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#137 Primary Pulmonary Vein Stenosis: Outcomes, Prognostic Factors and Severity Score in a 

Multicentric Study 

Category: Pediatric Cardiac Surgery 

Abstract text:  

Background: Primary pulmonary vein stenosis (PPVS) still carries a poor prognosis in recent series, 

even despite the adoption of a sutureless technique by many groups. The optimal management and 

prognostic factors remain controversial. 

Objective/Hypothesis: We sought to determine current PVS outcomes and prognostic factors in a 

multicentric study in the current era. 

Methods: Thirty patients with PPVS operated in 10 European/North-American centers (2000-2012) 

were included retrospectively. A specific PVS severity score was developed, based on the 

echocardiographic pressure gradient and the focal/diffuse aspect of the stenosis for each PV. A 

univariate and multivariate risk analysis was performed. Median follow-up was 37 months (range: 3-

171months). Mean preoperative score was 8.8±4.1. Mean number of affected PV/patient was 

2.8±1.1. Sutureless repair was used in 21 patients (70%), endarterectomy in 5, and patch veinoplasty 

in 4. Median age and weight at surgery were 9 months (range:1-100) and 6.8kg (range:2.7-20.3) 

respectively. 

Results: Overall PV restenosis, reoperation and mortality occurred in 50%(n=15/30), 40%(n=12/30) 

and 30%(n=9/30) respectively. Kaplan-Meier cumulative restenosis-free survival was 67±9% at 1 year 

and 48±9% at 5 and 8 years. Cumulative patient survival was 73±8% at 1 year and 70±8% at 5 and 8 

years. Restenosis and mortality rates after sutureless repair versus non-sutureless repair were 

57%(n=12/21) vs. 33%(n=3/9) (p=0.42) for restenosis and 38%(n=8/21) vs. 11%(n=1/9) (p=0.21) for 

mortality. Patients selected for a sutureless technique had a higher preoperative severity score (>4) in 

90%(n=19/21), vs. 67%(n=6/9) for other patients (p=0.14). Kaplan-Meier reoperation-free survival 

curves according to the preoperative PVS score, surgical technique and postoperative pulmonary 

hypertension are shown in figure 1. Results of the univariate analysis are shown in Table 1. High 

postoperative PVS score and postoperative pulmonary hypertension were independent risk factors 

for PV restenosis (HR=1.34(95%CI:1.11-1.61);p=0.002 and HR=6.81(1.30-35.5);p=0.02 respectively), 

PV reoperation (HR=1.24(1.05-1.46);p=0.01 and HR=7.60(1.41-40.97);p=0.02), and PVS-related 

mortality (HR=1.39(1.07-1.80);p=0.01 and HR=39.5(2.6-607.8);p=0.008). 

Conclusion: Primary PVS still has a guarded prognosis in the current era despite the adoption of the 

sutureless technique. Postoperative pulmonary hypertension and severity of the disease evaluated by 

a new severity score are independent risk factors for poor outcomes regardless of surgical technique. 



 



 

 

 

 

 

 

 

 

 

 



#138 Role of Echocardiography in the Evaluation and Management of Pediatric Stroke Patients 

Category: General Pediatric Cardiology 

Abstract text:  

Background: There is currently a paucity of data guiding cardiac imaging strategies in pediatric stroke 

patients. Due to the risk of paradoxical emboli, echocardiography with or without saline contrast 

injection is frequently performed following a cerebrovascular accident (CVA) to evaluate for an intra-

cardiac shunt. Utility of this imaging and frequency of abnormalities detected by echocardiography in 

pediatric stroke patients is not well defined.  

Objective/Hypothesis: This study aims to characterize echocardiographic findings and examine the 

utility of echocardiography in this population.  

Methods: A retrospective chart review of 61 pediatric patients between 0-18 years of age was 

completed. All patients underwent echocardiographic evaluation for CVA from January 2008 to April 

2014. Descriptive variables were collected including age, CVA type, echocardiographic findings, 

hypercoagulability risk factors, and interventions.  

