hite1, Lyndsey Cole1, Heather R. Heizer1,
Marsha S. Anderson1, Samuel R. Dominguez1, Wenru Zhou2, Zhaoxing Pan2, Pei-Ni
Jone1. 1Children's Hospital Colorado, Aurora, CO; 2Colorado School of Public Health
University of Colorado, Denver, CO.
Background: Right atrial strain has been shown to be a more sensitive measurement of dia-
stolic function than traditional inflow and tissue Doppler indices. Multisystem Inflammatory
Syndrome in Children (MIS-C) results in myocardial dysfunction and treatment has varied in
anti-inflammatory agents. Previous studies demonstrated that patients treated with intrave-
nous immunoglobulin (IVIG) and Infliximab compared to IVIG alone showed decreased
inflammation and improved ventricular systolic function. However, the effect of anti-
inflammatory agents on right heart diastolic dysfunction has not been evaluated. The aim of
this study is to evaluate right atrial strain as a measurement of right ventricular diastolic func-
tion inMIS-C patients with different treatments over time.Methods: Right atrial strain [reser-
voir ( 3S), conduit ( 3E), pump ( 3A)] and right ventricular fractional area change and global
longitudinal strain were evaluated in all MIS-C patients on TomTec software upon presenta-
tion, discharge, and 3-6 months after discharge. Patients were then divided into 2 treatment
groups (IVIG alone and IVIG+Infliximab). Data was analyzed within and between treatment
groups over 3 different time points. Results: We identified 54 MIS-C patients (9.0 6 4.5yrs).
There were statistically significant differences of 3S and 3E at the 3 times points in all patients
(Table 1). Fourteen patients (8.26 5.8yrs) received IVIG alone and 40 patients (9.36 4.0yrs)
received IVIG+Infliximab. There were statistically significant differences of 3S and 3E at the 3
times points (all p<0.01) within the IVIG+Infliximab group. There were statistically significant
differences in 3S between discharge and 3-6 months after discharge within IVIG group. There
were no statistically significant differences in 3A in the 2 groups over 3 time points. There were
no statistically significant differences between treatment groups (Figure 1). Conclusion: Right
heart diastolic dysfunction persisted at discharge but recovered in all patients 3-6 months after
discharge. Right atrial strain improved faster in patients treated with IVIG+Infliximab, indi-
cating faster recovery of right ventricular diastolic dysfunction in MIS-C patients treated
with dual therapy.

SIA-2

Incorporating Ergonomic Scanning Practices in Echocardiography Lab using Quality
Improvement Methodology
Joey Goulding, Elisabeth Tomere, Heidi Borchers, Erin Trent, Kimberli Nichols, Kenneth
Rudberg, Aarti Bhat. Seattle Children's Hospital, Seattle, WA.
Background:Work-related musculoskeletal pain (WRMSP) is a frequent problem amongst
cardiac sonographers, with important implications to their long-term health and wellbeing.
Identified barriers include lack of training, suboptimal use of equipment and limited system
support. We aimed to understand and improve these issues in our pediatric echo lab as part
of a multicycle quality improvement (QI) project incorporating education, proctored echo-
cardiograms with feedback and use of an ergonomics checklist.Methods: Initial 18 question
(1-5 Likert scale) survey sought to understand sonographer training and awareness of pa-
tient, position, equipment and environment factors contributing to WRMSP. Each survey
comprised assessment of barriers and practice of ergonomics in the practical work setting,
results conveyed as top two-tier response. Interventions included 1) Team based kick-off
discussion included ASE WRMSP webinar and ergonomic education 2) Direct observation
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and feedback by an ergonomics expert who observed each sonographer’s approach
(postural alignment, elbow support, hand grip, pelvic stance/pressure, adjustments of
bed, chair and patient positioning), followed by individualized feedback 3) Adoption of
an ergonomic checklist as part of evaluation, supervised by specifically trained super-
users. Results:At baseline, all sonographers (n=18) linkedWRSMP to professional satisfac-
tion and claimed that certain studies limit their practice of ergonomics. Half indicated inad-
equate ergonomic training in school. The largest changes on post intervention survey were
1) Understanding machine adjustments (decreased from 50% unaware to 0% unaware). 2)
Quality imaging compromised ergonomics (decreased from 60% to 0%). Only 5% priori-
tized ergonomic position in a ‘critical patient situation’ at baseline- this increased to 25%
on final survey. ‘Negative perception around time taken to set up a good workstation’
decreased to 5% from baseline 20%. Sonographer’s use of ergonomic accessories increased
from 0% to 60%. Proctored examinations demonstrated increase in use of machine adjust-
ments from 70% to 80% of all observed exams (n=14). Conclusion: This single- lab QI proj-
ect demonstrated improvement in understanding of ergonomic options in scanning set-up
such as adjustable work-stations, use of accessories and body posture. Prioritizing ergo-
nomic considerations in critical patients is an ongoing challenge, but team enthusiasm to
adopt and maintain these improvements may lead to long term decrease in WRSMP based
on this ongoing QI effort.

SIA-3

Use of Layer Specific Strain Imaging and Shear Wave Elastography to Evaluate
Subclinical Cardiovascular Dysfunction in Patients with Turner’s Syndrome
Mary Craft, Ling Li, Carolyn Chamberlain, Anji Yetman. University of Nebraska Medical
Center, Children’s Hospital and Medical Center, Omaha, NE.
Background: Turner's syndrome (TS) is a relatively common chromosomal abnormality in
females, caused by complete or partial X-monosomy. An intrinsic arterial defect marked by
altered aortic stiffness has been proposed as the underlying mechanism of the increased
aortic dilation prevalent in TS. We sought to evaluate aortic and myocardial properties us-
ing layer specific strain imaging (LSSI), and shear wave elastography (SWE) in TS patients
and assess for clinical correlates. Methods: Echocardiography and aortic wall SWE scans
were prospectively performed on TS patients and healthy controls with the Canon Aplio
i900 (Canon Medical Systems. Inc). Medical & surgical history, medications, and outcome
data for all patients was gathered. Apical 2, 3, and 4-chamber view images were analyzed
with semi-automated LSSI analysis (2D wall motion tracking, Canon) (Figure-1). The
SWE measures were performed on the aortic arch and abdominal aorta (Figure-2).
Results: In all, 69 subjects were studied: 44 TS (age 25.2611.8 yrs, BMI 30.568.3 kg/m2,
Aortic index 17.463.4 mm/m2 AND 25 healthy controls ( age 22.0610.1 yrs, BMI
22.864.5 kg/m2, Aortic index 15.162.4 mm/m2). Among TS patients, there were 20
with normal cardiac anatomy, and of the remainder, 14 required cardiac surgery.
Epicardial, transmural, endocardial global longitudinal strain (GLS) measurements were
lower in TS than controls (-17.061.8 vs. -18.461.7, -17.765.4 vs. -19.561.8, -20.262.0
vs. -21.761.8 %, all p<0.001). Aortic SWE was higher in TS than normal (aortic arch 8.0
61.2 vs. 6.160.7; abdominal aorta 8.061.2 vs. 6.360.8 kPa, both p<0.001). Transmural
GLS and aortic arch SWE were positively correlated with aortic dilation (r=0.648, 0.616,
both p<0.005). Conclusions: Subclinical cardiovascular dysfunction is present in patients
with TS and can be detected using these novel ultrasound techniques.

SIA-4

Reproducibility of Pediatric Echocardiographic Strain Data Comparing Two
Commonly Used Analysis Methods

Gary W. Coburn, Jr.1, William A. McEachern1, Benjamin Acheampong2, Justin Godown1,
David Parra1, Jonathan H. Soslow1. 1Monroe Carell Jr. Children's Hospital at Vanderbilt,
Nashville, TN; 2Children's Hospital and Medical Center, Omaha, NE.
Background: There is a growing interest in echocardiographic strain measurements for the
assessment of myocardial function in children; however, pediatric normative data remain
limited. In addition, the interchangeability across different software packages, even from the
same vendor, is unclear.Our aimwas to evaluate reproducibility for left ventricular (LV) strain
betweenTomTecCardiac PerformanceAnalysis (CPA) andTomTecAutostrain (ATS) and to
establish pediatric normative data for ATS. Methods: Echocardiograms in healthy children
were retrospectively analyzed. All subjects had a normal echocardiogram and cardiovascular
evaluation without family history concerning for cardiomyopathy or other significant cardio-
pulmonary disease. Echocardiograms were performed on Philips-IE33, EPIQ, or CX-50 sys-
tems. Echocardiographic measurements included LV global longitudinal strain (GLS)
calculated from both CPA and ATS. Intraclass correlation coefficient and Bland-Altman plots
were used to compare strain values calculated fromCPA andATS.Multivariable linear regres-
sion analysis assessed the correlation betweenmethods related to age or gender and to evaluate
clinical metrics (age, BSA, gender) that affected normative data.Results:One-hundred-sixty-
three subjects were enrolled with a median age of 10.5 years old (IQR 1.6-14.1; range 0 days -
17.9 years); 53% were male. CPA and ATS correlated strongly, with an intraclass correlation
coefficient of 0.77, (p<0.001) and strong correlation based on Bland-Altman plot (Figure 1).
Multivariable regression including age and gender demonstrated a good correlation between
CPA and ATS with no significant effects from age, gender, or BSA. ATS normative values did
not differ by gender (p=0.132) but, bothBSAand age led to small variations in LVGLS (p<0.05
for both, Figure 2 demonstrates BSA). Conclusion: This cohort of healthy patients suggests
that CPA and ATS are similar methods for determining GLS in the pediatric population; we
report normative ATS data.
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PC-01 - Moderated

Progressive Mild Leaflet Tethering is a Normal Developmental Feature of Tricuspid
Valve Maturation During Youth: A Quantitative Three-Dimensional
Echocardiography (3DE) Study
Martha Maria Moran1, Tuqa Al Lawati1, Nee Scze Khoo1, Timothy Colen1, Justin Grenier2,
Richard Thompson1, Lily Lin1. 1Stollery Children Hospital, Edmonton, AB, Canada;
2University of Alberta, Edmonton, AB, Canada.
Background: Recent study on mitral valve development in healthy children suggestdeve-
lopmental differences between leaflets, with greater relative expansion of the anterior leaflet
while maintaining annular saddle shape. To our knowledge, there is no published literature
on developmental changes of the tricuspid valve (TV). Using 3DE we aim to quantify devel-
opmental changes of the TV annulus and leaflets.Methods: This cross-sectional study used
prospectively acquired TV 3DE volumetric datasets in 32 healthy children between 0 and 18
years of age. Using a custom designed TV MATLAB software, annular dimensions, sphe-
ricity index (lateral width/anteroposterior annular dimension ratio) and bending angle
were analyzed in mid-systole. TV leaflets were segmented into anterior (AL), septal (SL)
and posterior (PL) to measure regional areas, prolapse and tethering volumes.Subjects
were divided into 3 age groups: 0-5, 6-12 and 13-18 years. Between group comparison
was performed using the Kruskal-Wallis test with significance at p<0.05. Values expressed
as mean (standard deviation). Results: Mean age in months was 30.4 (22.9) for Group 1,
114.5 (22.4) for Group 2 and 182.2 (17.7) for Group 3. TV annulus and leaflet parameters
were detailed in Table 1. With increasing age and size, TV annulus enlarged in both ante-
roposterior and lateral dimensions symmetrically such that annular sphericity index re-
mained unchanged. The `̀ saddle-shape'' of the annulus, quantified through the annular
bending angle, was also maintained through groups. There was size proportionate expan-
sion of TV leaflets with increasing age (stable total leaflet area indexed by BSA).
Individual leaflets expanded symmetrically. With increasing age, there was no significant
change in leaflet prolapse (p=0.1) but an increase in leaflet tethering (p=0.01). This progres-
sive leaflet tethering was slightly more pronounced in SL and AL over PL. Conclusion:Our
novel study suggest the normal TV maturation involved preservation of annular geometry
and symmetric leaflets expansion, however there is mild progressive leaflet tethering.
Whether this leaflet tethering is the result of physiologic differences in growth potential be-
tween leaflet and subvalve tensor apparatus or an adaptive biologic stimulus for leaflet
growth, warrants further exploration.

PC-02 - Oral

Three-Dimensional Intracardiac Echocardiography in Transcatheter Pulmonary Valve
Replacement
Cesar Gonzalez de Alba, Jenny Zablah, Gareth Morgan, Dale Burkett, Pei-Ni Jone. Children's
Hospital Colorado - University of Colorado, Aurora, CO.
Background: Intracardiac echocardiography (ICE) allows real-time evaluation of anatom-
ical structures during interventional procedures for structural heart disease. ICE has been
shown to decrease patient and operator exposure to fluoroscopy during transcatheter inter-

ventional procedures. Three-dimensional (3D) ICE is a new technique that allows improved
visualization and assessment of cardiac structures and guide interventional procedures. Use
of 3D-ICE has not been previously described for transcatheter pulmonary valve replace-
ment (PVR). Methods: Single center, retrospective case review of young adults with
congenital heart disease who underwent 3D-ICE after transcatheter PVR from 12/1/2021
- 02/15/2022. Extracted clinical data included patient demographics, ICE images, transtho-
racic echo (TTE) images and available follow up data. Results: Eight patients underwent
ICE immediately after transcatheter PVR. Median age was 20 years. Tetralogy of Fallot
was the most common baseline diagnosis. On a qualitative scale, 2D-ICE images of the pul-
monary valve were excellent (4/4) for all patients. Three-dimensional ICE (Figure 1) with
multiplane reconstruction (Figure 2) were very good (3.6/4). A TTE performed the day after
the procedure showed lower quality visualization of the valve (2.4/4). While most patients
had no significant abnormalities on ICE, one patient was found to have a partially immobile
leaflet that was best seen by 3D-ICE (Figure 3). No patient required re-intervention.
Conclusion: 3D-ICE after transcatheter PVR is feasible and allows for improved visualiza-
tion of all valve leaflets and immediate identification of complications that may be difficult
to recognize by other echocardiographic modalities.

PC-03 - Oral

Integrating Echocardiography Parameters with Explainable Artificial Intelligence for
Data-Driven Clustering of Primary Mitral Regurgitation Severity Phenotypes
J�er�emy Bernard1, Naveena Yanamala2, Rohan Shah2, Karthik Seetharam2, Alexandre Altes3,
Marl�ene Dupuis1, Oumhani Toubal1, Ha€õfa Mahjoub1, H�el�ene Dumortier3, Jean Tartar3,
Erwan Salaun1, Kim O'Connor1, Mathieu Bernier1, Jonathan Beaudoin1, Nancy Côt�e1, Andr�e
Vincentelli4, Florent LeVen5, Sylvestre Mar�echaux3, Philippe Pibarot1, Partho P. Sengupta2.
1Institut Universitaire de Cardiologie et de Pneumologie de Qu�ebec - Universit�e Laval, Qu�ebec,
QC, Canada; 2Robert Wood Johnson University Hospital (RWJUH) and Rutgers Robert Wood
Johnson Medical School (RWJMS), New Brunswick, NJ; 3Department of Cardiology, GCS-
Groupement des hôpitaux de l’Institut Catholique de Lille - Universit�e Catholique de Lille, Lille,
France; 4Cardiac Surgery Department, Centre Hospitalier R�egional et Universitaire de Lille,
Lille, France; 5Department of Cardiology, Hôpital La Cavale Blanche – Centre Hospitalier
Regional Universitaire de Brest, Brest, France.
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Background: Primary mitral regurgitation (MR) is a heterogeneous disease where
echocardiography parameters are integrated using guideline-driven recommenda-
tions to identify disease severity and help management. Our objective was to
explore novel data-driven approaches using machine learning (ML) and explainable
artificial intelligence (AI) to delineate phenotypes of primary MR that benefit from
mitral valve surgery (either repair/replacement). Methods: We explored 400 sub-
jects from two prospective cohorts with primary MR followed up in France
(n=243; development cohort) and Canada (n=157; validation cohort).
Unsupervised and supervised ML and explainable AI were used to integrate 24
standard and commonly used echo parameters to identify echo-derived phenotypes
of MR severity (Figure). We compared the phenogroups’ incremental prognostic
value over conventional MR profiles and for the primary endpoint of all-cause
mortality and heart failure hospitalization, stratified by the occurrence of surgery.
Results: In the France Cohort, we identified a High Severity (HS) phenogroup
(n=118) who had improved event-free survival following surgery (p<0.001) versus
those without surgery, and a Low Severity (LS) phenogroup (n=125) without sig-
nificant event-free survival improvement irrespectively of surgery occurrence
(p=0.89). The validation Canadian cohort confirmed these observations for both
HS (p=0.003, n=90) and LS (p=0.06, n=67) phenogroups. The echo-derived phe-
nogrouping provided high predictive performance (AUC=0.85, 78% sensitivity
and 89% specificity, p<0.001). For patients conventionally categorized to have
moderate-to-severe or severe MR, the phenogrouping approach presented incre-
mental prognostic value at 9 years (Harrell’s C-statistic [0.71 vs. 0.75 p=0.03],
net reclassification improvement [0.75, 95%CI 0.31-1.19, p<0.001], and integrated
discrimination improvement [0.040, 95%CI 0.005-0.075, p=0.02]). Explainable AI
specified how and the degree to which each echocardiographic parameter contrib-
uted to phenogroup distribution (Figure). Conclusions: Novel data-driven phenog-
rouping approaches using explainable AI aids the integration of echocardiographic
data for identifying patients with primary MR who have improved event-free sur-
vival following surgery.

PC-04 - Oral

A Novel Continuous Left Ventricular Diastolic Function Score UsingMachine Learning
River Jiang, Darwin Yeung, Delaram Behnami, Christina Luong, Michael Tsang, John Jue,
Ken Gin, Parvathy Nair, Purang Abolmaesumi, Teresa Tsang. University of British
Columbia, Vancouver, BC, Canada.
Background: Unlike LV ejection fraction, which provides a valuable measure of
systolic function, there is currently no analogous single measure of diastolic func-
tion. This study aimed to develop one using machine learning modeling of echo-
cardiographic data. Methods: We screened consecutive echo studies performed at
a tertiary care centre between February 1, 2010 and March 31, 2016. We excluded
studies containing features that would interfere with diastolic function assessment
as well as studies in which one or more diastology parameters were not reported.
For the remaining studies, we graded diastolic function based on the 2016
American Society of Echocardiography (ASE) / European Association of
Cardiovascular Imaging (EACVI) Guidelines and divided them into a training set
(80%) and a validation set (20%), excluding indeterminate studies. We trained ma-
chine learning models (support vector machine, decision tree, XGBoost, and dense
neural network) to classify studies by diastolic dysfunction severity based on the
training set. Classification accuracy was assessed on the validation set. Transfer
learning was used to generate a regression model from the dense neural network
that outputs a continuous diastolic function score. Results: 28,986 studies were
included. The models were able to classify studies with high agreement to ASE/
EACVI guidelines (support vector machine 83% [panel A], decision tree 100%
[panel B], XGBoost 100% [panel C], dense neural network 98% [panel D]). The
continuous diastolic function score corresponded well with the ASE/EACVI guide-
lines, with mean scores of 1.00 6 0.01 for studies with normal function; and 0.74
6 0.05, 0.51 6 0.06, and 0.27 6 0.11 for mild, moderate, and severe diastolic
dysfunction respectively (panel E). A score of <0.91 predicted abnormal diastolic
function with an area under the receiver operator curve (AUROC) of 0.99 while
a score of <0.65 predicted elevated filling pressure with an AUROC of 0.99.
Conclusion: Machine learning models can assimilate echocardiographic data to

facilitate automatic classification according to ASE/EACVI guidelines as well as
to generate a continuous diastolic function score.

PC-05

A Comparison of Artificial Intelligence-Enabled Global Longitudinal Strain
Quantification to the Conventional On-Cart Analysis: A Single Center Experience
Pooja Prasad, Ahmed M. Altibi, Donna Kang, James Hodovan, Maros Ferencik, Lidija
McGrath. OHSU, Portland, OR.
Background: Artificial intelligence (AI) provides an opportunity to increase efficiency and
reduce inconsistencies in interpretation of global longitudinal strain (GLS). This study eval-
uated the performance of an automated, AI-enabled strain analysis as compared to the con-
ventional on-cart strain analysis performed by cardiac sonographers. Methods: 100
transthoracic echocardiograms with on-cart GLS analysis performed between May and
July 2021 were retrospectively identified. Included studies reported the GLS values of the
apical 2-chamber, 3-chamber, and 4-chamber views, and were subsequently sent for anal-
ysis by the AI platform EchoGo Core (Ultromics Ltd, Oxford, UK). 98 studies were accepted
for analysis by the AI software. Left ventricular ejection fraction (LVEF) obtained using the
Simpson’s biplane method was compared to LVEF obtained by AI. Individual and averaged
GLS from the three apical views using on-cart analysis were compared to GLS values ob-
tained from AI analysis. Linear regression and Bland-Altman plots were used to determine
the correlation between the on-cart analysis and AI software. Regression models were used
to adjust for age, gender, heart rate (HR), systolic blood pressure (SBP), and body mass in-
dex (BMI). Results: The mean patient age was 57.3 6 13.7 years (53.5% female). Positive
correlations were found between the on-cart and AI derived LVEF (r= 0.74, p <0.001,
n=89), and GLS values for the 2-chamber views (r=0.59, p <0.001, n=95), 3-chamber views
(r=0.67, p <0.001, n=48), 4-chamber views (r= 0.65, p <0.001, n=94), as well as averaged GLS
from all 3 views (r= 0.77, p <0.001, n= 47). There was also a positive correlation between the
averaged on-cart GLS (all 3 views) and the '''best averaged'' AI GLS (1, 2, or 3 averaged views;
r= 0.71, p <0.001, n= 98). The correlation between the averaged on-cart and AI GLS re-
mained significant after adjusting for age, gender, BMI, HR, and SBP (r= 0.73, p <0.001).
Conclusion: Strong positive correlations were found between LVEF and GLS values ob-
tained by the conventional on-cart method and AI-enabled analysis. Our findings highlight
the potential role for AI in LVEF and GLS assessment, thereby minimizing and eliminating
inter-operator variabilities.
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Can Patients Image Their Own Lungs During Early COVID-19 Infection? The Accuracy
of Telehealth Ultrasound and Artificial Intelligence Methods
Pranay R. Bonagiri1, Eric M. Tran1, Pamela M. Resnikoff1, Samantha R. Spierling Bagsic2,
Bruce J. Kimura1. 1Scripps Mercy Hospital, San Diego, CA; 2Scripps Whittier Diabetes
Institute, San Diego, CA.
Background: Telehealth has increased during COVID-19 but lacks physical examination.
In previous studies, our lab has shown both the prognostic value of B-lines in the lung apices
in COVID-19 infection and the feasibility of patients to self-image. This study now sought
to determine the accuracy of simplified, remote diagnostic methods including telehealth
self-imaging and automated B-line detection (AUTO-B) in COVID-19 outpatients.
Methods: Consecutive outpatients who had tested positive for SARS-CoV-2, were not hyp-
oxemic and had mild-moderate COVID-19, underwent 3 exams to detect $ 3 B-lines in
either lung apical view (LUS+): (1) a 5-minute telehealth appointment with a remote physi-
cian guiding the patient to obtain and display their upper lobe images using a cardiac ultra-
sound smartphone device (Philips Lumify 3.0, S4-1MHz), then (2) the reference standard
exam performed by an on-site physician using the same device and blinded to the telehealth
results, and (3) a final scan where the Lumify’s AUTO-B algorithm was used to determine if
$3 B-lines/view were scored by the software. Diagnostic accuracy was calculated for the tel-
ehealth physician and AUTO-B methods for identifying a patient with any LUS+, or with
bilateral LUS+. A post-hoc sensitivity analysis was performed on AUTO-B data. Results:Of
N=50, mean age was 56.0614.2 years, prevalence of LUS+ was 24%, and of bilateral disease
was 8%. All (100%) of patients were able to self-image during telehealth. Both the telehealth
diagnosis and AUTO-B showed high specificity and lesser sensitivity (Table), particularly
when findings were unilateral, nonuniform or patchy. Of LUS+ (n=12), the telehealth
physician identified 4/4 with bilateral and 2/8 with unilateral disease. AUTO-B identified
2/4 with bilateral and 2/8 with unilateral disease. The software undercounted coalesced
or fast-moving B-lines and the use of a total score of $2 B-lines for both lungs improved
sensitivity. Conclusion: During a telehealth appointment, COVID-19 outpatients were
consistently able to image and display their own lung exam with 84-92% accuracy, high
specificity, and more sensitivity when disease was advanced. These novel methods could
conceivably risk stratify and monitor patients from home isolation and may constitute a
feasible `̀ tele-physical'' in the future.

PC-07 - Oral

Myocardial Scar Detection and Quantification Using Phase Change Ultrasound
Contrast Agents
Cheng Chen1, Ping Zeng2, Terry Matsunaga3, John J. Pacella1,4, E. Carr Everbach5, John Lof6,
Feng Xie6, Thomas Porter6, Flordeliza S. Villanueva1, Xucai Chen1. 1Center for Ultrasound
Molecular Imaging and Therapeutics, University of Pittsburgh, Pittsburgh, PA; 2Division of
Cardiovascular Medicine, University of Nebraska Medical Center, Pittsburgh, PA;
3Department of Biomedical Engineering and Department of Medical Imaging, University
of Arizona, Tucson, AZ; 4UPMC Heart & Vascular Institute, Pittsburgh, PA; 5Swarthmore
College, Swarthmore, PA; 6Division of Cardiovascular Medicine, University of Nebraska
Medical Center, Omaha, NE.

Background: Myocardial scar detection and quantification following acute myocardial
infarction is useful in predicting risk for arrhythmias, heart failure, and death.
Phase-change contrast agents are encapsulated perfluorocarbon droplets in liquid phase,
which can be selectively triggered by pulsed ultrasound (US) to go through phase change
and become microbubbles (MB) for imaging and therapeutic purposes. We have been
able to condense perfluoropropane lipid encapsulated MB into nanometer-sized perfluor-
opropane droplets (PD). These droplets accumulate in the developing scar zone (DSZ) in
a rat model and can be acoustically activated within several minutes following intravenous
injection. In this context, acoustic activation (AA) of droplets in the extravascular myocar-
dial space has significant clinical potential. Methods: Using a custom-designed high-speed
microscopic imaging system developed at the University of Pittsburgh Medical Center
capable of imaging up to 25 million frames per second, we visualized PD vaporization
with different US pulse configurations and peak negative pressure (PNP). The probability
of AA was calculated as the ratio of the number of trials that the droplets were successfully
vaporized divided the by the total number of trials as a function of PNP. The curve was fitted
with Weibull Distribution . The AA threshold was determined for both single (1 MHz cen-
ter frequency, 4 ms duration) and multi-pulse US (1 MHz center frequency, 4 ms duration,
100 ms pulse interval). Results: Figure 1a displays PD vaporization within the microchannel
as a PNP of 1.3 MPa was applied at a diagnostic pulse duration of 4 ms. For single pulse US,
the probability of AA was 50% at 1.06 MPa PNP, and 90% at 1.45 MPa PNP at 37�C. For
multi-pulse US, the probability of vaporization at the fifth US pulse was 50% at 0.92 MPa
PNP, and 90% at 1.25 MPa PNP at 37�C. Conclusions: The probability of PD vaporization
reaches 50% at 1.06 MPa, at 0.92 MPa, respectively by a single US pulse and by repeated US
pulses. With multi-pulse US, the threshold of droplets vaporization decreased compared
with single pulse US. These US sequences will allow a model pulse sequence scheme to
be developed for future in vivo experiments that permits selective activation of the PD in
the DSZ and subsequent contrast specific US detection and quantification.

PC-08

Augmentation of Lung Perfusion by Catheter-Based Ultrasound in the Pulmonary
Artery
Matthew Muller1, James Hodovan1, Koya Ozawa1, Matthew Hagen1, Yan Zhao1, Theodore
Hobbs2, John Kaufman1, Jonathan Lindner1. 1Oregon Health and Sciences University,
Portland, OR; 2Oregon National Primate Research Center, Hillsboro, OR.
Background: Endovascular catheters capable of delivering both ultrasound (US) and
thrombolytics have been developed to treat pulmonary artery (PA) embolism. These cath-
eters have been shown to improve right ventricular (RV) hemodynamic status even when
clot lysis does not occur. Because conducted vasodilation can occur downstream from arte-
rial US exposure, we hypothesized that PA exposure to catheter-based ultrasound will in-
crease lung perfusion. Methods: Adult male rhesus macaques (n=9) were studied. An
endovascular catheter for simultaneous US and thrombolysis (Ekosonic, Boston
Scientific) was placed in the left (n=6) or right (n=3) PA via femoral venous access.
Comprehensive echocardiography was performed at each of the following stages: (1) base-
line; (2) after 10 min of hypoxemia with 12% FIO2 to increase RV outflow resistance, (3)
after 15 min of catheter-based US (6 elements, 2.3 MHz, peak negative acoustic pressures
of 0.5-1.1 MPa , 11-17% duty factor) (n=7 active US, n=2 sham treatment), and (4) 10
min after stopping US and recovery from hypoxemia. At the end of stage 3, 99MTc-macro-
albumin aggregate (MAA) was injected I.V. and SPECT imaging for lung perfusion was per-
formed after completion of stage 4. Results: Compared to baseline, hypoxemia (O2

saturation 6763%), produced only a modest increase in PA systolic pressure
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(23.5064.13 vs 28.3563.93 mm Hg, p= 0.002) which was associated with an increase in
heart rate and cardiac output but minimal change in RV outflow resistance (2.3160.36
vs 2.4860.41 WU, p=0.4140). There were no statistically significant changes in pulmonary
hemodynamics or RV systolic function after 15 min of unilateral catheter-based US. Yet, on
99mTc-MAA SPECT imaging, lung perfusion ipsilateral to the US catheter was 34.5623.3%
higher than the contralateral lung (p<0.05). Ipsilateral lung perfusion was significantly
higher for the upper, mid and lower lung segments. Lung perfusion was identical in the ipsi-
lateral and contralateral lungs in sham-treated animals.Conclusions:US generated by cath-
eters resident within the PA produces an increase in lung microvascular perfusion
downstream from US exposure. Models with more severe increase in RV outflow resistance
will be needed to study reversal of PA hypertension.

PC-09

Utility of Apical Four-Chamber Longitudinal Strain as a Surrogate Measure of Global
Longitudinal Strain in the Assessment of Childhood Cancer Survivors: A Multicenter
Comparative Study
Matthew J. Mosgrove1, William L. Border2, Ritu Sachdeva2, Kayla L. Stratton3, Saro H.
Armenian4, Aarti H. Bhat5, David E. Cox2, Kasey J. Leger5, Christina Yang5, Wendy M.
Leisenring3, Lillian R. Meacham2, Karim T. Sadak6, Shanti Narasimhan6, Paul C.
Nathan7, Eric J. Chow3,5. 1Emory University School of Medicine, Atlanta, GA; 2Children's
Healthcare of Atlanta, Atlanta, GA; 3Fred Hutchinson Cancer Research Center, Seattle,
WA; 4City of Hope, Duarte, CA; 5University of Washington, Seattle Children's Hospital,
Seattle, WA; 6University of Minnesota, Minneapolis, MN; 7Hospital for Sick Children,
University of Toronto, Toronto, ON, Canada.
Background: We previously showed that longitudinal changes in standard cardiac func-
tional parameters were associated with the development of dilated cardiomyopathy in child-
hood cancer survivors (CCS). Evaluation of global longitudinal strain (GLS) in this
biorepository was limited, largely due to a lack of quality apical 2- and 3-chamber views.
Given that CCS exhibit reduced longitudinal strain across all cardiac segments, we sought
to determine whether apical 4-chamber longitudinal strain (A4LS) could serve as a surro-
gate for GLS in this population. Methods: 632 echocardiograms of CCS from 5 pediatric
centers were reviewed. Echocardiograms were quantified using a vendor-neutral software
analysis package by a single research sonographer. A4LS and GLS were measured in echo-
cardiograms with acceptable apical 4-, 2- and 3-chamber views. Correlation was evaluated
using Pearson and Spearman correlation coefficients, and agreement was evaluated with
Bland-Altman plots. The ability of A4LS to identify normal and abnormal values when
treating GLS as the gold standard was evaluated. Results: We identified 130 echocardio-
grams from 56 patients with acceptable views for A4LS and GLS comparison (38% female;
mean age at cancer diagnosis 8.3 years; median anthracycline dose 255 mg/m2; 41% with
radiation therapy; mean follow-up duration 9.4 years). Correlation coefficients between
A4LS and GLS were 0.89 (Pearson) and 0.85 (Spearman) [Figure 1], with Bland-Altman
plot of GLS - A4LS showing a mean difference of -0.71 +/- 1.8, min = -6.2, max = 3.4
[Figure 2]. A4LS had a sensitivity of 86% (95% CI 79-93%) and specificity of 82% (69-
95%) when using normal range cutoffs and 90% (82-97%) and 70% (58-81%) when using +/-
2 standard deviations. Conclusion: A4LS performs well when compared with GLS in this

population. Given the more recent adoption of apical 2- and 3-chamber views in most pe-
diatric echo protocols, A4LS is a reasonable stand-alone measurement in retrospective anal-
ysis of older study cohorts and echocardiogram biorepositories.

PC-10

Trends in Left Ventricular Global Longitudinal Strain and Left Ventricular Ejection
Fraction Before and After Initiation of Medical Therapy for Underlying
Cardiovascular Disease in Pediatric Cancer Survivors
Ian Everitt1, Andrew C. Peters2, Nisha Raiker3, Fei Fei Gong4, Malika Ramani5, Karen
Kinahan6, Patricia Kaye6, Aarati Didwania1, Jane Winter6, Nausheen Akhter4, Vera H.
Rigolin4. 1Feinberg School of Medicine at Northwestern University, Chicago, IL; 2Division
of Cardiology, Sidney Kimmel Medical College, Thomas Jefferson University Hospital,
Philadelphia, PA; 3Division of Cardiology, UT Southwestern Medical Center, Dallas, TX;
4Division of Cardiology, Feinberg School of Medicine at Northwestern University, Chicago,
IL; 5Brown University, Providence, RI; 6Division of Oncology, Feinberg School of Medicine
at Northwestern University, Chicago, IL.
Background: Left ventricular global longitudinal strain (LVGLS) is a more sensitive indicator
of subclinical systolic dysfunction than ejection fraction (LVEF) in patients receiving cardio-
toxic cancer therapies. We examined the impact of starting cardiovascular disease-directed
medical therapy (CVDMT) for left ventricular systolic dysfunction, hypertension, or coronary
artery disease on LVGLS and LVEF in survivors of pediatric cancers treated with anthracy-
clines and/or radiation.Methods:We performed a retrospective cohort study of pediatric can-
cer survivors in a multidisciplinary survivorship clinic from 8-45 years post-cancer treatment.
Baseline echocardiograms were obtained at first visit and at 3, 5, and 7-10 years. LVGLS was
retrospectively measured using TOMTEC software. Demographics, clinical parameters, and
LVEF were compared between patients started on CVDMT and those without clinical indica-
tions for therapy as controls. Multivariate linear regression using a difference-in-differences
(DID) approachwas performed to assess trends in LVGLS in both groups before and after initi-
ation of therapy. Results:Of 103 patients, 54% were female with median [IQR] age 35 [31-40]
years. Patient demographics and treatment history were similar between groups; baseline LVEF
was lower in patients on CVDMT (56.0 vs 59.5 in controls, p<0.01), Table 1. Patients had
similar LVGLS before and after initiation of CVDMT and hadminimal change in LVGLS rela-
tive to controls (DID -0.17 [95%CI -1.09 - 0.76], p=0.72, parallel trend assumption p=0.10),
Table 2. LVEF was stable in patients on CVDMT (LVEF 60.1 to 58.6, pre- and post-
CVDMT, p=0.29) and controls (LVEF 61.0 to 61.9, p=0.23). Conclusions: Cancer survivors
initiated on therapy for underlying CVD maintained LVGLS at a level similar to survivors
who did not require CVD medications. LVEF is preserved with medical therapy. These find-
ings suggest that aggressive identification and treatment of CVD in this high-risk population
preserves short-term cardiac function.
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Point-of-Care Ultrasound of Internal Jugular Vein for Bedside Volume Status
Estimation
Josue Villegas-Galaviz, Andrew Kolodziej, Benjamin Stoner, Xiangkun Cao, Emma Birks,
Kenneth Campbell, Mindy Thompson, Gaurang Vaidya. University of Kentucky School of
Medicine, Lexington, KY.
Background: Point-of-care ultrasound (POCUS) of the internal jugular vein (JV) could be
used for estimation of volume status. POCUS of JV is a comparatively easy skill to acquire.
Methods: Spontaneously breathing patients were prospectively enrolled prior to their
scheduled right heart catheterization (RHC). First, jugular venous distention (JVD) was as-
sessed as usual. Then using M-mode, JV maximum (Dmax) and minimum (Dmin) antero-
posterior diameters were measured during normal breathing, while supine. Respiratory
variation in diameter (RVD) was calculated as [(Dmax-Dmin)/Dmax] and expressed as a per-
centage. Complete anteroposterior collapsibility (COS) was assessed with sniff maneuver.
Lastly, the inferior vena cava (IVC) was assessed. Data was obtained by five investigators
independently. Results: 162 patients were enrolled, mean BMI was 30.1 kg/m2, with
LVEF 15-69% (range) and 40% patients having LVEF #35%. While POCUS of JV could
be obtained in all patients, IVC could not be assessed accurately in 15% patients and
JVD in 9%. No interobserver variability was noted in sensitivity analysis. With increasing
right atrial pressure (RAP), there was a progressive increase in JV and IVC diameter and
a reduction in respiratory variation in diameter and incidence of sniff collapsibility (table 1).
Similar results were noted with PCWP $12mmHg (JV Dmax 1.1 vs 0.8cm, JV Dmin 0.8 vs
0.5cm and RVD 25% vs 47%, all p<0.01). Sensitivity to predict RAP $10mmHg was 46%
for a +JVD (at mid-neck or higher), 76% for a <50% IVC-RVD, and 90% for a <50% JV-
RVD (all p<0.01). Thus, POCUS of JV-RVD had lower false negative for fluid overload.
Moreover, the presence of JV-COS was 87% specific for RAP <10mmHg, comparable to
IVC-COS (84%). Notably, an IJV Dmax $1.2 cm and absence of COS (n=42) showed
85% specificity for predicting RAP $10 mmHg (p= 0.01). Table 2 shows other useful pa-
rameters. Conclusion: This is the largest study to date showing the utility of POCUS of
JV for volume status estimation, with reliable correlation to RHC and IVC and feasible
to perform.

PC-12

Test Characteristics and Reliability of Cardiac Point-of-Care Ultrasound in the Acute
Presentation of Multisystem Inflammatory Syndrome in Children in a Pediatric
Emergency Department
Bethsabee S. Stone, Kiyetta H. Alade, Stephanie K. Leung, Elizabeth A. Camp, Alan F. Riley.
Baylor College of Medicine, Houston, TX.
Background: Multisystem inflammatory syndrome in children (MIS-C) is associated with
rapidly progressive hemodynamic instability and cardiogenic shock. We aimed to describe the
test characteristics of cardiac point-of-care ultrasound (POCUS) completed by cardiac
POCUS credentialed pediatric emergency medicine physicians (cPEM) in the evaluation of
MIS-C upon initial presentation to a pediatric emergency department.Methods: Patients with
MIS-CwhohadcardiacPOCUSperformed inaquaternary carepediatric emergencydepartment
from July 2020 toNovember 2021were retrospectively identified. This is a subanalysis of amulti-
departmental collaborative quality improvement study. Patients with POCUS done for educa-
tional purposes were excluded. For binary assessments of left ventricular systolic function
(LVSF), cPEM interpretation was compared with ongoing POCUS quality assurance review
(QA) and single blinded pediatric cardiologist interpretations. QA was not blinded.
Cardiology sought to identify patients with somewhat depressed LVSF (not normal, but not
severely depressed). A kappa analysis was done between the groups.Results:A total of 1388 car-
diac POCUS examinationswere identified during the study period with 102 performed forMIS-
C. There were 79 included for analysis completed by 20 attendings, 3 pediatric emergency med-
icine fellows, and 1 POCUS fellow.Mean patient age was 9 years, 30%were non-Hispanic Black,
and 44% were Hispanic. Depressed LVSF was reported by cPEM in 42% and by cardiology in
31%. cPEM interpretations had a sensitivity and specificity of 87% and 98%, respectively,
when compared to QA, and 96% and 82%, respectively, when compared to cardiology. Inter-
rater reliability between cPEM and QA was excellent (k > 0.84, p-value< 0.001). Inter-rater reli-
ability between cPEM and cardiology was moderate (k > 0.70, p-value< 0.001). For somewhat
depressed LVSF (n=21), cPEM interpretations had sensitivity of 95% and specificity of 100%
when compared to cardiology. Conclusions: For MIS-C, cardiac POCUS performed by cPEM
is highly sensitive and specific for identifying cardiac dysfunction. This is thefirst study reporting
test characteristics for somewhat depressed LVSF in children. cPEM andQAreported depressed
LVSF at higher rates than cardiology, which requires future research. Our research supports the
safety profile and potential impact of cPEM using cardiac POCUS to evaluate pediatric shock.

PC-13 - Oral

Early Cardiac Structural and Functional Reverse Remodeling in Obstructive
Hypertrophic Cardiomyopathy After 10 Weeks of Aficamten Therapy: Analyses from
REDWOOD-HCM
Theodore P. Abraham1, Ahmad Masri2, Martin Maron3, Lubna Choudhury4, Iacopo
Olivotto5, Sara Saberi6, Andrew Wang7, Pablo Garcia-Pavia8, Neal K. Lakdawala9, Sherif
F. Nagueh10, Florian Rader11, Albree Tower-Rader12, Aslan T. Turer13, Caroline Coats14,
Michael A. Fifer12, Anjali Owens15, Hugh Watkins16, Roberto Barriales-Villa17,
Christopher M. Kramer18, Timothy C. Wong19, Stephen B. Heitner20, Daniel Jacoby20,
Stuart Kupfer20, Fady I. Malik20, Lisa Meng20, Sharon L. Paige20, Aylin Tugcu20, Amy
Wohltman20, Scott Solomon9. 1University of California, San Francisco, CA; 2Oregon
Health Science University, Portland, OR; 3Tufts Medical Center, Boston, MA;
4Northwestern University, Chicago, IL; 5Azienda Ospedaliera Universitaria Careggi,
Florence, Italy; 6University of Michigan Medical Center, Ann Arbor, MI; 7Duke University,
Durham, NC; 8Hospital Universitario Puerta de Hierro de Majadahonda, Madrid, Spain;
9Brigham and Women’s Hospital, Boston, MA; 10Methodist DeBakey Heart and Vascular
Center, Houston, TX; 11Cedars Sinai Medical Center, Los Angeles, CA; 12Massachusetts
General Hospital, Boston, MA; 13UT Southwestern Medical Center, Dallas, TX;
14University of Glasgow, Glasgow, United Kingdom; 15University of Pennsylvania
Perelman School of Medicine, Philadelphia, PA; 16University of Oxford, Oxford, United
Kingdom; 17Complexo Hospitalario Universitario de A Coru~na, A Coru~na, Spain;
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18University of Virginia Health System, Charlottesville, VA; 19University of Pittsburgh
Medical Center, Pittsburgh, PA; 20Cytokinetics Incorporated, South San Francisco, CA.
Background: Aficamten, a novel cardiac myosin inhibitor, has been shown to
safely and effectively reduce left ventricular (LV) hypercontractility and relieve
both resting and provoked LV outflow tract gradients (LVOT-G) to sub-
threshold levels in 79% (cohort 1) and 93% (cohort 2) of patients with symptom-
atic obstructive hypertrophic cardiomyopathy (oHCM). Adverse cardiac remodel-
ing in oHCM is a known risk factor for adverse clinical outcomes and we
report on the short-term impact of aficamten on cardiac structure. Methods:
Randomized Evaluation of Dosing With CK-274 in Obstructive Outflow Disease
in HCM (REDWOOD-HCM: NCT04219826) is a multicenter, randomized,
controlled trial of aficamten in patients with symptomatic oHCM (n=41, 66%
on aficamten). 297 echocardiograms from Cohorts 1 and 2 were analyzed in a
blinded fashion. Results: Baseline clinical and echocardiographic metrics were
similar between groups. Compared to placebo, patients on aficamten showed
improved indices of LV filling pressures, including reduced left atrial volume in-
dex (LAVI) (-2.9mL/m2 (61.5) vs 2.2mL/m2 (61.5), p=0.004); increased lateral e’
(0.5 cm/s (60.4) vs -0.5 cm/s (60.3), p=0.03), and reduced lateral E/e’ (-2.0
(61.1) vs 1.8 (60.8), p=0.006) from baseline to Week 10. Similarly, reductions
in the categorical (presence/absence) proportion of patients with systolic anterior
motion of the mitral valve leaflet (SAM; -50% vs -17.3%, p<0.039) and eccentric
mitral regurgitation (MR; -35.8% vs +13.3%, p = 0.055) were observed with afi-
camten treatment versus placebo at Week 10. There was a non-significant reduc-
tion in mean left ventricular mass index (LVMI) (-4.8 g/m2 (62.4) vs 3.3 g/m2

(63.6); mean difference: 8.1 g/m2, p= 0.063). Conclusions: Aficamten treatment
resulted in salutary early cardiac remodeling associated with reductions in
LAVI, lateral E/e’, SAM, eccentric MR, increased e’ velocity, and non-significant
reduction in LVMI. Echocardiographic improvements were paralleled by the pre-
viously reported reduction in plasma NT-proBNP. These early findings indicate
that aficamten may favorably impact cardiac remodeling in oHCM, however
longer-term data from REDWOOD-OLE and SEQUOIA-HCM will provide further
insight into both early and longer-term remodeling, as well as the responsible
mechanisms.

PC-15 - Moderated

Association of Strain-Based Measurement of RV-PA Coupling with Mortality in
Patients with Pulmonary Hypertension Assessed Over 10 years
Abdalla A. Salama, Annop Lekhakul, Nowell M. Fine, Libo Chen, Ratnasari Padang, Vidhu
Anand, Conor J. Kane, Robert B. McCully, Sorin V. Pislaru, Cristina Pislaru, Jeremy J.
Thaden, Garvan C. Kane. Mayo Clinic, Rochester, MN.
Introduction: Pulmonary arterial hypertension (PH) is a progressive disease of
pulmonary vascular remodeling with consequent right-sided heart failure and asso-
ciated with poor outcome. We previously reported a prospective study demon-
strating the ability of right ventricular (RV) free wall strain to predict mortality
over 18 months of follow-up. However, little is known concerning longer-term
follow-up or the value of indexing RV systolic strain for pulmonary artery (PA)
pressure as an indicator for RV-PA coupling. Methods: Prospective comprehensive
transthoracic echocardiography including RV longitudinal free wall systolic strain
in 575 patients referred with known or suspected pre-capillary PH (short-term
follow-up previously reported) now assessed over 10 years. RV free wall systolic
strain was measured using speckle-tracking, GE Healthcare. RV-PA coupling index
was defined as (RV systolic pressure)/[(-3)*(RV free wall strain)]. Results: RV free
wall systolic strain was associated with all-cause survival over 10 years of follow-up
(Figure A) with a 1.4 times higher risk of death (95% confidence interval, 1.24-
1.58, p<0.0001) per 5% decline in RV systolic strain and was more strongly asso-
ciated with outcome than either pulmonary pressures or TAPSE. The RV-PA
coupling index was associated with right heart failure, functional class, exercise ca-
pacity and measures of right heart dysfunction (Table). The RV-PA coupling index
was also strongly associated with patient outcome (Figure B). An RV-PA coupling
index of >1.5 mmHg/% was associated with an 11.9-fold (6.7-20.9, p<0.0001)
higher risk of death compared to those with an index <0.5 mmHg/% and 2.1-
fold (1.5-2.9, p<0.0001) higher risk than those with an index 0.5 to 1.5 mmHg/
%. Conclusions: RV-free wall systolic strain is strongly associated with patient
outcome over 10 years of follow-up. A novel strain-based index of RV-PA coupling
is also strongly associated with long-term survival in patients with known or sus-
pected pre-capillary PH and may serve as a useful echo-based marker of patient-
specific risk in PH.

PC-16

Association of Adverse EchocardiographicMyocardial Function with Insulin Resistance
Gabriel E. Shaya, Monica Mukherjee, Erin D. Michos, Lena Mathews, Jose Madrazo, Sanjiv
Shah, Kavita Sharma, Allison G. Hays. Johns Hopkins University School of Medicine,
Baltimore, MD.
Background: Obesity and related cardiometabolic traits are associated with incident heart
failure with preserved ejection fraction (HFpEF) and adverse cardiovascular outcomes. The
association of insulin resistance with echocardiographic features of adverse myocardial
function is not well described in HFpEF. Methods: We analyzed 92 prospectively enrolled
patients with HFpEF, left ventricular ejection fraction$ 45%, and NYHA class II-IV symp-
toms with complete 2D and Doppler echocardiographic assessment. Myocardial function
was assessed by left ventricular mass (LV) mass, average E/e’, right ventricular systolic pres-
sure, left atrial volume, LV global longitudinal strain (LVGLS), and tricuspid annular plane
systolic excursion. Insulin resistance was defined by estimated glucose disposal rate (eGDR)
calculated using the formula: eGDR = 19.02� (0.22� BMI, kg m�2) � (3.26� hyperten-
sion, presence) � (0.61 � HbA1c, %). Higher eGDR indicates better insulin sensitivity.
Associations between adverse myocardial function and eGDR were evaluated in univariate
and adjusted multivariate analyses using analysis of variance testing, and multivariate linear
regression. Results:Mean age (SD) was 65 (11) years, 64% were women, and 95% had a his-
tory of hypertension. Mean (SD) values for BMI were 39 (9.6) kg m,-2 with hemoglobin
A1=6.7 (1.7) %, and eGDR=3.3 (2.6) mg kg-1 min-1 . There was a statistically significant
graded decrease (favorable) in LVGLS associated with higher insulin sensitivity (mean
[SD] -13.8% [4.9%], -14.4% [5.8%], -17.5% [4.4%] for first, second, and third eGDR tertiles
respectively, p = 0.047). This favorable statistically significant association between LVGLS
and eGDR persisted after adjusted multivariate analysis. Conclusion: Insulin resistance is
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associated with subclinical echocardiographic adverse myocardial function in stable HFpEF
patients. This may inform prognostication and management strategies for individuals with
HFpEF focused on evaluation and treatment of insulin resistance.

PC-17

Report from the Epicenter of the Opioid Epidemic: A 28-Month, Single-Center
Intravenous Drug Use and Infective Endocarditis Experience
Ebubechukwu Ezeh1, Benjamin Frear1, George Augustine Koromia2, Natalie LeMaster3,
Linda Njoroge2, Ellen Thompson2. 1Joan C. Edwards School of Medicine, Marshall
University, Huntington, WV; 2Department of Cardiology, Marshall University,
Huntington, WV; 3Cabell Huntington Hospital, Huntington, WV.
Background:West Virginia (WV) leads the United States in opioid-related complications.
According to the National Institute of Drug Abuse, there is 57.8 opioid-involved overdose
death per 100,000 persons inWV. Intravenous drug abuse (IVDA) is an established risk fac-
tor for infective endocarditis (IE). We set to determine the patient and transesophageal echo
(TEE) characteristics of infective endocarditis. Methods: Our retrospective, descriptive
study analyzed the characteristics of patients and TEE findings in cases of suspected infec-
tive endocarditis from January 1, 2018, to April 23, 2020, in a teaching hospital in West
Virginia. The modified Duke’s criteria were used for the diagnosis of infective endocarditis.
Inclusion criteria included age >18yrs with a diagnosis of infective endocarditis. Exclusion
criteria included patients with indwelling lines, surgery within the preceding 1 month, and
history of congenital heart disease. Descriptive statistical methods were used for analysis.
Results:Of the 365 TEEs performed, 90 of them visualized vegetations. In-hospital mortal-
ity was 2.2% among patients with visualized vegetations. Among this group, 43%were males
(n=39) and 57% were females (n=51). Over three-thirds (78%) of infective endocarditis pa-
tients with vegetations were intravenous drug users (IVDU). Native valves were involved in
over ninety (93) percent of cases. The valve distribution showed right-sided valvular
involvement in 62%, left-sided in 23%, and both sides in 14% of cases. Over 90% of patients
with involvement of both sides required referral for surgery. MRSA accounted for almost
40% of the total cases. Serratia was the most implicated gram-negative organism. Patients

with Candida endocarditis had the longest length of stay (22 days). Conclusion:
Contrary to many other studies, our study demonstrated an increased incidence of infective
endocarditis complicating IVDA among women. This calls for more actionable plans to-
wards mitigating this potential trend.

PC-18

Echocardiography Based Estimation of Pulmonary Vascular Resistance and Outcomes
in Patients with Pulmonary Hypertension
Manasi Tannu1, Fawaz Alenezi1, Melissa A Daubert1, Kishan Parikh1, Eric J Velazquez2, G.
Burkhard Mackensen3, Pamela S Douglas1, Hassan Alajmi1, Tina D Tailor1, AndrewWang1,
Robin Nijveldt1, Jacqueline Vos1, Ashlee Davis1, Richard Palma1, Altayyeb Yousef1,
Sreekanth Vemulapalli1, Sudarshan Rajagopal1. 1Duke University Medical Center,
Durham, NC; 2Yale University, New Haven, CT; 3University of Washington, Seattle, WA.
Background: The management of patients with pulmonary hypertension (PH) is
significantly limited by the inability to accurately assess pulmonary vascular hemo-
dynamics non-invasively. Echocardiographic ratio of peak tricuspid regurgitant ve-
locity (TRV) to the right ventricular outflow tract time-velocity integral (TVIrvot)
(TRV/TVIrvot) has been suggested as a reliable non-invasive method of estimating
pulmonary vascular resistance (PVR). We studied the prognostic value of a
Doppler-derived measurement of PVR in PH patients. Methods: Patients with
PH were consecutively included from 2010 to 2014. Inclusion criteria included
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mean pulmonary artery pressure $25 mmHg at rest or right ventricular systolic
pressure >40 mmHg and a diagnosis of PH confirmed by right heart catheteriza-
tion. PVR was calculated using the TRV and the TVIrvot as follow: PVR=TRV/
TVIrvot x 10 + 0.16. The primary outcome was time to death adjusted for age,
sex and body surface area (BSA). Results: Of the 100 patients with echocardio-
graphic data, 61% were Group I PH, 86% were females and the mean age was
59.5 6 13 years. Over a follow up period of 11 years, 49 died. The mean echo
derived PVR was 2.43 WU (61.22) and median (Q1, Q3) was 1.97 WU (1.69,
3.05). Patients with PVR #1.97 WU had a statistically significant lower mean
PA pressure (43.2 vs 51.4 mmHg), lower PVR at right heart catheterization (7.1
vs 10.8 WU), and higher cardiac index (2.8 vs 2.3), more negative RV global lon-
gitudinal strain (-19.2 vs -16.8%) and higher tricuspid annular plane systolic excur-
sion (2.1 vs 1.7 cm) compared to patients with PVR >1.97. PH patients with echo
based PVR # 1.97 WU had a mean survival of 9.62 years (CI 8.45-10.80)
compared to 6.52 years (CI 5.01 -7.95) for those with an echo-based PVR >
1.97 WU, P value 0.002 (figure 1). This remained significant even after adjustment.
Conclusion: Echocardiographic-based estimation of median PVR > 1.97 WU is
associated with higher mortality independent of age, sex and BSA in patients
with pulmonary hypertension.
Figure 1. Kaplan-Meier survival curve by echo-based PVR (PVR > 1.97 WU (green) and
PVR # 1.97 WU (blue)).

PC-19

Natural History of Left Ventricular Remodeling in Pediatric Rheumatic Heart Disease
Bradley R. MacDonald1,2,3, Adrian Tarca1, Louise Causer1, Katie Maslin1, Di Bruce1, Rachel
Schreiber-Wood1, James Ramsay1, David Andrews1, Charley Budgeon1, Mark K. Friedberg4,
Deane Yim1. 1Perth Children's Hospital, Nedlands, Australia; 2University of Western
Australia, Nedlands, Australia; 3Telethon Kid's Institute, Nedlands, Australia; 4Labatt
Family Heart Centre, Hospital for Sick Children, Toronto, ON, Canada.
Background: In rheumatic heart disease (RHD), volume loading from mitral regur-
gitation leads to left ventricular (LV) dilatation, wall stress and LV dysfunction.
Improved understanding of LV dynamics may contribute to refined timing of inter-
vention. Our aim was to characterize LV remodeling amongst severity groups in
childhood RHD. Methods: Pediatric patients diagnosed with RHD (2003-2020)
were identified from Perth Children’s Hospital databases. Patients with at least 3
preoperative echocardiograms (diagnosis, 12-month follow-up and most recent)
were included. Linear mixed effects models adjusting for gender, ethnicity and
location were used to assess the associations between and within disease severity
groups as per Australian 2020 RHD guidelines. Age/sex matched controls were
used for comparison. Results: 146 patients (mean age 10.2 6 2.8 years) met eligi-
bility criteria. 85 (58.2%) patients had mild, 33 (22.6%) moderate and 28 (19.2%)
severe RHD. Ten (6.8%) patients with severe disease underwent valve surgery after
the study period. Duration of follow up was 4.6 years. In mild RHD, LV indexed
volumes remained similar over time (Figure 1). The moderate group had a similar
profile but showed differences at baseline for LV end-systolic diameter (z-score
mean difference 1.36, p = 0.008) and end-diastolic diameter (difference 1.76, p =
0.002) compared to controls. Patients with severe RHD had significantly increased
indexed end-systolic volume (ESVi) and end-diastolic volumes (EDVi) compared to
controls (mean difference ESVi 11.47 ml/m2, p < 0.001; EDVi 29.81 ml/m2, p <
0.001) and other severity groups with preserved LV function (Figure 1). Models
repeated without the 10 future surgical patients showed smaller differences at base-
line but similar results otherwise. Conclusion: In severe pediatric RHD, significant
LV dilatation across the disease course reflects significant ramifications of valvular
disease on the ventricle. The absence of LV dysfunction may be due to a younger
cohort. LV remodeling does not progress in mild/moderate RHD suggesting these
patients can be monitored safely over years. The LV of milder forms of disease is

indistinguishable from controls. LV measures in RHD may have a future role in
risk stratification of RHD in addition to currently used valvular markers.

PC-20

Prevalence of Subclinical Myocardial Dysfunction in Patients with Inflammatory
Arthritis as Assessed by Strain Imaging
Shadi Akhtari1,2, Maryam Esmaeilzadeh1,2, Shani Nagler3, Fahmeen Afghani3, Jennifer
Lam1, Bindee Kuryia4,2, Elsie Nguyen5, Paula J. Harvey1,2, Lihi Eder6,2. 1Division of
Cardiology, Women's College Hospital, Toronto, ON, Canada; 2Department of Medicine,
University of Toronto, Toronto, ON, Canada; 3Women's College Hospital, Toronto, ON,
Canada; 4Division of Rheumatology, Sinai Health Systems, Toronto, ON, Canada;
5Department of Medical Imaging, University Health Network and Women’s College
Hospital, Toronto, ON, Canada; 6Division of Rheumatology, Women's College Hospital,
Toronto, ON, Canada.
Background: Heart failure is a leading cause of morbidity and mortality in patients with
inflammatory arthritis (IA), yet strategies for early detection of those at risk for develop-
ment of heart failure are not well characterized. Strain imaging can detect myocardial
dysfunction in early stages. The purpose of this study was to determine the prevalence of
subclinical myocardial dysfunction as assessed by strain imaging in patients with IA without
known cardiovascular disease and to identify clinical variables predictive of abnormal
strain. Methods: We conducted a cross-sectional cohort study of patients with IA with
no known cardiovascular disease and normal left ventricular ejection fraction. Global lon-
gitudinal strain measurements (GLS) were performed using speckle-tracking echocardiog-
raphy and values >-18% were considered abnormal. Multivariable linear regression models
adjusted for age and sex were used to assess the association between GLS and cardiovascular
as well as rheumatic disease characteristics. Results: Among 254 patients with IA, 50% had
rheumatoid arthritis (RA), 41% had psoriatic arthritis (PsA), 9% had ankylosing spondylitis
(AS), and 68% were female. An abnormal GLS value was found in 26% of patients despite a
normal left ventricular ejection fraction. Prevalence of an abnormal GLS was not different
between the IA subgroups (RA 21%, PsA 30%, AS 33% (p=0.19)). The mean age of patients
with abnormal GLS was similar to those with normal GLS (59.6 6 9.7 vs 58.1 6 9.9 years
(p=0.27). Bodymass index, prevalence of hypertension and diabetes, beta blocker and ACE-
inhibitor use were also similar between the two groups. Male sex (p<0.0001), higher B-type
natriuretic peptide levels (p=0.02), elevated coronary calcium score > 100 (p=0.04), and
lower left ventricular ejection fraction (p<0.0001) were associated with reduced GLS values.
Current use of antimalarial medications was also associated with reduced GLS (p=0.02). No
association was found with other arthritis specific parameters including disease duration
and activity, health assessment questionnaire disability index, C-reactive protein, or steroid
use. Conclusions: A significant proportion of patients with IA with no prior history of car-
diovascular disease were found to have evidence of subclinical myocardial dysfunction
despite a normal left ventricular ejection fraction. Larger scale studies are needed to uncover
mechanisms and predictors of myocardial dysfunction in patients with IA. This will have
important clinical implications for optimization of care and improving cardiac outcomes
in this high-risk population.

PC-21 - Moderated

Perinatal Circulatory Changes in Critical Right Heart Obstructive Lesions
Proscovia Mujeere Mugaba, Lisa K. Hornberger, Luke G. Eckersley. University of Alberta,
Edmonton, AB, Canada.
Background: Critical right heart obstructive lesions may demonstrate distinct circulatory
changes in the perinatal period, but this has not been reported. Methods: We used echocar-
diography to prospectively evaluate cases with critical right heart obstruction (n =19) and
healthy controls (n = 21) from late gestation to 96 hours after birth. By continuity equation
we measured combined cardiac output (CCO), systemic blood flow (SVC + descending aorta
flow - Qs), pulmonary blood flow (CCO - Qs = Qp); middle cerebral artery (MCA), celiac ar-
tery (CA) and superiormesenteric artery (SMA) pulsatility indices (PI).Results:A total of 172
echocardiography studies were performed (92 on cases and 80 on controls). The cases and
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controls groups were comparable in their demographics features (Table). In late gestation,
MCA PI and CCO were comparable between groups whereas postnatally, MCA, CA and
SMA PI were all significantly higher in the cases (Figure 1) (p<0.01). CCO was significantly
lower in the cases compared to the controls at 6-hours (p<0.05), but gradually increased.
The neonatal cases also had significantly lower Qs and superior vena cava (SVC) flow
compared with control subjects at 24 hours (p< 0.001), while their Qp increased gradually
and was significantly higher compared to the controls at 96 hours after birth (P < 0.01)
(Figure 2). Conclusion: These data suggest that distinct perinatal circulatory changes occur
in neonates with critical right heart obstructive lesions, with evidence of impaired cerebral
and splanchnic flow. Table: Demographic features of cases and controls

PC-22 - Moderated

Prenatal Predictors of Perinatal Mortality in Truncus Arteriosus: A Fetal Heart Society
Collaborative Study
Kelly Cox1, Nazia Husain1, Deidra Ansah2, Tiffany Camp3, Alexandra Channing4, Bettina
Cuneo5, Preeta Dhanantwari6, Mary Donofrio7, Miwa Geiger8, Lisa Howley9, Lisa Hornberger10,
Simone Javeri6, Michelle Kaplinski11, Ann Kavanaugh-McHugh12, Maria Kiaffas13, Katherine
Kosiv14, Olivia Low15, Anita Moon-Grady15, Shabnam Peyvandi15, Nelangi Pinto16, Avaliese
Porlier1, Aaron Prosnitz3, Rashmi Rao17, David Schidlow18, Elena Sinkovskaya19, Ranjini
Srinivasan20, Corey Stiver21, Emilio Quezada15, Bhawna Arya22, Sheetal Patel1. 1Lurie Children's
Hospital, Chicago, IL; 2Texas Children's Hospital, Houston, TX; 3Levine Children’s Hospital,
Charlotte, NC; 4Morgan Stanley Children's Hospital, New York, NY; 5Children's Hospital
Colorado, Aurora, CO; 6Cohen Children's Medical Center, New York, NY; 7Children's National
Hospital, Washington, DC; 8Mount Sinai Hospital, New York, NY; 9The Children's Heart Clinic,
Minneapolis, MN; 10University of Alberta, Edmonton, AB, Canada; 11Lucile Packard Children's
Hospital, Palo Alto, CA; 12Monroe Carell Jr. Children's Hospital at Vanderbilt, Nashville, TN;
13Children's Mercy, Kansas City, MO; 14Yale New Haven Hospital, New Haven, CT; 15UCSF
Benioff Children's Hospital, San Francisco, CA; 16Primary Children's Hospital, Salt Lake City,
UT; 17Phoenix Children's Hospital, Phoenix, AZ; 18Boston Children's Hospital, Boston, MA;
19EVMS Medical Group, Norfolk, VA; 20NYU Langone Hospitals, New York, NY; 21Nationwide
Children's Hospital, Columbus, OH; 22Seattle Children's Hospital, Seattle, WA.
Background: Perinatal outcomes and factors increasing risk for non-survival in truncus
arteriosus (TA) are not well characterized. Identifying these factors for this rare CHD
requiring neonatal intervention would improve prognostication, counseling and
perinatal management. This study aimed to examine clinical outcomes and identify pre-
dictors of perinatal mortality in fetuses with TA. Method: A multicenter retrospective
cohort study was conducted via the Fetal Heart Society Research Collaborative
including all prenatally diagnosed patients with TA encountered between 1/1/2010
and 9/1/2021 within 22 North American cardiac centers. Demographic, clinical,
anatomical and functional fetal echocardiographic variables were analyzed for associa-
tion with a primary outcome of perinatal mortality (fetal death (FD), preoperative
death, primary heart transplantation listing). Variables in mortality and non-
mortality groups were compared with Chi-square test and univariate logistic regression.
Independent predictors were then derived using multivariate logistic regression. Result:
Of 330 fetuses with a prenatal diagnosis of TA, there were 43 (13%) pregnancy termi-
nations. Of the remaining 287, 42 (15%) suffered a perinatal death: 16 (6%) FD, 23 (8%)
postnatal preoperative deaths and 3 (1%) heart transplantation listings. Among live
births, median gestational age was 38 weeks (IQR 36.4,39) and median birth weight
was 2.9 kg (IQR 2.4, 3.3). Neonatal surgical repair occurred in 234 (86%), of whom
24 (10%) required ECMO and 211 (90%) survived to discharge. Significant associations

between variables and primary outcome are demonstrated in Table 1 Independent pre-
dictors of perinatal mortality in multivariate analysis included extracardiac anomalies
(OR 4.2, CI 2.12,8.87; p<0.001) and tricuspid valve regurgitation (OR 2.2, CI 0.99,4.66;
p=0.05), but did not include genetic anomaly, right aortic arch, truncal valve stenosis or
regurgitation or TA subtype. Conclusion: Among continued pregnancies, prenatally
diagnosed TA is associated with a 15% risk of perinatal mortality/need for cardiac trans-
plantation. Extracardiac anomalies and TV regurgitation are independent predictors of
perinatal mortality. These findings should be incorporated into prenatal counseling and
perinatal management planning.

PC-23 - Moderated

Novel Quality Improvement Methodology for Fetal Echocardiography
Suma Potiny Goudar, Anita Krishnan, Stephanie Bowers, Mary Donofrio. Children's
National Medical Center, Washington, DC.
Background: Fetal echo is a tool used to diagnose congenital heart disease (CHD) and guide
postnatal management. Current quality improvement (QI) strategies focus on discrepancy
between anatomic diagnosis, but a metric that incorporates prediction of early postnatal
management would be of interest. We developed a novel method to add depth to the exist-
ing fetal QI metrics by incorporating a risk-stratified categorization for delivery planning.
Methods: This is a pilot study including infants with CHD that had a prenatal echocardio-
gram at our institution from June 2020-January 2022. Subjects were prospectively assigned a
level of care (LOC): 1- nursery consult/outpatient follow-up, 2- stable in delivery room
(DR), transfer to tertiary care for neonatal intervention, 3- potential instability in DR
and possible urgent cardiac intervention, 4- likely instability in DR and urgent cardiac inter-
vention needed. The prenatal diagnosis and level of care were compared with the postnatal
echocardiogram and level of care by review of the medical record. Severity of the discrep-
ancy was assigned by a group of fetal cardiologists who reviewed each case. Results: A total
of 516 subjects were included in the study. Of these, 20 (4%) had diagnostic discrepancies.
Type of discrepancies included: 4 (20%) subjects with only LOC discrepancy, 11 (52%) sub-
jects with diagnosis discrepancy without LOC discrepancy, and 4 subjects (20%) with both a
diagnostic and LOC care discrepancy. Severity of the discrepancies are described in figure 1.
Of the subjects with LOC discrepancy only, 75% had a diagnosis of Tetralogy of Fallot and
all had a change in LOC from 1 to 2. None had retrograde flow in the ductus. Conclusions:
By incorporating LOC into our fetal QI process, we captured cases in which postnatal man-
agement was impacted that would not be identified using discrepancy in diagnosis alone.
Furthermore, the addition of LOC highlights discrepancies of greater severity, prioritizing
interventions. Our experience revealed the challenges in delivery planning for Tetralogy of
Fallot patients and highlights an area to focus QI strategies and prenatal counseling. We
conclude that incorporating LOC, a metric that includes delivery management, provides
valuable information and enhances QI efforts in fetal cardiology programs.
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PC-24 - Moderated

Myocardial Global Work Efficiency and Constructive Work are Impaired in Children
with Kawasaki Disease and Severe Coronary Artery Involvement
Stephen B. Williams, Aura A. Sanchez, Jolie J. Britt, Sara K. Sexson Tejtel, Anitha Parthiban,
Carolyn A. Altman, Ricardo H. Pignatelli, Tam T. Doan. Texas Children's Hospital j Baylor
College of Medicine, Houston, TX.
Background: Coronary artery involvement in Kawasaki Disease (KD) is a risk factor for
myocardial ischemia anddysfunction followingKDdiagnosis.Myocardialworkassessment ac-
counts for deformation and afterload andmay be amore specificmarker ofmyocardial perfor-
mance, compared to global longitudinal strain (GLS). We hypothesize that patients with KD
and more severe coronary artery involvement have impaired myocardial work indices in the
convalescent phase. Methods: This is a cross-sectional study in patients <18 years old with
echocardiograms performed > 8 weeks after KD diagnosis. The AHA Scientific Statement
risk classification schemewas used (AHArisk 1 = no coronary artery involvement; 2 = dilation;
3 = small aneurysm; 4= medium aneurysm; and 5 = giant aneurysm) to divide patients into 2
groups (AHA risk 1-3 vs AHA risk 4-5). We reviewed stress cardiac magnetic resonance im-
aging (sCMR) performed as routine assessment in patients with AHA risk 4-5 for abnormal
stress perfusion. Myocardial global work index, constructive work (GCW), wasted work,
work efficiency (GWE), and GLS were obtained using EchoPAC v.204. We used Mann
Whitney U Test and Chi-square/Fisher’s exact tests to compare variables between groups (p
< 0.05). Results: We included 63 patients (40 male) at a median age of 3.8 years (IQR 1.4,
5.5) and time from KD diagnosis of 5 months (IQR 2, 9). Compared to AHA risk 1-3
(n=42), patients in risk 4-5 (n=21) had lower GWE (p=0.042) (Figure). In AHA risk 4-5
with sCMR, abnormal stress perfusion was present in 3/10 patients, who had lower GCW
(1677 (1575, 1797) vs 1977 mmHg% (IQR 1892, 2165), p=0.033), a trend toward impaired
global work index (1455 (1313, 1710) vs 1778 (IQR 1651, 1927), p =0.053), but no difference
in other work indices or GLS compared to patients with normal stress perfusion.
Conclusions: Children with KD who have more severe coronary artery involvement and
abnormal sCMR demonstrate impairment in myocardial work efficiency and constructive
work despite no difference in deformation, when compared to those with less severe coronary
involvement and normal sCMR. Further studies with additional focus on systemic vascular
stiffness may help better understand the role of endothelial dysfunction and ventriculoarterial
interaction in this population.

PC-25 - Moderated

Normal Values for Pediatric Left Atrial Strain Based Upon Speckle-Tracking
Echocardiography
Alessandra M. Ferraro1,2,3, Nina Conn1,2, Lynn A. Sleeper1,2, Minmin Lu1, Adi Adar4, David
W. Brown1,2, Philip T. Levy1,2, Sunil J. Ghelani1,2, David M. Harrild1,2. 1Boston Children's
Hospital, Boston, MA; 2Harvard Medical School, Boston, MA; 3Sapienza University of
Rome, Rome, Italy; 4Schneider Children's Medical Center, Petah Tikva, Israel.
Background: Two-dimensional (2D) left atrial (LA) strain is an imaging biomarker
indicative of cardiac function in a variety of conditions. Whereas normal values in the
adult population are robust, equivalent pediatric data are lacking. Therefore, we sought
to apply an analytical package for the analysis of LA strain used in the adult population
to a large pediatric cohort to develop a robust dataset of normal values. Methods: We
retrospectively analyzed images from 750 patients <21 years old who had been referred
for a clinical echocardiogram and were subsequently concluded to have structurally
and functionally normal hearts. Typical indications for referral were murmur, chest
pain, palpitations, and concern for abnormal electrocardiograms. Patients with non-
cardiac comorbidities with potential cardiovascular impact were excluded. Patients
with the following were also excluded: obesity; tachycardia or bradycardia; any 2D-
echo measurement with a Z score >2.5 or <-2.5; family history of cardiomyopathy in a
first-degree relative; or poor image quality. Echocardiograms were all performed on
Philips EPIQ platform. Apical 4-chamber views including the entire LA were recorded
at the native (on-the-cart) frame rate, and off-line analysis was conducted using
TomTec Autostrain LA. LA reservoir, conduit, and contraction strain were reported us-
ing two commonly used reference points, end-diastole and atrial contraction.
Associations between strain and age were assessed using ANOVA, Pearson correlation,
and generalized additive modeling. Results: Images from 750 patients were analyzed.
Patient demographic and 2D echocardiographic data are reported in Table 1. Figure 1
shows LA strain parameters versus age for both end-diastolic and atrial contraction refer-

ence points. Age-related changes were nonlinear and significant in all parameters.
Conclusion: Analysis of a large pediatric cohort revealed that LA strain values signifi-
cantly vary with age, confirming the need for normal reference values to be age-specific.

PC-26

Results from the First 160 Anti-Ro/SSA Antibody Positive Pregnancies Enrolled in
STOP BLOQ
Bailey Drewes1, Lisa Howley2, Nelangi Pinto3, Colin Phoon4, Elena Sinkovskaya5, Majd
Makhoul6, Anita Moon-Grady7, Christopher Lindblade8, Tam Doan9, James Strainic10,
Gary Satou11, Joshua Copel12, Katherine Kohari12, Stephanie Levasseur13, Caitlin Haxel14,
Nicola Fraser4, Robert Clancy4, Mala Masson4, Jill Buyon4, Bettina Francesca Cuneo1.
1Children's Hospital Colorado, Aurora, CO; 2Children's Minnesota, Minneapolis, MN;
3University of Utah Health, Salt Lake City, UT; 4New York University Langone Medical
Center, New York, NY; 5Eastern Virginia Medical School, Norfolk, VA; 6University of
Kentucky, Lexington, KY; 7University of California San Francisco, San Francisco, CA;
8Phoenix Children's Hospital, Phoenix, AZ; 9Baylor College of Medicine, Houston, TX;
10UH Rainbow Babies, Cleveland, OH; 11University of California Los Angeles, Los Angeles,
CA; 12Yale School of Medicine, New Haven, CT; 13Columbia University Medical Center,
New York, NY; 14University of Vermont, Burlington, VT.
Background: Evidence based protocols for surveillance and treatment of fetal anti-Ro/
SSA antibody mediated AV block (AVB) are lacking. In September 2021 we initiated
STOP BLOQ (Surveillance To Prevent AV Block Likely to Occur Quickly), a 3-step
open label clinical trial including risk stratification by antibody titer, fetal heart rate
monitoring (FHRM) and fetal echo (FE) surveillance, and 2� AVB treatment with dexa-
methasone (DEX) and intravenous immune globulin (IVIG). These data summarize re-
sults of the first 160 enrollees. Methods: Pregnant anti-Ro/SSA positive patients were
recruited and risk stratified by anti-Ro60 and Ro52 antibody titers measured in the
core lab (Step 1). High titer subjects or those with a previously affected child underwent
FE and 3x/day ambulatory FHRM surveillance from 17-26 weeks (Step 2). Low titer
subjects were followed according to site protocols. Step 2 subjects called the on-call
cardiologist if they suspected abnormal FHRM. If confirmed abnormal, site PI conduct-
ed urgent FE and if 2� AVB, began DEX (8 mg/day) and IVIG (70 g x 1; Step 3).
Pregnancy and neonatal outcome and postnatal electrocardiograms (ECGs) were re-
viewed for high and low titer subjects. Results: 167 patients from 15 centers were
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approached, 160 (96%) enrolled (Figure 1). There were 55 low titer and 101 high titer
subjects (18 with a previously affected child) . One subject was lost to follow-up, 1
was a screen failure, and 2 are awaiting titers; 99 (63%) were receiving hydroxychloro-
quine. Abnormal FHRM was confirmed in 11: 6 had normal urgent FE, 4 had benign
atrial ectopy. One (19 weeks, with a previously affected child and normal FHRM 5 hours
prior) had 1� and 2� AVB which reverted to sinus rhythm 9 days after treatment with
IVIG and DEX. One subject did not recognize abnormal FHRM (retrospectively
confirmed) and FE 72 hours later showed 3� AVB unresponsive to treatment. Five sub-
jects miscarried, 70 delivered at 386 2.5 weeks with normal (53) or pending (16) ECGs;
1 showed 1� AVB which resolved at 2 months. No AVB developed outside 17-26 weeks
or in low titer subjects. Conclusion: These data support the feasibility of FHRM and its
significant contribution to the surveillance and management of anti-SSA/Ro pregnan-
cies. Rapid and accurate detection of conduction disease holds promise for reversal of
an otherwise lifelong condition.

PC-27

The Relationship Between Fetal Circulatory Physiology and Brain Development in
Complex Congenital Heart Disease Using a Multi-Modal Imaging Approach
Stephan Juergensen, Jing Liu, Duan Xu, Anita J. Moon-Grady, Orit A. Glenn, Patrick S.
McQuillen, Shabnam Peyvandi. University of California - San Francisco, San Francisco, CA.
Background: Fetuses with complex congenital heart disease (CHD) have abnormal physi-
ology causing reduced cerebral oxygen and nutrient delivery, delayed brain development,
and altered neurodevelopment. Effects of altered physiology as measured by fetal echo
(FE) on brain development have not been well studied. Fetal brain MRI studies have shown
decreased total brain volume (TBV) and global estimated cerebral oxygenation by T2*
decay time in fetuses with CHD compared to controls. Lower fetal TBV has been shown
to increase risk of clinically significant postnatal brain injury in complex CHD. We used
multi-modal imaging to study the relationship between circulatory physiology, fetal cere-
bral oxygenation, and TBV as a surrogate for brain development in fetuses with hypoplastic
left heart syndrome (HLHS) and transposition physiology (TGA).Methods: From 2017 to
2021, patients carrying a fetus with CHD were prospectively enrolled in a cross-sectional
study to undergo a third trimester FE and fetal brain MRI. TBV and T2* were measured
on MRI. Aortic, pulmonary and indexed combined cardiac output (CCOi) were calculated
on FE. For HLHS, aortic arch flow direction was assessed. Standard descriptive statistics
were used to study relationships between TBV, T2*, and FE measurements stratified by car-
diac group.Results: Fortyparticipantswere enrolledwithHLHSandTGA-31had a complete
data set (HLHS=17;TGA=14).Meangestational age at FEandMRIwas 33.7weeks.CCOiwas
lower in HLHS than TGA. Fetuses with HLHS showed significant correlation between CCOi
and TBV (Fig 1a). For every 10% increase in CCOi, TBV increased by 7.8 mm3 (95%CI:
1.8,13.8; p= 0.01). There was a trend towards smaller mean TBV in fetuses with retrograde
arch flow (p= 0.1) and those with aortic atresia (p= 0.1) (Fig 1b-c). There was no association
between FEmeasures and T2*. Fetuses with TGA showed no correlation betweenCCOi or ra-
tio of aortic CO/CCOwith TBV (p=0.47) or T2* (p=0.33).Conclusions: In HLHS, lower car-
diac output is associated with lower TBV, suggesting a relatively low cardiac output state is
deleterious for the developing brain andmay be amarker for worse neurologic outcomes after
birth. Our data suggests that fetal circulatory physiology as measured by FEmay enhance pre-
natal counseling on brain development and neurodevelopmental risks in CHD.

