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with all-cause mortality were assessed in univariate and multivariable models. Results: 
Patient age was 61.9 (+17.4) years; 48.4% were female. Th e prevalence of LAE+, IVC+, 
and either sign were 43%, 10% and 46%, respectively. Mortality at 5.5 years was 14.6%, 
(35/240) overall, 23% in patients with LAE+ (OR 3.5 [1.6, 7.6]), 25% with IVC+(OR 2.2 
[0.8, 6.0]), and 21% with either sign(OR 3.0 [1.4, 6.4]). In those lacking LAE+, overall 
mortality was 8.0%(11/136) (OR 0.3 [0.2, 0.7]). Aft er adjusting for age, only diabetes (OR 
4.8 [2.0, 11.6]) and LAE+ (OR 2.4 [1.1, 5.4]) remained associated with mortality (p<0.05). 
In this outpatient cohort already referred for echocardiography, the absence of LAE+, 
diabetes and advanced age (≥65 years) identifi ed a sizable subgroup, 81/240 (33% of 
total), with a particularly low, 1.2% (1/81) 5.5-year mortality. Conclusions: A quick-look 
sign of left  atrial enlargement is associated with an increased, 23%, 5.5-year mortality 
and could be employed as an easily-learned POCUS exam to help stratify patient risk 
and refi ne outpatient echo referral. In particular, the lack of the LAE+ sign may be useful 
in decision-making when echo resources are limited or when clinical suspicion is low.
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Acute Respiratory Distress Syndrome Associated with Elevated 
Pulmonary Vascular Resistance
Alexander Papolos. UCSF, San Francisco, CA
Background: Alveolar infl ammation and non-cardiogenic pulmonary edema that impairs 
gas exchange are the key features of Acute Respiratory Distress Syndrome (ARDS). In 
this disease state, the fraction of each tidal breath that participates in gas exchange is 
reduced, amounting to an increase in pulmonary dead space ventilation. In an eff ort 
to balance alveolar perfusion and ventilation, pulmonary arterial beds vasoconstrict to 
divert deoxygenated blood to healthy alveolar units, a term called hypoxic pulmonary 
vasoconstriction. Previous studies of ARDS have shown that an increase in pulmonary 
dead space ventilation is associated with higher mortality and right ventricular 
dysfunction (Cepkova et al., 2007; Nuckton, 2002). However, no study has characterized 
the relationship between pulmonary dead space, pulmonary vascular resistance (PVR), 
and right ventricular function throughout the clinical course of ARDS. Methods: Th is 
is a prospective observational case series examining the association between pulmonary 
dead space ventilation and PVR in critically ill patients with ARDS requiring mechanical 
ventilation. Subjects underwent serial non-invasive measurement of right ventricular 
function, pulmonary vascular hemodynamics, and pulmonary dead space ventilation 
fraction on days 0, 2, and 5 of enrollment. Th e primary predictor for this analysis was 
the relationship between change in pulmonary dead space and PVR, determined by 
unadjusted linear regression. PVR was derived via the Abbass formula using the ratio of 
the tricuspid regurgitation jet velocity to the right ventricular outfl ow track velocity time 
integral (Abbas, 2013). Pulmonary dead space fraction was calculated by the Enghoff  
modifi cation of the Bohr equation using the partial pressure of mixed-expired and 
arterial CO2. Results: In this analysis of serial observations in our fi rst 18 subjects, there 
was a signifi cant positive correlation between pulmonary dead space fraction and PVR 
(r=0.64, p=0.0013). On average, PVR increased by 0.2 woods units for every 10% increase 
in absolute pulmonary dead space fraction (95% C.I. 0.08-0.29, p=0.001). Conclusions: 
ARDS is associated with increased pulmonary dead space ventilation and a moderate 
increase in pulmonary vascular resistance, which likely contributes to the high incidence 
of ARDS related right ventricular dysfunction. We speculate that this correlation is due to 
hypoxic pulmonary vasoconstriction and/or pulmonary vascular injury. Further research 
to determine the eff ect of ARDS on right ventricular function is warranted.
