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Left Ventricular Suction During Exercise was Associated with 
Exercise Capacity in Patients with Heart Failure Regardless of 
Ejection Fraction
Shingo Tsujinaga1, Hiroyuki Iwano1, Miwa Sarashina1, Taichi Hayashi1, Takashi 
Yokota1, Michito Murayama2, Ayako Ichikawa3, Masahiro Nakabachi3, Shinobu 
Yokoyama3, Hisao Nishino3, Satoshi Yamada1, Toshihisa Anzai1. 1Department of 
Cardiovascular Medicine, Faculty of Medicine and Graduate School of Medicine, 
Hokkaido University, Sapporo, Japan; 2Diagnostic Center for Sonography, 
Hokkaido University Hospital, Sapporo, Japan; 3Division of Clinical Laboratory 
and Transfusion Medicine, Hokkaido University Hospital, Sapporo, Japan
Background: Exercise intolerance is an independent predictor of all-cause mortality 
in heart failure patients regardless of left  ventricular (LV) ejection fraction (EF). In 
normal conditions, LV suction augments early diastolic intra left  ventricular pressure 
diff erence (IVPD) and maintains or even increases diastolic fi lling during exercise, 
resulting in higher exercise capacity. However, the impact of LV suction during exercise 
on exercise capacity in heart failure patients has not been fully elucidated. Methods: Th e 
cardiopulmonary exercise testing and exercise-stress echocardiography were performed 
in 47 heart failure patients (60±16 years old, ischemic etiology 17%) within 7 days. Peak 
oxygen uptake (VO2) was measured by a respiratory gas analysis with an upright bicycle 
ergometer as a parameter of exercise capacity. Apical 4- and 2-chamber views and color 
M-mode Doppler image of LV infl ow were obtained at rest and peak exercise. LV EF 
was measured by the method of disks. Th e early-diastolic IVPD from mitral annulus to 
the LV apex was determined using color M-mode Doppler data to integrate the Euler 
equation as a parameter of LV suction. Results: LV EF was 39±15% at rest in overall heart 
failure patients; 27 patients had a reduced LV EF (<40%, HFrEF), whereas 20 patients 
had a relatively preserved LV EF (≥40%, HFpEF). Peak VO2 was lower in HFrEF than 
in HFpEF (16±5 vs 20±6 mL/min/kg, P<0.05). IVPD at rest was also lower in HFrEF 
than in HFpEF (1.6±1.0 vs 2.6±1.0 mmHg, P<0.05). During exercise, LV EF (HFrEF: 
30±9% to 33±13%, HFpEF: 54±12% to 63±15%) and IVPD (HFrEF: 1.6±1.0 to 3.1±1.4 
mmHg, HFpEF: 2.6±1.0 to 5.2±2.7 mmHg) were signifi cantly increased in both groups 
(P<0.05 for all). In overall patients, IVPD at peak exercise signifi cantly correlated with 
peak VO2 (R=0.70, P<0.01), whereas IVPD at rest did not. LV EF at peak exercise also 
correlated with peak VO2 (R=0.36, P<0.05). In a multivariable analysis, IVPD at peak 
exercise determined peak VO2 independently from LV EF (IVPD: β=0.67, P<0.01; LV EF: 
β=0.03, NS). Moreover, similar fi ndings were observed even in either types of heart failure 
(Table). Conclusion: LV suction at peak exercise was closely associated with whole-body 
exercise capacity in heart failure patients regardless of LV EF.

P1-190
Mechanical Dyssynchrony Parameters and Superresponse to 
Cardiac Resynchronization Therapy in Patients with Congestive 
Heart Failure
Vadim Kuznetsov, Anna Soldatova, Dmitrii Krinochkin, Tatyana Enina. Tyumen 
Cardiology Research Center, Tyumen, Russian Federation
Background: Some patients with congestive heart failure (CHF) have greater improvement 
of cardiac remodeling aft er cardiac resynchronization therapy (CRT) and they are 
identifi ed as super-responders (SR). It remains unclear if echocardiographic cardiac 
dyssynchrony parameters could accurately predict super-response to CRT. Purpose: 
To evaluate potential echocardiographic predictors related to super-response aft er CRT. 