PC-28

Comparison of Functional Echocardiographic Parameters for Detection of Coronary
Artery Vasculopathy in Pediatric Patients Following Heart Transplant: A Single-
Center Retrospective Study
Heidi Kim, Drishti Tolani, Alyssa Power, Mansi Gaitonde. University of Texas Southwestern
Medical Center, Dallas, TX.
Background: Coronary artery vasculopathy (CAV) remains the leading cause of mortality
beyond the first 3 years after pediatric heart transplantation (HT). The diagnosis of CAV is
challenging, as patients are typically asymptomatic due to denervation that occurs during
transplantation. In current practice, coronary angiography remains the typical mode of
diagnosis, though it is an invasive test with low sensitivity. We aimed to evaluate the utility
of echocardiography in the detection of CAV by comparing functional echocardiographic
parameters in transplanted patients with and without CAV. Methods: A retrospective re-
view of pediatric patients who underwent HT between January 1999 and December 2022
at our institution was performed. We matched all patients with CAV to patients without
CAV by age at transplant and gender. For patients with CAV, echocardiograms obtained
on the day of or just prior to their CAV diagnoses were analyzed. Echocardiograms per-
formed at matched time since transplant were chosen for the non-CAV group. Data
collected included type of immunosuppression, number of rejection episodes, and panel
reactive antibodies as well as echocardiogram parameters for left ventricular (LV) and right
ventricular (RV) function and tissue Doppler imaging (TDI). Statistical analysis was per-
formed using SPSS version 25 with p value <0.05 for significance. Results: The median
age at CAV (n = 18) diagnosis was 12.04 years with a median time since transplant of
5.81 years. The median number of rejection episodes in the CAV group was 1.94, and
the mean in the non-CAV group was 0.83 (p<0.041). The remainder of clinical demo-
graphics are described in Table 1A. The median LV ejection fraction by Simpson biplane
method was significantly lower in patients with CAV, falling in the low-normal range,
compared to non-CAV patients (56.97% vs 62.57%, p = 0.002). There were no differences
in assessments of RV function as shown in Table 1B. In those with CAV, septal mitral e’
velocity was significantly lower when compared to the non-CAV group (0.09 m/s vs 0.11
m/s, p = 0.015). Conclusion: Reduced septal mitral e’ velocity may be associated with the
development of CAV in pediatric HT patients. Attention to subtle reduction of trends of
TDI velocities and LV function may be helpful in determining when further coronary eval-
uation is necessary.

PC-29

The Pandemic Effect: Has the COVID 19 Pandemic Delayed the Timely Diagnosis of
Single Ventricle Congenital Heart Disease
Molly Maenchen, Deepti Bhat, Christopher L. Lindblade. Phoenix Children's Hospital,
Phoenix, AZ.
Background: Prenatal diagnosis of single ventricle congenital heart disease
(SV CHD) expedites postnatal treatment. The COVID-19 pandemic restrictions
limited care, including to those requiring prenatal echocardiograms. We aimed to
determine if the COVID-19 pandemic affected our prenatal identification of SV
CHD. Methods: Infants with SV CHD born between January 1, 2018 to
December 31, 2021 were included. The Arizona COVID-19 pandemic restrictions
started in March 2020. Patients born July 1, 2020 - December 31, 2020 were
categorized as the ``pandemic group''. Those born in the 18 months prior to July
2020 were the ``pre-pandemic'' controls. Groups were compared using standard sta-
tistical methods. Results: A total of 83 patients with SV CHD, 74 patients (89%)
diagnosed prenatally, were included. Table 1 compares the patients with/without
prenatal diagnosis. Hypoplastic left heart was the most common SV CHD, account-
ing for �80% in both groups. Postnatally diagnosed infants were at significantly
higher risk for mechanical ventilation prior to Stage 1 surgery (p=0.001). Table 2
shows the strong correlation of our fetal echo findings and postnatal diagnoses.
The most common discrepancy was mitral stenosis vs. mitral atresia. Prenatal diag-
nosis of SV CHD decreased from 92% to 83% with the pandemic restrictions
(p=0.2). Average time to postnatal diagnosis was longer in the pandemic group
(8 vs. 2 days pre-pandemic). Conclusions: Single ventricle congenital heart disease
patients benefit from prenatal diagnosis. The restrictions related to COVID-19
reduced the rate of prenatal diagnosis in these patients, causing delay in the
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diagnosis and transfer to a tertiary center, as well as increasing the risk of preop-
erative mechanical ventilation.

PC-30

Prenatal Predictors for Pulmonary Balloon Valvuloplasty in the Newborn
Jennifer A. Johnson1, Timothy Canavan2, Tarek Alsaied1, Lisa Howley3, Hayley S. Hancock4,
Divya Suthar5, Elisa Marcuccio6, Taylor M. Trussell6, Bettina Cuneo7. 1UPMC Children's
Hospital of Pittsburgh, Pittsburgh, PA; 2UPMC Magee Womens Hospital, Pittsburgh, PA;
3The Children’s Heart Clinic/Children’s Minnesota, Minneapolis, MN; 4Children’s Mercy
Kansas City, Kansas City, MO; 5Children's Healthcare of Atlanta, Atlanta, GA;
6Cincinnati Children’s Hospital Medical Center, Cincinnati, OH; 7Children's Hospital
Colorado, Denver, CO.
Background: Pulmonary balloon valvuloplasty (PBV) is the treatment of choice for infants
with isolated pulmonary valve stenosis (IPS). However, prenatal data predicting the need for
newborn PBV is limited. The purpose of this study was to define fetal echocardiographic
features associated with the need for PBV prior to newborn hospital discharge. Methods:
We conducted a 6-center, retrospective case series of singleton fetuses identified between
2010-2020 with IPS. We reviewed pulmonary valve peak gradients and velocities, the pres-
ence of pulmonary valve insufficiency and flow characteristics in the ductus arteriosus from

the last fetal echocardiogram prior to delivery. We compared the findings between subjects
undergoing PBV as newborn prior to discharge from initial hospitalization vs those referred
as outpatients for PBV. We analyzed data by logistic regression and Chi-Square testing with
a p-value of # 0.05 considered statistically significant. Results: Of 49 IPS fetuses with a
mean gestational age of 34 (62.3) weeks, 38 (78%) underwent PBV prior to initial hospital
discharge at a mean of 5 (range 1-58) days. Eleven (22%) subjects underwent PBV after
initial hospital discharge at age 51.8 (11-174) days (table1). Newborns undergoing PBV
were more likely to have prenatal reversed or bidirectional ductus arteriosus flow (61%
vs 0%). Also, a prenatal peak pulmonary valve velocity > 3.0 m/sec was associated with
an increased risk of PBV (odds ratio 16.9, 95% confidence interval 3.02-94.17) with a sensi-
tivity of 90.4% and specificity of 97.7% to predict fetuses requiring PBV prior to newborn
hospital discharge. Conclusion: Left-to-right or bidirectional flow in the ductus arteriosus

or a peak pulmonary valve velocity > 3 m/sec in late 3rd trimester fetal echocardiogram pre-
dicted the need for PBV prior to initial hospital discharge in IPS newborns. These findings
suggest delivery at a tertiary care center is warranted.
PC-31

Left Ventricular Myocardial Work is Impaired in Children with Nonobstructive
Hypertrophic Cardiomyopathy: A Pilot Study
Jolie Janae Britt, Tam T. Doan, Stephen B. Williams, Ricardo H. Pignatelli, Anitha
Parthiban. Baylor College of Medicine, Houston, TX.
Background:Global myocardial work index (GWI) is a noninvasive measure of myocardial
work that takes into account ventricular loading. GWI has not been studied in pediatric
HCM, while it is reduced and associated with worse outcome in adults with nonobstructive
hypertrophic cardiomyopathy (HCM). We hypothesized that myocardial work indices are
1) impaired in children with HCM 2) correlate with left ventricular mass and myocardial
scarring and 3) associated with worse clinical outcome. Methods: Prospective
echocardiography was obtained on HCM < 21 years of age and healthy age matched con-
trols. Blood pressure was measured at the time of echocardiography. Nonobstructed HCM
was defined as left ventricular outflow tract peak velocity # 2.5 m/s. Average GWI, work
efficiency (GWE), constructive work (GCW) and wasted work (GWW) were obtained
from standard views using EchoPAC. Available cardiac magnetic resonance imaging was
reviewed for left ventricular mass and number of segments with delayed enhancement.
Myocardial work indices were compared to left ventricular mass and number of delayed
enhancement segments. Combined clinical outcomes included cardiac arrest, death and/
or transplant since echocardiogram. Results: Twenty children were included at a median
age of 14 years (IQR 11, 15). HCM had significantly worse GWI, GWE, GCW, but no dif-
ference in GWW compared to controls (Table). Cardiac magnetic resonance imaging was
available for 14 patients (10 with delayed enhancement, # segments range 0-12). Increasing
left ventricular mass was associated with lower GCW (r = -0.7, p = 0.013). Increasing num-
ber of segments with delayed enhancement was associated with lower GWI (r= -0.7, p =
0.012) and lower GCW (r=-0.6, p = 0.017). No myocardial work indices were associated
with the combined outcome (n=5/20) at a median follow-up time of 2.9 years (IQR 2.7-
3.0). Conclusion: Myocardial work indices are impaired in children with HCM compared
to healthy controls with some being associated with left ventricular mass and myocardial
scarring on cardiac magnetic resonance imaging. Further study of myocardial work in a
larger pediatric HCM sample as a clinical prognosticator is warranted.
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Table 1: Characteristics of Fetuses Requiring Pulmonary Balloon Valvuloplasty

PC-32 - Moderated

Rationale and Design of the First Multicenter Pediatric Echocardiography Quality
Improvement Collaborative: Decreasing Pre-Operative Imaging Discrepancies in
Patients Prior Congenital Heart Defect Surgery
ShobhaS.Natarajan1,KaseyChaszczewski1,DeidraAnsah2, SowmyaBalasubramanian3,Meaghan
Beattie4, Aarti H. Bhat5, Carlie Brewer6, Matthew J. Campbell7, Mya Carney7, Tammy Lane
Churchill8, Preeta Dhanantwari9, Pei-Ni Jone6, Grace Kong10, Elena N. Kwon9, Joan Lipinski11,
Nitin Madan12, Jennifer Nelson12, Robert Olsen1, Anitha Parthiban2, Carol Prospero7, Hari
Rajagopal9, Ritu Sachdeva11, Hasti Sanandajifar2, Aura Sanchez Mejia2, Shubika Srivastava7,
Kenan Stern10, Carolyn Taylor8, Seda Tierney4, Meryl S. Cohen1. 1The Children's Hospital of
Philadelphia, Philadelphia, PA; 2Texas Children's Hospital, Houston, TX; 3C.S. Mott Children’s
Hospital, Ann Arbor, MI; 4Lucile Packard Children's Hospital, Palo Alto, CA; 5Seattle Children’s
Hospital, Seattle, WA; 6Children’s Hospital Colorado, Aurora, CO; 7Nemours Children’s Health,
Wilmington, DE; 8Medical University of South Carolina, Charleston, SC; 9Northwell Health, New
Hyde Park, NY; 10The Mount Sinai Hospital, New York, NY; 11Children’s Healthcare of Atlanta,
Atlanta, GA; 12Children’s Mercy Hospital, Kansas City, MO.
Background: Local quality improvement (QI) efforts by pediatric echocardiography (echo)
laboratories to reduce pre-operative diagnostic imaging errors prior to congenital heart disease
(CHD) surgery are not uniform. Under the auspices of the Society of Pediatric Echo, we devel-
oped this multi-center Pediatric Echo QI Collaborative. Our first project aims to reduce pre-
operative imaging errors. Phase 1 of the project defines the problem, outlines outcomemetrics
and is presented here. Methods: Fifteen echo laboratories agreed to participate and 10 are
actively enrolling. The Children’s Hospital of Philadelphia (CHOP) executed data use agree-
ments for participating centers. A centralized Research Electronic Data Capture tool
(REDCap, Vanderbilt University, Nashville, TN) was created to enter patient data across cen-
ters after local institutional review boards’ approval. Monthly calls iteratively revised questions
to address drivers of diagnostic errors, defined as missed diagnostic findings that were
correctly identified in the operating room or within 14 days after surgery. Primary outcome
metric was diagnostic error rate (# of errors / total # of surgeries) from April to December
2021. Results: Defects that met criteria were entered into CHOP validated REDCap database
by individual (de-identified) centers (Table 1). Figure 1 is a statistical process chart of the diag-
nostic error rate. Of 810 entries, 64 reported errors (mean error rate of 8.4%). Additional ven-
tricular septal defects comprised 28% errors, 19% were coronary anomalies and 17% involved
the atrioventricular valves. Moderate to severe clinical impact was noted in 27% of errors.
Conclusions: We successfully initiated the first multi-center echo QI project to reduce diag-
nostic errors prior to CHD surgery. With an expanded cohort of surgeries, we will develop
interventions to reduce the diagnostic error rate across centers in a collaborative way which
may ultimately improve outcomes for our patients.

PC-33

Comparison of Abnormal Wall-Motion Pattern on the Apical 2-Chamber View in
Patients with Takotsubo versus Acute Coronary Syndrome: A Simple, Accurate, Non-
Invasive Discriminator
Taha Ahmed, Meredith Duncan, Vincent L. Sorrell. University of Kentucky, Lexington, KY.
Introduction: Differentiating Takotsubo (TTS) from acute coronary syndrome (ACS)
involving left anterior descending coronary (LAD) artery conventionally requires coronary
angiography. Given their major differences in etiology for regional wall motion abnormal-
ities (RWMA), we anticipate a difference will exist in RWMA pattern if a highly critical
comparative analysis is performed. The aim of this retrospective observational study was
to assess unique 2D- TTE RWMA patterns in patients with TTS and ACS to find a consis-
tent difference that may be used to differentiate these overlapping syndromes.Methods: A
total of 89 patients with TTS (N 49) or LAD-ACS (N 40) who underwent concomitant echo-
cardiographic and coronary angiographic assessment were analyzed. Patients were classi-
fied as TTS or ACS using clinical, electrocardiographic, laboratory, angiographic and
echocardiographic findings (table). An initial comprehensive unblinded review suggested
2D TTE view with the most consistent difference in RWMA patterns between TTS and
ACS was the apical 2-chamber view. Exact location of the end-systolic anterior (AHP)
and inferior (IHP) myocardial `̀ hinge'' points (border of normal/abnormal wall thickening)
relative to mitral annulus was therefore quantitatively measured in all patients (Figure).
Results: There were differences in age, gender, clinical presentation, and cardiac biomarker
levels (table). The ratio (1.09) and the absolute distance between the AHP (3.5cm [3.2-3.9])/
IHP (3.5cm [3.0-3.9]) in TTS was strikingly different than the ratio (0.83) and absolute dif-
ference between the AHP (5.0cm [4.4-5.5])/IHP (6.1cm [5.3-6.9]) in ACS and could not be
accounted for by sex. An AHP, IHP or ratio of 4.2cm, 5.0cm, 0.90 respectively, consistently
categorized patients into their proven clinical syndrome. Conclusions: We propose a rela-
tively simple 2-D TTE diagnostic tool to differentiate TTS from ACS that will now be tested
in a prospective blinded cohort of patients.
Cells contain median (IQR) unless otherwise specified
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Can Right Atrial Size and Phasic Function Provide Prognostic Information in Cardiac
Amyloidosis?
Jeremy A. Slivnick1, Cristiane Singulane1, Karima Addetia1, Nitasha Sarswat1, Laurie
Soulat-Dufour1, Federico M. Asch2, Victor Mor-Avi1, Roberto M. Lang1. 1University of
Chicago Medical Center, Chicago, IL; 2MedStar Health Research Center, Washington, DC.
Background: Cardiac amyloidosis (CA) is an increasingly recognized and treatable
cause of restrictive cardiomyopathy in which abnormally folded amyloid proteins de-
posit in the myocardium. Given the significant morbidity and mortality associated with
CA, there is a need to better define predictors of risk in this population. As amyloid

deposition is known to involve the right atrium (RA), we aimed to determine the prog-
nostic implications of abnormalities in RA size and function in patients with CA.
Methods: We studied 118 patients (median age 70, 57% male, 70% black) with immu-
noglobulin light chain (AL, N=67 (57%)) or transthyretin (ATTR, N=51 (43%)) CA,
who underwent transthoracic echocardiogram while in sinus rhythm. Speckle tracking
was used to quantify RA reservoir, conduit, and booster strain. The association be-
tween impaired RA strain and mortality was assessed using Cox regression analysis.
Kaplan Meyer analysis was performed to assess the relationship between abnormal
strain and survival over time, using the median value as a cutoff for each parameter.
Results: RA median volume was significantly larger in CA patients, and RA reservoir,
booster, and conduit strain were all significantly more impaired in CA as compared to
controls (Table 1). Within the entire CA cohort, reduction in both RA reservoir (HR
0.97 [0.95-0.99] per %, p=0.006) and RA conduit (HR 1.05 [1.02-1.08] per %,
p=0.004) were significantly associated with mortality (Table 2). Neither RA volume
(p=0.362) nor RA booster strain (p=0.180) were associated with risk of death. In sub-
group analysis, RA reservoir and conduit strain remained significantly associated with
mortality in AL-CA (p=0.003 for both), but not in ATTR-CA (p=0.468 and 0.432
respectively). Kaplan Meier analysis showed that impaired conduit and reservoir strain
were associated with mortality in CA and AL-CA subtype but not in ATTR-CA
(Figure). Conclusions: Derangements in RA reservoir and conduit strain in CA are
associated with worse survival, particularly in patients with AL-CA. Measurement of
phasic RA strain in CA provides potentially useful prognostic information.

PC-35 - Moderated

Multimodality Ultrasound Imaging to Investigate the Role of Von Willebrand Factor,
Platelet Adhesion, and Oxidative Stress in Aortic Stenosis
Matthew Muller1, Koya Ozawa1, Todd Belcik1, Oleg Varlamov2, Matthew Hagen1, William
Packwood1, Aris Xie1, Jonathan Lindner1. 1Oregon Health and Sciences University, Portland,
OR; 2Oregon National Primate Research Center, Portland, OR.
Background: Aortic stenosis (AS) involves abnormal growth factor signaling of valve inter-
stitial cells (VICs). High shear stress and oxidative stress lead to excess endothelial surface
expression of Von Willebrand factor (VWF) which supports platelet adhesion and juxtra-
crine signaling through platelet-derived growth factors. Using multimodality ultrasound
imaging, we tested the hypothesis that excess valvular endothelial VWF and platelet adhe-
sion contribute to AS, and that AS progression can be inhibited by potent antioxidant ther-
apy. Methods: Wild-type mice, LDL receptor-deficient mice fed Western diet (LDLR-/-),
and LDLR-/- mice deficient for ADAMTS13 (LDLR-/-AD13-/-) which cleaves VWF from
the endothelium were studied. At 30 weeks-of-age, aortic root endothelial VWF and platelet
adhesion were assessed by ultrasound molecular imaging; at which time therapy with the
Nox2 inhibitor apocynin was initiated in a subset of LDLR-/-AD13-/- mice. At 50 weeks-
of-age, comprehensive echocardiography was performed for aortic valve hemodynamics,
arterial stiffness, and left ventricular (LV) structure and function. Valve morphology and
phenotype were characterized by histology and in situ hybridization. Results: On aortic
root molecular imaging, compared to other strains, LDLR-/-AD13-/- mice had excess endo-
thelial surface-associated VWF and platelet adhesion. At 50 weeks-of-age, LDLR-/-AD13-/-

mice developed AS with significantly higher pressure gradient and aortic valve resistance,
and smaller aortic valve area than other strains (p<0.05). LDLR-/-AD13-/-mice were also hy-
pertensive with aortic elastance and a valvulo-aortic impedance (Zva) that was 2-3-fold
higher than other strains (p<0.05), resulting in LV hypertrophy and load-dependent reduc-
tion in LV systolic function. On histology, endothelial adhesion of platelets, leaflet thick-
ening and calcification, expansion of collagen matrix, and evidence for VIC
myofibroblastic and osteogenic transformation by conventional markers were seen for
aortic leaflets from LDLR-/-AD13-/-mice.Hemodynamically significant AS, arterial stiffness,
and leaflet thickening and calcification were all prevented by apocynin, rendering treated
LDLR-/-AD13-/-mice to be similar to LDLR-/-mice for almost all echocardiographic and his-
tologic data. Conclusions: Excess endothelial surface-associated VWF promotes AS
through platelet signaling and phenotypic changes in VICs known to produce AS in hu-
mans. This pathway also contributes to high ZVa from arterial stiffness and is suppressed
by new therapies that reduce oxidative stress.

PC-36 - Moderated

Normative Values of the Aortic Valve Hemodynamics on Transthoracic
Echocardiography: Results from the Multicenter World Alliance of Societies of
Echocardiography Study
Juan I. Cotella1, Tatsuya Miyoshi2, Victor Mor-Avi1, Karima Addetia1, Marcus
Schreckenberg3, Michael Blankenhagen3, Niklas Hitschrich3, Vivekanandam Amuthan4,
Rodolfo Citro5, Masao Daimon6, Pedro Guti�errez-Fajardo7, Ravi Kasliwal8, James N.
Kirkpatrick9, Mark J. Monaghan10, Denisa Muraru11, Kofo O. Ogunyankin12, Seung Woo
Park13, Ana Clara Tude Rodrigues14, Ricardo Ronderos15, Anita Sadeghpour16, Gregory
Scalia17, Masaaki Takeuchi18, Wendy Tsang19, Edwin S. Tucay20, Mei Zhang21, Federico
M. Asch2, Roberto M. Lang1. 1University of Chicago Medical Center, Chicago, IL;
2MedStar Health Research Institute, Washington, DC; 3TomTec Imaging Systems,
Unterschleissheim, Germany; 4Jeyalakshmi Heart Center, Madurai, India; 55University of
Salerno, Salerno, Italy; 6University of Tokyo, Tokyo, Japan; 7Hospitales Mac Bernardette,
Guadalajara, Mexico; 8Medanta Heart Institute, Gurgaon, India; 9University of
Washington, Seattle, WA; 10King's College Hospital, London, United Kingdom;
11University of Milano-Bicocca, Milan, Italy; 12First Cardiology Consultants Hospital,
Lagos, Nigeria; 13Samsung Medical Center, Seoul, Korea, Democratic People's Republic of;
14Albert Einstein Hospital, Sao Paolo, Brazil; 15Instituto Cardiovascular de Buenos Aires,
Buenos Aires, Argentina; 16Rajaie Cardiovascular Medical and Research Centerenter,
Tehran, Iran, Islamic Republic of; 17Genesis Care, Brisbane, Australia; 18University of
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Occupational and Environmental Health, Kitakyushu, Japan; 19Toronto General Hospital,
Toronto, ON, Canada; 20Philippine Heart Center, Quezon City, Philippines; 21Qilu
Hospital of Shandong University, Jinan, China.
Background: Echocardiography is the primary noninvasive imaging method for the
diagnosis and evaluation of aortic valve (AV) disease. In clinical practice, normal
AV area values used for the evaluation of aortic stenosis (AS) have been traditionally
interpreted independently of sex and age. To date, it is unknown whether relevant age
and sex differences exist in the normative values of the measurements required for the
continuity equation. As these differences might impact clinical interpretation and de-
cision making, we aimed to establish normative values for AV area (AVA) and hemo-
dynamic parameters across a wide variety of age and sex, using data from the World
Alliance of Societies of Echocardiography (WASE) Normal Values Study. Methods:
Complete 2D transthoracic echocardiographic studies were obtained from 1908 healthy
adult subjects, with even distributions among age groups and sex (48% women).
Subjects were divided into three age groups (young, 18-40 years; middle aged, 41-65
years; and old, >65 years). Measurements of the left ventricular outflow tract
(LVOT) diameter and AV hemodynamic parameters, including AV and LVOT velocity
time integrals (VTI), AV mean pressure gradient (PGmean), peak velocity (Vmax),
were obtained according to the ASE/EACVI guidelines. AVA was calculated from
the continuity equation, and indexed to body surface area (BSA). Results:
Compared to men, women had significantly smaller LVOT diameters and AVA values,
and higher AV peak velocities and mean gradients (p<0.05). AVA differences persisted
irrespective of BSA indexing (Table 1). In light of the AVA lower limit of normality
(Table 2, LNL), 13.5% of women would have been considered to have mild AS and
1.4% moderate AS, according to the current diagnostic criteria. LVOT diameter and
AVA was lower in older subjects, both men and women (Table 3). Conclusion:
This analysis of the WASE data provides clinically relevant information about signif-
icant differences in normal AVA and hemodynamics according to sex and age.
Guidelines should consider these findings in light of the direct implications that
they might have on actual AS diagnostic criteria.

PC-37 - Oral

Quantitative Assessment of Aortic Regurgitation Severity: A Simultaneous
Echocardiographic Cardiac Magnetic Resonance Comparative Study
Rowa H. Attar1, Clara Angulo1, Duc T. Nguyen2, Edward A. Graviss2, Dipan J. Shah1, Maan
Malahhfji1, William A. Zoghbi1. 1Methodist DeBakey Heart and Vascular Center, Houston,
TX; 2Houston Methodist Research Institute, Houston, TX.
Background: Quantitation of aortic regurgitation (AR) can be performed with either
echocardiography (Echo) or cardiac magnetic resonance (CMR). The agreement between
Echo and CMR is still unclear, contributed by performing such studies at different time-
points. Methods: Patients referred to CMR for valvular assessment were prospectively
enrolled and underwent same day Echo and CMR. We included consecutive patients
with chronic AR and excluded those with prosthetic valves, > mild aortic stenosis or other
regurgitant lesions. Two independent observers interpreted Echo and CMR studies ac-
cording to ASE/SCMR guideline using an integrative approach and a 4 Grade system
(mild, moderate, moderately severe and severe). Regurgitant volume (RegV) was calcu-
lated on Echo using 3 different approaches: 1) Doppler methods comparing left ventric-
ular (LV) outflow stroke volume (LVOT SV) to mitral annular (MA) SV and right
ventricular (RV) outflow SV, 2) Two-dimensional (2D)- derived LV volumes comparison
to MA SV and RV outflow tract (RVOT) SV, and 3) the proximal isovelocity surface area
(PISA) method. CMR RegVol was calculated per conventional methods. Results: We
studied 80 patients in sinus rhythm (mean age 52.5 yrs, 73.7% male, 56.3 % bicuspid
valve) with a mean LV ejection fraction of 61%. AR severity by Echo was: 35 mild, 16
moderate, 13 mod-severe and 16 severe. Based on overall interpretation, there was mod-
erate agreement between Echo and CMR in classifying AR severity (Kappa 0.44, p<0.001;
Figure 1). Exact grade was seen in 62.5% of cases, a 1 grade-difference in 30%, and a 2-
grade difference in 7.5%. Feasibility of Echo RegV was highest with a LVOT to MA SV
comparison (98%), intermediate with RVOT SV comparison (81%) and lowest with
PISA method (35%). The interclass correlation coefficient of Echo vs CMR RegV ranged
between 0.61 and 0.79; all p<0.001) with similar confidence intervals on Bland-Altman
analysis (2SD 20 ml, see Figures 2 & 3 for LVOT-MA SV comparison). Conclusion:
Echo quantitation of AR severity using the recommended ASE integrative approach
has good agreement with CMR, with a 2-grade difference (in a 4-grade scale) in only
7.5% of cases. Foregoing the significant limitations of the PISA approach, calculation

of regurgitant volume can be used with any of the validated volumetric Doppler ap-
proaches when feasible.

PC-38 - Moderated

Proposed Assessment of Calcific Mitral Stenosis Severity Using the Doppler Velocity Index
Jean Michel C. Saad, Ahmed I. Ahmed, Nadeen N. Faza, William A. Zoghbi. Houston
Methodist DeBakey Heart and Vascular Center, Houston, TX.
Background: In calcificmitral stenosis (CMS), the use of the continuity equation to derivemitral
valve area (MVAceq)maybe challenging becauseof interfering calcifications in the left ventricular
(LV)outflow tract. The aimof this studywas to identify simplifiedDoppler parameters, including
a doppler velocity index (DVI), that relate to the severity of CMS measured by the MVAceq

without resorting to LV outflow diametermeasurements.Methods:This is a single-center retro-
spective cohort study. Patients with at least mild CMS based on echocardiograms done between
2013-2021were included; thosewith >mild aortic stenosis or regurgitation, >mildmitral regur-
gitation, prior interventions to the mitral or aortic valve were excluded. CMS was defined based
on the presence of prominent mitral annulus calcification extending onto the leaflets restricting
leaflet mobility and LV inflow. The derived Doppler parameters were:MVvelocity time integral
(VTI), peak and mean pressure gradients, and DVI calculated as the ratio of MV VTI over LV
outflow tract VTI. MVAceq was calculated as stroke volume from LV outflow tract divided by
MV VTI. Results: A total of 546 patients (72 6 14 years; 25% male) were identified with
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CMS (LVEF 62% 6 10 and Doppler- derived LV stroke volume 74 [22-145] mL). Mean MV
gradient averaged 5.6 6 2.6 mmHg and MVAceq 1.7 6 0.6 cm2 (41% with severe CMS < 1.5
cm2). DVI (1.9 [0.7-7.1]) correlated strongly with MVAceq (r

2=0.85, p<0.001) (Figure 1). In
comparative ROC analysis among the Doppler parameters, DVI had the highest discriminatory
potential to identify patientswith severeMVAceq (respectiveROCAUC:DVI 0.93,MVTVI0.82,
Peak pressure gradient 0.78 and Mean pressure gradient 0.73) (Figure 2). A DVI$ 2 was asso-
ciated with MVAceq # 1 cm2 (sensitivity 98% and specificity 73%). Conclusion: The Doppler
Velocity Index (ratioofMVVTI toLVoutflowVTI) is a simpleDoppler echocardiographicmea-
surement that can identify hemodynamically significant calcific mitral stenosis.

PC-39 - Moderated

Correcting EROA Errors Using 2D PISA Method: Insights Using Patient Tailored
Computer Flow Dynamic Modeling by 3D Echocardiography
Hongning Song, Yuanting Yang, Yanxiang Zhou, Qing Zhou. Renmin Hospital of Wuhan
University, Wuhan, China.
Background: The effective regurgitant orifice area (EROA) of mitral regurgitation (MR)
calculated by flow convergence technique using a hemi-spherical (HS) proximal isovelocity
surface area (PISA) formula has significant technical limitations resulting in error and vari-
ability which has limited clinical application. We hypothesized that the technical limitations
are systemic and can be corrected using anatomic and geometric measures that can readily
be obtained by 2D echocardiography.Methods:MRflow convergence flowmodels were simu-
lated using a computer fluid dynamics (CFD) analysis software (Fluent), to test influence of
gradient, orifice size, shape, eccentricity of jet and convergence angle of PISA region on
EROA calculation. Based on CFD modeling, 3 main factors were identified for EROA under-
estimation and used to create a correction formula (Fig 1). Validation of the correction for-
mula was performed on a separate cohort model constructed using 3D transesophageal
echocardiography (3DTEE) data. Results: 3 main factors for errors in EROA calculation
were identified as 1) systematic error of using HS formula; 2) orifice shape (aspect ratio: major
axis/minor axis) and 3) PISA convergence angle (CA). Based onCFDmodeling, a formula was
developed which corrects errors due to these three factors and can be calculated by measuring
3 variable: PISA radius, vena contracta and PISA convergence angle as EROA=(3p〖R_adj〗̂
2�V_alis)/V_max �(0.26(R_adj/VC)̂2-0.66(R_adj/VC)+1.41), where
R_adj=R_measured�(ln-(CA)�0.583-2.017). This formula can be applied for both primary
MR (eccentric jets) or secondary MR (tethered leaflets). This correction formula was applied
in a separate validation cohort of 50 models built with 3D TEE images of patients with both
primary and secondaryMR. ComparedwithHS formula, the correction formula decreased the
limit of agreement (LOA) from (21.3% to 88.4%) to (-18.3% to 20.1%; p < 0.01).Conclusions:
Systemic error of EROA using HS PISA method is due to 3 main factors: systematic underes-
timation of using HS formula, orifice shape (aspect ratio), and PISA convergence angle. This
systemic error can be corrected by applying a correction formula with the following measure-
able variables: PISA radius, VC and PISA CA and can be applied to both primary (eccentric
MR jets) and secondary MR.

PC-40 - Moderated

Calcific Mitral Stenosis Severity: Comparative Evaluation of the Continuity Equation
and Pressure Half-Time Methods
Jean Michel C. Saad, Ahmed I. Ahmed, Nadeen N. Faza, William A. Zoghbi. Houston
Methodist DeBakey Heart and Vascular Center, Houston, TX.
Background: Calcific mitral stenosis (CMS) is a recognized cause of mitral stenosis in older
patients. Although well established in rheumatic MS, the pressure half-time method (PHT)
has not been validated in CMS patients—its application likely limited by left ventricular
(LV) diastolic dysfunction typically present in CMS. The aim of this study was to evaluate
the difference in assessing MS severity using valve area derived by PHT (MVAPHT) and the
continuity equation (MVAceq).Methods: This is a single-center retrospective cohort study.
Patients with at least mild CMS based on echocardiograms performed between 2013-2021
were included. Patients with > mild aortic stenosis or regurgitation, >mild mitral regurgi-
tation, prior interventions to the mitral or aortic valve were excluded. CMS was diagnosed
with the presence of prominent mitral annulus calcification extending onto the leaflets, re-
stricting leaflet mobility and increasing LV inflow velocity. MVAceq was derived as stroke
volume from LV outflow tract divided by MS velocity time integral. Results: A total of
546 patients (72 6 14 years; 25% male) were identified with CMS (LVEF 62% 6 10 and
Doppler-derived LV stroke volume 74 [22-145] mL). Overall, MVAceq were smaller than
those derived by MVAPHT (1.76 0.6 cm2 vs 2.36 0.9 cm2, p<0.001 respectively). A higher
proportion of very severe (<1 cm2) and severe (1-1.5 cm2) CMS were noted using MVAceq

(12% vs 2%, and 29% vs 13%, p<0.001 respectively: Figure 1). A mean difference of 0.62 cm2

between MVAPHT and MVACeq was noted on Bland-Altman analysis. MVACeq related
inversely to mean MV gradient (5.6 [1.3-19.2] mmHg) better than MVAPHT (r2=0.4 vs
r2=0.2, p<0.001 respectively). MVAceq was better at discriminating patients with severe
CMS based on a mean gradient (>10 mmHg) compared to the MVAPHT (C-statistics
0.82 vs 0.65: Figure 2). Conclusion: Valve areas with the continuity equation are generally
smaller than those derived with PHT and better reflect the severity of calcific mitral stenosis
when assessed by gradient across the valve.

PC-41

Long-term Outcomes in Distinct Phenogroups of Primary Mitral Regurgitation
Patients Undergoing Mitral Valve Surgery
Soongu Kwak1, Seung-Ah Lee2, Dae-Hee Kim2, Seung-Pyo Lee1. 1Seoul National University
Hospital, Seoul, Korea, Republic of; 2Asan Medical Center, Seoul, Korea, Republic of.
Background: Patients with primary mitral regurgitation (MR) may be heteroge-
neous with different risk profiles. We aimed to identify distinct phenogroups of
severe primary MR patients by a data-driven approach and examine the associa-
tion of these phenogroups with their long-term prognosis after mitral valve (MV)
surgery. Methods: Severe primary MR patients undergoing MV surgery from
three tertiary referral centers (derivation, n=1,629; validation, n=692) were
analyzed. Latent class analysis (LCA) was used to classify patients into distinct
subgroups using 15 clinical, echocardiographic, and surgical variables. All-cause
mortality after MV surgery was compared between the phenogroups. Results:
Five distinct phenogroups were identified, three with younger patients (group
1�3) and two with older patients (group 4�5): group 1�healthy population,
group 2�men with atrial fibrillation and decompensated left ventricle, group
3�women with atrial fibrillation and rheumatic MR, group 4�low-risk older pa-
tients, group 5�high-risk older patients. Group 3 patients most frequently under-
went valve replacement with a mechanical prosthesis (63.7%), and 60% of
patients in group 2, 3, and 5 underwent surgical atrial ablation. During follow-
up (median 6.0 years, interquartile interval 2.8�10.4 years), 149 patients (9.1%)
died in the derivation cohort. Cumulative survival was the lowest in group 5, fol-
lowed by group 3 and 4 (5-year survival for group 1�5; 98.5%, 96.0%, 91.7%,
95.6%, 83.4%; P<0.001). Phenogrouping improved risk prediction when added
to the Mitral Regurgitation International Database (MIDA) score in degenerative
MR patients (3-year C-index, MIDA score vs. MIDA score+group membership,
0.750 vs. 0.790, P=0.028; integrated discrimination index 0.024, P<0.001; net re-
classification index 0.654, P<0.001). These findings were reproduced in the valida-
tion cohort. Conclusions: Five distinct phenogroups of severe primary MR
patients with different risk profiles and long-term outcomes were identified.
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This phenogrouping strategy may improve risk stratification when optimizing the
timing and type of interventions for severe MR.

PC-42 - Moderated

Echocardiographic Characterization of Long-Term Cardiac Function in Women with
Preeclampsia
Hean N. Patel, Eric Kruse, Megan Yamat, Roberto M. Lang, Sajid Shahul. University of
Chicago Medical Center, Chicago, IL.
Background: Although previously considered a self-limited peripartum disease,
women with preeclampsia (PreE) are now recognized to be at increased risk for
the subsequent development of cardiovascular disease. Existing studies suggest
women with PreEhave short-term abnormalities in both right- and left sided car-
diac function compared to women with uncomplicated pregnancy. Whereas left-
sided abnormalities appear to persist long-term, no data is currently available
regarding long-term function of the right sided cardiac chambers in women with
PreE. Accordingly, we aimed to characterize the long-term effect of PreE on car-
diac function by evaluating myocardial deformation in women with and without
prior PreE. Methods: This was a prospective observational study. A comprehensive
echocardiogram was performed in women with a history of PreE (n=19) and in a
control group of women with normotensive pregnancy (n=25) 10 years after index
pregnancy. Myocardial deformation in both ventricles and atria were measured in
both groups following guideline recommendations. Results: Compared to women

with normotensive pregnancies, women with PreE had significantly lower left ven-
tricular global longitudinal strain (GLS) (�18.3% versus �21.3%, P=0.004). In
contrast, no significant differences were found in left ventricular circumferential
strain, right ventricular free wall strain, left atrial reservoir strain or right atrial
strain (Table 1). Worsening GLS correlated with worsening left atrial and right
ventricular strain (r=0.34 and r=0.31, respectively; P=0.03). Conclusion: While bi-
ventricular dysfunction may contribute to short-term PreE related morbidity, only
LV GLS abnormalities appear to persist long-term, with recovery of function in the
remaining cardiac chambers. Similarly, left ventricular circumferential strain also
normalizes in the long-term. Focused efforts to characterize left ventricular me-
chanics, with an emphasis on the predictive value of LV GLS may explain the
mechanisms that mediate long-term cardiovascular outcomes in PreE and improve
future cardiovascular prognosis.

PC-43 - Moderated

Segmental Improvement in Right Ventricular Myocardial Strain in Patients with Acute
Submassive Pulmonary Embolism Treated with Ultrasound-Assisted Catheter Directed
Thrombolysis
SamanaMukhtar, David Kerling, Alexander Kovacs, David Zlotnick, Ram Amuthan, Umesh
Sharma. University at Buffalo, Buffalo, NY.
Background: Submassive Pulmonary Embolism (PE) is major cause of cardiovascular
decompensation in the United States. Use of ultrasound-assisted catheter directed throm-
bolysis (UA-CDT) has shown to improve pulmonary pressures & right ventricular (RV)
systolic function, but its effect on segmental RV myocardial strain is not elucidated.
Methods: In 106 patients presenting to Buffalo General Hospital (2016 to 2018) two-
dimensional echocardiography & invasive pulmonary artery measurements performed
pre & post CDT. Speckle tracking conducted on offline TomTec vendor-independent soft-
ware to determine longitudinal strain of RV. RV apical 4-chamber view was used to calcu-
late strain of 3 RV free wall, 3 septal wall (mid, apical & basal), & global longitudinal strain
(GLS). Paired t test performed to determine differences in RV hemodynamics & function
indices. Results: Mean age was 55 6 16 years, 49% females & 81% white (Table1). There
was significant improvement in RV GLS (pre & post -10 6 4 vs -14 6 5, p<0.0001).
There was no improvement in strain involving free wall & septal apical segments
(Figure1). Strain improvement was most pronounced in basal free wall ( -18.79 6 8.5 vs
-24.06 6 9.64, p=0.0009) & mid free wall (- 8.33 6 6.18 vs -13.38 6 7.59, p=0.005).
Conclusions: UA-CDT is associated with segmental RV myocardial strain improvement
most pronounced in basal & mid-free wall segments, & no improvements in apical seg-
ments. Further studies are needed to understand clinical relevance of findings. Table 1.
Baseline clinical characteristics of the study population
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PC-44 - Moderated

Association of Right to Left Shunting at the Atrial Level With Right Ventricular
Diastolic Dysfunction, Right Atrial function, and Post Operative Course After
Tetralogy of Fallot Repair
Laura Mercer-Rosa1, Andrea L. Jones1, Omonigho Ekhomu2, Anh D. Mai1, Yan Wang1,
Shivani M. Bhatt1, Mark K. Friedberg3. 1Children's Hospital of Philadelphia, Philadelphia,
PA; 2Rush University Children's Hospital, Chicago, IL; 3The Hospital for Sick Children,
Toronto, ON, Canada.
Background: Right ventricular (RV) diastolic function impacts post-operative out-
comes after tetralogy of Fallot (TOF) repair and its assessment by echocardiogra-
phy remains challenging. Post-operative right to left atrial level shunting stems
from diminished RV compliance, however its relation to other markers of RV dia-
stolic function and to clinical outcomes early after repair is lacking. We sought to
evaluate the association of post-operative right to left atrial shunting with echocar-
diographic measures of diastolic function and early post-operative course.
Methods: Prospective cohort of 199 patients that underwent surgical correction
for TOF and for whom echocardiograms were performed between post-operative
days 2-5. Groups were compared according to atrial level shunting status: right
to left (RL), bidirectional (BID), and left to right (LR); the RL group was compared

against others. Univariable linear regression was used to test associations between
variables and atrial level shunting. Results: In total, 199 patients with TOF (61%
male) underwent surgical TOF repair at median age of 3.7 months (IQR 2.16;
5.52). Pre-operatively, most had pulmonary valve stenosis (84%). Most (69.0 %)
received a transannular patch. Median hospitalization was 6 days (IQR 5;10);
five patients died. Post-operative atrial level shunting was RL in 62 (31%), BID
in 68 (34%), LR in 7%, and none in 28%. There were no differences in RL by
sex, race, age at TOF repair, TOF anatomy, preoperative oxygen saturation, pulmo-
nary valve size, and type of surgical TOF repair. Pure RL was associated with
smaller postoperative: RV end-diastolic area (difference 1.77 cm/m2 [95% CI
0.47, 3.1), p=0.0079), RV end-systolic area (difference 1.1 cm/m2 [95% CI 0.17,
1.97], =0.019), better RA peak systolic strain (difference 4.2% [95% CI 0.64,
7.75], p=0.021), and RA emptying fraction (difference 5.8% [95% CI 1.62, 10.0],
p= 0.007). Pure RL was associated with higher post-operative lactate levels (differ-
ence 1.72 points [95% CI 0.77, 2.67, p=0.001) and with lower oxygen saturation at
hospital discharge (difference 1.63 points [95%CI 0.51, 2.76, p=0.005).
Conclusions: RL atrial shunting after TOF repair is associated with RA reservoir
and contractile function, a smaller RV and worse post-operative course. It seems
to be dependent on having robust atrial function post-operatively, allowing the
atrial septum to serve as a pop-off valve to the RV in sicker patients.

PC-45 - Moderated

Development of Left VentricularMyocardialWork in Children with Repaired Tetralogy
of Fallot by Pressure-Strain Loops
Yi Huang, Bei Xia, Xia Feng. Shenzhen Children's Hospital, Shenzhen, China.
Background: Tetralogy of Fallot (TOF) is the most frequent cyanotic congenital heart
lesion. After Surgical repair, clinicians often focused on changes in right ventricular func-
tion. But it is not clear whether there is a difference in the development of left ventricle be-
tween these children and healthy children of the same age. Myocardial work is a new
technique to find the cardiac systolic function change at an early stage. The purpose of
this study is to quantify myocardial work by speckle tracking echocardiography, to evaluate
the changes of systolic function in children after TOF repair, and to assess the development
of left ventricular function. Methods: This is a retrospective case-control study. The
short-term group(41cases) and the long-term group(35cases) and normal control group
were respectively subjected to echocardiography for left ventricular long-axis strain and
quantitative detection of myocardial function, including the global longitudinal strain,
global work index , global constructive work, global wasted work, and global work effi-
ciency. All the right ventricular parameters and left ventricular traditional indicators
were calculated Z scores for the values adjusted for body surface area. Results: In short-
term group, compared with the control subjects, global longitudinal strain(-20.061.5 vs
-21.6 6 1.7),global work index(1349.4 6 133.6 vs 1553.5 6 246.1) ,global constructive
work (1589.4 6 167.8 vs 1749.1 6 249.4),global work efficiency (94.0 (94.0, 95.0) vs 96.0
(95.0, 97.0)) decreased, global wasted work (78.8 6 20.5 vs 62.3 6 21.4) increased in chil-
dren with repaired TOF. All the difference were statistically significant (P<0.05). There was
no significant difference in traditional indicators (P>0.05). In long-term group, compared
with the control subjects, global longitudinal strain (-19.96 1.7 vs -21.36 1.6),global work
index (1486.1 6 172.4) vs 1731.1 6 227.1),global work efficiency (96.0(94.0, 96.0) vs
97.0(96.0, 97.0)) in the repaired TOF children were all decreased, and the global wasted
work in children with repaired TOF increased significantly (80.0619.7 vs 55.0(42.0,
71.0)) increased. All the difference was statistically significant (P<0.05). There was no sig-
nificant difference in traditional indicators (P>0.05). Conclusion: Left ventricular systolic
function in children with repaired TOF was still lower than that in healthy children by
speckle tracking echocardiography, although traditional indicators of systolic function
were still normal. Myocardial work is more sensitive to assess the development of left ven-
tricular function in children.

PC-46 - Moderated

Can Left Ventricular Rotational Function Compensate for Marked Impairment in
Longitudinal Strain in Early Cardiac Amyloidosis?
Cristiane Singulane1, Jeremy A. Slivnick1, Karima Addetia1, Federico M. Asch2, Victor Mor-
Avi1, Roberto M. Lang1. 1University of Chicago Medical Center, Chicago, IL; 2MedStar
Health Research Institute, Washington, DC.
Background: Studies have shown that cardiac amyloidosis (CA) involvement typically be-
gins in the subendocardium where longitudinal fibers are predominantly located. Until the
advanced stages of CA, left ventricular ejection function (LVEF) is typically preserved,
despite the coinciding impairment in global longitudinal strain (GLS). We hypothesized
that this discrepancy at earlier stages of CA could be explained by preservation or compen-
satory augmentation of circumferential strain (GCS). Accordingly, we studied the changes
in GLS and GCS in CA patients with preserved and with reduced (CApEF and CArEF,
respectively). Methods: 67 patients with proven CA (29 with LVEF>50% and 38 with
LVEF<50), who had undergone surface echocardiogram, were identified. Speckle tracking
was used to measure GLS from the 3 long-axis views, and GCS from basal, mid, and apical
short-axis slices (Tomtec). Impairment in GCS and GLS was defined by strain magnitudes
below the 97.5thpercentile (lower limit of normal) for subjects from the World Alliance
Society of Echocardiography (WASE) study, after excluding subjects with inadequate image
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quality (N=160/2008). Basal, mid, apical, and global GLS and GCS were compared between
CApEF and CArEF groups. The relationship between both strains and 5-year mortality was
assessed using univariate Cox regression analysis. Results: Strain measurements for both
cohorts are shown in Table 1. Impaired GCS was present in 36(95%) of CArEF patients
compared with 4(14%) of CApEF (p<0.0001, Figure). Impaired GLS was present in 100%
of patients in both groups irrespective of LVEF without significant intergroup differences.
Both GLS and GCS were significantly more impaired in the CArEF compared to CApEF
(Table 1). Both GCS (HR 1.047 [1.007-1.088], p=0.021) and GLS (HR 1.163 [1.052-
1.285] p=0.003) were significantly associated with mortality. Discussion: The early predi-
lection of CA towards the sub-endocardium (longitudinal fibers-GLS) rather than the
mid myocardium (circumferential fibers-GCS) is the likely reason why GCS is frequently
normal early in the course of CA, resulting in temporary preservation of LVEF, despite
marked impairment in GLS. At more advanced stages of the disease, both GLS and GCS
magnitudes are reduced resulting in reduced LVEF.

PC-47 - Moderated

Methodology-, Sex- and Age-Related Differences in Echocardiographic Measurements
of Left Ventricular Mass in Normal Subjects: Results from the World Alliance of
Societies of Echocardiography Study
Linda Lee1, Juan I. Cotella1, Victor Mor-Avi1, Tatsuya Miyoshi2, Karima Addetia1,
Vivekanandan Amuthan3, Rodolfo Citro4, Masao Daimon5, Pedro Guti�errez-Fajardo6,

Ravi Kasliwal7, James N. Kirkpatrick8, Mark J. Monaghan9, Denisa Muraru10, Kofo O.
Ogunyankin11, Seung Woo Park12, Ana Clara Tude Rodrigues13, Ricardo Ronderos14,
Anita Sadeghpour15, Gregory Scalia16, Masaaki Takeuchi17, Wendy Tsang18, Edwin S.
Tucay19, Mei Zhang20, Marcus Schreckenberg21, Michael Blankenhagen21, Niklas
Hitschrich21, Federico M. Asch2, Roberto M. Lang1. 1University of Chicago Medical Center,
Chicago, IL; 2MedStar Health Research Institute, Washington, DC; 3Jeyalakshmi Heart
Center, Madurai, India; 4University of Salerno, Salerno, Italy; 5University of Tokyo,
Tokyo, Japan; 6Hospitales Mac Bernardette, Guadalajara, Mexico; 7Medanta Heart
Institute, Gurgaon, India; 8University of Washington, Seattle, WA; 9King’s College
Hospital, London, United Kingdom; 10University of Milano-Bicocca, Milan, Italy; 11First
Cardiology Consultants Hospital, Lagos, Nigeria; 12Samsung Medical Center, Seoul, Korea,
Republic of; 13Albert Einstein Hospital, Sao Paolo, Brazil; 14Instituto Cardiovascular de
Buenos Aires, Buenos Aires, Argentina; 15Rajaiye Cardiovascular Medical and Research
Center, Tehran, Iran, Islamic Republic of; 16GenesisCare, Brisbane, Australia; 17University
of Occupational and Environmental Health, Kitakyushu, Japan; 18University of Toronto,
Toronto, ON, Canada; 19Philippine Heart Center, Quezon City, Philippines; 20Qilu
Hospital of Shandong University, Jinan, China; 21TomTec Imaging Systems,
Unterschleissheim, Germany.
Background: Although increased left ventricular mass (LVM) is associated with
adverse outcomes, it is not routinely measured in daily clinical practice, because normal
reference values vary widely depending on the measurement technique. Moreover, the
impact of sex and age on LVM remains controversial, further limiting the clinical use of
LVM measurements. Accordingly, we studied LVM measured using a variety of 2D and
3D echocardiographic techniques in a large population of normal subjects with a wide
range of ages. Methods: We used transthoracic echocardiograms obtained in 754
healthy adult subjects (49% men) enrolled in the World Alliance of Societies of
Echocardiography (WASE) normal values study, who were divided into three age
groups (young, 18-35 years; middle aged, 36-55 years; and old, >55 years). LVM was
measured using 5 conventional techniques, including: linear methods (ASE and
Penn), 2D methods (truncated ellipsoid (TE) and area-length (AL)), as well as the 3D
volumetric technique. All measurements were indexed to body surface area (BSA)
and differences according to sex and age were analyzed for each technique. Results:
LVM values differed significantly between the 5 techniques (Table 1). 3D measurements
were considerably smaller than those obtained using the other techniques and were
closer to MRI normal values reported in the literature. For all 5 techniques, LVM in
men was significantly larger than in women, with and without BSA indexing
(Table 1). In men, age differences in LVM were minimal and not significant, except
for 3DE that showed a gradual decrease with age. In contrast, in women, age differences
in LVM were more pronounced and depicted a significantly larger values in older age
groups for all techniques, except 3DE that showed essentially no differences
(Table 2). Conclusion: Significant differences in LVMmeasurements exist across echo-
cardiographic techniques, which are therefore not interchangeable. Sex- and age-related
differences underscore the need for separate age-specific normal values for men and
women. These findings also provide important insights into sex-related differences in
the normal myocardial aging process.
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Feasibility and Reproducibility of Machine Learning-Based, Fully Automated
Myocardial Strain Measurements, with and without the Use of Ultrasound Enhancing
Agents in the Normal Sized Left Ventricle with Normal Ejection Fraction
Uswa Khan1,2, Elizabeth Wright1,2, Kayla Lambert3, Theresa Green2, Tina Varghese2,
Vibhav Rangarajan2, Peter Flueckiger2, Funmi Sanusi3, Shizhen Liu2,4, Mani Vannan2,4.
1Georgia Institute of Technology, Atlanta, GA; 2Piedmont Heart Institute, Atlanta, GA;
3Piedmont Atlanta Hospital, Atlanta, GA; 4Marcus Heart Valve Center, Atlanta, GA.
Background:Detection of sub-clinical left ventricular (LV) dysfunction by decreased global
longitudinal strain (GLS) has the greatest benefit in those with normal LV EF and size. In
these LV, the validity of decreased GLS can be confirmed by a normal or increased global
circumferential strain (GCS) which maintains normal EF. Also, GLS measurement is not
feasible or reliable in some patients due to sub-optimal acoustic windows by transthoracic
echocardiography (TTE). Ultrasound enhancing agents (UEA) are used to visualize and
quantify these LV. Variability in GLS values by manual placement or adjustment of regions
of interest (ROI) is also a challenge. Aims:We tested a novel machine learning (ML)-based
algorithm (Auto-Strain, Siemens Healthineers, CA) that does not require identification of
the TTE view or placement of a ROI. It provided automated measurement of LV EF,
Volumes and GLS and GCS. Methods: In 60 patients with normal LV, we measured GLS
and GCS by TTE with and without UEA, using the Auto-Strain algorithm (Figure A).
We tested the reproducibility of the Auto-Strain with Manual Strain for GLS and GCS in
16 patients. Results: LVEF (mean+SD) was 59.6+5.4 and 66.3+8.9% in the non-UEA and
UEA TTE, respectively. LV Volumes were also normal. GLS and GCS (median, 95% CI)
were significantly different (p <0.05) between non-UEA and UEA TTE, respectively:
-18.4 vs. -23.1(18.9-17.2 and 20.3-21.6) % and -30 vs. -31 (32.5-28.9 and 33.2-29.4) %.
There were 21 patients with decreased GLS, all of whom had normal or increased GCS
in the non-UEA TTE. But there were only 2 such patients in the UEA TTE (Figures B
and C). Thus, the use of UEA yielded higher GLS (and GCS) within the same patient
compared to non-UEA TTE. Inter-observer reproducibility of Auto-Strain was superior
to Manual Strain (ICC, CI), respectively: 0.99 (0.99-0.99) vs. 0.89 (0.69-0.96) for GLS and
0.99 (0.98-0.99) vs. 0.92 (0.75-0.97). Intra-observer variability was also superior by Auto-
Strain. Conclusions: ML-based, fully automated measurement of GLS and GCS is both
feasible and reproducible in the non-UEA and UEA TTE. But GLS and GCS values were
higher with the use of UEA which necessitates the establishment of UEA-TTE specific
normal values to detect subclinical LV dysfunction when LV size and function are normal
(where the benefit is greatest).

PC-49

Abnormal Left Ventricular Strain in Children with Sickle Cell Disease
Rabia Noor, Jyothsna Akam-Venkata, Jarrod Knudson, Joseph Maher, Suvankar Majumdar,
Seth T. Lirette, Xue Yu, Divya Shakti. University of Mississippi Medical Center, Jackson, MS.
Background: Left ventricular Global longitudinal strain (LV GLS) assessment using speckle
tracking has superior and earlier detection of abnormalities in ventricular systolic function.
While strain based ventricular function assessment is gaining popularity in children, very
few studies have systematically assessed LV strain in sickle cell disease (SCD) patients.
Earlier detection of cardiac dysfunction may help with timely management, potentially di-
minishing the associated cardiac morbidity and mortality.Methods: This is a retrospective
analysis of echocardiograms and charts of sickle cell patients at least 10 years of age re-
cruited in NIH funded study (SCN 5A gene and prolonged QT in sickle cell disease) at
UMMC. Children with acute illness, pain crisis, receiving QT prolonging drugs, parenteral
iron therapy (within 2 weeks from enrollment) and those with suboptimal images were
excluded. Speckle tracking echocardiographic analysis was conducted using Tomtec-
Arena TTA2, a vendor independent software. LV GLS and global circumferential strain
(GCS) were compared with published pediatric normal references(Levy et al 2016).
Linear regression analysis was performed to account for confounders such as obesity, heart
rate and hypertension. To assess impact of iron overload on strain, we categorized the study
patients in three separate groups based on their ferritin levels (<500, 500-100 and >1000 ng/
ml). Results: Our cohort included 134 SCD children (51% males), mean age 15yrs (SD 2).
The mean LVGLS was -15.6%, (95% CI -16.1% to -15.1%) and GCS of -13.5% (-14.1, -13.0).
SCD patients had significantly diminished LV GLS (p<0.001) and LV GCS (p<0.001) in
comparison to pediatric references matched for age and vendor (Table 1).Comorbidities
included obesity (7%), hypertension (7%) and chronic kidney disease (1%). No significant
differences in LV GLS and GCS were noted between various ferritin groups. Conclusion:
The LV GLS and GCS are significantly decreased in children with sickle cell disease in com-

parison to healthy children, despite normal LVEF. There is no significant change on GLS
and GCS with worsening iron load. Longitudinal studies are need to understand the clinical
implications of decreased LV GLS and GCS in SCD. It may be valuable to perform serial LV
strain assessments in pediatric patients with SCD.

PC-50

Right Ventricular Free Wall Strain: Value of a Ventricular-Specific Software Package in
Risk Prediction in Patients with Known or Suspected Pulmonary Hypertension
Abdalla A. Salama, Ratsari Padang, Vidhu Anand, Conor J. Kane, Robert B. McCully,
Cristina Pislaru, Sorin V. Pislaru, Jeremy J. Thaden, Garvan C. Kane. Mayo Clinic,
Rochester, MN.
Background: Right ventricular (RV) systolic strain has emerged as a primary echocardio-
graphic tool for the assessment of RV myocardial performance in the setting of pulmonary
hypertension (PH). To date, the clinical assessment of RV free wall strain has primarily used
a software package designed for the left ventricle (LV) and adapted to the RV.Whether find-
ings with a dedicated RV package associate withmeasures of right heart failure and outcome
is untested.Methods: The study included consecutive 608 patients referred for the echocar-
diographic assessment of known or suspected PH. Patients had assessment of RV free wall
systolic strain by both the LV and RV specific software packages (GE Healthcare, AFI) with
the LV software as the reference standard. Comparisons between packages and reproduc-
ibility was assessed by Bland-Altman analysis. Outcome was assessed as time to death or
hospitalization for right heart failure over 2 years.Results: Feasibility of RV free wall systolic
strain was 100% with the RV package, in those in whom strain could be performed by the
LV package. Time for analysis performed on the RV package was shorter (16612 versus
39625 sec, p<0.0001). While there was some segment-to-segment variability between soft-
ware packages, the level of agreement of averaged RV free wall strain between packages was
strong (kappa 0.81) with a mean difference of the RV package to be more negative (-1.18%,
95% CI -0.86 to -1.50). The intra-observer reproducibility of the strain measures by the RV
package was almost perfect (kappa 0.99; mean difference -0.0660.14%) and better than the
LV package (kappa 0.77; mean difference -0.7560.75%). Incremental abnormalities in RV
package-derived free wall strain were associated with correspondingly worse echo measures
for RV dysfunction and PH (Table). RV strain was strongly associated with outcome
(Figure; p<0.0001). A 5% change in free wall strain resulted in a 66% increase in age-
and sex-adjusted incremental risk of death or hospitalization (HR 1.66; 95% CI 1.45-
1.91, p<0.0001). Conclusions: RV systolic strain is a clinically useful measure of right ven-
tricular myocardial performance in patients with PH. Availability of a dedicated RV soft-
ware package allows for a fast, reproducible measure of RV myocardial performance that
strongly associates with outcome.
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PC-51

Feasibility, Reproducibility, and Prognostic Value of Fully Automated Measurement of
Right Ventricular Longitudinal Strain
Yuman Li1,2,3, Chenchen Sun1,2,3, Li Zhang1,2,3, Yanting Zhang1,2,3, Jing Wang1,2,3, Mingzhu
Qian1,2,3, Lang Gao1,2,3, Yixia Lin1,2,3, Mingxing Xie1,2,3. 1Department of Ultrasound
Medicine, Union Hospital, Tongji Medical College, Huazhong University of Science and
Technology, Wuhan 430022, China, China; 2Clinical Research Center for Medical Imaging
in Hubei Province, Wuhan 430022, China, China; 3Hubei Province Key Laboratory of
Molecular Imaging, Wuhan 430022, China, China.
Background: Right ventricular free-wall longitudinal strain (RVFWLS) carries important
diagnostic and prognostic significance in a variety of clinical settings, however, its measure-
ment is time consuming and operator dependent limiting its value in routine clinical prac-
tice. Automated RVFWLS measurements can overcome these limitations. The purpose of
this study was to determine the feasibility, reproducibility and prognostic implications of
automated RVFWLS compared with manual assessment of RVFWLS. Methods: A total
of 206 patients with a wide range of right ventricular (RV) function were retrospectively
selected for this study. Fully automated (Auto-Strain), semi-automated (automated with ed-
iting) and manual (standard manual assessment) RVFWLS were measured using two-
dimensional speckle-tracking echocardiography in the same RV-focused apical four-
chamber view. RV ejection fraction (EF) was measured by three-dimensional echocardiog-
raphy. The agreements for the RVFWLS measurements among the three different methods
were based on a combination of Pearson correlation, Bland-Altman analyses and coeffi-
cients of variations (CVs). Results: Auto RVFWLS measurements were feasible in 204 sub-
jects (99 %). The automated and semi-automated assessments had shorter analysis time
compared with the manual measurement. Semi-automated RVFWLS had a stronger corre-
lation with manual RVFWLS than automated RVFWLS (r = 0.850 vs 0.708. P < 0.001).
Semi-automated RVFWLS had smaller biases, narrower limits of agreement (LOA), and
lower CVs against manual assessment in comparison with the fully automated method in
the whole study population (bias: 0.62 and 1.15; LOA: 6.54 and 10.50, CVs: 9.3% and
16.9%; respectively), in the subgroups with RVEF < 45% and RVEF $ 45%. 76 patients
experienced adverse cardiovascular events during a median follow-up of 26 months.
Fully automated, semi-automated and manual RVFWLS were associated with poor out-
comes. The prognostic implications of fully automated RVFWLS were inferior to that of
semi-automated and manual RVFWLS. Three RVFWLS measurements were highly repro-
ducible. Conclusion: Both the fully automated and semi-automated RVFWLS provide
rapid and reproducible assessments of RV function and carry important prognostic impli-
cation. Moreover, the semi-automated approach performs better than the fully automated
method. Therefore, the semi-automated RVFWLS can provide a better balance between
feasibility and clinical significance, and display the potential for clinical application.

PC-52

Sex- and Age-Related Differences in Echocardiographic Measurements of Left
Ventricular Circumferential Strain in Normal Subjects: Results from the World
Alliance of Societies of Echocardiography Study
Cristiane Singulane1, Juan I. Cotella1, Victor Mor-Avi1, Tatsuya Miyoshi2, Karima Addetia1,
Vivekanandan Amuthan3, Rodolfo Citro4, Masao Daimon5, Pedro Guti�errez-Fajardo6, Ravi
Kasliwal7, James N. Kirkpatrick8, Mark J. Monaghan9, Denisa Muraru10, Kofu O.

Ogunyankin11, Seung Woo Park12, Ana Clara Tude Rodrigues13, Ricardo Ronderos14, Anita
Sadeghpour15, Gregory M. Scalia16, Masaaki Takeuchi17, Wendy Tsang18, Edwin S. Tucay19,
Mei Zhang20, Marcus Schreckenberg21, Michael Blankenhagen21, Niklas Hitschrich21,
Federico M. Asch2, Roberto M. Lang1. 1University of Chicago Medical Center, Chicago, IL;
2MedStar Health Research Institute, Washington, DC; 3Jeyalakshmi Heart Center, Madurai,
India; 4University of Salerno, Salerno, Italy; 5University of Tokyo, Tokyo, Japan; 6Hospital
Bernardette, Guadalajara, Mexico; 7Medanta Medicity, Gurgoan, India; 8University of
Washington, Seattle, WA; 9King's College Hospital, London, United Kingdom; 10University of
Milano-Bicocca, Milan, Italy; 11First Cardiology Consultants Hospital Ikoyi, Lagos, Nigeria;
12Samsung Medical Center, Seoul, Korea, Democratic People's Republic of; 13Hospital
Israelita Albert Einstein, S~ao Paulo, Brazil; 14Instituto Cardiovascular de Buenos Aires,
Buenos Aires, Argentina; 15Rajaie Cardiovascular Medical Center, Tehran, Iran, Islamic
Republic of; 16GenesisCare, Brisbane, Australia; 17University of Occupational and
Environmental Health, Kitakyushu, Japan; 18University of Toronto, Toronto, ON, Canada;
19Philippine Heart Center, Quezon City, Philippines; 20Qilu Hospital of Shandong University,
Jinan, China; 21TomTec Imaging Systems, Unterschleissheim, Germany.
Background: Strain imaging used to assess LV systolic function has beenmostly focused on lon-
gitudinal deformation (Global Longitudinal Strain; GLS). Myocardial shortening along the
circumferential axis assessed at multiple short-axis levels (Global Circumferential Strain;
GCS) is not used in clinical practice. This might be due to 1) lack of widely available automated
software, and 2) lack of normal reference values. Accordingly, we aimed to establish normative
values for GCS and determine sex- and age-related differences in a large cohort of healthy sub-
jects. Methods: Complete 2D transthoracic echocardiographic studies were obtained in 685
healthy adult subjects (49% women), enrolled in the World Alliance of Societies of
Echocardiography (WASE) normal values study, and evenly distributed among 3 age groups
for both sexes: young (18-35 years), middle aged (36-55 years) and old (>55 years).
Commercial semi-automated software (TOMTEC�) was used to determine average (global)
and regional circumferential strain (RCS) values from parasternal short-axis views acquired
at the levels of the mitral valve (MV), papillary muscles (Pap), and apex. Differences according
to sex and age were analyzed and matched to 3D GLS and end-diastolic volume (EDV) mea-
surements. Results: GCS values showed a gradient, with lower magnitude at the MV level,
increasing progressively towards the apex. Women showed higher 3D-GLS, GCS and RCS
values compared to men (Table 1). With age, 3D-EDV decreased and GLS remained relatively
unchanged. However, GCS and RCS values increased in both sexes, with this augmentation be-
ing more pronounced in women (Table 2). Conclusion: Important sex- and age-related differ-
ences were noted in normal circumferential strain patterns, which emphasize the need for age
specific reference values for both men and women. These results might contribute to a better
understanding of the physiological myocardial aging process, with the potential to affect the
interpretation and evaluation of LV function.
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Expanding the Use of Focused Cardiac Ultrasound in Cardiac Arrest:
Echocardiographic Assessment Using Subcostal-Only View in Advanced Life Support
(EASy-ALS)
Nibras Bughrara1, Khrystyna Korosol1, Michelle Burmistrova1, Aliaksei Pustavoitau2.
1Albany Medical College, Delmar, NY; 2Johns Hopkins Hospital, Baltimore, MD.
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Introduction Focused cardiac ultrasound (FOCUS) allows trained physicians to dynamically
assess and manage critical illness. High-quality cardiopulmonary resuscitation (CPR) is the
mainstay of resuscitation after cardiac arrest. Prior work in the out-of-hospital setting demon-
strated that incorporating FOCUS into advanced life support (ALS) could identify treatable
causes of PEA arrest; we sought to bring ALS-adherent FOCUS to the in-hospital setting
with echocardiographic assessment using subcostal-only view in ALS (EASy-ALS).
Anesthesiology attending and resident physicians were trained in EASy-ALSwith a 4- day cur-
riculum. Our objective was to demonstrate that targeted training could allow non-cardiologist
physicians to effectively performEASy-ALS.Methods Interested anesthesiology attending and
all post-graduate year (PGY)-3 resident physicians completed a 4-day course in FOCUS. The
course includes web-based lectures provided by the Society of Critical CareMedicine (SCCM),
completion of 20 studies under direct supervision of a FOCUS-credentialed attending anesthe-
siologist, and high-fidelity simulation covering 5 PEA arrest scenarios. After training, physi-
cians can independently perform EASy-ALS on patients experiencing cardiac arrest.
Throughout training, there is strong emphasis on never pausing chest compressions for
over 10 seconds; each study is to be performed during the pulse/rhythm check and to be in-
terpreted after chest compressions have resumed. Results Data were collected for 58 patients.
Indications for EASy-ALS included PEA (20%), post-ROSC (32%), pre-arrest (5%), asystole
(11.3%), and ventricular fibrillation (11%). Image quality was good in 74.1% of cases and
adequate in the rest.Major findingswere ruling-out of cardiac causes of event (19%), right ven-
tricular syndrome (20%), severe hypovolemia (7%), cardiac standstill (12%), dilated left
ventricle (10%), biventricular dysfunction (12%), pericardial effusion (2%), and systolic ante-
rior motion of the mitral valve (3%). Pleural effusion was an additional finding in 6 cases. Of
the 36 patients evaluated during cardiac arrest, 23 achieved ROSC. Conclusions
Echocardiography, in the form of EASy-ALS, is a useful tool for physicians to apply to man-
agement of patients before, during, and after in-hospital cardiac arrest. Even after condensed
training, anesthesiology attending and resident physicians were able to reliably obtain
adequate or better quality diagnostic images. We hope to expand training in FOCUS and
EASy-ALS to physicians in other fields to enhance care of critically-ill patients.

P1-02

Left Ventricular Myocardial Deformation in Sepsis: An Observational Study of Serial
Changes by Three-Dimensional and Two-Dimensional Echocardiography
Xiaojun Yan1,2,3, Yuman Li1,2,3, Li Zhang1,2,3, You Shang4, Mingxing Xie1,2,3. 1Department of
Ultrasound Medicine, Union Hospital, Tongji Medical College, Huazhong University of Science
and Technology, Wuhan 430022, China; 2Clinical Research Center for Medical Imaging in
Hubei Province, Wuhan 430022, China; 3Hubei Province Key Laboratory of Molecular
Imaging, Wuhan 430022, China; 4Department of Critical Care Medicine, Union Hospital,
Tongji Medical College, Huazhong University of Science and Technology, Wuhan 430022, China.
Background: Left ventricularmyocardial deformation develops dynamically when circulatory
system is disturbed.What is less clear are the nature and clinical fetures of the deformation, and
a consensus is yet tobe reached for an ideal treatment plan. This studyaims to explore thedevel-
opment of left ventricular myocardial deformation in septic patients by observing the serial
changes in three- and two-dimensional strain parameters. Methods: In this single-centered,
prospective, andobservational study,we eventually included 103patients diagnosedwith sepsis
or septic shock at the intensive care unit (ICU) from December 2020 until December 2021.
Demographic data, medicine, laboratory and ultrasound values were collected and measured
on the 1st, 2nd, 3rd, 5th, 7th and 10th days after sepsis or septic shock. A total of 88 adult pa-
tients for 2D-STE and 3D-STE were divided into two groups according to their wall motion
status: the non-hypokinetics group and the secondary hypokinesia group.Results:Patients un-
derwentboth3Dand2Dechocardiography to evaluate left ventricular function.Comparisonof
four time points between the two groups showed that 2D-LVEF demonstrated a progressive,
stepwise improvement each time point assessed (Ptime=0.033, Pgroup=0.041, respectively).
Although 3D-LVEF slightly underestimated the LV volumes at each time point, it displayed
a same changing tendency during the 10 days (Ptime=0.002, Pgroup=0.011, respectively). Then,
we used both 3D and 2D STE to observe left ventricular myocardial function and validated
the applicability and feasibility of 3D-STE: 2D-LVGLS Ptime=0.000, Pgroup=0.018, respectively,
2D-LVGCS Ptime=0.000, Pgroup=0.332 respectively; 3D-LVGLS Ptime=0.000, Pgroup=0.391,
respectively, 3D-LVGCS Ptime=0.022, Pgroup=0.362 respectively. The level of strain first
decreased and then increased in these two groups during hospitalization, but both 3D and
2D strain imaged at the 10th day assessed were lower compared to that of normal healthy peo-
ple. Moreover, 3D-LVGLS had a stronger correlation with 2D- LVGLS (r=0.772, P<0.0001).
Conclusion:Patients with sepsis or septic shock demonstrated improvement of LVmyocardial
function during hospitalization, but their myocardial function was not fully recovered to
normal on the 10th day. Both 3D and 2D LVGLS could quickly detect changes of patients
with covert septic myocardial dysfunction, whereas LVEF could not.

P1-03

Right Atrial Dysfunction is Prevalent in Pediatric Acute Respiratory Distress Syndrome
and Correlates with Right Ventricular Systolic Dysfunction
Nathan D. Markiewitz, YanWang, Robert A. Berg, Nadir Yehya, Laura Mercer-Rosa, Adam
Himebauch. Children's Hospital of Philadelphia, Philadelphia, PA.
Background: Early right ventricular (RV) systolic dysfunction in pediatric Acute Respiratory
Distress Syndrome (PARDS) is associated with worse outcomes. RV diastolic dysfunction has
not been characterized in PARDS and can be assessed by echocardiography with right atrial
(RA) strain. We hypothesized that measures of RA function were worse in subjects with
PARDS compared to controls, and that peak RA strain (RAS) correlated with measures of
RV systolic function in early PARDS. Methods: This is a single-center, retrospective cohort
study of patients with clinically performed echocardiograms <24 hours of PARDS diagnosis
with sufficient quality for RA strain measurement between 2012-2016. Outpatient echocardio-
grams of healthy controls were analyzed. We considered the following RAmeasures: emptying
fraction (EF), RAS, peak systolic strain rate (SSR), and early diastolic strain rate (DSR). For RV
systolic function, qualitative function, TAPSE z-score, free wall strain (FWS), GLS, and FAC

were used. Abnormal measurements of RA function were defined as a >2 standard deviations
from the control group mean: 46% (EF); 42% (FAC); 37% (RAS); 1.0 for SSR; -1.1 for DSR.
Wilcoxon rank-sum tests were used to compare RA metrics between cases and controls.
Spearman’s rho was estimated for RA and RV metrics. Results: We included 92 PARDS pa-
tients and 56 controls, comparable in terms of age and sex. Children with PARDS had amedian
age 4.6 years (IQR 1.3-10.5), 45% were female, median mean airway pressure was 17 cmH2O
(IQR 15-22), 31% were on inhaled nitric oxide, and 55% on vasoactives. RAS (p<0.001) and
DSR (p = 0.02) were worse in patients with PARDS compared to controls, and 50% of
PARDS subjects had echocardiographic evidence of RA dysfunction. RA function was directly
associated with RV systolic function: increased magnitude of RA metrics was positively corre-
lated with RV FAC and TAPSE z-score, and negatively correlated with RV GLS and RV FWS
(p<0.05, Figure 1). Conclusions: RA dysfunction was common in PARDS and reflected worse
RV diastolic and RV systolic function. Future work should examine what clinical factors are
associated with changes in RA function, if RA dysfunction is an early sign of RV dysfunction
or pulmonary hypertension, and if RA dysfunction is associated with outcomes in PARDS.

P1-04

Clinical and Echocardiography Predictors of Acetaminophen Treatment Response in
Preterm Infants with Hemodynamically Significant Patent Ductus Arteriosus
Stephania Cavallaro Moronta, Adrianne Bischoff, Kelli R. Ryckman, JohnM. Dagle, Regan E.
Giesinger, Patrick J. McNamara. University of Iowa, Iowa City, IA.
Background: Patent ductus arteriosus (PDA) is a prevalent cardiovascular derangement of
prematurity. Therapy with Cyclo-oxygenase inhibitors is the usual 1st line; but it is ineffec-
tive for 21-40% patients and associated with side effects. Acetaminophen is an emerging
therapy, clinical efficacy has been demonstrated in mature patients, no studies have char-
acterized predictors of response in extremely preterm infants. Our Objective is to charac-
terize clinical and echocardiography determinants of response to acetaminophen as a 1st

line agent in preterm infants with hemodynamically significant PDA (hsPDA). Methods:
Retrospective cohort study of preterm infants born <30 weeks, admitted to the NICU at
the University of Iowa (2018 - 2021) with targeted neonatal echocardiography
(TnECHO) diagnosis of hsPDA and received 1st line treatment with acetaminophen
(15mg/kg: 12-28 doses) in the first 2 postnatal weeks was conducted. Modified Iowa
PDA score was used to define shunt volume. Acetaminophen response was defined as
PDA closure or >50% reduction in score after the last dose. With Borderline change in score
(30-50%), response was adjudicated by expert consensus. TnECHO measurements were
done offline by an expert operator blinded to the clinical course. Comparative evaluation
of demographics and PDA TnECHO data between responders and non-responders were
performed using univariate analysis. Results: 100 infants were included: 64 responders,
23 (36%) closed after therapy (17 never re-opened) and 41 (64%) had an improved PDA
score (16 never required further treatment) and 36 non-responders. Acetaminophen
response was associated with ethnicity, intrauterine growth restriction and maternal hyper-
tension, only left ventricular output differentiated the groups on TnECHO evaluation. Non-
responders were more likely to require interventional closure and longer duration of me-
chanical ventilation. Conclusions: 1st line response to acetaminophen therapy was compa-
rable to ibuprofen and indomethacin in preterm infants <30 weeks (approximately 60%).
Vascular effects of placental insufficiency and other factors may be associated with higher
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likelihood of response, potentially due to increased ductal muscularization. Other TnECHO
modulators such as PDA morphology and genetics warrant further investigation.

P1-05

Utility of POCUS in Heart Transplant and LVAD Recipients
Xiangkun Cao, Andrew Kolodziej, Benjamin Stoner, Josue Villegas-Galaviz, Emma Birks,
Kenneth Campbell, Mindy Thompson, Gaurang Vaidya. University of Kentucky College of
Medicine, Lexington, KY.
Background: In heart transplant (HTx) recipients, the donor-recipient anastomosis at the
vena-cava could result in decoupling of the venous compliance, vital for ultrasound-based
volume estimation. In addition, in left ventricular assist device (LVAD) recipients, obtain-
ing inferior vena cava (IVC) ultrasound for fluid estimation is difficult due to the drive line.
We hypothesized that using ultrasound (POCUS) to assess dynamic changes in internal ju-
gular vein (IJV) can provide accurate volume estimation in HTx and LVAD patients.
Methods: HTx and LVAD patients scheduled to undergo right heart catheterization
(RHC) were prospectively enrolled. While supine, the IJV was imaged at the apex of the
sternocleidomastoid muscle. Using M-mode on a portable ultrasound machine, the
maximum (Dmax) andminimum (Dmin) anteroposterior diameters were measured during
normal breathing. Respiratory variation in diameter (RVD) was then calculated using the
following equation [(Dmax - Dmin)/Dmax] and expressed as a percentage. RHC was
then performed within one hour. Results: A total of 46 RHC were performed in HTx recip-
ients and 5 in LVAD patients, with mean age 53 and mean body mass index 28.4. IJV di-
mensions could be assessed in all patients irrespective of BMI. Among HTx patients,
higher right atrial pressure ($ 10mmHg) had higher IJV Dmax (1.14 vs 0.74cm, p<0.01)
and lower respiratory variation (RVD 19% vs 39%, p<0.01). A IJV Dmax >1cm had 72%
sensitivity and specificity for RAP $ 10mmHg (ROC AUC = 0.805) and RVD <50% had
90% sensitivity (ROC AUC = 0.743). Similarly, IVC diameter >2cm had 80% specificity
for RAP $ 10mmHg (ROC AUC = 0.705). Poor right ventricular (RV) function (pulmo-
nary artery pulsatility index, PAPi of < 2) was associated with larger IJV Dmax (1.07 vs
0.76, p=0.01) and low RVD (24% vs 37%, p = 0.04). There were 31 endomyocardial biopsies
performed for graft rejection surveillance, of which 5 had acute cellular rejection (ACR) $
2R. All 5 patients had IJV Dmax >1cm, RVD <30% and no collapsibility on sniff. Among the
five LVAD patients, there was a strong linear correlation between the RAP and the IJV
Dmax (R= 0.857, R2= 0.735, p=0.05) and RVD (R= 0.901, R2= 0.811, p=0.03).
Conclusion: Less dynamic IJV diameter variation on POCUS correlates with higher filling
pressures in HTx and LVAD recipients. In addition, relatively larger IJV diameter and res-
piratory variation indicates poor RV function and possibly rejection. This assessment can be
easily done at the bedside regardless of body habitus.