Results: 61 patients underwent a transthoracic echocardiogram (TTE) for CVA including 38 who had a 

concurrent saline contrast “bubble” study. TTE was inconclusive in 2 (3%) of patients despite inclusion 

of a bubble study. TTE identified an intra-cardiac shunt in 11/59 (19%) patients, 7 of which were 

neonates when a patent foramen ovale (PFO) is considered normal. 1/4 children with an intra-cardiac 

shunt outside of the neonatal period underwent PFO closure. 

7 patients additionally underwent a transesophageal echocardiogram (TEE), including 5 with a 

concurrent bubble study. TEE without bubble study identified a shunt in 2/7 patients. Bubble study 

excluded a shunt in 4/5 of these patients. Hypercoagulability risk factors were identified in 21/59 

(36%) of patients. Of the 4 childhood patients with a shunt, two had identifiable hypercoagulability 

risk factors, including the patient who underwent PFO closure. 

Conclusion: TTE is an effective imaging modality for identifying an intra-cardiac shunt. Bubble study 

may not add significant diagnostic utility in the setting of an already inconclusive TTE. TEE appears to 

provide more definitive results but this invasive approach entails greater risk which limits its routine 

use. Patient age is an important consideration as intra-cardiac shunts are common in infancy and 

generally not intervened on. Cardiac imaging to identify shunts in pediatric stroke patients is 

commonly performed but rarely results in cardiac intervention. Its utility may be of a higher yield in 

children outside the neonatal period and those at risk for hypercoagulability. 

 

 



#139 Outcomes and Prognostic Factors for Adult Congenital Heart Disease Patients Undergoing 

Primary or Reoperative Systemic Atrioventricular Valve Surgery 

Category: Adult Congenital Heart Disease 

Abstract text:  

Background: Adults with congenital heart disease (ACHD) undergoing systemic atrioventricular valve 

(SAVV) surgery are a complex, under-studied population. We assessed mid-term outcomes and 

prognostic factors in ACHD patients undergoing SAVV surgery. 

Methods: We performed retrospective evaluation of ACHD undergoing SAVV surgery 1/2005-2/2016: 

14 patients (33%) with congenital mitral valve stenosis/regurgitation, 15 (35%) with atrioventricular 

septal defects (AVSD) and 14 (33%) with congenitally corrected transposition of the great arteries 

(ccTGA) with systemic tricuspid valve regurgitation. Adverse events were defined as mortality, 

reoperation on SAVV, and late >moderate SAVV regurgitation. Statistical analysis was performed 

using Fisher’s exact test and one-way ANOVA, as well as univariate and multivariate risk factor 

analysis.  

Results: Fifteen patients (35%) had preoperative systemic ventricular dysfunction, including 13 ccTGA 

patients (93%, p<0.001). 23 patients (54%) underwent valve repair, 20 patients (47%) underwent 

replacement, and 20 patients (47%) underwent an associated procedure. Replacement was higher in 

ccTGA patients (86%) than the other groups (p<0.01). Thirty-seven patients (91% of survivors) were 

free of significant SAVV regurgitation at last follow-up, with AVSD patients having greater 

regurgitation grades compared to the other groups (p<0.01). In-hospital mortality, late mortality, late 

>moderate SAVV regurgitation, and SAVV reoperation rates were 5% (n=2), 2% (n=1), 9% (n=3), and 

7% (n=3), respectively. On multivariate analysis, pre-discharge SAVV regurgitation grade was the only 

significant predictor of adverse events (OR=8.2, 95% CI 1.1-63.8, p=0.045). 

Conclusion: Overall outcomes in this challenging population are good. The single factor associated 

with adverse events was pre-discharge SAVV regurgitation grade.  

 

 

 

 

 

 

 



#140 Title: Usefulness of Routine Transtelephonic Monitoring for SVT in Infants 

Category: Electrophysiology 

Abstract text:  

Background: Infants may be more susceptible to hemodynamic collapse due to prolonged 

supraventricular tachycardia (SVT) because of their inability to communicate symptoms. Routine 

home transtelephonic monitoring transmissions (TTM) after SVT has been diagnosed has not been 

reported as a standard monitoring tool in this age group. 