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Feasibility of Contrast Enhanced Hand Held Echocardiography in 
the Cardiovascular Critical Care Unit
Gail K. Jones, Erin Boehm, Lidija McGrath, Sriram Ravi, Ryan C. Van Woerkom, 
Stephen B. Heitner. Oregon Health & Science University, Portland, OR
Background: Echocardiography is the cornerstone for cardiovascular imaging in the 
critical care unit. Focused cardiac ultrasound using hand-held echocardiography (HHE) 
devices has been shown to be an eff ective means for the acquisition of critical information 
aiding clinical decision-making. Patients within the cardiovascular intensive care unit 
(CVICU) are among the most technically challenging from an imaging standpoint, 
necessitating contrast echocardiography with left  ventricular opacifi cation (LVO). We 
sought to evaluate the feasibility of using hand-held echocardiography (HHE) with LVO 
in the CVICU. We further hypothesized that cardiology trainees would be suffi  ciently 
skilled in order to obtain diagnostic images. Methods: We conducted a prospective, 
single-center blinded, comparative study in our CVICU. Subjects undergoing a clinically 
indicated, standard-of-care echocardiogram (SCE), where LVO was deemed necessary, 
were consented for participation. Parasternal and apical images, with and without 
LVO, were obtained by a trainee and stored anonymously. Left  ventricular wall motion 
was divided into 7 territories including anterior, anteroseptal, inferoseptal, inferior, 
inferolateral, anterolateral, and the apex. Left  ventricular ejection fraction (LVEF) and 
left  ventricular wall motion were reported by the trainee and separately by a board-
certifi ed cardiologist, both blinded to the SCE results. Th e non-contrast and LVO 
enhanced LVEF from the trainee and the cardiologist were compared using Pearson’s 
correlation coeffi  cient as was the LVO enhanced LVEF to the SCE LVEF. Th e number 
of territories able to be assessed was compared between the non-contrast and the LVO 

enhanced images. Results: 44 subjects were included (27% with cardiogenic shock and 
16% aft er cardiac surgery). Th e most common indication for the SCE was for assessment 
of LVEF (48%). HHE performed very well in novice hands with good agreement between 
the trainees and the cardiologist (r = 0.79 for non-contrast images and 0.84 for LVO 
enhanced HHE). Th ere was excellent correlation with SCE when LVO was added to HHE 
(trainee r = 0.90, cardiologist r = 0.84). More territories were able to be assessed with 
addition of LVO to HHE (72% improved to 91% for trainees, 72% improved to 96% for 
the cardiologist). Conclusion: Despite the technical challenges in CVICU patients, we 
demonstrated that LVO enhanced HHE is a feasible option for the evaluation of LVEF. We 
believe that this technology will enable more rapid availability of diagnostic information 
for these critically ill patients. Further study of LVO enhanced HHE is needed.
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Improving the EfŅ ciency of Cardiac Ultrasound Training by 
Integrating Scaffolding and Deliberate Practice
Shannon M. McConnaughey, Rosario V. Freeman, Florence H. Sheehan. 
University of Washington Hospitals, Seattle, WA
Background: As the use of focused cardiac ultrasound (FoCUS) spreads, there is a 
growing need for effi  cient, eff ective training in this modality across a variety of graduate 
and postgraduate medical education settings. Methods: We created a simulator-based 
FoCUS curriculum using the principles of instructional scaff olding and deliberate 
practice to help guide the novice’s learning eff orts and moderate the cognitive load of 
this complex learning task. Th e process of acquiring and interpreting cardiac ultrasound 
images was broken into discrete steps, with focused didactic information immediately 
followed by targeted simulator practice for each module. Practice complexity increased 
through successive modules, and learners ultimately applied their skills by completing 
unassisted simulator cases that involved basic cardiac pathology. Immediate visual and 
quantitative feedback was provided by the simulator during practice. Th is scaff olded 
curriculum was then compared to a previously validated, traditional didactic-before-
practice curriculum in a randomized study of cardiothoracic surgery residents and 
cardiac nurse practitioners. Both curricula were simulator-based, entirely self-guided, 
and contained a similar number of practice cases. Pre- and post-training tests assessed 
technical skill in image acquisition using simulator scanning cases and cognitive skill 
in image interpretation using multiple choice questions (MCQ). Results: Twenty-four 
learners were included in this study: 11 in the traditional curriculum group and 13 in the 
scaff olded curriculum group. Compared to the traditional curriculum, the completion 
rate was signifi cantly higher for the scaff olded curriculum (92% vs 45% of learners, 
p<.00001), and the scaff olded curriculum decreased completion time from 9.2 ± 6.5 hrs 
(n=5) to 5.4 ± 2.3 hrs (n=12, p=.08). Although the low completion rate of the traditional 
curriculum precluded statistical comparison of outcomes between groups, achievement 
of cognitive and technical skills was comparable in both curricula (Table 1). Conclusions: 
Compared to a didactic-before-practice approach, a curriculum utilizing scaff olding and 
deliberate practice improves learning effi  ciency and helps more novices achieve basic 
skills in FoCUS image acquisition and interpretation.