P1-06

Right Ventricular Function Assessment Using POCUS of Internal Jugular Vein
Benjamin Stoner, Andrew Kolodziej, Xiangkun Cao, Josue Villegas-Galaviz, Emma Birks,
Kenneth Campbell, Mindy Thompson, Gaurang Vaidya. University of Kentucky,
Lexington, KY.
Background: Accurate estimation of right ventricular function at bedside is difficult, espe-
cially in patients with increased body mass. Assessing RV function is important in manag-
ing critically ill heart failure patients and assessing candidacy for mechanical circulatory
support options. We hypothesized that using point of care ultrasound to assess dynamic

changes in internal jugular vein (IJV) diameter would reliably correlate with invasive right
ventricular hemodynamics. Methods: Patients scheduled to undergo right heart catheteri-
zation as their standard of care were prospectively enrolled. While supine, the IJV was
imaged at the apex of the sternocleidomastoid muscle. Using M-mode on a portable ultra-
sound machine, the maximum (Dmax) and minimum (Dmin) anteroposterior diameter
was measured during normal breathing. Respiratory variation in diameter (RVD) was
calculated using the following equation [(Dmax - Dmin)/Dmax] and expressed as a per-
centage. Collapsibility of the anteroposterior walls of IJV was then assessed using sniff.
Right heart catheterization was then performed within one hour. Pulmonary artery pulsa-
tility index (PAPi) was used to estimate right ventricular function. Results: 162 patients
were enrolled with left ventricular ejection fraction range of 15-69%, Fick cardiac index
range of 1.3 - 4.3L/min/m2 and mean pulmonary artery pressure range of 8 - 61mmHg.
Low cardiac function (Left ventricular ejection fraction# 35% or Fick cardiac index # 2)
was noted in 73 patients. In the overall cohort, a low Fick cardiac index of # 2 L/min/
m2 was associated with a lower RVD (19% vs 34%, p<0.01) and larger Dmax (1.2cm vs
0.9cm, p<0.01). As the PAPi decreased, there was a progressive increase in IJV Dmax
and Dmin and a progressive decrease in respiratory variation in IJV diameter and incidence
of sniff collapsibility. In patients with low cardiac function as defined above, an RVD of
<30% had 78% sensitivity and 75% specificity for PAPi # 3 (ROC AUC = 0.766,
p<0.01). Conversely, the presence of IJV collapsibility on sniff was 83% specific for a normal
PAPi $ 3 in these patients (ROC AUC = 0.717, p <0.01). Conclusion: Less dynamic IJV
diameter variation on POCUS correlates with poor right ventricular function. This assess-
ment can be easily done at the bedside regardless of body habitus, with excellent specificity.

P1-07

Image Quality Assessment in Intrapartum Echocardiography Using Strain Analysis
Eunjung Choi1, Caroline Andrew2, Marilyn Kouassi-Brou2, Leigh C. Hickerson1.
1Dartmouth-Hitchcock Medical Center, Lebanon, NH; 2Geisel School of Medicine at
Dartmouth, Hanover, NH.
Introduction: Point-of-care echocardiography during active labor poses unique challenges
and can be aided or limited by patient position (forward leaning, supine vs. lateral decubitus),
uterine contraction, and use of epidural anesthesia. The quality of an examination determines
its diagnostic value. In this study, speckle tracking via strain analysis was used as a surrogate for
endocardial visualization and image quality during intrapartum echocardiography.Methods:
A modified transthoracic echocardiography protocol was developed for intrapartum moni-
toring of cardiac function during the physiologic stress of active labor. A total of 50 healthy
term parturients ($ 37 weeks gestational age) in active labor ($6 cm cervical dilation) were
consented and enrolled in this pilot study.Myocardial strain analysis was performed using im-
ages acquired during uterine contraction and relaxation in each subject. Image quality was
determined by the number of segments visualized with a clear endocardial border in standard
apical 2, 3 and 4 chamber views. Results: Point-of care echocardiography during active labor
required alterations in standard imaging planes due to the superior, anterior and lateral
displacement of the heart with gravid uterus. Uterine contraction shifted the apex of the heart
more inferiorly, posteriorly, andmedially. As a result, certain segmentsmay be easily visualized
duringuterine contraction as opposed toduring uterine relaxation and vice versa. Therewas no
significant difference between the overall quality of images obtained during uterine contraction
and relaxation. Image quality was highest in parturients with bodymass index between 30 and
45 whereas BMI <25 or >45 was associated with poor image quality (Figure 1). Conclusion:
Intrapartum point-of-care echocardiography is a useful diagnostic tool that can be performed
during uterine contraction and relaxation with a few technical adaptations. Obtaining good
quality images with fewer missing segments is achievable in parturients with BMI 30 and 45.
Obesity should not preclude point-of-care echocardiography in parturients.
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P1-08

Accuracy of Estimating Cardiac Hemodynamics Using Handheld Ultrasonography in
Clinical Practice
Mohammed Elzeneini, Shishir Gupta, Robert Hamburger. University of Florida, Gainesville,
FL.
Background:Handheld ultrasound devices are becoming increasingly used in clinical prac-
tice in recent years. Their utility for estimating cardiac hemodynamics is poorly described.
Methods: This prospective study enrolled 50 consecutive patients presenting for outpatient
right heart catheterization (RHC) at our institution. A handheld ultrasound device was used
to measure inferior vena cava (IVC) size and collapsibility and use that to estimate right
atrial pressure (RAP) to be 3, 8 or 15 mmHg according to the American Society of
Echocardiography recommendations for cardiac chamber quantification. Invasive pressure
measurements were then performed using RHC. Linear regression analysis was used to eval-
uate the association between estimated RAP using ultrasound and invasive RAP. Results:
Fifty patients were enrolled, mean age 68 +/- 8 years. Estimated RAP by ultrasound signif-
icantly predicted invasive RAP (r 0.80, 95% CI 0.63-0.98, p <0.001). The correlation was
stronger when RHC was indicated for evaluation of heart failure (r 0.85, 95% CI 0.57-
1.16, p <0.001) compared to other indications (r 0.76, 95% CI 0.54-1.02, p <0.001). An esti-
mated RAP of 3, 8 and 15 mmHg had a sensitivity/specificity of predicting an invasive RAP
of 0-5, 6-10 and >10 mmHg of 88%/93%, 56%/78% and 81%/97% respectively, with overall
accuracy of 80%, 76% and 92%, respectively. Estimated RAP also correlated with invasive
pulmonary capillary wedge pressure (r 0.70, 95% CI 0.32-0.58, p <0.001). Conclusion:
Handheld ultrasonography is a useful bedside tool that can accurately estimate cardiac he-
modynamics.

P1-09

Echocardiographic Features of Cardiac Amyloidosis in Patients with Clinically
Significant Aortic Stenosis A Meta-Analysis
Samiullah Arshad1, Huzefa Bhopalwala2, Nakeya Dewaswala1, Gaurang N. Vaidya1.
1University of Kentucky, Lexington, KY; 2ARH, Whitesburg, KY.
Background: There is growing evidence of co-existence of aortic stenosis and wild type
transthyretin amyloidosis. We aimed to identify echocardiographic parameters that could
potentially help identify patients with cardiac amyloidosis among patients with clinical sig-
nificant aortic stenosis undergoing TAVR/SAVR.Methods: 5 studies with 887 patients that
compared aortic stenosis (AS) patients with cardiac amyloidosis (AS-CA) and without car-
diac amyloidosis (AS-alone) were included. Random effects model was used due to signif-
icant heterogeneity among the studies. Results: Patients with AS-CA had a larger atrial
diameter compared to AS-alone patients (4.9 cm vs 4.5 cm, P<0.001). Myocardial contrac-
tion fraction (MCF) was lower in patients with AS-CA compared to AS-alone (21.15% vs
32.5%, P<0.001, Figure A). Despite comparable left ventricular (LV) ejection fraction
(47.7 vs 53.5%, p=0.27), AS-CA patients had paradoxically low stroke volume index
(SVI) (33.1 vs 39.3, p<0.001). Interventricular septum was thicker in patients with AS-
CA than AS-alone (mean 1.5 vs 1.3, p=0.002) and similarly the LV mass index (LVMI)
was higher (129.8 vs 103.8 g/m2, p<0.001, Figure B). Mitral Annular s’ velocity was < 6
cm/s in AS-CA patients (4.5 vs 6.3 cm/s, P=0.02). AS-CA patients had a higher mitral E/
A ratio (1.7 vs 0.9, p<0.001, Figure C). Classical low flow low gradient AS (LFLG) physiology
was seen more commonly among AS-CA patients than AS-alone patients (23.5% vs 12.8%,
OR 2.44 (1.2, 4.94), p=0.01, figure D). Conclusion: Aortic stenosis patients with cardiac
amyloidosis have more classical LFLG physiology, a larger atrial diameter and LVMI, higher

E/A ratio, lower MCF and paradoxically lower SVI compared to patients with AS-alone.
These parameters may

P1-10

Prognostic Value of Right Ventricular-Pulmonary Artery Coupling in Patients with
Pulmonary Hypertension
Manasi Tannu1, Fawaz Alenezi1, Melissa A Daubert1, Kishan Parikh1, Eric J Velazquez1, G.
Burkhard Mackensen2, Pamela S Douglas1, Hassan Alajmi1, Tina D Tailor1, AndrewWang1,
Robin Nijveldt1, Jacqueline Vos1, Ashlee Davis1, Richard Palma1, Altayyeb Yousef1,
Sreekanth Vemulapalli1, Sudarshan Rajagopal1. 1Duke University Medical Center,
Durham, NC; 2University of Washington, Seattle, WA.
Background: Right ventricular pulmonary artery (RV-PA) uncoupling is considered a
more sensitive marker of RV dysfunction as it may reflect afterload mismatch at the level
of the RV prior to overt dysfunction and decompensation. In this study, we evaluated the
prognostic impact of baseline tricuspid annular plane systolic excursion/pulmonary artery
systolic pressure (TAPSE/PASP) ratio, as a noninvasive expression of RV-PA coupling, in
patients with pulmonary hypertension (PH).Methods: Patients with PHwere consecutively
included from 2010 to 2014. Inclusion criteria included mean pulmonary artery pressure
$25 mmHg at rest or right ventricular systolic pressure >40 mmHg and a diagnosis of
PH confirmed by right heart catheterization. All the echocardiographic measurements
were performed according to ASE guidelines. The RV-PA coupling (TAPSE/PASP) ratio
was evaluated and stratified by the presence or absence of RV-PA uncoupling, defined as
a TAPSE/PASP ratio# 0.35. The primary outcome was time to death adjusted for age,
sex and body surface area (BSA). Results Of the 100 patients with echocardiographic
data, 61% were Group I PH, 86% were females and the mean age was 59.5 6 13 years.
Over a follow up period of 11 years, 49 died. Patients with RV-PA #0.35 had statistically
significant higher mean PA pressure (50.6 vs 41.4 mmHg), higher PVR (10.4 vs 6.2
WU), and lower cardiac index (2.43 vs 2.99), less negative RV GLS (-15.7 vs -21.6%), lower
TAPSE (1.67 vs 2.32 cm) compared to patients with RV-PA > 0.35. Patients with RV-PA
uncoupling had a mean survival of 6.88 years (CI 5.69 - 8.07) compared to 9.21 years (CI
7.77 - 10.66) in patients without uncoupling (p=0.02) Figure 1. Conclusion:
Echocardiographic evidence of RV-PA uncoupling was associated with increased mortality,
independent of age, sex, and body size, in patients with PH.

Figure 1. Kaplan-Meier Survival Curve Stratified by RVPA > 0.35 and # 0.35.

P1-11

Differential Effects of Cardiac Amyloidosis Subtypes on Right Atrial Size and Phasic
Function
Cristiane Singulane1, Jeremy A. Slivnick1, Karima Addetia1, Nitasha Sarswat1, Laurie
Soulat-Dufour1, Federico M. Asch2, Victor Mor-Avi1, Roberto M. Lang1. 1University of
Chicago Medical Center, Chicago, IL; 2MedsStar Health Research Institute, Washington, DC.
Background: Cardiac amyloidosis (CA) is an infiltrative cardiomyopathy resulting in dia-
stolic dysfunction and symptomatic heart failure. Although CA is classically thought to
involve the left ventricle, previous autopsy studies have shown that amyloid deposition
frequently occurs in the atria. While left atrial dysfunction is known to occur, the impact
of CA on right atrial (RA) structure and function has not been previously described. We
hypothesized that RA size and phasic function may be affected by CA, and that these effects
may be different in the two CA subtypes.Methods:We studied 118 patients with immuno-
globulin light chain (AL, N=67) and transthyretin (ATTR, N=51) CA, who underwent
transthoracic echocardiogram while in sinus rhythm (Table). Speckle tracking was used
to quantify RA reservoir, conduit, and booster strain (Figure, left) from the apical 4-
chamber view and compared with 50 age-, sex- and ethnicity-matched normal controls
identified from the WASE Study cohort. All three phases of RA strain were additionally
compared between AL and ATTR-CA. Impairment of RA strain and RAVi enlargement
were defined as a strain value below the lower limit of normal and indexed volume above
the upper limit of normal from WASE study, respectively. Results: There were no
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significant differences in age, sex, or ethnicity between CA and controls. RA volume was
significantly larger in CA, and all three phases of RA strain were significantly impaired
in CA patients compared to controls. Compared to AL-CA, patients with ATTR-CA had
significantly greater RA volume and impairment in all three phases of RA strain. The prev-
alence of impaired RA reservoir, conduit, and booster strain in the CA cohort was 73%, 53%,
and 85%, respectively (Figure, right). Impaired reservoir (67% vs 80%, p=0.109), conduit
(43% vs 65%, p= 0.021), and booster strain (82% vs 88%, p= 0.358) were more frequently
observed in ATTR-CA as compared to AL-CA. Conclusions: To our knowledge, this is
the first study to assess derangements in RA structure and function in CA. Our findings par-
allel previous studies with respect to the left atrium and suggest the presence of intrinsic
right atriopathy in this disorder. RA strain appears to be a useful marker in the detection

and subtype differentiation of CA and should be further studied to determine its clinical
usefulness.

P1-12

Stress Echocardiographic Prediction of Emerging Pulmonary Vascular Disease in
Systemic Sclerosis
Jim Lu1, Vivek Jani1, Valentina Mercurio2, Steven Hsu3, Laura K. Hummers4, Fredrick
Wigley4, Paul M. Hassoun5, Stephen C. Mathai5, Ami A. Shah4, Monica Mukherjee3.
1Johns Hopkins University School of Medicine, Baltimore, MD; 2Federico II University of
Naples, Naples, Italy; 3Johns Hopkins University Division of Cardiology, Baltimore, MD;
4Johns Hopkins University Division of Rheumatology, Baltimore, MD; 5Johns Hopkins
University Division of Pulmonary and Critical Care Medicine, Baltimore, MD.
Background: Systemic sclerosis (SSc) patients experience disproportionate
morbidity and mortality from pulmonary vascular disease (PVD). Supine bicycle
echocardiography (SBE) in conjunction with right ventricular longitudinal systolic
strain (RVLSS) can identify limitations in RV contractile response to exercise in
SSc. Here, we sought to investigate whether abnormal RV contractile reserve im-
proves prediction of incident PVD. Methods: SSc patients without known PVD un-
derwent SBE to fatigue and subsequent right heart catheterization (RHC).
Pulmonary arterial hypertension (PAH) was defined as mean pulmonary arterial
pressure (mPAP) 20 mmHg, pulmonary capillary wedge pressure < 15 mmHg,
and pulmonary vascular resistance > 3 Wood Units. RV systolic pressure
(RVSP), tricuspid annular plane systolic excursion (TAPSE), fractional area change
(FAC), global and regional RVLSS were obtained at baseline and peak exercise and
rest-stress changes were quantified. Univariate linear regression analysis and Mann
Whitney U and Fisher Exact tests were used for statistical analysis. Results: Our
final cohort consisted of 38 SSc patients; 9 (24%) developed PAH. There were
no significant differences in age, sex, SSc subtype, or autoantibody positivity be-
tween group (Table 1). 2DE-derived measures of RV contractile function
(DTAPSE, DFAC, DTAPSE/RVSP) were not significantly associated with mPAP
(Table 2). However, Dglobal RVLSS positively correlated with mPAP (p=0.026,
r2=0.137). There was no significant association between Dbasal, Dmid, and
Dapical RVLSS, or DRVSP with mPAP. Conclusion: Changes in RV contractile
reserve with exercise provocation are associated with incident PVD, not appreciable

by resting or rest-stress changes in conventional 2DE parameters. Assessment of
RV contractile reserve with exercise provocation may be useful in predicting inci-
dent PVD in SSc.

P1-13 - Oral

Early Changes in Biventricular Strain in Genotype Positive Transthyretin Amyloidosis
Mutation without Myocardial Changes on Two-Dimensional Echocardiography
Lorena Squassante Capeline, Gardenia Silva Lobo Oishi, Fernando George Monteiro Naylor,
Paula Santos de Souza, Frederico Jose Neves Mancuso, Acary Souza Bulle Oliveira, Valdir
Ambr�osio Moises. University Federal of S~ao Paulo, S~ao Paulo, Brazil.
Background: Transthyretin amyloidosis (ATTR) is a rare genetic disease with autosomal
dominant inheritance and variable penetrance. It may cause fatal infiltrative cardiomyop-
athy which is the commonest form of inherited restrictive cardiomyopathy. The availability
of genetic testing has identified a carrier population without phenotype. Echocardiography
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has been the mainstay for this disease screening and surveillance. However, the utility of 2-
dimensional speckle-tracking echocardiography (2D-STE) has not been reported in genetic
carrier individuals without cardiac amyloidosis. We aim to study the global and regional
strain indices of 2D-STE in individuals with genotyped ATTR without cardiovascular
phenotype. Methods: Genotype TTR positive (G+) without cardiovascular symptoms
were identified andmatched with healthy controls. All individuals underwent a comprehen-
sive echocardiogram including 2D-STE strain parameters (Philips platform). Groups were
compared using Chi-Square and student’s t-test. Multivariable logistic regression was used
to identify clinical and echocardiographic variables associated with genotype positive
ATTR. Results: 31 individuals in G+ and 34 controls were studied. Demographic and
echo parameters characteristics are detailed in Table. There was no significant difference
in left ventricular (LV) chamber dimensions, length, or ejection fraction between groups.
Compared with controls, LV wall thickness and mass index was higher in G+ (Table).
Average E/e’ tended to be higher in G+ (Table). LV global circumferential and longitudinal
strain were significantly lower in G+ (-2864% vs. -2164%, -2562% vs. -1963%, p<0.001
for all). Additionally, there was a significant reduced in longitudinal strain basal, mid, and
apical, most marked at the basal (-22 63% vs.-17 63%, p<0.001) in G+. Right ventricular
strain was also lower in the G+ group (Table). The predictors of positive genetic testing were
LV global longitudinal strain (adjusted odds ratio [95% CI], 2.46 [1.30-4.62]; p=0.005) and
average E/e' (2.04; [1.09-3.91]; p=0.025). Conclusion: Global and regional biventricular
strain is lower in individuals with genetically proven TTR prior to development of cardiac
amyloidosis. The impact of these variables as a component of a screening algorithm needs
further testing.

P1-14

Defining Echocardiographic Predictors of Outcome in Cardiac Amyloidosis by Subtype
Cristiane Singulane, Deyu Sun, Nitasha Sarswat, Zhen Hu, Amit R. Patel, Roberto M. Lang,
Karima Addetia. University of Chicago Medical Center, Chicago, IL.
Background: Current echocardiographic risk factors for prognosis in cardiac amyloidosis
(CA) do not distinguish between CA subtypes (transthyretin cardiomyopathy (TTR) and
immunoglobulin light chain cardiomyopathy (AL)), which we know require distinct diag-
nostic and therapeutic approaches. Accordingly, we sought to determine, using 2D trans-
thoracic echocardiography (2DE), whether differences exist in the predictors of survival
between the two CA subtypes. Methods: 220 patients (72612 years) with confirmed CA
(AL=89 and TTR=131), who underwent comprehensive 2DE at the time of CA diagnosis,
were enrolled. Measurements included left ventricular (LV) dimensions, indexed mass
(LVMi), global longitudinal strain (LVGLS), apical-sparing ratio (LVASR), diastolic func-
tion parameters, right ventricular (RV) size and function parameters, including tricuspid
annular systolic excursion (TAPSE), free-wall and global longitudinal strain (RVFWS,
RVGLS), indexed left atrial (LA) volume (LAVi), LA strain (reservoir and booster), indexed
right atrial volume (RAVi) and RV systolic pressure (RVSP). Cox regression was used to
determine associations with mortality over a median follow-up of 36-months. Kaplan-
Meier curves were generated. Results: Parameters associated with survival on univariable

analysis were LVEF, TAPSE, RVSP, LVASR, RVFWS, RVGLS and LA reservoir strain in
AL; LVEF, tissue Doppler E’, LVGLS and LVASR in TTR. On multivariable analysis, inde-
pendent predictors of survival were RVGLS, RVSP in AL and LVASR, LVEF in TTR
(Figure). Kaplan-Meier analysis showed that in TTR, RVGLS $-11% and RVSP $38
mmHg in AL; LVASR >1.15 and LVEF <37% were associated with worsened survival at
5-years (Figure). Conclusions: Echocardiographic risk factors associated with survival
are different in AL and TTR, providing important information for clinical decision-
making and follow-up of these patients.

P1-15

Left Atrial Fractional Area Change as a Diagnostic Tool for Cardiac Amyloidosis
Passara Itsathitphaisarn. Nakornping Hospital, Chiang Mai, Thailand.
Background: The various forms of left ventricular hypertrophy (LVH) including cardiac
amyloidosis (CA), hypertrophic cardiomyopathy (HCM) and hypertensive heart disease
(HTHD) share common echocardiographic findings. Previous strain imaging studies showed
that atrial function was impaired in CA. However, left atrial fractional area change (LAFAC)
assessed by 2D echocardiography has never been studied in patients with LVH. Objectives:
Main purpose of study was to compare LAFAC among patients with different causes of
LVH. Area under ROC curve (AUC) of LAFAC was performed to exclude CA from non-
amyloidosis.Methods: Patients diagnosed CA, HCM and HTHD were enrolled in this study.
Subjects without structural heart disease were included as control group. Standard echocardio-
graphic parameters including LAFAC were collected. Results: Among 60 patients with LVH
consistingofCA(n=22),HCM(n=17),HTHD(n=21) and control group (n= 24)were enrolled
in the study. Mean LAFAC in CA, HCM, HTHD and control group was 25.41+12.11%,
36.4+10.1%, 35.14+10.83%, 39.26+7.72%, respectively. Mean LAFAC of CA was significantly
lower than non-amyloidosis group and control group (p=0.002). AUC to differentiate CA
from non-amyloidosis was 0.78 (95%CI 0.66-0.90, p<0.001). Cut-off value of LAFAC at
37.8% was used to exclude CA with specificity of 81.8% and sensitivity of 50%. Conclusion:
We demonstrated that LAFAC was the simple and useful method to differentiate CA from
non-amyloidosis.

P1-16

Left Ventricular Torsion as a Prognostic Marker in Dilated Cardiomyopathy
Shekhar Kunal. ESIC Medical College and Hospital, Faridabad, India.
Background: Left ventricular (LV) torsion is the wringingmotion of the ventricle around its
long axis induced by contracting obliquely oriented myofibers in the LV wall and it predicts
functional capacity more appropriately than LV ejection fraction (EF).Purpose: This study
was intended to evaluate reduced LV torsion as a potential marker of disease severity and a
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predictor of hospitalization for worsening heart failure in patients with non-ischemic
dilated cardiomyopathy (DCM). Methods: This was a single center prospective observa-
tional study wherein 127 patients with a diagnosis of non-ischemic DCM with a LVEF
<50% were enrolled. In addition, 48 age and sex matched healthy individuals without
any prior history of cardiovascular diseases and normal LVEF were enrolled as controls.
All these patients underwent detailed clinical assessment including symptomatology,
NYHA function class evaluation and routine blood investigations including CPK-MB levels.
In addition, all enrolled subjects underwent 2D transthoracic echocardiography along with
speckle tracking imaging to determine the LV global longitudinal strain (LV-GLS), LV twist
and LV torsion. Based on the measurement of LV torsion, patients were stratified into two
groups: preserved LV torsion (>0.59 degrees/cm) and reduced LV torsion (<0.59 degrees/
cm). These patients were followed up for six months in terms of MACE events. Results:
Reduced LV torsion was reported in 52/127 (40.9%) patients with DCM. These patients
had significantly lower LVEF, altered LV geometry (base-apical distance) and higher levels
of CPK-MB. Additionally, patients with reduced LV torsion had a worsened functional class
and a greater frequency of hospital admissions (34 vs 6; P<0.001) over 6 months of follow-
up as compared to those with preserved LV torsion. Multivariate logistic regression re-
ported reduced LV torsion to be an independent predictor of MACE events over six months
of follow-up (OR:4.20; P=0.001). Conclusion: Findings from our study suggested that LV
torsion can serve as an additional prognostic marker in patients with non-ischemic DCM.

P1-17

HowOften Does Apical Sparing of Longitudinal Strain Indicate the Presence of Cardiac
Amyloidosis?
Eisha Wali, Martin Gruca, Cristiane Singulane, Juan I. Cotella, Brittney Guile, Roydell
Johnson, Victor Mor-Avi, Karima Addetia, Roberto M. Lang. University of Chicago
Medical Center, Chicago, IL.
Background: The diagnosis of cardiac amyloidosis (CA) is frequently suggested by the pres-
ence of a left ventricular apical sparing pattern (LVASP) on echocardiographic longitudinal
strain (LS) assessment, the so-called `̀ cherry on top'' pattern, defined by an apical sparing ratio
$1.However, it is unclear how frequently this strain pattern truly represents CA. In this study,
we evaluated the positive predictive value (PPV) of LVASP in the diagnosis of CA.Methods:
We identified 682 consecutive adult patients who had the following studies performed within
an 18-month period: 1) transthoracic echocardiogram and 2) either a) cardiac magnetic reso-
nance imaging, b) Technetium-Pyrophosphate imaging, or c) endomyocardial biopsy. LS was
retrospectively measured in the apical 4-, 3- and 2-chamber views in patients who had
adequate non-contrast images (n=466, 68%). An apical sparing ratio was calculated as (average
apical strain) / [(average basal strain) + (averagemid-ventricular strain)]. Patients with LVASP
(apical sparing ratio$1) were evaluated for the presence/absence of CA, using criteria defined
in Table 1. Basic left ventricular parameters were alsomeasured on this subset.Results:Thirty-
three patients (7.1%) had LVASP. Nine of these patients (27%) had `̀ confirmed'' CA and 2
(6.1%) had `̀ highly probable'' CA. One patient (3.0%) had `̀ possible'' CA and 21 (64%)
had no evidence of CA. When comparing patients with and without confirmed CA, there
were no significant differences in apical sparing ratio, average global longitudinal strain, ejec-
tion fraction, or LV mass. Patients with confirmed CA were older (7669 vs 59618 yrs,
p=0.01) and had higher septal (1562 vs 1264 mm, p=0.05) and posterior wall thickness
(1563 vs 1163 mm, p=0.004), with an increased relative wall thickness (0.7660.3 vs
0.4960.1, p=0.004) (Table 2). Conclusions: The presence of LVASP on longitudinal strain

represents confirmed or highly probable CA in only one-third of patients (PPV=33%). It is
more likely to indicate true CA in older patients with increased LV wall thickness. A larger,
prospective study is needed to confirm these findings.

P1-18

Clinical and Cardiac Imaging-Based Machine Learning Model for the Prediction of
Thromboembolism in Cardiac Amyloidosis
Cristiane Singulane1, Jeremy A. Slivnick1, Maryam E. Neyestakak1, Deyu Sun1, Mauricio N.
Macado2, Daiqing Chen1, Karima Addetia1, Nitasha Sarswat1, Roberto M. Lang1, Amit R.
Patel1. 1University of Chicago Medical Center, Chicago, IL; 2S~ao Jos�e do Rio Preto Medical
School, S~ao Jos�e do Rio Preto, Brazil.
Background: An increasing body of evidence suggests a link between venous and systemic
thromboembolic events (VTE, STE) in patients with cardiac amyloidosis (CA). We sought to
identify the prevalence of STEandVTE inCAand its clinical and echocardiographic predictors.
We additionally wished to utilize machine learning to develop a model to predict Future
ThromboEmbolism (FTE). Methods: We studied100 patients (69612 years, 54% male, 70%
black, 54% AL-CA) with confirmed CA, in sinus rhythm and no prior history of atrial
arrhythmia or use of anticoagulation. Clinical and echocardiographic parameters—quantified
in accordance with guidelines—were assessed in all subjects. The least absolute shrinkage and
selection operator (LASSO) technique was performed to develop three distinct multivariable
models (clinical, echocardiographic and combined clinical + echo parameters) for predicting
FTE. The diagnostic performance of each model was compared using receiver operating char-
acteristics curves.Event free survival fromFTEaspredicted by the combinedmodelwas assessed
using Kaplan-Meier (KM) analysis with low, intermediate, and high risk being defined by
LASSO score tertiles. Results: At follow up, 24 (24%) patients experienced FTE (58% isolated
DVT, 38% right atrial thrombus, 14% left-sided intracardiac thrombus). The parameters
included in the LASSOmodel are displayed infigure 1A.Overall, theAUC for the clinical, echo-
cardiographic, and combined LASSO models were 0.821, 0.829 and 0.901, respectively
(figure 1B). The combined clinical and echocardiographic model was significantly more accu-
rate for prediction of FTE than either individual model alone. In KM analysis, the combined
model was significantly associatedwith survival free fromFTE (Figure 1C, p<0.0001). At follow
up, the event rates in the low (LASSO score 0.03-0.15), moderate (0.15-0.34), and high (0.34-
0.71) risk groups were 0%, 20%, and 75% respectively. Conclusions: Even in the absence of
an indication for anticoagulation, FTE is common in CA. Echocardiographic parameters pro-
vide incremental prognostic information for predicting FTE as compared to conventional clin-
ical CA risk factors. Further studies are needed to evaluate optimal treatment strategies for CA
patients at highest risk of FTE.

P1-19

Prognostic Importance of Echocardiographic Strain vs Right Heart Cath in
Decompensated HFpEF
Nathanael Tran, Mohammad Shaar, Hussein Al-Sudani, Ramy Sedhom, Hamza Akhtar,
Kevin Lo, Gregg Pressman. Einstein Medical Center, Philadelphia, PA.
Background: Both echocardiography and right heart catheterization (RHC) are useful in
managing heart failure. By measuring properties of the myocardium, echocardiographic
strain analysis may provide better insight into longterm prognosis than RHC which mea-
sures hemodynamics at the time of the procedure. Methods: This study included patients
with HFpEF who were hospitalized for acute heart failure exacerbation, and who had both
echocardiography and RHC performed. 2D strain analysis software was used to calculate
left and right atrial strain, right ventricular free wall strain (RVFW), and left ventricular
global longitudinal strain (LVGLS). The outcome of interest was 3-year all-cause mortality.
Survival analysis was performed using Cox-regression adjusting for age, gender and race.
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Individual echocardiographic and hemodynamic parameters which were significantly asso-
ciated with survival on univariate analysis were included in a multivariable model. Separate
models were then done using only echocardiographic and only hemodynamic parameters.
Results: A total of 178 patients were included; 50% were African American and 61% were
female. The mean age was 69.4613.5 years. Overall 3-year mortality rate was 10% with 3%
dying within the first year. On multivariable Cox regression analysis after adjusting for age,
gender and race, only LA conduit (HR 0.40 95% CI 0.18-0.89; p=0.02) and LA reservoir
strain (HR 0.52 95% CI 0.32-0.87; p=0.012) remained independently associated with long
term 3-year all-cause mortality. Looking at separate models for survival comparing echocar-
diographic and hemodynamic parameters, echocardiographic strain parameters had a
higher overall predictive value with AUC of 0.77 [0.70-0.83] p=0.03 compared to right heart
catheterization hemodynamic parameters with AUC of 0.69 [0.62-0.76] p=0.29.
Conclusion: Among patients with HFpEF admitted for acute heart failure exacerbation,
LA reservoir and LA conduit strain were independently associated with long term 3-year
all-cause mortality. Echocardiographic variables had more utility for prediction of long
term survival than hemodynamic parameters.

P1-20

The Influence of Cardiorespiratory Fitness and Sex on Left Atrial Structure and
Function
Luke W. Spencer, Leah M. Wright, Erin J. Howden, Andre La Gerche. Baker Heart and
Diabetes Institute, Melbourne, Australia.
Background: Left atrial (LA) remodelling, which can be quantified through echocardi-
ography, holds clinical value in cardiovascular prognostication and risk stratification.
LA size and cardiorespiratory fitness (CRF) are both predictors of future cardiovascular
events in referred populations. However, the association of CRF and LA has not been
well studied in free-living populations. We sought to determine whether differing struc-
tural and functional LA remodelling occurred across the spectrum of CRF, and whether
this differed based on sex. We hypothesised that improvements in CRF would be asso-
ciated with structural LA enlargement but not reductions in LA function.Methods:We
used a cross-sectional method, recruiting 593 participants (59% M; Age 47617 years)
free from CVD. CRF was measured as maximal oxygen uptake (VO2peak), using ergo-
spirometry, and was indexed as a percentage of predicted exercise capacity (VO2%

pred) to equate for age, sex, and anthropometric differences in CRF. LA and left ventric-
ular (LV) volumes were assessed by echocardiography and LA strain was assessed using
speckle-tracking echocardiography (GE, EchoPAC). LA volume was indexed (LAVi) to
body surface area, lean body mass, and LV (LA:LV, a novel ratio of LV to LA enlarge-
ment). Results: The was no significant difference between sexes for VO2%pred (M 110%
6 26, F 108%6 28; p=0.30). LA enlargement (LAVi >34 mL/m2) was observed in 70.5%
of the population (Figure 1). Higher CRF(VO2%pred) was associated with LA enlarge-
ment (r2=0.14, P<0.0001). However, higher CRF was not associated with either
LA:LV (P=0.32) or reservoir strain (P=0.72). When LA:LV was analysed in participants
with LA enlargement, the association between CRF and LA:LV was negative (r=0.17,
P=0.0006). Sex differences were present as males presented with larger absolute LA vol-
umes (P<0.0001) and LAVI (P<0.0001), but LA:LV (P=0.04) and lean-mass indexed LA
(P<0.0001) were higher in females. Conclusion: In a free-living population, improve-
ments in CRF was associated with LA volumetric enlargement, but not changes in LA
strain. This study demonstrates that exercise, as a physiological stimulus, is associated
with LA structural enlargement, but not reductions in function

P1-21

Relationship Between Electrocardiographic Characteristics and Subclinical Left
Ventricular Systolic Dysfunction in Isolated Left Bundle Branch-Block Patients

Guangyuan Li1, Xuanyi Jin2, Bo Pang1, Yonghuai Wang1, ChunYan Ma1. 1Department of
Cardiovascular Ultrasound, First Hospital of China Medical University, Shenyang, China;
2Department of Cardiology, University of Groningen, University Medical Centre
Groningen, Groningen, Netherlands.
Background: Early identification of subclinical left ventricular (LV) systolic dysfunction
(LVSD) in isolated left bundle branch block (LBBB) and preserved LV ejection fraction
(LVEF, LBBBpEF) holds clinical significance. Electrocardiogram (ECG) might serve as a rapid
screening tool identifying subclinical LVSD in LBBBpEF, but remains unestablished. Therefore,
the current study aimed to investigate the relationship between ECG characteristics and sub-
clinical LVSD in LBBBpEF.Method and Results: The current study included 50 patients with
LBBBpEF and 40 age-, sex-matched healthy subjects. Two-dimensional speckle-tracking echo-
cardiography was applied to derive the LV global longitudinal strain (GLS), and subclinical
LVSD was defined by the absolute value of LVGLS below 20%. Of these, 29 patients with
LBBBpEF had subclinical LVSD. Those with subclinical LVSD had longer QRS duration,
more often were present with QS and discordant LBBB as compared to those with normal
LV systolic function. Combination of QRS duration, presence of QS, and discordant LBBB
predicted LVSD (area under the curve: 0.84) in LBBBpEF. And, adding presence of QS and
discordant LBBB to the QRS duration model increased the integrated discriminant index
from 0.08 to 0.17. Conclusions:QRS duration, presence of QS, and discordant LBBB were in-
dependent predictors of LVSD in LBBBpEF. The integrated ECG assessment might serve as a
simple, effective, and rapid screening tool to predict subclinical LVSD in LBBBpEF.

P1-22

Left Atrial Reservoir Strain is a Superior Discriminator of Cardioembolism in Ischemic
Stroke
Aditya Bhat1, Gary C.H. Gan1, Henry H.L. Chen1, Shaun Khanna1, Vipul Mahajan1, Arnav
Gupta1, Camelia Burdusel1, Nigel Wolfe1, Lina Lee1, Maria Carmo P. Nunes2, Cesar
Augusto3, Jos�e Luiz Padilha da Silva3, Timothy C. Tan1. 1Blacktown Hospital, Sydney,
Australia; 2School of Medicine, Federal University of Minas Gerais, Belo Horizonte, Brazil;
3Department of Statistics, Federal University of Paran�a, Curitiba, Brazil.
Background: Echocardiographicmeasures of left heart size and function have long been asso-
ciated with cardioembolic mechanisms of stroke development, however the diagnostic perfor-
mance and comparison ofmeasures of atrial function in this context has not been well studied.
We sought to evaluate the diagnostic performance of LA reservoir strain (LASr) in identifica-
tion of cardioembolism in the ischemic stroke population relative to traditionalmeasures of left
heart size and function. Methods: Consecutive patients admitted to our institution with
ischemic stroke or transient ischemic attack were recruited and underwent comprehensive
transthoracic echocardiography. Strokes were classified as cryptogenic, cardioembolic and
non-cardioembolic with comparison undertaken between cardioembolic and non-
cardioembolic types. Results: A total of 418 consecutive stroke patients with a cardioembolic
(n=229) or non-cardioembolic (n=189) stroke etiology were analyzed. LASr was significantly
impaired in cardioembolic compared to non-cardioembolic strokes (16.3568.20% vs
26.1165.52%, p<0.01) and provided greatest discrimination [area under the curve (AUC)
0.816, 95%CI 0.773 to 0.858] in differentiating stroke subtypes when compared to LVEF
(AUC difference 0.215, p<0.01), LAVI (AUC difference 0.090, p<0.01) and E/e’ (AUC differ-
ence 0.202, p<0.01). Inclusion of LASr in a model with conventional left heart echocardio-
graphic factors improved model performance with a net reclassification improvement of
1.138 (95%CI 0.999 to 1.276, p<0.01). Further, user-defined clinical models (Figure 1) with
LASr improved diagnostic accuracy of identification of cardioembolic stroke subtypes which
was best appreciated in patients without atrial fibrillation. Conclusions: LASr may provide
enhanced diagnostic accuracy beyond conventional echocardiographic measures to discrimi-
nate cardioembolic from non-cardioembolic stroke mechanisms, in particular amongst those
without comorbid atrial fibrillation.

P1-23

Phenotypic Sex-Related Differences in Baseline Echocardiographic Parameters and
Impact on Stroke in Patients with Atrial Fibrillation
Zi Ye, Apurva B. Challa, Hector I. Michelena, Jae K. Oh, Ratnassari Padang, Eddie L. Greene,
Hon-Chi Lee, Rowlens M. Melduni. Mayo Clinic, Rochester, MN.
Objective: To examine the impact of gender-related differences in echocardiographic param-
eters on outcomes of patient with AF. Background: Although prior studies have consistently
reported a higher incidence of cardiovascular disease in women than men, women are more
likely to have a higher mortality and worse prognosis after acute cardiovascular events
including atrial fibrillation (AF). The biological reasons for these gender differences in out-
comes are not clearly understood. Methods: We retrospectively analyzed a cohort of 3480
Olmsted County, Minnesota residents (mean age 72.8614 years, 51.8% female) with incident
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AF during the period of 1980-2010 who had transthoracic echocardiographic assessment
within30daysofAFdiagnosis [median (IQR)1, 1-6days].Kaplan-Meier andCoxproportional
hazards models were used to compare overall death and stroke-free survival in males and fe-
males. Results: Out of 3480 patients analyzed, females were older than males and more likely
to have hypertension, prior stroke, and had higher CHA2DS2vasc score, higher pulse pressure,
BNP and effective arterial elastance.Women also had smaller LV end diastolic dimension with
higher relative wall thickness, ejection fraction, left atrial volume index, mitral annular E/e
prime ratio, and right ventricular systolic pressure. During a mean follow-up period of
7.466.2 years (median 6.6 years), 866 patients had an ischemic stroke. Women had a lower
stroke-free survival compared with men. The probability of 1-, and 5-year stroke rates for
women vs men were 11.4% vs 8.4% at 1 year and 24.4% vs 20.0% at 5 years (log-rank
P<.001). In the multivariable Cox regression analysis, after accounting for potential con-
founders, independent predictors of stroke were age (HR, 1.03 [95% CI 1.02-1.05]), female
sex (HR, 1.28 [95% CI 1.01-1.74]), hypertension (HR, 1.78 [95% CI 1.14-2.78]), prior stroke
(HR, 4.29 [95% CI 3.23-5.69]), higher LAVI (per 5 unit increment) (HR, 1.05 [95% CI 1.01-
1.10]), and RVSP (per 5 unit increment) (HR, 1.09 [95% CI 1.02-1.15]). Conclusion: In a
community-based population of patients with incident AF, echocardiographic markers of dia-
stolic dysfunction and arterial stiffness weremore prevalent in females compared tomales and
highlypredictive of ischemic stroke. Theseparametersmayexplain thepathophysiologyunder-
lying adverse cardiovascular outcomes observed in women.

P1-24

Cardiac and Intestinal Complications Associated with Diazoxide in Neonates
Mounya Duggal1, Shiran Sara Moore2, Jessica Simoneau2, Julia Elisabeth Von Oettingen3,
Guilherme Santanna2, Gabriel Altit4. 1McGill University Health Centre – Montreal
Children’s Hospital. Neonatology Division. Faculty of Medicine and Health Sciences,
McGill University, Montreal, QC, Canada; 2McGill University Health Centre – Montreal
Children’s Hospital. Neonatology Division, Montreal, QC, Canada; 3McGill University
Health Centre – Montreal Children’s Hospital. Division of Pediatric Endocrinology,
Montreal, QC, Canada; 4McGill University Health Centre – Montreal Children’s Hospital.
Neonatology Division. Pediatric Cardiology Division, Montreal, QC, Canada.

Background: Diazoxide inhibits insulin release and is used for neonatal hyperinsulinemic hy-
poglycemia. Its use in neonates has been associated with pulmonary hypertension (PH) and
more recently with necrotizing enterocolitis (NEC). These outcomes are of concern given their
risk of morbidity and mortality. Methods: Retrospective cohort of infants $31+6/7 weeks
admitted between January 2014 and June 2020 to a tertiary newborn intensive care unit for hy-
poglycemia and exposed to diazoxide. Clinically acquired echocardiographic (ECHO) following
diazoxide treatment were reviewed by a masked data extractor. PH was defined as systolic pul-
monary arterial pressure (sPAP)$40 mmHg, tricuspid valve regurgitation$35 mmHg and/or
left ventricular (LV) end-systolic eccentricity index (EI) $1.3 (a measure of septal flattening).
NEC or suspected NEC was defined as pneumatosis on radiography or symptoms leading to
feeds cessation and initiation of antibiotics. The Fisher’s exact, the Wilcoxon-Mann-Whitney
and Student t-test tests were used to assess differences in categorical and continuous variables.
Results:Of 63 infants, 13% (n=8) had evidence of suspected (n=7) or confirmed (n=1) NEC.Of
36 ECHO (median age of 14 days [8-37]), 33% (n=12) had evidence of PH, deemed severe ($ 2/
3 systemic) in 19% (n=7). Right ventricle (RV) dysfunction occurred in 4 of 63 newborns (low
tricuspid annular plane systolic excursion) and LV dysfunction (ejection fraction by Simpson’s
<55%) in 19 (30%). The combined adverse outcome of NEC or PH was found in 20/63 infants
(32%). No specific clinical features were able to predict infants at risk of developing these com-
plications (Table 1). We found an increased pulmonary artery diameter (0.8960.22 vs
1.2660.19 cm, p=0.004), and a decreased LV peak circumferential strain rate in those with
PH (-1.5360.33 vs -1.9060.53, p=0.03). Conclusion: The use of diazoxide in neonates was
associated with a high incidence of PH and suspected or confirmed NEC. No specific clinical
features were discriminative of those developing adverse outcomes. LV compromise was
frequent, potentially affecting intestinal perfusion and pulmonary vasculature by post-
capillary congestion. Until future studies can better determine safety of this drug, diazoxide
in neonates should be used with caution.

P1-25

A Complex, Pulsatile Left Ventricular Apical Mass in HIV-Related Immune
Reconstitution Inflammatory Syndrome - Can You See It?
Rahul Patel, Austin J. Rim, Lakshmi S. Tummala, Lauren F. Collins, Ifeoma Onuorah
Ezenekwe. Emory University, Atlanta, GA.
A 32-year-old man with a history of HIV/AIDS (CD4 117, suppressed) who was recently re-
initiated on antiretrovirals, anterior STEMI from cocaine treated medically, disseminated
Mycobacterium avium complex was admitted for encephalopathy. In the setting of immune
reconstitution inflammatory syndrome (IRIS), he was found to have dilated cardiomyopathy
with ejection fraction 5%, decreased from 40% eight months prior. Follow-up TTE 7 days later
revealed anterior wall akinesis with a new complex, pulsatilemural apical LV thrombus (LVT).
Despite treatment of IRIS with steroids and of the LVTwith anticoagulation, the patient’s con-
dition rapidly declined, and he was unable to tolerate cardiacMRI or TEE. The TTE on admis-
sion revealed a severely dilated, globally hypokinetic LV; however, no LVT was visible. Due to
respiratory compromise, a repeat TTEwas performed which revealed a new pulsatile, complex
apical mass with color flow within the mass and extending into the pericardial space. Initial
clinical suspicion was for contained myocardial rupture with layered thrombus in the setting
of previously untreatedMI versus LV apical aneurysmwith thrombus. A CCTAdemonstrated
a 4 x 2 cm LVT, an intact myocardium, and splenic infarcts. In a patient with a previous un-
treated STEMI and HIV/AIDS presenting with IRIS, the differential diagnosis of a ventricular
masswith pulsatile flow is broadwith varyingmanagement. Possibilities include pseudoaneur-
ysm due to contained myocardial rupture, complex LVT, coronary artery fistula, lymphoma,
Kaposi sarcoma, and cardiac tuberculoma. Pseudoaneurysm has a 30-45% risk of LV rupture
and is often treated surgically. Follow up contrast TTE and CCTA were diagnostic of compli-
cated mural LVT, thus guiding initiation of anticoagulation. This case demonstrates the
importance of multimodality imaging for identification of LVT in the setting of HIV-
associated IRIS, a condition of uncontrolled inflammation. Chronic HIV has been associated
with dilated cardiomyopathy, hypercoagulability, and rarely LVT; however, the association be-
tween acute thrombosis and acute apical akinesis in HIV-IRIS has not been previously re-
ported. In diagnosing LVT, utilization of contrast TTE is more sensitive and specific and
helped clarify the dynamic filling nature of our patient’s unique thrombus.
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Clinical Significance and Prevalence of Different Morphologies of Left Ventricular Wall
Thickening
Trevor Caldarera1, Sebastian Hernandez1, Mahesh Chandrasekar2, Mark Sokolsky1, Ajay
Dharod1, Bharathi Upadhya1, Min Pu3, Richard B. Stacey1. 1Wake Forest University,
Winston Salem, NC; 2Cone Health, Greensboro, NC; 3Albert Einstein College of Medicine,
New York City, NY.
Background:Asour recognition ofhypertrophic cardiomyopathy (HCM)withmilder pheno-
types at older ages continues to improve, it becomesmore important todifferentiate it fromage-
related basal septal hypertrophy. To appreciate these differences, this study seeks to identify the
prevalence, risk factors, and clinical profile of patients with basal septal hypertrophy compared
with other forms of hypertrophy and wall thickening.Methods: From 2012 to 2019, this study
identified 4,622 initial echocardiograms with normal left ventricular systolic function without
significant valvular abnormalities or infiltrative cardiomyopathies. Wall morphology was
divided into 4 groups: normal septal and posterior wall thickness (n=3,126, 67.6%), thickened
septal and posteriorwall (concentric thickening; n=1,010, 21.9%), basal septum12-15mmwith
normal posteriorwall (basal septal hypertrophy, n=423, 9.2%), and basal septum> 15mmwith
normal posterior wall (asymmetric septal hypertrophy; n=58, 1.2%). Univariate and multivar-
iate regressionsmodelswere created todescribe the relationship betweenwallmorphologywith
hypertension and heart failure. Further, stratified analyses were used to describe the relation-
ship of agewithwallmorphology.Modelswere adjusted for baseline demographics and clinical
covariates.Results:The study participantswere 22%Black, 53% femalewith amean age of 55.8
6 16.6 years. Clinically, 12.9% and 59.6% were diagnosed with heart failure and hypertension,
respectively.With age, the prevalence of both concentric thickening and basal septal thickness
increased (see figure 1). Relative to normal thickness, all forms of thickening were associated
with heart failure and hypertension (all: p<0.001), but only concentric thickening was associ-
ated with diabetes mellitus (p<0.001). In multivariate analyses, all forms of thickening were
associated with hypertension, but only concentric thickening was independently associated
with heart failure (p < 0.001).Conclusion: Prevalence of basal septal hypertrophy and concen-
tric thickening increased with age. All forms of thickening demonstrated an association with
hypertension, but only concentric thickening was associated with heart failure independently
from hypertension.

P1-28

A New Concept in Low Flow State with Normal Left Ventricular Ejection Fraction:
Demonstration by an Echocardiographic Study of Latinos
Min Pu1, Patrick M. Kozak2, Katrina Katrina1, Martha L. Daviglus3, Mayank M. Kansal4,
Daniela Sotres-Alvarez5, Sonia G. Ponce6, Robert Kaplan4, Mario Garcia1, Carlos J.
Rodriguez4. 1Montefiore Medical Center, Bronx, NY; 2Atrium Health Wake Baptist
Medical Center, Medical Center Boulevard, NC; 3University of Illinois at Chicago,
Chicago, IL; 4Albert Einstein College of Medicine, Bronx, NY; 5University of North
Carolina-Chapel Hill, Chapel Hill, NC; 6University of California, , San Diego, CA.
Background: Low flow state (LFS) is defined as left ventricular (LV) stroke volume index (SVi
<35ml/m2), which carries significant prognostic implication in valvular disease. When LV ejec-
tion fraction is normal (LVEF$ 55%), thepresenceofLVhypertrophy and/or concentric remod-
eling is often assumed to be a major cause of LFS. However, these assumptions have not been
tested in a large population. Methods: The study included 1346 asymptomatic participants
with mean age of 55 6 0.45 years old, LVEF $55% and no valvular heart disease from
Echocardiographic Ancillary Study to Hispanic Community Health Study/Study of Latino. SV
was calculated by Doppler echocardiography using the continuity equation. LV volume, mass,
and global longitudinal strain (GLS) were calculated using two-dimensional echocardiography
with speckle tracking technology. The myocardial contraction fraction (MCF), which is a novel
volumetric measure of left ventricular myocardial shortening, was measured based on SV/LV
myocardial volume x 100%. The participants were classified into LFS or normal flow state
(NFS: SVi $35 ml/m2) groups. Echocardiographic measurements and demographics were
compared between LFS and NFS groups. Results: The prevalence of LFS was 41% with no sig-
nificant difference in mean age between LFS and NFS (556 0.4 vs. 566 0.5 years old, p>0.05).
The percent of women was higher in LFS than NFS (68% vs. 60%, p<0.01). In comparison with
NFS, subjectswithLFShad lower end-diastolic volume (726 1.0mlvs. 826 1.3ml,p<0.001), SV
(556 0.5 vs. 806 0.7, p<0.001), LVmass index (77 g/m2 vs. 85 g/m2, p<0.001), left atrial volume
index (20.66 0.35 vs. 23.56 0.37,p<0.001), LVEF (58.86 0.30%vs. 60.46 0.28%. p<0.01),GLS
(-16.860.16% vs. -17.760.17 % p<0.001) andMCF (43.36 0.63% vs. 55.76 0.64%, p<0.001).
Both sexes with LFS did not have significant LV hypertrophy (males: mean LVmass index < 116

g/m2 and females: < 96 g/m2 ). There was no significant difference in the relative wall thickness
(LFS: 0.4060.004 vs. NFS: 0.4060.005, p=0.57). Conclusion: LFS is common in a Latino pop-
ulationwithnormal LVEF. In contrast to the conventional `̀ consensus'' whichLFS is oftendue to
LV hypertrophy and/or concentric remodeling, LFS is significantly associated with lower LV
mass index, LV volume, LA volume index, LVEF, GLS andMCFwithout an increase in the rela-
tive wall thickness (concentric remodeling) in a Latino population. Further studies of the prog-
nostic significance of LFS in general population are warranted.

P1-29

Novel Risk Stratification Scoring System Based on Echocardiography in Tamponade
Assessment to Guide Pericardiocentesis (E-TAP)
Jennifer Xu, Brian Becerra, Armen Ghazarian, Yichen Lyu, George Nasr, Emin Zargarian,
Jonathan Schilling, Wenjun Fan, Nathan D. Wong, Jin Kyung Kim. University of
California, Irvine, Orange, CA.
Background: Echocardiographic findings suggestive of hemodynamic compromise can be
observed in advance of clinical deterioration in patients with tamponade. While echocardi-
ography is used to aid decision-making for pericardiocentesis, the role of composite echo-
cardiographic measures in risk stratification for patients with pericardial effusions (PCE)
has not been evaluated. The purpose of this study is to validate predictors for tamponade
and construct a simple imaging-based risk stratification model to guide treatment for pa-
tients with PCE.Methods: A retrospective cohort of patients who had undergone echocar-
diography and were identified to have at least moderate PCE were included. Patients with
atrial fibrillation, greater thanmoderate pulmonary hypertension, or mechanical ventilation
were excluded. Patients were identified as having tamponade if the intrapericardial pressure
was >6mmHg.We examined the following parameters: 1) right atrial late diastolic collapse,
2) right ventricular early diastolic collapse, 3) discordant ventricular dimensions indicating
interdependence, 4) mitral inflow E velocity variation >25%, 5) tricuspid inflow E velocity
variation >40%, 6) left ventricular outflow tract peak velocity >20%, and 7) plethora of the
inferior vena cava, weighted equally, to create a summative score. The sensitivity and spec-
ificity of the score in relation to the diagnosis of tamponade were determined. Logistic
regression analyses were conducted both for the individual echocardiographic measures
and score in relation to the odds of tamponade. Results: Out of 284 patients, 134 patients
were identified as having tamponade. Those with tamponade had a mean E-TAP score of
4.9 +/- 1.6, compared to 2.3 +/-1.5 in those without (p<0.001). Adjusted logistic regression
analyses showed that IVC plethora, RV collapse, TV inflow variation >40%, and LVOT flow
variation >20% were independently associated with tamponade. A sum score cutoff of 4 out
of 7 best identified patients with tamponade with a specificity of 91.7% and a sensitivity of 82
% (Figure 1). Conclusion: Our novel E-TAP scoring system provides a simple
echocardiography-based risk stratification schema that predicts tamponade with a high ac-
curacy and may improve decision-making on patients who need urgent pericardiocenteses.

P1-30

Predictors of False Negative Stress Echocardiography in Patients with Obesity
Mohamad Sabra1, Edward El-Am1, Rody G. Bou Chaaya1, Rayan Jo Rachwan2, Fakilahyel S.
Mshelbwala3, Omar Batal1. 1Indiana University, Indianapolis, IN; 2University of Wisconsin,
Madison, WI; 3Henry Ford, Detroit, MI.
Background: Obese patients are at increased risk of coronary artery disease (CAD) and
heart failure. Unfortunately, obesity has a significant impact on echocardiographic image
quality due to signal attenuation. Limited date exists on the interpretation of Stress
Echocardiography (SE) in patients with obesity. In this study, we aim to evaluate the pre-
dictors of false negative (FN) SE in patients with obesity.Methods:We retrospectively iden-
tified 4,129 patients who underwent SE between January 2013 and December 2018 at a
single center. Of those, we selected 1878 obese patients with BMI$ 30 kg/m2 . From those
patients, we identified 485 who underwent subsequent cardiac catheterization. SE was
considered false negative if no wall motion abnormality (WMA) was present at rest or stress
in the presence of significant corresponding CAD ($ 50% luminal stenosis) on cardiac
catheterization. Results: During our study period, we identified 485 patients (84 were
FN) meeting our inclusion criteria (mean age 606 9 years, 42% females). Initial univariate
analysis showed that male sex, history of Hypertension, Type 2 Diabetes Mellitus,
Hyperlipidemia, personal history of CAD, chest pain during SE, and elevated troponin at
presentation were all predictors of FN SE in obese patients (Table). Subsequent multivari-
able analysis showed that the presence of Type 2 Diabetes Mellitus, chest pain during SE and
personal history of CAD were predictors of FN SE in obese patients (p-value <0.05).
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Conclusion:Our study provides an insight for clinicians on the pre-test probability of obese
patients presenting for SE. It helps in understanding the clinical characteristics of those pa-
tients who would need further evaluation despite negative SE results. Further prospective
studies are needed to understand the interplay between the clinical and echocardiographic
factors in CAD risk prediction of this population.

P1-31

Echocardiographic Comparison of Black and White Women with Hypertensive
Disorder of Pregnancy: Retrospective Study from an Integrated Healthcare Network
Laith Alhuneafat1, Nada Alrifai1, Richard Amoateng1, Mahathi Indaram1, Andreas
Kyvernitakis2, Mark Doyle1, Indu G. Poornima1. 1Allegheny General Hospital, Pittsburgh,
PA; 2Unitypoint Health, Cedar Rapids, IA.

Background: Higher maternal mortality rates are reported in Black women (BW) and car-
diovascular disease is the major contributor to the high mortality and morbidity rate. We
sought to determine if there are racial differences in echocardiographic indices in women
with hypertensive disorder of pregnancy (HDP). Methods: Women with singleton or
twin pregnancies that had an echocardiogram during pregnancy or 1 year from pregnancy
were identified within our integrated health network. Age<18, diagnosis of pulmonary em-
bolism, congenital heart disease, malignancy, autoimmune disease, and peripartum cardio-
myopathy were excluded. Patients self-identified as Black or White on the electronic
medical record were compared for demographic, clinical and echocardiographic character-
istics. T-test was used for continuous variables and Chi-square for frequency variables used
for analysis. Results: Our cohort included 89 self-identified BW and 328 WM with HDP.
89.45% of patients had their echocardiogram within 3-months of pregnancy. Baseline char-
acteristics were comparable, except WM were more likely to have thyroid disease and poly-
cystic ovarian syndrome, and less likely to have marijuana use and Medicaid insurance.
Although left ventricular (LV) mass was higher in BW the difference was not significant
when indexed to body surface area. LV remodeling was different between BW and WM
as evidenced by higher relative wall thickness (RWT) in BW [0.5260.51 vs 0.4460.1,
p<0.01]. Conclusion: Remodeling indices of RWT and Posterior wall thickness were higher
in BW indicating race may influence remodeling. No racial difference in diastolic filling ab-
normalities were noted. Further studies are needed to evaluate the clinical significance of
these findings.

P1-32

Antepartum and Postpartum Echocardiographic Measurements in Patients with Severe
Preterm Preeclampsia
Maxwell D. Eder1, Christina Ackerman1, Lissa Sugeng2, Jasjit Bhinder2, Aymen Alian1, Paul
Heerdt1, Karen Bachand1, Ian Crandall1, Alexcia Delmonico1, Jessica Jackson1, Christine
Gerardi1, Danielle Spinali1, Louis Pierre1, Amber Pinto1, David Melchionne1, Violetta
Skalski1, Alyssa Brooks1, Elizabeth Ragozzino1, Jason Pereira1, Kathy Mota1, Samantha
Balan1, Andrea Baldick1, Josephine Chou1. 1Yale New Haven Hospital, New Haven, CT;
2Northwell Health, Manhasset, NY.
Background: Preeclampsia (PEC) with severe features is associated with increased risk for
severe cardiovascular morbidity and mortality during the delivery hospitalization and for
years postpartum. Of note, patients with early onset PEC prior to 34 weeks have more severe
cardiac disease, including abnormal left ventricular (LV) function (impaired diastolic func-
tion and strain) and structural changes years after pregnancy. However, little is known
regarding these patterns in the antepartum and immediate postpartum periods among
PEC patients. Our objective was to characterize structural changes and global longitudinal
strain (GLS) patterns using transthoracic echocardiography (TTE) before and after delivery
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in patients with PEC.Methods:We enrolled 12 patients in a prospective observational trial
under IRB approval. Inclusion criteria were >18 years of age, singleton pregnancy, and PEC
with severe features diagnosed prior to 34 weeks gestation. Exclusion criteria were pre-
existing chronic hypertension requiring the use of antihypertensives. TTE was performed
at the antepartum admission and on postpartum day 1 or 2. Mean values antepartum
and postpartum were compared using paired samples t-test. Results: Abnormal strain
values antepartum were limited to the septal area, but postpartum extended to involve mul-
tiple wall segments (figure 1). There was a non-significant trend towards higher strain
values following delivery (table 1). TTE parameters including measures of LV size, LV
wall thickness, LV diastolic function, and left atrial volume were similar before and after
delivery (table 1). LV ejection fraction was unchanged from antepartum admission to the

postpartum period (table 1). Conclusion: GLS may worsen during the postpartum period,
with imaging revealing more diffuse patterns of strain affecting multiple wall segments.
Further studies are needed to determine if patterns of strain imaging can be used as a
screening modality to identify those at increased risk for adverse cardiovascular outcomes.

P1-33

Clinical Outcomes and Serial Echocardiographic Assessments of Patients with Infective
Endocarditis without Surgical Treatment
Rohan Desai1, Ranjan Dahal1, Jose BC Rodriguez2, Adrian Rojas- Murgia1, Luis Alvarado1,
Alok Dwivedi1, Kazue Okajima1. 1Texas Tech University Health Sciences Center El Paso, El
Paso, TX; 2University of San Diego, San Diego, CA.

Background: Surgical intervention of infective endocarditis (IE) can reduce mortality in
indicated cases, although the clinical outcomes of patients with IE treated medically are
not well known. Clinical and echocardiogram (echo) follow-ups after antibiotic therapy
is recommended, although the prognostic value of serial echo is not well established. The
microbiology and prevalence of predisposing characteristics have changed along with
improvement in echo technology since prior literatures have established data. Methods:
We studied 31 patients with a diagnosis of IE from 2007 to 2020 who had serial echo
following medical treatment (median time for follow- up echo: 106.7 days) in a single cen-
ter. Basic echo parameters and morphological characteristics of vegetations were assessed.
The primary outcome was a composite of IE-related embolism (IRE), heart failure (HF),
valvular interventions (VI), and death. Results: Of 31 patients (aged 56.9 +/- 16.3 years,
67.8%males), 16 had a composite outcome (9 IRE, 2 HF, 2 VI, 3 deaths) for a median follow
up of 3.0 years. 52.8% follow-up echo was done by a transesophageal echo. There were no
significant associations between the baseline characteristics and a composite outcome. Total
of 36 echo lesions were analyzed (5 aortic, 17 mitral, 6 tricuspid, and 8 intravascular de-
vices). Composite of severe echo findings (presence of severe left ventricular dysfunction,
pulmonary hypertension, valvular dysfunction and peri-valvular complications) at
follow-up was strongly associated with worse outcome (Table 1). The left-sided lesions,
and post-treatment severe echo remained significant predictors for development of com-

posite event in the Cox regression analysis. Disappearance of vegetation was also associated
with a better outcome. There was a trend towards significance in high mobility of the vege-
tation and increased valvular dysfunction at follow-up. Conclusion: Serial echo findings of
severe hemodynamic or valvular compromise after medical therapy were strongly associ-
ated with composite outcome in patients treated for IE medically. The disappearance of
vegetation is related to a better outcome. Serial echo may provide guidance in risk stratifi-
cation of patients with IE.

P1-34

Diastolic Dysfunction in Pregnancy: Echocardiographic Parameters in Patients with
Cardiometabolic Risk Factors
Atia Amatullah1, Akshitha Yarrabothula1, Leslie Ynlavez1, Marcus Antonius Ynlavez2,
Patrick Kee1, Poyee Tung1. 1University of Texas Health Science Center at Houston,
Houston, TX; 2Texas A&M International University, Laredo, TX.
Background: Heart failure (HF) is a major cardiovascular complication during pregnancy.
Previous studies have focused on systolic HF, but there is emerging data that diastolic HF is
an important clinical entity, especially in pregnant women with certain cardiometabolic risk
factors. We sought to elucidate if echocardiographic parameters of diastolic dysfunction are
more prevalent in those with cardiometabolic risk factors during pregnancy.Methods:We
performed a retrospective chart review of patients who underwent echocardiogram in the
third trimester of pregnancy at our institution from 01/01/2016 to 12/31/2020. Patients
were stratified by presence of cardiometabolic risk factors, defined as hypertension, diabetes
mellitus, and obesity. Echocardiographic parameters were measured as a single-blinded
study. Parameters were compared between (1) patients with fewer (presence of 0-1) vs. pa-
tients with more (presence of 2-3) cardiometabolic risk factors, and (2) patients with body
mass index (BMI) < 40 kg/m2 vs.$ 40 kg/m2 (obesity Class III). Student’s t-test of indepen-
dence for equality of means and linear regression by analysis of variance were performed.
Results: 70 patients were included in the study, of which 22 had hypertension (31%), 28 had
diabetes mellitus (40%), and 57 had obesity (81%). There was no difference in diastolic pa-
rameters between patients with fewer and patients with more cardiometabolic risk factors.
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Patients with class III obesity had significantly higher left atrial volume and peak tricuspid
regurgitation velocity; and significantly lower lateral e’ and significantly higher lateral E/e’.
Isolating BMI as a quantitative predictor of diastolic parameters reveals negative association
between BMI and lateral e’ (df = 2, F = 3.32, p = 0.04). Conclusions: Pregnant women with
Class III obesity exhibit echocardiographic parameters that suggest worsened diastolic
filling dynamics in their third trimester. This finding is consistent with the knowledge
that obesity is a major risk factor for diastolic dysfunction. Volume-overloaded state of
pregnancy may serve as a stressor that unmasks the diastolic reserve in pregnant patients
who are at risk. Further study is needed to investigate if these echocardiographic parameters
reverse to baseline post-delivery.

P1-35

Cardiac Strain and Myocardial Work by Echocardiography in Adolescents with Severe
Obesity
Guillermo Larios, Sergio Uribe, Francisca Arancibia-Galilea, Paulo Valderrama, Claudia
Trincado, Juan Pablo Espejo, Maria Virginia Amezquita, Salesa Barja. P. Universidad
Catolica de Chile, Santiago, Chile.
Background: Obesity determines a higher cardiovascular risk and cardiac remodeling that
begins in childhood, conditions that have been difficult to demonstrate at this age. New
echocardiographic parameters such as left atrial strain (LAε), left ventricle strain (LVε),
and myocardial work (MW) could reveal subclinical alterations in myocardial function.
Aim: to evaluate the feasibility of measuring these parameters in adolescents with severe
obesity and to explore associations with body composition, comorbidities, and physical ca-
pacity.Methods: Cross-sectional study in adolescents with obesity, using echocardiography
and speckle tracking analysis of LAε, LVε andMW. Feasibility and association with anthro-
pometry, body composition by bioimpedanciometry, comorbidities and cardiopulmonary
exercise testing were analyzed. Results: Twenty obese adolescents were recruited, 13
(65%) men, with a median age of 14.2 (first;third quartile: 12.9;14.9) years. The body
mass index Z-score (zBMI) was +3.03 (2.87;3.14), 14(70%) had severe obesity
(zBMI$+3), 12(60%) a body fat percentage$ 95th percentile, 9(45%) arterial hypertension
and 8(40%)metabolic syndrome. The study of LAε, LVε and theMWwas feasible in 95, 100
and 100% of the participants, respectively. No association of these parameters with cardio-
pulmonary exercise testing data were found. Lower LV 4Cε was observed in adolescents
with versus without metabolic syndrome: -17.8(-17.5; -19.3)% vs -19.3(-18.3; -20.3)%,
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p=0.046; and with vs without arterial hypertension -17.8(-17.5; -18.6)% vs -19.7(-18.4;
-20.3)%, p=0.02. Those with body fat $p95 presented lower myocardial work parameters,
myocardial efficiency and LAε. Conclusion: The echocardiographic evaluation of LAε, LVε
and MW are feasible to perform in adolescents with severe obesity. A higher proportion of
body fat and the presence of comorbidities are associated with changes in these new param-
eters of echocardiographic function.

P1-36

Left Ventricular Sphericity Index, a Novel Diagnostic Echocardiographic Parameter for
Constrictive Pericarditis
Thatsaphone Somsaart1, Rungsrit Kanjanavanit2, Arintaya Phrommintikul2. 1Setthathirath
Hospital, Vientiane, Lao People's Democratic Republic; 2ChiangMai University, ChiangMai,
Thailand.
Background: The accurate differentiation of constrictive pericarditis (CP) from restrictive
cardiomyopathy is a diagnostic challenge in clinical practice. Due to pericardial constric-
tion, left ventricular (LV) shape may be affected in CP. This study was to compare LV sphe-
ricity indices between patients with CP, cardiac amyloidosis and normal subjects.Methods:
This was a retrospective and prospective study.We included patients with confirmed CP (by
cardiac catheterization, cardiac CT and/or intraoperative fundings), patients with cardiac
amyloidosis, and normal subjects (pre-chemotherapy), were collected respectively, to match

with patients CP. We excluded patients with insufficient echocardiographic features and
sub-optimal images. LV sphericity indices were measured and calculated by ratio between
the length and width of LV during end diastole in apical 4-chamber (A4C) and apical 2-
chamber (A2C) views. We also additionally calculated and compared relative wall thickness
(RWT). RWT was calculated by 2-by LV posterior wall thickness divided by LV end dia-
stolic diameter. Results: A total of 66 participants were included; of whom, 23 were CP,
20 were cardiac amyloidosis, and 23 were normal subjects, with means age of 55, 65, and
53 years, respectively. The LV sphericity index of patients with CP was higher than normal
subjects in both A4C and A2C, whereas the RWT of both groups did not differ significantly

(table 1). The area under the cure (AUC) value of LV sphericity index of A4C was 0.81 (95%
CI: 0.69-0.94). The sphericity index of A4C and A2C between CP and cardiac amyloidosis
were not significantly different. Nevertheless, the RWT of patients with CP significantly
lowered than patients with cardiac amyloidosis(Table 2), with the AUC value of RWT of
0.87 (95% CI: 0.76-0.98). Conclusions: LV sphericity index of patients with CP was higher
than normal subjects, but did not differ from cardiac amyloidosis whereas the RWT was
lower than cardiac amyloidosis whilst it did not differ from normal subjects.

P1-37

Racial Differences in Left Ventricle Diastolic Function in Children with Essential
Systemic Hypertension
Daiji Takajo, Thomas S. Przybycien, Gautam Singh, Sanjeev Aggarwal. Children's Hospital
of Michigan, Detroit, MI.
Background: Children with essential systemic hypertension (eHTN) have left ventricle hy-
pertrophy (LVH) and diastolic dysfunction. However, the data on the effect of eHTN on LV
diastolic dysfunction in different racial groups is lacking. Our hypothesis was that African
American (AA) children with eHTN have worse diastolic function compared with
Caucasians. Methods: This is a retrospective study, including children # 18 years of age
with eHTN. The patient demographics and echocardiographic data were collected. The
E/A ratio (the ratio of peak early mitral inflow velocity to peak late diastolic mitral inflow
velocity) was measured by a pulse Doppler across the mitral valve. The E/E’ ratio (the ratio
of E to mitral annular early diastolic velocity) was measured by a tissue Doppler echocardio-
gram at lateral mitral annulus. LVH is defined as left ventricular mass index (LVMI) > 95
percentile for age and gender. Non-parametric tests were used to compare various param-
eters. Regression analysis was used to identify the parameters to predict the E/A and E/E’
ratios. Results: Our cohort included 414 patients (70.5% male) who were diagnosed with
eHTN at 14.7 (12.3-16.3) years of age. AA children accounted for 68.8% (285 patients).
E/A and E/E’ ratios were significantly higher in AA patients compared to Caucasians (E/
A ratio; 1.86 vs. 1.77, p=0.036, E/E’ ratio; 5.98 vs. 5.60, p= 0.044), although these parameters
were still within normal range. Eighty-six patients (20.8%) had LVMI > 95 percentile. There
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was no statistically significant difference in prevalence of LVH between AA and Caucasian
patients (22.5 vs. 17.1%, p=0.210). Among patients with LVH, there was no statistically sig-
nificant difference in E/A or E/E’ ratio between AA and Caucasian patients (E/A ratio; 1.83
vs. 1.97, p=0.929, E/E’ ratio; 6.73 vs. 7.25, p= 0.672). However, they were significantly higher
in AA patients with absence of LVH than those in Caucasians (E/A ratio; 1.87 vs. 1.74,
p=0.021, E/E’ ratio; 5.84 vs. 5.32, p= 0.021). Being AA was a significant parameter to predict
both E/A and the E/E’ ratios. Conclusions: Although AA children with eHTN, especially
without LVH, have significantly higher diastolic parameters compared with Caucasians,
they do not have diastolic dysfunction. A long-term follow-up is needed to assess the impor-
tance of the findings.

P1-38

Novel Echocardiographic Index of Right Ventricular Remodeling Predicts Functional
Capacity in Patients with Pulmonary Arterial Hypertension
Mohamad Sabra, Upasana Jarori, Michael Duncan, Roberto F. Machado, Stephen G.
Sawada. Indiana University, Indianapolis, IN.
Background: Six-minute walk distance is a widely used surrogate for functional capacity in
patients with pulmonary arterial hypertension (PAH). In these patients, progressive right
ventricular (RV) dilatation and decline in RV systolic function can negatively impact func-
tional capacity.Thus, an echocardiographic index that incorporates both parameters of RV
function and geometry might reliably predict functional capacity. Methods: Various pa-
rameters of right heart chamber size and function were measured in 48 patients with
Group 1 PAH (6thWorld Symposium Classification) including RV strain, tricuspid annular
plane systolic excursion (TAPSE), fractional area change (FAC), RV basal diameter and
right atrial area. For strain analysis, GE Vivid echocardiographs were used to acquire images
in 3 views of the RV. These include the standard RV apical 4-chamber (4C) view that images
the septum and free wall, an apically tilted medially angulated long axis (LAX) view that
images the anterior and inferior walls and the short axis (SAX) view at the aortic valve level
that images the RV outflow tract. RV global strain was calculated as the weighted average of
all 3 views. In addition, a novel echocardiographic index, RV longitudinal index (RVLI),
defined as the ratio of RV 4-chamber (4C) strain to RV basal diameter was included.

Right heart measures of size and function were correlated with 6-minute walk distance
(6MWD) using linear regression. Results: The mean age of the 48 patients was 55 years
and 70 % were women. Increasing values of TAPSE (R= 0.40), FAC (R= 0.42), RV global
strain (R= 0.47), RV free wall strain (R= 0.50), RV apical 4C strain (R= 0.55) were significant
(p < 0.05) predictors of greater 6MWD on univariate analysis. Increasing RV basal diameter
(R= -0.43) was predictive of worse 6MWD. An increased RV longitudinal index (R= 0.60, p
<0.001) predicted greater 6MWD. Multivariate analysis showed that RVLI was the sole in-
dependent predictor of 6MWD (p-value <0.0001). Conclusion: In patients with Group 1
PAH, multiple echocardiographic parameters of RV geometry and systolic function corre-
late with functional capacity. Among these, a novel echocardiographic index (RVLI) of RV
remodeling that incorporates both RV function and geometry was the strongest indepen-
dent predictor of functional capacity.

P1-39

Echocardiographic Changes in Women with Hypertensive Disorders of Pregnancy;
Retrospective Study from an Integrated Healthcare System
Laith Alhuneafat1, Richard Amoateng1, Nada Alrifai1, Andreas Kyvernitakis2, Mahathi
Indaram1, Mark Doyle1, Indu G. Poornima1. 1Allegheny General Hospital, Pittsburgh, PA;
2Unitypoint Health, West Des Moines, IA.
Background: Hypertensive disorders of pregnancy (HDP) are associated with future car-
diovascular risk. HDP can be classified into: Gestational hypertension (GHTN),
Preeclampsia (PRE), and chronic hypertension with Superimposed preeclampsia
(CHTN). We retrospectively examined the echocardiographic changes in these 3 groups
of women in comparison to non-hypertensive pregnant controls. Methods: Women with
singleton or twin pregnancies that had an echocardiogram during or within first year
from pregnancy were identified within our integrated health network. Age<18, diagnosis
of pulmonary embolism, congenital heart disease, malignancy, autoimmune disease, and
peripartum cardiomyopathy were excluded. Patients with HDP were included (n=426)
and divided into three groups: GHTN(n=55), PRE(n=290), and SIPE(n=81) and compared
to controls(n=92) without a diagnosis of HDP. ANOVA and T-test were used for contin-
uous variables and Chi-square for frequency variables. Results: 452 patients (87.26%)
had an echocardiogram within 3 months of pregnancy. The mean gestational age for echo-
cardiogram was similar between cases and controls (p 0.13). Women with HDP were more
likely to have higher Body mass index, pregestational diabetes mellitus and obstructive sleep
apnea than controls, otherwise baseline characteristics were comparable [Table 1]. There
was a graded increase in left ventricular (LV) end-diastolic, end-systolic dimensions, LV
mass index (p<0.05) and a trend towards higher left atrial volume index, with the largest
increase noted in the SIPE group [Table 2]. Doppler indices had a similar trend with higher
mitral A velocities, higher E/E’ and maximum TR velocity (p<0.05). Conclusion: LV re-
modeling and diastolic filling abnormalities occur in HDP and are most evident in
CHTN but are also noted in PRE and GTHN. Echocardiography during or immediately af-
ter pregnancy may be useful in these high-risk women to identify these abnormalities.
Further studies are needed to correlate this with cardiovascular outcomes.
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P2-01 - Oral

Prognostic Value of the H2FPEF Score in Adults with Repaired Coarctation of Aorta
Alexander Egbe, Kartik Andi, Renuka Reddy Katta, Ahmed Goda, Momina Iftikhar,
Sangeetha Gandhi. Mayo Clinic, Rochester, MN.
Background: Risk stratification is challenging in adults with repaired coarctation of aorta
(COA) because of the complex interaction of multiple hemodynamic factors and differences
in left ventricular (LV) adaptation to these factors. The H2FPEF score was originally devel-
oped for differentiating between heart failure with preserved ejection fraction (HFpEF) and
noncardiac dyspnea, but it has been shown to be useful for prognostication in other cardio-
vascular pathologies. The purpose of this study was to assess the prognostic role of H2FPEF
score in adults with repaired COA. Methods: Retrospective cohort study of adults with re-
paired COA at Mayo Clinic (2003-2019). H2FPEF score was calculated at baseline and at 5-
year follow-up. Cardiovascular events (heart failure hospitalization, transplant, or cardio-
vascular death) were ascertained from medical records. Results:We identified 712 patients
(mean age 33 [21-45]; 419 [59%] males). The baseline H2FPEF score was 2.261.4. There
was a temporal increase in H2FPEF score at 5 years (DH2FPEF score 0.3460.11), due to in-
crease in the prevalence of hypertension, obesity, and high filling pressures. H2FPEF score
correlated with left atrial volume (r=0.73, p<0.001), right atrial volume (r=0.41, p<0.001),
right ventricular fractional area change (r=-0.46, p<0.001), and LV e’ (r=-0.52, p<0.001).
Both baseline H2FPEF score and DH2FPEF score were independently associated with car-
diovascular events. Conclusion: These results suggest that H2FPEF score can be used for
prognostication in patients with COA. The temporal increase in H2FPEF score was due
to factors such as hypertension, obesity, and high filling pressures, and hence provides po-
tential therapeutic targets to improve outcomes in this population.