Objective/Hypothesis: To determine if routine daily TTMs can accurately detect SVT in asymptomatic 

infants and/or assuage parental concerns. 

Methods: A single center, retrospective chart review of 62 patients with fetal or infant SVT who were 

prescribed TTM for at least 30 days from 1/10-9/16 was performed. Patients were excluded if initial 

SVT was not clearly documented, the initial SVT occurred in the perioperative period, or the patient 

had atrial fibrillation or atrial flutter. Categorical variables are expressed as mean ± SD. 

Results: Sixty-two patients (mean age 20 ± 32 days, 41 (66%) male) with fetal and/or infant SVT 

subsequently discharged with TTM after initial hospitalization were included. SVT diagnoses included: 

orthodromic reciprocating tachycardia in 47 (75.8%), atrial tachycardia in 13 (21%), congenital 

junctional ectopic tachycardia in 1 (1.6%), and permanent junctional reciprocating tachycardia in 1 

(1.6%). A total of 2846 TTMs were received from 57/62 pts (45.9 ± 51.5 TTMs/patient) over 63.5 ± 61 

days (d) of monitoring (0.75 ± 0.65 TTMs/patient/d). Routine asymptomatic TTMs revealed 

actionable findings in 7 (0.2%) TTMs sent by 7 (11.2%) patients. Actions taken include ER evaluation 

only (n=2), ICU admission (n=2), medication dose adjustment (n=6), initiation of new medication 

(n=3), and/or ablation (n=1). Significant LV dysfunction was found in 1/5 (20%) patients who 

underwent echocardiographic evaluation prompted by TTM findings. No asymptomatic patient 

presented in shock or died. Forty-five (1.6%) TTMs were made for parental concerns/symptoms in 16 

(25.8%) patients. Findings in symptomatic TTMs included NSR in 37 (82%) TTMs and SVT in 8 (18%) 

TTMs corresponding to patients with NSR only (n=10 patients), SVT only (n=3 patients), and NSR and 

SVT on different TTMs (n=3 patients). 

Conclusion: Near daily routine TTMs can accurately diagnose asymptomatic SVT in the few neonates 

and infants at critical risk for SVT before they develop signs of CHF or shock and is helpful for SVT 

management and parental reassurance. 

 

 



#141 Title: Promoting Pulmonary Arterial Growth via Right Ventricular to Pulmonary Artery 

Connection in Children with Pulmonary Atresia or Severe Pulmonary Stenosis and Hypoplastic 

Pulmonary Arteries 

Category: Pediatric Cardiac Surgery 

Abstract text:  

Background: Pulmonary atresia or severe pulmonary stenosis (PS) with hypoplasia of the native 

pulmonary arteries (PAs) is seen in a subset of patients with tetralogy of Fallot (TOF). Major 

aortopulmonary collateral arteries (MAPCAs) may contribute to pulmonary blood flow. Outcome 

depends on construction of an adequate sized pulmonary arterial tree incorporating or eliminating 

MAPCAs as needed.  

Objective/Hypothesis: We report our results with a previously described management strategy which 

employs an initial intervention of right ventricle to native pulmonary artery (RV-PA) connection to 

promote PA growth and ultimately allow for ventricular septation with low right ventricular pressure 

(RVp).  

Methods: We retrospectively reviewed clinical and procedural data for all patients (n=10) with TOF, 

pulmonary atresia or severe PS, diminutive native PAs and MAPCAs in our center from October 2008 

to August 2016. Preoperative and postoperative angiography was used to determine the pulmonary 

arterial vessel size over time to calculate the Nakata indices.  

Results: Seven patients had pulmonary atresia and 3 patients had severe PS; MAPCAs were present in 

7 patients. At time of conduit placement median age and weight were 7.5days and 3.6kg. Eight 

patients had RV-PA conduit; two had a transannular patch; 7 had major pulmonary artery 

reconstruction simultaneously. There were no deaths or serious morbidity; 1 conduit required 

revision prior to complete repair. Median days to extubation was 1.5 days and median days to 

hospital discharge was 12 days. Complete repair with ventricular septation was achieved in all 

patients at a median age of 239days. Postoperative RVp was less than half systemic in all patients. 