Pre- and Post-training skills outcomes. Values are mean ± SD.
Pre-training Post-training P value

Traditional curriculum (n=5)
Cognitive skill (mean % correct on MCQ) 45 ± 17 65 ± 13 .01
Technical skill (mean angle error in degrees) 31 ± 22 22 ± 20 .17
Scaff olded curriculum (n=12)
Cognitive skill (mean % correct on MCQ) 38 ± 20 69 ± 16 .002
Technical skill (mean angle error in degrees) 46 ± 31 24 ± 14 .005
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Safety and EfŅ cacy of Intra-myocardial Septal Radiofrequency 
Ablation for Hypertrophic Obstructive Cardiomyopathy
Liwen Liu1, Lei Zuo1, Jinzhou Zhang2, Mengyao Zhou1, Bo Xu2, Rebeccca T. 
Hahn3, Martin B. Leon3, Junbo Ge4, Xiaodong Zhou1, Jun Zhang1, Shuping Ge5, 
Lize Xiong6. 1Xijing Hypertrophic Cardiomyopathy Center, Ultrasound, Xijing 
Hospital, Fourth Military Medical University, Xi‘an, China; 2Department of 
Cardiac Surgery, Xijing Hospital, Fourth Military Medical University, Xi‘an, 
China; 3Columbia University Medical Center/New York Presbyterian Hospital, 
New York, NY; 4Shanghai Institute of Cardiovascular Diseases, Zhongshan 
Hospital, Shanghai Medical College of Fudan University, Shanghai, China; 
5Department of Cardiology, St. Christopher‘s Hospital for Children, Drexel 
University College of Medicine, Philadelphia, PA; 6Department of Anesthesiology, 
Xijing Hospital, Fourth Military Medical University, Xi‘an, China
Background: For patients with disabling symptoms due to hypertrophic obstructive 
cardiomyopathy (HOCM), Liwen procedure by percutaneous intra-myocardial septal 
radiofrequency ablation may be a less-invasive therapy option. Th e purpose of this 
study is to evaluate the safety, effi  cacy, and median-term outcomes of Liwen procedure. 
Methods: Fift een consecutive patients with HOCM and drug-refractory symptoms 
underwent the Liwen procedure. Th ese patients were assessed by imaging examination, 
electrocardiographic, and blood biochemistry test examination aft er a median follow-up 
of ≥ 6 months. Results: At six months follow-up, patients had signifi cant improvements 

Poster Session 2 (P2) Monday, June 25, 2018

in peak left  ventricular outfl ow tract (LVOT) gradients (resting gradient, from 
91.53±26.82 to 12.47±6.96 mm Hg, P<0.001; stress-induced gradient, from 143.57±67.21 
to 31.06±16·6 mm Hg, P<0.001), and interventricular septum (IVS) thickness (anterior 
IVS, from 24.64±4.64 to 14.15±2.38 mm, P<0.001; posterior IVS, from 24.13±4.78 
to 13.79±2.81 mm, P<0.001). Th e reduction in IVS thickness and LVOT gradient was 
associated with improvement in New York Heart Association class (from 2.60±0.51 to 
1.00±0.00, P<0.001), total exercise time (from 6.67±1.63 to 9.60±1.84 min, P<0.001), the 
wave amplitude of Rv5+Sv1 (from 4.62±2.11 to 3.67±1.82 mV, P=0.023) , and pro-BNP 
levels (from 868.34±566.93 to 233.64±217.48 pg/ml, P=0.026). No patient had bundle 
branch block or complete heart block. Conclusions: Liwen procedure is a safe and 
effi  cacious treatment of symptomatic HOCM that leads to a persistent reduction in LVOT 
gradients and sustained functional improvement.
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Analysis of Aortic Stenosis using ArtiŅ cial Intelligence
David Playford1, Edward Bordin2, Lyle Talbot2, Razali Mohamad2, Bonita 
Anderson3, Geoff  Strange1. 1University of Notre Dame, Perth, Australia; 2Alerte 
Echo IQ, Perth, Australia; 3Th e Prince Charles Hospital, Brisbane, Australia
Introduction: Echocardiographic (echo) evaluation of aortic stenosis (AS) requires 
measurements from multiple acoustic windows. Left  ventricular outfl ow tract (LVOT) 
measurements are prone to error and variability, and are compounded in the aortic valve 
area (AVA) calculation which relies on multiplying and squaring the LVOT dimension. 