P2-02

Relation Between Right Ventricular Electromechanical Dyssynchrony, Right
Ventricular Remodeling and Clinical Outcomes Late After Tetralogy of Fallot Repair
Yuval Bitterman1, Wei Hui1, Chun Po Steve Fan2, Cameron Slorach1, Luc Mertens1, Rachel
M. Wald3, Mark K. Friedberg1. 11.Labatt Family Heart Centre, Department of Paediatrics,

Hospital for Sick Children, Toronto, ON, Canada; 2Ted Rogers Center for Heart Research,
The Hospital for Sick Children, Toronto, ON, Canada; 3Toronto General Hospital/
University Health Network, Toronto, ON, Canada.
Background: Patients with repaired tetralogy of Fallot (rTOF) are at risk for increased
morbidity and mortality, attributed commonly to right ventricular (RV) dilatation and
dysfunction. We aimed to investigate the relationship between right ventricular (RV) elec-
tromechanical dyssynchrony (EMD), RV dilatation and systolic dysfunction in adults with
rTOF.Methods:We retrospectively analyzed data from a prospective rTOF registry of sub-
jects with$moderate pulmonary regurgitation (PR) and contemporary cardiovascular im-
aging. Electrocardiograms and echocardiograms were analyzed for EMD (prolonged QRS
duration, echocardiographic septal flash and mechanical delay) and mechanical dispersion;
the relationship between these parameters and RVmeasurements on cardiac magnetic reso-
nance, exercise capacity and ventricular tachycardia or death were analyzed with adjust-
ment for PR. Results: In total, 271 rTOF patients (42% female) at median age 32 years
(IQR 23-34) were included. Patients had moderate-severe PR (median 38% [IQR 30-
47%]), moderate-severe RV enlargement (median RV end-diastolic volume indexed
[RVEDVi] 161 ml/m2 [IQR 138-186 ml/m2]) and mild RV systolic dysfunction (median
RV ejection fraction [RVEF] 44% [IQR 38-48%]). Eleven patients (4%) experienced ventric-
ular arrhythmia or death. Presence of EMD was independently associated with larger RV
size (RVEDVi and RV end-systolic volume index p=0.006 and p<0.001, respectively) and
lower RVEF (p<0.001). A sharp inflection in the relation between RV size and RVEF
with QRSd was observed when QRSd exceeded 150msec (3.1% decrease for every increase
in QRSd of 20 ms). Mechanical delay between the RV basal lateral and mid-septal segments
was higher in patients with vs. without a history of atrial arrhythmia (371ms vs. 276ms,
p=0.014). Conclusions: In adults with rTOF, EMD is independently associated with larger
RV size, lower RVEF and atrial arrhythmias.

P2-03

Echocardiographic Predictors of Adverse Outcomes in Congenitally Corrected
Transposition of the Great Arteries
Matthew J. Mosgrove1, Clayton A. Smith, Jr.1, Maria A. Pernetz2, Erika Betterman3, Wendy
M. Book1, Fred H. Rodriguez, III1. 1Emory University School of Medicine, Atlanta, GA; 2Echo
Lab at Emory University Hospital, Atlanta, GA; 3Department of Biostatistics, Emory
University, Atlanta, GA.
Background:Congenitally Corrected Transposition of the Great Arteries (CCTGA) is char-
acterized by ventricular inversion and late systemic right ventricular (RV) failure.
Echocardiographic parameters related to RV function may predict clinical outcomes. We
examined left atrial (LA) strain as a novel predictor of adverse clinical outcomes in
CCTGA patients. Methods: 36 CCTGA patients (36.1% male, median age 44.5 years)
were retrospectively identified. Primary outcomes (mechanical support, inotrope, death);
secondary outcomes (cardiac surgery, change in diuretic, heart failure hospitalization,
arrhythmia, new pacer/defibrillator); and change in functional class after baseline echocar-
diogram were evaluated. Parameters including ejection fraction, tricuspid annular plane
systolic excursion (TAPSE), global longitudinal strain, and LA strain were analyzed.
Comparisons between patients by clinical outcomes were made using two-sided Student
t-test (p < 0.05). Results: 4 patients (11.1%) had primary outcomes which were associated
with RV ejection fraction, stroke volume, cardiac output, cardiac index, and lower LA
conduit strain (p < 0.001) [Table 1]. Secondary outcomes occurred in 16 patients (44.4%)
and were associated with RV velocity time integral, TAPSE, and lower LA reservoir (p =
0.002) and conduit (p < 0.001) strains [Table 2]. Change in functional class was associated
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with lower RV stroke volume, cardiac output, cardiac index, and TAPSE [Table 3].
Conclusion: Echocardiogram variables were associated with outcomes in adult CCTGA pa-
tients. Atrial strain may add predictive value for adverse clinical outcomes. Further inves-
tigation of atrial strain as a predictor of clinical events in this population is warranted.

P2-04

Factors Associating Persistent Tricuspid Regurgitation After Closure of Atrial Septal
Defect
SeonHwa Lee, Yu Rim Shin, Dae-Young Kim, Jiwon Seo, Iksung Cho, Sak Lee, Jung Sun Kim,
Geu-Ru Hong, Jong-WonHa, Chi Young Shim. Severance Hospital, Seoul, Korea, Republic of.
Background: Functional tricuspid regurgitation (TR) usually decreases after atrial septal
defect (ASD) closure; however, it may persist and cause heart failure that requires treatment.
We aimed to investigate clinical and echocardiographic factors predicting persistent TR af-
ter ASD closure.Methods:Among 348 adults who underwent isolated ASD closure between
January 2010 and September 2020, 91 (26.1%) patients with significant TR (at least moder-
ate degree) before ASD closure were included. Persistent TR was defined as significant TR
on echocardiography at 6 months to 1 year after ASD correction. We comprehensively
analyzed echocardiogram before ASD closure, including speckle tracking imaging. Right
ventricular (RV)-pulmonary arterial (PA) (RV-PA) coupling was assessed by the ratio of
RV global longitudinal strain (RVGLS) and tricuspid annular S’ velocity to PA systolic pres-
sure (PASP). Results: Persistent TR was observed in 22 (24.2%) patients. Patients with
persistent TR were significantly older and with larger TR jet area and lower RV-PA coupling
parameters than those without persistent TR. On multivariable regression, persistent TR
was independently associated with age [odds ratio (OR) 1.07, 95% confidence interval
(CI) 1.01-1.14, p=0.030) and jRV GLSj/PASP (OR 0.001, 95% CI 0.00-0.017, p=0.012).
jRV GLSj/PASP revealed a good predictive value for persistent TR after ASD closure (cut
off 0.46, the area under the curve 0.789, p<0.001). Conclusions: Persistent TR after ASD
closure is not rare. Old age and RV-PA uncoupling are associated with persistent TR after
ASD closure. In older patients with abnormal RV-PA coupling, careful evaluation and
concomitant or subsequent TR intervention may be considered.
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P2-05

Role of Inferior Vana Cava Hemodynamics for Estimating Right Atrial Pressure in
Congenital Heart Disease
Alexander Egbe, Renuka Reddy Katta, Kartik Andi, Ahmed Goda, Momina Iftikhar. Mayo
Clinic, Rochester, MN.
Background: Inferior vena cava (IVC) size and collapsibility (IVC hemodynamics) are used
for estimating right atrial pressure (RAP). However, the diagnostic performance of the
American Society of Echocardiography (ASE) IVC criteria for estimating RAP in patients
with congenital heart disease (CHD) are unknown. The purpose of this study was to assess
the role of IVC hemodynamics for estimating RAP in adults with CHD. Methods:
Retrospective study of adults with CHD that underwent cardiac catheterization and echo-
cardiogram at Mayo Clinic (2003-2019). IVC diameter was measured at inspiration
(IVCmin) and end-expiration (IVCmax), and IVC collapsibility index (IVCCI) was calcu-
lated. Results: Based on 918 patients, we observed a good correlation between IVCmax and
invasive RAP (r=0.56, p<0.001); IVCmin and RAP (r=0.58, p<0.001); and IVCCI (r=-0.72,
p<0.001). There was excellent correlation between invasive RAP and estimated RAP using
IVCCI (r=0.80, p<0.001). We observed that IVCCI <60% had superior diagnostic perfor-
mance as compared to ASE criteria (IVCmax >2.1 cm, area under the curve [AUC] differ-
ence 0.15, p<0.001; IVCCI <50%, AUC difference 0.09, p=0.008; combination of IVCmax
>2.1 cm and IVCCI <50%, AUC difference 0.06, p=0.02). Estimated RAP >10 mmHg based
on IVCCI had comparable prognostic performance as invasive RAP, but superior prog-
nostic performance as the ASE criteria. Conclusions: IVCCI <60% can identify patients
with elevated RAP with a greater diagnostic power than the ASE criteria. Furthermore,
IVCCI has comparable prognostic performance as invasive. RAP. Further studies are
required to determine whether the use of these IVC criteria in clinical decision making
will improve clinical outcomes in this population.

P2-06

How Often Do We See a Patent Foramen Ovale Among Patients with Endocarditis?
Samiullah Arshad, Kanjit Leungsuwan. University of Kentucky, Lexington, KY.
Background: Presence of Patent Foramen Ovale (PFO) in patients with right sided infec-
tive endocarditis can contribute to systemic embolization. We aim to assess the preva-
lence of PFO among patients with left and right sided endocarditis. Methods: We
reviewed patients admitted with infective endocarditis at University of Kentucky from
2015-2020. Modality to diagnose presence of PFO and percentages of occurrence of
PFO with left and right sided endocarditis were noted.Results: In a cohort of 112 patients
with infective endocarditis, only 8 (7%) patients had a transthoracic echocardiogram
(TTE) with bubble study performed. Transesophageal echocardiogram (TEE) with color
doppler was done in 34 (30%) patients. Off the 112 patients, 12 (11%) patients were noted
to have a PFO diagnosed either with TTE with bubble study or with a TEE with color
doppler. PFO was present in 3 (4%) patients out of 61 patients with right sided endocar-
ditis, 4 (13%) patients out of 31 patients with left sided endocarditis, and in 5 (25%) out of
20 patients with concomitant right and left sided endocarditis. Conclusion: In addition
to the risk of systemic embolization, presence of PFO in setting of right sided endocarditis
may predispose to the development of left sided endocarditis due to a possible higher
burden of bacterial transmission into the left side of the heart through the PFO. This
can be seen by a higher number of patients with concomitant left and right sided endo-
carditis with a PFO in our study.

P2-07 - Oral

Echocardiographic Predictors of Medium-Term Left Ventricular Remodeling after Ross
Aortic Valve Replacement in Children and Young Adults
Son Q. Duong, Ali Abdulkarim, Grace Kong, Jennifer Cohen, Raghav Murthy, Ismail El-
Hamamsy, Paul Stelzer, Peter Pastuszko, Ali N. Zaidi, Kenan W.D. Stern. Icahn School of
Medicine at Mount Sinai, New York, NY.
Background: Aortic valve replacement (AVR) guidelines for chronic aortic regurgi-
tation (AR) are underdeveloped in pediatrics, and may differ from adults given
longer exposure to AR. Ross AVR is attractive in young people due to durability
and avoidance of anticoagulation. We described preoperative (preop) echocardio-
graphic predictors of medium term remodeling of ventricular size and function after
Ross AVR for AR in pediatrics and young adults. Methods: We included patients
10-25 years with $moderate AR before Ross AVR and follow-up >5 months.
Predictors were LV volumes, strain, and ejection fraction (preEF). Outcomes were
follow-up LV end diastolic volume Z-score (LVEDVZ) >2.0 and EF<56%. Linear
regression and ROC analysis evaluated correlation and diagnostic ability of predic-
tors. Results: Of 18 patients (median age 20.3 years) over median follow-up 1.4
years, the LVEDVZ decreased (median 4.9 to 1.0; p<0.001) and 7 (39%) had
LVEDVZ >2.0. Median EF decreased (62 to 57% p=0.016) and 5 (28%) had EF
<56%. PreEF correlated with follow-up EF (R2 0.32 p=0.015) but did not predict
follow-up EF<56%. Follow-up LVEDVZ correlated with preEF (R2 0.55 p<0.001),
BSA-indexed end-systolic volume (ESVi; R2 0.30 p=0.018), and midventricular global
circumferential strain (mvGCS; R2 0.42 p=0.004). LVEDVZ>2 was predicted by

preop: preEF (AUC 0.99; 71% sensitivity, 100% specificity at preEF<60%); ESVi
(AUC 0.77; 100% sens, 55% spec at ESVi>53 ml/m2); and mvGCS (AUC 0.94;
71% sens, 100% spec at mvGCS worse than-25%). Adjusting for preop EF, GCS
did not predict follow-up LVEDVZ (p=0.41). Although 5 (28%) patients had preop
$moderate aortic stenosis (AS), there was no association of preop AS gradient with
outcome. Conclusions: A high proportion of pediatric and young adult patients with
AR have a dilated LV at medium term follow-up after Ross AVR. Preop EF <60%
and mvGCS worse than -25% predict lack of regression to normal LV size. These
parameters should guide referral for surgical intervention. GCS should be explored
further as a novel biomarker.
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P2-08

Fetal Congenitally Corrected Transposition of the Great Arteries: Heart Block Occurs
More Frequently in Fetuses without Associated Cardiac Defects. A Fetal Heart
Society Research Collaborative Study
Jennifer Cohen1, Bhawna Arya2, Richard Caplan3, Mary T. Donofrio4, Jamie K. Harringon5,
Deborah Y. Ho6, Whitnee Hogan7, Lisa K. Hornberger8, Simone Jhaveri9, Stacy Killen10,
Christopher L. Lindblade11, Erik Michelfelder12, Anita Moon-Grady13, Sheetal Patel14,
Emilio Quezada13, Christina Ronai15, Aura Sanchez Mejia16, David Schidlow17, Corey
Stiver18, Varsha Thakur19, Shubhika Srivastava20. 1Icahn School of Medicine, Mount
Sinai, New York, NY; 2University of Washington School of Medicine and Seattle Children's
Hospital, Seattle, WA; 3Christiana Care Health System, Wilmington, DE; 4Children's
National Medical Center, Washington, DC; 5Columbia University Medical Center, New
York, NY; 6Stanford University, Lucile Packard Children's Hospital, Palo Alto, CA;
7University of Utah, Salt Lake City, UT; 8University of Alberta, Edmonton, AB, Canada;
9Northwell Health Physician Partners, New Hyde Park, NY; 10Vanderbilt University
Medical Center, Nashville, TN; 11Phoenix Children's Hospital, Phoenix, AZ; 12Emory
University/Children's Healthcare of Atlanta, Atlanta, GA; 13University of California San
Francisco, San Francisco, CA; 14Lurie Children's Hospital, Chicago, IL; 15Oregon Health &
Science University, Portland, OR; 16Texas Children's Hospital, Houston, TX; 17Boston
Children's Hospital, Boston, MA; 18Nationwide Children's Hospital, Columbus, OH; 19The
Hospital for Sick Children, Toronto, ON; 20Nemours Childrens Health System,
Wilmington, DE.
Background: Congenitally corrected transposition of the great arteries (ccTGA, defined as
atrioventricular and ventriculoarterial discordance) has a high prevalence of additional car-
diac anomalies and a significant risk for development of heart block (HB). Fetal HB risk in
ccTGA has not been well described. We aimed to describe the natural history of HB in fe-
tuses with ccTGA and assess if there is an association between additional cardiac defects and
development of fetal HB. Methods: A retrospective cohort study was conducted via the
Fetal Heart Society Research Collaborative. All fetuses with ccTGA encountered at 20
North American cardiac centers between 1/2004-7/2020 were identified. Fetuses with a hy-
poplastic ventricle precluding biventricular repair were excluded. Associations between fetal
HB and various cardiac defects were assessed using Fisher’s exact test and univariable logis-
tic regression. Results: Fetal HB was identified in 23 (11.3%) out of the 204 fetuses who met
inclusion criteria. Median gestational age at HB diagnosis was 26 (range 20-36) weeks. HB
was 2nd degree at diagnosis in 10 fetuses and 3rd degree in 13 fetuses. Two fetuses progressed
from 2nd to 3rd degree during the pregnancy. One fetus received treatment with a beta-
agonist for severe bradycardia. Fetuses with isolated ccTGA were more likely to have fetal
HB compared to those with an additional cardiac defect (20.9% vs. 8.7%, p=0.03, odds ratio
of 2.78 (95% CI 1.09-7.14)) (Table). None of the 15 fetuses with situs inversus and d-looped

ventricles {I,D,D} had fetal HB. The outcome of fetuses with ccTGA andHB included 16 live
births, 2 lost to follow-up, 3 terminations and 2 fetal deaths. Fetal death occurred in one
fetus with a ventricular septal defect (VSD) and another fetus with a VSD and pulmonary
stenosis. Twelve of the 16 live births (75%) received a pacemaker by last follow-up, 8 of
which were in the first 2 weeks after birth. Median postnatal follow-up was 4.9 (IQR 2.2-
7.5) years. Conclusions: Fetal HB in ccTGA can be diagnosed throughout the second
and third trimester. Development of fetal HB was more common in the absence of associ-
ated cardiac defects and less likely in situs inversus with segmental anatomy of {I,D,D}.
These findings can help inform fetal counseling, guide frequency of prenatal follow-up
and aid in delivery planning.

P2-09

Assessment of Contraction Patterns of the Right Ventricle in Healthy Children Using
Three-Dimensional Echocardiography
Christopher Valle1, Adrienn Ujvari2, Eleni Elia1, Gerald Marx1, Alessandra Ferraro1,
Andrew Powell1, Naomi Gauthier1, David Hoganson1, B�ela Merkely2, Zolt�an T}os�er3,
B�alint K. Lakatos2, Attila Kov�acs2, Attila Meretei3, David Harrild1. 1Boston Children's
Hospital, Boston, MA; 2Semmelweis University, Heart and Vascular Center, Budapest,
Hungary; 3Argus Cognitive, Lebanon, NH.
Background: Global right ventricular (RV) function is comprised of motion in three
distinct axes - longitudinal, radial and anteroposterior - due to the underlying myofiber ar-
chitecture. Quantitative assessment of RV function by 2D echocardiography has been
limited by this complex geometry, whereas newer 3D analysis offers assessment of all rele-
vant dimensions of RV function. The aims of this study were to quantify the longitudinal,
radial and anteroposterior motion components of global RV function using 3D echocardi-
ography and to assess for maturational changes in a cohort of healthy children. Methods:
3D mesh models of the RV were generated in pediatric patients with structurally normal
hearts at two centers. RV motion was decomposed along the three anatomically relevant
axes and an ejection fraction (EF) was measured for shortening in the longitudinal
(LEF), radial (REF) and anteroposterior (AEF) directions. These contributions were then
indexed (LEFi, REFi, AEFi) to the overall global RVEF (i.e., LEFi = LEF/RVEF). 3D RV
circumferential, longitudinal and area strain values were generated as well. Results: 166
subjects were included in the analysis with mean age of 11.5 6 5.0 years (range 0 to 17.4
years) with 21% being female. AEF (29.2 6 6.2%) was significantly greater than REF
(25.16 7.2%) and LEF (25.76 6.0%) across all subjects (p < 0.001). When indexed to over-
all RVEF, AEFi (49.86 8.7%) remained significantly greater than REFi (43.36 11.6%) and
LEFi (44.4 6 10.0%) across all subjects (p < 0.001). Overall RVEF decreased significantly
with age (Figure, panel A; r = -0.178, p = 0.03). Radial (r = -0.151, p = 0.005) and antero-
posterior (r = -0.136, p = 0.03) shortening decreased with age while longitudinal shortening
did not vary with age (Figure, panels B-G). Similarly, mean 3D global circumferential and
area strain decreased with age while global longitudinal strain did not change. Conclusion:
In healthy children, anteroposterior shortening is the dominant component of RV contrac-
tion. An overall decrease in global RVEF with age was driven by decreased radial and ante-
roposterior contributions. Evaluation of 3D parameters of the RV in children is feasible and
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enhances the overall understanding of RV function, which may allow better recognition of
dysfunction and assessment of treatment effects in the future.

P2-10

Differences in Utilization of Boston versus PHN Z-Scores in Evaluation of Pediatric
Patients with Bicuspid Aortic Valves
Karina Mehta, Kathryn Holmes, Christina Ronai, Jennifer Huang, Erin J. Madriago. OHSU,
Portland, OR.
Background: The Doernbecher Children’s Hospital (DCH) echocardiography laboratory
previously used the Boston Children’s allometric Z-score model as the standard reference
for assessing the size of pediatric cardiac structures. In 2019, the DCH laboratory incorpo-
rated the reference values from the Pediatric Heart Network (PHN) model. Given the un-
certain effect of changing reference standards, both sets of reference values were recorded
on the echocardiographic reports. This study sought to determine if there was a significant
difference in reporting aortic disease based on the two models. Methods: This was a retro-
spective chart review of pediatric patients with bicuspid aortic valves (BAV) who had an
outpatient echocardiogram during routine cardiology care from 1/4/2019 to 1/7/2021.
Image acquisition and echocardiographic measurements were performed according to stan-
dard pediatric guidelines. Patient age, sex, aortic root and ascending aorta measurement and
corresponding Boston and PHN Z-scores were recorded. Per divisional standards, a Z-score
< 2.05 was considered normal and$ 2.05 abnormal. Studies that demonstrated discrepancy
(a normal Z-score with one model, and an abnormal Z-score with the other) were examined
in detail including the interpretation of size of the structures from both the physician
reading the study and the cardiologist caring for the patient in clinic. Results: Out of 502
echocardiograms identified with BAV, there were 65 (13%) (age 22 days to 20 years, 23%
female) in which aortic Z-score values differed in their determination of normalcy between
the two models. In all cases, the PHN model placed the z-score $ 2.05 while the Boston
model resulted in a normal value (< 2.05). Of the 65 echocardiograms, 78% (51/65) of
echo interpretations were congruent with the Boston Z-score (defining the aortic dimension
as normal), 17% (11/65) congruent with the PHN Z-score (defining the aortic dimension as
abnormal), and 5% (3/65) commented on both Z-score models. Cardiologists seeing the pa-
tient in clinic defined the anatomy based on the Boston model in 71% of patients (46/65),
the PHN model in 24% (16/65), and documented both references in 5% (3/65).
Conclusions: In our population of BAV, 13% straddled the definition of normal/abnormal
sized structures based on which Z-score model was used. Additionally, despite incorpora-
tion of the PHN model, the majority of cardiologists still utilized the Boston model in
defining the patient’s anatomy. Further research is needed to determine if this discrepancy
impacts clinical decision-making for pediatric patients with BAV.

P2-11

Is Aortic Dilation in Tetralogy of Fallot Flow Related? A Comparison of 64 Fetuses to
Matched Controls
Minnie N. Dasgupta, Michelle A. Kaplinski, R Thomas Collins. Stanford University, Palo
Alto, CA.
Background: Aortic dilation is a well-described phenomenon in tetralogy of Fallot (TOF),
from its use as a fetal identification tool to persistence in adulthood following repair. The
prevailing theory is increased flow to the aorta in utero leads to dilation. Animal models
show the embryologic truncus arteriosus forms from neural crest cells and undergoes sep-
tation. If septation deviates anteriorly, TOF occurs and results in a hypoplastic pulmonary
artery and larger aorta. This suggests aortic enlargement in TOF results from a greater per-
centage of truncal cells being dedicated to the aorta and fewer to the pulmonary artery.
Thus, we hypothesize if aortic dilation is not flow related, then the aorta to pulmonary artery
ratio in TOF is stable throughout gestation, and total dimensions of the great arteries are
similar to controls.Methods:We performed a single-center retrospective study of all fetuses
with TOF from December 2014 to December 2020, with comparisons to age matched
normal controls. We excluded fetuses with pulmonary atresia, absent pulmonary valve,
terminated pregnancies, or lack of confirmatory postnatal imaging. We compared sums
of the diameters, circumferences, and cross-sectional areas of the aortic and pulmonary
valves and the ascending aorta and main pulmonary artery. We also evaluated the ratio
of the aorta to pulmonary artery in TOF across gestation at valvar and proximal great artery
levels. We analyzed data with two-tailed t-tests and Pearson correlation coefficients, with a
p-value <0.05 considered significant. Results: There were 64 fetuses in the TOF group (58%
male), with median gestational age of 30.4 weeks (IQR 24.4, 33) and median maternal age of

34.5 years (IQR 30, 38). There were no differences in the sums of the diameters, circumfer-
ences, and cross-sectional areas of the aortic and pulmonary valves or proximal great vessels
between TOF and controls. The aorta to pulmonary artery ratio did not increase throughout
gestation (Figure 1). Conclusion: There were no differences in total dimensions of the aorta
and pulmonary artery in fetuses with TOF compared to controls. The aorta to pulmonary
artery ratio was stable throughout gestation. Our findings suggest aortic dilation in TOF is
not flow related, but instead stems from abnormal embryologic development of the aorta
and pulmonary artery.

P2-12

Incidence and Associated Risk Factors of Stillbirth in Fetuses with Congenital Heart
Disease
Bryan M. Jepson1, Torri D. Metz2, Thomas A. Miller3, Shannon L. Son4, Zhining Ou5, Angela
P. Presson5, Nelangi M. Pinto1. 1University of Utah, Department of Pediatrics, Division of
Pediatric Cardiology, Salt Lake City, UT; 2University of Utah, Department of Obstetrics
and Gynecology, Division of Maternal-Fetal Medicine, Salt Lake City, UT; 3Maine Medical
Center, Division of Pediatric Cardiology, Portland, ME; 4University of Colorado,
Department of Obstetrics & Gynecology, Division of Maternal-Fetal Medicine, Aurora,
CO; 5University of Utah, Department of Internal Medicine, Division of Epidemiology and
Biostatistics, Salt Lake City, UT.
Background: Evidence suggests delivery of fetuses with congenital heart disease (CHD) at
39-40 weeks’ gestation (GA) decreases neonatal morbidity and mortality. However, the
benefit must be balanced with the risk of stillbirth in these infants, which is not well char-
acterized. We aim to estimate the incidence of stillbirth and associated risk factors in the
CHD population overall and by cardiac lesion. Methods: We performed a retrospective
cohort study of CHD cases identified by the Utah Birth Defect Network through active sur-
veillance between 1997-2017. Terminations, cases with missing pregnancy outcome data, or
CHD not expected to increase stillbirth risk (minor valve and septal defects) were excluded.
Absolute and relative risk of stillbirth compared to the general population (estimate 0.6%)
were determined (adjusting for covariates p<0.1) overall and by CHD lesion group.
Associated risk factors were identified using multivariable logistic regression. Results: Of
3190 CHD cases, there were 2923 livebirths, 145 stillbirths, and 122 terminations
(Table 1). Unadjusted stillbirth risk was 4.7% (CI 4.0-5.5) at a median 28 weeks’ GA
(IQR 21.9-33.1). Adjusted relative risk (aRR) was 8.0 (CI 5.0-13.0) overall and 2.3 (CI
1.0-6.7) for the isolated CHD subgroup (Table 2). Higher aRR were seen in hypoplastic
left heart syndrome and variants (16.8, CI 7.5-40.0), other single ventricles (15.5, CI 5.2-
57.1), and atrioventricular valve abnormalities (Ebstein anomaly or atrioventricular septal
defect; 12, CI 5.6-29.1). Inmultivariable regression, Hispanic ethnicity (aOR 1.7, CI 1.0-2.7),
Medicaid (aOR 0.5, CI 0.3-0.9), hydrops (aOR 7.1, CI 4.4-11.4), and presence of an extrac-
ardiac anomaly (aOR 6.0, CI 3.8-9.6) were independently associated with stillbirth.
Conclusions: Knowledge of CHD lesion-specific risk and independent risk factors for still-
birth may inform patient-specific antenatal surveillance and counseling, as well as future
investigation of risk mitigation strategies.
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P2-13

Comprehensive Assessment of Pediatric Echo Discrepancy Rates Using Real-Time
Adjudicated Quality Assurance: A Ten-Year Experience
Sanghee Suh Ro1, Jaimee Housey2, Tori Bermudez2, Eric Ferguson1, Ritu Sachdeva1, William
Border1. 1Emory University School of Medicine, Atlanta, GA; 2Children's Healthcare of
Atlanta, Atlanta, GA.
Background: The quality assurance (QA) method at most pediatric echocardiography labo-
ratories typically involves a retrospective sampling of selected cases which is prone to systemic
errors and biases. Our QAmethod involves real-time adjudication with the surgeon on every
surgical case requiring transesophageal echo (TEE). Three echocardiograms (echos) are
compared to the surgical findings: outreach clinic transthoracic echo (TTE) where sedation
is not available, hospital pre-op TTE (where sedation/anesthesia is available), and TEE. We
sought to examine our 10-year discrepancy rates between the 3 echos and explore which car-
diac segments have the highest error rates.Methods: All surgical patients who had TEE from
Jan 2011 to Jan 2021 were included. Eight cardiac segments were assessed (Figure 1).
Differences between the 3 echos and corresponding surgical findings for each segment were
recorded. Discrepancies were counted if they had a clinical impact on the patient or required
a change in surgical approach. All results were recorded by the attending cardiologist and on
the same day a sonographer entered all QA data into a database to ensure accuracy. Both pa-
tient and provider factors such as patient age and physician experience were collected.Results:
A total of 10,393 echos were evaluated. The highest clinically significant discrepancy rates were
found in the outreach clinic echos (5%) versus 3% in the hospital pre-op echos and 1% in the
TEE’s (p<0.01 for all comparisons). When evaluating the different cardiac segments, the atrio-
ventricular valves (AV) and ventricular segments had the highest discrepancy rates (Figure 1).
The most commonly missed diagnoses for these respective segments include mitral clefts and
ventricular septal defects. Univariate analyses demonstrates higher discrepancy rates in outpa-
tient echos without sedation compared to hospital echos (p<0.001). There was no difference in
discrepancy rates based on the age of patients (p=0.38) or the years of experience of the inter-
preting cardiologist (p=0.40).Conclusions: In-hospital preoperative echos have lower discrep-
ancy rates than outreach clinic echos. This likely reflects the ability to provide sedation in
agitated young patients. The AV valves and ventricular segments have the highest clinically
significant discrepancy rates.

P2-14

3D Echocardiographic Imaging in Pediatric Echo Labs: A National Survey of Use,
Barriers, and Strategies for Success
Matthew A. Studer1,2, Luciana T. Young1,2, Anitha Parthiban3,4, Ritu Sachdeva5,6, Sujatha
Buddhe1,2. 1Seattle Children's Hospital, Seattle, WA; 2University of Washington School of
Medicine, Seattle, WA; 3Texas Children's Hospital, Houston, TX; 4Baylor College of
Medicine, Houston, TX; 5Children's Healthcare of Atlanta Sibley Heart Center, Atlanta,
GA; 6Emory University School of Medicine, Atlanta, GA.
Background: Pediatric echo labs (PEL) have not kept pace with their adult counterparts in
implementing 3D echocardiography (3DE). We conducted a survey to assess the current
applications of 3DE, barriers to implementation, and preferences for integration in PEL.
Methods: A survey was sent to 50 academic PEL in the United States, soliciting responses
from echo lab directors, cardiologists (CARD), and sonographers (SONO). General lab infor-
mation was reported by directors. Differences between PEL and CARD and SONO in their
perception of barriers to implementing 3DE and preferred methods for implementing 3DE
were analyzed. Results: One hundred thirty-five participants (71 CARD, 64 SONO) from
28 PEL responded; 22were lab directors. All centers report 3DE use (53%, clinical; 47% clinical
and research). Majority (84%) reported 3DE was performed <25% of the time for standard
clinical studies. When utilized, 3DE was performed for valve assessment (85%) and for com-
plex anatomy assessment (60%). Under half (49%) use 3DE for functional analysis. CARD and
SONO superusers are present in 74% and 90% of the institutions respectively. A focused 3DE
course was attended by <25% of the lab in 74% of the institutions. Near all (95%) respondents
agreed that 3DE adds clinical value and 66% agreed that their lab should perform 3DE more
frequently. Inadequate training for image acquisition and post-processing were the most
important barriers to implementing transthoracic 3DE (Fig1). SONO perceived lack of
CARD and SONO champions, to master 3DE and teach others, to be extremely important
barriers compared to CARD (p< 0.05). Regarding implementation, all strongly preferred
on-site training for implementing 3DE (Fig1) while SONO had a stronger preference for lec-

ture/demonstration by the vendor and CARD preferred incorporation of 3DE in protocols for
selected patients (p < 0.05). No statistical difference between PEL volume or years of experi-
ence and responses were noted. Conclusion: While most PEL perform 3DE, clinical use is
limited and not reported routinely. Majority agree that 3DE adds clinical value and should
be incorporated into their PEL more than current practice. Inadequate training and busy clin-
ical workflow have limited this. This survey lays the foundation for addressing these barriers
and expanding the use of 3DE in PEL.

P2-15

Can Echocardiography Predict Adverse Outcomes in Pediatric Hypertrophic
Cardiomyopathy?
Hunter Kauffman, Daisuke Matsubara, Priyanka Anvekar, Anirban Banerjee. The
Children's Hospital of Philadelphia, Philadelphia, PA.
Background: Risk stratification may predict earlier onset and higher frequency of adverse
outcomes in pediatric hypertrophic cardiomyopathy (HCM). Our study examined the role
of clinical echocardiography in predicting major cardiac outcomes in children with HCM.
Methods:We retrospectively reviewed echocardiography from 406 pediatric HCM patients
(1066 years) at the Children’s Hospital of Philadelphia. We excluded patients with HCM
secondary to metabolic diseases. Echocardiographic images were analyzed for Left
Ventricular Ejection Fraction (LVEF), E/e’ Ratio, Septal Z Score, Posterior Wall Z Score,
Systolic Anterior Motion of the Mitral Valve (SAMM) and HCM Morphology (Figure 1).
Values were classified as normal or abnormal for each patient. We assessed the association
of these indices with three outcomes: ICD Placement, Myomectomy, and a composite heart
failure (CHF) outcome, comprised of patients who underwent heart transplant or cardiac
death. Student’s T-test was used to analyze associations between variables, and multivariate
regressions were used to determine odds ratios for each outcome. Nomyomectomy patients
had abnormal LVEF or concentric morphology. Thus, we were unable to perform multivar-
iate regression for these parameters. Results: In our study, 81% of patients had sarcomeric
HCM, while 19% had syndromic HCM. Increased Septal Z Score was associated with all
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three outcomes. However, Posterior Wall Z Score, and E/e’ were increased only in patients
who underwent CHF and Myomectomy. Notably, LVEF was only reduced in patients with
CHF. (Figure 2) Multivariate Regression analysis revealed that predictors of CHF included
abnormal LVEF and Posterior Wall Z score. The strongest predictors of ICD Placement
were increased septal z score and Biconvex Morphology. Myomectomy predictors included
Sigmoid Morphology, SAMM, and abnormal E/e’. (Figure 2) Conclusions:
Echocardiography provides useful information regarding outcomes in pediatric HCM
and contributes towards risk stratification in this group.

P2-16

Fetal Echocardiographic Z-Score Pilot Project: Study Design and Impact of Gestational
Age and Variable Type on Reproducibility of Measurements within and Across
Investigators
Anita J. Moon-Grady1, Hyejung Lee2, Leo Lopez3, Oluwatosin Fatusin4, Lindsay R. Freud5,
Whitnee Hogan2, Anita Krishnan6, Carol McFarland2, LuAnn Minich2, Shaine A. Morris4,
Nelangi Pinto2, Angela P. Presson2, Theresa A. Tacy3, Mary T. Donofrio6, the Fetal Heart
Society7. 1University of California San Francisco, San Francisco, CA; 2University of Utah,
Salt Lake City, UT; 3Stanford University, Stanford, CA; 4Texas Children's Hospital,
Houston, TX; 5Hospital for Sick Children, Toronto, ON, Canada; 6Children's National
Medical Center, Washington, DC; 7Fetal Heart Society, Laurel, MD.
Background: Fetal echocardiography (FE) is widely available but normative data are not
robust. In a pilot study, we evaluated 1) the feasibility of retrospective measurements in a
normal FE and 2) measurement variability to assign thresholds of clinical significance
and guide analyses in planned FE Z-score initiatives. Methods: FE images from pre-
defined gestational ages (GA) were analyzed. FE experts attended group training then inde-
pendently evaluated 73 fetal studies in a fully crossed design of 53 variables; each expert
repeated measures for 12 fetuses. Kruskal-Wallis and Chi-square were used to compare
measurement distribution. Coefficients of variation (CoV) were calculated at the subject
level for each measure as the ratio of standard deviation (SD) to mean. Intracluster corre-
lation coefficients (ICC) were used for inter- and intrarater reliability. Results: Expert
readers completed each set of measurements in a mean of 23(SD9) minutes per fetus.
Missingness (Fig.) was substantial. CoV was similar across GA for all variables (P<0.05),

except ductus arteriosus mean velocity and left ventricular ejection time which were both
higher at older GA. CoV was >15% for right ventricular systolic and diastolic widths despite
fair to good repeatability (ICC>0.5); ductal velocities and 2Dmeasures, left ventricular short
axis dimensions, and isovolumic times all had high CoV and high interobserver variability
despite good/ excellent intraobserver agreement (ICC>0.6). CoV did not improve when ra-
tios (e.g. tricuspid:mitral annulus) were used instead of linear measures. Overall, 27 vari-
ables had acceptable inter- and intraobserver repeatability, while 14 had excessive
variability between readers (Cohen’s d>0.8 defining clinically important differences) despite
good intraobserver agreement. Conclusions: There is considerable variability in FE quan-
tification in clinical practice that may affect the design of multicenter FE Z-score studies,
and not all measurements may be feasible for standard normalization. As missingness
was substantial, a prospective design will be needed. This information can be used to calcu-
late sample sizes and address feasibility in producing robust FE Z-score datasets and inform
thresholds for distinguishing clinically significant from statistically significant effects.

P2-17

Contemporary Outcomes in Fetuses Diagnosed with Vascular Rings
Ian Milligan, William Border, Ritu Sachdeva, Erik Michelfelder. Emory University School of
Medicine/Children's Healthcare of Atlanta, Atlanta, GA.
Background: Vascular rings (VR) are increasingly identified on fetal echocardiography
(FE). The purpose of this study is to analyze clinical outcomes and patterns of diagnostic
testing in a contemporary cohort of fetuses with VR diagnosed by FE. Methods: A retro-
spective cohort study was performed of fetuses with postnatally confirmed VR from
2017- 2021. Clinical outcomes included type and timing of symptoms, as well as need
and timing of surgical intervention. Freedom from symptoms and/or surgery was assessed
by Kaplan-Meier analysis. Frequency of diagnostic (barium esophagogram, CT/MRI angio-
gram, and bronchoscopy) and genetic testing was also assessed. Chi-squared analysis was
used to detect differences in frequency of testing in symptomatic and asymptomatic, as
well as isolated and non-isolated cases of VR. Results: A total of 42 patients were evaluated
with 95% having a right aortic arch/left ductus and 5% having a double aortic arch. VR was
isolated in 79% and associated with structural heart lesions in 14%. Prenatal diagnoses of
VR have increased over time (Figure 1). Symptoms developed in 24% of subjects; 90%
had respiratory and 40% had gastrointestinal complaints. Surgery was performed in 19%.
Freedom from symptoms and surgery over time is seen in Figure 2. There was no difference
in the type of symptoms for early (<90 days) or late (>365 days) presenters. Symptomatic
patients received more diagnostic testing of all types. Genetic testing was obtained in 47%
and positive in 36% of tests, including 2/9 (22%) with isolated VR; 22q11 deletion, Trisomy
21 and Noonan’s syndrome were identified. Symptomatic patients did not receive more ge-
netic testing. Conclusion: Our data shows increasing prenatal diagnoses of VR over time.
Of these, 24% developed symptoms and 19% required surgery. Subjects develop symptoms
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bimodally in early or late infancy, with no difference in the types of symptoms seen between
these two groups. The frequency of genetic testing in this cohort is suboptimal for the fre-
quency of genetic abnormalities seen.

P2-18

Development of Left Atrioventricular Valve Regurgitation in Children with Usual Valve
Morphology and Two Papillary Muscles is Associated with Greater Tethering Despite
Increased Leaflet Growth
Tuqa Ibrahim Al Lawati1,2, Martha Moran1,2, Lily Lin1,2, Nee Scze Khoo1,2. 1University of
Alberta, Edmonton, AB, Canada; 2Stollery Children's Hospital, Edmonton, AB, Canada.
Background: Left atrioventricular valve (LAVV) regurgitation is a significantmorbid risk fac-
tor post complete atrioventricular septal defect (cAVSD) repair with a high risk of surgical re-
repair. A postulatedmechanismof LAVV failure in a subset of LAVVwith usual valve and sub-
valve morphology, is leaflet maladaptation during maturation. This study aimed to document
LAVV leaflet changes in childrenwith repaired cAVSD, contrasting LAVV that develop regur-
gitation with those that did not. Methods: Retrospective study of 18 patients with repaired
balanced cAVSD with LAVV with 2 papillary muscles and no outflow abnormalities. We re-
viewed two dimensional echoes < 1 month after initial repair and at latest follow-up or before
surgical re-repair.WemeasuredMmode left ventricular (LV) size and function; and paraster-
nal long axis view LAVV jet vena-contracta (VC) width, annular diameter, anterior (AL) and
mural (ML) leaflets tenting area and lengths, indexed to body surface area (BSA). All patients
had no or mild regurgitation at < 1 month post cAVSD repair. At follow up, 10 patients
continue tohavenoormild regurgitation (control) and 8hadprogressed tomoderate or greater
regurgitation (LAVVR). Comparisonsweremadebetween groups at < 1month post repair and
at followupusingMann-Whitney test. Change in LAVVparameters `̀ within'' each groupwere
assessed usingWilcoxin signed ranked test. Results are expressed asmedian [IQR].Results:At
< 1month post repair, no difference in age, BSA, LV size and function, and VCwidth between
control vs LAVVR (Table). At follow up of median 7.5 years [2.5,10.3], LAVVR group had
smaller BSA, but dilated LV and greater VCwidth. The ratio of AL toML length is unchanged
for both groups during between and within group comparisons. The control indexed AL and
ML lengths were reduced at follow up while LAVVR leaflets did not. LAVVR indexed AL and
ML leafletswere both longer than their control leaflets at followup aswere the indexed tethered
areas (Figure).Conclusions: LAVV failure in a subset of LAVVwith usual valve and subvalve
morphology with cAVSD has symmetric but greater overall leaflets expansion for somatic
growth. Despite this, its LAVV has a greater degree of tethering than competent LAVVs, sug-
gesting potential subvalve maladaptation during maturation, and warrants investigation.

P2-19

Relationship between Non-Invasive Myocardial Work Indices and Invasive
Hemodynamics in Pediatric Pulmonary Hypertension
Michael Nguyen1, Michal Schafer2, Dale Burkett1, Dunbar Ivy1, Pei-Ni Jone1. 1Children's
Hospital Colorado, Aurora, CO; 2University of Colorado - Anschutz Medical Campus,
Aurora, CO.
Background: In patients with pulmonary arterial hypertension (PAH), leftward interventric-
ular septal shifting alters left ventricular filling that may affect left ventricular (LV) cardiac
output and work. Non-invasive pressure-strain loop (PSL) analysis by echocardiography is
an emerging method to evaluate myocardial work (MW) of LV. The aim of the study was
to evaluate the relationship between non-invasive MW indices and invasive hemodynamics
obtained by catherization simultaneously in pediatric patients with PAH. Methods: Two-
dimensional echocardiography was obtained simultaneously during invasive hemodynamic
assessment by catherization in thirty-eight patients with PAH under general anesthesia.
With the use of EchoPAC software (General Electric), PSLs were generated with strain,
valvular timing events, and blood pressures to calculate indices of myocardial work: MW ef-
ficiency (GWE), MW index (GWI), constructive work (GCW), and wasted work (GWW).
Biplane left ventricular ejection fraction (LVEF%) and global longitudinal strain (GLS%)
were also assessed. Spearman’s Rho test was utilized to assess the relationship between MW
indices and invasive hemodynamics and also between MW indices and laboratory markers:
BNP andNT-Pro BNP.Results:Pulmonary artery (PA) systolic pressure was negatively corre-
lated with GWE (r=-.41, p=.01) and positively correlated with bothGWW (r=.47, p=.003) and
LVEF% Biplane (R = 0.55, p=.0001). Mean PA pressure was negatively correlated with GWE
(r=-.40, p=.014) and positively correlated with both GWW(r=.44, p=.006) and LVEF% (r=.59,
p=.001). Pulmonary vascular resistance (PVR) was negatively correlated with GWE (r=-.42,
p=.008) and positively correlated with GWW (r=.45, p=.004). BNP was negatively correlated

with all of the following: GWE (r=-.46, p=0.04), GWI (r=-.52, p=0.019), GCW (r=-.49,
p =.030) and LVEF (r=-.48, p =.033). NT-pro BNP is negatively correlated with GWE
(r=-.44, p=.007) and positively correlated with GWW (r=.43, p =.009). Conclusions: LV
MW efficiency decreases with increasing pulmonary hypertension severity and LV wasted
work increases with pulmonary hypertension severity, indicating that the LV function via
ventricular-ventricular interaction is affected by worsening pulmonary hypertension as
measured by hemodynamics and biomarkers. Future studies will need to evaluate the utility
of MW indices to determine clinical outcomes in pediatric PH population.

P2-20

Outcomes and Echocardiographic Changes Among Fetuses with Neonatal Lupus and
Endocardial Fibroelastosis, in Relation to Prenatal Therapy: A NAFTNet Retrospective
Samuel B. Keller1, Jennifer Cohen2, Bettina Cuneo3, Shubhika Srivastava4, Sherzana
Sunderji5, Edgar Jaeggi6, Anita L. Szwast7, Francine Tessier8, Saad Siddiqui9, Shreya S.
Sheth10, Marjorie C. Treadwell11, Michele Frommelt12, Shifa Turan13, Joshua Copel14,
Stephen Emery15, Anita Moon-Grady1. 1University of California San Francisco, San
Francisco, CA; 2Mount Sinai Hospital, New York, NY; 3University of Colorado, Denver,
CO; 4Nemours Childrens Hospital, Wilmington, DE; 5University of California Davis,
Davis, CA; 6The Hospital for Sick Children, Toronto, ON, Canada; 7Children's Hospital of
Philadelphia, Philadelphia, PA; 8University of British Columbia, Vancouver, BC, Canada;
9Advocate Children's Hospital, Oak Lawn, IL; 10Texas Children's Hospital, Houston, TX;
11University of Michigan, Ann Arbor, MI; 12Children's Hospital of Wisconsin, Milwaukee,
WI; 13University of Maryland, Baltimore, MD; 14Yale School of Medicine, New Haven,
CT; 15University of Pittsburgh School of Medicine, Pittsburgh, PA.
Background: Endocardial fibroelastosis (EFE), with or without atrioventricular block (AVB),
is a rare phenotype of cardiac neonatal lupus (NL); previous descriptions of antibody-
mediated EFE have reported a high rate of cardiac dysfunction, hydrops, and death.We report
a series of fetuses with EFE and cardiac NL to better understand the natural history and
response to prenatal treatment. Methods: This is a secondary analysis of data from a multi-
center retrospective cohort study of 127 anti-Ro/SSA pregnancies with NL presenting to
North American Fetal Therapy Network (NAFTNet) centers from 2010-2018 in which 55
had EFE diagnosed by echocardiography at presentation. Clinical and echocardiographic vari-
ables including systolic function, atrioventricular valve regurgitation, effusions, and EFE
appearance were assessed at initial presentation, late gestation, and postnatally. Results: Of
the 55 fetuses with EFE, 35 (64%) presented with complete AVB, 6 (11%) with 2oAVB, 2
(4%) with 1oAVB and 4 (7%) no AVB. Ten (18%) developed hydrops, 11 (20%) had >
mild mitral/tricuspid regurgitation. Forty-two fetuses (76%) were treated: 25 with dexameth-
asone alone, 16 dexamethasone + IVIG, and 1 with IVIG alone (Figure). Improvement in any
echocardiographic marker occured in 21/42 (50%) of the treated fetuses (though complete
AVB did not improve). Of the 13 who were not treated, none improved. Two treated fetuses
died in utero; both with complete AVB, EFE, and hydrops. There were 3 postnatal deaths: 1
untreated patient had mitral chordal rupture and 2 treated patients died of congestive heart
failure due to cardiomyopathy. At last follow-up, only 6/45 surviving neonates had systolic
dysfunction (1/22 dexamethasone, 1/15 IVIG+dexamethasone, 4/8 untreated); 2 had> mild
tricuspid/mitral regurgitation (both treated).Conclusions: In our cohort, echo improvements
were associated with treatment in cases of cardiac NL and EFE in 50% of affected fetuses and
may have improved survival and functional status.Whether dex, IVIG, or both are responsible
cannot be determined from our data but deserves further study.

P2-21

Can Echocardiographic Strain Imaging Predict Adverse Outcomes in Pediatric
Hypertrophic Cardiomyopathy?
Hunter Kauffman, Daisuke Matsubara, Priyanka Anvekar, Anirban Banerjee. The
Children's Hospital of Philadelphia, Philadelphia, PA.
Background: Risk stratification may predict earlier onset and higher frequency of adverse
outcomes in pediatric hypertrophic cardiomyopathy (HCM). Our study examined the role
of various deformation parameters in predicting major cardiac outcomes in children with
HCM, a concept that has been studied infrequently in children. Methods: We retrospec-
tively reviewed echocardiographic data from 406 pediatric HCM patients (age:1066 years)
at the Children’s Hospital of Philadelphia. We excluded patients with HCM secondary to
metabolic diseases. Echocardiographic images were analyzed for Global Longitudinal
Strain (GLS), Left Atrial Strain (LAS), and Longitudinal Early Diastolic Strain Rate
(EDSRL). (Table 1) Values were determined to be normal or abnormal for each patient
and grouped for bivariate regression. We assessed the association of these measurements
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with threemajor adverse cardiac outcomes: ICD Placement, Myomectomy, and a composite
heart failure (CHF) outcome, comprised of patients who underwent heart transplant or
experienced cardiac death. Student’s t-test was used to analyze associations between vari-
ables, and bivariate logistic regressions were used to determine odds ratios (OR) for each
cardiac outcome. Results: In our study, 81% of patients were found to have sarcomeric
HCM, while 19% had syndromic HCM. GLS and LAS were significantly reduced in patients
with CHF and ICD Placement. However, EDSRL was only reduced in patients who under-
went ICD Placement. Notably, none of the functional parameters assessed were reduced in
patients with myomectomy. (Table 1) Multivariate regression analysis revealed that the
strongest predictors of CHF and ICD placement included abnormal GLS and LAS.
Moreover, reduced EDSRL was not found to be a predictor of adverse outcomes. The
only predictor of myomectomy was reduced GLS (Table 2). Conclusions:
Echocardiographic strain analysis provides useful information regarding outcomes in pedi-
atric HCM and contributes towards risk stratification in this group.

P2-22

Myocardial Strain, Arch Angulation, and VTI Ratio Improve Performance of a Clinical
Pathway for Fetal Diagnosis of Neonatal Coarctation of the Aorta
Aaron Anthony Phillips, Rajesh Punn, Claudia Algaze, Shazia Bhombal, Yair Blumenfeld,
David Kwiatkowski, Amy Quirin, Theresa Tacy, Kelly Thorson, Shiraz Maskatia. Lucile
Packard Children's Hospital j Stanford Children's Health, Palo Alto, CA.
Background: Current strategies for fetal diagnosis of coarctation of the aorta (CoA) are
limited in diagnostic accuracy. A previously studied clinical pathway improves clinical
care, but is still insufficiently specific, particularly in fetuses with moderate to high risk
for CoA, based on diffuse aortic arch and/or left ventricle hypoplasia. The objectives of
this study were: 1) to validate and compare novel metrics which may add diagnostic value
and 2) to compare them to previous high-risk criteria (flow reversal at the foramen ovale or
in the aortic arch).Methods:Retrospective cohort study of 49 fetuses previously classified as
mild, moderate or high risk for CoA based on standard fetal echo metrics. For all analyses,
the endpoint was neonatal coarctation surgery. Velocity time integral (VTI) sampled at the
aortic isthmus was used to calculated systolic:diastolic ratio (VTIsd). The AAo (ascending
aorta) - DAo (descending aorta) angle and the TAo (transverse aorta) - DAo angle were
measured in the sagittal plane. LV longitudinal strain (LVS) was measured in the 4 chamber
view. Receiver operating characteristic (ROC) curve analysis was used to compare discrim-
inatory power of each metric, and Youden index was used to identify optimal cut-points.
Data were dichotomized to compare prognostic value of novel metrics to flow reversal at
the foramen ovale or in the aortic arch. Results: In the entire cohort, VTIsd, AAo-DAo
angle, TAo-DAo angle, and LVS were significantly different between surgical and non-
surgical cases (Table 1a). LVS and AAo-DAo angle demonstrated highest discriminatory
power. In the subgroup of moderate to high risk fetuses, flow reversal at the foramen ovale
or in the aortic arch did not discriminate effectively between surgical and non-surgical cases.
VTIsd, AAo-Dao angle, TAo-Dao angle and LVS all demonstrated greater diagnostic po-
wer, with specificity of 90-100% and PPV of 69-100% (Table 1b). Conclusion: VTIsd,
AAo-DAo angle, Tao-DAo angle, and LVS discriminate between surgical and non-
surgical cases in fetuses at risk for CoA. Incorporation of these metrics into the clinical
pathway may improve the ability to identify fetuses that develop surgical CoA, and is partic-

ularly useful in those with diffuse aortic arch and/or LV hypoplasia to improve prenatal
counseling and resource allocation.

P2-23

Longitudinal Assessment of Left Ventricular Function in Patients with Myopericarditis
after mRNA COVID-19 Vaccination
Nicholas V. Barresi1, Sarah McCollum1, Erin Faherty2, Ruchika Karnik2. 1Yale University
School of Medicine, New Haven, CT; 2Yale University School of Medicine, Section of
Pediatric Cardiology, New Haven, CT.
Background: Many reports have described an association between the mRNA COVID-19
vaccines and myopericarditis. The reports thus far have suggested a benign initial course
with excellent clinical recovery. However, data on the persistence of subclinical myocardial
injury using left ventricular global longitudinal strain (LVGLS) is limited at this time.
Methods: Retrospective, single-center review of demographic, laboratory, and management
data was performed on 20 patients who met diagnostic criteria for myopericarditis after
mRNA COVID-19 vaccination from April to November 2021. Echocardiographic images
were obtained on initial presentation (time 1), after a median of 12 days (IQR: 7.5 - 18.5,
time 2), and after a median of 44 days (IQR 29.5 - 83.5, time 3) during subsequent follow
up. Fractional shortening (FS) by conventional M-mode, ejection fraction (EF) by 5/6 area-
length methods, and LVGLS using TOMTEC software version 1.4.0.64, were compared
across pairs of these time points using Wilcoxon signed-rank test. Results: The clinical de-
tails of the initial presentation of our cohort are shown in Table 1. Upon follow-up at time 3,
82% of patients had symptom resolution and 60% had normal EKGs. EF and FS were largely
normal at all time points, as shown in Table 2. LVGLS showed normalization from initial
presentation to time 2 frommedian value of -18.6 to -21.2 (p value: 0.004) and continued to
remain normal in majority at time 3. Conclusions: As shown in other reports, our cohort
had a mild presentation of myopericarditis following COVID-19 vaccination. Global LV
function was preserved as evidenced by normal EF and FS, while LVGLS was decreased dur-
ing acute presentation, suggesting myocardial injury. Reassuringly, LVGLS normalized in
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most patients, with only a minor percentage having persistent slight depression. LVGLS can
be a feasible, early marker of subclinical myocardial injury for risk stratification of this pop-
ulation as we continue to follow them longitudinally.

P2-24

Cardiac Function Assessment in Fetuses with Ductus Arteriosus Constriction: A Two-
Dimensional Echocardiography and Fetal-HQ Study
Jing Ma1,2,3, Haiyan Cao1,2,3, Liu Hong1,2,3, Li Zhang1,2,3, Mingxing Xie1,2,3. 1Department of
Ultrasound Medicine, Union Hospital, Tongji Medical College, Huazhong University of
Science and Technology, Wuhan 430022, China; 2Clinical Research Center for Medical
Imaging in Hubei Province, Wuhan 430022, China; 3Hubei Province Key Laboratory of
Molecular Imaging, Wuhan 430022, China.
Background: Fetal ductal constriction (DC) is associated with excessive polyphenols food
(PRF) consumption during pregnancy. However, the effect of this hemodynamic change on
fetal cardiac function still needs to be elucidated. Therefore, this study aimed to evaluate the
cardiac function of fetuses with PRF related DC, and to describe serial observations of car-
diac function changes. Methods: We compared the traditional echocardiographic indices
including morphological, hemodynamic, and functional parameters between study fetuses
and controls. For global and segmental deformation analysis of left and right ventricles,
Fetal HQ with the speckle-tracking technique was used to calculate SI, GLS, FS, FAC,etc.
In addition, follow-up data were compared with generalized linear model. Results: A total
of 48 DC fetuses and 48 gestational-matched controls were enrolled in our study, with 8 DC
fetuses undertaking a follow-up echocardiogram after 2�3 weeks. Compared with controls,
GLS and FAC for left and right ventricles were all lower in DC group (LVGLS (%):
-19.2962.76 vs -23.7961.59, P <0.001; LVFAC (%): 39.1567.03 vs 44.2163.55, p=0.010;
RVGLS (%): -13.3363.58 vs -20.9462.30, P<0.001; RVFAC (%): 22.3169.73 vs
36.0164.84, P <0.001). For 24-segment FS analysis, DC fetuses showed lower FS in left ven-
tricular (LV) segments 18 to 24, with no difference in LV segments 1 to 17. Right ventricular
(RV) FS in segments 4 to 23 was also reduced in DC group. 24-segment SI analysis indicated
significantly lower SI in DC than those in controls for LV segments 1 to 14, and RV seg-
ments 19 to 24. We found pulsatility index (PI) of DA was an independent variable for
RVGLS (b=- 0.31, p=0.04). In 8 DC fetuses with follow-up echocardiograms, the interaction
between gestational age and follow-up were had a statistically significant effect on
RVGLS(p<0.01) and RVFAC(p=0.01).Conclusions: Left and right ventricular performance
were both impaired in DC fetuses, along with a series of morphological and hemodynamic
changes. Although the state of DA constriction improved on second examinations, cardiac
function was not completely restored.

P2-25

Failure to Normalize Biventricular Function in Neonates with Congenital
Diaphragmatic Hernia Patients is Associated with Extracorporeal Membrane
Oxygenation
Lisa S. Le1, John Kinsella2, Jason Gien2, Benjamin Frank2. 1Childrens Hospital of Colorado,
Aurora, CO; 2University of Colorado, Aurora, CO.
Background: Infants with congenital diaphragmatic hernia are at high risk to require extra-
corporeal membrane oxygenation (ECMO) support within the first week of life. Prior
studies have demonstrated abnormal ventricular function on day of life (DOL) 0 as a risk
factor for ECMO support in affected infants. To date, no prior studies have investigated
change in ventricular function over time in this population or an association with outcome.
Our study aim was to assess the relationship between time to normalized (TTN) ventricular
function by echocardiography and risk of needing ECMO support during the transition in
infants with congenital diaphragmatic hernia.Methods:We retrospectively reviewed echo-
cardiographic data in 30 infants with congenital diaphragmatic hernia at 0, 1, 2, 3 +1, 762,
14 62, 30 64 days. TTN of ventricular function and clinical outcomes were recorded.
Normal ventricular function was defined as left ventricular (LV) ejection fraction >55%
and right ventricular (RV) fractional area change of >35%. Results: Echocardiograms
were technically interpretable for all 30 subjects. 11/30 (37%) of subjects required ECMO
support and 23/30 (77%) demonstrated suprasystemic pulmonary hypertension. 14/30
(47%) of subjects had normal LV function throughout. Of those with abnormal LV function
at birth, 3/16 (19%) normalized on DOL 1, and median LV TTN was 2 days. 9/13 (69%) of

subjects with LV TTNDOL 2 or later required ECMO compared to 2/17 (12%) with normal
function by DOL 1 (p=0.001). Of the 3 subjects who normalized LV function on DOL 1
none required ECMO. (Table 1) 10/30 (33%) of subjects had normal RV function
throughout. Of those with abnormal RV function at birth, 5/20 (25%) normalized on
DOL 1, and median RV TTN was 2.5 days. 10/15 (67%) subjects with RV TTN of 2 days
or greater required ECMO compared to 1/15 (7%) with RV TTN of 0 or 1 day
(p=0.0006). (Table 2) Conclusions: Failure to normalize both LV and RV function by
DOL 2 is associated with increased need for ECMO in infants with congenital diaphrag-
matic hernia. Serial monitoring of biventricular function by echocardiography may be an
important tool to guide treatment and identify infants with highest risk.

P2-26

Single Right Ventricular Global Longitudinal Strain is Correlated with Ejection
Fraction Measured by Cardiac Magnetic Resonance Imaging
James C. Wilkinson, Anne R. Morrison, Anitha Parthiban, Carolyn A. Altman, Christian G.
Lilje, Susan W. Denfield, Ricardo H. Pignatelli, Tam T. Doan. Texas Children's Hospital j
Baylor College of Medicine, Houston, TX.
Background: There is no widely accepted quantitative method to assess single right ventricular
(sRV) systolic function by echocardiography. Global longitudinal strain (GLS) is a reliable and
reproducible method and a marker for worse outcome in this high risk population when
reduced. The aim of this study is to determine if sRV GLS correlates with sRV ejection fraction
(sRVEF) measured by cardiac magnetic resonance imaging (CMR).Methods: This is a single-
institution, cross-sectional study. sRV was defined as hypoplastic left heart syndrome (HLHS)
and HLHS variant. An institutional database was queried for CMR studies in sRV patients with
an echocardiogram study performed within 6 months. GLS was measured from an apical plane
using TomTec. Correlation of sRV GLS and sRVEF was performed using Spearman test. A lo-
gistic regression analysis was used to investigate the relationship betweenGLS and sRVEF < 48%
(sRV dysfunction). A receiver operating characteristic (ROC) curve was used to demonstrate the
diagnostic ability of GLS against sRVEF <48%. A GLS cutoff to predict sRVEF < 48%was deter-
mined using the Youden index. Results: Fifty-nine CMR studies performed for rSV (45 HLHS
and 14 HLHS variants) were included. Mean age at CMR was 11.26 5.9 years, 56% were male
(n = 33), 76% were Fontan anatomy (n = 45), and median time between echo and MRI was 39
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days (IQR 19, 70). sRVEF < 48% was present in 54% (n = 32). GLS and sRVEF correlated well
(r = 0.71, p < 0.0001, Figure 1). ROC curve analysis shows GLS is compatible with sRVEF < 48%
with an area under the curve of 0.88 (Figure 2). sRVGLS > (worse than) -17.5% predicts sRVEF
< 48%with a sensitivity of 84% and specificity of 85% (Youden = 0.7). GLS > -17.5% and sRVEF
< 48% had an overall agreement of 85% (K = 0.69, p < 0.0001). Conclusions: GLS by echocar-
diography in sRV correlates well with CMR sRVEF < 48%, utilizing a cutoff GLS of -17.5.
Implementation of GLS in routine echocardiographic evaluation of patients with sRV is recom-
mended.

P2-27

Clinical Utility of Serial Fetal Echocardiography in Structural Congenital Heart Disease
David M. Barris, Michelle Mikhno, Michael Kornblit, Kelly Wang, Son Duong, Jennifer
Cohen, Erin Paul, Kenan Stern, David Ezon, Miwa Geiger. Mount Sinai Kravis Children's
Hospital, New York, NY.
Background: Fetal echocardiography (FE) is a highly accurate diagnostic tool that can
reduce morbidity and mortality in fetuses with major congenital heart disease (CHD).
There is no consensus on how often serial FE should be performed for specific types of
structural CHD. We aimed to investigate the benefit of additional FE after a definitive diag-
nosis of structural CHD. We sought to determine how often changes in management occur
based on serial FE. We hypothesized that the frequency of these changes would depend on
the type of CHD, speculating that fetuses with lesions with potential for progression would
have a higher incidence of management changes. Methods: We performed a retrospective
review of all patients who presented to Mount Sinai’s Children’s Heart Center between
January 2012 to January 2019 and had serial FE performed for structural CHD. Patients
with multiple gestation or fetal arrhythmia were excluded. We noted the type of CHD diag-
nosed at the initial visit. We reviewed consult notes to determine whether management
changed based on serial FE. A univariate logistic regression model was used to assess the
relationship between initial diagnosis and changes in management.Results:Among 253 pa-
tients, a total of 507 repeat FE were performed. Univariate regression and frequency of man-
agement changes are seen in Table 1. The frequency of a management change based on a
repeat FE was 45/507 (8.9%). Management changed most frequently for balanced atrioven-
tricular canal (17.1%), pulmonary valve abnormality/non critical pulmonary stenosis
(15.6%) and left ventricular outflow tract obstruction/aortic valve abnormality/coarcta-
tion/interrupted aortic arch (15.5%). Management changed least frequently for ventricular
septal defects (0%) and truncus arteriosus (0%). For univariate regression, the types of CHD
were collapsed into five groups. With shunt lesions as a reference there was an increased
odds of a management change for left heart lesions OR (95% CI) =2.77 (1.09-7.06), p =
0.0327. Conclusions: Serial FE led to changes in management in fetuses with certain forms
of structural CHD. Management changed most frequently for types of CHD that are asso-
ciated with coarctation or have the potential for progression. The type of CHD diagnosed
should determine the number of repeat FE performed.

P2-28

Evaluation of Fetal Risk Stratification Tools in the Postnatal Prediction of Coarctation
of Aorta
Divya Suthar1,2, Timotheus Watson1,2, Ritu Sachdeva1,2, Erik Michelfelder1,2. 1Children's
Healthcare of Atlanta, Atlanta, GA; 2Emory University, Atlanta, GA.
Background: Prenatal prediction of coarctation of the aorta (COA) is challenging, with a
high false-positive diagnosis rate resulting in alteration of delivery plans, prostaglandin
infusion, and prolonged hospital stay. The purpose of this study is to assess the validity
of a recently published risk stratification protocol by Stanford University (SU) and to
examine the rate of medical interventions per risk level in a local cohort.Methods: A retro-
spective cohort study of subjects with a prenatal diagnosis of COA from December 2017 to
April 2021 was performed. Using risk stratification criteria for COA from SU, fetuses were
grouped as either mild, moderate, or severe risk. (Table1) The primary clinical outcome was
neonatal COA repair. Demographic data and proportion of subjects undergoing medical
interventions and/or neonatal COA surgery were compared among the 3 risk groups.
Results: A total of 58 subjects were identified and divided into mild (13), moderate (27),
and severe (18) risk categories. Surgical COA was necessary for 23/58 fetuses (40%) of sub-
jects overall, and in 1/7 (7%), 10/27 (37%), and 13/18 (65%) of mild, moderate, and severe
risk fetuses (Table 2). While the rate of medical intervention increased with risk level, sig-

nificant rates of NICU admission, central line placement, and withholding feeds were noted
in even low-risk subjects (Table 2). In neonates without COA, other congenital heart defects
were detected in 22% of moderate and 5% of severe risk fetuses. Median gestational age at
risk assignment for COA was earlier with severe vs. moderate risk fetuses (27.1 vs 29.6
weeks), though this was not statistically significant. Conclusions: Despite the high false-
positive rate of prenatal COA diagnosis, risk stratification criteria proposed by SU provide
a useful framework to predict the likelihood of COA and minimize medical interventions
without compromising care. This data can inform future quality improvement efforts
and improve family counseling in fetuses with suspected COA.

P2-29

Evaluation of Cardiac Size, Shape and Function in Fetuses with Coarctation of the Aorta
by Fetal Heart Quantitative Technique
Juanjuan Liu1,2,3, Haiyan Cao1,2,3, Liu Hong1,2,3, Li Zhang1,2,3, Mingxing Xie1,2,3.
1Department of Ultrasound Medicine, Union Hospital, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan 430022, China; 2Clinical Research Center
for Medical Imaging in Hubei Province, Wuhan 430022, China; 3Hubei Province Key
Laboratory of Molecular Imaging, Wuhan 430022, China.
Background: This study aimed to evaluate the size and shape of the four-chamber view (4CV)
and right and left ventricles (RVandLV) aswell as the functionof theRVandLV in fetuseswith
coarctation of the aorta (CoA) using fetal heart quantitative (FetalHQ) technique.Methods:A
total of 67 CoA fetuses and 67 gestational age-matched controls were included. Fetal HQ tech-
nique was used to obtain the 4CV end-diastolic (ED) width, length, area, and global sphericity
index (GSI), RV and LV 24-segment ED diameter (EDD), 24-segment sphericity index (SI),
area, and the following functional parameters: (1) fractional area change (FAC); (2) global lon-
gitudinal strain (GLS); (3) 24-segment transverse width fractional shortening (FS); (4) LV ejec-
tion fraction (LVEF), LV ED volume (LVEDV), LV stroke volume (LVSV) and LV output
(LVO). Results: Compared with normal controls, the Z-score of 4CV ED transverse was
increased (P < 0.05), while the GSI was decreased (P < 0.05) in fetuses with CoA. However,
no significant differences in the 4CV ED length and area between two groups (P > 0.05).
The RV 24-segment EDD Z-score, RV area Z-score as well as the RV/LV 24-segment EDD
were significantly higher in CoA fetuses than in controls (P < 0.05). In contrast, the LV 24-
segment EDD score and area Z-score were significantly lower in fetuses with CoA than in con-
trols (P<0.05). The 24-segmentSI of theLVwas significantlyhigher,while the24-segmentSIof
the RVwas significantly lower than in controls (P< 0.05). CoA fetuses showed lowerGLS, FAC
and 24-segment FS for both RV and LV when compared with normal controls (P < 0.05).
Similar findings were also observed for LVEF, LVEDV Z-score, LVSV Z-score and LVO Z-
score in CoA fetuses compared to controls (P < 0.05). Conclusion: In fetuses with CoA, the
4CV was increased in width and spherical in shape. The LV area and width were decreased,
while the transverse width and area of the RV was increased. Abnormal SIs reflected a flatter
LV and a more spherical RV. RV and LV global, longitudinal, and transverse contractility
were depressed. FetalHQ can be used to quantitatively analyze cardiac size, shape and function
in CoA fetuses, which may improve prenatal diagnosis of CoA.
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P2-30

Effect of Transcutaneous Device Closure of Patent Ductus Arteriosus on Left Ventricle
Function: A Speckle Strain Imaging Analysis
Gilda Kadiu, Girija Natarajan, Sanjeev Aggarwal. Children's Hospital of MI, Detroit, MI.
Background: In 2019, the Food and Drug Administration approved transcutaneous device
closure of patent ductus arteriosus (PDA) in neonates > 700 grams. PDA surgical ligation is
associated with a decrease in left ventricle (LV) function after the procedure. We aimed to
assess the effect of device closure of PDA on LV function in premature infants. Method:
This was a single center retrospective study of preterm infants who underwent PDA closure
by Piccolo device over the last 3 years. Echo performed before and 24 hours after device im-
plantation were analyzed by a single reader. M-Mode measurement in the short axis was
measured for LV dimensions and shortening fraction (SF). Cardiac output was calculated
using the product of aortic valve cross-sectional area, velocity time integral and myocardial
performance index (MPI) using standard formulae. Global longitudinal strain (GLS) for
endocardium and myocardium were calculated from the apical 4 chamber view using
vendor-independent software (TomTec Imaging). LV diastolic parameters were measured
frommitral inflow and tissue Doppler images. Paired t-test was used to compare parameters
before and after device closure; p-value < 0.05 was taken as significant. Results: Neonates
(n=20), of whom 50% were males, underwent device PDA closure at a mean (6 SD) age
of 33.7 6 22.5 days and weight of 1.07 6 0.50 kg. There was no change in LV dimensions
and volume in systole or diastole, despite shunt occlusion. Left pulmonary artery or aortic
arch narrowing were not seen. There was a significant impairment in LV systolic function
measures, SF and cardiac output and worsening of the speckle strain after device placement
(GLS endocardium -20.996 2.30 vs.-17.046 2.64, p=0.000 and myocardium -16.446 2.29
vs.-13.68 6 2.39 p=0.001). There were no significant differences in diastolic function. MPI
also deteriorated significantly after device close of PDA. Conclusions: Our data demon-
strate a significant decrease in LV systolic and global function at 24 hours after device
closure of PDA in premature infants, similar to previously reported data following surgical
closure. Further longitudinal studies are warranted to assess comparative effects of surgical
and device closure PDA on LV function.
Table: Comparison of various LV functional parameters before and after device closure of
PDA

P2-31

Impact of Myocardial Properties on Ventricular Mechanics and Exercise Performance
in Adolescents with Fontan Circulation
Safwat Aly, Luc Mertens, Mark K. Friedberg, Andreea Dragulescu. The Hospital for Sick
Children, University of Toronto, Toronto, ON, Canada.
Background: Previous studies have suggested that incomplete ventricular remodeling after
the Fontan procedure is associated within increased fibrosis. The impact of changes in
myocardial properties on ventricular mechanics and exercise capacity are unclear.
Methods: This is a retrospective single center cross-sectional study looking at the rela-
tionship between myocardial fibrosis as assessed by CMR T1 relaxometry and ventricular
mechanics as evaluated by Speckle Tracking Echocardiography (STE) in adolescents with
Fontan in comparison to normal controls. T1 measurements, STE data and exercise test
closest each other were identified. STE data were obtained on GE E9 and E95 (GE
Healthcare, USA). Ventricular strain, and ventricular basal and apical rotation were
measured. Torsion was calculated as the difference between apical and basal rotation
divided by ventricular length from the apical 4-chamber view. Results: 50 SV patients
(27 LV, 17 RV, and 6 co-dominant) were compared to a similar number of controls.
Demographics, echocardiographic, and CMR measurements are shown in table 1.
Median time from Fontan completion was 13.8 (10.6-16.6) years. Compared to controls,
Fontan patients demonstrated reduced global longitudinal strain [-17.1%(-7.4 to -20.1) vs
-20.1%(-12.3 to -24.5), p=0.01], circumferential strain (CS) [-15.2% (-9.1 to - 20.3) vs
-19.2% (-12.3 to -23.7), p=0.007], and radial strain [25.2% (15.8 to 54.3) vs 39.4%
(25.7 to 62.1), p=0.01]. Torsion was reduced in patients compared to controls [1.20
(-1.24 to 3.63) vs 1.89 (-0.51 to 4.32), p=0.005] with decreased apical rotation [3.9�/cm

(-10.2 to 14.8) vs 5.7�/cm (1.6 to 15.6), p=0.001] and basal rotation [-1.5�/cm (-7.5 to
3.7) vs -3.9�/cm (-0.3 to -8.5), p=0.04], respectively. T1 values were higher in Fontan pa-
tients compared to controls [1009636 vs 958640, p=0.004] and correlated with CS
(r=0.59, p=0.04) and inversely correlated with torsion (r=�0.71, p=0.02). Fontan patients
had lower peak oxygen consumption that was associated with higher T1 (r=0.39, p=0.01),
lower CS (r=0.46, p=0.04), and reduced ventricular torsion (r=0.52, p=0.001).
Conclusion: Fibrotic remodeling exists in adolescents with Fontan is associated with
reduced ventricular circumferential and rotational mechanics, both associated with exer-
cise performance.

P2-32

Natural History of Fetal Ascending Aortic Dilation
Talha Niaz, Shaine A. Morris, Anitha Parthiban, Carrie A. Altman, Nancy A. Ayers, Tam T.
Doan. Texas Children Hospital, Baylor College of Medicine, Houston, TX.
Background: Fetal ascending aortic dilation can be seen in major structural cardiovascular
lesions or in isolation. In this large single center study, we aim to describe fetal ascending aortic
dilation and its associated cardiovascular structural and hemodynamic alterations.Methods:
Consecutive fetuses with ascending aortic dilation, defined as mid-ascending aorta Z-score
$2, were included from �13,000 fetuses evaluated at Texas Children’s Hospital from 2012-
2021. Fetal echocardiogram (FE), electronic medical records, and available post-natal echocar-
diographic images were retrospectively reviewed in all patients who did not have conotruncal
and/or single ventricle defects. Fetal aortic dilation in the absence of identifiable cardiovascular
structural and hemodynamic alterations was considered as ‘isolated aortic dilation’. Results:
Fetal ascending aortic dilation was reported in 3.7% fetuses (482/13,000). A total of 79%
(380/482) had concomitant conotruncal and/or single ventricle defects, which are known to
be associated with aortic dilation. Among the remaining 21% (102/482) patients, Figure 1
maps out cardiovascular structural and hemodynamic alterations associated with aortic dila-
tion. Of the 10 patients with aortic valve stenosis on FEwith post-natal echocardiograms avail-
able; 8 were found to have BAV, 1 with unicuspid aortic valve and 1 died in-utero. Isolated fetal
aortic dilation was noted in 59 patients with post-natal echocardiograms available in 63% (37/
59). Bicuspid aortic valve (BAV) was reported in 19% (7/37) patients. Persistent post-natal
aortic dilation was reported in 24% (9/37) patients with a median Z-score of 2.3
(Interquartile range 2.13 - 2.82), including 4 with and 5 without BAV. Conclusions:
Ascending aortic dimension with Z-score on FE is an important marker of many cardiovas-
cular structural and hemodynamic alterations, including BAV in isolated aortic dilation. Post-
natal echocardiograms should be considered for patients with isolated aortic dilation to eval-
uate for asymptomatic BAV or isolated aortic dilation, which may require further genetic
testing to assess the risk of progressive dilation over time.

e50 Abstracts Journal of the American Society of Echocardiography
July 2022



P2-33

Changes to the Biventricular Function After the Da Silva Cone Operation for Ebstein’s
Anomaly
Tarek Alsaied, Adam Christopher, Carlos Diaz Castrillon, Aditi Gupta, Lizabeth Lanford,
Brian Feingold, Thomas Seery, Jennifer Johnson, Laura Olivieri, Jacqueline Weinberg,
Bryan H. Goldstein, Jose Da Silva, Luciana Da Fonseca Da Silva. Children's Hospital of
Pittsburgh, Pittsburgh, PA.
Background: We sought to evaluate the effect of the cone operation for Ebstein anomaly on
biventricular function.Methods:Thiswas a retrospective reviewof the last 38 patientswho un-
derwent a cone operation at our institution. Echocardiogram was reviewed from before the
operation (time 0), after the operation on discharge (time 1), and at most recent follow-up at
least 6 months after the operation (time 2). Conventional measures of the left ventricle (LV)
size and function and right ventricle (RV) functionweremeasured. Data were compared using
paired t-test with p <0.05 considered significant.Results:Themedian age at the cone operation
was 9.3 years (interquartile range 2.2-20.6 years) and 18 patients had an available echocardio-
gram at time 2 at our center (at 32.5 6 19.5 months). Compared to the pre-operative echo
discharge echo showed a significant decrease in RV fractional area change (FAC) (-16.5 6
11.2 %, p<0.001) and tricuspid annular plane systolic excursion (TAPSE) (-1.32 6 0.93 cm,
p<0.001) with no change in LV volume or LV systolic function. There was improvement in
LV diastolic function with a decrease in LV E/e’ and an increase in mitral E/A ratio (table 1).
RV FAC and TAPSE remained lower at time 2 compared to preoperative echo, however,
they were significantly improved compared to time 1. LV EF remained stable and LV volume
significantly increased at time 2. Conclusion: LV filling improves with improved diastolic
indices and increased volume after the cone operationwithout a change in EF. RV dysfunction
is common immediately after the coneoperation although improveswith time. RVdysfunction
is likelymultifactorial due to the incorporation of the atrialized RV and intrinsic abnormalities
of the functional RV in Ebstein’s anomaly.
Table 1: The different echo parameters at the 3 study points. $ time 0 and 1 are different.
*time 0 and 2 are different and &time 1 and 2 are different. LV : left ventricle. TAPSE:
tricuspid annular plane systolic excursion. LV end diastolic and end systolic volumes are
indexed to body surface area.