Methods: 59 CRT patients (mean age 52.9±9.0 years, 88% men) with CHF (54% ischemic 
and 46% non-ischemic etiology) and II-III NYHA functional class were enrolled. Aft er 
6 months patients were divided into SR (reduction in left  ventricular end-systolic 
volume (LVESV) ≥30%, n=20) and non-SR (reduction of LVESV <30%, n=39). To assess 
mechanical dyssynchrony we evaluated interventricular mechanical delay, duration of left  
ventricular pre-ejection period (LVPEP) by Doppler ultrasound velocity measurements 
of blood fl ow, the maximum delay between peak systolic velocities of the septal and 
lateral walls of left  ventricle by Doppler tissue imaging. Systolic dyssynchrony index 
was assessed by 3D echocardiography. Results: Both groups demonstrated signifi cant 
improvement of NYHA functional class, reductions of left  ventricular ejection fraction 
and LVESV. All parameters of mechanical dyssynchrony were signifi cantly higher in SR. 
Multiple logistic regression analysis showed that LVPEP was an independent predictor 

for CRT super-response (95% confi dence interval [CI] 1.007-1.055; p=0.011). In ROC 
curve analysis LVPEP demonstrated sensitivity 73.7% and specifi city 75% (AUC 0.753; 
p=0.002) in prediction of response to CRT. Conclusion: In patients with CHF greater 
mechanical dyssynchrony is associated with super-response to CRT. LVPEP can be used 
as an independent predictor of CRT super-response.
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Paradoxical Low Gradient Aortic Stenosis ReclassiŅ ed Using 
Hybrid Continuity Equation by MultiDectector CT: Insights Into 
Diastolic Function and Post TAVR Outcomes 
Daniel F. Kupsky, Waleed Al-Darzi, Hazem Malas, Gordon Jacobsen, 
Karthikeyan Ananthasubramaniam. Henry Ford Health System, Detroit, MI
Background: Paradoxical low fl ow low gradient aortic stenosis (PLF-AS) is a complex 
clinical entity posing challenges in diagnosis and management. Left  ventricular outfl ow 
tract (LVOT) diameter underestimation is a key reason for inaccuracies in quantitation. 
We investigated the utility of a hybrid modifi ed continuity equation using multidetector 
computed tomography (MDCT) derived LVOT diameter/cross sectional area and 
Doppler echocardiography (DE) to study the impact of reclassifying patients with 
severe PLF-AS. We further analyzed diff erences in diastolic parameters and outcomes 
in reclassifi ed patients post-transcatheter aortic valve replacement (TAVR). Methods: 
Patients being evaluated for TAVR between January 2015 to July 2017 with both DE and 
MDCT data available were retrospectively reviewed. PLF-AS defi ned as valve area (AVA) 
< 1 cm2 by DE, left  ventricular EF ≥ 50%, stroke volume index (SVI) < 35 mL/m2, and 
mean aortic pressure gradient ≤ 40 mmHg by DE. AVA was recalculated substituting 
MDCT LVOT data into the equation. Th e cut off  for severe AS with the hybrid equation 
was set as < 1.2 cm2 as previously reported. Diastolic Parameters and TAVR outcomes 
(NYHA class, mortality and hospital admissions for CHF) were analyzed. Results: 67 
patients were included in the analysis (mean age 79.9 ± 8.6 years, 49% female). Twenty 
four percent (n=16) of patients were ultimately reclassifi ed from severe to moderate AS 
by merging MDCT and DE data. Th ere was a signifi cantly higher number of patients with 
diastolic dysfunction (grade I or higher) (95% vs 75%; p=.03) and restrictive physiology 
(grade 3 diastolic dysfunction) (33% vs. 8%; p=.032) in those who remained in the severe 
AS group using the hybrid equation. NYHA class prior to valve replacement was worse in 
the patients in the severe category (3.05 vs. 2.6; p=0.013). At a mean f/u of 19 months 67% 
(n=45) underwent TAVR (11 reclassifi ed as moderate AS and 34 as severe AS). Th ose who 
remained in the severe AS range had a greater improvement in their SVI (35.5 vs. 26.9 
p<.001) aft er TAVR, and average improvement in NYHA class was signifi cantly better in 
the severe AS group (1.63 vs 1.11 p=0.042 ). Th ere was no signifi cant diff erence between 
the two groups with regards to CHF hospitalization or all-cause mortality. Conclusion: 
Merging MDCT with DE reclassifi es nearly a quarter of patients with severe PLF-AS into 
the moderate category. Patients with severe AS per hybrid equation have more advanced 
DD and had a more signifi cant improvement in NYHA class and SVI. Future studies 
will need to assess if proceeding or deferring interventions can be based on combining 
MDCT and DE.