Following full repair, median days to extubation was 1 day and median days to hospital discharge was 

9 days. There were no deaths or serious morbidity. 

Nakata index in the neonatal period was 54mm2/m2 (range 15-144mm2/m2) and at the time of full 

repair 184mm2/m2 (range 56-510mm2/m2), (p=0.004). The median rate of increase in Nakata index 

from birth to complete repair was 18mm2/m2/mo (range 0.22-40.5 mm2/m2/mo) – see figure 1. The 

median rate of right and left pulmonary artery growth were comparable to each other at 0.36 

mm/mo (range 0.06-0.96 mm/mo) and 0.4 mm/mo (range 0.04-1.01 mm/mo) respectively – see 

figure 2. The 10 patients underwent 28 catheterizations with 13 interventions in 8 patients prior to 

full repair.  



Conclusion: Early palliative RV-PA connection promotes balanced pulmonary arterial growth and 

allows for eventual full repair with VSD closure with low RVp and low operative risk. 

Figure 1: Change in Nakata Index Over Time (N=10) 

 

Change in Nakata index from the neonatal period to the most recent catheterization is depicted. 

Figure 2: Change in Left and Right Pulmonary Arterial Diameter Over Time (N=10) 

 

Figure 2: Change in absolute left and right pulmonary artery diameter from the neonatal period to the most recent catheterization is 

depicted. LPA = left pulmonary artery. RPA = right pulmonary artery. 



#142 Title: Does Intraoperative Regional Oxygen Saturation Using NIRS Predict Low Cardiac Output 

Syndrome After Cardiac Surgery? 

Category: Cardiac Critical Care 

Abstract text:  

Background: Low cardiac output syndrome (LCOS) is a well-known sequelae of cardiopulmonary 

bypass (CPB) surgery. Near infrared spectroscopy (NIRS) is used to monitor regional saturation in CPB 

surgeries. Low NIRS and a derived desaturation score ≥3000% per second during CPB surgery have 

been shown to predict neurologic dysfunction and acute kidney injury.  

Objective/Hypothesis: We aim to assess the predictive ability of intraoperative NIRS (desaturation 

score) and post-operative LCOS. 

Methods: Prospective observational study evaluating intraoperative cerebral and somatic NIRS in all 

children undergoing CPB and correlating with post-operative lactate and vasoactive inotropic score 

(VIS) as surrogates for LCOS in the first 24 hours. Secondary outcomes measured were ICU-free days, 

ventilator-free days (VFD), and number of fluid boluses required in first 24 hours.  

Results: 52 patients underwent CPB, of whom 28 had cerebral NIRS desaturation score ≥3000% per 

second and 8 had somatic NIRS desaturation score ≥3000% per second. A linear mixed-model 

regression showed that there is significant association between cerebral desaturation score <3000% 

per second and lactate (P<0.028) but no significant association between somatic NIRS and lactate. 

There is no significant association neither between cerebral nor somatic NIRS and VIS. There is no 

significant association between cerebral or somatic NIRS and VFD or ICU-free days. 

Conclusion: Lower derived cerebral desaturation score (<3000%/sec) is associated with increased 

post-operative lactate, a surrogate for LCOS. While this finding does not reflect previously published 

studies, this may be due to a small sample size; data collection is ongoing. Differences in cerebral and 

somatic NIRS might reflect the difference in auto regulation across these vascular beds. NIRS is a 

valuable tool in monitoring intraoperative regional desaturation and might have applicability in 

predicting post-operative low cardiac output syndrome. Studies with larger sample size are required 

to prove this conclusively. 

 

 

 

 

 



#143 Title: Transient Pulmonary Hypertension After Surgical Closure of Secundum Atrial Septal 

Defects in Children 

Category: Cardiac Critical Care 

Abstract text:  

Background: Data are sparse regarding changes in pulmonary artery (PA) pressure after atrial septal 

defect (ASD) closure in children. 