P2-34

Myocardial Work by Strain Echocardiography: A Predictor of Exercise Capacity in the
Fontan Population
Amulya Buddhavarapu1, Suma Goudar2, David White1, Daniel E. Forsha1, Doaa G. Aly1.
1Children's Mercy Hospital, Kansas City, MO; 2Children's National Medical Center,
Washington, DC.
Introduction: Global myocardial work index (GWI) obtained by non-invasive pressure-
strain loops is a fast-emerging tool to assess myocardial contractility, independent of loading
conditions. Data about the feasibility and utility of this modality in single ventricles is still lack-
ing. We aimed to explore the relationship between the non-invasive myocardial work indices
and exercise parameters in the Fontan population. Methods: Fontan patients were prospec-
tively evaluated by exercise testing and transthoracic echocardiography. The systemic ventricle
was tracked in 3 orthogonal apical planes for global longitudinal strain (GLS). Pressure-strain

loops were generated against brachial blood pressure (surrogate for ventricular systolic
pressure in the absence of outflow obstruction). GWI, global work efficiency (GWE), global
constructive work (GCW) and global wasted work (GWW) were calculated. Peak VO2 and
percentage of predicted peak VO2 were recorded during the same visit using the James exer-
cise protocol. Results: Seventeen Fontan patients were included, 10 (58%) of whom had sys-
temic left ventricle. Mean age was 13.8 y (range 9-21 y). Peak VO2 was 24.76 5.9 ml/kg/min
and predicted VO2% was 57.46 11.1%. GLS was -14%6 2.5%. Mean GWI was 979.96 232
mmHg% which showed a strong correlation with the predicted VO2% (r=0.78, p<0.001).
Similarly, there was a strong correlation between GWE (mean= 87% 6 4.8%) and predicted
VO2% (r=0.76, p=0.001). Less correlation was found between GLS and predicted VO2% (r=-
0.58, p=0.019). GCW was 12936 399 mmHg% and GWWwas 161.16 88 mmHg%. GWW
had amoderate negative correlationwith peakVO2 and predictedVO2% (r=-0.45, p=0.07 and
r=-0.48, p=0.06 respectively).Conclusion: Peak exercise capacity- a proven prognostic marker
in the Fontan population, correlates strongly with GWI and GWE. Therefore, indices of
myocardial work by non-invasive pressure strain loops are feasible measures in Fontan pa-
tients that may provide new insights into risk stratification.
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Safe Sedation in the Echo Lab Using Intranasal Dexmedetomidine Does Not Require
Fasting
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David E. Saudek1, Deborah Walbergh2, Sara Shreve2, Sravya Bagli2, Peter C. Frommelt1.
1Children's Hospital of Wisconsin and the Medical College of Wisconsin, Milwaukee, WI;
2Children's Hospital of Wisconsin, Milwaukee, WI.
Background: Intranasal dexmedetomidine (Dex) has been used at Children’s Wisconsin
since 2018 as a safe and effective means of sedation for uncooperative children undergoing
transthoracic echocardiography (TTE). Based on absence of vomiting using Dex for TTE,
nothing by mouth (NPO) was no longer required prior to sedation with Dex for TTE begin-
ning in March 2021. This retrospective study reviews our preliminary experience with Dex
sedation without NPO for TTE. Methods: Retrospective chart review was performed
comparing patients sedated with Dex without fasting requirement (No-NPO) from
March 2021 through January 2022 to a cohort the prior 12 months with a fasting require-
ment (NPO). Patients were sedated with 3mcg/kg administered intranasally with an addi-
tional 1 mcg/kg dose administered if not adequately sedated within 25 minutes. Vital signs
and sedation score (modified Ramsay scale) were charted by a dedicated sedation nurse per
institutional protocol. Adverse events were recorded including emesis, need for more than
brief nasal cannula oxygen administration, and admission related to sedation. Results:
Sedation results are summarized in Table 1. Dex was used for sedation in 393 NPO patients
and 352 No-NPO patients. Median age, time to level 3 sedation, and time from Dex admin-
istration to discharge post-procedure were similar. Pre-sedation fasting time was longer in
NPO patients. No-NPO patients remained sedated longer (73.8 vs 64.2 min, p=<0.01) and
had a trend towards lower rate of failed sedation. Heart rate and oxygen saturation at base-
line and during sedation were similar between groups. One No-NPO patient (0.2%) had
''retching'' but no emesis and had no need for suctioning or oxygen. No other adverse events
were reported. Conclusion: Sedation with Dex for TTE can be safely performed in children
without NPO requirement. Feeding close to administering Dex results in longer sedation
time and may facilitate completion of the TTE prior to the child awakening. Removing
NPO requirement allows more expeditious scheduling of unplanned sedated TTE with po-
tential to both improve family satisfaction for ambulatory patients and decrease length of
stay for inpatients.

P2-36

Diagnostic Yield of an Echocardiogram in Asymptomatic Children with an Abnormal
Electrocardiogram
Harsha Kanumalla1, Kenan Stern2, Fernanda Kupferman1, Joseph Mahgerefteh1. 1One
Brooklyn Health, Brookdale University Hospital Medical Center, Brooklyn, NY; 2Mount
Sinai Hospital, New York, NY.
Background: The pediatric Appropriate Use Criteria provides guidelines for the initial
outpatient evaluation of patients by an echocardiogram (TTE). Patients with an ''abnormal
electrocardiogram (ECG) without symptoms'' have been rated as an ''Appropriate'' indica-
tion to perform a TTE. Although this document specified certain ECG findings where
TTE was indicated, it did not identify the diagnostic yield of specific findings on ECG.
This study compared the yield of specific ECG abnormalities in a group of asymptomatic
children with no other indication for a TTE.Methods: A retrospective review of outpatient
pediatric cardiology clinic records from March 2018 to September 2021 was done. All pa-
tients# 18 years old who were asymptomatic and had an initial outpatient evaluation where
a TTE was performed for the indication of an abnormal ECG, were included. All ECGs and
TTEs were reviewed by one pediatric cardiologist. Results: The total number of patients
eligible for this study was 242. Most patients (80%) were African American, 15%
Hispanic, 5% other. Eighty-eight percent of the patients were between 6-18 years old.
TTE abnormalities were found in 15% of patients. Table 1 demonstrates the summary of
the results and the odds ratio of TTE abnormality for each ECG finding with its 95th%ile
confidence interval (CI). The odds ratio of abnormality on TTE for non-specific ST/T
wave abnormalities on ECG compared with other findings was the only significant finding
(5.97), with left ventricular hypertrophy on TTE being the most common abnormality in
those patients. Overall, atrioventricular valve abnormalities included 2 mitral valve pro-
lapses, 2 tricuspid regurgitations, 1 mitral regurgitation, and 1 Ebstein anomaly.
Abnormalities in the aortic valve and root included 4 aortic insufficiencies and 4 dilated
aortic roots. Biventricular hypertrophy on ECG was the only finding that did not yield
any abnormal TTE findings. Conclusion: Echocardiographic abnormalities are frequently
seen in asymptomatic patients with abnormal ECGs. Non-specific ST/T wave abnormalities

on ECG account formore than 40% of those abnormal findings. Larger studies are needed to
better define the yield of TTE in other ECG abnormalities.

P2-37

Fetal Echocardiographic Features in High Risk Hypoplastic Left Heart Syndrome
Undergoing Combined Hybrid Stage 1 Palliation and Pulsatile Ventricular Assist
Device Insertion as a Bridge to Heart Transplantation
Salima Ahmed Bhimani, Dalia Lopez Colon, Connie Nixon, Curt DeGroff, Giles J. Peek,
Mark S. Bleiweis, Jeffrey P. Jacobs, Jennifer Co-Vu. University of Florida, Gainesville, FL.
Background:Hypoplastic left heart syndrome (HLHS) presents as a spectrum where a sub-
set of patients are considered high risk for Norwood Stage 1 palliation (NS1P). We describe
fetal echocardiographic (ECHO) features of high-risk patients with HLHS palliated to com-
bined Hybrid Stage 1 palliation and pulsatile ventricular assist device insertion
(Hybrid+VAD) as a bridge to heart transplantation.Methods: IRB-approved retrospective
chart review of fetal ECHO available for review was conducted on all high-risk patients with
HLHS who underwent initial Hybrid+VAD from 2015-2021. Results: Of the 83 neonates
and infants with functionally univentricular hearts at our institution from 2015-2021, 62
standard-risk patients underwent initial NS1P and 12 high-risk patients underwent primary
cardiac transplantation (n=3) or combined Hybrid+VAD as bridge to transplant (n=9: 8
with HLHS and 1 with HLHS variant). Three Hybrid+VAD patients were transferred to
our institution postnatally and fetal ECHO were not unavailable, thus excluded. Nine fetal
ECHOs were performed on the remaining 5 patients. Of these, 2 patients had their care
transferred in late third trimester. Median gestational age at first fetal ECHO at our insti-
tution was 25.9 [24.9, 34] weeks. HLHS with Mitral Stenosis/Aortic Atresia (MS/AA) was
the suspected diagnosis in 4 fetuses and Mitral Atresia/Aortic Atresia was suspected in 1
fetus. Three fetuses had coronary fistulae and two had endocardial fibroelastosis (EFE) in
utero. Moderate tricuspid regurgitation was noted in 1 fetus. All fetuses had normal right
ventricular function. Pulmonary vein forward to reverse ratio (VTI F/R) was < 5 in 3 fetuses
(median 6.39 [4.63, 7.13]). Median mitral valve Z score at third trimester was -5.85 [-7.43,
-5.62]. Six underwent successful cardiac transplantation and 3 died while awaiting trans-
plantation on VAD. Median length of VAD support was 134 days (mean 141 (56-196)
days). Operative mortality for NS1P was 3.2% (2/62). Conclusions: In our patient popula-
tion, the presence of HLHS MS/AA variant, EFE, coronary fistulae, and pulmonary vein
VTI F/R ratio of < 6 were common in fetuses who underwent Hybrid+VAD. Further pro-
spective and multicenter studies are needed to help identify ECHO features predictive of
high-risk HLHS variants. Identification of high risk fetuses and neonates with HLHS and
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triaging these challenging patients to a Hybrid+VAD approach can improve overall survival
for patients with HLHS. Furthermore, the presence or absence of these fetal ECHO features
associated with high-risk HLHS can aid in counseling of parents about the fetal risk profile.

P2-38

Fetal Ventricular Mass and Wall Thickness Throughout Gestation
Meaghan Beattie, Theresa Tacy, Michelle Kaplinski, Charitha Reddy, Shiraz Maskatia,
Rajesh Punn. Lucile Packard Children's Hospital, Stanford University School of Medicine,
Palo Alto, CA.
Background: Although identification of fetal ventricular hypertrophy is imperative for
optimal prognostication and management of various fetal disease states, there is no single
set of established normal values. The objectives of this study were to report regression equa-
tions for left and right ventricular (LV and RV) wall thickness and mass in normal fetuses
across the second and third trimester and to assess interobserver reliability of these mea-
sures. Methods: Retrospective analysis of 300 fetal echocardiograms from 2011-2021 at
Stanford Children’s Health was performed by a single reviewer. Inclusion criteria were: fetal
echocardiograms with ''good'' or ''excellent'' quality short axis (mid-ventricular) and 4-
chamber views (with the ventricular septum oriented at �90 degrees to the angle of inso-
nation) with normal cardiac anatomy. Exclusion criteria were: maternal diabetes or hyper-
tension, pre-eclampsia, fetal growth restriction, renal agenesis, and extracardiac anomalies.
Gestational ages (GA) were divided into seven, 3-week categories with equal representation
(median 24.9, range 14.9-38.9 weeks). LV mass was estimated using the 5/6 area-length
method, and RV mass was estimated using a 1/4 prolate ellipsoid model. Linear regression
analysis assessed the relationships between measures of wall thickness and mass to esti-
mated fetal weight (EFW) or GA. Curve estimation identified the equation of best fit for
each variable pair. A subset of 30 studies was analyzed by a second blinded reviewer to assess
interobserver reliability. Results: All parameters of wall thickness and mass demonstrated a
strong linear correlation with both EFW and GA (Table 1). Curve estimation models for
each variable pair further improved the degree of correlation, which was equivalent for
EFW and GA. LV and RV mass estimates fit best into power and S-curve models, whereas
wall thicknesses fit best into linear, power, and logarithmic models. Intra-class correlation
demonstrated good to excellent interobserver reliability for mass estimates and moderate
reliability for wall thickness. Conclusions: Fetal ventricular mass and wall thickness can
be reliably assessed by straightforward 2D measurements. Utilizing a dataset of fetuses
with a broad range of GA and EFW, equations have been identified to provide a set of
normal values.

P2-39

Hypoplastic Left Heart Syndrome with Mitral Stenosis and Aortic Atresia - Outcomes
and Echocardiographic Findings
Hunter C. Wilson1, Vikram Sood2, Jimmy C. Lu2, Sunkyung Yu2, Ray E. Lowery2, Jeffrey D.
Zampi2, Jennifer C. Romano2, Sowmya Balasubramanian2. 1Emory University, Atlanta, GA;
2University of Michigan, Ann Arbor, MI.
Background: Mitral stenosis/aortic atresia (MS/AA) has been reported as a higher risk
variant of hypoplastic left heart syndrome (HLHS), potentially related to endocardial fibroe-
lastosis (EFE) or ventriculocoronary connections (VCC) and myocardial hypoperfusion.
We aimed to identify echocardiographic and clinical factors associated with early death
or transplant.Methods: Patients with HLHS MS/AA initially treated at our center between
2000 and 2020 were included in this retrospective cohort study. Pre stage I palliation echo-
cardiograms were reviewed. Presence of EFE and VCC were assessed by two cardiologists
with a third serving as tiebreaker in cases of disagreement. Patients were grouped according

to primary outcome of death or transplant prior to stage II palliation (S2P). Standard uni-
variate analyses were used to identify factors associated with outcomes. Results: Of 141 pa-
tients included (72% male), 39 (28%) died or underwent transplant. Clinical factors
associated with death or transplant included lower birth weight (2.8 6 0.75 vs 3.3 6 0.54
kg, p=0.0003), gestational age <37 weeks (32 vs 5%, p<0.0001), longer intensive care length
of stay (median 19 (interquartile range 10-30) vs 10 (7-15) days, p=0.001) and ECMO post
stage I palliation (44 vs 9%, p<0.0001). Of the imaging variables examined, only smaller
ascending aorta size, tricuspid valve size and right ventricular length were associated
with primary outcome. Presence of EFE or VCC and measures of right ventricular function,
septal thickness and tricuspid regurgitation were not associated with death or transplant
(Table 1). Secondary analysis revealed smaller ascending aorta size (2.2 (1.7-2.8) vs 2.5
(2.0-3.4) mm, p=0.02) and smaller mitral valve size (3.9 6 1.2 vs 4.6 6 1.4 mm, p=0.02)
as factors associated with post-operative ECMO. Conclusions: In this study of one of the
largest reported cohorts of HLHS MS/AA, death or transplant prior to S2P was largely
related to patient size and postoperative indicators of illness but was not well-predicted
by pre-stage I palliation imaging characteristics. While this is a high-risk cohort, imaging
findings alone, including the presence of EFE and/or VCC, should not preclude interven-
tion, although potential impact on long-term outcomes should be examined to further
risk stratify this population.

P2-40

Utility of Follow-Up Echocardiograms in Uncomplicated PDA Device Closures
Performed After Infancy
Rachel Reo, Erin Van Pelt, Casey Lovelace, Anne Eshelman, Brian Beckman, Joanne
Chisholm, Brian Boe, Carl Backes, Clifford L. Cua. Nationwide Children's Hospital,
Columbus, OH.
Background: Guidelines recommend lifelong follow-up with transthoracic echocardio-
grams (TTE) for patients who had a patent ductus arteriosus (PDA) device closure via cath-
eterization. Goal of this study was to determine the utility of follow-up TTE in patients who
underwent an uncomplicated PDA device closure after infancy.Methods: Chart review was
performed on patients who had a PDA closure > 1 year of age between 1/1/2002 - 6/1/2020.
Patients were excluded if they had other congenital heart disease, did not have a follow-up
TTE > 6 months after procedure, had a residual PDA or velocity > 2.0 m/s in the left pul-
monary artery (LPA) or descending aorta (DAo) on the first TTE > 6 months after device
placement. Time points included the initial TTE after the procedure, first TTE > 6 months
after procedure, and the most recent TTE. Results: Total of 189 patients met criteria.
Median age and weight at initial procedure were 2.7 (1.0 - 64.7) years and 12.5 (3.4 -
69.2) kg. Most recent TTE was performed 2.0 (0.4 - 17.0) years after PDA closure. There
were no significant differences in fractional shortening (36.4 + 5.0% vs. 36.9 + 5.6%) or
LPA velocity (1.1 + 0.4 m/s vs. 1.1 + 0.4 m/s) from initial to most recent TTE, respectively.
Left ventricular internal diastolic diameter Z-score significantly decreased (1.4 + 1.8 vs.
-0.01 + 1.2, p < 0.01) and DAo peak velocity significantly increased (1.2 + 0.3 m/s vs.
1.3 + 0.3 m/s, p = 0.02) from initial to most recent TTE, respectively. No patient died or
underwent an intervention on the LPA or DAo for stenosis. Seventy-five patients had a total
of 208 repeat TTE > 1 year after PDA procedure with no change in clinical management.
Conclusion: In patients who underwent an uncomplicated PDA closure after infancy,
TTE parameters improved or stayed within normal limits on the most recent TTE.
Repeat lifetime TTE’s after 1-year post-device placement in this population may not neces-
sarily be needed if there are no clinical concerns.

P2-41

Pediatric Pulmonary Vein Stenosis: Is Doppler Echocardiography Accurate?
Kathryn Virk, Sujatha Buddhe, Connie Choi, Luciana T. Young, Brian D. Soriano. Seattle
Children's Hospital, Seattle, WA.
Background: Pediatric pulmonary vein (PV) stenosis is a challenging disease requiring
serial evaluation. Invasive cardiac catheterization (CC) offers optimal anatomic data
and potential for intervention, whereas noninvasive transthoracic echocardiography
(TTE) is widely available for longitudinal hemodynamic assessment. We evaluated the
ability of TTE to predict PV gradients measured by CC. Methods: Children undergoing
CC for PV stenosis from 2017-2021 were retrospectively identified from a single center.
PV gradients predicted by TTE pre- and post- CC intervention were compared to CC
measurements. The PV spectral Doppler envelope was traced over two cardiac cycles
to derive mean gradient by TTE. PV gradient by CC was the difference between direct
PV and mean left atrial pressures. Any CC with direct PV and left atrial pressures and
corresponding TTE with PV spectral Doppler was included. Results: Thirty-three CC
in 14 patients were analyzed. Median age (median, [IQR]) was 27 [12-40] months,
50% were male. Structural heart disease other than PV stenosis was present in 10
(71.4%) and 9 (64.2%) had history of sternotomy. Median interval between the pre-
intervention TTE and CC was 21 [10-40] days. TTE prediction of the right PV gradients
before intervention correlated well with CC: right-upper PV r=0.67, p=0.002, right-lower
PV r=0.86, p=0.06. Correlation of the left-lower PV was less: left-lower PV r=0.59,
p=0.009. TTE underestimated PV gradients compared to CC: right-upper PV TTE 8.7
6 5.3 mmHg, 11.6 6 7.0 mmHg CC, right-lower PV TTE 5.7 6 8.4 mmHg, 7.9 6 8.7
mmHg CC, left-lower PV TTE 5.9 6 3.5 mmHg, 10.3 6 5.2 mmHg CC. TTE and CC
of the left-upper PV gradient did not correlate. TTE soon after CC did not correlate
with immediate post-intervention CC measurements. Mean angle of interrogation
(AOI) of any vein was 45-60 degrees, with the least optimal AOI for the left-upper PV.
Conclusion: Right and left-lower PV gradients by TTE and CC correlate well, supporting
the utility of TTE as a noninvasive surveillance tool in PV stenosis. Our pilot data shows
TTE systematically underestimates PV gradient compared to CC, thus a lower PV
gradient threshold by TTE may be appropriate when considering timing of CC.
Correlation of TTE and CC PV gradients is better on the right, possibly due to more
optimal AOI in the available TTE windows.
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The Role of Fetal Echocardiography in Predicting Postnatal Pulmonary Venous
Obstruction in Neonates with Total Anomalous Pulmonary Venous Return: A Single
Center Experience
Manal Alqahtani, Drishti Tolani, Mirela Dugulescu, Jenna Keelan. Dallas Children's Medical
Center, Dallas, TX.
Background: Totally anomalous pulmonary veins return (TAPVR) is a high risk and rare
cardiac malformation that requires timely diagnosis and surgical correction, especially in
the setting of obstruction. Prenatally the current detection rate is only 10% and predicting
obstruction in these cases is difficult. We aim to investigate fetal echocardiographic predic-
tors of postnatal pulmonary vein obstruction (PPVO) in TAPVR patients.Methods: This is
a single center retrospective review of fetal echocardiographic features in patients with
TAPVR from 2010 to 2021. Blinded readers analyzed the prenatal Doppler features of
the pulmonary veins (PV) and vertical veins (VV) at final fetal assessment as predictors

of PPVO. These features included peak velocity/gradient, pulsatility index, and doppler
category. Statistical analysis was performed using Stata version 16.1 and p value <0.05
was considered significant. Results: Sixteen patients were prenatally diagnosed with
TAPVR (median gestational age at diagnosis= 29 weeks). Of the 16 cases, 56% were supra-
cardiac, 25% were cardiac and 19% were infra-cardiac. All 16 patients had associated com-
plex congenital heart disease. Nine patients (56%) developed PPVO. Compared to patients
without PPVO patients with PPVO had a lower median pulsatility index (PI) of the VV
(0.581 vs 1.364 p=0.005), a lower median PI of any vein (the overall lowest PI value
measured from either the VV or PV) (0.253 vs 0.653 p=0.044), and a higher median
peak velocity of any vein (0.88m/s vs 0.56m/s p=0.03) (Figure 1A and 1B). Thirty eight
percent of patients were on comfort care and 50% of patients died. Inter-reader reliability
was excellent for all variables analyzed. Conclusion: Prenatal detection of PPVO in TAPVR
remains a diagnostic challenge. Our data show that fetal PV and VV doppler indices are
significantly different between those that develop PPVO and those that do not, with the
most significant difference seen in the VV pulsatility index. Prenatal predictors of PPVO
have the potential to influence prenatal counseling, perinatal care, surgical timing and out-
comes associated with this critical diagnosis. Multicenter studies are needed to further
examine these predictors in a larger cohort.

P2-43

Position of the Thoracic Descending Aorta in Fetuses Diagnosed with Vascular Ring is
Associated with Postnatal Symptoms
Mira Trivedi, Shreya Sheth, Maggie Nguyen, Lacey Schoppe, Jianhong Zhang, Shaine A.
Morris, Tam T. Doan. Texas Children's Hospital, Houston, TX.
Background: The postnatal management of prenatally diagnosed vascular ring depends on
the development of symptoms after birth. We aimed to evaluate if the position of the
thoracic descending aorta (DAo) on fetal echocardiogram (FE) is associated with postnatal
symptoms. Methods: Consecutive fetuses with a vascular ring and available postnatal data
2016-2021 were included. Patients with major intra- and/or extracardiac anomalies or bilat-
eral patent double aortic arch (DAA) were excluded. Two types of vascular ring are (1) right
aortic arch, left ductus to aberrant left subclavian artery (RAA/LD) and (2) DAAwith atretic
left aortic arch (DAA/aLAA). Fetal DAo position was determined as midline or right-sided
based on 4-chamber views (Figure). Prenatal and postnatal genetic testing results were
collected. Postnatal computerized tomography (CT) scans were reviewed for position of
the thoracic DAo. The primary outcome was postnatal symptoms of airway/esophageal
compression by 6 months old. Surgeries performed were recorded. Agreement analysis be-
tween DAo position on FE and CT was performed. The association between fetal DAo po-
sition and postnatal symptoms was evaluated using log binomial regression in patients with
>6-month follow-up. Results: We included 56 fetuses (RAA/LD n = 49, 88%; DAA/aLAA
n = 7, 12%). Agreement on DAo position between FE and CT (n = 29/56, 53%) was 83%
(Kappa = 0.65, p = 0.0001) with a negative percent agreement for midline DAo of 100%.
Chromosomal microarray was normal in 14/28 (50%) patients, variant of unknown signif-
icance was reported in 10/28 (36%), and 4/28 had 22q11.2 deletion, 45X, trisomy 21, and
CHARGE syndrome. Of 44 patients with 6-month follow-up, symptoms were noted in
13/44 (30%) at median age 2.1 months (min 0.16, max 4.9) including 10/19 (53%) with
midline DAo and 3/25 (12%) with right-sided DAo. Fetal midline DAo was predictive of
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postnatal symptoms with a risk ratio of4.4 compared to right-sided DAo (95%CI 1.4-13.8,
p=0.01). Surgery was performed in 14/56 (25%) including 12 with symptoms and 2 with
DAA/aLAA without symptoms. Conclusions: DAo position can be identified on FE and
had reasonable agreement with postnatal cardiac CT. A midline thoracic DAo on FE helps
predict the development of postnatal symptoms and potentially guide postnatal manage-
ment in fetuses with RAA/LD or DAA/aLAA.

P2-44

Accuracy of Anatomic and Physiologic Diagnosis in Fetuses with Single Ventricle
Congenital Heart Disease: Assessment in a Contemporary Cohort
Trisha Patel1,2, Joseph Kreeger1, Ritu Sachdeva1,2, William Border1,2, Erik Michelfelder1,2.
1Children's Healthcare of Atlanta, Atlanta, GA; 2Emory University, Atlanta, GA.
Background: Image quality of fetal echocardiography (FE) has improved in the recent era
but few studies report the accuracy of FE in single ventricle congenital heart disease (SV).
Our study aims to assess the ability of FE to correctly predict postnatal anatomy and phys-
iology in SV in a contemporary cohort.Methods: FE with SV performed from 7/2017 to 7/
2021 were compared with postnatal echocardiograms in a formal quality assurance pro-
gram. SV were grouped by anatomic subtype. Diagnostic errors were designated as
Major if the error would have resulted in alternation in fetal counseling or post-natal man-
agement. Remaining errors were classified as Minor. Physiologic discrepancies like prosta-
glandin dependency (PGE-D), atrioventricular valve regurgitation (AVVR), pulmonary
venous obstruction, and atrial septal restriction were assessed by review of postnatal course.
Results: Study included 119 subjects. Proportion of SV subtypes and diagnostic error rates
are shown in Table 1. The rate of Major anatomic errors was low (3.4%) with no difference
in error rate amongst SV subtypes (c2=9.5, p=NS). Higher proportion of Minor errors were
noted in hypoplastic left heart syndrome (HLHS), tricuspid atresia, and unbalanced atrio-
ventricular canal defect, but differences were not statistically significant. Physiologic dis-
crepancies (Table 2) were uncommon. No discrepancy in degree of AVVR affected
postnatal care. PGE-D was incorrectly predicted in 5 (10%) cases; 2 false-positive for
ductal-dependent systemic flow, 1 false-positive for pulmonary blood flow, and 2 false-
negative for pulmonary blood flow. Conclusions: In this recent review of FE in SV, descrip-
tion of anatomy in SV fetuses was highly accurate. Physiologic discrepancies were uncom-
mon but included important cases with false negative prediction of PGE-D. These data can
inform counseling of families with SV fetuses and guide diagnostic improvement efforts.

P2-45

Left Ventricular Function Assessment After Ross and Ross Konno Procedure in
Patients with Aortic Valve Disease
Snigdha Bhatia, Gilda Kadiu, Sanjeev Aggarwal. Children's Hospital of Michigan, Detroit,
MI.
Background: Ross procedure includes surgical replacement of the aortic valve with a pul-
monary autograft and is widely utilized for aortic valve disease in children. When an
additional septal myomectomy is performed to relieve left ventricular (LV) outflow tract
obstruction, the procedure is called Ross- Konno. Data on the short term effects of these
two surgical procedures on LV function are lacking. Our hypothesis was that Ross and
Ross-Konno procedures will be associated with decreased LV function in the early
post-operative period. Methods: This was a retrospective cross-sectional study of pa-
tients with aortic valve dysfunction who underwent Ross (n=19) or Ross Konno
(n=16) procedure over the last 20 years. LV functional parameters were measured pre-
operatively (ECHO1), at discharge (ECHO2) and at 1 year follow up (ECHO3). LV sys-

tolic function was assessed using shortening fraction (SF). LV volume at end-diastole,
end-systole and ejection fraction were measured using 5/6 area length method. LV global
function was assessed by myocardial performance index (MPI) and LV diastolic function
by mitral inflow and Tissue Doppler Imaging. Data were analyzed using SPSS. A p value
< 0.05 was considered significant. Results: Our cohort included 35 subjects, including 25
(71%) males with a mean (SD) age of 5.8 (6.3) years at the time of surgery. ECHO1 was
done approximately 48 (48) days before surgery, ECHO2 11.7 (16.5) days post-op and
ECHO3 396 (144) days post-op. The primary indications for surgery were aortic stenosis
in 16 (45.4%) and aortic insufficiency in 16 (45.7%) subjects. SF (31.70 6 11.25 vs. 24.95
6 9.54, p=0.04) decreased and MPI (0.30 6 0.15 vs. 0.45 6 0.22, p=0.018) increased
significantly after the procedure at discharge. Both measures improved at the 1 year
follow up but did not return to baseline (Table 1). There were no changes in the LV dia-
stolic parameters. Conclusion: Children undergoing Ross and Ross-Konno procedures
have a significant decrease in LV function in the early post-op period, despite LV unload-
ing. Although there is improvement in function at 1 year follow up, systolic and global LV
function did not reach baseline. Further long term longitudinal analysis is required to
assess the effect of these surgical procedures on LV function.

P2-46

Assessment of Right Ventricular Function in Children After Complete Repair of
Tetralogy of Fallot, Pulmonary Atresia, and Major Aortopulmonary Collaterals
Andrew Brennan1, Rajesh Punn2, Leo Lopez2, Zosfia Long2, Doff B. McElhinney2,3, Richard
D. Mainwaring3, Michael Ma3, Mark Friedberg4, Frank L. Hanley3, Alisa A. Arunamata2.
1Department of Pediatrics, Lucile Packard Children’s Hospital, Stanford University, Palo
Alto, CA; 2Division of Pediatric Cardiology, Department of Pediatrics, Stanford University
School of Medicine, Palo Alto, CA; 3Department of Cardiothoracic Surgery, Stanford
University School of Medicine, Palo Alto, CA; 4Division of Pediatric Cardiology, Hospital
for Sick Children, Toronto, ON, Canada.
Background: Despite low mortality with our institutional approach to tetralogy of Fallot
with pulmonary atresia and major aortopulmonary collateral arteries (TOF/PA/
MAPCAs), residual lesions presenting as right ventricular-to-pulmonary artery conduit
failure and distal pulmonary artery (PA) stenoses may develop. We evaluated right ventric-
ular (RV) echocardiographic indices in TOF/PA/MAPCAs patients with residual lesions to
better characterize RV mechanics. Methods: Retrospective cohort study of pediatric pa-
tients with TOF/PA/MAPCAs after complete repair between 2/2002 - 4/2018. Patients
were categorized by conduit stenosis ($ mild) and/or distal PA stenoses (>1/2 systemic
RV pressures) with or without conduit regurgitation ($ moderate) based on echocardio-
gram prior to reintervention. A control group included distinct TOF/PA/MAPCAs patients
without residual lesions at discharge after complete repair.Results: 96 patients with residual
lesions and 30 control patients were included (Table 1). Right heart dimensions were larger
in patients with conduit stenosis (N = 14) compared to distal PA stenoses (N = 49),
including right atrial diastolic area (39.3% difference, p = 0.02), RV diastolic area (33.6%
difference, p = 0.01), and RV diastolic basal width (19.4% difference, p = 0.02). Global
and segmental RV longitudinal strain measurements did not differ between these two
groups (Figure 1). However, patients with conduit stenosis had a significantly higher strain
dyssynchrony index compared to controls (22.0 ms vs. 8.3 ms, p = 0.02). Other than larger
RV dimensions, the presence of conduit regurgitation did not affect global or segmental RV
longitudinal strain or dyssynchrony index compared to controls. Conclusions: In repaired
TOF/PA/MAPCAs, conduit stenosis may lead to more adverse RV dyssynchrony than
distal PA stenoses. Further prospective three-dimensional ventricular characterizations
may better define RV adaptation in disease states and identify patients at risk for RV failure.

Journal of the American Society of Echocardiography
Volume 35 Number 7

Abstracts e55



P2-47

Prenatal Echocardiographic Predictors for Successful Valve Sparing Primary Surgical
Approach in Infants with Tetralogy of Fallot
Mehar Hoda, Pezad Doctor, Mansi Gaitonde. University of Texas Southwestern, Dallas, TX.
Background: The prenatal diagnosis of tetralogy of Fallot (ToF) guides perinatal planning, but
prediction of ultimate surgical strategy in those without ductal dependent pulmonary blood
flow remains difficult. A valve-sparing approach directed towards maintaining integrity of
the pulmonary valve (PV)may delay need for repeat pulmonary valve intervention.We aimed
to identify fetal echocardiographic indices thatmay be associated with valve-sparing surgery in
infants undergoing primary repair of ToF. Methods: Fetal echocardiograms were retrospec-
tively reviewed in prenatally diagnosed infants with ToF who underwent primary repair under
1 year of age from Jan 2011 to Nov 2021 at our center. Patients were divided into 2 groups
defined by those who had a valve-sparing repair (group 1) and those who required a non-
valve sparing approach (group 2). Fetuses with PV atresia, absent PV, prenatal signs of ductal
dependent pulmonary blood flow, or need for an initial palliative strategy were excluded. Fetal
echocardiographic indices and clinical parameters were compared with p-value < 0.05 for sta-
tistical significance.Results:Of 23 fetuses whomet study criteria with good image quality, PV
annulus z-score was significantly larger in the group 1 (n=16) compared to group 2 (n=7), Z-
score -2.1 vs -3.4, respectively, p=0.04. Fetal right ventricular (RV) major and minor axis
dimension Z-scores, RV outflow tract dimension, and pulmonary artery dimension Z-scores
were similar between the groups. The ratio of the RV outflow tract dimension to PV annulus
dimension was also similar between the groups. Fetal RV outflow Doppler patterns were as-
sessed as described in Table 1a. A secondary analysis was performed to assess the likelihood
of valve sparing surgery based on PV annulus Z-score but was not statistically significant.
Clinical demographics are shown in Table 1b. Left pulmonary artery stenting was the most
common re-intervention overall (n=5). Conclusion: A larger fetal pulmonary valve z-score
may be associated with valve sparing type of surgical approach at time of primary repair.
Fetal RV outflow or pulmonary artery anatomy was not associated with a specific surgical
approach in our cohort. Thismay reflect surgeon ability to address these areas through various
surgical approaches.

P2-48

Is Universal Postnatal Echocardiography in Down Syndrome Children with Normal
Fetal Echocardiograms Mandatory?
Soujanya Bogarapu. Children's Hospital of Illinois at Peoria, Peoria, IL.

Background: Congenital heart disease (CHD) occurs in 40-60% of patients with Down syn-
drome (DS). Current guidelines recommend a postnatal echocardiogram for newborns with
DS, regardless of fetal echocardiography. For fetuses suspected of having chromosomal abnor-
mality, performing fetal echocardiograms is a class I recommendation. In the current era, fetal
echocardiography has a diagnostic accuracy of 98% for detecting complex CHD.We sought to
evaluate if diagnosis of major CHD was missed in a DS patient if fetal echocardiogram was
read as normal. Methods: The hospital electronic medical records were queried for patients
with DS born between 2010-2021. All DS patient who had normal fetal echocardiogram
were included for the study. DS Patients with no fetal echocardiogram or abnormal postnatal
echocardiogram were excluded. Major CHD was defined as CHD requiring intervention
within first year of life. Negative predictive value for fetal echocardiograms in ruling out major
CHD were calculated. Results:Of the 63 DS patients who met the inclusion criteria, 46 (73%)
had normal postnatal echocardiograms. Among the 17(27%) patients with abnormal postnatal
echocardiograms, none of them had major CHD. Six (6/17, 35%) patients required interven-
tions: secundum atrial septal defect (ASD) closure (3), primum ASD closure (1) and patent
ductus arteriosus device closure (2). Mean age of intervention was 2 years 48 days 6 0.22
(68.86%). Non-major CHD not requiring interventions (11/17, 65%) included tiny-small
VSD (3 muscular, 1perimembranous, 2 inlet), small sec-ASD (3), small PDA (1) and bicuspid
aortic valve (1). Among these, complete resolution of CHD was seen in 6 (35%) patients.
Negative predictive valve for fetal echocardiography to rule out major CHD and to rule out
all CHD requiring interventions was 100% and 90%, respectively. Conclusion: Fetal echocar-
diograms did not miss any DS patients with major CHD. In the era of cost containment, there
is a need to revisit the existing guidelines of universal screening postnatal echocardiography,
regardless of fetal echocardiography, in neonates with DS.

P2-49

Longitudinal Outcome of COVID-19 Vaccine Associated Myocarditis in Children and
Adolescents
Allison J. Sterk1, Courtney Cassidy1, Michelle Hite1, Wenru Zhou2, Zhaoxing Pan2, Pei-Ni
Jone1. 1Children's Hospital Colorado, Aurora, CO; 2University of Colorado, Denver, CO.
Background: Myocarditis associated with COVID-19 vaccine is a rare complication and
has been reported in children and adolescents. Longitudinal follow up of heart function us-
ing myocardial deformation imaging in myocarditis associated with COVID-19 vaccination
has not been reported. This study evaluated biventricular systolic and diastolic function us-
ing myocardial atrial and ventricular strain at diagnosis and follow up in patients with
myocarditis associated with COVID-19 vaccination. Methods: Fifteen patients (16 6 1.4
years) were retrospectively reviewed for vaccine related myocarditis from March 2021 to
January 2022 with initial and follow up (1-6 months) echocardiograms. Biatrial [reservoir
( 3S), conduit ( 3E), pump ( 3A)] and biventricular strain were evaluated from the 4-chamber
view in all patients on TomTec software at presentation and follow up. Left ventricular ejec-
tion fraction (LV EF), right ventricular fractional area change (RV FAC) and coronary im-
aging was performed at both time points. Troponin levels were obtained at diagnosis. Paired
t-tests were performed on initial and follow up deformational indices. Troponin levels were
correlated with the indices at diagnosis. Results: Thirteen of 15 patients were male (87%)
and 2 were female (13%). Troponin levels at diagnosis were 12.3 6 12 ng/ml. One patient
had coronary artery dilation at initial diagnosis. There were statistically significant differ-
ences in LV EF and LV longitudinal strain (LS) at initial and follow up (Table 1). There
were no statistically significant differences in other indices. There was no correlation in
the troponin levels to the initial echocardiographic indices. Conclusion: Despite elevation
of troponin levels in these patients, there was no association with ventricular diastolic or
systolic function. Coronary imaging is recommended in patients with vaccine associated
myocarditis. Longitudinal follow up of COVID-19 vaccine associated myocarditis demon-
strated improvement of LV systolic function in all patients.

Table 1: Comparison of echocardiographic ventricular systolic and diastolic function at
diagnosis and follow up.

P2-50

Aortic Valve Morphology as a Predictor of Progression of Interventions and Ascending
Aortic Dilation in Pediatric Patients
Cassandra Polsen1, Courtney Cassidy1, Zhaoxing Pan2, Pei-Ni Jone3. 1Children's Hospital
Colorado, Aurora, CO; 2Colorado School of Public Health, University of Colorado, Denver, CO;
3Children's Hospital Colorado, University of Colorado Anschutz Medical Campus, Aurora, CO.
Background: Bicuspid aortic valve (BAV) affects 1-2% of the population. Different sub-
types are: 2 sinus BAV (true), complete fusion, and partial fusion. Unicuspid aortic valve
(UAV) is fusion of 2 out of 3 commissures. Right/non-coronary cusp fusion has been shown
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to have more interventions than right/left cusp fusion, but no comparison of other BAV
subtypes. The pediatric BAV subtypes and UAV disease progression is unknown. The
aims are to determine which BAV subtypes are associated with intervention and to evaluate
morphologic impact on aortic stenosis (AS), regurgitation (AR), and aortic dilation.
Methods: Surgical or catheter interventions were reviewed in 159 BAV and UAV pediatric
patients. AS, AR, aortic annulus, sinus of Valsalva, and ascending aorta sizes were measured
on 420 echocardiograms at presentation, 5-, 10-, and 15-year follow-ups. Morphology was
determined and fusion/commissure length ratio classified as partial (<0.5) or complete
fusion (>0.5). Data was analyzed with Fisher’s exact tests, cumulative logit models, and
random effect monomolecular models. Results: We identified 116 BAV patients (5.2 6
4.2yrs): 11.2% true BAV, 43.1% complete fusion, and 45.7% partial fusion. UAV was in
43 patients (3.46 3.9yrs). There were no statistically significant differences in intervention
between BAV subtypes. BAV with interventions had statistically significant AS and AR
compared to BAV without interventions (p<0.001, p<0.01 respectively). UAV had more in-
terventions than BAV (13/43 = 30% versus 17/116 = 14.6%, p<0.03). The degree of AS and
AR were statistically significant in the UAV with and without interventions compared to
BAV with no interventions (all p<0.001). AR progressed at 5 and 10 years (all p<0.001).
Ascending aortic dilation increased over time in UAV compared to BAV (Figure 1).
Aortic annulus or sinus of Valsalva size over time between UAV and BAV showed no dif-
ferences. There was no significant time effect in the AS degree in UAV or BAV.Conclusion:
BAV subtypes were not associated with interventions. UAV patients had more interven-
tions and progression of ascending aorta over time than BAV patients. Follow up over
15 years did not reveal significant AS progression but significant AR progression over 5-
year intervals suggesting less frequent clinical follow-up in children.

P2-51

Predictors of Post-Operative Left Atrioventricular Valve Regurgitation in Pediatric
Patients with Complete Atrioventricular Canal Defects
Kaitlyn Freeman1, Elizabeth Caris1, Amy H. Schultz2, William Tressel3, Richard A.
Kronmal3, Sujatha Buddhe1. 1Seattle Children's Hospital, Seattle, WA; 2Children's
Hospital of Philadelphia, Philadelphia, PA; 3University of Washington, Seattle, WA.
Background: In infants with complete atrioventricular canal defects, post-operative left
atrioventricular valve regurgitation (LAVVR) is a major cause of morbidity and mortality.
However, there is scarce data to identify risk factors for poor outcomes. This study aims to
find pre and post-op echo characteristics that predict LAVVR at discharge and 1-year follow
up. Methods: Retrospective cohort study of patients with initial complete atrioventricular
canal (CAVC) repair at our hospital between 2013-present. Major co-morbid conditions
were excluded. Serial echo data including anatomic details, ventricular function, detailed
quantitative and qualitative measures of LAVVR including number of regurgitant jets, their
length and vena contracta width were reviewed from pre-operative transthoracic echo
(TTE), post-operative transesophageal echo (PO-TEE), routine protocol based post-
operative day 1 (POD1) TTE, discharge TTE and 1-year post-operative (1yPO) TTE.
Paired t-tests, chi-square analysis and linear regression analysis was performed comparing
measured variables to LAVVR outcomes. Results: Fifty-two patients were included, 92%
had Trisomy 21. The majority were Rastelli A (71%), others Rastelli C (29%). Only 2 pa-

tients had $ moderate LAVVR pre-operatively. Mean age at repair was 125 +/- 44 days.
None of the pre-operative or intraoperative anatomic details or measures of LAVVR pre-
dicted degree of LAVVR at follow up. Of those with < moderate LAVVR on PO-TEE,
20% had worsening to $ moderate at discharge, but only 9% remained that way at 1
year. Of those with $ moderate LAVVR on PO-TEE, 40% improved to < moderate by 1
year. Two patients had worsening LAVVR at 1 year, both secondary to likely cleft suture
dehiscence. Only 1 patient required reoperation in the immediate post-operative period sec-
ondary severe LAVVR due to suture dehiscence. Routine protocol based POD1 echo vari-
ables did not have any association with 1yPO TTE. Conclusion: Our study shows that
despite concern for worsening LAVVR at discharge, most patients will remain stable or
improve by 1 year. Residual cleft due to suture dehiscence seems to be the primary reason
for worsening post-op LAVVR. Protocol based routine post-op echo (POD1) did not have
significant association with longer term prediction of LAVVR.

P2-52

Factors Impacting Time Spent on a First-Time Echocardiogram: Is There Disparity
Between Races and Ethnicities?
Briana Olson, Sujatha Buddhe, Luciana Young, Jason Deen, Theresa Vu, Brian D. Soriano.
Seattle Children's Hospital, Seattle, WA.
Background:Healthcare equity is an important determinant of health outcomes. Racial dis-
parities have been identified inmany aspects of healthcare but data are limited whether such
disparities exist in echocardiography. The purpose of this study was to determine if factors
such as race and ethnicity affect time spent performing a first-time echocardiogram (echo).
Methods: A retrospective, single-center review of patients referred for a first-time echo for
murmur between January 2018 & January 2019 was performed. Exam duration was utilized
as a surrogate for, and potential measure of, disparity. To factor potential confounders, so-
nographer and study characteristics, and results were collected. Results were defined as
normal, single lesion, or complex ($2 lesions). Studies were excluded if performed by fel-
lows or more than one sonographer. Results:We analyzed 298 patients. Average scan time
(AST) was 30.46 12.8 minutes (mins). For ethnicity, 69 were Hispanic (23%) with an AST
of 29.66 11.7 mins and 212 non-Hispanic (72%) with an AST of 30.76 13.1 mins. There
were 125 White patients (42%) with an AST of 31.2 6 12.5 mins, 33 Asians (11%) with an
AST of 32.26 13.6 mins, 29 Blacks (10%) with an AST of 31.46 15.0 mins, and 24 multi-
racial patients (8%) with an AST of 30.06 16.7 mins. Females accounted for 47% and males
53% of total patients. Median patient age was 3.0 years (range 0-18). Patients were calm in
229 (77%) exams but 67 (23%) were active. Nearly half the studies resulted as normal (n=
147, 49%), 93 had a single lesion (31%), and 58 studies had complex lesions (20%).
Sonographers with more than 4 years experience spent less time on their exams than those
with 0-3 years. Univariate analysis by race or ethnicity revealed no significant difference in
scan time. After adjusting for sonographer and study characteristics, no significant differ-
ences were seen, which persisted with post-hoc analysis of White vs. non-White groups.
Conclusion:We did not find a significant difference in scan times and therefore no signif-
icant disparity between race and ethnic categories during a first-time echo for heart
murmur. The largest influences on echo length were patient activity level, study complexity,
and sonographer years experience. Future research will expand and evaluate metrics of po-
tential disparities in echocardiography.
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P3-01- Oral

Association of Arterial Stiffness with Left Ventricular Remodeling and Diastolic
Function: A Large Population-Based Cross-Sectional Study
Hack-Lyoung Kim, Joo-Hee Zo. Boramae Medical Center, Seoul, Korea, Republic of.
Background: The effect of arterial stiffness on the shape and function of the left ventricle
(LV) (= ventriculo-arterial [VA] coupling) has been shown in several studies, but mostly
a small number of patients were analyzed in those studies. The purpose of this study is
to verify VA coupling in a large number of study subjects. Methods: Data were obtained
from a retrospective and prospective registry database of brachial-ankle pulse wave velocity
(baPWV) in a single cardiovascular center. A total of 7013 consecutive subjects (mean age
60.5 years and 43.3% were female) who underwent both baPWV and transthoracic echocar-
diography within 7 days as a cardiovascular examination were analyzed. Subjects with
ankle-brachial index <0.9 and significant cardiac structural abnormalities were excluded.
Among various echocardiographic parameters, we focused on relative wall thickness
(RWT) and LV mass index (LVMI) for indicators of LV remodeling, and septal e0 velocity,
septal E/e0 , left atrial volume index (LAVI) and maximal velocity of tricuspid regurgitation
(TRVmax) for indicators of LV diastolic function.Results: In bivariate correlation analyses,
baPWV was significantly correlated with RWT (r=0.243; P<0.001), LVMI (r=0.252;
P<0.001), e0 velocity (r=-0.408; P<0.001), E/e0 (r=0.349; P<0.001), LAVI (r=0.122;
P<0.001) and TR Vmax (r=0.322; P<0.001). In multiple linear regression analyses adjusted
for the influence of several clinical covariates (age, sex, height, blood pressure, heart rate,
laboratory findings and medications), baPWV was independently associate with RWT
(standardized b=0.176; P<0.001), LVMI (standardized b=0.131; P<0.001), e0 velocity (stan-
dardized b=-0.049; P=0.023), E/e0 (standardized b=0.124; P=0.001), and TR Vmax (stan-
dardized b=0.182; P<0.001) but not with LAVI (P=0.423). Conclusions: This study,
which analyzed a large number of subjects, provided stronger evidence to the existing
data that arterial stiffness affects the remodeling and diastolic function of the LV.

P3-02

Non-Invasive Imaging of the Effects of Platelets on Vascular Mechanical Properties
Koya Ozawa1,2, Matthew Muller2, Oleg Varlamov3, Matthew Hagen2, William Packwood2,
Aris Xie2, Dominic Chung4, Junmei Chen4, Jos�e L�opez4, Jonathan R. Lindner2. 1The Nepean
Hospital, The University of Sydney Nepean Clinical School, Kingswood NSW, Australia;
2Knight Cardiovascular Institute, Oregon Health & Science University, Portland, OR;
3Oregon National Primate Research Center, Oregon Health & Science University,
Portland, OR; 4BloodWorks NW, Seattle, WA.
Background: Chronic vascular thromboinflammation (TI) involving Von Willebrand fac-
tor (VWF) and platelets contributes to atherogenesis. It is also likely that signaling through
platelet-derived factors in TI contributes to vascular stiffness. We used advanced molecular
and vascular ultrasound imaging to examine the influence of platelet adhesion on arterial
stiffness. Method: Wild-type mice, LDL-receptor-deficient mice fed Western diet (LDL-
R-/-), and LDL-R-/- mice deficient for ADAMTS13 (LDL-R-/-AD13-/-) which cleaves
endothelial-associated VWF multimers were studied at 50 weeks of age. Serum lipid con-
centrations were analyzed at 30 weeks-of-age. Platelet adhesion and excess endothelial
VWF adhesion in the aorta was evaluated by ultrasound molecular imaging with targeted
microbubbles at 30 weeks of age. Vascular stiffness was assessed at 50 weeks of age using
high-frequency echo assessment of aortic distensibility and arterial elastance, and histology
to assess arterial wall morphology. Results: LDL-R-/- and LDL-R-/-AD13-/- mice on
Western diet had similar degrees of hyperlipidemia as compared with wild-type mice.
Molecular imaging at 30 weeks revealed no signal in wild-type mice, and az3-fold increase
(p<0.01) for VWF and platelets for LDL-R-/-AD13-/- vs LDL-R-/-mice. At 50 weeks LDL-R-/-
AD13-/-mice were hypertensive compared to the other groups (p<0.05). There was a step-
wise decrease in aortic distensibility (0.4360.03 vs 0.1760.04 vs 0.1360.05,�10-2 mm Hg-
2, ANOVA p<0.05), and increase in arterial elastance (1.6560.23 vs 1.8860.32 vs
3.3260.81, mm Hg/ml, ANOVA p<0.05). On histology, LDL-R-/-AD13-/- mice compared

to other strains had greater aortic medial thickness, collagen area, NFkB expression, and
activation of TGFb1 signaling through Wnt/b-catenin and SMAD2; but no changes in
elastin fragmentation. Conclusion: Using advanced echocardiographic approaches in
mice, our data indicates that abnormal regulation of VWF and secondary platelet adhesion
promotes arterial non-compliance.

P3-03

Peak Velocity and Mean Gradient Are Steadily Associated with the Risk of Death in
Aortic Stenosis Compared to an Exponential Increase in Mortality as Valve Area
Decreases
Saki Ito, William R. Miranda, Vuyisile T. Nkomo, Sorin V. Pislaru, Patricia A. Pellikka,
Daniel J. Crusan, Bradley R. Lewis, Jae K. Oh. Mayo Clinic, Rochester, MN.
Background: The aim of this study was to reevaluate the definition of severe aortic stenosis
(AS) based on the risk of all-cause mortality. Method: In patients with aortic valve area
(AVA) #2.0 cm2, the risk of all-cause death was assessed across different values of AVA,
peak velocity, and mean pressure gradient (MG) using univariate Cox proportional hazards.
Results: From 8,288 patients, 11,239 exams were analyzed (age 74613 years, 49% female).
AVA was 1.460.4 cm2, peak velocity 3.061.1 m/sec, MG 27617 mmHg. During a median
follow-up of 4.9 years, there were 3,681 (44%) deaths and aortic valve replacement (AVR)
was performed in 1,223 (15%) patients. The hazard ratio (HR) of mortality was flat when
AVAof 1.3-1.7 cm2 (Fig 1). The risk increased precipitouslywhenAVA reached approximately
1.2 cm2, accompanied by a decrease in stroke volume index (SVI) (Fig 1, 2). HR for patients
with AVA of 1.2, 1.0, 0.8 and 0.6 cm2 were 1.20 (95% CI; 1.13-1.26), 1.52 (1.45-1.59), 1.93
(1.83-2.04) and 2.40 (2.15-2.66), respectively, compared to those with AVA 1.5 cm2.
Contrary to AVA, HR increased monotonically as peak velocity and MG increased. The HR
for patients with peak velocity of 3.5, 4.0, 4.5 and 5.0 m/s was 1.19 (95% CI; 1.13-1.24), 1.37
(1.30-1.44), 1.49 (1.40-1.58) and 1.53 (1.41-1.66), respectively, compared to those with 3.0
m/s. HR for patients with MG of 30, 35, 40, 50, 60 mmHg was 1.24 (95% CI; 1.16-1.32),
1.33 (1.27-1.40), 1.41 (1.35-1.48), 1.53 (1.43, 1.63) and 1.60 (1.48-1.73), respectively, compared
to those with MG of 20 mmHg. Similar results were seen after stratification by SVI (#35 vs
>35ml/m2) and AVR status. Conclusions: The mortality risk increased consistently as peak
velocity andMG increased, thus itmay be necessary to revisit cut-off values of these parameters
defining severe AS. In contrast, mortality exponentially increased when AVA was approxi-
mately 1.2 cm2; this accompanied by decreasing SVI may indicate that AS-related cardiac mal-
adaptation starts at that severity consistent with clinically significant AS.
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P3-04

Left Ventricular Systolic Dimension Indexed to BSA, Above 20 mm/m2 is Associated
with Adverse Outcome in Patients with at Least Moderate Aortic Regurgitation
Alex L. Huang, Carola Maraboto Gonzalez, Carl Andrews, Wei He, Jacob Dal-Bianco, Judy
W. Hung, Jacqueline S. Danik. Massachusetts General Hospital, Boston, MA.
Background: Studies have shown hemodynamically significant aortic regurgitation is asso-
ciated with increased morbidity and mortality. We investigate the relationship between the
left ventricular end systolic dimension, indexed to body surface area (iLVESD) and adverse
outcomes in a contemporary population. Methods: This was a retrospective study of pa-
tients diagnosed with at least moderate aortic regurgitation between 2001 - 2021 in a single
echo laboratory. The relationship between increasing quintiles of indexed LV systolic
dimension at diagnosis of aortic regurgitation and subsequent mortality or need for aortic
valve surgery was assessed. Patients with significant aortic stenosis or mitral valve disease,
prior aortic valve surgery or ejection fraction under 50% were excluded. Patients’ clinical,
echocardiographic and clinical outcome data were retrieved from the echocardiography
database and research patient data registry.Results: In total, 1525 patients had at least mod-
erate aortic regurgitation and met prespecified criteria. The mean age was 64.5617 (mean
6 SD) and 39% were female. The average follow-up was 5.1 6 4.8 years. During the study
period, there were 296 deaths and 204 patients underwent aortic valve surgery. The highest
quintile of iLVESD was significantly related to death or aortic valve surgery (HR 1.35,
P =0.03, comparing highest to lowest quintile). The risk of death or need for aortic valve
surgery began to increase at iLVESD>20 mm/m2 (HR 1.34, p<0.01 comparing those over
to under 20 mm/m2), continuing to increase as iLVESD increased (see Figure).
Conclusion: In patients withmoderate or severe aortic regurgitation, increased risk of death
or aortic valve surgery was seen at iLVESD>20 mm/m2, suggesting a lower threshold for

consideration of intervention than currently believed (25 mm/m2). Further validation
studies are needed.
P3-05

Reclassification of Moderate Aortic Stenosis Patients According to Hemodynamic
Progression Using Latent Class Trajectory Modeling
William D. Kim1, Iksung Cho2, Subin Kim2, Kyu-Yong Ko2, Yeonchan Seong2, Dae-
Young Kim2, Ji Won Seo2, Chi Young Shim2, Jong-Won Ha2, Makoto Mori3,
Aakriti Gupta4, Seng Chan You2, Geu-Ru Hong2, Harlan M. Krumholz5. 1Chung-
Ang University College of Medicine, Seoul, Korea, Republic of; 2Division of
Cardiology, Severance Hospital, Yonsei University College of Medicine, Seoul, Korea,
Republic of; 3Division of Cardiac Surgery, Department of Surgery, Yale School of
Medicine, New Haven, CT; 4Department of Cardiology, Cedars-Sinai Medical
Center, Los Angeles, CA; 5Section of Cardiovascular Medicine, Department of
Internal Medicine, Yale School of Medicine, New Haven, CT.
Background: The progression patterns of moderate aortic stenosis (AS) are not well un-
derstood. We aimed to identify the dominant patterns of hemodynamic progression of
AS, and associated risk factors and outcomes.Methods:We retrospectively reviewed pa-
tients with moderate AS (mean pressure gradient [MPG] $20 mmHg and <40 mmHg)
with at least three transthoracic echocardiography (TTE) studies performed between
January 2010 and February 2021. After excluding patients with previous aortic valve
replacement (AVR) or less than 3 months of follow-up or limited access to data, 686 pa-
tients with 3,093 TTE studies were included. Latent class trajectory modeling was used to
classify AS groups by hemodynamic trajectories using serial systolic MPGmeasurements.
Progression to severe AS requiring aortic valve replacement (AVR) and survival outcome
in the trajectories were analyzed using multivariate Cox regression, with adjustment for
factors significant in univariate analysis. Results: Latent class model analysis identified
two distinct AS trajectory groups: a slow (44.6%) and a rapid progression group
(55.4%). There was no significant between-group difference in age, sex, or body mass in-
dex. Baseline MPG was higher in the rapid progression group than in the slow progres-
sion group (28.2 6 5.6 mmHg vs. 22.9 6 2.8 mmHg, P<.001). The prevalence of atrial
fibrillation and heart failure at baseline was higher in the slow progression group; there
was no significant between-group difference in other comorbidities. The rapid progres-
sion group had a significantly higher time-to-AVR rate (HR 3.4, 95% CI 2.4-4.8,
P<.001); there was no between-group difference in mortality (HR 0.7, 95% CI 0.5-1.0;
P=.08). Conclusions: Leveraging longitudinal echocardiographic data, we identified
two distinct groups of patients with moderate AS: slow and rapid progression. A higher
initial MPG ($24 mmHg) was associated with more rapid progression of AS and higher
rates of AVR. More research is needed to identify factors associated with more rapid pro-
gression, and whether they can be modified.
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P3-06

Impact of Right Ventricular-Pulmonary Artery Coupling on Outcomes Post
Transcatheter Aortic Valve Implantation
Sahith Reddy Thotamgari, Mackram Eleid, Vuyisile Nkomo, Sorin Pislaru, Ratnasari
Padang, Jae K. Oh, Garvan Kane, Charanjit Rihal, Kevin Greason, Jeremy J. Thaden.
Mayo Clinic, Rochester, MN.
Background: Right ventricular (RV) function is known to be more sensitive to afterload
which can impact overall RV performance and there is growing recognition on its influ-
ence on outcomes post transcatheter aortic valve implantation (TAVI). We sought to
assess the impact of baseline RV-pulmonary artery (PA) coupling on mortality in patients
undergoing TAVI. Methods: We retrospectively analyzed consecutive patients who
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underwent TAVI with measurable RV free wall longitudinal strain (FW LS) from 2016-
2018. All patients had an echocardiogram within 6 months prior to their TAVI. Offline
analysis of RV FW LS was performed using TomTec 2D (TomTec Imaging Systems,
Munich, Germany). RV-PA coupling was calculated as the ratio of RV FW LS derived
from speckle tracking echocardiogram and non-invasively measured RV systolic pres-
sure. The optimal discriminatory threshold for RV-PA coupling was determined using
receiver operating characteristics and Youden J statistic. Cox-proportional hazards
regression was used to examine the relationship between various parameters and mortal-
ity. Results: A total of 267 patients were included in the final analysis and 41% were fe-
male. Baseline characteristics are shown in Table 1. The optimal discriminatory threshold
for RV-PA uncoupling was an RV FW LS/RVSP <0.66%/mm Hg based on Youden J sta-
tistic and 192 (72%) patients had RV-PA uncoupling. Patients with RV-PA uncoupling
were more likely to have $ moderate chronic lung disease, atrial fibrillation/flutter,
and a higher mean preprocedural creatinine. During a median follow up of 3.1 years
(IQR: 1.2-4.6), mortality occurred in 135 patients (50%). Univariate correlates of mortal-
ity included RV-PA uncoupling (HR 1.85, 95% CI 1.20-2.84, p=0.002), atrial fibrillation/
flutter (HR 1.70, 95% CI 1.23-2.34, p=0.001) and $moderate chronic lung disease (HR
1.64, 95% CI 1.19-2.26, p=0.002). In the multivariable model, after adjusting for potential
confounders, patients with RV-PA uncoupling had significantly higher mortality
(adjusted HR: 1.62, 95% CI 1.04-2.52, p=0.03). Conclusion: Baseline RV dysfunction
measured by RV-PA uncoupling is an independent predictor of mortality in patients un-
dergoing TAVI for severe aortic stenosis. Further validation will be important to confirm
the value of RV-PA coupling in patients undergoing TAVI.

P3-07

Aortic Valve Area Indexed to Actual and Ideal Body Surface Area in Aortic Stenosis:
Rates of Discordance with Aortic Valve Area
Samuel Wayne Reinhardt1, Jaiveer Singh2, Nimish N. Shah1, Robert L. McNamara1, Lissa
Sugeng3, Vratika Agarwal1, David Hur1, Bernardo Lombo Lievano1, Lavanya
Bellumkonda1, Eric J. Velazquez1, Kamil F. Faridi1. 1Yale School of Medicine, New Haven,
CT; 2Yale College, New Haven, CT; 3Northshore University Hospital, Manhasset, NY.
Background: Based on ASE guidelines, aortic valve area (AVA) indexed to body surface
area (AVAi) is a criterion for determining severity of aortic stenosis (AS). However,
calculation of AVAi is significantly impacted by patient weight and may overestimate

AS severity in patients with obesity. We sought to evaluate discordance between AVA
and AVAi as well as AVA indexed to ideal body weight (AVAideal) in determining severity
of AS.Methods:We identified all echocardiograms performed on adults with AS from 9/
2015-11/2019 within a large academic health system. We determined frequency of non-
severe and severe AS based on cutoffs of AVA <1.0cm2, AVAi <0.6 cm2/m2, and AVAideal

<0.6cm2/m2. Concordance was evaluated across all studies and by sex, race/ethnicity, and
body mass index (BMI). Results: Among 14,651 echocardiograms with a diagnosis of AS,
frequency of severe AS based on AVA <1.0cm2 was 38.5%, 50.6% with AVAi <0.6 cm2/
m2, and 37.7% with AVAideal <0.6 cm

2/m2 (p < 0.001). Among men with a diagnosis of AS
(n=8,140), frequency of severe AS was highest based on AVAi (53.3%), followed by
AVAideal (42.3%), and lowest with AVA (34.3%, p<0.001). Women diagnosed with AS
(n=6511) similarly had the highest frequency of severe AS based on AVAi (47.1%), how-
ever the lowest frequency was observed with AVAideal (32.0%) rather than AVA (43.8%,
p<0.001). White, African American, and Hispanic patients had the highest frequency of
severe AS based on AVAi and the lowest frequency based on AVA. Discordance between
AVA and AVAi increased with higher BMI but was reduced with AVAideal (Figure).
Discussion: Using AVAi to define severe AS resulted in higher frequency of severe AS
compared with AVA, with discordance that varies substantially based on sex, race/
ethnicity, and BMI. Using AVAideal to define severe AS generally resulted in lower discor-
dance with AVA compared to AVAi. These findings highlight the limitations and vari-
ability of using AVAi for determining AS severity in clinical practice.

P3-08

Association of Left Ventricular Chamber Stiffness and Heart Failure in Patients with
Severe Aortic Stenosis Undergoing Aortic Valve Replacement
Songnan Wen, Vidhu Anand, Ahmad S. Abdelrazek, Sorin V. Pislaru, Jeremy T. Thaden,
Patricia A. Pellikka, Vuyisile T. Nkomo, Garvan C. Kane, Kevin L. Greason, Cristina
Pislaru. Mayo Clinic, Rochester, MN.
Background: Increased left ventricular (LV) stiffness (LVStiffn) was shown to be
associated with mortality in patients with severe aortic stenosis (AS), despite aortic
valve replacement (AVR), and may contribute to future heart failure (HF) symp-
toms. The aim was to assess whether preoperative LVStiffn is a risk factor of HF
in these patients. Methods: A retrospective analysis was done in patients with severe
AS who underwent AVR (93% surgical). LV end-diastolic pressure-volume relations
(P=aVb) were reconstructed from LV end-diastolic volumes and estimated end-
diastolic pressures (from E/e’); LVStiffn at 30 mmHg (CS30) and capacitance
(V30) were then derived. Primary endpoint was development of symptomatic HF
at >1 month post AVR. Results: 1,837 patients were studied (age 76610 years,
62% males, LVEF 61612%; Table). Mean CS30 was 2.261.3 mmHg/mL and V30
64617 mL/m2. Patients with higher CS30 $3 mmHg/mL were older, more
frequently female, and had more comorbidities. During a median follow-up of 5.0
[3.0-7.9] years, 607 (33%) patients developed HF. A higher CS30 ($3 mmHg/
mL), but not V30 (P=.32), was associated with higher risk of HF events (HR 1.86
[95% CI 1.52-2.27], P<.0001), along with other clinical and echo predictors
(Table). In multivariate analysis, adjusting for age, sex, comorbidities, advanced
NYHA class III-IV, creatinine >1.5 mg/dL, medication use, severity of AS, reduced
LVEF <50%, diastolic dysfunction grade $2, right ventricular size and pulmonary
hypertension, a higher CS30 $3 mmHg/mL remained independently associated
with HF events (adjusted HR 1.61 [1.29-2.01], P<.0001; Figure). Conclusion:
Increased LVStiffn in patients with severe AS undergoing AVR is associated with
HF at follow-up, despite the benefits brought by AVR, and can help identify patients
with poorer outcomes who may need closer monitoring/more intensive treatment of
comorbidities.
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P3-09

Can Anemia Influence Prosthetic Aortic Valve Gradient After Transcatheter Aortic
Valve Replacement?
Sahithi Sharma, Anand Reddy Maligireddy, Minako Katayama, David Fortuin, John P.
Sweeney, Hari Chaliki. Mayo Clinic, Scottsdale, AZ.
Background: Interpretation of elevated aortic valve (AV) gradient in the post-procedure
period following TAVR in the setting of anemia is challenging. The finding can signify
elevated gradient due to anemia or prosthetic valve dysfunction. Little or no literature inves-
tigating the contribution of anemia to the elevated gradient post-TAVR. Methods: We
therefore conducted a retrospective study of patients who underwent TAVR.
Echocardiogram and hemoglobin values were recorded one day following the TAVR pro-
cedure. Patients with valve-in-valve and prosthetic valve thrombus were excluded from the
study. Size 20 and 34 valves were also excluded due to very small number of patients (<10 in
each). Results: A total of 295 patients with mean age of 8069 years, 67% male and a mean
body surface area (BSA) of 1.9560.26 m2 were included in the study. Comorbidities con-
sisted of atrial fibrillation (36%), diabetes (31%), hypertension (81%), chronic lung disease
(24%), smoking (12%) and CKD requiring dialysis (6%). Left ventricular Ejection fraction
was 59613% while post-TAVR hemoglobin was 10.8662.2 g/dL (6.4-16g/dL) Prosthesis
size, BSA, and LVEF were related to post-TAVR AV mean gradient in univariate (p<.001
respectively) and multivariate linear regression analysis (p<.001). However, post-TAVR
AV mean gradient was not associated with levels of hemoglobin (Fig 1) and neither was
stroke volume (p=0.20). Even after adjusting for prosthesis size, BSA and LVEF in a multi-
variate linear regression model, no significant relationship was observed between prosthetic
AV mean gradient and hemoglobin (p=0.31). Conclusion: Although anemia theoretically
can increase AV mean gradient, in our study, there was no statistically significant associa-
tion between TAVR mean gradient and post-operative hemoglobin. Therefore, if there is
increased AV gradient immediately post-TAVR, it is most likely due to other factors but
not solely due to anemia. Further studies are needed to confirm our findings especially in
patients with very small or large valves who were not included in this study.

P3-10

Fully Automated Machine Learning Measurements of Aortic Valve Area in Patients
with Aortic Stenosis
Deyu Sun1, Juan I. Cotella1, Hendrik Wiebel2, Matthias Friedrichs3, Marcus Schreckenberg3,
Victor Mor-Avi1, Roberto M. Lang1. 1University of Chicago Medical Center, Chicago, IL;
2Tomtec Imaging Systems, Unterschleissheim, Germany; 3TomTec Imaging Systems,
Unterschleissheim, Germany.
Introduction: Although transthoracic echocardiography (TTE) is the method of choice for
aortic stenosis (AS) assessment, errors in aortic valve measurements are not uncommon.

Recent advances in artificial intelligence (AI) lend themselves to the development of new
techniques for the calculation of aortic valve area (AVA). Accordingly, we aimed to develop
and test the accuracy of an AI algorithm for fully automated measurement of aortic valve
area in patients with AS.Methods: An AI algorithm was developed based on convolutional
neuronal networks that were trained to detect the measurements of left ventricular outflow
tract diameter (LVOTd), velocity-time integral (LVOT VTI), and aortic valve VTI (AV
VTI) on TTE images of 1700 patients. These images were annotated with manual measure-
ments of LVOTd, LVOTVTI, AV VTI and AVA (calculated using the continuity equation).
We then identified 298 additional patients with AS, who were used to test the new algorithm
by comparing the fully-automated AI measurements to those made by an expert human
reader. Results: Figure 1 shows an example of AI (white line) and manual (orange line) trac-
ings performed by the two methods. 28 studies (9.4%) in which inter-technique differences
in AVA were >100%, mostly due to algorithm failure to detect Doppler envelopes or poor
quality of images or meta-data, were excluded from analysis. While mean measured values
of all 4 parameters were similar between technique (Table 1), large standard deviations re-
flected important inter-technique differences in a considerable number of individual pa-
tients (Figure 2). For both diameter and VTI measurements, errors >25% of the
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measured value were noted in <10% of the patients. However, compounding of errors re-
sulted in considerable inaccuracy in the calculated AVA, reflected by errors >25% in 30%
of the patients (Table 2). Conclusion: This study indicates that AI based automated mea-
surements of the aortic valve may play an important role in the quantitative evaluation of
AS severity. However, AI algorithms should always be carefully evaluated to better identify
refinements needed to improve performance and reduce measurements errors that may
lead to inaccurate diagnosis.

P3-11

Quantification of Left Ventricular Energy Loss Using Vector Flow Mapping in Patients
Undergoing Transcatheter Valve Replacement - A Prospective Study
Q. Joyce Han, Hamed Nazzari, Shannon Leahy, Judy Hung. MGH, Boston, MA.
Intro: Intraventricular flow patterns and vortex formations are potentially novel measures of
ventricular function and remodeling. Noninvasive vector flow mapping (VFM) allows for
quantitative measurement of energy loss which can be used to estimate ventricular load in
valvular aortic stenosis. We aimed to prospectively examine factors associated with decreased
energy loss following transcatheter aortic valve replacement (TAVR) using VFM. Methods:
Nineteen patients were recruited for the study. All patients underwent echocardiograms
with ProSound (Hitachi HealthCare, Tokyo, Japan) within 6 months before and 2-10 months
(mean 4.3) after TAVR. Two-dimensional color doppler cine loop images were obtained.
Image analyses were performed in the Hitachi VFM software and MATLAB. Energy loss
from viscous dissipation was calculated based on velocity field obtained from the 3-
chamber views and reported over 5-7 cardiac cycles. Wilcoxon rank-sum and signed-rank
tests were performed to compare measurements pre and post TAVR. Basic linear regression
was used for correlations. Results: The average age was 79.66 8.7 and 42% were female; 26%
were on daily diuretics, 37% had atrial fibrillation, 32% had type 2 diabetes. Echo parameters
(table) are summarized. There were no significant differences in energy loss nor the tradition-
ally reported parameters except for LVOT velocity pre and post TAVR. Additionally, changes
in energy loss was not associated with gender, atrial fibrillation, type 2 diabetes, or diuretic-
dependent heart failure. Increased pre-TAVR LVmass and posterior wall thickness were asso-
ciated with more significant reduction in energy loss post TAVR (Figure 1; p = 0.08, 0.007
respectively). Conclusion: Fluid dynamic changes occur immediately after TAVR. Patients
with severe aortic stenosis who have adverse LV remodeling features such as increased
mass or PWT have greater reduction in energy loss post TAVR. These adverse remodeling
features may be useful for clinical decision making in severe aortic stenosis.

P3-12

Effect of Mitral Annular Calcification on Outcomes Following Transcatheter Aortic
Valve Replacement for Severe Aortic Stenosis
Allexa Hammond1, Orly Olbum2, William Katz1. 1University of Pittsburgh Medical Center,
Pittsburgh, PA; 2University of Pittsburgh, Pittsburgh, PA.

Background: Mitral annular calcification (MAC), a degenerative process involving the
mitral valve’s base, is common in those with severe aortic stenosis (SAS). Prior studies
that used computed tomography (CT) to characterize MAC have shown poorer survival
outcomes following transcatheter aortic valve replacement (TAVR) for SAS in those with
MAC compared to those without MAC. Transthoracic echocardiography (TTE) is a well-
established imaging modality with less cost and no radiation exposure compared to CT.
Using TTE, we aimed to identify and classify the severity of MAC in patients with SAS un-
dergoing TAVR, and to identify differences in post-TAVR survival in those with varying
degrees of MAC.Method: Two hundred twenty-two consecutive patients with SAS who un-
derwent TAVR in 2017 at the University of Pittsburgh Medical Center were included in this
retrospective study. Each of the subjects’ TTE images from before or immediately following
TAVR were reviewed. The severity of MAC was assessed in the parasternal short axis view
and defined as follows: mild if MAC was present in < a third of the circumference of the
mitral annulus, moderate if < half of the circumference, and severe if > half of the circum-
ference (Figure 1). Post-TAVR survival outcomes between patients with varying degrees of
MAC were determined by Kaplan-Meier analysis. A p-value of < 0.05 was statistically sig-
nificant. Result: Fifty-two patients did not have MAC. One hundred seventy patients were
identified to have MAC: 89 with mild, 49 with moderate and 32 with severe MAC. The dif-
ference in survival up to 4.8 years post-TAVR between all groups was not significant
(Figure 2A). There was no statistically significant difference in survival outcomes between
those with severe MAC and other groups (Figure 2B). Conclusion: Extended survival post-
TAVR in patients with SAS did not appear to be related to the presence or absence of MAC.
Our findings may be limited by our small sample size. Further investigation may prove use-
ful via a larger retrospective analysis or prospective study.

P3-13

Evidence that LV Contractility Declines Immediately Following Transcatheter Aortic
Valve Replacement: The Anrep Effect
Adam Doerr, Matthew Gottbrecht, Nikolaos Kakouros, Matthew Parker, Colleen
Harrington, Gerard P. Aurigemma. UMass Chan Medical School, Worcester, MA.
Background: Despite a precipitous drop in afterload following transcatheter aortic valve
replacement (TAVR) for severe aortic stenosis, left ventricular ejection fraction (LV EF)
may not improve acutely. The purpose of this study was to evaluate the effect of TAVR
on the midwall stress-shortening relation to gain insight as to whether a decrease in contrac-
tility is responsible for the lack of change in LV EF. Midwall fractional shortening (FSmw,
%) has proven to be a superior index of systolic function in pressure overload hypertrophy
and was used in our analysis. Methods: Twenty-one patients (mean age 75, 38% women)
undergoing TAVR had paired pre- and post-operative transthoracic echocardiograms
(TTE). We excluded patients with recent coronary revascularization, new conduction ab-
normality, new negative inotropic agents, and poor quality TTE. Twenty-five control pa-
tients were used to derive an expected afterload-shortening relationship, defined as
FSmw indexed to circumferential end-systolic stress (cESS, kdynes/cm2). To calculate
cESS, LV systolic pressure was estimated by adding the mean aortic valve gradient to systolic
blood pressure. Pre- and post-TAVR data were compared using paired t-tests. Results: The
average pre-TAVR LV EF was 53613% and average pre-TAVR mean aortic valve gradient
was 48 mmHg. Despite a significant reduction in cESS post-TAVR, mean FSmw and LV EF
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remained largely unchanged. Pre-TAVR, most patients fell within the 95% CI of the cESS-
FSmw relationship. However, post-TAVR, most patients shifted leftward, out of the normal
range. Conclusions: Following TAVR, despite a precipitous drop in cESS (afterload) driven
by the drop in mean gradient, LV EF and FSmw remain similar. These findings suggest a
decline in LV contractility, which we hypothesize may be due to loss of stretch-mediated
increases intracellular calcium (i.e. Anrep effect) and/or a reduction in adrenergic tone.
Alternatively stated, preservation of systolic function in severe aortic stenosis may depend
on the Anrep effect and/or heightened adrenergic tone.

P3-14 - Oral

Patterns of Global Myocardial Work and Efficiency in True vs. False Positive
Dobutamine Stress Echocardiography
Sergey Kachur, Anjani Golive, Andrew Elagizi, Austin Tutor, Harith Baldwai, Yvonne
Gilliland, Salima Qamruddin. Ochsner Clinic Foundation, New Orleans, LA.
Background: Global Myocardial work index (GMWI) is measured as area under the curve
of the pressure strain loop, and can detect significant coronary artery disease. It is superior
to measuring Global Longitudinal Strain (GLS) alone as GLS is load dependent. We are
testing the utility of measuring baseline and peak GLS, GMWI and GMW efficiency in
discriminating true positive (TP) vs. false positive (FP) findings on stress echocardiography
(SE). Given the 28% rate of false positive results in SE, strain-based techniques can allow for
higher accuracy and cost-savings. Methods: We enrolled 37 patients undergoing dobut-
amine stress echocardiography (DSE) prospectively, with acquisition of apical long axis im-
ages at baseline and peak to measure GLS, GMWI and GMWE. Patients were deemed TP if
they had an abnormal DSE and were found to have colocalizing >75% angiographic lesion.
Patients were diagnosed false positive (FP) is they had an abnormal DSE, but the secondary
test confirmed no significant CAD. Healthy patients with negative DSE were enrolled as
controls. All data was measured using GE Vivid E95 AFI stress protocol. GMWI and
GMWE were auto calculated by the software after adding systolic blood pressure to strain,
and aortic/mitral valve timing. Results: TP had a significant proportional decrease in GLS
(-23616%), GMWI (-40626%) and GMWE (-1468%) at peak compared to baseline, while
controls had increased GLS (10611%), GMWI (38636%) and unchanged GMWE
(-265%) at peak stress (Fig1). FP on the other hand did not have a significant percentage
drop or gain in the above parameters (GLS -769%, GMWI 10643%, GMWE -564%) at

peak stress. TP patients had significant percentage drop in GLS (p=0.04,.0001),
GMWI(p=0.02, 0.001) and GMWE(p=0.02,0.001) compared to FP and controls, respec-
tively. The percentage change between TP and FP was highest for GMWI
(40626%,p=0.02). Employing GMWI cutoff of 1609 mmHg% can improve the accuracy
of discerning true positives with DSE by 80%. This has a theoretical advantage of saving
$11,000 dollars per patient in our study. Conclusions: GMWI is a robust discriminating
parameter in differentiating between TP and FP in those undergoing DSE. FP echoes are
seen in younger non-diabetic women. This has the potential significantly reduce costs
with unneeded downstream testing by existing imaging techniques.

P3-15 - Oral

Clinical Outcomes of Urgent versus Elective Percutaneous MitraClip Procedures
Isha Doshi1, Sridar R. Musuku1, Mythili Pulavarthi1, Mohammed Mustafa1, Alexander D.
Shapeton2, Mikhail Torosoff1. 1Albany Medical Center, Albany, NY; 2VA Boston
Healthcare System, West Roxbury, MA.
Background: We sought to compare outcomes in patients with severe mitral valve regur-
gitation (MR) undergoing urgent as compared to elective mitral valve repair employing
MitraClipTM. We hypothesized that, compared to elective cases, MitraClipTM procedures
performed for urgent indications would be associated with increased intra- and post-
operative complications but have similar long-term outcomes. Methods: This study was
a retrospective chart review with 3:1 propensity score matching of elective to urgent cases
at a single large volume tertiary care academic medical center.All consecutive patients with
severe MR who underwent elective or urgent MitraClipTM procedures between December
15, 2015, and October 26, 2020 were include in the study. To reduce baseline characteristics
heterogeneity, propensity matching was performed for age, left ventricular systolic dysfunc-
tion, congestive heart failure, chronic obstructive pulmonary disease, and smoking histories
utilizing nearest neighbor matching with a caliper of 0.2 and with replacement. Results: As
expected, patients in the urgent MitraClipTM group required higher level of pre-procedural
care and there were significant differences in baseline demographic and clinical variables as
compared to the elective group The final study cohort included 89 urgent and 252 matched
elective cases with a suitable alignment between the treatment groups. Propensity matched
urgent MitraClipTM patients experienced longer hospital length of stay (p<0.001), increased
intensive care unit admissions (19 vs. 4%, p<0.001) andmechanical ventilation (6.7 vs. 1.6%,
p = 0.023), post-procedural atrial fibrillation (11 vs. 4.4%, p = 0.036), pericardial effusion (10
vs. 2.4%, p = 0.005), and acute kidney injury (7.9 vs. 2%, p = 0.016). Furthermore, patients in
the urgent cohort incurred significantly higher 30-day cardiovascular mortality (6.7 vs. 2%,
p = 0.039), increased 30-day (16 vs. 5.6%, p=0.006) and 1-year (33 vs. 20%, p=0.021) read-
mission rates. However, there were no statistically significant differences in 30 day and 1-
year overall and 1-year cardiovascular mortality. Conclusions: Urgent MitraClipTM repairs
can be successfully performed, when needed, in critically ill patients with severe MR.
Despite the procedural success, patients undergoing urgent MitraClipTM repair remain at
high risk for adverse outcomes in the short and intermediate-term and incur increased car-
diovascular mortality and morbidity. Further efforts are required to develop strategies to
optimize short and intermediate outcomes in this vulnerable group of patients.