P1-192
Explore the Application Value of Vector Flow Mapping in 
Assessing the Degrees of Coronary Artery Stenosis
Guo Xu, Shi JiaXin, Wang ZhenZhen, Guo ZiHong, Tian JiaWei. Th e Second 
Affi  liated Hospital of Harbin Medical University, Harbin, China
Background: To quantify the left  ventricular fl ow fi eld characteristics of diff erent phases 
of cardiac cycle in patients with diff erent degrees of coronary artery stenosis by using 
vector fl ow mapping (VFM), and to explore the value of quantitative parameters of 
VFM in diagnosis of degrees of coronary artery stenosis in patients with coronary heart 
disease. Methods: Eighty-fi ve patients with coronary artery stenosis showed by coronary 
angiography served as case group. According to the results of coronary angiography, all 
the patients of case group were divided into three groups : mild stenosis group, moderate 
stenosis group and severe stenosis group. Forty-fi ve healthy adult volunteers selected 
as control group. Th e quantitative parameters, including average energy loss (EL-base, 
EL-mid, EL-apex) and circulation (vortex area, circulation) were measured in the 
diff erent periods of vector fl ow mapping imaging mode. Th e diff erence of parameters 
were evaluated between case group and control group during diff erent periods. E/e  was 
derived via dual-Doppler imaging technology And correlation was analyzed between 
aEL, circulation and E/e , separately. Results: ① Compared with the control group, 
aEL in global and regional segment of left  ventricle in the severe stenosis group were 
signifi cantly increased during isovolumetric relaxation period, reduced fi lling period, 
atrial systolic phase and isovolumic contraction period (P<0.05). And the aEL in global 
and regional segment of left  ventricular in the moderate stenosis group were signifi cantly 
increased during reduced fi lling period, atrial systolic phase and isovolumic contraction 
period (P<0.05). And the aEL in global and regional segment of left  ventricular in the 
mild stenosis group were signifi cantly increased during reduced fi lling period (P<0.05). 

 Compared with the control group, the vortex area and circulation intensity in left  
ventricular of the severe stenosis group were signifi cantly increased during isovolumetric 
relaxation period, reduced fi lling period, atrial systolic phase and isovolumic contraction 
period(P<0.05).  In case group, aEL had a good correlation with E/e  at total and 
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partial segment of rapid fi lling phase and atrial systolic phase. And the vortex area and 
circulation intensity had a good correlation with E/e  during reduced fi lling period 
and atrial systolic phase. Conclusions: VFM can eff ectively evaluate the fl ow fi eld 
characteristics of left  ventricle in patients with coronary heart disease. Th e quantitative 
parameters of VFM can refl ect the extent of coronary artery stenosis to some extent.

P1-193
Differentiating Pre-Capillary and Post-Capillary Pulmonary 
Hypertension by Doppler Echocardiography in a Large Real-World 
Database
Pyi Naing1, Graham S. Hillis2, Gregory Scalia3, Geoff  Strange1, Jim Codde1, David 
Playford1. 1University of Notre Dame, Fremantle, WA, Australia; 2University of 
Western Australia, Perth, WA, Australia; 3University of Queensland, Brisbane, 
Australia
Background: Pulmonary hypertension is common, dangerous and has multiple causes. 