Objective/Hypothesis: We hypothesized that PA pressures transiently increase following surgical 

closure of secundum ASDs. 

Methods: We conducted a retrospective chart review of consecutive patients under the age of 25 

years who underwent surgical closure of isolated secundum ASDs at our institution from 1/2015 to 

8/2016. Patients were excluded if they had a comorbid condition that could be associated with 

pulmonary arterial hypertension (PAH). Right ventricular systolic pressures were approximated using 

echocardiography and used to estimate PA systolic pressures. We examined the incidence of 

postoperative PAH based on various parameters, including demographics, defect characteristics (e.g., 

ASD size), hemodynamic changes and clinical outcomes. All patients had a postoperative 

echocardiogram within the 2 days of surgery. Twelve patients continued to follow up at our 

institution and had echocardiograms available from weeks after surgery. 

Results: Thirty-four charts were reviewed and 22 patients were eligible for inclusion (mean age 8.1 

years; 64% female). Seven patients (32%) developed mild PAH and 2 (9%) developed moderate PAH 

prior to discharge. Patients with larger ASDs (≥13 mm) were more likely to develop PAH than those 

with smaller ASDs (72.7% vs. 9.1%, p<0.005). Patients who developed pleural effusions in the 

postoperative period were also more likely to develop PAH (77.8% vs. 15.4%, p<0.01). There were no 

significant relationships between the development of PAH and patient demographics, bypass time or 

ICU length of stay. PA systolic pressures normalized within two weeks for all 5 patients that had 

developed PAH and had follow-up echocardiograms available for review. 

Conclusion: PAH developed in a sizeable proportion of young patients who underwent surgical ASD 

closure. Defect size and development of a pleural effusion in the postoperative period appear to be 

associated with PAH. Longitudinal studies can ascertain whether the resolution of this transient PAH 

is sustained over time. PAH in patients undergoing percutaneous closure of ASDs should also be 

studied. 

 

 

 



#144 Title: Maternal and Neonatal Risk Factors as Predictors of Cardiac Involvement in Infants of 

Diabetic Mothers (IDM) 

Category: General Pediatric Cardiology 

Abstract text:  

Background: 1.3 % of all pregnancies are complicated by pre-gestational diabetes and 7.6 % by 

gestational diabetes. Studies have also shown increased risk of congenital heart disease (CHD) and 

septal hypertrophy (SH) in the IDM with increasing maternal HbA1C level. There are limited studies 

looking at other risk factors like maternal BMI and infant birth weight and mode of treatment which 

can affect both placental function and neonatal cardiac structure and function.  

Objective/Hypothesis: To assess associations between maternal glycemic control, mode of treatment, 

maternal BMI and infant birth weight with cardiac structure and function abnormalities and effect on 

the length of stay in IDM.  

Methods: This is a retrospective review from EMR data of 156 babies born with the diagnosis of IDM 

at XXXX Hospital between Decemer-2013 to August-2016. All the babies (50) babies without an echo 

or missing echo data were excluded from the study. Those with only a PDA, PFO or mild right 

ventricular hypertrophy were not considered a positive cardiac abnormality but as transitional 

circulation. Septal Hypertrophy (SH) was defined as interventricular septum (IVS) to posterior wall 

(PW) thickness ratio more than 2.  

Results: Out of the 106 IDM babies, 28% were LGA, 65% AGA and 7% were SGA. Of the LGA babies 

53% had abnormal cardiac finding compared to 35% in AGA and 14% in SGA. Maternal BMI was 

significantly higher for the LGA infants (41.25 kg/m2) compared to the AGA group (34.86 kg/m2, 

p<0.001). Mean HbA1C levels in the mother was not related to the birth weight. 38% of all infants 

had an abnormal cardiac finding. Of these 41% had a congenital heart defect (CHD) and 59 % had 

evidence of SH. Higher maternal HbA1C levels were associated with CHD vs SH. Compared to AGA, 

the LGA infants had a higher mean IVS/PW ratio, increased LV mass and increased % fractional 

shortening (44% vs 39%; p<0.001). Infants with abnormal cardiac findings had longer hospital stay, 

mean 11.4 days for those with CHD; 7.29 for those with SH and 6.28 with normal cardiac echo (p 

=0.02 for CHD vs normal). Mode of treatment; Lifestyle, Oral hypoglycemic medication or Insulin 

were not associated with CHD but the LV mass was highest in babies of mother on insulin compared 

to the others (p<0.05).  