P3-16

A Novel Doppler Signal in Bileaflet Mitral Valve Prolapse
Fatima Qamar, William A. Zoghbi, Dipan J. Shah, K. Carlos El-Tallawi. Houston Methodist
DeBakey Heart and Vascular Institute, Houston, TX.
Background: Mitral valve prolapse (MVP) is one of the most common valvular heart dis-
eases, typically initially assessed on transthoracic echocardiography (TTE). We identified a
novel Doppler signal - Bifid-E wave - in patients withMVP which reflects the displaced pro-
lapse volume in early diastole (Figure 1). We hypothesize that: 1) Bifid-E wave reflects addi-
tional LV volume load from the prolapse volume, and 2) Bifid-E wave is associated with
disproportionate LV enlargement in the setting of mild mitral regurgitation (MR).
Methods:A 1:1 cohort of single (SLP; n=67) and bileaflet prolapse (BLP; n=67) was selected.
All patients had both CMR and TTE imaging available. CMR studies were used for accurate
assessment of chambers volumes, MR volume, and prolapse volume. TTE images were used
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to assess for the presence of a Single vs Bifid-E wave on mitral inflow pulsed wave Doppler.
Analysis was performed to identify clinical and imaging features associated with the pres-
ence of a Bifid-E wave Results: When compared to SLP, patients with BLP had a larger
annulus area (p<0.001), prolapse volume (p<0.001), and total MR volume (p<0.001), and
as expected larger LV and atrial volumes (p=0.002 and 0.006, respectively). As represented
in Figure 2, Bifid-E wave was more prevalent in BLP versus SLP (33% vs 6%); Bifid-E wave
patients had a larger prolapse volume (14.2 vs 8.8 mL) but smaller MR (28.2 vs 38.2 mL)
compared to Single-E wave. Importantly, 19% of Bifid-E wave patients had dispropor-
tionate LV enlargement, versus 6% in Single-E wave. On multivariable analysis, parameters
that were significantly associated with Bifid-E wave were bileaflet prolapse (p<0.001), LV
end-diastolic volume (p=0.01), disproportionate LV enlargement (p=0.013), and heart
rate (p=0.017). Bifid-E wave itself was the only independent feature associated with dispro-
portionate LV enlargement in the setting of mild MR (p=0.02).Conclusion:We identified a
novel mitral Bifid-E wave Doppler signal that may be a marker of a larger prolapse volume
load in patients with MVP.

P3-17

Three-Dimensional Ventricular Changes Correlate with Recurrent Ischemic Mitral
Regurgitation
Aryeh Abelow1, Yasufumi Nagata1, Mark D. Handschumacher1, Jessica Overbey2, Robert A.
Levine1, Judy Hung1. 1Division of Cardiology, Massachusetts General Hospital, Boston, MA;
2Department of Population Health Science and Policy, Icahn School of Medicine at Mount
Sinai, New York, NY.
Background: Ischemic mitral regurgitation (MR) is related to adverse left ventricle (LV)
remodeling. Three-dimensional (3D) modeling may better characterize LV structure and
function than two-dimensional imaging alone. We aimed to develop novel LV shape pa-
rameters using 3D reconstruction to capture abnormalities in geometric remodeling that
contribute to recurrent MR after annuloplasty repair. Methods: Using custom software
(Omni4D), we reconstructed 3D end-diastolic (ED) and end-systolic (ES) LV models
from pre-surgical two-dimensional echo images of patients with ischemic MR from 2
Cardiothoracic Surgical Network Trials (figure). The LV was divided into 3 trans-axial
cross-sections: base, mid and apex, and each cross-section was divided into regional quad-
rants, representing the anterior, lateral, inferior, and septal walls. The average radius from a
central axis was calculated in each of these 12 regions, both in ED and ES. Recurrent MRwas
defined as the presence of moderate or severe MR on a 6-, 12- or 24-month echo or re-
operation before 2 months post-randomization. The comparator group included patients
with less than moderate MR at 24 months and 1 additional time point. Results: We
analyzed 162 patients with either moderate (n=95) or severe (n=67) ischemic MR. Larger
average radii of the 3D reconstructed segments were calculated for those with recurrent
MR compared to those in the group with less MR. The most significant between group dif-
ferences in segmental radii were in the basal inferior (ES 25.7 mm vs 24.2 mm, p=0.013, ED
29.6 mm vs. 28.2 mm, p=0.018), basal lateral (ES 25.0 mm vs. 23.7 mm, p=0.027), and mid
inferior (ES 23.1 mm vs. 21.7 mm, p=0.042) segments. Using a receiver operating charac-
teristic curve, the area under the curve for the inferior basal segment in the ES model was
0.61 for the prediction of recurrent MR, the highest among all 12 segments. Conclusion:
Patients with recurrent MR after repair with annular reduction have LVs with larger radii

than patients who do not develop recurrent MR, mainly in the basal inferior area, reflecting
changes in LV geometry that restrict MV closure. The use of 3D data add an unbiased iden-
tification of regions of the LV where regional derangement correlates with unsuccessful MR
repair. These results may inform optimal patient selection for ischemic MR repair.

P3-18

Personalizing Prediction of Progression fromModerate to Severe Mitral Regurgitation:
Integration of Socioeconomic, Echocardiographic, and Clinical Markers
Jingnan Han1, Bo Wang1, Alan P. George1, Loren Wagner2, Miguel Sotelo2, Efstathia
Andrikopoulou1. 1University of Alabama at Birmingham, Birmingham, AL; 2Mpirik,
Milwaukee, WI.
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Background: We aimed to identify echocardiographic (Echo), clinical and socioeconomic
predictors of moderate to severe functional mitral regurgitation (FMR). Methods: 761 pa-
tients with moderate FMR were identified by index Echos (05/2017-12/2019) with at least
one follow-up Echo at 40 days to 37 months. Numerical and natural language Echo and so-
cioeconomic data (based on zip codes by 2020 census) were extracted using Cardiac
Intelligence� (Mpirik, Milwaukee, WI). Endpoint was severe FMR on follow-up Echo.
Fisher’s exact test and Welch's t-test were used for analysis. A final multiple variable model
was developed using local regressions and causal mapping. Multivariable logistic regression
was used for receiver operating characteristic curve.Results: Table 1 demonstrates the base-
line demographic, comorbidities, Echo and socioeconomic characteristics. 165 patients
(21.7%) progressed to severe FMR (43% of patients who were older than 65 years old vs.
52% who did not progress, OR=0.70, p = 0.012). Risk of progression was higher in those
with chronic kidney disease (CKD, creatinine > 1.5 mg/dl , OR=1.66 p=0.011) and left ven-
tricular (LV) stroke volume index <35 ml/m2 (OR=1.72, p=0.034). The LV internal diam-
eter in end-diastole (LVIDd) was 6cm61.2cm in patients with progression to severe FMR
vs. 5.4cm61.0cm in patients who did not progress(OR=1.67, p < 0.001). A 5% drop in LV
ejection fraction correlated with a 15% increased risk of progression to severe MR
(OR=0.96, p = 0.018). Importantly, blacks (OR=1.01, p=0.012) had an increased likelihood
of FMR progression. Patients with bachelor’s degree or higher had a lower risk of progres-
sion (OR=0.98, p<0.001). CKD, LV size, race, and higher education were selected for a final
multiple variable model (Figure 1). Conclusion: Integration of Echo, socioeconomic and
clinical parameters has the potential to better identify patients at risk for FMR progression,
thereby enabling personalize management and risk stratification. Larger studies are needed
to confirm our observations.

P3-19

Severe Atrial Dilation in Secondary Mitral Regurgitation: Clinical Characteristics and
Outcomes
Habib Layoun, Amgad Mentias, Emmanuel Akintoye, Chris Kanaan, Milad Matta, Jay
Ramchand, Daniel Burns, Marc Gillinov, Sanjeeb Bhattacharya, Rishi Puri, Patrick
Collier, Brian Griffin, Samir Kapadia, Serge Harb. Cleveland Clinic, Cleveland, OH.
Background: Atrial dilation is known to be a poor prognostic indicator in a multitude of
cardiovascular diseases. We sought to explore the presence of severe atrial dilation (SAD)
in the setting of secondary mitral regurgitation (SMR). Methods: We included patients
with severe SMR (EF 20-50%, 3-4+ MR) from January 2012 to March 2021. The presence
of SAD (>48 mL/m2) defined the SADMR group. Results: 2011 patients were included, of
whom 71% had SADMR.Mean age was 70 years with 41% females. MR severity and ejection

fraction were similar. Patients with SADMRwere older, less females, had more diabetes, but
similar rates of atrial fibrillation (Table 1) and had worse survival (Figure 1). Furthermore,
SAD was an independently correlated with worse outcomes (Table 2). Conclusion: The
concomitant presence of SAD and SMR is correlated with worse survival.

P3-20

Upward Displacement of the Diaphragm Reduces Ischemic Mitral Regurgitation
Antonia van Kampen1,2, Yasufumi Nagata1, Carl T. Andrews1, Jacob Dal-Bianco1, Judy W.
Hung1, Michael A. Borger2, Robert A. Levine1. 1Massachusetts General Hospital, Boston, MA;
2Leipzig Heart Center, Leipzig, Germany.
Background: Upward displacement of the diaphragm causes diastolic compression of the
inferior left ventricular (LV) wall, known as pseudodyskinesis (PD). Ischemic mitral regur-
gitation (IMR) is common after myocardial infarction and is most often caused by outward
bulging of the inferior LV wall that displaces the posterior papillary muscle, causing teth-
ering and incomplete closure of the mitral valve (MV) leaflets. We therefore hypothesized
that, with similar systolic inferior myocardial wall motion abnormality, patients with PD
would have less IMR than those without PD. Methods: We retrospectively analyzed our
institutional echocardiography database and included all patients with systolic inferior
wall motion abnormalities after inferior myocardial infarction evaluated by transthoracic
echocardiography between 2000 and 2021. We excluded patients with LV ejection fraction
<45%, an LV aneurysm, degenerativeMR,MV endocarditis and priorMV surgery. IMRwas
defined as MR caused by leaflet tethering. Echocardiographic data were extracted from offi-
cial clinical readings by certified attending cardiologists. Results: We included 6,046 pa-
tients in the analysis. Mean age was 70.3614.2 years and 2,149 patients (35.5%) were
female. PD was observed in 207 (3.4%) patients. LV ejection fraction was comparable be-
tween the groups (no-PD: 58.768.1%, PD: 58.967.6%, p=0.7). PD patients had a slightly
smaller diastolic LV diameter (no-PD: 46.968.2mm, PD: 45.566.5mm, p=0.004) without
significance for systolic LV diameter (no-PD: 32.866.9mm, PD:3265.8mm, p=0.055).
Relevant IMR (mild-to-moderate or greater) was present in 20% of the no-PD and 9.2%
of the PD group (p<0.001, 59% fewer). Conclusion: In patients with post-MI inferior
wall motion abnormality, PD was associated with significantly less IMR. Even mainly dia-
stolic inferior LV compression seems to reduce IMR, which is greatest in early systole.
External mechanical support of the inferior LV wall throughout the entire cardiac cycle
could therefore serve to fully restore LV geometry and physiologic mechanics of the MV.
This is in line with previous experimental data generated by this group and others. This
echocardiographic observation suggests the value of studying the optimal method of infe-
rior LV support in IMR therapy.
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Inheritance of Echocardiographic Parameters of Arrhythmic Risk in Mitral Valve
Prolapse: A Pedigree Study
Shalini Dixit1, Arun Padmanabhan1, Lisa J. Lim1, Prathima Akella1, Dwight Bibby1, Qizhi
Fang1, Zian H. Tseng1, Robert A. Levine2, Francesca N. Delling1. 1University of California,
San Francisco, San Francisco, CA; 2Massachusetts General Hospital, Boston, MA.
Background: A subset of patients with mitral valve prolapse (MVP), a heritable condition,
experience sudden cardiac arrest (SCA) or sudden cardiac death (SCD), yet inheritance of
the phenotypic imaging features of arrhythmic MVP remains poorly defined.Methods:We
recruited 24 probands with arrhythmic MVP, including 9 with SCA/SCD and 15 with com-
plex pleomorphic ventricular ectopy. Probands and relatives underwent interview, two-
dimensional and speckle tracking echocardiography, and Holter or event monitor when
symptomatic. We categorized each participant as control (normal mitral valve), MVP, or

prodromal (i.e., borderline MVP). Known imaging parameters of arrhythmic risk and/or
abnormal mechanics were evaluated including mitral annular disjunction (MAD)
(Figure), segmental and global longitudinal strain, and mechanical dispersion. The latter
was defined as the standard deviation of the time to peak strain of each segment. The
post-systolic shortening index (PSI) was calculated as shown (Figure). Results: Eighteen
pedigrees, 3 trios, and 3 duos were enrolled with a total of 121 participants (mean age 45
years, 50% female). Mitral regurgitation in MVPs was trace or mild in 29 of 40 (73%).
Arrhythmic MVPs/prodromals had a higher prevalence of bileaflet prolapse, MAD, and
abnormal valvular-myocardial mechanics, as expressed by higher mid inferolateral, basal
septal, and mid septal PSI (all p < 0.05, Table). Multigenerational SCA/SCD occurred in
only 2 of the 9 pedigrees (22%) with a SCA/SCD proband. MAD was seen in the majority,
but not all, arrhythmic pedigrees (16 of 24, or 67%) and was multigenerational in only 3 of
24 (13%). Conclusions: Severe arrhythmic presentations of MVP are associated with
abnormal valvular-myocardial mechanics but are rarely seen in multiple generations. As
previously observed, MAD is not consistently associated with SCA/SCD. Future studies
are needed to elucidate whether SCA/SCD in MVP requires the presence of both abnormal
mechanics and a primary genetic myopathy- the ''two-hit'' model.

P3-22

Outcomes of Patients with Significant Atrial Functional Mitral Regurgitation: A Long-
Term Follow-Up Study
Hiroko Hasegawa, Ken Kuwajima, Shunsuke Kagawa, Takafumi Yamane, Takahiro Shiota.
Smidt Heart Institute, Cedars-Sinai Medical Center, Los Angeles, CA.
Background: Atrial functional mitral regurgitation (A-FMR) has recently been recognized
as a subtype of FMR distinguished from ventricular FMR. A-FMR is characterized by left
atrial enlargement and mitral annular dilation in patients with atrial fibrillation, despite
normal left ventricular function and normal mitral valve leaflets. However, its clinical char-
acteristics, symptoms, and prognosis remain unknown. The aim of this study was to inves-
tigate the prognosis and prognostic predictors of A-FMR. Methods: We retrospectively
reviewed 62 outpatients with moderate to severe A-FMR. A-FMR was defined as (1) LV
ejection fraction$50% without regional wall motion abnormalities, (2) absence of primary
valvular pathology, and (3) presence of atrial fibrillation or flutter. We excluded the patients
with previous cardiac surgery, previous percutaneous treatment for valvular or congenital
disease, moderate to severe aortic valve disease or mitral stenosis, any form of cardiomyop-
athy, and congenital heart disease. Results: The mean age was 77.7 6 9.5 years and 44
(71.9%) were female. Left atrial volume index (LAVI) was 85.3 6 65.1 ml/m2. At baseline,
symptoms were present in 43 patients (69.4%), and 14 (22.6%) were New York Heart
Association (NYHA) functional class $III. During the follow-up period (median, 2.21
years; range, 0.9-5.5 years), composite endpoint including the admission for heart failure
and intervention for mitral valve occurred in 32 (51.6%). There was no cardiac death.
The Kaplan-Meier probability of remaining free of composite endpoint was 38.6% at 5 years
(Figure). Age (10 years increase: hazard ratio [HR], 1.72; 95% confidence interval [CI],
1.07-2.87; p = 0.03), NYHA class $III (HR, 2.91; 95% CI, 1.27-6.65; p = 0.01), and LAVI
(10 ml/m2 increase: HR, 1.10; 95% CI, 1.05-1.16; p < 0.01) independently predicted occur-
ring endpoint (Table). Conclusion: Most patients with moderate to severe A-FMR had a
poor cardiac outcome within 5 years. Age, NYHA class $III, and LAVI were independent
prognostic factors.
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Impact of Mitral Regurgitation on Survival in Patients with Heart Failure with Mildly
Reduced Ejection Fraction
Anna Sannino, Gelareh Rahimighazikalayeh, Ayman Haq, Shabnam Pate, Micheal J. Mack,
Paul A. Grayburn. Baylor Research Institute, Plano, TX.
Background: Significant mitral regurgitation (MR$2+) reduces survival, and evenmild de-
grees exert a detrimental impact on outcomes. Heart failure with mildly reduced ejection
fraction (HFmrEF) is a scarcely recognized entity and data on the role of MR in this setting
are spare. In this study, we aimed at investigating the role of MR on long-term survival in
patients with HFmrEF. Methods: Patients were retrospectively enrolled amongst patients
admitted to the Baylor Scott & White Hospitals Dallas and Plano, between 2015-2018
with a first diagnosis of HF. Patients with previous valve intervention, other severe valve
disease, cardiomyopathies and/or advanced support therapies were excluded. Primary
endpoint of interest was all-cause death at long-term follow-up. The research protocol
was approved by the Institutional Review Board of the Baylor Scott & White Research
Institute. Results: A total of 621 patients with HFmrEF were enrolled. Of these, 296
(47.7%) had none/trivial MR (MR=0+), 232 (37.4%) had mild MR (1+) and 93 (14.9%)
had moderate MR or worse ($2+). Patients in the latter category were more frequently
women, had a lower prevalence of diabetes and were older compared to patients with
0 and 1+ MR. Mean follow-up was 1.6561.24 years. The results of Cox PH analysis sug-

gested that patients with 1+ and $2+ MR had respectively 41% (HR=1.418, 95%
CI=0.998-2.015, p=0.0510) and 107% (HR=2.073, 95% CI=1.404-3.060, p< 0.0000) higher
hazard of death within 3 years post-HF diagnosis compared to that of 0+ MR. Additionally,
in patients with LVEF# 35%,MR level did not seem to have significant impact onmortality
(p-value=0.5050). In contrast, in patients with HFmrEF (i.e. 36#LVEF#50) we found a
negative relationship between MR and survival time with an estimated death hazard for pa-
tients with$2+ MR approximately 2 times more than individuals with 0+MR (HR= 2.394,
95% CI= 1.551-3.694, P-value= 0.0013; Figure 1). Conclusion: MR has a significant and
detrimental impact on long-term survival of patients admitted with a first-time diagnosis
of HFmrEF, however its role is less pronounced in patients with reduced EF.

P3-24

A Gain-Independent Echocardiographic Method to Quantitate Mitral Annular
Calcification (MAC) and Predict Mitral Inflow Hemodynamics
Colin Gallagher, Zobia Chunara, Ryan Bricknell, Brody Slostad, Logan Schwarzmann, Leon
Frazin, Mayank Kansal. University of Illinois Chicago, Chicago, IL.
Introduction: Mitral annular calcification (MAC) is a degenerative process that is associ-
ated with increased cardiovascular death, arrhythmias, and mitral valve (MV) disease.
While sometimes benign, severe MAC is associated with progression to mitral stenosis.
By echocardiography, the severity of MAC is typically determined as mild, moderate, or se-
vere based on qualitative assessment. Previously, a gain-independent pixel density ratio as-
sessing aortic valve calcification on echocardiography was shown to correlate with calcium
burden quantified on valve CT scans and severe aortic stenosis by echocardiographic hemo-
dynamic measurements. This study aims to assess if this quantitative method applied to
MAC correlates with MV inflow hemodynamics.Methods: 105 patients (68.36 14.6 years
old) with mild, moderate, or severe MAC on 2D echocardiography were retrospectively
evaluated. Apical four chamber view was examined using ImageJ to calculate a gain-
independent ratio between the average pixel density of the visible MV and annulus, and
the average pixel density of the mid basal interventricular septum in the same view
(MAC-Ratio). MAC-Ratio was then compared to echocardiographic parameters associated
with mitral stenosis. Results: MAC-ratio did not significantly differ between groups.
However, mean MV gradient, peak MV gradient, velocity time integral (VTI) and
maximum velocity (Vmax) were significantly different between groups. Across all groups,
MAC-ratio was not significantly correlated with mean gradient, peak gradient, VTI, Vmax
or the severity of MAC. Qualitative MAC severity was correlated with mean MV gradient,
peak MV gradient, VTI and Vmax. Summary: In our study, qualitative assessment of MAC
severity significantly correlated with MV inflow hemodynamics whereas the quantitative
gain-independent MAC-ratio did not. This result contrasts from our prior study using
this method that significantly correlated to quantified AV calcium burden in severe aortic
stenosis. Mitral valve hemodynamic determinants may be more complex than for the aortic
valve. Future research assessing the utility of this gain-independent method to better assess
MV calcium burden by echocardiography requires further investigation.

P3-25

Prominent Systolic Flow in the Left Atrial Appendage: A Novel Finding in Severe Mitral
Regurgitation
Saleen Khan, Vamsee Lakkakula, Blas�e Carabello, Rajasekhar Nekkanti. East Carolina
University Brody School of Medicine, Greenville, NC.
Background: Loss of atrial contraction, increased atrial size and remodeling from ventric-
ular dysfunction results in changes in the flow profile in the left atrial appendage. This leads
to altered emptying and filling velocities. The flow profile in patients with mitral regurgita-
tion has not been evaluated. We have observed a prolonged, high velocity, systolic flow into
the left atrial appendage in patients with severe mitral regurgitation. Method: Trans-
esophageal echocardiograms were retrospectively reviewed in patients with mild, moderate
and severe mitral regurgitation. Doppler studies were interrogated to ensure quality and ac-
curacy. Those patients with left atrial appendage spectral Doppler tracing were included.
Fifty studies with mild, moderate and severe mitral regurgitation were reviewed. Result:
Prominent end systolic flow into the appendage was not seen in patients with mild or mod-
erate regurgitation. In all patients with severe mitral regurgitation and left upper pulmonary
vein reversal, systolic flow into the appendage was present. Eight patients with severe mitral
regurgitation did not have this flow. Of these, three had no evidence of pulmonary vein
reversal, and five had right upper pulmonary vein reversal. The flow was seen regardless
of etiology, presence of atrial fibrillation, left atrial size and eccentricity of the jet. The ve-
locity was greater than 40 cm/s in all cases. Though over half of these patients had atrial
fibrillation, none had evidence cardio-embolic stroke. Conclusion: Systolic flow into the
left atrial appendage is a specific finding in patients with severe mitral regurgitation.
Evaluation of the appendage for this flow can aid in the diagnosis of severe mitral regurgi-
tation, particularly in those patients with challenging eccentric jets. Further studies are
needed to confirm this as an additive criterion for the diagnosis of severe mitralFigure 1. Kaplan-Meier curves stratified by LVEF and MR severity.
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regurgitation. The protective nature of mitral regurgitation against cardio-embolic stroke
remains a potential area for further research.

P3-26

Echocardiographic Evaluation of Balloon Mitral Valvotomy in Antenatal Women- Pre,
During and Post Procedure- A Case Series
Nandhini Sakthivadivel, Sathish Kumar Subburaj, Balasubramanian Sundaram, Selvarani
Gnanamuthu. Madurai Medical College, Madurai, India.
Background: Rheumatic heart disease (RHD) is a major valvular heart disease. Routine
screening with 2D echocardiography in antenatal patients helps in diagnosing asymptom-
atic RHD. Timely intervention with balloon mitral valvotomy (BMV) prevents maternal
and neonatal mortality. Transthoracic echocardiography pre, during and post procedure
plays a vital role in guiding intervention successfully. We report a large series of RHD in
antenatal mother where timely intervention saved all lives.Methods: Setting: Single center
observational study. Study Period: January 2021 to December 2021 Study Participants: All
antenatal women undergoing echocardiographic screening. Inclusion Criteria: Patients
with symptomatic severe mitral stenosis (MS) with mitral valve area assessed by 2D planim-
etry #1.5 cm2, Wilkins score <8, less than moderate mitral regurgitation (MR), absence of
left atrial thrombus, asymptomatic severe MS with pulmonary artery systolic pressure >50
mm Hg. Exclusion Criteria: Patients with unfavorable mitral valve anatomy. Results: Out
of 14,591 patients screened, 1120 had heart disease complicating pregnancy. In this, 12 were
subjected to BMV which was performed in 2nd and 3rd trimester. Eleven patients had se-
vere pulmonary hypertension (PHT). Seven patients were known case of RHD, of these two
had undergone closed mitral commissurotomy and one underwent BMV 10 years ago and
all three developed restenosis. Five patients were newly diagnosed as RHD with severe MS
during screening. During procedure - septal puncture, position of balloon, commissural
split and MR were assessed. Post procedure echocardiography showed doubling of valve
area in all patients and improvement in right ventricular function as assessed by global lon-
gitudinal strain, two patients had moderate commissural MR. All underwent uneventful
institutional delivery. Conclusion: Echocardiography plays a vital role in diagnosing
asymptomatic patients with severe MS. It should be included as a part of routine screening
program in saving life of mother and child. Post procedural assessment of MR, particularly
commissural MR and procedural success is well assessed by echocardiography. This is one
series of BMV in antenatal cases ever published.

P3-27

Right Ventricular-Pulmonary Arterial Coupling and Hemodynamic Effects in Patients
Undergoing Transcatheter Mitral Edge-to-Edge Repair
Michael Shearer, George Petrossian, William Chung, Andrew Berke, Marco Kaldas, Kristine
Bond, Michael Passick, Dennis Mihalatos, Jonathan Weber, Lin Wang. St. Francis Hospital,
Roslyn, NY.
Background: Right ventricle (RV) contractile strength and pulmonary artery (PA) pres-
sures influence patient outcomes with severe mitral regurgitation (MR), but the impact
of RV-PA coupling in patients undergoing MitraClip (MC) device implantation is not
well understood and its validation against invasive hemodynamics is unknown. The aim
of this study was to assess immediate hemodynamic effects and RV-PA coupling changes
after the MC procedure. Methods: Consecutive patients with severe MR who received
MitraClip implantation in our institution between 2017 to 2019 were included. Right heart
catheterization was performed before and immediately after MC procedure. Volumetric
and functional changes were assessed using two-dimensional transthoracic and speckle-
tracking echocardiography. RV-PA coupling was assessed by the ratio of RV free wall lon-
gitudinal strain derived from speckle-tracking echocardiography and noninvasively
measured RV systolic pressure. RV-PA uncoupling was defined as RV free wall longitudinal
strain/RV systolic pressure <0.5%/mm Hg. Results: In total, 70 patients who underwent
echocardiographic speckle-tracking analysis pre and post MC were included. The median
age was 82(74-90) years and 56% were men. 88% of patients had functional class NYHA
III or IV. Significant reduction in MR was achieved by repair in 94% patients and the
mean transmitral pressure gradient increased from 3.3(2.5-3.9) mmHg to 3.7(3.0-4.5)
mmHg (p<0.001). Immediately postMC implantation, the pulmonary capillary wedge pres-
sure (PCWP) decreased from 2068mmHg to 1867mmHg (p=0.002) and the cardiac index
increased from 3.8 (3.3-5.3) to 4.7(4.0-6.6) L/min/m2 (p<0.001). The RV fractional area
change rose from 41611% to 47611% (p<0.001) and significant improvement was seen
in RV free wall longitudinal strain (-1865% vs. -2266%, p<0.001) one day after MC.
Before MC, 57 (81%) patients had RV-PA uncoupling, compared to 38 (54%) post MC.
RV-PA ratio increased from 0.3760.16 to 0.5060.21%/mmHg (p<0.001) demonstrating
a notable increase in RV-PA coupling. (Figure) Conclusion: Successful mitral valve repair
with MC results in an immediate and significant improvement in PCWP, cardiac index, RV
function and RV-PA coupling. Long term follow-up data will be required to assess the prog-
nostic impact of RV-PA coupling.
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Echocardiographic Assessment of Mitral Regurgitation Severity in Patients with Mitral
Annular Disjunction Undergoing Mitral Valve Repair
Soohyun A. Chang, Paul A. Grayburn, Robert L. Smith, William H. Ryan, Timothy George,
Zuyue Wang. Baylor Scott and White The Heart Hospital - Plano, Plano, TX.
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Background: In patients with mitral annular disjunction (MAD), usual echocardiographic
grading of mitral regurgitation (MR) has not been validated. Our aim was to describe various
echocardiographic features of mitral valve (MV) and MR in patients with MAD undergoing
elective mitral valve repair.Methods:We retrospectively screened 62 patients referred for an
elective MV repair our center between January 2021 and July 2021. Patients were included if
both pre-operative transthoracic echocardiogram (TTE) and transesophageal echocardiogram
(TEE) were available. MAD was defined as at least 5 mm of separation between the annulus
located at the base of MV - left atrial junction and the endocardial LV free wall by 3-
dimensional (3D) TEE. Patients were divided into 3 groups: MAD(+)/flail(-), MAD(+)/
flail(+), and MAD(-). Clinical and echocardiographic data were collected and analyzed in pa-
tients with MAD(+)/flail(-) or MAD(+)/flail(+) and compared with 10 consecutive MAD(-)
patients. Results: Among 62 patients (52% female, mean age 60612 years), we identified 7
patients with MAD(+)/flail(-) and 10 patients with MAD(+)/flail(+). Median MAD distance
by 3D TEE was 8 mm [7-8 mm] for MAD(+)/flail(-) and 9 mm [8-9.75 mm] for MAD(+)/
flail(+). Compared to the MAD(-) group, MAD(+) had a larger annulus (p < 0.05), thicker
mitral leaflets (p < 0.01) and a greater number of MR jets (< 0.01). No significant differences
were noted for MR vena contracta, regurgitant volume by continuity method, left sided cham-
ber size, PASP, and pulmonary vein flow patterns among all groups. However, PISA radius
and PISA derived EROA were significantly smaller in MAD(+) vs. MAD(-) (p < 0.01).
Conclusions: Our study suggests that PISA derived methods for quantification of MR may
significantly underestimate true severity of MR in those with MAD. As patients with MAD
tend to have multiple MR jets, continuity method may be a more reliable measure of MR
in such patients. If validated on larger cohorts and correlated with MRI volumetric data, these
finding may have important implications for assessment of MR in patients with MAD.

P3-29 - Oral

Echocardiographic Predictors of Tricuspid Regurgitation Improvement After
Transcatheter Aortic Valve Replacement
Carola Maraboto Gonzalez, Alex L. Huang, Carl T. Andrews, Jacob Dal-Bianco, Judy W.
Hung, Jacqueline S. Danik. Massachusetts General Hospital, Boston, MA.
Background: The presence of significant tricuspid regurgitation (TR) can portend poor
long-term prognosis. However, optimal management of TR is not well defined in patients
undergoing transcatheter aortic valve replacement (TAVR) since studies have reported a
variable improvement in TR after this procedure. We aim to analyze the baseline echo-
cardiographic studies of patients undergoing TAVR to assess whether there were echo-
cardiographic predictors of improvement in TR after TAVR. Methods: The
institutional echocardiographic database at Massachusetts General Hospital was exam-
ined from 2012 to 2022 for all patients undergoing TAVR with available baseline and
follow-up ($30 days post-TAVR) echocardiogram and without a history of prior
tricuspid valve surgery. A total of 957 patients with these characteristics were identified.
Echocardiographic variables were analyzed in pre- and post-TAVR echocardiograms.
Results: Of the 957 patients undergoing TAVR, 51% were female, and the mean age
was 83 6 9 years. 153 patients (16%) had moderate or greater TR at baseline. After
TAVR, 42% of those with significant TR had improvement in TR (reduction in $1
grade), whereas 58% had unchanged or worsened TR. Univariate analysis identified
the presence of left ventricular systolic dysfunction (ejection fraction <40%), right ven-
tricular dysfunction, and presence of moderate or severe mitral regurgitation as predic-
tors of TR improvement (p-value 0.0004, 0.016, and 0.003, respectively). In a
multivariable logistic analysis that assessed common echo parameters measured before
TAVR, such as left ventricular ejection fraction, mitral regurgitation, right ventricular
function, and right ventricular systolic pressure, among others, stepwise regression
showed that left ventricular systolic dysfunction, moderate to severe mitral regurgitation,
and younger age were the most important independent predictors of improvement of
baseline TR after TAVR (Table). Conclusion: Significant TR is not uncommon in pa-
tients undergoing TAVR, and it is frequently progressive. TR improvement was more
likely in patients with left ventricular dysfunction, moderate to severe mitral regurgita-
tion, and in the younger age groups, suggesting that TR was truly functional in these cases
and responsive to the hemodynamic changes post-TAVR.

P3-31

Excess Mortality Associated with Atrial Fibrillation Complicating Tricuspid
Regurgitation
Yogev Peri1, Ben Sadeh2, IlanMerdler2, Arie Steinvil2, Yan Topilsky2. 1Massachusetts General
Hospital, Boston, MA; 2Tel Aviv Medical Center, Tel Aviv, Israel.

Introduction: There is limited data regarding the prevalence of Atrial Fibrillation (AFib) in
tricuspid regurgitation (TR) patients. In addition the influence on mortality of AFib on TR
patients is not well studied. In the current study we aimed to examine whether the preva-
lence of AFib is related to the severity of TR and to assess effect of AFib on the mortality of
TR patients.Methods: The cohort included 397 patients (mean age 77.16 15.2 Years; 36.3
% males) with TR of any cause that underwent quantitative prospective evaluation by the
PISA method for regurgitant volume and effective regurgitant orifice (ERO). The primary
outcome was all-cause mortality.Results: 251 (65.9%) of the patients were classified as mild
to moderate TR (ERO < 0.4) and 130 (33.6%) patients classified as severe TR ( ERO$ 0.4)
The prevalence of AFib in the total cohort was 56.4%. The prevalence of AFib in the mild to
moderate TR patients was lower than in the severe TR group (52.5% vs. 63.9%; p = 0.03). In
univariate Hazard analysis atrial fibrillation was associated with increased mortality
(HR= 1.18, P < 0.04). In sub-group analysis atrial fibrillation was associated with excess
mortality in the mild and moderate TR group (Log Rank Chi square = 3.11, p= 0.07) but
not in the severe TR group. Conclusions: The prevalence of AFIB among TR patients is
high, and severe TR is associated with higher prevalence of AFIB compared to milder
disease.AFib is independently associated with mortality in patients with less than severe
TR but not in the severe TR group.

P3-32

Clinical and Echocardiographic Outcomes of Transcatheter Tricuspid Valve
Interventions
Anna Sannino1, Federica Ilardi2, Rebecca Hahn3, Patrizio Lancellotti4, Philipp Lurz5, Robert
Smith1, Giovanni Esposito2, Paul Grayburn1. 1Baylor Research Institute, Plano, TX; 2University
Federico II, Napoli, Italy; 3Columbia University Irving Medical Center, New York, NY;
4University of Li�ege Hospital, GIGA Cardiovascular Sciences, Department of Cardiology and
Radiology, CHU SartTilman, Liegi, Belgium; 5Department of Internal Medicine/Cardiology,
Heart Center Leipzig at University of Leipzig and Leipzig Heart Institute, Leipzig, Germany.
Background: Medically-managed tricuspid regurgitation (TR) has detrimental outcomes.
Transcatheter tricuspid valve interventions (TTVI) represents an alternative to surgery in
high-risk patients, however only early experiences exist. The aim of this meta-analysis is to
analyze the clinical and echocardiographic outcomes of TTVI. Methods: MEDLINE, ISI
Web of Science and SCOPUS databases were searched for studies published up to June
2021. Studies reporting data on outcomes post-TTVI were included. The study was designed
according to PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) requirements. The primary endpoint was all-cause mortality at 30-day and 1-year
post-TTVI. Results:Out of 2718 studies, 27 were included. 30-day and 1-year all-cause mor-
tality were 5% (95% Confidence Interval [CI]: 4% to 8%, p<0.001) and 25% (95% CI: 12% to
45%,p=0.016). Procedural successwas associatedwith a 58% risk-reduction in 1-yearmortality
vs lack thereof (Odds Ratio 0.42, 95% CI: 0.27 to 0.66, p<0.001). TTVI is associated with a sig-
nificant reduction in TR severity (TR EROA, mean difference [MD] 0.31 cm2; 95% CI: 0.23 to
0.39 cm2, p<0.001; regurgitant volume, MD 23.54 ml; 95% CI: 17.4 to 29.68 ml, p=0.03) and
increase in forward stroke volume (FSV, MD 3.98 ml; 95% CI: 0.11 to 7.86 ml, p=0.04).
Conclusions: TTVI significantly reduces TR severity and increases FSV, and is associated
with improved survival at 1-year compared to patients without procedural success. Long-
term outcomes compared tomedical therapy await the results of on-going pivotal trials, none-
theless TTVI appear to be a promising alternative to surgery for TR.
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Relationship Between Right-Side Geometry and Hemodynamics with Procedural
Outcomes in Tricuspid Valve Edge-to-Edge Repair
Anas Merdad, Neil Fam, Kim Connelly, Daniel Hagemeyer, Abdulrahman Alanzi, Sikander
Texiwala, Vesna Mihajlovic, Gordon W. Moe, Geraldine Ong. University of Toronto / St
Michael's Hospital, Toronto, ON, Canada.
Introduction: Tricuspid valve edge-to-edge repair (TEER), is under active study, as a less-
invasive treatment option to treat severe symptomatic tricuspid regurgitation (TR) in pa-
tients with high-surgical risk. We sought to identify right-sided geometric and hemody-
namic predictors of at least severe TR at 1-year follow-up, in patients undergoing TEER.
Methods: All consecutive patients undergoing tricuspid valve TEER were included.
Clinical and echocardiographic outcomes were prospectively collected and retrospectively
analyzed. Results: Ninety-two patients underwent tricuspid valve TEER. Patient with
NYHA Class I-II symptoms increased from 18(20%) to 73 (86%), p=<0.001. Patient with
> severe TR at 12-month follow-up had more rehospitalizations with heart failure 5(6%)
v.s. 3 (30%), p = 0.044, and a trend towards a higher overall-mortality 2(2%) v.s. 2(20%),
p=0.059. A lower Pulmonary Artery Pulsatility Index (PAPi) and increased RV Basal
dimension were independent predictors of persistent severe TR at 1-year follow-up
(Figure 1). Conclusion: In patient with significant symptomatic TR with high surgical
risk, tricuspid valve TEER improves TR severity and symptoms. PAPi and RV dimensions
have been found to be predictive of severe TR at 1-year follow-up. Larger studies are needed
to assess the utility of these parameters in predicting procedural and clinical outcomes.

Figure 1: A Forest plot (multivariate logistic regression) indicating the association between
hemodynamic and echocardiographic variables and at least severe TR at 1-year follow-up.

P3-34

Semi-Quantitative and Quantitative 2D and 3D Color Doppler Indices of Severity of
Functional Tricuspid Regurgitation Compared to Regurgitant Volume Measured by
Cardiovascular Magnetic Resonance Imaging
Vanessa Haak1,2, ElizabethWright1, Kevin Moreau3, Peter Flueckiger2, Vibhav Rangarajan2,
Roshin Mathew2, Shizhen Liu2,4, Mani Vannan2,4. 1Georgia Institute of Technology, Atlanta,
GA; 2Piedmont Heart Institute, Atlanta, GA; 3Piedmont Atlanta Hospital, Atlanta, GA;
4Marcus Heart Valve Center, Atlanta, GA.
Background: Vena contracta (VC) and PISA-effective regurgitant orifice area (PISA
EROA) are color-flow Doppler (CFD) methods used to assess the severity of tricuspid
regurgitation (TR). There are well recognized limitations to these measures by 2D CFD,
hence 3D CFD is recommended although this is not standard practice yet. Aims:We tested
the correlation between these 2D, and 3D CFD-based measurements and cardiovascular
magnetic resonance (CMR) imaging determined TR regurgitant volume (RV) and fraction
(RF).Methods: In 28 patients with functional TR, standard 2D transthoracic echocardiog-
raphy and real-time, unstitched 3D CFD of TR was done from which 2D PISA radius (cm),
EROA (cm2), 3D PISA EROA (cm2) and VC area (VCA, cm2) were measured. These pa-
tients also had CMR from which TR RV/RF was obtained using the standard approach.
Results: Figure A (upper panel) shows good correlation between 2D VC in the apical 4C
view and the average 2D VC (apical 4C and RV inflow views) and CMR RV (ml). The lower
panel shows the modest correlation of both 2D PISA radius and EROA (cm2). 3D PISA
EROA also showed only modest correlation, but 3D VCA showed good correlation to
CMR measured RV (Figure B, upper panel). When RV>45 ml from CMR was used as
the cut-off for severe TR (red line) and compared to 2D and 3D indices, all of them (except
PISA radius) showed higher cut-off values than those indicated in the guidelines (2D, blue
line) and those reported in investigations (3D, green line): thus, currently used cut-offs for
2D and 3D CFD indices overestimate the degree of TR when compared to the RV cut-off by
CMR. An example of 3D PISA EROA, VCA and CMR RV is shown in Figure B (lower
panel). Conclusions: Based on these data from an ongoing study, using 2D CFD indices
in isolation (or overemphasis) may overestimate the severity of TR compared to CMR
RV. Although 3D CFD VCA is better than 3D PISA EROA, there is a need to establish
an accurate cut-off for these indices. Thus, using an integrated approach to grade the degree
of TR as recommended in the guidelines is key to reduce errors.
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Prognostic Implication of Right Atrial Pressure Estimated by Echocardiography in
Patients with Severe Tricuspid Regurgitation
Taku Omori, Ken Kuwajima, Takahiro Shiota. Cedars-Sinai Medical Center, Los Angels, CA.
Background: Elevated right atrial pressure (RAP) has prognostic implication in pa-
tients with many different cardiovascular diseases. However, little is known about
how tightly RAP is associated with prognosis in patients with severe tricuspid regur-
gitation (TR). The aim of this study was to investigate the prognostic implication of
RAP estimated by echocardiography (RAP-echo) in patients with severe TR.
Methods: We retrospectively studied 240 outpatients (median 75 years, 130 female)
who underwent 2-dimensional transthoracic echocardiography and were diagnosed
with severe TR between January 2014 and December 2015. According to RAP-
echo using the diameter of inferior vena cava and its response to a sniff, the patients
were classified into 2 groups: low/middle and high RAP-echo. Also, invasive hemo-
dynamic data were evaluated in 52 patients who underwent right heart catheteriza-
tion. Cardiovascular events were defined as cardiovascular death or admission for
heart failure. Results: During follow-up (median, 428 days [87-1229]), 64 patients
experienced a cardiovascular event. By multivariate analysis, high RAP-echo was
an independent predictor of cardiovascular events (hazard ratio, 2.35 [1.25 -
4.41]), and there was a higher risk of cardiovascular events in patients with high
RAP-echo than those without (Figure). Right heart catheterization confirmed higher
RAP in patients with high RAP-echo than those without (14 [12 - 20] versus 9 [7 -
13] mm Hg, P=0.001). Also, jugular vein distention and leg edema, which are esti-
mates of RAP on physical examination, were not independently associated with
prognosis. A multivariate linear regression analysis revealed that RAP-echo was
significantly associated with invasively derived RAP whereas jugular vein distention
and leg edema were not (Table). Conclusions: RAP-echo was significantly associated
with cardiovascular events in patients with severe TR. Furthermore, the association
of RAP-echo with outcome was stronger than that of estimates of RAP on physical
examination.

P3-36

Preprocedural Intravenous Diuresis to Facilitate Tricuspid Valve Interventions
Anas Merdad, Daniel Hagemeyer, Sikander Texiwala, Neil Fam, Geraldine Ong. University
of Toronto / St Michael's Hospital, Toronto, ON, Canada.

Introduction: Transcatheter therapies for tricuspid valve regurgitation (TR) are
rapidly evolving. Techniques such as edge-to-edge repair, and transcatheter
tricuspid valve replacement, can prove challenging in patients with significantly
dilated annuli, large central and commissural coaptation gaps. In this study, we
aim to assess the efficacy of preprocedural inpatient intravenous diuresis in
reducing tricuspid valve dimensions. Methods: All patients admitted for preproce-
dural intravenous diuresis prior to transcatheter tricuspid valve replacement were
included. Clinical, hemodynamic, and imaging data was collected at baseline and
immediately prior to the procedure. The clinical and echocardiographic outcomes
were prospectively collected and retrospectively analyzed. Results: Twenty-one pa-
tients were included in the analysis. The average age is 75 (74-80). Nine (43%)
were females. 16 (77%) had NYHA Class III/IV symptoms. The average home
furosemide dose is 80 mg (40-160), and 13 (62%) were on mineralocorticoid ther-
apy. The average duration of inpatient diuresis is 4 days (2-6) and the average total
daily IV furosemide dose is 80 mg (80-160). The average weight was reduced from
81.6 kg (64-89) to 72 kg (61.4-81.7), p = <0.001. Those with massive/torrential TR
reduced from 19 (91%) to 10 (48%), p = < 0.001. The tricuspid annular area was
reduced from 15.25 cm2 (13.2-19.6) to 14.15 cm2 (12.2-17.15). The central gap was
reduced from 12 mm (8-17) to 8 mm (0-15), p = 0.01. See further results in
Table 1. Conclusion: Preprocedural inpatient intravenous diuresis, was effective
in reducing tricuspid valve dimensions, coaptation gap size, as well as severity of
regurgitation. Further studies are needed to assess the efficacy of preprocedural
intravenous diuresis, in facilitating transcatheter tricuspid valve interventions.

P3-38

Evaluating Association Between Gender and Clinical Outcomes in Patients Undergoing
Left Atrial Appendage Occlusion: A Single Centre Experience
David Hana, Tyler Miller, Zakeih Chaker, Muchi Ditah Chobufo, Arsalan Khan, Bansari
Patel, Jonathan Ghobrial, Akram Kawsara, Bryan Raybuck, Lawrence Wei, Harold
Roberts, Christopher Cook, Vinay Badhwar, Ramesh Daggubatti, James Mills, Yasmin
Hamirani. West Virginia Univeristy, Morgantown, WV.
Background: Recent studies have identifiedworsemajor adverse events after transcatheter left
atrial appendage occlusion (LAAO) in women. Shortly after, the US Food and Drug
Administration issued a letter to investigate further the gender-based differences in short
and long-term outcome after LAAO. Methods: A comprehensive review of our institutional
LAAOdatabase atWest VirginiaUniversity from January 2016 to October 2021 identified 271
women and 293 men who underwent successful LAAO device implantation. Patients were
evaluated for gender-based differences in baseline characteristics, procedure indications,
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CHA₂DS₂-VASc Score, HAS-BLED score, in-hospital outcomes including death, complica-
tions, and length of stay.Results: In comparison tomen, womenwere noticed to have a higher
CHA₂DS₂-VASc Score (5.3 6 1.4 vs. 4.4 6 1.4, p<0.001), use of nonsteroidal anti-
inflammatory drugs (113 (41.5%) vs. 95 (32.4%), p=0.02) and left ventricular ejection fraction
(57.96 7.7 vs. 52.76 12.4, p<0.001). Women had a lower prevalence of coronary artery dis-
ease (135 (49.6%) vs. 172 (58.7%), p=0.03), myocardial infarction (MI) (56 (20.5%) vs. 85
(29%), p=0.02) and coronary artery bypass surgery (10 (3.6%) vs. 27 (9.2%), p=0.008).
Women were noted to have a significantly higher rate of in-hospital bleeding events (38
(10.2%) vs. 19 (6.4%), p=0.003) and associated blood transfusion (6 vs. 0, p=0.001). Despite
not reaching statistical significance, women had higher incidence of in-hospital complications
including death, cardiac arrest, MI, pericarditis, pericardial effusion, pulmonary embolism,
esophageal injury, and pneumonia. Conclusions: Based on a single institution practice,
women had significantly higher risk of in-hospital bleeding events. There was also trend to-
wards more hospital complication in women without reaching statistical significance.
Multi-centered trials are warranted to further clarify this association.

P3-39

Postoperative Transesophageal Echocardiographic Evaluation of Surgical Left Atrial
Appendage Exclusion: Characterization and Predictors of Success
Sebastian Hernandez1, Karl Richardson1, Karanpreet Dhaliwal2, Rohesh Fernando1,
Matthew Singleton3, Prashant Bhave1. 1Wake Forest School of Medicine, Winston-Salem,
NC; 2University of Washington, Seattle, WA; 3WellSpan Health: Cardiology, York, PA.

Background: Left atrial appendage (LAA) exclusion may reduce ischemic stroke risk
in patients with atrial fibrillation. Many surgical exclusion techniques exist but there
are limited comparative data. While evidence suggests LAA exclusion should be
considered during cardiac surgery, imaging evaluation of successful surgical LAA
exclusion is not well defined. Little data exist detailing the postoperative evaluation
of LAA remnants with transesophageal echocardiography (TEE). Methods: We
retrospectively analyzed data from 121 patients (79 males and 42 females; mean
age of 66.7 6 8.3 years) with a pre-procedure history of atrial fibrillation and a
post-op TEE who underwent LAA elimination by surgical excision (SE), AtriClip oc-
clusion (AO), or Tiger Paw occlusion (TO) at our institution from 2012-2019. Post-
procedural data included time to follow up TEE, mean and max LAA depths, pres-
ence of flow into a remnant, visible suture, thrombus or possible thrombus, visible
pectinate, and post-op stroke. Successful LAA exclusion was defined as a LAA
remnant depth past the LAA ostium < 1 cm during follow-up TEE. Success rates
were compared across techniques using chi-squares. Multivariable regression was
used to evaluate predictors of success. Results: 99/121 (82%) patients had successful
LAA exclusion. Success varied numerically but not statistically by technique; 73/85
(86%), 22/29 (76%), 4/7 (57%) in the SE, AO, and TO groups, respectively. SE group
had statistically similar mean and max (cm) LAA remnant depths (0.56 6 0.32 and
0.65 6 0.38) compared to the AO group (0.68 6 0.38 and 0.81 6 0.49) and TO
group (0.69 6 0.30 and 0.83 6 0.40). Presence of flow into the LAA remnant
was seen in 2.4% (SE), 10.3% (AO), and 14.3% (TO). Residual pectinate was seen
in 18.8% (SE), 13.8% (AO), and 14.3% (TO). 8% in the SE group had visible suture.
Thrombus or possible thrombus was seen in 2 cases within the SE group. In multi-
variable models, follow-up time and heart failure predicted max LAA depth.
Conclusion: Our study examining the postoperative TEE features of LAA remnants
showed a relatively high failure rate by current standards. LAA exclusion success
and remnant size were similar across techniques. Since recent studies suggest surgi-
cal LAA exclusion may be effective, more data are needed about the postoperative
evaluation of LAA remnants.

P3-40

Clues to Cardioversion Success Derived from 3D TEE of the Left Atrial Appendage
Juan I. Cotella, Brittney Guile, Kyle Hipke, Megan Yamat, Amita Singh, Michael P. Henry,
Gaurav Upadhyay, Hemal Nayak, Andrew Beaser, Zaid Aziz, Roberto M. Lang, Karima
Addetia. University of Chicago Medical Center, Chicago, IL.
Background: Among patients with atrial fibrillation (AF), it remains challenging to predict
recurrence of AF after electrical cardioversion (ECV). Left atrial appendage (LAA) orifice
area correlates well with the duration of AF and thrombus formation. There are no data,
however, correlating LAA orifice (LAAO) characteristics to recurrence of AF after ECV.
Accordingly, we sought to determine the association between the LAAO shape as assessed
by 3D transesophageal echocardiography (TEE) and the likelihood of recurrence.Methods:
We studied 25 patients (6969 years, 60%male) in whom single-beat 3D narrow-angle TEE
datasets of the LAAwere acquired prior to ECV. Using multi-planar reconstruction (QLab),
the LAAO was reconstructed in the transverse plane (Figure 1A). LAAO diameters (D1,
parallel to the mitral annular plane), area, circumference, and eccentricity index (EI =
D1/D2) were measured. As a surrogate of LAA contraction, fractional area change
(FAC = [area(max)-area(min)] O area(max)), was also calculated. EI is a measure of
LAAO circularity, where EI=1 means LAAO is circular, and E1>1 suggests a more elliptical
shape. Patients were followed for a mean of 865 months for recurrence of AF, detected on
follow-up EKG, device interrogation or loop recorder data. Results: Single-beat datasets
were sufficient to obtain good quality depictions of the LAAO even at fast heart rates
(Figure 1B). AF recurred in 11 patients (44%) during follow-up. These patients were older,
had EI values closer to 1, i.e., a more circular LAAO (Figure 1C, large squares represent mean
EI) and lower FAC than patients who remained in sinus rhythm. Conclusions: Patients
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with recurrent AF tended to have more circular LAAO and lower LAAO FAC than patients
without recurrence. Patients with circular LAAO may benefit from a more aggressive
approach to ECV, such as addition of antiarrhythmic agents or consideration for AF
ablation.

P3-41

Understanding Orientation of Transseptal Puncture in Advanced Image Guidance
Using Echo-Fluoro Fusion
Robert A. Quaife, Alexander Haak, Edward A. Gill, Sabastian Goreczny, S. James Chen, Niels
Nijhof, Jennifer Mercandetti, Jacob Hammer, Ernesto E. Salcedo, Sr., John D. Carroll.
University of Colorado, Anschutz Medical Campus, Aurora, CO.
Background: In structural heart disease interventions (SHDI), percutaneous mitral
valve repair requires high-end image guidance navigation in patient-specific 3D
spaces with multi-plane manipulations tasks. Echo-fluoroscopy fusion, enables defi-
nition of an optimal location for transseptal puncture (TSP). We compared the dif-
ference between the estimated TSP plane height to the MV, for 2D X-plane and the
3D position compared to the actual TSP site. Quantification of TSP orientation,
directional angulation and trajectory relative to the mitral annular plane were
computed. Methods: 20 subjects undergoing MitraClip procedures were evaluated
that used echo/fluoroscopic fused overlay. TSP height 3D estimation vs. true height
of the MV pathology to TSP location was estimated by manually marking echo/flu-

oro fusion 3D derived biplane images. MV was marked to define a plane parallel to the
annulus, mitral leaflet coaptation plane (CP). Principal component analysis was used
to define3D orientation planes. Procedural atrial septal defect was used as the indica-
tor of true TSP location at the interatrial septum. Results: Estimates of TSP heights
above the MV pathology for 20 patients were analyzed, panel A. 2D height estimates
(blue bars) are compared to the 3D (red bars, 3 observers + SD, r= 0.71). 2D estimated
heights were greater than the required 40 mm threshold, while 3D heights were less,
and often show a TSP with insufficient TSP height. An * indicates procedures with
difficult anatomy. Orientations of TSP and MV annulus are modeled for each patient
(panel B) with TSP related to MV and heart orientation defined as X-ray gantry po-
sitions. Modeled cone images (TSP position and potential trajectory of a catheter) and
the ring (plane of MV) show the relationship between the orientation of the interatrial
septum vector to the CP plane. Most vector images are parallel to the CP, but some are
misaligned, pointing toward or away from the CP. Conclusions: Patient-specific 3-D
variations of septal and mitral planes are important factors that determine optimal
TSP location and 2D estimates are not as accurate. Echo-X-ray fusion methods are
insightful to understand anatomic diversity present and potential malalignment of
the TSP plane with respect to the MV, necessitating adjustment of the navigation tra-
jectory of the delivery system.
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P4-01

Right Ventricular Systolic Pressure Trajectory as a Predictor of Hospitalization and
Mortality in Patients with Chronic Heart Failure
Gynter Kotrri1, Nowell M. Fine1, Erik Youngson2, Jonathan G. Howlett1, Ian Paterson3,
Justin Ezekowitz3, Finlay A. McAlister3, Robert JH Miller1. 1Division of Cardiology,
Department of Cardiac Sciences, Libin Cardiovascular Institute, Cumming School of
Medicine, University of Calgary, Calgary, AB, Canada; 2Data and Research Services,
Alberta SPOR Support Unit and Provincial Research Data Services, Alberta Health
Services, Edmonton, AB, Canada; 3Faculty of Medicine and Dentistry, University of
Alberta Canadian VIGOUR Center, University of Alberta, Edmonton, AB, Canada.
Background: Pulmonary hypertension is common among patients with chronic heart failure
(HF) and echocardiographic assessment of right ventricular systolic pressure (RVSP) are
frequently used to assess presence and severity of pulmonary hypertension. While baseline
RVSP measurements have been associated with adverse cardiovascular events, no studies
have assessed the prognostic importance of serial RVSP measurements. We assessed associa-
tion of RVSP and change over time with HF outcomes.Methods: Patients with a diagnosis of
HF and at least two echocardiograms performed $6 months apart were included. Baseline
RVSP was based on the index (second) echocardiogram and categorized as severely elevated
($60 mmHg), moderately elevated (50-59), mildly elevated (40-49), or normal (<40)
(Panel A). Patients were further classified based on change between echocardiograms: (i)
improved RVSP if improvement by at least one baseline category; (ii) worsening RVSP if dete-
rioration by at least one baseline category; and (iii) stableRVSP if therewas no change inRVSP
category. Baseline and change in RVSP was also modeled as a continuous variable with cubic
splines. The primary outcomewas time to composite of heart failure hospitalization (HFH) or
all-cause mortality (ACM) after the second echocardiogram. Associations with the primary
outcome were assessed with Cox proportional hazards models adjusted for age, medical his-
tory, and medications. Results: In total, 4,319 patients were included (median age 75, 52.1%
female, 25.5% HFrEF). During a median follow-up of 19.4 months, HFH/ACM occurred in
2,714 patients. Elevated RVSP was associated with an increased rate of the HFH/ACM com-
posite outcome. In multivariable analysis (Panel B), mildly elevated (adjusted hazard ratio
[aHR] 1.34, CI 1.20-1.49, p<0.001), moderately elevated (aHR 1.57, CI 1.39-1.78, p<0.001),
and severely elevated RVSP (aHR 1.98, CI 1.74-2.24, p<0.001) were independently associated
withHFH/ACM.Additionally, improved RVSP category was associated with increased HFH/
ACM in categorical (aHR 1.14, CI 1.03-1.26, p=0.010) and continuous analyses (Panel C).
Conclusions: RVSP independently predicts HF outcomes. Serial RVSP measurements may
identify sub-sets of patients with heart failure at increased risk that may require more aggres-
sive monitoring.
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Comparison of Brain Natriuretic Peptide, Left Atrial Volumes and Function in
Predicting Heart Failure Readmission
Kellsey Peterson, Mikhail Torosoff. Albany Medical Center, Albany, NY.
Background: Incremental importance of left atrium (LA) enlargement and preserved LA
function on heart failure re-admission as compared to elevated brain natriuretic peptide
(BNP) has not been well investigated.Methods: This was a retrospective, single center study
of consecutive congestive heart failure (CHF) patients enrolled over 2 years in the Get with
The Guidelines-Heart Failure registry. Patients with heart transplant, left ventricular assist
device, and end-stage renal disease were excluded. LA volumes were measured using the
biplane method on routine transthoracic echocardiography during index admission.
Maximum volumes were measured at the end of the T wave, pre-atrial contraction volumes
(pre-A) were measured at the beginning of the p wave, and minimum volumes were
measured at the beginning of the QRS. Results: A total of 523 patients were included in
the analysis (50% with HFrEF, 43% women, mean age 71.9 +/-14.7 years). Comorbidities
were prevalent (64% hypertension, 44% diabetes, 63% coronary artery disease, 46% atrial
fibrillation). LA volumes were significantly increased in patients readmitted at 90 days
(p<0.004), 6 months (p<0.002), and 1 year (p<0.004), but not at 30 days. LA booster func-
tion reflected as percent change pre-A to minimum LA volume, was significantly lower in
patients readmitted at 30 days (20.8 +/-16.3 vs. 27.5+/-16.9%, p=0.03), 90 days (20+/-13.7
vs. 28.8+/-17.4%, p=0.002), 6 months (20.9+/-13.8 vs. 28.9+/-17.5%, p<0.001), and 1 year
(21.1+/-14 vs. 28.9+/-17.6%, p<0.001). LA booster function did not affect 30-day readmis-
sion (p=0.089), as opposed to increased BNP (p=0.008). However, improved LA booster
function was associated with decreased chance of 90-day (0.969, 95%CI 0.952-0.988,
p=0.001); 6-month (0.973, 95%CI 0.956-0.990, p=0.002); and 1-year readmission (0.973,
95%CI 0.957-0.990, p=0.001). When LA booster function was accounted for, elevated
BNP was not associated with increased risk of 90-day, 6-month, and 1-year CHF readmis-
sions. Conclusions: Increased LA volumes, a reflection of LA remodeling and dysfunction,
are commonly seen in CHF and portend increased risk of readmission. In addition, LA
function appears to be a better predictor of CHF readmission than BNP.

P4-03 - Oral

Three-Dimensional Speckle-Tracking Echocardiography for Assessment of Left
Ventricular Myocardial Fibrosis in Patients with End-Stage Heart Failure:
Comparison with Cardiac Magnetic Resonance Imaging
Yuman Li1,2,3, Mingzhu Qian1,2,3, Yanting Zhang1,2,3, Mingxing Xie1. 1Department of
Ultrasound Medicine, Union Hospital, Tongji Medical College, Huazhong University of
Science and Technology, Wuhan 430022, China; 2Clinical Research Center for Medical
Imaging in Hubei Province, Wuhan 430022, China; 3Hubei Province Key Laboratory of
Molecular Imaging, Wuhan 430022, China.
Background: left ventricular (LV) strain parameters assessed by 3-dimensional (3D) speckle-
tracking echocardiography (STE) has been recently reported to correlate with the extent of LV
myocardial fibrosis (MF). However, the value of 3D-STE-derived strain parameters in predict-
ing RVMF when comparison with cardiac magnetic resonance (CMR) imaging has not been
investigated in patients with end-stage heart failure (HF). This study aimed to determine
which imaging parameter assessed by 3D-STE and late gadolinium enhancement (LGE) of
CMR was the most reliable parameter for predicting LV MF in patients with end-stage HF
against histological confirmation of MF. Methods: A cohort of 60 patients with end-stage
HF who underwent echocardiographic and CMR examinations before heart transplantation
were included in our study. The ''n''-SD technique was used to quantify the extent of LGE, rep-
resenting MF. LV global longitudinal strain (GLS), global circumferential strain (GCS), global
radial strain (GRS) were obtained from 3D-STE. The degree of MF was quantified using
Masson’s staining in LV myocardial samples in all patients. Sixty patients were divided into
3 groups according to the tertiles of histologic MF (mild, moderate, and severe MF groups).
Results: Patients with severe MF had lower 3D-LVGLS and greater LGE extent than those
with mild and moderate MF, while 3D-LVGRS and 3D-LVGCS were not different among
these groups. MF strongly correlated with 3D-LVGLS (r = 0.72, P < .001), modestly with
LGE extent (r = 0.68, P < .001), but did not correlate with 3D-LVGCS and 3D-LVGRS.
Receiver operating characteristic analysis revealed that both CMR-LGE and 3D-LVGLS had
similar accuracy for detecting severe MF (area under the curve: 0.86 vs 0.84, P > .05). The

model with 3D-LVGLS (R2 = 0.58, P < .001; Akaike information criterion = 211) was better
in predicting the degree of LV MF than that with CMR-LGE (R2 = 0.57, P <.001; Akaike in-
formation criterion = 213). Classification regression analysis demonstrated that 3D-LVGLS
offered incremental value over CMR-LGE for predicting LV MF (incremental R2 = 0.332, P
< .001) in patients with end-stage HF. Conclusion: 3D-LVGLS offered incremental value
for predicting LV MF over CMR-LGE. 3D-LVGLS may be an optimal surrogate imaging
marker for predicting the extent of LV MF in patients with end-stage HF.
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Left Ventricular Three-Dimensional Speckle Tracking Echocardiography Predicts
Adverse Clinical Outcomes in Heart Transplant Patients
Shuangshuang Zhu1,2,3, Yuman Li1,2,3, Mingxing Xie1,2,3, Li Zhang1,2,3. 1Department of
Ultrasound Medicine, Union Hospital, Tongji Medical College, Huazhong University of
Science and Technology, Wuhan 430022, China; 2Clinical Research Center for Medical
Imaging in Hubei Province, Wuhan 430022, China; 3Hubei Province Key Laboratory of
Molecular Imaging, Wuhan 430022, China.
Background: Accurate assessment of left ventricular (LV) function in heart transplant (HT) pa-
tients is critical. Three-dimensional (3D) global longitudinal strain (GLS) was found to be more
accurate because of independence of imaging plane and geometric assumptions. However, the
prognostic value of 3D-GLS in HT recipients has not been evaluated. This study explored the
long-term prognostic significance of 3D-GLS in HT recipients.Methods: The study comprised
296 consecutive patients who underwent HT between January 2015 and December 2019 at
Union Hospital in Wuhan, China. All subjects underwent comprehensive transthoracic two-
dimensional (2D) and 3D echocardiographic examinations. Patients were followed until
January 1st, 2022. Major adverse cardiac events (MACE) were defined as a composite of heart
failure hospitalization, re-transplantation and death. Results: After a median follow-up of 3.3
years, 53 HT patients experiencedMACE. Patients withMACE displayed significantly impaired
2D-GLS (16.36 3.4 vs 18.66 2.4, P< 0.001) and3D-GLS (3D-GLS: 15.86 3.4 vs 18.56 2.0, P <
0.001) compared with those without MACE. Kaplan-Meier analysis showed that the risk of
MACE increased significantly with worsening tertiles of 2DGLS and 3DGLS (both log-rank p
< 0.001). Area under the curve for 3D-GLS (0.81) was larger than that in 2D-GLS (0.74, P =
0.024) for MACE prediction. On multivariate Cox proportional hazards regression, 2D-GLS
(HR: 1.178, 95% CI: 1.053-1.318; P = 0.004) and 3D-GLS (HR: 1.249, 95% CI: 1.105-1.412; P
< 0.001) were independently associated with the MACE after adjustment for diabetes, history
of rejection, hemoglobin, brain natriuretic peptide (BNP), and LV ejection fraction (LVEF). In
addition, 3D-GLS provided incremental prognostic value over 2D-GLS (chi-square difference =
5.1; P < .001). Continuous net reclassification improvement analysis showed an improvement
of + 23.3% was noted in the accuracy of classification between 3D-GLS and 2D-GLS.
Conclusion: In heart transplant recipients, 3D-GLS is an independently predictor of MACE.
These findings support the potential of 3D-GLS to identify higher risk HT patients.
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Characteristics of Normal Cardiovascular Structure Growth and Development Curve
from Fetus to Infancy Period
Xiaoxue Zhou, Yihua He. Beijing Anzhen Hospital, Capital Medical University, Beijing,
China.
Background: Quantitative measurements of cardiac size, hemodynamic condition and func-
tion are helpful for an accurate cardiovascular assessment. Understanding normal cardiovas-
cular growth and development from fetal to infant time helps to understand the changing
characteristics of each structure, especially in the transitional period fromplacental to the extra-
uterine environment. The aim of our study was to link the growth and development curves
about the normal cardiovascular structure from fetal to infant period, and to analyze the char-
acteristics of the cardiac structure and hemodynamics from the 24thweek of gestation to 1 year
old after birth. Methods: Measurements of 10 variables including transverse diameter of left
atrium (LA), transverse diameter of right atrium (RA), transverse diameter of left ventricle
(LV), transverse diameter of right ventricle (RV), aortic annulus diameter (AO), pulmonary
valve annulus diameter (PV), mitral valve E- and A- wave (MV E- and A-wave), and tricuspid
valve E- andA-wave (TVE- andA-wave) from9430 normal fetal and 874 normal infant echo-
cardiographic examinations were acquired from 9 centers in China. Growth and development
curves of each variable were displayed by RBF regression from fetal to infant period. The
growth, development and hemodynamic changes of each structure were analyzed in different
periods.Results:All cardiovascular structures grew and developed as the increasing gestational
age inprenatal time.BothA-andE-wave inMVandTVrose as the increasing gestational age in
prenatal time. And A-wave was greater than E-wave inMV and TV.When born, right cardio-
vascular structures including RA, RV and PA presented an obvious decline in the first few
weeks, and among them RV was the most obvious. Whereas it was not obvious in left cardio-
vascular structures including LA, LV and AO. After this period, structures grew steadily as the
increasing age in infant time. For pulse doppler, E- and A-wave changed significantly in first
week when born, and E-wave was greater than A-wave. Both E- and A-wave in MV and TV
kept stable in the following time. Conclusion: Changes in the left and right cardiovascular
structures and flows reflect the changing characteristics from placental circulation to pulmo-
nary circulation. The decline tendency of right cardiovascular structure in the first few weeks
indicate that it needs aperiod time to adapt the change fromplacental topulmonary circulation.
And this decline also illustrates that we should not have surgery for a congenital heart disease
infant until after this period of time as far as possible.
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Echo-Doppler Predictors of Residual Pulmonary Hypertension Requiring Intervention
Post Pulmonary Thromboendarterectomy
Anil Kumar Jonnalagadda, Rylie Pietrowicz, Madeline Lee, Vladimir Lakhter, Riyaz Bashir,
William Auger, Anjali Vaidya, Estefania Oliveros, Paul Forfia. Temple University Hospital,
Philadelphia, PA.
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Background: Pulmonary thromboendartectomy (PTE) remains the preferred treatment for
chronic thromboembolic pulmonary hypertension (CTEPH) in eligible patients. Herein, we
investigated the Echo-Doppler (DE) characterstics at 3-months post-PTE to identify patients
that do not require PH interventions versus those who do.Methods: Retrospective analysis of
92 patients that underwent PTE between July 2019 and 2021. Patients who died within 3-
months post-PTE were excluded. Patients were classified into 2 groups at 3-month follow-
up: 74 patients (85%) were alive and did not require any additional PH intervention
(Group A); and 15 patients (17.2%) required PH intervention (Group B). At 3-month
follow-up we performed a qualitative DE assessment and applied a semi-quantitative DE
scoring system (DESS), assigning point values for 6 parameters: Right Ventricular (RV)
size, RV shape (systolic base-to-apex ratio), RV systolic function, septal position, degree of
tricuspid regurgitation (TR), and RV outflow tract (RVOTN) Doppler notching (Table 1).
Results: Eighty-seven patients met inclusion criteria. Mean age was 55.9613.6 years,
39(44.8%) were female and 42(48.3%) were white. Mean BMI was 30.466.9 kg/m2. Two pa-
tients (2.2%) died during the study period. Pre-PTE, 29(33%) patients were on PH therapy.
Post PTE, there was a 45% reduction in mean pulmonary artery pressure (mPAP) and 57%
increase in cardiac index (Table 2). DE assessment at 3-months post-PTE showed improve-
ments (Table 3). Subjects had either normal/mildly abnormal findings for RV size(66%),
RV function(64%), RV shape (79%), septal position(72%), and degree of TR(90.8%). Pre-
PTE, 80% of subjects had RVOTN, whereas 77% had no RVOTN at 3-months post-PTE.
Using ROC analysis, a post-PTE DESS of 6.5 (AUC 0.73; p 0.089) was found to have strong
ability to differentiate between Group A and B (Figure 1). To meet DESS threshold of < 6.5
requires no more than mild abnormalities for all 6 DE parameters. Evidence of tricuspid valve
regurgitation (OR 6.39, CI 1.11-36.7; p=0.038) and RV enlargement (OR 0.36; CI 0.09-1.46) at
follow-up were highly associated with need for additional PH interventions post-PTE.
Conclusion: Serial DE examination is a viable, non-invasive method of differentiating the
presence or absence of significant residual PH at 3-months post-PTE.
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Propensity Matched Comparison of Readmission Rate in Heart Failure Patients
Undergoing In-Hospital Echocardiogram
Kyeeun Park1, Pyi Phyo Aung1, Abi Watts2. 1Memorial Healthcare System, Hollywood, FL;
2Saint Peter's University Hospital/Rutgers Robert Wood Johnson Medical School, New
Brunswick, NJ.
Background: Echocardiography, a relatively low-cost and readily available imagingmodality,
is a keystone in diagnosing and managing heart failure (HF). Echocardiographic parameters
indicating worsening systolic and diastolic dysfunction are related to higher readmissions.
However, there is no data on the association between utilization of in-hospital echocardiogra-
phy and unplanned readmissions.Methods:Weconducted a retrospective analysis of the 2018
to 2019 Nationwide Readmission Database (NRD). Adult patients (Age > 18) with a primary
diagnosis of HF undergoing echocardiogram were selected using ICD-10-CM diagnosis and
procedure code. Discharge-level weight analysis was used to produce a national estimate.
Propensity score matching (1:1) with age, sex, hypertension, shock, chronic kidney disease,

pulmonary edema, hyponatremia, and comorbidity burden was performed and outcomes
were compared between matched cohorts. Results: During the study period, 220,286 patients
were admitted with primary diagnosis of HF of which 11,346 (5.2%) underwent echocardio-
gram during the hospitalization. Mean age was 68.6 (SE 0.05) and 54.8% were male. Overall
in-hospital mortality was 3.5%. Patient with echocardiogram tended to be younger (65.1 SE
0.2 vs 68.5 SE 0.05), but havemore proportion of cardiogenic shock (10.8% vs 4.4%), acute kid-
ney injury (31.2% vs 24.7%), and hyponatremia (15.1% vs 11.6%). Among those who dis-
charged, overall 30-day unplanned readmission rate was 21.5%. The most common cause of
readmissionwas repeated heart failure (56.9%) followed by hypertension related heart and kid-
ney diseases (12.6%), sepsis (3.6%), respiratory failure (2.0%) and coronary heart disease
(2.0%). 73% of readmissions were due to cardiovascular diseases and a half of readmission
occurred within 11 days after the discharge. 117,313 discharged patients with in-hospital echo-
cardiogram and without echocardiogram were propensity-matched. Unplanned 30-day read-
mission ratewas significantly low in patientswith echocardiogram(20.3%vs 21.5%, p=0.002).
Thepreventive effect of echocardiogramtoreadmissionwas even greater in90-day readmission
rate (32.1% vs 34.0%, p < 0.0001). In-hospital mortality was not significantly different in both
groups (4.2%vs 3.4%, p= 0.5).Conclusion:An in-hospital echocardiogram is associatedwith a
statistically significant reduction of unplanned readmission of 1.2% and 1.9% at 30 days and 90
days, respectively, in patients with HF. Only 5.2% of the patients underwent an in-hospital
echocardiogram in this nationally representative admission sample.
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Increased Coronary Sinus Visibility in Collegiate Athletes
Nathaniel J. Elsner1, Ziad A. Jaradat2, Lee V. Garret2, Balaji K. Tamarappoo2, Richard J.
Kovacs2, Alexander V. Smolensky2. 1Indiana University School of Medicine, Internal
Medicine Residency, Indianapolis, IN; 2Indiana University School of Medicine, Division of
Cardiovascular Medicine, Krannert Cardiovascular Research Center, Indianapolis, IN.
Background: We have observed that the coronary sinus (CS) is frequently visible in the 4-
chamber view in transthoracic echocardiograms (TTEs) performed on collegiate athletes.
To date, there are no studies investigating if this is a common observation in athlete’s hearts.
We sought to compare the frequency of CS visualization in well trained athletes compared to
the general population. Methods: TTEs from 164 Division-1 collegiate athletes of various
sports (ATH) and 214 sex-matched outpatient control subjects (CON) were retrospectively
reviewed for the frequency of CS visibility in the 4-chamber view. Additional data was re-
corded from the official TTE report. Subjects with congenital heart disease, pulmonary hyper-
tension, poor RV function, severely dilated cardiac chambers, or a left ventricular ejection
fraction less than 50% were excluded. Results: The CS was more visible in ATH when
compared to CON 35.4% vs. 17.8% (p = 0.0001), shown in table 1. The average body mass
index (BMI) in kg/m2 of ATH was significantly lower 24.62 6 3.57 compared to CON,
29.05 6 7.21 (p < 0.0001). When the data was pooled, the BMI of those with a visible CS
(n = 96) was significantly lower than those without a visible CS (n = 281), 25.72 6 4.71 vs.
27.636 6.75 (p = 0.0110), outlined in table 2. In an age and sex matched subgroup of athletes
and CON with similar BMI (24.626 3.57 vs. 25.906 6.06, p=0.1167), (n = 29), there was no
difference in CS visibility, 35.4% vs. 27.6% (p = 0.5256). Conclusion: The CS was visualized
more frequently in collegiate athletes compared to non-athlete controls, however, this differ-
ence was not seen when adjusted for BMI, age, and sex. The data suggests that increased vis-
ibility of CS in athletes may be related to their low BMI than the general population.
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The Impact of Surveillance of Cancer Therapeutics-Related Cardiac Dysfunction by
Periodic Echocardiography
Yuichiro Okushi1, Kenya Kusunose1, Hiromitsu Seno1, Tomonori Takahashi1, Yoshihito
Saijo1, Takayuki Ise1, Koji Yamaguchi1, Shusuke Yagi1, Hirotsugu Yamada2, Takesi
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Soeki1, Tetsuzo Wakatsuki1, Masataka Sata1. 1Tokushima University Hospital, Tokushima,
Japan; 2Tokushima University Graduate School of Biomedical Sciences, Tokushima, Japan.
Background: Recent guidelines recommend a surveillance of cancer therapeutics-related
cardiac dysfunction (CTRCD) by echocardiography in breast cancer patients because early
administration of cardioprotective drugs reduces the incidence of CTRCD. The aim of this
study was to evaluate the impact of periodic echocardiographic surveillance in breast cancer
patients undergoing chemotherapy.Methods:We included 262 breast cancer patients who
received anthracyclines or anti-HER2 antibodies for the first time at our hospital between
2008 and 2020. Patients were stratified into two groups with and without surveillance. The
surveillance was underwent as every 3 months follow-up echocardiography including strain
analysis from initial chemotherapy administration. We compared probability of composite
endpoint, which was defined as incidence of CTRCD and admission due to heart failure,
between the two groups using the inverse probability of treatment weighting (IPTW)
method. Results: Mean age was 59 6 12. Sixty-two patients in the surveillance group
and 200 patients in the non-surveillance group were followed up. Surveillance group was
significantly younger, higher frequently received anthracyclines and less frequently HER2
inhibitors, compared with non-surveillance group. During a follow-up period of 15 months
(interquartile range 10 to 17 months), while 11 patients (5.5%) in the non-surveillance
group reached the composite endpoint, no patient (0%) in the surveillance group reached.
Patients in surveillance group had significantly lower rate of CTRCD than non-surveillance
group (p <0.001). Conclusion: In breast cancer patients with chemotherapy, the patients
with periodic echocardiographic surveillance had lower incidence of for CTRCD and
admission due to heart failure.
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Three-Dimensional Principal Strain, Twist and Torsion as Predictors of Cancer
Therapeutics Related Cardiac Dysfunction (CTRCD) in Breast Cancer Patients
Chan Seok Park. Catholic University of Korea, Bucheon, Korea, Republic of.
Background: Breast cancer patients usually received anti-cancer chemotherapy even in the
early stage. Main regimen includes anthracycline and trastuzumab which are known have
cardiotoxicity. Three-dimensional echocardiography can provide all conventional and
deformational parameters in one image but its utility is limited.Methods: The patients un-
derwent adriamycin based chemotherapy and three-dimensional echocardiography before
and 1 year after were included. All the analyses of 3-dimensioanl echocardiographic images
were performed using 4D LV Analysis (TomTec, Unterschleissheim, Germany), a commer-
cially available, vendor-independent software. Cancer therapeutics related cardiac dysfunc-
tion was defined as decrease in the value of longitudial strian more than 15 % in the follow
up compared to the pre-chemotherapy exam. Results: The number of patients was 75. One

patient was admitted due to symptoms related to heart failure. Multivariate logistic regres-
sion analysis showed that 3-dimensional longitudial strian measured before chemotherapy
can predict CTRCD (Odds ratio; 95% confidence interval: 0.63; 0.42-0.93. p value = 0.02).
Conclusion: 3-dimensional deformation parameters can be used as predictors of CTRCD in
breast cancer patients and it should be applied more widely in clinical settings.
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Automated Left Atrial Strain Analysis for the Detection of Elevated Left Heart
Pressures: Are More Data Points Better Than One?
Amita Singh1, Roydell Johnson1, Kyle Hipke1, Linda Lee1, Juan Cotella1, David Prabhu2, John
Blair1, Jimmy Su2, Peter K. Jakobsen3, Anna F. Thomsen3, Tania Deis3, Finn Gustafsson3,
Jesper Linde3, Roberto M. Lang1. 1University of Chicago Medical Center, Chicago, IL;
2Philips Healthcare, Cambridge, MA; 3University of Copenhagen, Copenhagen, Denmark.
Background: Noninvasive estimates of left ventricular filling pressure (LVFP) using echocar-
diography remain highly clinically relevant, with recent data demonstrating that detection of
elevated LVFP using peak left atrial strain (LAS), also termed reservoir strain, is reasonably
accurate. However, previous studies have also shown other LAS components, including
conduit and booster strain, may offer additional prognostic information. We developed and
tested a machine learning (ML) technique, which incorporates all LAS components to predict
LVFP, and compared the results side-by side with peak LAS alone, against invasive pressure
measurements. Methods: Retrospectively acquired echocardiographic data from two sites
were used to train and test the integrated LAS curve algorithm. The study included 329 pa-
tients with echo and invasive hemodynamic data, including LVEDP or pulmonary capillary
wedge pressure (PCWP). LAS components were measured from the apical 4-chamber view
using commercial software (AutoStrain LA, TomTec). Elevated LVFP was defined by a
threshold of PCWP or pre-A LVEDP >12mmHg. The ML LAS algorithm was trained using
a random selection of 60% of the combined dataset and then tested on the remaining 40% as
an independent validation. Accuracy was assessed by the ability to classify normal or elevated
LVFP. Randomized cross-validation was repeated 1000 times and averaged, with the ML al-
gorithm compared to peak LAS threshold of 20% in detecting abnormal LVFP. Results:
Abnormal LVFP was present in 74% of subjects. Averaging over the repeat cross-validation
showed that the ML method had an accuracy of 8362.8% vs. 796 2.6% for peak LAS (p <
0.001). Leave-one-out training and validation also showed a similar accuracy difference be-
tween the two methods (Figure). Conclusions: Our results support previous findings that
show LAS data is a useful and accurate imaging marker in the detection of abnormal
LVFP. Integrated ML algorithm which uses individual LAS components provided a modest
but significant improvement over peak LAS alone. Our results show promise for clinical prac-
tice in providing a noninvasive, quick and accurate method using LA strain as an estimated
predictor of abnormal filling pressures.
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Diagnostic Value of Postsystolic Shortening and Early Systolic Lengthening on
Myocardial Microvascular Dysfunction in Patients with ST-segment Elevation
Myocardial Infarction After Emergency Percutaneous Coronary Intervention
Wenyue Yuan, Yanxiang Zhou, Mingqi Li, Hongning Song, Sheng Cao, Ruiqiang Guo.
Renmin Hospital of Wuhan University, Wuhan City, China.
Background: Postsystolic shortening (PSS) and early systolic lengthening (ESL) may occur
in myocardial ischemia. We aimed to access the diagnostic potential of PSS and ESL in
myocardial microvascular dysfunction in patients with ST-segment elevation myocardial
infarction (STEMI) after percutaneous coronary intervention (PCI). Methods: This is a
retrospective study of patients with STEMI and received emergency PCI (N=83), who
were examined by two-dimensional echocardiography, speckle-tracking echocardiography
(STE) and myocardial contrast echocardiography (MCE) within 7 days after PCI. Patients
were divided into global normal and poor perfusion groups according to global myocardial
perfusion score index (MPSI). Left ventricular myocardium was divided into left anterior
descending branch (LAD), left circumflex branch (LCx) and right coronary artery (RCA)
regions, which were divided into regional normal and poor perfusion groups based on
whether there were segments with poor microvascular perfusion. Global longitudinal strain
(GLS), PSS and ESL parameters which include postsystolic index (PSI), duration of postsys-
tolic shortening (PSS duration), early systolic index (ESI) and duration of early systolic
lengthening (ESL duration) were accessed by STE. Results: Significant differences were
observed in GLS, PSI, ESI and PSS duration between global poor and normal perfusion
groups. In regional normal perfusion group compared to regional poor perfusion group;
PSI, ESI and ESL duration of LAD and LCx regions, PSI of RCA region, and GLS of
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LAD region significantly decreased. In ROC curve analysis, PSI and GLS of LAD region, PSI
and ESL duration of LCx region, and PSI of RCA region were valuable parameters for diag-
nosis of myocardial microvascular dysfunction, among which PSI of LAD region had the
highest area under curve (AUC=0.809). Conclusions: PSS and ESL parameters are helpful
for early diagnosis of myocardial microvascular dysfunction in STEMI patients after PCI,
and can provide regional myocardial perfusion information according to the blood supply
of different coronary arteries.
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Do Patients with Non-Viable Myocardium from Ischemic Cardiomyopathy Benefit
from Revascularization? A Systematic Review and Meta-Analysis
Farideh Davoudi1, Satoshi Miyashita2, Tae K. Yoo3, Ubumi Imahira4, Aaron Lee2,
Carey Kimmelstiel2, Navin K. Kapur2, Gordon S. Huggins2, Brian C. Downey2.
1Department of Medicine, Mass General Brigham-Salem Hospital, Salem, MA;
2Division of Crdiology, Tufts Medical Center, Tufts University School of Medicine,
Boston, MA; 3Department of Medicine, MetroWest Medical Center, Framingham,
MA; 4Inpatient Psychiatry, Tufts Medical Center, Tufts University School of
Medicine, Boston, MA.
Background: Myocardial viability assessment has been used to select patients with viable
myocardium secondary to ischemic cardiomyopathy who might benefit from revasculariza-
tion. However, it remains controversial if revascularization benefits patients with ischemic
cardiomyopathy who have non-viable myocardium. The objective of this meta-analysis was
to compare mortality between patients with ischemic cardiomyopathy and non-viable
myocardium who underwent revascularization and those who underwent medical therapy
alone. Methods: The MEDLINE database was searched using PubMed to retrieve studies
published up to December 2021. Inclusion criteria were 1. studies that evaluated the impact
of revascularization (revascularization group) versus medical therapy alone (control group)
after the myocardial viability assessment; 2. patients who had coronary artery disease that
was amenable to coronary artery bypass grafting or percutaneous coronary intervention; 3.
patients who had non-viable myocardium. The main outcome measure was all-cause mor-
tality. Results:A total of 12 studies were included, evaluating 1,363 patients with non-viable
myocardium, of whom 501 patients underwent revascularization and 862 patients received
medical therapy alone. The duration of follow-up ranged from 16months to 10.4 years. The
all-cause mortality ranged from 0% to 70.4% in the revascularization group and from 2.9%
to 66.7% in the control group. The study showed that there was a significant reduction in all-
cause mortality in the revascularization group compared to the control group (RR 0.76, 95%
CI: 0.62-0.93, I2=0). Subgroup analysis showed that there was no association between the
type of imaging used for the myocardial viability assessment and the risk of all-cause mor-
tality (P-interaction=0.58). Meta-regression analyses demonstrated that there was no cor-
relation between the left ventricular ejection fraction, follow-up duration, year of
publication, and all-cause mortality. Conclusions: The findings of this meta-analysis sug-
gest a benefit from revascularization compared to medical therapy in patients with ischemic
cardiomyopathy despite the lack of myocardial viability. This study suggests the need for
prospective trials of revascularization in patients with ischemic cardiomyopathy regardless
of viability status and a search for mechanisms of benefit of revascularization distinct from
mitigation of ischemia.
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Comparison of the Diagnostic Accuracy of Exercise Stress Echocardiography with 100%
Use of Ultrasound Enhancing Agents and Exercise Stress SPECT
Max Ruge1, Stella Kyung2, Stuart Chen3, Anna Powers4, Nicole Prabhu5, Anupama
Rao3, Kim A. Williams3, Steven Feinstein3. 1Thomas Jefferson University Hospital,
Philadelphia, PA; 2Northwest Medical Group, Portage, IN; 3Rush University Medical
Center, Chicago, IL; 4Centerpoint Medical Center, Independence, MO; 5University of
Chicago, Chicago, IL.
Background: Use of IV ultrasound enhancing agents (UEA) improves endocardial
border visualization and wall motion assessment during stress echocardiography
(echo). Diagnostic performance of exercise contrast stress echo (CSE) compared to
exercise stress SPECT in assessing CAD in patients with no history of coronary
revascularization is unknown. Methods: We included all patients without prior cor-
onary revascularization undergoing exercise CSE or exercise stress SPECT from
2013-2017 who subsequently received invasive coronary angiography within 1 year
of stress testing. Significant CAD by angiography was defined as $50% left main
stenosis, $70% in other coronary arteries, or abnormal coronary physiologic testing
with FFR or iFR if performed. Results: 101 patients received exercise CSE and 204
had exercise stress SPECT. Of these, 79 (78.2%) of exercise CSE studies were
abnormal in comparison to 190 (93.1%) of exercise SPECT studies (p < 0.001).
Patients undergoing exercise CSE as compared to stress SPECT were older (62.6
vs 58.9 years, p = 0.008) and more likely to be women (48.5% vs 30.9%, p =
0.004). The sensitivity of exercise CSE was similar to that of stress SPECT (0.83
vs 0.93, p = 0.117). Specificity was higher with exercise CSE (0.24 vs 0.07, p <
0.001) (Table 1). Conclusion: In patients with no history of coronary revasculariza-
tion, exercise CSE had similar sensitivity with higher specificity to exercise stress
SPECT for angiographic CAD detection. Overall very low specificity was likely in
part from verification bias. Our results also underscore the potential significant lim-
itation of using angiographic anatomic assessment in validating ischemia by non-
invasive functional testing. Future studies to improve diagnostic utility include
myocardial perfusion in CSE and flow evaluation with stress PET, in comparison
with functional angiographic interrogation.
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Direct Comparison of Echocardiography Speckle Tracking and Cardiac Magnetic
Resonance Feature Tracking for Quantification of Right Ventricular Strain - A
Prospective Multimodality Validation Study in Ischemic Mitral Regurgitation
Justin Johannesen, Rena Fukuda, David Zhang, Katherine Tak, Rachel Meier, Hannah
Agoglia, Evelyn Horn, Jonathan Weinsaft, Richard Devereux, Jiwon Kim. Weill Cornell
Medical Center, New York, NY.
Background: Ischemic mitral regurgitation is a known risk factor for right ventricular (RV)
dysfunction. RV global longitudinal strain (GLS) is an emerging index of RV function; how-
ever, the magnitude of agreement between RVGLS by echocardiography (echo) and cardiac
magnetic resonance (CMR) and the relative utility of each modality for the diagnosis of RV
dysfunction and prognostication of all-cause mortality is unknown. Methods: Study pop-
ulation comprised a prospectively enrolled cohort of patients with same day echo and car-
diac magnetic resonance tailored to assess the right heart in ischemic mitral regurgitation.
RV indices inclusive of RV GLS via speckle tracking echo (STE) and via feature tracking
CMR (FT CMR) were independently quantified in all patients. Results: 100 patients with
ischemic mitral regurgitation were studied. 32% had RV dysfunction (EF<50%) on CMR
among whom there was greater reported dyspnea, more advanced heart failure symptoms
by NYHA class and lower LV and RV EF (all p<0.05). RV GLS was more impaired in pa-
tients with RV dysfunction whether quantified via STE or FT-CMR which was paralleled by
RV regional (septal and free wall) strain (p<0.001 for all). Strong correlations between mo-
dalities was observed for RV GLS (r=0.81) whereas correlations for free wall and septal
strain were modest (r=0.66 and 0.47, respectively). Regarding diagnostic performance,
both STE and FT CMR derived RV GLS yielded excellent detection of RV dysfunction
(AUC 0.94 for both), paralleling similar diagnostic performance for free wall strain by
both modalities (FT CMR AUC 0.94, STE AUC 0.92) though lower accuracy was demon-
strated for STE derived septal strain (STE AUC 0.78 and FT CMR AUC 0.92). During me-
dian follow up of 51 months (IQR 42, 60 months), all-cause mortality was 21% (n=21). Both
STE and FT CMR derived RV GLS stratified risk for all-cause mortality (STE p=0.02, FT
CMR p = 0.005) whereas conventional RV indices inclusive of TAPSE and RV S’ did not
(TAPSE p=0.44; S’ p = 0.88). Similarly, STE and FT CMR RV GLS were lower among pa-
tients with subsequent death. Conclusion: RV GLS is a robust marker of RV dysfunction
irrespective of modality which improves risk stratification for all-cause mortality beyond
conventional RV indices.