Vasodilator therapy has signifi cantly improved the prognosis of patients with pulmonary 
arterial hypertension, but the diagnosis can be challenging, requiring right heart 
catheterisation (RHC). Diff erentiating pre-capillary pulmonary hypertension (prePH) 
and post-capillary pulmonary hypertension (postPH) and measuring pulmonary 
vascular resistance are key steps for diagnosing pulmonary arterial hypertension. A novel 
echocardiographic parameter, the pulmonary to left  atrial ratio (ePLAR), which is derived 
from the tricuspid regurgitation velocity (TRV) divided by the ratio between the early 
diastolic fi lling velocity and the early mitral annulus velocity (E/e’), i.e., ePLAR=TRV/E/e’, 
has been described as a surrogate for RHC. Th is retrospective cohort study tests the ability 
of ePLAR to diff erentiate prePH and postPH, in a large real world database. Methods: Th e 
data from all RHCs performed within 5 years’ period (January 2010 to February 2015) 
was extracted from the hospital’s database. Th e closest corresponding echocardiograms 
were searched in the national echo database Australia (NEDA) using the identifi ers 
from RHC data. Results: 887 pairs of echos and RHCs were merged and analysed in our 
study. Th e median time diff erence between RHC and echocardiography was 7 (IQR 1-62) 
days. Th e ePLAR was calculable in 184 cases (21%). Median (IQR) ePLAR values were 
signifi cantly diff erent between prePH and postPH groups: 0.35 (0.13-0.50) m/s vs 0.17 
(0.12-0.23) m/s (P=0.003), despite both groups having similar mean pulmonary artery 
pressures. Th e optimal ePLAR cut-off  of 0.28m/s had a positive predictive value of 94% 
for postPH, with sensitivity of 83% and specifi city of 67%. Conclusions: ePLAR helps to 
discriminate postPH from prePH and may be useful in evaluating these patients.

P1-194
Heart Failure with Reduced Ejection Fraction (HFrEF) in Young 
Patients Has Unique Clinical and Sociodemographic Features: An 
Urban and Multiracial Observation
Dan L. Li1, Ignacio Zepeda1, Renato Quispe1, Cynthia Taub2. 1Jacobi Medical 
Center, Department of Internal Medicine, Albert Einstein College of Medicine, 
Bronx, NY; 2Montefi ore Medical Center, Department of Cardiology, Albert 
Einstein College of Medicine, Bronx, NY
Background: Young patients with HFrEF might present distinctive clinical phenotypes 
due to diff erent etiologies and other age-related comorbidities comparing with older 
patients. Studies of HFrEF in young individuals remain scant, especially in racial-
ethnically diverse communities. Methods: Patients with HF diagnosis upon inpatient 
discharge at Montefi ore Medical Center, Bronx, New York between 2000-2016, with an 
EF <40% were included. Patients were divided into three age groups: young (18-39 years), 
middle-age (40-64 years), and elderly (> 64 years). Socioeconomic score (SES) was a 
summary Z-score that combined wealth and income and displayed as above (positive) 
or below (negative) mean SES in New York state. All cause mortality was obtained until 
December 31st, 2017. Clinical characteristics were compared among groups using chi-
square and ANOVA tests. Unadjusted and sex-adjusted Cox proportional models were 
performed to evaluate risk of mortality and 1-year readmission among diff erent age 
groups. Results: A total of 1,032, 8,336 and 13,315 young, middle-age and elderly patients 
were included in the study. Median follow-up was 36 (14-69) months. Young patients 
were predominantly Blacks, and had signifi cantly lower SES compared with middle-age 
and elderly patients. Young individuals had signifi cantly lower proportions of ischemic 
heart disease and atrial fi brillation, but higher proportions of dilated, alcoholic and 
peripartum cardiomyopathies. Th ey had larger left  ventricular chamber size but lower 
pro-NT-BNP levels (Table). Young patients had 78% and 31% lower risk of mortality and 
1-year readmission rates, respectively, than those of elderly groups (p < 0.001) (Figure). 
Conclusion: Young patients with HFrEF have distinct baseline characteristics, racial 
distribution, lower SES and worse LV dilatation but a better survival outcome than 
older patients. Age-specifi c preventive and therapeutic interventions should therefore be 
explored.