We evaluated whether artifi cial intelligence (AI) could impute the AVA from other 
echocardiographic data, without the need for any LVOT measurements but maintaining 
reproducibility. Method: We hypothesised that an AI model would use the phenotypic 
response of the heart to AS to generate a model to predict the AVA. Using data from 
the National Echo Database Australia (NEDA), we extracted 530,884 echocardiograms 
from 358,661 participants, with over 18,255,238 individual data points. Using a random 
70% subset of the data we produced an AI model using multidimensional clusters, taught 
using the continuity equation and the known cardiac response to AS. Because of the 
real-world nature of the data, missing data was imputed using a multiple imputation 
model to build a complete data set. Results: Using duplicate data and withholding single 
parameters across the data set, the trained model imputed the missing data and showed 
minimal imputation error. Th e trained model was then tested against the remaining 30% 
of the data not previously seen by the AI, and again showed minimal imputation error. We 
then completely removed all LVOT measurements (velocity, gradient and diameter) and 
the AVA from the test set (n=24,748 studies), and asked the AI to predict the LVOT and 
AVA measurements. Severe AS was defi ned as AVA<1cm2. Th e predicted AVA was then 
compared with the calculated AVA. Th e area under the receiver-operating characteristic 
curve (AUCROC) was 0.95, and area under the precision recall curve (AUCPR) was 
0.73. Severe AS was present in 1834 studies (7.4%). Th e model performed equally well in 
impaired ejection fraction (EF<50%, 1391 studies, 10% with severe AS: AUCROC=0.96, 
AUCPR=0.78; EF<35%, 426 studies, 10% with severe AS: AUCROC=0.94, AUCPR=0.76). 
Conclusion: We have developed an AI system that completely removes the need for 
LVOT measurements in evaluation of AS. Our model performs equally in normal and 
impaired left  ventricular (LV) systolic function, including severe LV dysfunction. Benefi ts 
of “smart” echo may include improved effi  ciency, and reduced study duration, cost and 
risk of sonographer injury.
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Acoustically Active Needle and Cannula for Navigation by 
Conventional Color Doppler Ultrasound Imaging
Marek Belohlavek1, Minako Katayama1, Veronica Vaitkus1, Kayvan Shamsa1, 
Jason Grabham2, Bryan Sandweiss2. 1Mayo Clinic, Scottsdale, AZ; 2Phoenix 
Children‘s Hospital, Phoenix, AZ
Background: Fundamental limitations of B-mode ultrasound may compromise its 
ability to guide minimally invasive procedures. In particular, navigation of needles for 
percutaneous vascular entry or placement of a cannula for extracorporeal membrane 
oxygenation can represent a challenge. Our novel approach makes the needle or cannula 
tip acoustically active and, thus, identifi able by an instantaneous color marker in Doppler 
scans. Th e aim was to test acoustical navigation by color Doppler imaging in vivo. 
Methods: We installed 2-mm piezoelectric crystals at tips of a 16-gauge needle and a 
5-mm in diameter cannula (Figure, A and B). Each of the crystals is driven by an external 
waveform generator. Th e vibrating crystal stimulates acoustical interactions with the 
transmitted ultrasound beam and generates a color Doppler marker (Figure, C and D). 
Tests were conducted in approximately 80-kg anesthetized closed- and open-chest adult 
pigs. Th e needle was navigated to the femoral artery. Th e cannula was inserted via the 
carotid artery and navigated to the ascending aorta. A linear array transducer was used 
for needle navigation and set in B-mode to 8 MHz and in color Doppler to 3.5 MHz. A 
phased array transducer was used for navigation of the cannula and set in B-mode to 
1.7/3.4 MHz and in color Doppler to 2.0 MHz. Results: Th e needle was barely visible by 
B-mode imaging during insertion into the femoral artery, but its tip was clearly identifi ed 
and tracked by the color Doppler marker (Figure C). Th e marker guided puncture of 
the artery. Note that blood fl ow patterns by color Doppler were fully preserved during 
acoustical navigation. Th e acoustic cannula tip was guided by its color Doppler marker 
to the ascending aorta (Figure D). In a short-axis view (Figure D, insert), the marker 
unambiguously localized the cannula tip within the aortic lumen. Th e Doppler gain was 
set to -20 dB in this open-chest scan. Such gain setting desirably eliminated depiction of 
blood fl ow patterns in the aorta. Conclusion: Our experimental tests demonstrate that 
color Doppler ultrasound can be used for a new purpose, ie, guidance of an interventional 
instrument, such as a needle or cannula. Acoustically active adaptation of their tips 
enabled unambiguous identifi cation and instantaneous navigation with a conventional 
color Doppler echocardiography system.