P4-16

Global Longitudinal Strain Echocardiography: Effects of Training on the Quality of
Analysis in a Pediatric Echocardiography Laboratory
Kelly Thorson1, Katie Jo Stauffer1, Jerrid Brabender2, Shea Bannon1, Alia Malo1, Rajesh
Punn1. 1Lucile Packard Children's Hospital Stanford, Palo Alto, CA; 2University of
Wisconsin - Milwaukee, Milwaukee, CA.
Background: Left ventricular strain echocardiography (SE) is increasingly used for the detec-
tion of cardiac dysfunction acrossmany clinical scenarios. Experience with SE has been shown
to improve the quality of analysis, however, SE education has not been assessed in pediatric
echocardiography environments. This study evaluated the effects of a focused SE educational
curriculum on the quality of analysis of SE in a pediatric echocardiography laboratory.We hy-
pothesize that SE education will improve measures of quality including accuracy and repro-
ducibility. Methods: Three cardiac sonographers, with various experience levels, analyzed
SE on 30 pediatric echocardiograms. The evaluation included a baseline SE analysis, followed
by educational sessions and finally, re-analysis. The researchers compared each stage of the
analysis against expert analysis. Statistical analyses, including Pearson’s r, paired sample t-
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test, intraclass correlation coefficient (ICC), and percent differences (%D), were used to eval-
uate the data. The sonographers were blinded to demographic, diagnosis, and analysis data at
each stage of the study. Results: The results demonstrated an improved correlation between
the observers and the expert analysis from baseline (r = 0.60, p = 0.005) to post-education
(r = 0.68, p = 0.001). The paired sample t-test indicated a significant difference between the
two stages, t(30) = -5.71, p = <0.001. The ICC demonstrated improved reliability frombaseline
(0.70 [0.06 - 0.93], p = 0.003) to post-education (0.88 [0.40 - 0.95], p = 0.005). A small average
improvement in %D between expert and sonographer from baseline (26.0% [-12.3 - 65.2]) to
post-education (24.5% [3.6 - 59.2]) was observed. Conclusions: Our results indicate that ed-
ucation is a vital component to ensuring a quality, reproducible, and reliable SE analysis in a
pediatric echocardiography environment.

P4-17

Early Change in Right Ventricular Mechanics Following Isolated Tricuspid Valve Surgery
Gloria Ayuba, Ansh Goyal, Christian Elenbaas, Taimur Safder, Jane Kruse, Adin-Cristian
Andrei, Jyothy Puthumana, James D. Thomas, Patrick McCarthy, Chris S. Malaisrie,
Akhil Narang. Northwestern Feinberg School of Medicine, Chicago, IL.
Background: Right Ventricular-Pulmonary Arterial Coupling ratio (RV-PA) evaluates the
relationship between RV contractility and RV afterload and has been shown to be an inde-
pendent predictor of mortality in patients undergoing transcatheter tricuspid valve repair.
Lower ratios indicate a suboptimal right ventricular contractile response to increased after-
load and is associated with worse outcomes. While early changes in RV function as assessed
by fractional area change (FAC), tricuspid annular plane systolic excursion (TAPSE) and
tricuspid annular systolic velocity (S’) after tricuspid valve (TV) surgery have been reported
there is a paucity of data on the immediate impact of isolated TV surgery on RV strain and
RV-PA coupling. This study sought to evaluate the early change in RV-PA coupling and
right ventricular function indices following isolated TV surgery. Methods: Patients under-
going isolated tricuspid valve surgery at Northwestern between 2004 and 2020 were
included in the study. Transthoracic echocardiograms were analyzed at baseline and prior
to discharge after TV surgery (follow-up). Right ventricular free wall longitudinal strain
(RV-FWLS), RV-PA coupling ratios (RV-FWLS / PASP), peak lateral tricuspid annular sys-
tolic velocity (S’), FAC, and TAPSE were measured. Results: 58 patients underwent isolated
TV surgery and of these 29 patients (50%) had pre-procedural and post-procedural echo-
cardiograms where RV-FWLS could be adequately analyzed. Among 29 patients analyzed,
their mean age was 59 6 16 years, and 66% of the patients were female. RV-PA coupling
ratio and RV-FWLS were significantly reduced early after surgery (0.5 6 0.3 vs 0.3 6 0.3
%/mmHg) (P= 0.034) and (17.4 6 7.4 vs 9.5 6 4.5%) (P<0.01). Early reduction in other
indices of RV systolic function were also noted after isolated TV surgery as seen in
Figure 1.Conclusion: In this retrospective study of patients who underwent isolated TV
surgery there is an early reduction in RV-PA coupling and RV systolic function. Further

investigation into the longitudinal changes in postoperative right ventricular systolic func-
tion and RV recovery is needed.
Figure 1: Change in right ventricular function indices over time following isolated tricuspid
valve surgery

P4-18

Use of Global Longitudinal Strain to Unmask the Effects of Sex Hormones on Left
Ventricular Function in Mice with Aortic Valve Stenosis
Runqing Huang, Bin Zhang, Carolyn Roos, Jordan Miller. Mayo Clinic, Rochester, MN.
Introduction: Global longitudinal stain (GLS) has incremental value compared to conven-
tional echocardiographic parameters in the assessment of subtle left ventricular (LV) systolic
and diastolic dysfunction in moderate/severe aortic stenosis (AS). The effect of sex, as an
important modulator of pathological processes implicated in the development of AS, remains
unclear. The aim of this study was to use GLS to determine whether animal sex or sex hor-
mones impact LV function in a preclinical mouse model of AS. Method: ldlr-/-/apoB100/
100 mice were fed a western diet for 6 months, then underwent surgical removal of sex organs
and were divided into 4 groups and followed for an additional 3 months: shammale (SM, 17),
sham female (SF, 9), castrated male (CM, 19), and ovariectomy female (OF, 14). Mice under-
went echocardiography (Vevo 2100, 40-MHz linear probe, $400 frames/s) at 9-month time
points, to measure: conventional echo parameters [aortic valve cusp separation (AVCS); LV
ejection fraction (LVEF), LV mass, E/e’ (ratio of mitral inflow velocity and mitral annular ve-
locity during early filling)], GLS and reverse longitudinal strain rate (rLSr) at early diastole.
Results: Average AVCS was 0.45 6 0.13 cm, suggesting presence of moderate to severe AS
in this cohort. LVEF and E/e’ showed no significant difference among groups. Compared
to SM mice, CM male displayed higher GLS and rLSr (18.464.3 vs 14.162.6; 9.362.9 vs
5.961.5, p<0.05), lower LV mass (73.3610.4 vs 92617.1, p<0.05), and similar AVCS
(0.4260.07 vs 0.4160.12). Compared to SF mice, OF mice had a trend of lower GLS and
rLSr (16.262.4 vs 18.163.2; 7.763.1 vs 8.861.7, p>0.05), smaller AVCS (0.4760.18 vs
0.5560.12, p>0.05) and similar LV mass (83.3613.7 vs 80.7610.5). Although male had
more severe AS than female, CM mice had similar GLS and rLSr compared to SF mice and
even higher GLS and rLSr than OF mice. Figure 1 A-E Conclusion: Our study showed that
despite AS severity, CM mice had more adaptive response in LV geometry and function
than SMmice. We did not, however, observe significant differences in LV function in female
groups despite worsening of valve function with ovariectomy. Ultimately, our data suggest
strain is a useful and more sensitive measure of early LV decompensation in moderate-
severe AS compared to traditional echocardiography.

P4-19

Preoperative Biomarkers Are Associated with Postoperative Right Ventricular Diastolic
Function Early After Tetralogy of Fallot Repair
Marc A. Delaney1, Andrea L. Jones1, Monique-Anne Gardner1, Anh D. Mai1, Omonigho
Ekhomu2, Adam S. Himebauch1, Yan Wang1, Sushma Reddy3, Laura Mercer-Rosa1.
1Children's Hospital of Philadelphia, Philadelphia, PA; 2Rush Children's Hospital, Chicago,
IL; 3Lucile Packard Children's Hospital, Palo Alto, CA.
Background: Echocardiographic characterization of right ventricular (RV) diastolic func-
tion is challenging early after tetralogy of Fallot (TOF) repair. Serum biomarkers are surro-
gates of ventricular remodeling in adults, but they have not been investigated in infants
undergoing TOF repair. We aimed to investigate associations between pre-operative serum
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biomarkers with post-operative echocardiographic measures of RV diastolic function and
clinical course. Methods: We prospectively assessed infants undergoing surgical repair
for TOF who had serum samples collected at the time of surgery. Serum biomarkers eval-
uated included: biomarkers of fibrosis (metalloproteinases MMP1 and MMP9, Galectin-3,
procollagen type I propeptide (PICP), procollagen-III aminoterminal propeptide (PIIINP),
and micro-RNA21 (miR21)), fibrosis and inflammation (ST2), and wall stress
(NTproBNP). Echocardiograms were obtained on post-operative days 2-5 to assess mea-
sures of RV diastolic function included tricuspid E velocity, E/A and E/e’ ratios, right atrial
(RA) emptying fraction, RA peak systolic strain and RA systolic strain rate (reservoir func-
tion), and early diastolic strain rate (conduit function). Associations between biomarkers
and echocardiographic variables were explored using Pearson correlation coefficients and
linear regression. P#0.05 was significant. Results: Seventy-two patients (61% male,
73.6% White) underwent TOF repair at median 3.7 months (IQR 2.6, 5.5). Median length
of hospital stay was 6 days (IQR 4.5, 8). Biomarkers that correlated with post-operative RV
diastolic dysfunction included: MMP1 [increased RV pressure (rho 0.42, p=0.0072) and
higher tricuspid E velocity (rho 0.30, p=0.05)], MMP9 and PIIINP [greater tricuspid E/A
ratio (rho=0.38 p=0.016, rho=0.39 p=0.015, respectively. The adjusted R2 for these bio-
markers combined was 0.21)], and Galectin-3 [worse RA emptying fraction (rho=-0.29,
p=0.05)]. ST2 was associated with better RA reservoir function (rho 0.38, p=0.01) and
miR21 correlated with smaller RV size (end-systolic area rho=-.31, p=0.042). Higher pre-
operative NT-proBNP was associated with higher post-operative lactate (rho=0.50,
p=0.015), longer use of milrinone (rho=0.24, =0.039), and greater length of hospital stay
(rho=0.30, p=0.0098). Conclusion: Biomarkers of myocardial fibrosis and inflammation
can provide information on post-operative RV remodeling immediately after TOF repair.
NTproBNP informs about clinical status and could be used pre-operatively to identify pa-
tients at risk for less favorable post-operative course.

P4-20

Role of Left Atrio-Ventricular Mechanics and Functional Capacity in Patients with
Heart Failure with Preserved Ejection Fraction
Navazh Jalaludeen1, Faye Forsyth2, Jamie O’Driscoll3, Holly Pavey1, Kaisa M€aki-Pet€aj€a1, Ian
Boden Wilkinson1,4, M Justin Zaman5, Christi Deaton6, Joseph Cheriyan1,4. 1Division of
Experimental Medicine & Immunotherapeutics, University of Cambridge, Cambridge,
United Kingdom; 2Department of Public Health and Primary Care,University of
Cambridge School of Clinical Medicine, Cambridge, United Kingdom; 3School of Human
and Life Sciences, Canterbury Christ Church University, Canterbury, United Kingdom;
4Cambridge Clinical Trials Unit, Cambridge University Hospitals NHS Foundation Trust,
Cambridge, United Kingdom; 5West Suffolk NHS Foundation Trust, Sufflok, Sufflok,
United Kingdom; 6Department of Public Health and Primary Care, University of
Cambridge School of Clinical Medicine, Cambridge, United Kingdom.
Background: Exercise intolerance and dyspnoea are independent predictors of adverse out-
comes and quality of life in patients with heart failure with preserved ejection fraction
(HFpEF). We investigated the association of novel echocardiographic parameters with func-
tional capacity and perceived exertion in HFpEF patients. Methods: We retrospectively
measured left atrial (LA) mechanics (LA stiffness and LA coupling) and left and right ventric-
ular (LV and RV) strain on 42 patients from the OPTIMISE HFpEF study (NCT03617848).
The median (IQR) age was 79 (74, 83) years with 21 (50%) females, body mass index
32.765.9Kg/m2 (mean6SD) and systolic blood pressure 145629mmHg . LA, LV and RV
mechanics was assessed using 2D speckle tracking (EchoPAC, V202, GE Healthcare).
Transthoracic echocardiography and six-minute walk test (6MWT) were performed on the
same day, with perceived exertion recorded using the Borg Dyspnoea Scale. Results:
Mean6SD LVEF was 59.368.6%, LV GLS was 16.663.8%, LV VAC was 0.660.3, RV
VAC= 0.2560.09 and median (IQR), LA reservoir was 13%(8,22), 6MWT was 309m (165,
416). There was a statistically significant inverse association of LA stiffness (r =-0.43,
P=0.007), LA coupling (r =-0.51, P=0.011) and LV strain ratio (-0.42 ,P=0.008) with the
6MWT. Conclusion: Abnormal indices of LA and LV mechanics was significantly correlated
with a reduced exercise tolerance and perceived exertion in patient with HFpEF. Larger obser-
vational trials are required to investigate the relationships further and interventions to improve
cardiac mechanics may improve patient quality of life.

P4-21

Comparison of Left and Right Ventricular Strain in Children Derived from
Contemporaneous Echocardiography and Magnetic Resonance Imaging
Kristin Bonello1, Alessandra M. Ferraro1,2, Christopher Valle1, Lynn A. Sleeper1, Minmin Lu1,
Philip Levy1, Andrew J. Powell1, David M. Harrild1, Sunil J. Ghelani1. 1Boston Children's
Hospital, Boston, MA; 2"Paride Stefanini", Sapienza University of Rome, Rome, Italy.
Background:Analysis of ventricular strain by speckle tracking echocardiography (STE) has
become a standard technique for measurement of right ventricular (RV) and left ventricular
(LV) function in pediatric cardiology. Myocardial deformation can also be assessed by car-
diac magnetic resonance (CMR), but it is not well established if values between modalities
are comparable. Our objective was to evaluate the agreement of two dimensional (2D) and
three-dimensional (3D) STE against CMR-derived strain values in a diverse pediatric pop-
ulation. Methods: This retrospective analysis of echocardiography and CMR strain data
included 52 children, median age of 9.2 years (range 0.8-17.9 years). 2D, 3D STE, and
CMR were performed on the same day. Echocardiography images were acquired with the
Philips Epiq ultrasound system and offline analysis was performed using TomTec
Autostrain, Philips aCMQ, and TomTec 4D LV and RV analysis tool. CMR images were
analyzed using a tissue tracking package from cvi42 software. LV apical 2-, 3- and 4- cham-
ber, short axis mid-papillary, and RV apical free wall views were analyzed and compared.
Inter-modality agreement between echocardiography and CMR was assessed with
Bland-Altman analysis and intraclass correlation coefficient using a two-way mixed effects

model based on the mean of the two measurements. Percentage (%) error was calculated
using the mean of the echocardiography and CMR derived strain values as a reference stan-
dard. Results:Of the 52 patients, the cardiac diagnoses included valve disease (n=13), septal
defects (n=11), single ventricle physiology (n=6), other structural defects (n=8), non-
structural disease (n=4), and normal anatomy (n=10). Agreement between 2D and 3D
STE and CMR for all RV and LV views was low, with high relative bias, wide limits of agree-
ment, and error percentages ranging from 25.7% to 68.5% (Figure 1). For most variables, the
magnitudes of the 2D and 3D STE strain values were higher than those from CMR.
Conclusions: Agreement between 2D and 3D echocardiogram and CMR-derived strain
values is poor in a cohort of children with a variety of cardiac diagnoses. LV circumferential
strain shows the highest agreement, although still in the modest range. Until more robust
data exist, strain values should not be used interchangeably between echocardiography
and CMR.

P4-22

The Effects of General Anesthesia and Mitral Transcatheter Edge-to-Edge Repair on
Left Ventricular Global Longitudinal Strain
Kishanee Haththotuwegama, Flora M. Li, Todd Zwink, Srdjan Jelacic, G. Burkhard
Mackensen. University of Washington, Seattle, WA.
Background: Echocardiographic assessment of the left ventricular global longitudinal
strain (LV GLS) is a reproducible index of left ventricular systolic function that can detect
subclinical impairment. Little is known about the effects of general anesthesia on LV GLS in
patients with severe mitral regurgitation (MR) or the impact of mitral transcatheter edge-to-
edge repair (TEER) on LV GLS. We hypothesize that there is a deterioration in the LV GLS
immediately after induction of anesthesia and mitral TEER. Methods: This is an interme-
diate analysis of a prospective observational study of patients undergoing mitral TEER.
After obtaining informed consent, an experienced sonographer performed three peri-
procedural transthoracic echocardiograms (TTE) per standard protocol: before induction
of general anesthesia, immediately after induction, and within 24 hours post-procedure.
LV GLS analysis was derived from 2D speckle tracking (TomTec Arena, TOMTEC
Imaging Systems, Germany). LV GLS analysis was performed on apical four chamber, three
chamber, and two chamber views using an adequate frame rate (> 70 images per second).
Results: During the 16-month period, 31 patients undergoing mitral TEER were enrolled
and had two of three periprocedural TTEs completed. 27 patients had all three completed.
The mean LV GLS before induction of anesthesia was -11.9% (6 4.6), while after the induc-
tion of anesthesia, the LV GLS was -11.2% (6 4.3). The post-procedure LV GLS was -11.2%
(6 4.7). Figure 1 shows changes in LV GLS per patient. Conclusions: There is a paucity of
data on the effects of general anesthesia and accompanying mechanical ventilation on LV
GLS in patients with severe MR. Two small studies have demonstrated a slight decrease in
LVGLS after induction of anesthesia in subjects without cardiac comorbidities. Our interim
analysis shows no significant change in LV GLS after induction of anesthesia and after
mitral TEER.
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P4-23

Assessment of Left and Right Ventricular Strain Mechanics Among Neonates
Undergoing Therapeutic Hypothermia for Hypoxic Ischemic Encephalopathy
Justin Bradley Jin1, Wei Liu1, Sreenivas Karnati1, Ibrahim Sammour1, Ricardo J. Rodriguez2,
Rukmini Komarlu1. 1Cleveland Clinic, Cleveland, OH; 2Wake Forest Baptist Medical Center,
Winston-Salem, NC.
Background: Early diagnosis of impaired myocardial function and timely therapeutic hy-
pothermia is vital among patients with peripartum asphyxia and moderate/severe hypoxic
ischemic encephalopathy (HIE). Traditional markers of myocardial function (Left
Ventricular Ejection Fraction, LVEF; LV Shortening Fraction, LV FS) can be variably
reduced. Speckle tracking echocardiography is a more sensitive marker for impairment,
but remains inadequately studied, particularly in the neonatal population. Methods:
Neonates who underwent therapeutic hypothermia for HIE from 2009-2020 were matched
1:1 with normal neonates delivered during the same period with echocardiograms done for
indications other than HIE. Patients were matched based on gestational age, birth weight,
days of life, and gender. LV global longitudinal strain (LV GLS), Right Ventricular GLS (RV
GLS), and RV Free Wall Strain (RV FWS) were measured offline using TomTec software.
Results: 91 HIE patients and 91 controls were reviewed. 72.5% of patients had moderate/
severe HIE. RV GLS (-17.2 vs. -19.7, p<0.001) and RV FWS (-18.7 vs. -21.9, p <0.001)
were significantly lower among HIE cases. Overall, LV GLS, LV EF, and LV SF were not
significantly different between HIE and control groups (Table 1). Among HIE patients,
lower LV GLS was associated with death before discharge, need for chest compressions,
epinephrine during initial resuscitation, and inotrope use during admission (all p values
< 0.05; Table 2). Lower LV GLS correlated with a lower LV EF (Spearman r = -0.39, p
<0.001), but not with LV SF (p = 0.12). Compared to mild and moderate HIE patients,
LV GLS was significantly lower in severe HIE patients (-25.4 vs -22.9 vs -19.3, p = 0.002;
Table 3). RV GLS was significantly lower among severe versus mild HIE patients (-19.3
vs. -25.4, p = 0.002; Table 3). Conclusion: Both right and left ventricular strain mechanics
are impaired in patients with HIE, especially in severe HIE. Compared to controls, HIE
tended to have a lower RV GLS and FWS. Within cases, severity of HIE tended to correlate
with a lower LV GLS, with the latter further associated with the need of medical resuscita-
tion/support and decreased survival to discharge, highlighting it as a potential important
early prognostic marker.
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Fatal COVID-19 Fetal Myocarditis
Athira Nair, Pedro R. Cabrera. University of South Alabama, Mobile, AL.
Background: Viral myocarditis is a leading cause of fetal heart failure resulting in nonim-
mune hydrops fetalis. Vertical transmission of viruses has been described including
Enteroviruses, commonly Coxsackie viruses, and Parvovirus B19. COVID-19 has been
described with myocarditis in children. In this study we discuss a terminal case of fetal
myocarditis with severe dysfunction in the setting of maternal COVID-19. Case
Presentation: 32-year-old G2P1 female with chronic hypertension, presents at 26 weeks
and 2 days gestation with decreased fetal movement and worsening shortness of breath.
She started with congestion, cough, and shortness of breath 12 days prior to admission
and tested positive for COVID-19, 7 days prior to hospitalization. She had an uncomplicated
pregnancywith a normal anatomy scan at 18weeks and negativeQUADscreen and serology.
She was on aspirin, escitalopram, and loratadine. Fetal heart rate was 130 beats per minute
with moderate variability and rare variable decelerations. Fetal cardiac abnormalities and
fetal hydrops was suspected on initial ultrasound. The fetal echocardiogram showed a
severely dilated left ventricle with severely depressed function, limited visualization of other
cardiac structures and a small pericardial effusion. She was started on Remdesivir and dexa-
methasone, with initial doses for fetal pulmonary maturation followed by continued dosing
for COVID hypoxemia. 2 days after admission, she had increasing respiratory failure
requiring ICU level care. Repeat fetal echocardiogram showed continued severe dilation
with minimal movement of the left ventricle and valves and worsening pericardial effusion.
7 days after admission, ultrasound confirmed no fetal cardiac activity and a large fetal peri-
cardial effusion. Mother passed away 12 days after admission from worsening COVID res-
piratory failure and sepsis. Family declined autopsies.Conclusion:COVID- 19 infection can
affect the pediatric population including neonates with multisystem inflammations leading
to decreased cardiac function. A few cases have been reported on fetal myocarditis with
maternal COVID - 19 infection suggestive of placental transmission of the disease.
Prognosis of fetal myocarditis appears to be poor and there is risk of fetal demise.
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P5-02

Longitudinal Assessment of Cardiac Function Following Multisystem Inflammatory
Syndrome in Children Associated with COVID-19
Nikkan Das1, Rachel Hill1, Mira Trivedi2, Tarek Alsaied1, Brian Feingold1, Tyler H. Harris1,
Adam B. Christopher1. 1UPMC Children's Hospital of Pittsburgh, Pittsburgh, PA; 2Texas
Children's Hospital, Houston, TX.
Background:Multisystem inflammatory syndrome in children (MIS-C) after COVID-
19 is commonly associated with cardiac involvement. Multiple studies have shown
myocardial dysfunction, characterized by decreased ejection fraction and abnormal
strain, to be common in the acute phase of illness. However, there is limited data
on longitudinal cardiac outcomes. We aim to describe the evolution of cardiac find-
ings in our pediatric MIS-C cohort from acute illness through 2-month follow up.
Methods: A retrospective single-center review of 36 consecutive patients admitted
with MIS-C from April 2020 to September 2021 was performed.
Echocardiographic data including cardiac function and global longitudinal strain
(GLS) were analyzed at initial presentation, pre-discharge, 2-4 week follow up,
and 2-month follow up. Patients with normal and abnormal left ventricular ejection
fraction (LVEF) at presentation were compared. Results: On presentation, 42% pa-
tients had decreased LVEF < 55%. Of the smaller cohort (N=18) in whom GLS was
obtained, 44% were abnormal (GLS < j-18j%). Of those patients that had normal
LVEF, 22% had abnormal GLS. There were no significant differences in troponin
or brain natriuretic peptide between those with normal and abnormal LVEF. In
most patients with initial LVEF < 55% (90%), LVEF normalized upon discharge.
At 2 month follow up, all patients had normal LVEF with 21% having persistently
abnormal GLS. Coronary artery abnormalities were rare (14%) with all but 1 coro-
nary aneurysm normalizing at 2 months. Conclusion: Myocardial systolic dysfunc-
tion and abnormal deformation were common in MIS-C at presentation. While
EF often normalized by 2 months, persistently abnormal GLS was more common,
suggesting ongoing subclinical dysfunction. Overall, our study offers an optimistic
outlook for recovery in patients with MIS-C and carditis, however ongoing investi-
gation for longitudinal effects is warranted.

P5-03

Long Term Assessment of Global Longitudinal Left Ventricular Strain in Patients with
Multi-System Inflammatory Syndrome in Children
Nicole Toscana Stanford, Nikhil Pasumarti, Alexandra Linder, Michael P. DiLorenzo,
Kanwal M. Farooqi, Brett R. Anderson, Anne Ferris, Erika B. Rosenzweig, Rachel Weller,
Amee Shah. New York Presbyterian- Columbia University Irving Medical Center, New
York, NY.
Background: Multisystem inflammatory syndrome in children (MIS-C) is a significant
sequela of coronavirus disease 2019 (COVID-19). Cardiac manifestations of MIS-C can
include myocardial inflammation, often with cardiac dysfunction and/or coronary artery
dilation. Prior studies have shown normalization of most abnormal cardiac findings
including standard measures of ventricular function on follow up evaluation of this cohort.
There is interest in evaluating ventricular strain as a measure of subclinical dysfunction in
these patients, but few have been beyond the acute illness. We sought to describe global lon-
gitudinal strain (GLS) in patients admitted with MIS-C longitudinally up to one year follow
up. Methods: This is a retrospective, single institution cohort study of 48 children treated
for MIS-C at New York Presbyterian/Columbia University Irving Medical Center, April
2020 - January 2021. Patients had echocardiograms at initial presentation, and approxi-
mately 2 week, 6 month, and 12 month follow up. Echocardiograms done on patients fol-
lowed an institutional protocol for confirmed/suspected MIS-C. Apical 4, 3 and 2 chamber
views were analyzed using two-dimensional speckle tracking echocardiography. Results:
The average age of the cohort was 9 years (6 4.8 years) and 56% were male. The median
GLS was -17.4 (IQR -15.1- -19.7) at initial presentation, -19.5 (IQR -17.5- -21.4) at 2 weeks,
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-20.9 (IQR -18.2- -23.1) at 6 months, and -22.1 (IQR -18.8- -23.8) at 12 months (Figure 1).
Eighteen patients had echocardiograms at 12 months. Figure 2 displays these 18 patients
and their GLS over time. GLS values normalized over time with majority of patients reach-
ing normal for age values by the 2-week time point and complete normalization by 6
months. Conclusions: In our longitudinal study of MIS-C patients, we see that GLS is
abnormal during acute illness with normalization in most patients by 2 weeks, and latest
by 6 months following hospitalization. Normalization of ventricular strain could provide
evidence that this cohort of patients do not require long-term cardiac follow-up. Further
evaluation of regional longitudinal strain, circumferential and radial left ventricular strain,
along with right ventricular free wall strain is ongoing.

P5-04

Abnormal Global Longitudinal Strain is Not Associated with Abnormal Tissue
Characterization on Cardiac Magnetic Resonance Imaging in Multisystem
Inflammatory Syndrome in Children
Annie Ruth Morrison, Kristen Sexon Tejtel, Jolie J. Britt, Stephen B. Williams, Anitha
Parthiban, Carolyn A. Altman, Eyal Muscal, Ricardo Pignatelli, James C. Wilkinson, Tam
T. Doan. Baylor College of Medicine, Houston, TX.
Background: Multisystem inflammatory syndrome in children (MIS-C) can cause persis-
tent myocardial inflammation and injury after hospitalization. The role of abnormal GLS
in predicting prolonged myocardial inflammation or injury by cardiac magnetic resonance
imaging (CMR) is unclear. We hypothesized that 1) most impaired GLS on echocardiogram

during acute MIS-C and 2) persistently abnormal GLS at follow-up are associated with
abnormal myocardial tissue characterization on follow-up CMR. Methods: This is a
single-institution, retrospective, cohort study. We included all patients < 21 years who un-
derwent follow-up CMR after MIS-C diagnosis. Routine echocardiograms with GLS were
performed during the acute phase and follow-up. The primary outcome was myocarditis
by modified Lake-Louise criteria on CMR. The secondary outcome was at least 1 abnormal-
ity by myocardial tissue characterization on CMR (ECV >30%, abnormal T2 STIR and/or
T2 >60 msec, or late gadolinium enhancement). The primary predictor variables were most
impaired acute GLS within 30 days of diagnosis and follow-up GLS within closest interval of
CMR evaluation. Our secondary predictor variables were sex, age, symptoms at MIS-C pre-
sentation, coronary dilation, and laboratory values. Results: We identified 72 MIS-C pa-
tients with CMRs (median time to CMR 4 mo, IQR 3, 6). Six percent (n=4) met criteria
for myocarditis by CMR, and 24% (n=17) had at least one abnormality of CMR tissue char-
acterization. Most impaired acute GLS was not associated with abnormal tissue character-
ization on CMR. Patients with abnormal GLS at follow-up for age were more associated
with normal CMR compared to abnormal CMR (77% vs 47%, p=0.03). There was no cor-
relation between most impaired acute GLS or GLS at follow-up with ECV or T2 values.
Lower peak troponin was associated with abnormal CMR (p=0.04). Additionally, younger
age (p=<0.01) and Kawasaki Disease features (p=0.03) were associated with myocarditis.
Conclusion: Abnormal myocardial tissue characterization findings on follow up CMR
was noted in about a fourth of MISC patients and were not associated with most impaired
acute GLS or abnormal GLS at follow up. Inflammatory markers during acute illness did not
predict abnormal CMR. Longitudinal data is needed to determine if abnormal GLS and/or
CMR after MIS-C result in morbidity.

P5-05

Cardiovascular Involvement in Multisystem Inflammatory Syndrome in Children
Associated with SARS-CoV-2: A Prospective Study
Chinmay Parale, Ramanathan Velayutham, Avinash Anantharaj, Karunakar Pediredla,
Jaikumar Ramamoorthy, Narayanan Parameswaran, Suresh Kumar Sukumaran,
Debdatta Basu, Rahul Dhodapkar, Raja Selvaraj, Santhosh Satheesh. Jawaharlal Institute
of Postgraduate Medical Education and Research, Puducherry, India.
Introduction:Multisystem inflammatory syndrome in children (MIS-C) is a hyperin-
flammatory syndrome seen after COVID-19. Recent studies have described coronary
artery abnormalities (CAA) and left ventricular (LV) dysfunction in MIS-C patients.
This study aimed to analyze the incidence and severity of cardiac involvement in
MIS-C patients using echocardiography. Methods: This prospective cohort study
was conducted over a 19-month period from May 2020 to November 2021. All hos-
pitalized children from 1 month to 15 years who fulfilled the criteria for diagnosis of
MIS-C were consecutively enrolled. MIS-C was classified into severe, non-severe and
Kawasaki Disease like phenotype. Echocardiography was performed at admission, at
6 weeks and at 3 months. LV ejection fraction, coronary Z-scores and longitudinal
and circumferential strain by speckle tracking were analysed. Results: 81 patients
with MIS-C were included in the study (Table 1). 38 patients (46.9%) had LV sys-
tolic dysfunction and 16 (19.7%) had CAA. LV dysfunction was significantly associ-
ated with the severity of MIS-C [OR 0.14 (95% CI 0.05, 0.4), p-value = 0.001]
(Table 2). There was no association between the presence of CAA and LV dysfunc-
tion or disease severity. Median ejection fraction increased from 55.1% at admission
to 63.4% at 3 months. The mean Global Longitudinal Strain (GLS) and Global
Circumferential Strain (GCS) values at admission were -21.4 and -18.6 respectively.
Follow up echocardiograms at 6 weeks and 3 months showed a progressive increase
in GLS and GCS with the maximum increase seen within the first 6 weeks.
Conclusion: The incidence of LV dysfunction in MIS-C was 46.9% and its presence
correlated significantly with disease severity. LV dysfunction was mild in majority of
cases. 19.7% patients developed coronary artery aneurysms; their presence did not
correlate with LV dysfunction or disease severity. There was no correlation between
the GLS and GCS at admission with the disease severity. The overall prognosis was
good with a 1.2% mortality rate.
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Sex Differences in Echocardiographic Characteristics of COVID-19 Patients
Brigitte Kazzi1, Elie W. Akl1, Rimsha Rana2, Nisha A. Gilotra1, Nicole Bavaro1, Allison G.
Hays1, Monica Mukherjee1. 1Johns Hopkins University, Baltimore, MD; 2Georgetown
University School of Medicine, Washington, DC.
Background: Right ventricular (RV) dilation and worsening systolic function is common in
COVID-19 patients and is a predictor of mortality. While male sex is a well-established risk
factor for COVID-19 disease severity and mortality, sex differences in echocardiographic
parameters of ventricular function in COVID-19 patients remain unclear. Methods: We
prospectively studied 448 hospitalized COVID-19 patients who underwent a clinically indi-
cated transthoracic echocardiogram (TTE) during their index hospitalization. Differences
between groups were assessed using t-test or chi-square test for continuous and categorical
variables, respectively. The primary endpoint of interest was in-hospital all-cause mortality.
Analyses were adjusted for age, race, and BMI. The Kaplan-Meier method was used to
generate survival curves. Results: RV dysfunction was significantly more frequent in fe-
males compared to males (22% vs 11%, p=0.006) in analyses adjusted for age, race, and
BMI. Left ventricular (LV) ejection fraction was significantly lower in males than females
(51% vs. 66%, p<0.001). Global LV longitudinal strain was significantly more impaired in
females compared to males (-17.46 vs. -15.06, p=0.001). The median survival time after
admission was lower for females with RV dysfunction (10 days) compared to males with
RV dysfunction (18 days) and patients with normal RV function (23 days) (p=0.004).
Conclusions: Female sex is associated with RV dysfunction whereas male sex is associated
with lower ejection fraction, despite no difference in pulmonary pressures. Females with RV
dysfunction had highest in-hospital mortality. This difference may provide insight into
adverse sex specific response to viral injury in female patients with acute COVID-19 infec-
tion. Keywords: sex differences, echocardiogram, right ventricle, COVID-19

Figure 1. Time to death from admission.

P5-14

Speckle-Tracking Strain Rate Analysis in Children: Impact of Analysis Package and
Image Temporal Resolution
Alessandra M. Ferraro1,2, Jamie K. Harrington3, Lynn A. Sleeper1,2, Minmin Lu1, Matthew
Schildermeier1, Philip T. Levy1,2, Rahul H. Rathod1,2, Gerald R. Marx1,2, David M. Harrild1.
1Boston Children's Hospital, Boston, MA; 2Harvard Medical School, Boston, MA; 3Columbia
University, New York, NY.
Background: Strain rate is an early indicator of myocardial dysfunction associated with
clinical outcomes. Although task forces have worked to ensure uniformity of strain mea-
surements, this has not yet been performed for strain rate analyses. Furthermore, high frame
rate images are usually deployed for strain rate analysis, but its importance has not been
systematically tested in children. Here, we examine the impact of different analysis packages
and image temporal resolution on strain rate measurements. Methods: This retrospective
study analyzed echocardiograms from 80 children (< 18 years of age). Studies were acquired
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with Philips EPIQ ultrasound systems from apical 4-chamber (AP4) and short-axis mid
papillary level (SAXM) views. Strain rate analyses were performed on original images stored
at ‘native’ (high frame rate) temporal resolution and at 30 frames per second (FPS).
Averages FPS for native images were 74 for AP4, and 77 for SAXM. Figure 1 shows the study
workflow. Differences among packages in left ventricular (LV) AP4 and SAXM were as-
sessed by mixed effects linear regression with a random effect for subject and fixed effect
for packages with a compound symmetry variance-covariance assumption. Strain rate dif-
ferences by temporal resolution were assessed by paired t-test and Wilcoxon signed rank
test. Results: Strain rate differed amongst packages for all measures, both systolic and dia-
stolic (p<0.001). The distributions of strain rate by package are displayed in Figure 2. Many
strain rate parameters varied by temporal resolution, with the magnitude of the temporal
resolution effect varying by package (Figure 3). Conclusions: Strain rate values vary by
quantification package and image temporal resolution.

P5-15

Echocardiographic Parameters for Severity of Pectus Excavatum in Children
James Chang1, James Eubanks2,1, Vijay Joshi2,1, Rebecca Ann Hyde2, Timothy Jancelowitz2,1,
Benjamin Hendrickson2,1, Elizabeth Paton2,1, Ranjit Philip2,1. 1The University of Tennessee
Health Science Center, Memphis, TN; 2Methodist Le Bonheur Hospital, Memphis, TN.
Background: Pectus excavatum (PEX) is a progressive congenital disease characterized by
significant deformation of the sternal wall causing compression of right-sided cardiac struc-
tures. The anterior chest wall deformity poses a challenge in obtaining adequate imaging
planes with transthoracic echocardiography (TTE). There is limited data on TTE parame-
ters in PEX. We sought to assess the relationship of TTE with severity of PEX and cardio-
pulmonary parameters. We hypothesize that tricuspid valve annulus size as a measure of
right ventricular compression is negatively correlated with severity of PEX. Methods:
The study included children (< 19 years) with an institution-based protocol for preoperative
PEX evaluation with TTE, Chest Computerized Tomography (CT) and cardiopulmonary
stress test (CPET) from January 2015 to December 2021. The severity of PEX was defined
using the Haller index (HI; mild = 2-3.2, moderate = 3.2-3.5, severe > 3.5). This was
compared to the following TTE indices: Tricuspid valve annulus size (TVAS), right ventric-
ular fractional area change (FAC), cardiac output, left ventricular ejection fraction (LVEF)
and tissue doppler indices for diastolic dysfunction. We also compared TVAS to CPET
indices: peak oxygen consumption (VO2), oxygen pulse at anaerobic threshold (O2 pulse),
ventilatory efficiency (VE/VCO2), resting heart rate, heart rate (HR) reserve, and 2 minute
HR recovery. Results: There were 124 patients (19 females; 15%, 105 males; 85%), median
age 15 years (0-19 years), and median HI 3.7 (2.4-20). The majority of patients had reduced
TVAS Z-scores, mild/moderate HI median = -2 (-1.5 - -2.4) and severe HI median = -2.2
(-1.6 - -2.8), but no significant correlation was found (r = -0.17, p = 0.06). There were sig-
nificant correlations between TVAS and CPET parameters: VE/VCO2, r = -0.23, p = 0.01
(median = 29; 28-31), VO2 r = 0.023, p = 0.01 (median = 43; 38-48), VO2 percent predicted
r = 0.19, p = 0.04 (median = 86%; 72-97), and O2 pulse r = 0.20, p = 0.025 (median = 12.7;
10.2-14.6). The severity of HI had a negative correlation with HR reserve, r = -0.24, p = 0.006
(median = 14; 8-22), and two minute HR recovery, r = -0.44, p < 0.001 (median = 151; 137-
161). All patients had normal LVEF (mean = 63+5.7%) and FAC could not be calculated in
78% of patients due to poor acoustic windows. Conclusions: The TVAS was decreased in
patients with PEX and correlated with abnormal CPET indices. This is an easily measurable
objective tool for assessment of right ventricular compression in PEX and may be a useful
armament to the cardiologist is assessment of PEX by TTE.

P5-16

A High Fidelity Computational Human Heart Model for Learning Echocardiography
Susana Arango, David A. Ramirez, Paul A. Iaizzo, Tjorvi E. Perry, Benjamin Gorbaty.
University of Minnesota, Minneapolis, MN.
Background: Advanced understanding of functional cardiac anatomy is foundational for
echocardiography training. Three-dimensional heart models rendered from in vivo imaging
techniques are currently being used to teach cardiac anatomy. These models are often ''hand-
crafted'' to convey a realistic look and therefor lack necessary detail. Herein, we describe a novel
and innovative approach for developing a high-fidelity heart model by combining in vivo
(computed tomography; CT) and ex vivo (microcomputed tomography; mCT) images of a hu-
man heart sliced to represent the recommendedAmerican Society of Echocardiography (ASE)
transesophageal echocardiography (TEE) views in as three-dimensional printedmodels or in a
virtual environment.Methods: Following consent, a human heart unfit for orthotopic trans-
plantation was procured (LifeSource, MN) and donated to the Visible Heart� Laboratory,
fixed in end-diastole and imaged with an X3000 mCT (NorthStar Imaging, Rogers, MN).
The internal cardiac structures from the mCT images were computationally modeled and
manually merged with a pre-operative contrast-enhanced chest CT using Mimics
(Materialise NV, Leuven, Belgium). The combined computational model of the heart and sur-
rounding blood vessels was exported to Blender (Blender Foundation,Netherlands) for further
processing.Results:We successfully created a high-fidelity three-dimensionalmodel of a heart
from a 50-year-old female patient using in vivo and ex vivo images with a voxel resolution of
105mm. We were then able to slice the computational model to represent the ASE-
recommended TEE views (Figure 1 shows ME 4-chamber, ME LAX and 2-chamber view,
as examples). Conclusion: Herein, we describe a reproducible technique for recreating an ac-

curate high-fidelity three-dimensional heart model and surrounding blood vessels using
in vivo and ex vivo imaging modalities. Additionally, we have sliced the computational model
into any one of the 28 ASE-recommended TEE views form which we can either print 3D
models or create virtual scenes. In so doing, we will be able to enhance learning opportunities
for clinicians studying human cardiac anatomy in the setting of TEE training.We consider this
a foundational step towards developing an immersive and interactive educational approach for
learning echocardiography.

P5-17

Improving Echocardiographic Diagnostic Accuracy in Patients Undergoing Congenital
Heart Surgery: A Single Center Experience
Deidra Ansah, Allyson Doucet, Betul Yilmaz Furtun, Talha Niaz, Pina Patel, Mira Trivedi,
Kevin Wilkes, Shreya S. Sheth, Anitha Parthiban, Aura A. Sanchez Mejia. Baylor College of
Medicine, Houston, TX.
Background: Inaccurate imaging diagnoses can adversely affect patient care. The primary
aim of this quality improvement project is to reduce the rate of clinically significant pre-
operative echocardiographic diagnostic errors (DE) in patients undergoing congenital heart
surgery at our institution. The secondary aim is to reduce the rate of all DE in this popula-
tion.Methodology:Weused TheModel for Improvement framework to assess DE based on
intraoperative findings. Iterations of data collection were trialed prior to arriving at auto-
matic data extraction from operative reports and peri-operative transesophageal (TEE) re-
ports (Figure 1). Categorization of DE was based on the American College of Cardiology’s
Adult Congenital and Pediatric Cardiology (ACPC) Diagnostic Echocardiography
Accuracy Metric definitions. DE were categorized based on clinical impact (minor, moder-
ate, or severe) and preventability (preventable, possibly preventable, not preventable). We
considered moderate and severe impact as clinically significant. We performed a retrospec-
tive review of surgical cases to identify DE at baseline. The intervention included quarterly
case review and educational sessions within our echo lab. We compared the rates of DE pre-
and post-intervention. Results: The intervention started in May 2021. Automatic data
extraction was available in June 2021. Based on key learning points collected during
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quarterly reviews we implemented modification of scanning protocols and communication
surrounding patients with incomplete diagnostic imaging. The rate of capture of surgical
cases increased with automatic data extraction, the total DE decreased following the inter-
vention, and the rate of clinically significant DE remained low (Figure 2). Conclusion: Our
echo lab has developed a reliable process to identify and review DE in patients undergoing
cardiac surgery. This experience has fostered collaboration amongst sonographers, fellows,
imaging faculty, and surgical staff.

P5-18

From the Classroom to the Bedside: The Impact of Cardiac Point-of-Care Ultrasound
Training on Confidence in Internal Medicine Residents
Joseph You, Spencer Weintraub. Northwell Health Zucker School of Medicine, Manhasset,
NY.
Background: Point of care ultrasound (POCUS) has been recognized as an integral part of
clinical training and has become the standard of care in bedside clinical decision making.
However, it is a comprehensive clinical tool that not only requires an in-depth understand-
ing of anatomy and physiology, but also a proficiency in image acquisition and interpreta-
tion to achieve optimal results. Here, we measured the impact of a cardiac POCUS training
initiative on resident confidence in knowledge, image acquisition, analysis, and clinical
application. Methods: Forty internal medicine residents participated in a two-day training
course consisting of in-person didactics and hands-on simulation sessions with standard-
ized patients. The course focused on obtaining and interpreting parasternal long, paraster-
nal short, apical, subcostal and inferior vena cava (IVC) views with the goal of identifying
pathologic findings. A self-assessment survey measuring resident confidence on the
different components of the cardiac POCUS exam was administered both prior to and
ten weeks after the sessions. The surveys evaluated confidence in the ability to acquire, inter-
pret, and integrate ultrasound images in clinical practice, measured on a 5 point Likert scale.
Results: A two sample t-test revealed statistically significant improvement in resident con-
fidence in the different components of the cardiac POCUS exam (p < .0001), including im-
age acquisition of the four cardiac views and IVC, as well as image interpretation, and
integration into clinical practice. There was an overall increase in composite mean scores
by 81% after the sessions. Despite both the subcostal and IVC views having the lowest scores
before and after the training, there was still notable significant improvement in self reported
confidence. Conclusion: Our study demonstrated that a two-day course had significantly
improved resident confidence in the various components of the cardiac POCUS exam,
including image acquisition of the five cardiac views, image interpretation of pathology
and clinical integration, even up to 10 weeks after the training session. While further
research is needed to identify the most effective trainee educational tool for the cardiac
POCUS exam, our educational initiative demonstrates the utility and benefits of cardiac
POCUS training for internal medicine residents.

P5-19

Quality Improvement Initiative in a Pediatric Echocardiography Laboratory: A
Collaborative Approach
Danielle Sganga1, Sarina Behera2, Meaghan Beattie2, Katie Jo Stauffer2, Aubrey Burlinson2,
Leo Lopez2, Elif Seda Selamet Tierney2. 1Dani Sganga, Palo Alto, CA; 2Stanford University
Medical Center, Palo Alto, CA.
Background: Transthoracic echocardiography (TTE) is an essential tool for diagnosis of
congenital heart disease and guides surgical and catheter-based interventions. Imaging chil-
dren presents unique challenges given the complexity and heterogeneity of heart conditions,
variable patient cooperation, and spectrum of skillset, experience, and expertise of sonog-
raphers and faculty. Our laboratory performs approximately 12,000 TTEs annually and
diagnostic errors of various impact occur. We used a stepwise approach to implement a
collaborative quality improvement (QI) process in our laboratory. Methods: First, we per-
formed a retrospective review of electronic medical records, including operative and imag-
ing reports, to identify diagnostic TTE errors in 100 consecutive cardiac surgery patients <5
years old (July 2020-January 2021). We then classified diagnostic errors based on prevent-
ability and severity. We presented these results to our sonographers and faculty and fol-
lowed up with an anonymous REDCap survey requesting suggestions to prevent and
manage diagnostic errors. We performed a root cause analysis and requested our faculty
and sonographers vote anonymously for the 2 areas to address first. Results: In reviewing

100 surgical cases, we identified 23 diagnostic errors in 22 patients. Most errors had minor
clinical impact (19/23), and 12 were considered preventable or possibly preventable. We
defined our SMART goal as a reduction in diagnostic errors to < 20 in 100 consecutive com-
parable patients. The initial survey had a 72% response rate (16/22). The fishbone diagram
created based on responses had 7 main branches (imaging, reporting, systems, time, envi-
ronment, people, QI process) (Figure 1). The follow-up survey vote had a response rate of
86% and identified imaging and QI process as initial areas for intervention. Thus far, we
have implemented 3 QI interventions and will evaluate their impact on diagnostic errors
in May 2022. Conclusions:Utilizing a stepwise and team-based approach that incorporates
input from faculty and sonographers, we have successfully developed a QI initiative in our
echo laboratory. This approach can serve as a model for a collaborative QI process in other
laboratories.

P5-20

Prevalence of Brachiocephalic Trunk Branching in a Fetal Cohort and Its Implications
in the Prenatal Diagnosis of Coarctation of the Aorta
Katie A. Waller, Jennifer L. Sutton, Erin A. Case, Jonathan H. Soslow, Ann Kavanaugh-
McHugh, Stacy A.S. Killen, David A. Parra. Vanderbilt University Medical Center,
Nashville, TN.
Background: Brachiocephalic trunk (BCT) occurs when the left carotid artery emerges
directly from the innominate artery; previous data suggest BCT occurs in 7% of the popu-
lation. Our echocardiography laboratory anecdotally noted a higher incidence of BCT and a
link between BCT and false positive diagnosis of coarctation of the aorta (COA) on fetal
imaging, likely due to the separation of the left carotid and subclavian arteries. We hypoth-
esized that BCT’s have a higher prevalence than previously reported and that fetuses with
BCT have a higher incidence of false positive diagnosis of COA. Methods: To obtain the
prevalence of BCT, 3 months of pediatric transthoracic echocardiograms (TTEs) were
analyzed retrospectively (prevalence cohort); arches were labeled as normal or as BCT.
Those with other aortic arch anomalies or complex congenital heart disease (CCHD)
were excluded. To evaluate the effect on the prenatal diagnosis of COA, 1 year of fetal echo-
cardiograms (echoes) with a diagnosis of right/left discrepancy and/or concern for COA
were reviewed (RL cohort); postnatal TTEs were assessed for arch branching blinded to
outcome. Fetuses with CCHD, congenital diaphragmatic hernia, and/or a shift in cardiac
position were excluded. Subjects with COA were identified. A Chi square was used for sta-
tistical analysis. Results: For prevalence cohort, 1,712 patients were analyzed. Based on the
exclusion criteria, 227 TTEs were eliminated. Of the 1,485 TTEs remaining, 304 had a BCT,
suggesting a prevalence of 21% for BCTs in our geographic area. Thirty-one fetal echoes
were analyzed in the RL cohort. These patients were born at a median gestational age of
37.1 weeks (interquartile range 36.7, 38.1). On postnatal echoes, 8 were found to have a
BCT and 23 were found to have normal branching pattern. Zero of the 8 patients with
BCT had a COA postnatally (0%), while 6 of 23 (26%) without BCT had COA postnatally
(p=0.160). A higher percentage of subjects with right/left discrepancy or prenatal concern
for COA had BCT than in our prevalence cohort (26% vs 21%), but this also did not reach
statistical significance (p=0.467).Conclusion: The prevalence of BCT was noted to be much
higher than previously reported. There was a greater percentage of patients with a BCT in
the RL cohort. No patients in the RL cohort with BCT had a COA postnatally. While none of
these metrics reached statistical significance, these trends may reach significance with a
larger dataset. These data could be critical to both fetal risk determination and prenatal
counseling.

P5-21

The Use of Quality Improvement Interventions in Reducing Rarely Appropriate
Echocardiograms: Systematic Review and Meta-Analysis
Mohammed Al-Sadawi, Michael Tao, Navid Ahmed, Neda Dianati Maleki, Noelle Mann,
Smadar Kort. Stony Brook University, Stony Brook, NY.
Background: The volume of cardiac imaging testing continues to increase. 6% to 23% of
echocardiograms ordered over the last decade were for rarely appropriate indications.
Appropriate use criteria (AUC) documents were published by the American Society of
Echocardiography to help reduce unnecessary testing and health care costs. Methods:
We searched Ovid MEDLINE, EMBASE, Scopus, Web of Science, Google Scholar, and
EBSCO CINAHL for studies reported association between cardiac imaging, AUC and
Quality Improvement (QI) for adults >18 years old; and found 2018 possible studies. The
search was not restricted to time or publication status. From those we selected only the
ones that assessed the effect of the (QI) interventions on performance of rarely appropriate
echocardiograms. The primary endpoint was reduction of rarely appropriate testing.
Results: nine studies met inclusion criteria and included 22,479 patients. Mean follow up
was 15months (1-60 months). QI interventions resulted in statistically significant reduction
in rarely appropriate tests compared to the control group (OR 0.52, 95% CI 0.41-0.66;
p<0.01). The effects of QI interventions were analyzed over both the short (< 3 months)
and long-term (> 3 months) with (OR 0.62, 95% CI: 0.49-0.79; p<0.01) in the short term
and (OR 0.47, 95% CI: 0.35-0.62; p<0.01) in the long term. Subgroup analysis of the type
of intervention, using education tool or decision support tools are both statistically signif-
icant in reducing rarely appropriate testing (OR 0.54, 95% CI: 0.41-0.73; p<0.01; OR 0.47,
95% CI: 0.36-0.61; p<0.01). Adding feedback tool did not change the effect compared to not
using feedback tool (OR 0.49 vs. 0.57, 95% CI: 0.36-0.68 vs. 0.39-0.84; p>0.05). (Figure 1)
Conclusion: QI interventions are associated with successful reduction of inappropriate
echocardiography testing, the effects of which persist over time. Education or decision sup-
port tools were effective; however, feedback tools were not associated with a significant
reduction in echocardiogram orders.
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Effects of Self-reported versus Measured Height & Weight on Diastolic Function
Assessment of Echocardiography
Jessica Meyer, Srikanth Vallurupalli. UAMS, Little Rock, AR.
Background: Left atrial (LA) volume indexed to body surface area (BSA, LAVI) is an
important component of diastolic function assessment and has significant prognostic value.
In most echocardiography labs, the height and weight for the calculation of BSA is self-
reported by patients. We studied if self-reported versus direct measurement of height
and weight in the echocardiography lab would result in significant changes in diastolic func-
tion assessment. Methods: This is an observational, prospective, single-center, quality
improvement study examining the self-reported and directly measured height and weight
of 100 adults who presented for outpatient echocardiograms. Those excluded were inpa-
tients and those unable to stand on a scale. Self-reported BSA was calculated (using Du
Bois equation) based on patient’s recall of their height and weight. Height and weight
were then measured using standard clinical equipment. The direct measured BSA was
calculated based on patient’s estimated height and weight. Both BSA values were used to
calculate LAVI and assess diastolic function (based on ASE guidelines) for each respective
group. Results: 83 patients (55% women, 6% with LVEF <50%) had sufficient quality im-
ages to assess left atrial volume and were included in the study. Of the self-reported weights,
23%were similar to direct measurements. 10% differed by 0.99 lbs or less, 48% differed by 1-
5 lbs, 14% by 6-10 lbs, and 5% differed by greater than 10 lbs. Of self-reported heights, 74%
were accurate when compared to direct measurements. 7% differed by 0.99 inch or less; 17%
differed by 1-5 inches. Only 1% differed by greater than 5 inches. Overall, 17% of patient’s
self-reported measurements for both height and weight were accurate compared to direct
measurement. Differences in BSA were minimal with 24% remaining unchanged and
76% differing by less than 0.1 m2. Change in LAVI was less than 1 ml/m2 in 71% and
only 5% had a change in LAVI greater than 1 ml/m2. Only 1 patient had LAVI change
from normal to dilated. The change in BSA and LAVI had no impact on the diastolic assess-
ment performed using self-reported measures. Conclusion: In this single center study,
direct measurement of height and weight did not significantly change LAVI estimation
or diastolic assessment compared to self-reported measures.

P5-23

Influence of Indexing Methodology on Interpretation of Left Ventricular Volumes in
Pediatric Rheumatic Heart Disease
Bradley R. MacDonald1,2,3, Adrian Tarca1, Louise Causer1, Katie Maslin1, Di Bruce1, Rachel
Schreiber-Wood1, James Ramsay1, David Andrews1, Deane Yim1, Mark Friedberg4. 1Perth
Children's Hospital, Nedlands, Australia; 2University of Western Australia, Nedlands,
Australia; 3Telethon Kid's Institute, Nedlands, Australia; 4Labatt Family Heart Centre,
Hospital for Sick Children, Toronto, ON, Canada.
Background: Changes in the left ventricle (LV) in rheumatic heart disease (RHD) guide
surgical decision making. Therefore, LV remodeling can impact treatment choices dramat-
ically in RHD patients. The assessment of remodeling may be influenced by indexing meth-
odology for volume measurements. We aimed to compare indexing methods of cardiac
volumes on characterization of LV remodeling over time in pediatric RHD. Methods:
Pediatric patients diagnosed with RHD from Perth Children’s Hospital databases were re-
viewed (2003-2020). For eligible patients, echocardiograms over three time points were
measured. End diastolic volumes (EDV) and end systolic volumes (ESV) were quantified
using Simpson’s biplane method. Linear mixed effects models (adjusted for gender,
ethnicity and geographical location) with indexing of LV volumes by body surface area
(BSA), height and height2.7 were compared against age and sex matched controls.
Results: 146 patients (mean age 10.21 years 6 2.82) met eligibility criteria. Ten (6.8%) pa-
tients, all with severe disease, eventually underwent valve surgery. Significant increases in
BSA in severe RHD occurred between baseline (average BSA 1.28m2 6 0.39) and follow
up time points at 12 months (1.38 m2 6 0.39; p <0.005) and most recent echocardiogram
(1.68 m2 6 0.35; p < 0.001). Mean estimate were larger in severe groups for EDV and ESV
indexed by BSA compared to controls. Models repeated with EDV (Figure 1) and ESV

(Figure 2) measures indexed to height (B) and to height2.7 (C) show diminished measures
in severe RHD at later time points. Conclusions: Indexing methodology of LV volumes in
pediatric RHD significantly influences interpretation of remodeling over disease course.
This is especially important in severe RHD, as they are most likely to need surgery and
have a significant increase in BSA over time. The diminishing volume estimates when in-
dexed to height and to height2.7 may underestimate remodeling and must be interpreted
with caution in the context of surgical decision making.

P5-24

Establishing a Heart Valve Center in the Pediatric Population
Meghan Kiley Metcalf, Trevor Williams, Yan Wang, Jonathan M. Chen, Muhammad AK
Nuri, Jill J. Savla, Matthew A. Jolley, Michael D. Quartermain, Linsday S. Rogers. The
Children's Hospital of Philadelphia, Philadelphia, PA.
There is growing literature on the efficacy of Heart Valve Centers in adults, however their
usefulness pediatrics has not been described. Children have valve pathology that is distinct
from adults and requires detailed preoperative evaluation and planning. The Pediatric
Heart Valve Center at The Children’s Hospital of Philadelphia (CHOP) was established
in fall 2020 to fulfill the role as a center of excellence in the pediatric population. It exists
as a small, multidisciplinary group of echo-trained cardiologists, surgeons, interventional-
ists, and trainees. At its inception, 3D echo training was undertaken and new imaging pro-
tocols developed. Patients are reviewed to discuss mechanism of valve dysfunction, surgical
candidacy, and interventional options. With concentrated expertise, it is hypothesized that
this center will result in greater correlation of preoperative imaging with surgical findings.
Methods:All patients referred to the Pediatric Heart Valve Center at CHOP were reviewed.
In those who had surgical valve intervention at our institution, the valve center note and
preoperative echo were reviewed for a description of valve pathology. Operative notes
were compared with preoperative findings. Results: 87 patients were reviewed. 24 had valve
surgery following a valve center discussion. Valve interventions included 8 aortic, 4 mitral, 4
common AV valve, 4 truncal valve, 3 neo-aortic valve, and 1 tricuspid intervention. Echo
and surgical findings were reported in a representative cohort. Conclusion: Establishing
a pediatric heart valve center at CHOP has resulted in standardized valve imaging, focused
education for sonographers and cardiologists, and creation of a multidisciplinary team for
evaluation and treatment of valve disease. Early results show good correlation between pre-
operative imaging and surgical findings. As we continue to develop our program we share
lessons learned, including dedicated protocols, sonographer education, and focused team
discussion, with the goal to improve outcomes.
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Identification of Diagnostic Errors in a Pediatric Echocardiography Laboratory
Danielle Sganga1, Ritu Sachdeva2, Shobha Natarajan3, Cecilio Lopez4, Oscar Benavidez5,
David A. Parra6, Shubhi Srivastava7, Sowmya Balasubramanian8, Elif Seda Selamet
Tierney4. 1Stanford University, Palo Alto, CA; 2Children's Healthcare of Atlanta Sibley
Heart Center., Atlanta, GA; 3Children's Hospital of Philadalphia, Philadelphia, PA;
4Stanford University Medical Center, Palo Alto, CA; 5Massachusetts General Hospital,
Boston, MA; 6Vanderbilt Children's Hospital, Nashville, TN; 7Nemours Childrens Hospital,
Delaware, Wilmington, DE; 8Mott Children's Hospital, Ann Arbor, MI.
Background: Quality improvement (QI) is essential in a pediatric echocardiography
(echo) laboratory (lab). Inaccurate diagnoses can lead to adverse outcomes in chil-
dren. The Intersocietal Accreditation Commission recommends echo labs hold >2
QI meetings/year and evaluate study completeness as well as technical and interpre-
tive quality quarterly. Although there are some QI guidelines on diagnostic error
identification, there is scarce literature on the implementation. We compared diag-
nostic errors at a Pediatric Echo Lab using 2 methods of identification: 1) systematic
review of surgical cases and 2) voluntary Heart Center submissions. Methods: For
method 1, we performed a systematic retrospective review of electronic medical re-
cords, including operative and imaging reports, to identify errors in 100 consecutive
cardiac surgery patients from July 2020-January 2021. Inclusion criteria included age
<5 years and a complete preoperative transthoracic echo. For method 2, we solicited
anonymous submissions of diagnostic echo errors from Heart Center members over
the same time period. Submissions were reviewed by the QI committee. For each
method, we classified diagnostic echo errors based on category, preventability, and
severity. Results: By method 1, we identified 23 diagnostic echo errors. Most of
these errors had minor clinical impact (19/23), and 12 were preventable or possibly
preventable (Fig. 1). By method 2, we identified 11 diagnostic echo errors. A higher
proportion of these errors (6/11) had moderate or severe clinical impact. Six errors
were considered possibly preventable or preventable (Fig. 1). There was no overlap
of patients identified by each method. Conclusions: The two methods of diagnostic
echo error identification yielded entirely different lists. A systematic approach iden-
tified a greater number of errors, but the majority had only minor clinical impact.
Voluntary submissions identified fewer errors, but with a higher rate of significant
clinical impact. A QI initiative that combines the 2 methods is likely to yield the
greatest number of diagnostic echo errors that could result in meaningful interven-
tions. Future studies to understand the different QI methods used by pediatric echo
labs and their clinical impact would be helpful in formulating more concrete QI rec-
ommendations.

P5-26

Fetal Cardiology Education for Pediatric Cardiology Fellows: A Report of Institutional
Success in Incorporating Fetal Cardiology Capsule Curriculum into General Pediatric
Cardiology Training
Betul Yilmaz Furtun, Tam T. Doan, Shaine A. Morris, William B. Kyle, Aura Sanchez Mejia,
Deidra Ansah, Shreya S. Sheth, James C. Wilkinson, Hasti Sasandajifar, Carolyn A. Altman.
Baylor College of Medicine, Texas Children's Hospital, Houston, TX.
Background: Multi-society guidelines establish goals and expected levels of expertise dur-
ing pediatric cardiology fellowship for fetal cardiology (FCard). Moreover, FCard accounts
for 5% of in-training (ITE) and board examination questions (BE). Despite this, FCard
training is not commonly incorporated into categorical fellowship curriculum. To address
this gap, we introduced a novel FCard educational curriculum in 2018 and sought to study
the effects on ITE and BE scores as well as fellows’ experience. Methods: A focused fetal
capsule curriculum consisting of 6 didactic and 4 imaging lectures given over 3 consecutive
weeks was developed, each given by an experienced FCard faculty. Topics included fetal he-
modynamics, basics of fetal echo imaging, normal/abnormal anatomy (including cases), ar-
rhythmias, and counseling. After completing 6 months of transthoracic echo training,
fellows could also select a `̀ hands-on'' FCard rotation. Prior to the rotation, fellows were
provided with goals and objectives along with educational resources. Outcome measures
including capsule curriculum and rotation evaluations (eval) as well as fellow scores on
the FCard section of ITE and BE examinations were evaluated. Results: A total of 73 fellows
attended the capsule curriculum and 13 fellows completed a FCard rotation since 2018. The
BE FCard subsection scaled average score of our graduates increased by 40% from 2018 to
2020 compared to 22% increase reported for the other accredited programs. Percent correct
of FCard questions on the ITE was generally higher than the national mean (Figure). On a
total of 272 eval, 85% of fellows reported increasing level of confidence in overall under-
standing of fetal cardiac disease and emphasized importance of having core lectures that
are repeated yearly. Fellows who completed FCard rotation reported having additional
benefit from reviewing fetal studies with faculty and joining counseling sessions.
Conclusion:With curriculum and training in FCard, we observed overall higher ITE scores
in all 3 classes compared to the national average and improvement in the graduate BE scores
for FCard questions. Ongoing effort focusing on creating additional training opportunities
to increase FCard exposure throughout fellowship training may help improve knowledge
further among fellows.

P5-27

A Quality Improvement Project in Modified Echocardiogram Protocols During the
Coronavirus Disease Pandemic
Aparna Kulkarni, Elena N. Kwon, Nilanjana Misra, Angela Romano Adesman, Preeta
Dhanantwari, Ira Parness, Denise A. Hayes, Aykut Tugertimur, Hari Rajagopal, Simone
Jhaveri, Elizabeth C. Mithcell. Cohen Children's Medical Center at Northwell Health, New
Hyde Park, NY.
Background: A quality improvement (QI) project was implemented in 2020 to assess
compliance to modified echocardiogram (echo) protocols in patients with suspected or
confirmed coronavirus disease of 2019 (COVID) infections. These protocols were imple-
mented to enhance sonographer safety and ensure complete congenital evaluation at
follow-up. The SMART aim of this QI project is to ensure compliance to initial and
follow-up protocols to 100% by 12/31/2024.Methods: As per the ASE guidelines, a limited
echo protocol was introduced in March 2020 in suspected or confirmed COVID pts with a
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focused evaluation of function, valvar abnormalities, and presence of pericardial effusion
(Plan-Do-Study-Act PDSA cycle 1). The COVID echo protocol was again modified in
May 2020 to reflect new knowledge gained regarding MIS-C. It was also required that
the forgone elements of the complete echo protocol would be completed at the follow up
outpatient study in all pts (PDSA cycle 2). The modifications in protocols were dissemi-
nated to all participants via email during PDSA cycles 1 and 2. Ten randomly selected
COVID echos were anonymously reviewed by each of the 10 participating physicians to
assess protocol compliance and study completeness during PDSA cycles 1 and 2. Results:
In PDSA cycle 1, 1/15 echos were non-compliant with the protocol. Overall compliance
was 93%. Intervention after PDSA cycle 1 - Rapid dissemination to all echo reading phy-
sicians, fellows and sonographers through email and one-on-one communication by echo
lab director. Data Measurement PDSA cycle 2- In PDSA cycle 2, 5/56 inpatient and 4/25
outpatient studies were non-compliant. Overall compliance was 88.9%. The areas of non-
compliance on follow up studies were in assessment of aortic arch branching and aortic
arch (12/81 -85.2% compliance), inferior vena cava (3/81 -96.3% compliance) and pulmo-
nary veins (3/81 - 96.3% compliance). Intervention after PDSA cycle 2 – These data were
reviewed with all echo reading physicians, fellows and sonographers in the echo lab QI
meeting by the QI leader and a specific recommendation was made to document missed
elements of the study in the summary section of the echo report. PDSA cycle 3 (ongoing
from November 2021) – The goal of this cycle is to improve compliance in outpatient echos
in COVID pts to 100% and continued inpatient compliance at 95%. Conclusions: Rapid
dissemination via virtual communication is possible in a pandemic. Numerous elements
of a complete echo protocol are frequently missed when patients do not receive the complete
assessment at initial echo evaluation.

P5-28

Automated Quality Metrics Feedback to Drive Quality Improvement Using the
Electronic Medical Record
Ashlee M. Davis, Jayne Cleve, Meredith Davis, Brenda Sedberry, Melissa Lefevre, Amanda
Tinnemore, Jessica Duran, Caitlin Drescher, Sreekanth Vemulapalli. Duke University
Medical Center, Durham, NC.
Background: Continuous quality assessment and improvement has been a long-standing
recommendation from both the Intersocietal Accreditation Commission as well as the
American Society of Echocardiography. However, effectively implementing continuous
quality improvement has been difficult for many echocardiography labs to achieve. We
sought to test the impact of an automated quality improvement system using the electronic
medical record (EMR).Methods:We identified 7 important quality metrics and set perfor-
mance targets based on historical data and expert opinion. Metrics included ultrasound
enhancing agent use in Poor Sound Transmission, 3D Calculated Ejection Fraction (EF)
in abnormal LV function, 3D calculated EF in malignancy, global longitudinal strain
(GLS) in malignancy, Doppler information reported in Aortic Valve Replacement (AVR)
and Aortic Stenosis (AS), and overall GLS usage. Using data from EMR echocardiogram
reports, an automated quality report was created. Reports included number of studies

performed, sonographer performance, sonographer observed/expected, lab observed/ex-
pected, and `̀ stoplight'' indication of performance (Figure 1). This quality report was pro-
vided monthly to staff via email and presented in staff meetings from October 2020 -
October 2021. Laboratory performance on the quality metrics was compared from a 6-
month period before implementation (04/2020 - 10/2020) to a 6-month implementation
period (04/2021 - 10/2021) using a paired T-test.Results: Changes in lab-wide performance
metrics were as follows: Ultrasound enhancing agent use in Poor Sound Transmission
improved from 69% to 82% (p = <0.001), 3D EF in abnormal EF improved from 43% to
64% (p = <0.001), 3D EF in malignancy improved from 75% to 89% (p = <0.001), GLS
in malignancy patients improved from 92% to 95% (p = 0.058), AVR and AS valve infor-
mation improved from 94% to 97% (p=0.006) and 97% to 96.0% (p = 0.206), respectively.
Overall GLS usage improved from 47% to 64% (p = <0.001).Conclusions:Automated qual-
ity feedback reports using the EMR can be used to drive improvement in performance met-
rics. With an increasing number of clinical echo labs moving to electronic reporting,
automated quality feedback reports may be a resource-efficient way to replace manual re-
view, provide feedback, and drive improvement.

P5-29

Utility of Transesophageal Echocardiogram Surveillance After Watchman Device
Placement
Stephanie Wu, Harjit Minhas, Takahiro Shiota, Robert J. Siegel, Florian Rader. Cedars Sinai
Medical Center, Los Angeles, CA.
The Watchman device is a left atrial appendage occlusion (LAAO) device that is used in pa-
tients with atrial fibrillation with increased risk of stroke and contraindications to anticoagu-
lation. A transesophageal echocardiogram (TEE) is typically performed at 45 days and 1 year
post-procedure to evaluate for complications such as device-related thrombus (DRT) and
peri-device leak (PDL) to determine the safety of anticoagulant therapy cessation. The pres-
ence of DRT and PDL have been shown to be associated with adverse events but seem to occur
at a low rates. We sought to evaluate the incidence of DRT and PDL after Watchman place-
ment at 45 days and 1 year to determine the necessity of surveillance TEEs at these time points.
We retrospectively analyzed 361 patients who underwent Watchman device placement be-
tween 2016 and 2020 and received surveillance TEE imaging within 1 year. Baseline charac-
teristics and echocardiographic data, post-procedure anticoagulation/antiplatelet use, and
surveillance TEE data were collected from the NCDR LAAO Registry and patients’ electronic
medical records. Significant PDL was defined as >3mm color jet seen on post-procedure TEE,
defined based upon a recent study showing higher risk of adverse outcomes with >3mm leak.
Multivariable logistic regression was used to compare differences in baseline and echocardio-
graphic characteristics between patients with and without device-related complications (the
composite of DRT and significant PDL). A total of 286 patients who had post-procedure
TEEs at 45 days were included in the analysis, of which 90 had 1 year TEEs. The mean age
of patients was 80 years and 38% were female. The mean CHADS2-Vasc score was 4.4 and
the majority of patients were discharged with anticoagulation or antiplatelet therapy. At 45
days, 9 patients had DRT (3.2%) and 44 patients had PDL (15.0%, all #5mm). At 1 year, 5
patients had DRT (5.6%) and 8 patients had PDL (8.9%, all #5mm). All DRTs at 45 days
were treated with continued anticoagulation while no change in management occurred
with PDL. All DRTs at 1 year occurred in new patients without prior thrombi at 45 days. A
history of prior transient ischemic attack (TIA) and thromboembolism (both p=0.04) inde-
pendently were associated with DRT or PDL at 1 year. In our study, TEE identified several
patients with device-related abnormalities at both 45 days and 1 year afterWatchman implan-
tation, despite appropriate use of antiplatelet therapy and/or anticoagulation. Considering the
relatively small risk of TEE it appears to be appropriate in order to identify PDL and DRT
which are known to increase the risk of future adverse events.

P5-30

Utility of Preoperative Transthoracic Echocardiography for Femur Fractures in the
Elderly
Billal Mohmand, Abeeha Naqvi, Ashwini Ashwath, Andrew Weinberg. Upstate University
Hospital, Syracuse, NY.
Background: Fragility fractures in the elderly occur over 300,000 times annually, with a $12
billion burden to the healthcare system. Development of orthogeriatric centered care to
optimize peri and postoperative management have improved outcomes. Preoperative
(pre-op) transthoracic echocardiography (TTE) can lead to improved outcomes in high
risk cardiac patients. However, the 2014 American College of Cardiology/American
Heart Association guidelines are limited to the assessment of known valvular disease
without prior TTE in 1 year and worsening or unknown etiology of dyspnea.
Furthermore there is limited data for these recommendations, highlighting the paucity of
literature on this topic. This study evaluates the utility of pre-op TTE in the elderly who pre-
sent with femur fractures.Methods: A retrospective analysis on 87 patients aged >65 years
old who presented with femur fractures and required surgical interventions. Patients were
categorized to those who received pre-op TTE and those who did not. Results: Pre-op TTE
were ordered for 35 patients, 52 patients were managed without. Characteristics and risk
stratifications included in table 1. Difference in mean revised cardiac risk index (RCRI)
(p< 0.0179), mean American Society of Anesthesiologists physical status classification
(p< 0.0001), time to OR (p<0.001) and time to discharge (p<0.0369) were statistically sig-
nificant. There was no statistically significant difference in 30-day (p<0.259) and 1-year
mortality (p<0.1484). Of those with pre-op TTE, 7 (20%) had a low EF (<50%).
Additionally, 8 (23%) had a TTE in the past year but underwent pre-op TTE.
Conclusion: Operative repair is recommended in 24-48 hours and delay to surgery is asso-
ciated with increased mortality. Our study showed a delay to surgery of 1.91 days for those
who had pre-op TTE ordered without a change in pre-op management or mortality. Low
risk patients by RCRI score (<3) should not be delayed to surgery with a pre-op TTE to
assess current ventricular function if clinical status remains stable even if there is no TTE
over the past year. Those with pre-op TTE not only delayed surgical intervention, but
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increased mean hospitalization with increased resource utilization, financial burden and
development of potential complications.

P5-31

The Quality and Safety of Sedation and Monitoring in Adults Undergoing Non-
Operating Room Transesophageal Echocardiography: A Retrospective Quality-
Improvement Study
Cooper B. Kersey, Abhijit V. Lele, Matthew N. Johnson, Andrew M. Pattock, Linda Liu,
Sulayman Jobarteh, Younghoon Kwon. University of Washington, Seattle, WA.
Background: Sedation is an important component of the transesophageal echocardiogra-
phy (TEE) procedure for patient comfort. The sedation practice patterns for patients under-
going TEE with cardiologist-supervised (CARD-TEE-Sed) and anesthesiologist-supervised
sedation (ANES-TEE-Sed) have not been described.Methods:We reviewed non-operative
TEE records from a single academic center over a five-year time period and identified
CARD-TEE-Sed versus ANES-TEE-Sed TEE cases. We evaluated the impact of patient level
factors on sedation practice (CARD-TEE-Sed vs. ANES-TEE-Sed) including medical co-
morbidities, the presence of structural or functional cardiac abnormalities on transthoracic
echocardiogram, and the indication for TEE.We assessed the consistency in documentation
of pre-procedural risk stratification using the American Society of Anesthesiology (ASA)
score and Mallampati Classification as well as the prevalence of cardiorespiratory compli-
cations including hypotension (mean arterial pressure < 60 mmHg), hypoxia (oxygen satu-
ration < 90%), and hypercarbia (end-tidal carbon dioxide > 40). Results: A total of 914
patients underwent TEE, with 475 (52%) receiving CARD-TEE-Sed and 439 (48%)
ANES-TEE-Sed. A left ventricular ejection fraction of less than 30% (p<0.001), moderate
to severe dysfunction of the right ventricle (p=0.005) and a pulmonary artery systolic pres-
sure of more than 40mmHg (p=0.19) were all significantly associated with the utilization of
ANES-TEE-Sed. For the whole cohort, documentation was absent for ASA score in 168
(18.3%) patients and Mallampati score in 277 (30%) patients. For CARD-TEE-Sed, com-
plete documentation of medications with doses administered occurred in 224 (47.1%) cases
and documentation of vital signs occurred in only 20 patients (4.0%). Within ANES-TEE-
Sed, monitored anesthesia care (n= 301, 68.6%) was the most prevalent type of sedation. In
the ANES-TEE-Sed group, where intraprocedural vital signs and medications were docu-
mented in all cases, hypotension (n=55, 18.5%), vasoactive medication use (n=121,
27.6%), hypoxia (n=35, 8.0%), and hypercarbia (n=50, 11.4%) were noted. Conclusions:
In this single-center study we found up to 50% of TEE utilized ANES-TEE-Sed over a
five-year period. We identified a lack of documentation of pre-procedural assessments
and procedural monitoring for CARD-TEE-Sed cases as areas for quality improvement.
Quality and safety of sedation practice in TEE requires further evaluation in multi-center
and nationwide settings.

P5-32 - Oral

Leveraging Automated Neural Network Segmentation of 3D-Transesophageal
Echocardiography (3D-TEE) to Assess Mitral Valve Geometry with MitraClip
Transcatheter Edge-to-Edge Repair (TEER)
Katherine C. Lee, Alison Pouch, Mahesh K. Vidula, Howard C. Herrmann, Tiffany Chen.
University of Pennsylvania, Philadelphia, PA.
Background: Patient outcomes after MitraClip TEER have been hypothesized to correlate
with several anatomic indicators, including mitral valve tenting height, ellipticity, leaflet
surface area, and leaflet length. However, current techniques for assessing these parameters
are onerous, requiring manual segmentation of 3D-TEE images. A novel method using neu-
ral network segmentation harbors potential to more rapidly quantify mitral valve geometry.
Methods: We studied 33 patients undergoing MitraClip for both primary and secondary
mitral regurgitation (MR). Using freely available ITK-SNAP software, we labeled 3D-
TEE images of the mitral valve in a mid-systolic frame pre- and post-clip for each patient,
requiring <30 seconds of user interaction per case. We used a self-configuring neural

network (nnU-Net) trained on both normal and abnormal valves to automatically segment
these images, creating pre- and post-clip mitral valve models (Figure 1). Results: Of the 33
patients with 3D-TEE, automated segmentation via nnU-Net created pre- and post-clip
deformable models for 28 patients (85%), with 5 patients (15%) failing due to poor image
quality. The 3D models created using this method can facilitate quantification of key mitral
valve geometric parameters (described above). An important application of this method is
assessing leaflet length (Figure 2) as a predictor of leaflet insertion and durability of MR
reduction with TEER. In our cohort, baseline anterior (AL) and posterior leaflet (PL)
lengths were 25.96 4.4 mm and 19.66 4.6 mm, respectively. 17 patients had >1+ residual
MR at 1month follow-up and had longer PL length at baseline (20.86 4.6 mm vs 16.76 4.0
mm, p = 0.042). Conclusions: Automated neural network segmentation of 3D-TEE images
holds potential as a newmethod for quantifying mitral valve geometry, with key advantages
of efficiency and reproducibility relative to commercially available software. Reliable quan-
tification of valve geometry may in turn be used to predict outcomes after MitraClip.

P5-33

Correlation Between Three Transthoracic Echocardiographic Methods of Tricuspid
Regurgitation Quantitation
Patita Sitticharoenchai, Emily Tat, Kyle Lehenbauer, Nadira Hamid, Omar Khalique, Mark
Lebehn, Tamim Nazif, Torsten Vahl, Vivian Ng, Isaac George, Thomas Cahill, David
Blusztein, Nino Mihatov, Martin Leon, Susheel Kodali, Rebecca T. Hahn. Columbia
University Irving Medical Center, New York, NY.
Background: Effective regurgitant orifice area by proximal isovelocity surface area (EROA-
PISA) underestimates tricuspid regurgitation (TR) severity with non-circular orifices. New
methods of quantitating TR include quantitative Doppler (EROA-DOPPLER) and three-
dimensional vena contract area (3D-VCA) (Figure), however the correlation with EROA-
PISA requires validation. Methods: Sequential patients (n = 57) presenting for evaluation
of TR severity were included in this retrospective study. Patients were excluded if$moderate
aortic or pulmonic regurgitation precludedmeasurement of forward stroke volume (SV). TTE
measurements of EROA-PISA and regurgitant volume (RegVol-PISA) were performed ac-
cording to American Society of Echocardiography guidelines. EROA-Doppler was performed
by quantifying RegVol-Doppler and dividing by TR velocity time integral. 3D-VCA was
measured on TTE in a subset with 3D volumes (n=45). Results: Of 57 pts included in the
study, the median age was 78.56 9.4 years, 61% were female, and 81% had atrial fibrillation.
Most pts (83%) had functional TR, 14% had primary TR, and 3.5% had pacer-related TR. All
patients had a measurable EROA-PISA, 57/60 (95%) had measurable EROA-Doppler and 37/
45 (82%) had measurable 3D-VCA. The Table shows the EROA and RegVol results for each
method. PISA quantitation resulted in values that were significant lower than either Doppler
or 3D methods (all p<0.0001). Although EROA-PISA was strongly correlated to EROA-
Doppler (r = 0.78, p<.0001) and 3D-VCA (r = 0.63, p<0.002), the correlation between
EROA-Doppler and 3D-VCA was the highest (r = 0.89, p<0.0001). Conclusion: Our study
demonstrates the feasibility of quantitation of TR severity by EROA-PISA, EROA-Doppler
and 3D-VCA. The correlation between the three quantitative measures was good with the
highest correlation between EROA-Doppler and 3D-VCA. EROA-PISA significantly under-
estimates both quantitative Doppler and 3D methods.
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Accuracy of Fully Automated 3D Echocardiography Right Ventricular Quantification
Software in Assessing Right Ventricular Volume and Function in Children:
Validation Against Cardiac Magnetic Resonance
Qian Liu1,2,3, Wei Sun1,2,3, Yuman Li1,2,3, Li Zhang1,2,3, Mingxing Xie1,2,3, Qing Lv1,2,3.
1Department of Ultrasound Medicine, Union Hospital, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan 430022, China; 2Clinical Research Center
for Medical Imaging in Hubei Province, Wuhan 430022, China; 3Hubei Province Key
Laboratory of Molecular Imaging, Wuhan 430022, China.
Background: Cardiac magnetic resonance (CMR) technology is the gold standard for as-
sessing RV volume and function. However, it is especially difficult to popularize and apply
it in children. The image quality is also easily affected by factors such as rapid heart rate and
difficulty in cooperating with breathing, which brings certain challenges to assessing the RV
volume and function in children. Studies have confirmed the feasibility and accuracy of fully
automatic 3D echocardiography RV quantification software in assessing RV volume and
function in adults, however, there is a lack of studies on the accuracy of this software in as-
sessing RV volume and function in children. Therefore, the purpose of this study was to
investigate the accuracy of fully automated 3D echocardiography RV quantification soft-
ware in assessing RV volume and function in children compared with CMR. Methods: A
total of 78 consecutive pediatric patients referred for both CMR imaging and echocardiog-
raphy were studied. RV end-diastolic volume (RVEDV), RV end-systolic volume (RVESV),
as well as RV ejection fraction (RVEF) by fully automated 3D echocardiography RV quan-
tification software, were compared with CMR measurements. Pearson correlation and
Bland-Altman analyses were used to assess the inter-technique agreement. Results: Fully
automated 3D echocardiography RV quantification software was feasible in all patients
(100%). Among all study subjects, 35% patients could be accurately analyzed by the soft-
ware, with analysis time of 862 seconds and 100% reproducible. Endocardial contour edit-
ing was necessary after the automated postprocessing in the remaining 65% patients,
prolonging analysis time to 118635 seconds. RV volumes and EF determined by the soft-
ware, strongly correlated with CMR values (RVEDV, r = 0.92; RVESV, r = 0.95;RVEF, r =
0.81; all P < .001). The fully automated software slightly underestimated the RV volumes
and overestimated the RVEF. The bias and limits of agreement for fully automated software
obtained RV volumes were increased in patients with RV dilation, RVEF < 45% or lower
frame rate compared to those with normal RV size, RVEF $45% or higher frame rate,
respectively. RV fully automated software measurements were highly reproducible.
Conclusions: The fully automated software measurements of RV volumes and EF are high-
ly feasible and reproducible, and data measured by the software correlate strongly with
those determined using CMR imaging. Thus, fully automated software may be a valid alter-
native to CMR imaging for the quantification of RV function in everyday clinical practice.

P5-35

A New Way of Acquiring a 2D Transthoracic Echocardiographic Study: Feasibility of
Three-Dimensional Echocardiographic Deconstruction

Juan I. Cotella, Michael P. Henry, Jeremy A. Slivnick, Megan Yamat, Kyle Hipke, Roydell
Johnson, Victor Mor-Avi, Roberto M. Lang. University of Chicago Medical Center,
Chicago, IL.
Background: Three-dimensional echocardiography (3DE) allows capturing the entire
heart in a single dataset that theoretically could be used to extract any 2D views and
potentially replace the standard practice of serial 2D acquisitions. We hypothesized
that the quality of 3DE-derived 2D images is sufficient to allow visualization of left
and right ventricular (LV, RV) and left atrial (LA) endocardium, on par with conven-
tional 2DE images, and potentially more accurate quantification of chamber size and
function. Methods: First, we prospectively studied 36 patients who underwent 2DE im-
aging in 14 standard views, and full-volume 3DE datasets, from which the same views
were extracted offline. The ability to visualize LV endocardium, RV free-wall and LA
endocardium was scored 1 to 3, with 1 representing clear visualization, 2 - partial visu-
alization and 3 - no visualization. LV linear dimensions, volumes and ejection fraction
(EF), LA volume, and RV basal dimension were measured and compared between both
types of images. Thereafter, we retrospectively studied 40 patients who underwent
2DE, 3DE and cardiac magnetic resonance (CMR) imaging on the same day. 2DE and
3DE-derived LV volumes and EF were compared side-by-side against CMR reference.
Results: Inter-technique agreement in visualization scores was 87% for LV segments,
86% for RV free-wall, and 83% for LA endocardium (Table 1). The correlations between
2DE and 3DE-derived measurements were 0.95 and 0.97 for LV volumes, 0.97 for EF, 0.88
for RV basal dimension, and 0.79 for LA volume. 3DE-derived measurements of LV vol-
umes and EF were more accurate compared to CMR, than those obtained from conven-
tional 2DE images (Table 2). Conclusion: The feasibility of segmental assessment of
cardiac chambers using 3DE-derived 2D views is similar to that using conventional
2DE images. This approach provides similar quantitative information, including more
accurate LV volumes and EF measurements compared to CMR, and thus promises to
significantly shorten the duration of the echocardiographic examination.

P5-36

Bi-Ventricular Mass and Volumes in Complex Congenital Heart Disease: Comparison
of CMR and 3D Echocardiography
Kristin Bonello1, Melinda H. Shea1, Nicole Rabideau1, Alessandra Ferraro1,2, Daniel A.
Castellanos1, David M. Harrild1, Gerald R. Marx1. 1Boston Children's Hospital, Boston,
MA; 2"Paride Stefanini", Sapienza University of Rome, Rome, Italy.
Background: The ability to measure and track ventricular volumes and ejection fraction has
become essential in the care of pediatric patients with congenital heart disease (CHD). To
date, studies show that left and right ventricular volumes measurements by 3D echocardi-
ography (3DE) are accurate and reliable. However, traditional imaging planes and auto-
mated software packages are not useful in patients with the most complex forms of
CHD. We report the use of the subcostal acquisition (SA) plane to acquire full volume
data sets in patients with complex anatomy including dextrocardia, ventricular inversion,
and superior/inferior ventricles associated with double outlet right ventricle. We compared
ventricular volumes, mass, and ejection fraction obtained by 3DEcho to the values from car-
diac MRI (CMR).Methods: A retrospective review identified patients who had a 3DE ven-
tricular volumes and a CMR performed within a 3-month window (88% performed on same
day). Subcostal 3DE full-volumes were acquired over 4 beats (Philips Epiq) and offline anal-
ysis was performed (TomTec 4D Cardioview). CMR images were analyzed using cvi42.
Echo and CMR results were compared by regression analysis and Bland-Altman limits of
agreement. Results: 278 patients were included, 55% were male, mean age of 46 months
(range 0-336.7), mean weight of 15.6kg (range 3.7-91.3). 29 pts (10%) had genetic syn-
dromes, 18 had Trisomy 21. 57 patients (20%) had heterotaxy. 41 (14.7%) had dextrocardia,
70 (25%) had ventricular inversion, 16 (5.8%) had superior/inferior ventricles, 55 (19.8%)
had DORV, 35 (12.6%) had TGA, and 102 (26.7%) had CAVC defects. There was excellent
correlation, R 0.97 and 0.99 for the end-diastolic volume (EDV) for the RV and LV
(Figure 1). For the LV, the mean bias for EDV was -1.9mL and mass was 0.9g. For the
RV, the mean bias for the EDV was -5.9mL and mass was 17.9g (Figure 1). Conclusions:
3DEcho acquired from subcostal acquisitions can provide accurate ventricular mass and
volumes in patients with complex congenital heart diseases, as compared to the gold-
standard CMR measurements. As such, 3DE can significantly enhance the care, surgical
planning, and follow up of these patients.

Journal of the American Society of Echocardiography
Volume 35 Number 7

Abstracts e91



P5-37

Assessing Factors Associated with Reporting Left Ventricular Ejection Fraction with 3D
Echocardiography in Real-World Practice
Kamil F. Faridi1, Zhaohan Zhu2, Nimish Shah1, Ian Crandall1, Robert L. McNamara1,
Bernardo Lombo1, David J. Hur1, Lavanya Bellumkonda1, Vratika Agarwal1, Eric J.
Velazquez1, Lissa Sugeng3. 1Yale School of Medicine, New Haven, CT; 2Yale School of
Public Health, New Haven, CT; 3Northwell Health, Manhasset, NY.
Background: Guidelines recommend 3D echocardiography (3DE) to assess left ventricular
ejection fraction (LVEF) on transthoracic echocardiogram (TTE) when possible, but it is
unclear which factors are most strongly associated with reporting 3DE LVEF in

real-world practice. Methods: We evaluated 3DE LVEF reporting by age, sex, BMI, TTE
location and variation in reporting by sonographer and reader. Complete TTEs without
contrast were performed at a large medical center from 9/2015-12/2020. All TTEs used ul-
trasound machines capable of 3DE. We used multivariable logistic regression to assess the
strongest predictors of reporting 3DE LVEF. Results: Among 35641 TTEs included in this
study, 57.4% were performed on women. 3DE LVEF was reported on 18391 TTEs (51.6% of
cohort; 50.5% for women and 52.4% for men). Inpatients had low rates of 3DE LVEF re-
porting, while outpatient TTEs for chemotherapy were higher (Figure). The median
(IQR) percentage of TTEs reporting 3D LVEF was 52.7% (43.1-68.1%) among sonogra-
phers and 51.6% (46.5%-59.6%) among readers. Among 20082 (56.3%) TTEs with 3DE
LVEF measured by sonographers, 91.6% were included by readers in the final report.
After adjustment, women had lower odds of 3DE LVEF reporting than men (adjusted
OR 0.95 [95% CI 0.91-1.00]; p = 0.04). Performing sonographer in the highest reporting
quartile was the strongest predictor of reporting 3DE LVEF, while an inpatient setting
was the strongest negative predictor (Figure). Conclusions: Use of 3DE LVEF in real-
world practice varies substantially based on performing sonographer and is low for hospi-
talized patients, but is highly used for chemotherapy. Initiatives are needed to increase so-
nographer 3DE acquisition in most clinical settings.

P5-38

Evaluation of Left Atrial Appendage Occluder Peri-Device Leak Using 3D Vena
Contracta Area
Jordan Tannenbaum1, Andrew Kott2, Prashant Bhave1, Karl Richardson1. 1Atrium Health
Wake Forest Baptist Medical Center, Winston Salem, NC; 2Atrium Health Sanger
Institute, Charlotte, NC.
Background: Transesophageal echocardiography (TEE) is used to ascertain the pres-
ence and size of left atrial appendage (LAA) occluder peri-device leak (PDL).
Incomplete closure of the LAA may increase risk of embolic stroke. A threshold
of a >5 mm vena contracta (VC) with a reduced Nyquist limit is the current stan-
dard for significant PDL. However, if the PDL is crescent-shaped along the edge of
the device, a 2-dimensional (2D) VC will underestimate the degree of PDL.
Employing 3-dimensional (3D) TEE to calculate a VC area (VCA) may better eval-
uate the magnitude of PDL. Methods: TEEs were reviewed for 18 patients with
Watchman devices, PDL VCs of 2.5-5 mm, and 3D color doppler images available
for review. 3D VC was measured at the narrowest area of the PDL in Qlab using
multiplanar reformatting of 3D images. The major axis was the widest measured
linear length of the VCA along the edge of the device, and the minor axis was
the width of the VCA measured radially from the edge of the device to the adjacent
LAA tissue. A 3D VCA was calculated by tracing the outer edge of the 3D color
doppler VC. Results: 2D VC PDL measurements were statistically similar to 3D
TEE minor axis VC (p=0.28). The major axis varied markedly from 0.44 to 1.66
cm, but on average was significantly larger then measured 2D VC (p < 0.001).
The VCA ranged broadly from 0.09 to 0.62 cm2. Leaks with a crescentic appearance
were much larger than more punctate leaks when measured by VCA, despite having
similar sizes by standard 2D VC measurements. Conclusion: 3D TEE measurement
of VCA can be utilized to determine LAA occluder PDL size and may reveal signif-
icantly larger leaks than suggested by standard 2D measurements. This may have
implications for anticoagulation cessation or PDL modification strategies.
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P5-39

Mitral Stenosis in 3-Dimensional Space
Evan J. Friend1, Peter Abdelmaseeh1, Salima Qamruddin2, Geu-ru Hong3, Gregg S.
Pressman1. 1Einstein Healthcare Network, Philadelphia, PA; 2Ochsner Medical Center,
New Orleans, LA; 3Yonsei University, Seoul, Korea, Republic of.
Background:Mitral stenosis is classically seen in rheumatic disease (RMS) while degenerative
disease (DMS, due to severe annular calcification) is becomingmore frequent.We investigated
the 3-dimensional space contained within the annulus and leaflets in both types of MS, noting
similarities and differences and comparing with normal.Methods: 3-dimensional datasets of
DMS valves (n=15), rheumatic valves (n=5), and normal valves (n=5) were acquired via clin-
ically indicated TEE. Orthogonal cutplanes were created along the anteroposterior (AP) and
intercommissural (IC) axes using QLAB (Philips Healthcare) and detailed measurements
made during maximal valve opening. Results: Compared to RMS annular area was smaller
in DMS, both in the AP and IC directions (table, graph). Moving from annulus to leaflet
tips cross-sectional area progressively decreased in both but this occurred more abruptly in
DMS (due to significantly smaller AP diameter). Area at the leaflet tips was similar between

the two types of MS. Opening angles of the leaflets at their annular attachments were reduced
in both RMS andDMS vs normal. Comparing RMS toDMS the opening angles at the anterior
and posterior annulus points were significantly less in DMS. In RMS the valve orifice tended to
be canted a bit anteriorly and laterally vs normal; inDMS the opening was canted slightly ante-
riorly. Conclusions: Though orifice area was similar between RMS and DMS the 3-
dimensional geometry of these two common types of MS was markedly different. DMS is
due to heavy calcification of the annulus resulting in abrupt reduction in cross-sectional
area just distal to the annulus. In RMS reduction in area moving from annulus to leaflet
tips is more gradual. These differences are likely to impact flow dynamics and energy losses
whichmay differ between RMS and DMS. In each type of valve disease there may be displace-
ment of the orifice away from the centerline.
Comparisons Between Normal Mitral Valve, DMS, and RMS

P5-40

Effect of Body Temperature on Intravenous Perfluoropropane Microvascular Droplet
Activation to Detect Myocardial Scar Formation
Shouqiang Li1, Feng Xie1, Xucai Chen2, Cheng Chen2, Terry Matsunaga3, John Pacella4,
Flordeliza Villaneuva2, Carr Everbach5, Thomas R. Porter1. 1University of Nebraska
Medical Center, Omaha, NE; 2Center for Ultrasound Molecular Imaging and
Therapeutics, Pittsburgh, PA; 3The University of Arizona, Tuscon, AZ; 4UPMC Heart &
Vascular Institute, Pittsburgh, PA; 5Swarthmore College, Swarthmore, PA.
Background: Perfluoropropane droplets (PDs) persist in a condensed phase at body tem-
perature (BT) despite a much lower boiling point. Their nanometer size promotes pro-
longed circulatory times and extravasation through sites where endothelial dysfunction
exists, where they can be acoustically activated by diagnostic ultrasound (DU). However,
PDs have a spinodal temperature that is near 37�C which may result in droplet dissolution
before targeted activation. The purpose of this study was to determine what effect variations
in BT had on transthoracic acoustic activation (AA) of intravenous PDs.Methods: Six rats
underwent surgical ligation of the left anterior descending for 60minutes followed by reper-
fusion (I/R) and chest closure. Rats were imaged with a transthoracic 4 MHz harmonic
probe (Siemens Acuson) at time intervals of 30 minutes, one day, and seven days post I/
R. BT was measured transrectally and controlled with an infrared heating device from 35
to 37�Celsius (C). Background subtracted myocardial contrast intensity (MCI) within the
infarct (IZ) and remote zone (RZ) was measured following high mechanical index AA at
between three and six minutes following 200 ml intravenous injections of 1:1 dilutions of
PDs prepared from Definity(Lantheus Medical). Results: At 35-36 �C, MCI following
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AA was preferentially seen in the IZ (IZ/RZ ratio 1.3660.31; see Figure). However, at 37 �C
in 4/6 rats, the same intravenous injection resulted in a 68621% drop in MCI in the IZ and
58627% drop in MCI in the RZ (p=0.036, Figure) Conclusions: There is a significant
reduction in AA induced MCI following intravenous PDs at higher BTs, which may be
related to phase shifting prior to reaching the myocardial microcirculation.

P5-41

The Role of Quantitation of Saline Bubble Studies in Patients with Liver Cirrhosis
Sachiyo Igata1, Thomas Van Houten1, Calvin T. Hang1, Bruno R. Cotter1, Monet G.
Strachan1, Daniel G. Blanchard1, Yuko Kono2, Anthony N. DeMaria1. 1University of
California San Diego, Sulpizio Cardiovascular Center, La Jolla, CA; 2University of
California San Diego, La Jolla, CA.
Background: Hepatopulmonary syndrome (HPS) is characterized by low oxygenation caused
by intrapulmonary vascular dilation and shunting in patients with end-stage liver disease
(ESLD). The delayed appearance of microbubbles in the left atrium and ventricle on echo
following injection of agitated saline is effective for detectingHPS.However, the correlation be-
tween quantity of bubbles detected and clinical outcome remains undefined. Methods: We
retrospectively analyzed 163 consecutive patients (56614 years old, 60% men) diagnosed
with liver cirrhosis who underwent comprehensive echocardiogramwith agitated saline bubble
injection from 2018 to 2021. Saline bubble study was performed and interpreted according to
American Society Echocardiography guidelines. Late appearance is defined as bubbles occur-
ring after 4 cardiac cycles.Wedivided late positive recordings into 3 groups: grade 1 (bubbles 1-
9), grade 2 (bubbles 10-30), andgrade 3 (bubbles > 30).Wecomparedclinical data andoutcome
among the groups.Results: In our study, 50% of patients had alcohol related liver cirrhosis and
56%hadHPS detected by late positive bubble appearance. Of thosewithHPS, 31%had grade 1,
23% had grade 2, and 46% had grade 3 bubble signal. Grade 3 had significantly higher interna-
tionalnormalized ratio (INR: 1.85),MELD(model for end-stage liver disease) score (24.469.9),
and lower SpO2 (94.5%) compared to those with negative bubble signal (INR 1.3, MELD
18.7611.4, SpO2 99%). There was no difference of ALP, ALT,AST, total bilirubin, or total pro-
tein among the late positive groups. The prevalence of ascites (90%) or encephalopathy (86%)
was significantly higher only in patients with grade 3 bubble study compare to negative group.
Survival at threemonths and 1- and 2- year were the same in all groups after transplant, but was
worse for grade 2 and 3 patients without transplantations (Figure). Conclusions: The severity
of intrapulmonary shunting based on the number of late positive microbubbles in the left
atrium on echo following agitated saline injection is predictive of ESLD prognosis. Therefore
patients with grade 2 and 3 bubble study should be prioritized for liver transplant.

P5-42

Performance Characteristics of a Novel Echocardiographic Contrast System
Micah Jacob Eimer1, Ben Y. Arcand2, Jennifer Chmura2, Ryan Kruchten2. 1Northwestern
Medicine, Glenview, IL; 2Agitated Solutions, Inc, Oakdale, MN.
Background: Performance of agitated saline contrast studies are an important part of the
comprehensive echocardiographic examination, particularly in patients suspected of having
a right heart to left shunt. Standard of care (SOC) for producing bubble studies has impor-
tant limitations including: the need for additional trained personnel, inconsistent quality
and risk to the patient if not performed properly. The Orbis device (Agitated Solutions)

is a single-handed method of efficiently and safely generating microbubble contrast for
use in echocardiography. Methods: Physicochemical characterization of SOC and Orbis
microbubble (MB) output was conducted using laser diffraction analysis on a multisizer
Coulter counter with an aperture range between 0.0107 mm to 2000 mm. Assessment of
peak enhancement (PE) and duration of enhancement (DoE) were measured in vitro
with a tissue-mimicking phantom and in vivo utilizing a porcine heart model. Results:
The Orbis produced smaller and more consistent MB size (Fig 1) compared to SOC
(27.960.57mm v. 39.9623.3mm, p < 0.005) with a significantly lower incidence of large
(>104.7mm) bubbles (0.01460.007% v. 4.18611.2%, p < 0.005). Orbis demonstrated
increased PE as measured by grayscale (1.25 v. 0.93, p < 0.05) and increased DoE (24.72s
v. 7.47s, p < 0.05) compared to SOC (Fig 2). Qualitative assessment of the in vivo study
(Fig 3) found the Orbis produced a clear, diagnostically useful result. Conclusions: The
Orbis device allows the sonographer to independently produce microbubble contrast that
is more effective, more consistent and potentially safer compared to the standard of care.

P5-43

Utilization of Intermediate Mechanical Index Imaging to Recreate Microbubbles
During Stress Perfusion Echocardiography
Karla Costello, Shouqiang Li, Brooke Zentz, Alexa Knowlton, Feng Xie, Joan Olson, John Lof,
Carr Everbach, Thomas R. Porter. University of Nebraska Medical Center, Omaha, NE.
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Background: Although a continuous infusion of perfluoropropane microbubbles (PMB) is
useful for real time myocardial perfusion echocardiography imaging, the PMB are often un-
stable in a diluted medium. We hypothesized that this was due to perfluoropropane droplet
(PD) condensation, and that acoustic reactivation (AR) of these droplets would be possible
with higher mechanical index (MI) imaging. Methods: Using a Nano Zetasizer (Malvern
Nano ZS) we confirmed that a Definity (Lantheus Medical) microbubble preparation con-
tained two size distributions (one at 180 nm, one at 900 nm). We then tested whether the
180 nmPDs could be reactivated tomicrobubbles using an in vitro small vesselflow simulation
system (2 mm diameter)and phosphate buffered saline (PBS) flowing into an imaging cham-
ber at 37 Celsius. A transthoracic imaging transducer (Philips iE33) equipped with a multi-
pulse fundamental non-linear imaging (FNLI) setting (1.8 MHz transmit and receive)
imaged through a five centimeter thick tissue mimicking phantom to simulate transthoracic
attenuation. Passive cavitation detectors were positioned confocal to the imaging transducer
to detect for inertial cavitation. The AR threshold was defined as a 10 decibel increase in acous-
tic intensity. Based on the results of these studies, we subsequently tested the effect of going to
an intermediate MI (0.4-0.6) with FNLI myocardial perfusion imaging after very low MI im-
aging no longer detectedmyocardial contrast during stress echocardiography in eight patients.
Results: In vitro studies confirmed that PDs could be converted tomicrobubbles with FNLI at
a median MI of 0.4, while IC was not detected until an MI of 0.8 (p<0.001). These findings
were flow and frame rate dependent. In the eight patients undergoing stress echocardiography
(5 dobutamine, 3 exercise), myocardial contrast was recreated in seven after completion of the
Definity infusion by increasing theMI to 0.4 or 0.6 in real time (Figure).Conclusion:Real time
myocardial contrast echocardiograms can be recreated at intermediate MI settings without
destruction after contrast infusions due to reactivation of longer circulating PD. This may
permit extended myocardial perfusion and left ventricular opacification imaging well after
completion of microbubble infusions.
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P6-01

Development of Digital Fetal Heart Models with Virtual Ultrasound Function Based on
Cardiovascular Casting & Computed Tomography Scan
Qi Yang1, Jianchen Han1, RuiWang1, Tong Zhang2, Yingying Zhang1, Jingyi Wang1, Xu Lei1,
Zengguang Hou3, Shuangyi Wang3, Yihua He1. 1Beijing Anzhen Hospital, Capital Medical
University, Beijing, China; 2Peng Cheng Laboratory (PCL), Shenzhen, China, Shenzhen,
China; 3State Key Laboratory of Management and Control of Complex Systems, Chinese
Academy of Sciences, Institute of Automation, Beijing, China.
Background: Despite recent breakthroughs in diagnosis and treatment, congenital heart
defects (CHDs) continue to be the leading cause of death among newborns. Fetal echocar-
diography is the most effective and non-invasive method for the prenatal diagnosis of CHD.
However, the challenge of obtaining standard views can lead to low diagnostic accuracy.
Methods: Three fetal heart specimens were collected after the termination of pregnancy
to make cardiovascular casts. To produce volumetric data, the casts were Computed
Tomography (CT) scanned. The required structures of the hearts were segmented using
ITK-SNAP. The proposed workflow utilizes the Public software Library for UltraSound
(PLUS) imaging research toolkit to generate simulated ultrasound images and the open-
source software 3D slicer as the main workspace and graphical user interface. Results:
The anatomical structures were imaged clearly by CT scan after cardiovascular casting,
and the virtually generated ultrasound images based on the use of the Public software
Library for UltraSound imaging research toolkit successfully demonstrated both the stan-
dard views and the views with diagnostic values to visualize the cardiovascular structures.
Conclusions: The solution provides great data extensibility while being simple and cost-
effective for end users. Therefore, the proposed method could provide a promising educa-
tion system for trainees to understand standard views of fetal echocardiography and the cor-
responding anatomical correlations.

Table 1 Diagnostic results of the three fetal heart specimens

Fig. 1 Reconstructed 3D digital models with major structures segmented after computed to-
mography scan and simulated ultrasound acquisition scenes for the three cast models
Fig. 2 Eight main standard virtual views of echocardiography in Case 1. a: four-chamber
view, b: aortic arch view, c: ductal view, d: bicaval view, e: left ventricular outflow tract
view, f: right ventricular outflow tract view, g: three-vessel view, h: three vessels and trachea
view.

P6-02

Correlates of Epicardial Ejection Fraction, Endocardial Ejection Fraction, and
Myocardial Strain in Hypertrophic Cardiomyopathy Using Cardiac Magnetic
Resonance
Chanont Sricharoen, Mary Craft, David Danford, Ling Li, Jason Christensen. University of
Nebraska Medical Center, Children’s Hospital and Medical Center, Omaha, NE.
Background: Left ventricular ejection fraction (LVEF) is the most common clinical method
to evaluate and monitor cardiac function. LVEF has a limited value in predicting mortality
and functional capacity in hypertrophic cardiomyopathy (HCM). LV epicardial ejection
fraction (LV EpEF) is a novel method of evaluating ventricular function in HCM for
whom LVEF has had poor prognostic performance. Methods: 71 subjects, including 51
HCM and 20 normal controls were retrospectively studied between 2005 and 2021. CMR
images were analyzed by Circle (CVI 42 Client 5.6.4), including LV endo- and epicardial
volumes, LVEF, LV EpEF, myocardial mass, and GCS (global circumferential strain). All
measurements were compared by using Student t-test in HCM and control groups and
were correlated to adverse outcomes in HCM group. The combined clinical adverse out-
comes were identified by chart review, including need for implantable cardioverter defibril-
lator therapy, sustained ventricular tachycardia/fibrillation, need for surgical myomectomy,
heart failure symptoms (worsening NYHA class), unplanned cardiovascular admission,
heart transplant, sudden cardiac death, and all-cause mortality. Results: Mean patient
age was 20.8614.3, and controls 18.369.5 yrs. LVEF was higher in HCM compared to con-
trols (63.367.6 vs. 59.363.6%, p=0.003). LV mass was significantly higher in HCM than
controls (133.9653.3 vs. 82.3630.9g, p<0.001), LV EpEF was significantly lower in HCM
than controls (29.367.6 vs. 38.563.6%, p<0.001), whereas LV GCS in HCM was not
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different from controls (-16.062.4 vs. -16.761.9%, p=0.2238). Both LVEF and LV EpEF
carried significant negative associations with adverse event (LVEF Odds Ratio 0.889
(0.802-0.987), p=0.027 vs. LV EpEF 0.837 (0.746-0.939), p=0.0024), however area under
ROC curve is better using LV EpEF (0.6734 vs. 0.7677). LV GCS was a positive predictor
of adverse event (Odds Ratio 1.744 (1.249-2.519), p=0.0014, the area under the ROC curve
0.7946) (Figure). Suggested cut offs based on the ROC curves were 61.8%, 29.0%, and
-15.1% respectively for LVEF, LV EpEF and LV GCS. Conclusion: Epicardial Ejection
Fraction is a novel and easy to perform method to analyze cardiac function. LV EpEF
may be used as predictor of adverse event in HCM, which is comparable to LV GCS and
applicable in echocardiography.

P6-03

Feasibility of Automated Quantification of Left Ventricular Function in Cancer
Patients by Nurses Using Artificial Intelligence Guided Transthoracic Imaging
Michael Henry, Brittney Guile, Sarah Flahive, Rachel Kraft, Katherine Gacek, Bianca
Campanile, Kyle Hipke, Ilya Karagodin, Victor Mor-Avi, Roberto M. Lang, Jeanne M.
DeCara. University of Chicago Medical Center, Chicago, IL.
Background: Echocardiographic assessment of cardiac function in patients undergoing can-
cer treatment has become a cornerstone of cardio-oncology. Availability of an accurate bedside
technique for left ventricular ejection fraction (LVEF)measurement would be of great value in
this setting. To address such a challenge, a portable ultrasound system equipped with artificial
intelligence (AI)- based guidance for image capture and automatic quantitation of LVEF was
designed. We tested the feasibility of this approach in cancer patients by nurses (RNs) in the
outpatient setting, and hypothesized that thesemeasurements may be similar to thosemade by
experienced sonographers. Methods: We prospectively studied 60 cancer patients (BMI
2966.1 kg/m2), who underwent transthoracic imaging by experienced cardiac sonographers
and also by RNs with no prior sonography experience, using an AI-guided imaging system
(Terason, uSmart 3200t Plus) equipped with real-time prescriptive imaging guidance software
(CaptionHealth) that automatically captures images when a satisfactory window is recognized
(3 views) and thenautomatically measures LVEF. AI-EF measurements by RNs were
compared side-by-side with those by sonographers against the reference standard EF (Ref
EF) of sonographer-performedmanually traced LVEF using same imaging equipment without
AI guidance. Linear regression and Bland-Altman analyses were used to determine inter-
technique agreement in LVEF. Results: Feasibility of AI-guided measurements was 57/60
(95%) for sonographers and 53/60 (88%) for RNs. Correlations between AI-EF and Ref EF
for sonographers and RNs were r=0.76 and r=0.52, respectively, with a minimal bias of
0.6% for sonographers and 1.3% for RNs but wider 95% limits of agreement for RNs: [-13
to 14%] vs [-18 to 21%]. After RNs’ 2-month learning curve, the correlation improved to
0.62, the limits of agreement narrowed to [-17 to 19 %], and the frequency of an absolute
Din AI-EF >10% from the Ref-EF was 15% for sonographers and 21.6% for RNs.
Conclusions: AI-guided transthoracic imaging with automated LVEF measurements in can-
cer patients by RNs is feasible, with AI-EF in agreement with Ref-EF approaching that of expe-
rienced sonographers. It is likely that with additional training and experience, nurses may
accurately detect clinically meaningful cancer treatment-related changes in LV function.
However, even with skilled sonographers the AI algorithm can result in reclassification of
LV function. Further study is needed to determine the patient dependent and independent fac-
tors that contribute to this variation.

P6-04

Ultrasound-Guided Coronary Wiring and Device Delivery: Novel Use of Color Doppler
Imaging for Future Coronary Intervention
Minako Katayama, Eric H. Yang, Marek Belohlavek. Mayo Clinic, Scottsdale, AZ.
Background: Percutaneous coronary intervention is an established technique performed
with cineangiography guidance. However, the procedure is limited to the institutions equip-
ped with x-ray cineangiographic systems with radiation shielding and other expensive re-
sources. Ultrasound imaging guidance, on the other hand, can be performed in remote
areas with portability. We used Doppler guidewire (DGW) (FloWire, Philips
Healthcare), whose piezoelectric crystal tip was visualized by color Doppler in a beating
heart. We tested ultrasound navigation of the DGW with infusion catheter or over the
wire (OTW) PTCA balloon catheter into the left anterior descending artery (LAD).
Methods: Intracoronary injection was tested in 4 male domestic pigs with an open chest
setting. A Judkins left coronary guiding catheter was inserted into the ascending aorta using
Radifocus guidewire via the right carotid artery under B-mode ultrasound guidance
(Vivid7, GE Healthcare). We connected the DGW to a wave generator (BK PRECISION
3003, B&K Precision) to induce piezoelectric crystal vibrations, and a Doppler shift signal
was visualized as a color marker by Doppler ultrasound. The DGW with an infusion cath-
eter or OTW PTCA balloon catheter was inserted into the guiding catheter, and the tip of
the DGW was used to navigate the catheter into the LAD. Results: Ultrasound navigation
was feasible, as presented in the Figure. The tip of the DGWwas visualized within the guid-
ing catheter by orange color marker (a), which helped to engage the guiding catheter to the
left main orifice. After the guiding catheter was engaged, the DGW with an infusion or
OTW PTCA balloon catheter was inserted into the left coronary artery from the left
main trunk (b), then into the LAD orifice (c), and further advanced to the proximal LAD
(d). We confirmed that the catheter was positioned in the proximal LAD segment by the
colored territory perfused by indigo carmine solution injected throuh the infusion or
OTW PTCA balloon catheter. Conclusion: We present color Doppler-guided insertion
of the infusion and PTCA balloon catheters into the LAD in experimental pigs. Our pilot
study introduces a new concept of color Doppler-guided coronary intervention without ra-
diation exposure and x-ray cineangiographic systems.

P6-05

Transesophageal Echocardiography Visual Assist Device; In-Vitro Feasibility Study
Haluk Un. St Francis Regional Medical Center, Shakopee, MN.
Background: Transesophageal echocardiography (TEE), the generally safe procedure, has
potential side effects, coupled with a complication range of 0.2-1%. The Transesophageal
Echocardiography Visual Assist Device (TEEVAD) aims to perform safe and successful op-
erations through image support. Thus, this study aims to assess the usability, effectiveness,
and safety of the TEEVAD through prototype, in-vitro model experimentation. Methods:
The prototype device was tested to provide effective image support. The Philips Epiq 7
model device and X7-2T model TEE probe were used for experimentation with in-vitro
models. To represent the forced intubation model and anatomical variation, structures rep-
resenting the trachea, esophagus, and diverticula were created on the in-vitro model, and
the entrance parts of these structures were marked with different shapes. The TEEVAD
elastic cover was placed over the TEE probe and connected to the wireless transmission de-
vice. Simultaneous video and camera systems recorded TEE probe activity as it progressed
through the model. Next, the effect of the TEEVAD on ultrasonic image quality, Specific
movements of the TEE probe, TEEVAD attached TEE probe temperature were also tested
on the phantommodel. Parameters were recorded in cases when the TEEVADwas attached
and not attached to the TEE probe. Results: In the attached TEEVAD trials, the TEE probe
tip was guided through the model esophageal entrance, accompanied by the image provided
by the camera system. The TEE probe and attached TEEVAD passed through the model
esophagus in all ten trials. Conclusions: In this in-vitro model study, the TEEVAD allowed
the TEE probe to reach the target anatomical structure in all trials with successful guidance.
As a result, the TEEVAD can be a device that can add safety and efficiency to the TEE pro-
cess. For effective TEE probe intubation, a further experimental study by way of animal
models with advanced prototypes would be beneficial and imperative.
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P6-06

Diagnostic Accuracy of Myocardial Work to Predict Myocardial Viability After Acute
ST-segment Elevation Myocardial Infarction
Luis Fernando Moreno Cuevas, Diana Romero Zertuche. Hospital de Cardiologia Centro
Medico Nacional Siglo XXI, Ciudad de Mexico, Mexico.
Background: The identification of myocardial viability after an acute myocardial
infarction with ST-segment elevation (STEMI) and left ventricular dysfunction
(LVD) has motivated the development of diagnostic tools, especially with the pub-
lication of recent clinical studies that demonstrated that revascularization in these
patients improves long-term clinical outcomes. Currently, there are multiple diag-
nostic tools to identify viability. However, many of these tools have the drawback
of their limited availability, their high cost, the need to use drugs, or being invasive.
On the other hand, the analysis of the deformation of myocardial fibers has achieved
a great advance in the early (preclinical) identification of many diseases, such as
amyloidosis, cardiotoxicity, and even myocardial viability itself. However, it is a
technique with high dependency on afterload, showing falsely diminished results
in patients with arterial hypertension. Myocardial work incorporates analysis of
myocardial deformation and blood pressure to improve diagnostic accuracy.
Methods: Cross-sectional study of a single-center diagnostic test. An echocardiogram
with analysis of myocardial work and magnetic resonance imaging was performed to
identify viable tissue in 34 patients admitted to our unit within 45 days of infarc-
tion, in those who had left ventricular dysfunction (LVEF <45%). Result: The diag-
nostic precision analysis for the myocardial work indexes was performed using a
ROC curve, which determined the best cut-off point for each value. The constructive
work had the best diagnostic precision (AUC = 0.96) with a cut-off value of 716
mmHg /%, followed by the myocardial work index (AUC = 0.84, cut-off point
538 mmHg /%) and the efficiency myocardial (AUC = 0.71, cut-off point 72%).
Wasted work had the worst diagnostic discrimination (AUC = 0.52, cut-off point
114 mmHg /%). Conclusion: Myocardial work indexes, specifically a value >716
mmH% in constructive work, have adequate diagnostic precision to identify viable
tissue after STEMI.
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Automated Analysis of Segmental Longitudinal Strain in Ischemic Heart Disease
William Hawkes1, Tine Descamps1, Andrew Parker1, Jamie O'Driscoll2, Rajan Sharma3,
Gary Woodward1. 1Ultromics Ltd, Oxford, United Kingdom; 2Canterbury Christ Church
University, Canterbury, United Kingdom; 3St George's University Hospitals, London,
United Kingdom.
Background: Functional assessment of regional cardiac deformation is an essential part of
patient risk stratification in suspected ischemic heart disease. The clinical interpretation of
myocardial ischemia, including the ischemic burden, relies on the visual identification of

regional wall motion abnormalities (RWMA) and is therefore subject to variability.
Automated quantification of segmental longitudinal strain (SLS) has the potential to pro-
vide valuable information to complement the clinical assessment of myocardial ischemia.
However, validation using commercially available software remains limited. Methods: In
188 patients referred for a clinically indicated stress echocardiogram, left ventricular peak
systolic SLS values were obtained from the apical 2 and 4 chamber views using the AI-
driven software EchoGo Core v2.0. The presence of regional wall motion abnormalities
(RWMAs) was determined by consensus agreement between three cardiac physiologists.
RWMAs were graded as normal, hypokinetic, or akinetic. The difference in SLS between
normal, hypokinetic and akinetic segments was assessed using analysis of variance
(ANOVA) and subsequent t-test. Prediction of the presence, extent and severity of
RMWAs with the mean peak SLS was analyzed using receiver operator characteristics
(ROC) curves.Results: RWMAs were identified in 85 patients. AI-assessed SLS significantly
increased with the severity of RWMA (Figure 1). The ability of ROC curves to Identify any
RWMAs within individual segments achieved an area under the ROC curve (AUROC)
ranging from 0.682-0.831. Performance generally increased when focusing on akinetic seg-
ments only, with AUROCs ranging from 0.711-0.949. The extent of RWMAs could also be
predicted using SLS, with an AUROC of 0.689-0.805 for predicting RWMAs in 1 to 2 seg-
ments and an AUROC of 0.785-0.981 for 3 or more segments. Conclusions: Fully auto-
mated assessment of SLS in patients with suspected ischemic heart disease is feasible and
is indicative of RWMAs. This data suggests that automated SLS values have potential to pro-
vide useful, unbiased information to aid in the detection of myocardial ischemia.

P6-08

Can Deep Learning Diagnostic Networks Be Used to Better Understand Morphologic
Diagnostic Patterns in Cardiac Amyloidosis?
Jeremy A. Slivnick1, Jorge Oliveira2, Arian Beqiri2, Amit R. Patel1, Vidhushei Yogeswaran3,
Richard K. Cheng3, James N. Kirkpatrick3, Tetsuji Kitano4, Masaaki Takeuchi4, Karima
Addetia1, Gary Woodward2, Roberto M. Lang1. 1University of Chicago Medical Center,
Chicago, IL; 2Ultromics, Ltd., Oxford, United Kingdom; 3University of Washington
Medical Center, Seattle, WA; 4University of Occupational and Environmental Health,
Kitakyushu, Japan.
Background: The current diagnostic paradigm of echocardiography in cardiac amyloidosis
(CA) is predominantly focused on the left ventricle (LV). However, recent studies have sug-
gested that the left atrium (LA) may also play a role in CA pathogenesis. We aimed to better
understand morphologic patterns in CA by qualitatively studying unbiased estimation of
regions of interest using a deep learning (DL) model.Methods: 195 patients with confirmed
CA, 135 with heart failure and preserved ejection fraction (HFpEF), and 56 healthy controls
without cardiovascular disease who underwent transthoracic echocardiogram (TTE) were
randomly assigned to training (50%) and validation (50%) cohorts. A convolutional neural
network (CNN)was developed using the apical 4-chamber view to detect CA. The CNNwas
used to generate class activation maps (CAMs) using the Grad-CAMmethod. These CAMs
can be represented as heatmaps, where red regions correspond to locations where the CNN
identified patterns that were relevant for detecting CA (figure A1-2). The LV, LA, right ven-
tricular (RV), and right atrial (RA) free wall and septa were each divided into three segments
(figure A3-4). Each segment was visually scored 1-3 based on the DLmodel CAM color cod-
ing within each segment and averaged to generate a composite score for each chamber.
Composite scores were compared between CA and non-CA and between each chamber us-
ing paired t-tests. Results: The accuracy of the CNN in the validation cohort for detecting
CA was 87%. Composite scores for LA (1.9 vs 0.3, p<0.0001), RA (1.5 vs 0.2, p<0.0001), and
RV (0.7 vs 0.2, p=0.002) were significantly higher in the CA group as compared to HFpEF
(figure A3-4). LV composite scores did not differ between disease groups (p=0.78). Within
the CA group, LA and RA scores were significantly higher than the LV and RV composite
scores (figure B). Conclusions: Although a vast majority of literature in CA focuses on its
impact on the LV, the regions of greatest diagnostic relevance to the AI algorithm for de-
tecting CA in our cohort were the atria. This finding suggests that the impact of CA on
the atria may be even more significant than that observed in the LV. Additionally, this study
highlights the potential of using DL networks to better understand the pathogenesis and
patterns of cardiac diseases.
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Novel Artificial Intelligence Model for 3D Strain Analysis in Echocardiography
Shawn S. Ahn, Stephanie L. Thorn, Supum Lee, John C. Stendahl, Kevinminh Ta, Albert J.
Sinusas, James S. Duncan. Yale University, New Haven, CT.
Background: Global longitudinal strain (GLS) is used in evaluating the functional status
of the left ventricle (LV) after an ischemic injury, but fails to provide regional information

useful for assessing the location and extent of injury. Moreover, because remote healthy
myocardium may compensate for dysfunction in injured areas, GLS provides an incom-
plete assessment of post-injury LV function. Artificial intelligence (AI) algorithms can
quantify regional 3D strain and localize dysfunctional regions of the heart. We present
a novel AI model to accurately track changes in strain from 3D echocardiography
(3DE). Methods: An encoder-decoder with a novel attention mechanism was trained
for LV motion tracking using 150 3DE images (42 porcine, 108 humans). Serial 3DE im-
ages were acquired in Yorkshire pigs (n=14) pre- and post-reflow after a 90 min left ante-
rior descending artery balloon occlusion. Human subject 3DE were pulled from patients
with a variety of cardiovascular diseases who had 3DE acquisitions within a period of a
month. Images were acquired with a Philips iE33 or EPIQ system using a 5 MHz trans-
ducer and 6 beat acquisitions. The trained model outputs motion fields of the LV between
the end-diastolic and end-systolic frames. The displacements are then used to calculate
Lagrangian strains in the radial, circumferential, and longitudinal directions. 99mTc-te-
trofosmin (20 mCi) was injected (n=6 pigs) at 7 days post-infarct and single-photon
emission computed tomography (SPECT) images were acquired to assess perfusion
defect in relation to strain analysis. Results: Figure 1 shows regional strains in a represen-
tative pig from the testing dataset and the corresponding 99mTc-tetrofosmin SPECT
perfusion polar map. The absolute magnitudes of the average radial, circumferential,
and longitudinal strains in the infarct region as defined by the SPECT perfusion map
were less than the average remote region strains (p<0.05) and average global strains,
although not all differences for global strains were statistically significant. Conclusion:
Our AI model provides a reliable method to localize and quantify regional changes in
myocardial strain after ischemic injury.

P6-10

Deep Learning-Derived Myocardial Strain
Alan Chin Kwan1, M�arton Tokodi2, Ishan Jain1, Ernest Chang3, John Theurer1, Xiu Tang4,
Nadia Francisco4, Francois Haddad4, David Liang4, Neal Yuan5, Robert Siegel1, Susan
Cheng1, Attila Kovacs2, David Ouyang1. 1Cedars Sinai Medical Center, Los Angeles, CA;
2Semmelweis University, Budapest, Hungary; 3New York University School of Medicine,
New York, NY; 4Stanford University School of Medicine, Stanford, CA; 5University of
California San Francisco, San Francisco, CA.
Background: Echocardiographic strain measurements exhibits significant inter- and
intra-vendor variability due to proprietary methods. We develop a vendor-agnostic
and open-source automated deep learning strain (DLS) pipeline and validate the
measurements externally and prospectively. Methods: The DLS pipeline takes blood
pool semantic segmentation results and extracts longitudinal strain from using an
automated pipeline based on analysis of the boundaries of the left ventricle
(Figure 1). The strain methodology was applied retrospectively over a large 3D echo-
cardiography database with left ventricular strain to assess for agreement. The strain
methodology was then prospectively compared to standard 2D speckle tracking
strain with repeated within-patient measurements from two sonographers using
two separate echocardiography vendors (GE and Phillips), and DLS performed on
videos by both vendors to identify inter-measurement variability. Results: The
external validation was performed in 2454 studies in 917 patients. The intraclass
correlation coefficient (ICC) between the standard and DLS measurements was
0.58 (0.37-0.71), p<0.001, with a bias of 2.33%, limits of agreement (LOA) of
-5.93 to 10.61. Subjective image quality graded on a 1-5 scale was not significantly
associated with absolute difference in measures (û: 0.12, SE: 0.10, p=0.21). The pro-
spective inter-method validation was performed in 172 studies in 43 patients. For
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manual measurements, the ICC between reader 1 and reader 2 was 0.63 (0.48-0.74)
p<0.001 and between GE and Philips systems was 0.29 (-0.01-0.53), p=0.03. For DLS
measurements, the ICC between GE and Phillips was 0.45 (0.18-0.66), p<0.001.
Comparing the human versus DLS methods the mean strain was -17.9162.55%
for human and -15.2961.35% for DLS. The ICC was not significant: 0.28 (-0.09-
0.59), p=0.09, with a bias of 2.73%, LOA: -1.63 to 7.08%. Conclusions: The DLS
method shows good correlation with standard measurements in a large external da-
taset, and in prospective measurement, has reduced variability versus human readers
by standard deviation, with better inter-vendor agreement. The method is rapid,
consistent, vendor-agnostic, publicly released, and robust across a wide range of im-
aging qualities.

P6-11

Identifying Severe Aortic Stenosis with a Single Parasternal Long Axis Video
Wangzhi Dai1, Hamed Nazzari2,3, Mayooran Namasivayam3, Judy Hung3, Collin M.
Stultz1,3. 1Massachusetts Institute of Techonology, Cambridge, MA; 2University of British
Columbia, Vancouver, BC, Canada; 3Massachusetts General Hospital, Boston, MA.

Background: Accessible yet accurate diagnosis of severe Aortic Stenosis (AS) is crit-
ical for necessary intervention and reduction of mortality. Diagnosis of AS involves
complex integration of echo data and interpretation by trained cardiologists. A
quick, accurate and automatic detection using just one single echo view could poten-
tially ease the burden of cardiologist and provide greater access for patients. We
aimed to develop and validate a supervised deep learning model that utilizes a single
parasternal long axis (PLAX) video to classify whether a patient’s mean aortic
gradient is greater than 40 mmHG and whether aortic valve area (AVA) is less
than 1.0 cm2. Methods: PLAX videos were extracted from echocardiograms of pa-
tients with mild to severe AS, using a view-classification model. The extracted
PLAX videos were then divided into training (60%), validation (20%) and test sets
(20%), with a constraint that all videos from the same patient would be assigned
to only one of the three sets. Mean gradient and valve area labels were based on
echocardiographic interpretations by Level III trained echocardiographers. We con-
structed a deep learning model with spatial-temporal convolutions to classify the
outcomes using 20 continuous frames from a video. We first trained the model to
classify whether the mean gradient was greater than 40 mmHG. The model was

then fine-tuned to classify whether the valve area was less than 1.0 cm2. The best
performing model on the validation set was selected and evaluated with a held-
out test set where we computed the AUC and Negative Predictive Value (NPV)
for the two outcomes. Results: 170,000 PLX videos from 17,728 patients with
mild to severe AS were extracted and deep learning algorithms developed to predict
mean gradient >40 mmHg or AVA < 1.0 cm2. Among the 170k PLAX videos, all of
them were labeled with mean gradient and 53% were labeled with valve area. We
achieved an AUC of 0.83 for mean gradient and 0.75 for valve area. At the preva-
lence of severe AS in our cohort, the model can obtain 0.90 NPV for mean gradient
and 0.87 NPV for AVA, while maintaining a 0.9 sensitivity. Conclusion: We showed
a deep learning model can accurately identify key indicators of severe AS with one
single PLAX video. This model enables screening and detection of AS and more al-
lows for greater efficiency in subspecialty referral.

P6-12

Can AI-Driven LVDelineationWithstand Regional Wall Motion Abnormalities in TTE
Echo?
Delaram Behnami1, Christina Luong1,2, Mohammad Jafari1, Nathan Van Woudenberg1,
Dale Hawley2, Robert Rohling1, Purang Abolmaesumi1, Teresa Tsang1,2. 1University of
British Columbia, Vancouver, BC, Canada; 2Vancouver Coastal Health, Vancouver, BC,
Canada.
Background: Machine learning (ML) is increasing in popularity for assisting with
echo interpretation. ML provides powerful tools to automate tasks such as LV delin-
eation and ejection fraction (EF) estimation based on pattern learning from large
clinical training sets. Nonetheless, the recent FDA recalls of commercialized EF
products suggest these algorithms are not yet ready for safe large-scale clinical
deployment. Methods: In this study, we explore the feasibility of ML-driven LV
tracing in apical two-chamber (A2C) and apical four-chamber (A4C) echo cine
loops on a regional wall motion abnormality (RWMA) cohort. The backbone of
the models is a two-dimensional U-net-based convolutional encoder-decoder neural
network that learns to mimic expert annotations. Both A2C and A4C models are
trained on a control dataset extracted from our local hospital’s database with no
criteria (80% normal). We obtain ML-generated LV tracings throughout echo cine
loops of corresponding views for an adult RWMA dataset and compare predictions
with the corresponding echocardiographer annotations on end-diastolic (ED) and
end-systolic (ES) frames. Ejection fraction (EF) is calculated using the area-length
method on both annotations and predictions. Results: Predictions were successfully
obtained for 1,336 cine loops, and EF was calculated. Compared to the control,
consistently larger errors were obtained, suggesting lower performance with the ex-
istence of regional dysfunction, most likely not represented in the original training
set. We observed a tendency to underestimate the LV area and calculated volume
in both ED and ES frames in both views. Higher errors were observed in predicting
the ED area and volume compared to ES. Conclusion: We validated ML-based LV
delineation in A2C and A4C echo and investigated model performance on an un-
seen RWMA cohort. To rely on ML models in clinical settings, further validation
of models in the presence of various pathology is required. Future work involves
augmenting model training with RWMA studies.
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Deep Learning Model for Accurate Diagnosis of Atrial Fibrillation on
Echocardiography
Nelson Lu1, Hooman Vaseli2, MobinaMahdavi2, Fatemeh Taheri Dezaki2, Christina Luong3,
Darwin Yeung3, Ken Gin3, Michael Tsang3, Parvathy Nair3, John Jue3, Purang
Abolmaesumi2, Teresa Tsang3. 1Department of Medicine, University of British Columbia,
Vancouver, BC, Canada; 2Department of Electrical and Computer Engineering, University
of British Columbia, Vancouver, BC, Canada; 3Division of Cardiology, Department of
Medicine, University of British Columbia, Vancouver, BC, Canada.
Background: Automated rhythm detection on echocardiography through artificial intel-
ligence (AI) has yet to be fully realized. This can be of clinical relevance as rhythm strips

are unavailable on point-of-care ultrasound (POCUS), which may be used in settings
where electrocardiograms (ECG) are inaccessible. We propose an AI model trained to
identify atrial fibrillation (AF) using apical 4-chamber (AP4) cines without needing
ECG data. Methods: Transthoracic echocardiography studies of consecutive patients
$18 years old from 2009 to 2019 at our tertiary care centre were retrospectively reviewed
for AF and sinus rhythm, which were the dominant rhythms (>95%). Analysis of other
rhythms were excluded. AP4 cines with 3 cardiac cycles, interpreted by level III echocar-
diographers as the gold standard based on imaging assessment and the rhythm strip, were
also verified with a 12-lead ECG done within 30 days to form datasets of agreeing or con-
flicting rhythm labels between the modalities. Two confirmatory ECGs were used when
available for paroxysmal AF. Datasets of 100% agreeing rhythm labels were introduced to
the open-source video assessment deep learning model ResNet(2+1)D, modified for 2-
class classification, with 80-10-10 train-validation-test split ratio. Results: 634 patient
studies (1205 cines) with agreeing rhythm label datasets were included (FIGURE).
After training with 504 studies (973 cines), the AI model achieved high accuracy on vali-
dation for detection of both AF and sinus rhythm (F1-score = 93.3% vs 90.9%).
Performance was consistent on the test dataset for AF and sinus rhythm (F1-score =
94.4% vs 93.1%). The AI model was further evaluated on a subset of same-day echocar-
diogram studies and ECGs (n=40) with agreeing or conflicting rhythm labels. Using the
echocardiographer’s assessment as the gold standard, this resulted in F1-scores of 93.9%
and 90.3% for AF and sinus rhythm respectively (mean F1-score = 92.1%). Conclusion:
AF detection by AI on echocardiography without ECG appears accurate when compared
to an echocardiographer’s assessment as the gold standard. This has major clinical impli-
cations in POCUS for potential detection of early disease or paroxysmal AF missed on
conventional ECG, and adds to the armamentarium for stroke risk stratification and
timely consideration of anticoagulation.

P6-14

The Impact of Social Determinants of Health on Progression from Moderate to Severe
Aortic Stenosis
Alex D'Amico1, Graham Husband1, Miguel Sotelo2, Loren Wagner2, Chris Rogers2, Efstathia
Andrikopoulou1. 1University of Alabama at Birmingham, Division of Cardiology,
Birmingham, AL; 2Mpirik Cardiac Intelligence, Milwaukee, WI.
Background: We investigated whether echocardiographic (Echo) and socioeconomic
indices (SEIs) correlate with progression from moderate to severe aortic valvular stenosis
(AS). Methods: 368 patients with moderate AS were included (index Echos between 10/
2017-01/2020 and follow up Echos until 01/2022). Cardiac Intelligence� (Mpirik,
Milwaukee, WI) was used to extract numerical and natural language Echo data, as well
as to collect zip code aggregated data from the 2020 census. AS progression was defined
as an Echo showing severe AS or aortic valve replacement (AVR) at least 90 days after
the index Echo. Univariate logistic regression, Welch’s t-test, and Fisher’s Exact test iden-
tified variables associated with AS progression. Results: Table 1 shows the baseline demo-
graphic, SEIs, and Echo characteristics. 78 and 148 patients progressed to severe AS in 1 and
2 years respectively. 115 patient underwent AVR during follow up (38 in year 1, 36 in year
2). Odds of progression were higher for white patients vs. non-white patients (OR: 1.88,
p=0.012), those with higher income (>$70,000) (OR: 2.2, p=< 0.001), and for those with
higher mean pressure gradients on index Echos (OR: 1.6, p < 0.001) (Figure 1).
Conclusions: White patients, those with higher income, and individuals with higher
mean pressure gradients on index Echos had increased odds of progressing from moderate
to severe AS. Given our definition of `̀ progression'' as a future Echo or AVR, there is a bias
to our analysis. Evaluation of progression was possible only in those who actually followed
up. Our findings, therefore, raise the concern that white patients in higher income neighbor-
hoods had better access to care. Larger studies are needed to better understand the impact
SEIs have on AS progression and to improve personalization of cardiac care.
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Accuracy of a Fully Automated Deep Learning Based Contouring Method for the
Assessment of Global Longitudinal Strain
Juan I. Cotella1, Jeremy A. Slivnick1, Emily Sanderson2, Cristiane Singulane1, Jamie
O’Driscoll2, Federico M. Asch3, Victor Mor-Avi1, Roberto M. Lang1, Gary Woodward2,
Karima Addetia1. 1University of Chicago Medical Center, Chicago, IL; 2Ultromics Ltd.,
Oxford, United Kingdom; 3MedStar Health Research Institute, Washington, DC.
Background: Given the widespread availability and low cost of transthoracic echocardiog-
raphy (TTE), it plays a key role in the diagnosis of cardiac amyloidosis (CA). Although
impairment in left ventricular (LV) global longitudinal strain (GLS) typically predates re-
ductions in LV ejection fraction (EF), manual GLS measurements are time consuming
and prone to variability. We therefore aimed to assess whether a deep-learning (DL) based

fully automated contouring method (FACM) and manual assessment of GLS provide
similar estimates and to determine the agreement identifying abnormal GLS in patients
with pre-clinical (pre-CA) and clinical CA. Methods: We identified 48 patients (age
80610 yrs, 52% male) with confirmed CA according to guidelines (AL 23%, ATTR 63%)
who underwent TTE pre-CA and/or at the time of CA diagnosis (median time between
studies 3.76 yrs). GLS was quantified from the apical 2- and 4-chamber views using both
manual tracing of endocardial borders and fully automated contouring method (FACM)
(EchoGo Core 2.0, Ultromics). Inter-technique agreement was assessed using Pearson’s cor-
relation coefficients (r). The diagnostic accuracy of FACM for detecting abnormal GLS
(defined as $-15.1%) was also assessed. Kaplan-Meier (KM) curves for time to abnormal
GLS were obtained for each method. Results: There were no significant differences in
manual and FACM values in either pre-CA (-17.7 6 5.0% vs -16.9 6 4.6%, respectively;
p=0.105), or at diagnosis (-12.7 6 4.5% vs -12.9 6 4.7%, respectively; p=0.722). The GLS
values provided by both methods showed strong correlation on both the pre-CA (r=0.83)
and CA echoes (r=0.80) (Fig1A). The sensitivity and specificity of FACM for detecting
abnormal strain were 82% and 86%, respectively, in the pre-CA echo, and 100% and 67%
at the time of CA diagnosis. In KM analysis, there was no significant difference in the rela-
tionship between GLS and time to abnormal strain between the two methods (log-rank p-
value=0.83) (Fig1B). Conclusion: FACM provides accurate LV-GLS assessment in both
pre-clinical CA and at the time of diagnosis. The widespread implementation of automated
GLS quantification using DL may allow for more rapid assessment of GLS in different dis-
ease states with comparable accuracy and reproducibility to manual methods.

P6-16

Novel Fully Automated Method for Left Atrial Strain Measurement: Validation of
Feasibility, Reproducibility, and Clinical Implications
Yonghuai Wang, Cuiting Zhao, Chunyan Ma. First Hospital of China Medical University,
Shenyang, China.
Background: Left atrial (LA) strain, a powerful parameter for assessing LA function, is under-
used in routine clinical practice because it requires expertise and time. However, the novel
automated method for the measurement of LA strain may circumvent these limitations.
Hence, we investigated the feasibility, reproducibility, and clinical implications of the auto-
mated method.Methods:We prospectively enrolled 190 patients referred for coronary artery
bypass grafting (CABG). LA strain was repeatedly measured using the fully automated and
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manual methods from the same apical four-chamber view 3 days before CABG. Patients were
followed up every 6 months for major adverse cardiovascular and cerebrovascular events
(MACEs). Results: The automated method was feasible in 99.5% of patients. Manual border
corrections were required in 26% of patients because of poor tracking quality. Measurement
time was significantly shorter with the automated method (Figure 1). Excellent intra- and
inter-observer measurement agreement with minimal bias were observed for LA strain
measured using the automated method, which were better than those for LA strain measured
using the manual method. Moreover, measured LA strain using the automated method had a
greater correlation coefficient with the LA ejection fraction and prediction power for left ven-
tricular diastolic dysfunction. Over amedian follow-up of 22.4months,MACEs occurred in 36
(19.0%) patients. LA strain measured using both methods showed comparable usefulness for
predicting MACEs (Figure 2). Conclusions: The novel automated method rapidly measures
LA strain with excellent reproducibility and has clinical application comparable to the manual
method. Thismethodmay have the potential to be integrated into routine clinical practice and
facilitate the clinical implementation of LA strain.

P6-17

Artificial Intelligence Assisted Echocardiographic (Monitoring) in Pediatric Patients on
Extracorporeal Membrane Oxygenation
Weiling Chen1, Bei Xia1, Zhenxuan Zhang2, Zhifan Gao2, Xunyi Chen1, Zijian Tang1,
Tingting Liu1, Zhou Lin1, Wei Yu1, Shumin Fan1, Weiguo Yang1, Heye Zhang2, Guang
Yang3. 1Shenzhen Children's Hospital, Shenzhen, China; 2Sun Yat-sen University,
Shenzhen, China; 3Royal Brompton Hospital, London, United Kingdom.
Background: Percutaneous extracorporealmembrane oxygenation (ECMO) is utilized for pe-
diatric patients with cardiogenic shock or cardiac arrest. The traditional method is to use focal
echocardiography to complete the left ventricular measurement. Echocardiographic determi-
nation of ejection fraction (EF) by manual tracing of endocardial borders is time consuming
and operator dependent, whereas visual assessment is inherently subjective standard proced-
ures. This study tested the hypothesis that a novel, AI fully automated software usingmachine
learning-enabled image analysis will provide rapid, reproducible measurements of left ventric-
ular volumes and EF for ECMOpatients. This study aims to compare the usefulness of artificial
intelligence methods applied to cardiac function monitoring in ECMO. Methods: We retro-
spectively studied 29 patients who were hospitalized and supported by ECMO between
January 2017 and December 2021. A total of 218 echocardiography were performed on
ECMO support including pre-ECMO, during cannulation, during ECMO support, during
the ECMO wean, and review within 3 months after weaning. All ECMO children obtained
bedside assessment of Bedsideo-EF, and stored apical 2-chamber views and apical 4-
chamber views raw data images that assessed EF using PEQ-Net machine learning-enabled
for AI automated EF (Automated EF). The experts conduct off-line measurement obtain
ground-truth EF (Expert EF) by the biplane Simpson’s method manual tracing. Results:
There was no statistically significant difference between automated-EF and expert-EF pre-
ECMO, during and post-ECMO (P>0.05), regardless of heart rate; but the differences

between bedside-EF and automated-EF and expert-EF were statistically significant(P<0.05).
Inter-gloup correlation coefficients was higher for automated EF and expert manual
tracking(ICC: 0.941, 95%CI: 0.920 to 0.954) than the bedside assessments (ICC: 0.971,95%
CI: 0.961 to 0.978). The Bland-Altman analysis revealed good agreements among automated
EF and expert and bedside assessments. Intraobserver variability was good for experts manual
tracking or automatedmearments.Conclusions:Automatic EFmeasurementswere feasible in
pediatric ECMO echocardiography. AI- automated analysis of echocardiography to quantify
left ventricular function in critically ill children has good consistency and reproducibility
with clinical experts. The echocardiographic au-EFmethod is reliable for the quantitative eval-
uation of different heart rates and full ECMO support, which helps to improve the accuracy of
quantitative evaluation.

P6-18

Machine Learning Enabled Assessment of Left Ventricular Structure and Function
Predicts Clinical Outcomes
Emily S. Lau1,2, Paolo Di Achille2, Kavya Kopparapu2, Carl T. Andrews1, Pulkit Singh2,
Christopher Reeder2, Puneet Batra2, Michael H. Picard1, Jennifer E. Ho3,2, Steven A.
Lubitz1,2. 1Massachusetts General Hospital, Boston, MA; 2The Broad Institute of MIT and
Harvard, Cambridge, MA; 3Beth Israel Deaconness Medical Center, Boston, MA.
Background: Machine learning (ML) interpretation of echocardiographic images may facil-
itate automated assessment of cardiac structure and function. We sought to develop a deep
learning model to interpret echocardiograms and derive standard measures of left ventricular
(LV) structure and function. We evaluated the association of ML-derived LV echocardio-
graphic measures with incident outcomes. Methods: Raw transthoracic echocardiographic
(TTE) images were acquired from an electronic health record-based cohort of individuals
receiving longitudinal cardiovascular care in a multi-institutional healthcare system. We
trained and tested a 3D convolutional neural network (CNN) deep learning model for view
classification and quantification of LV wall thickness, chamber diameter, and ejection fraction
(EF). The sample was divided into training (19,134 TTEs, 6512 patients) and validation sets
(764 TTEs, 6512 patients). Using Cox models, we evaluated the association of CNN-
derived LV measures with incident outcomes (death and heart failure [HF]). Results: Deep
learning accurately classified views (ROC AUC = 0.99, 0.98, 0.97 for classification of paraster-
nal long axis, apical 4-chamber and apical 2-chamber views, respectively) and quantified stan-
dard LV measures (Pearson r = 0.93, 0.90, 0.83, 0.81 for LV systolic and diastolic dimensions,
EF and septal thickness, respectively, vs study report values). Model-derived LVmeasures pre-
dicted incident all-cause death and HF (Figure 1). A 1-standard deviation higher model-
derived LVEF was associated with lower risk of HF (n=83, HR 0.72, 95% CI 0.60-0.87,
p<0.001) and all-cause mortality (n=158, HR 0.73, 95% CI 0.63-0.84, p<0.0001, Figure 2).
Conclusions: A deep learning model of echocardiograms accurately assessed standard mea-
sures of LV structure and function, which in turn were associated with future clinical out-
comes. ML of echocardiograms has the potential to scale echocardiogram capture and
interpretation, and enable disease prediction and biologic discovery.
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Deep Learning-Based Classification of Left Ventricular Diastolic Pressure Using 2D
Echocardiographic Images
Jeremy A. Slivnick1, Ali Sadeghi2, Lucas Oliveira2, Nils Thorben Gessert2, Simon Wehle2,
David Prabhu2, Irina Waechter-Stehle2, Parastou Eslami2, Nikhil Gupta1, Mikail Siddiki1,
John Blair1, Roberto M. Lang1. 1University of Chicago Medical Center, Chicago, IL;
2Philips Healthcare, Cambridge, MA.
Background: Currently, the noninvasive assessment of left ventricular end-diastolic
pressure (LVED) using echocardiography relies on complex and often inaccurate
formulae. A sizeable number of patients determined to have diastolic dysfunction
on non-invasive assessment are ultimately found to have normal LVEDP, and
vice-versa on non-invasive assessment. We hypothesized that a deep learning (DL)
algorithm based solely on analysis of 2D echocardiographic images could accurately
identify patients with elevated LV filling pressures. Methods: We used a database
containing 10,000 DICOMs from 632 studies of patients who underwent 2D echo-
cardiography and left heart catheterization with LVEDP measurement on the same
day. Images were divided randomly into training (80%) and test (20%) of datasets.
The final DL algorithm was developed using the training dataset using 2-D, apical 4-
chamber images (n=5,212 from 626 studies) to automatically classify AI-derived
LVEDP into two categories: elevated (LVEDP $15 mmHg) or normal (LVEDP
#10 mmHg) as validated by true invasive LVEDP. Results: In the training set,
the automated DL showed high levels of diagnostic accuracy reflected by high
AUC value of 1.00, and an overall accuracy of 1.00 (Figure 1). In the test dataset,
the DL model-based calculation performance remained strong (AUC 0.81, accuracy
0.76). Conclusion: To our knowledge, this is the first echocardiography DL model to
accurately classify elevated LVEDP noninvasively. Future incorporation of Doppler
images and/or measurements may further improve its diagnostic accuracy. The suc-
cessful 2D echocardiographic classification of elevated LVEDP has the potential to
improve upon the existing paradigm for noninvasive diastolic function assessment,
allowing for improved detection and treatment of heart failure.
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