Conclusion: There is a high prevalence of cardiac abnormalities in IDM with 16% with CHD and 22% 

having increased SH, Higher maternal HbA1C and LGA status were risk factors. We recommend 

cardiac screening for all IDM infants especially those with high maternal HbA1C. 

 



#145 Title: Outcomes of the Arterial Switch Operation in ≤ 2.5kg Neonates - A 10 Year Study 

Category: Pediatric Cardiac Surgery 

Abstract text:  

Background: While low birth weight is a known risk factor for mortality in congenital heart lesions and 

may consequently delay surgical repair, outcomes in low weight neonates undergoing the arterial 

switch operation have not been well described.  

Objective/Hypothesis: Our objective was to assess the safety of this procedure in infants weighing ≤ 

2.5kg at the time of surgery. 

Methods: We retrospectively analyzed outcomes in low weight neonates (≤ 2.5 kg) undergoing the 

arterial switch operation at our institution from 2005 to 2015. In-hospital and long-term mortality, 

post-operative complications, and lengths of stay were assessed as outcomes.  

Results: From 2005 to 2015, 217 neonates underwent the arterial switch operation with 31 (14%) 

weighing ≤ 2.5kg at the date of surgery. Neonates weighing ≤2.5 kg were more likely to be premature 

but there was no difference in age at the time of surgery between the two groups. In-hospital 

mortality was 3.2% (n=1) in those ≤2.5kg compared with 2.2% (n=4) in patients >2.5kg (p=0.541). Low 

weight neonates had significantly longer post-operative ICU lengths of stay (median: 14 days 

(interquartile range [IQR]: 7-18) vs. 8 days (IQR: 6-12), p=0.008). Rates of early reintervention and 

post-operative complications were comparable between the groups and there was no mortality at 

the date of most recent follow-up.  

Conclusion: The arterial switch operation can be performed safely in neonates weighing ≤ 2.5kg and 

yields comparable results to higher weight infants. Imposed delays for corrective surgery may not be 

necessary for low weight infants with transposition of the great arteries. 

 

 

 

 

 

 

 

 



#146 Title: Longitudinal Change in Body Mass Index in a Pediatric Congenital Heart Disease 

Population 

Category: General Pediatric Cardiology 

Abstract text:  

Background: Previous cross-sectional studies from the United States have demonstrated rates of 

obesity in the pediatric congenital heart disease (CHD) population mirror those in the general 

pediatric population (where the prevalence of childhood obesity has nearly tripled over the last 30 

years). We reviewed longitudinal data over a 5-year period to identify factors that predispose to the 

development of obesity in this population.  

Objective/Hypothesis: We conducted this to determine if there are specific age ranges at which CHD 

patients are at a higher risk of developing overweight/obesity, to better align anticipatory guidance in 

pediatric cardiology visits.  

Methods: We reviewed the electronic charts of 356 CHD patients ages 5-20 years old seen in the 

Mount Sinai pediatric cardiology office from 2011-2015, and calculated the change in Body Mass 

Index percentile (BMI%) over this period for each subject. Subjects were grouped into aged cohorts of 

5-10, 10-15, and 15-20 years old. Additional data collected included sex, race/ethnicity, and heart 

disease complexity per the Bethesda Conference criteria. We used paired student t-tests to compare 

the CHD sample with a matched control sample of 356 patients without heart disease seen for 

routine health maintenance from 2011-2015.  

Results: The BMI% and BMI% slope of the CHD and control populations were not statistically 

different, with prevalence rates of 26% and 28% overweight/obese, respectively. Analysis of BMI% 

change over the 5-year period revealed a significant difference in the age 5-10 group (CHD +4.1%/yr, 

control +1.7%/yr, p = 0.05) and in male sex (CHD +1.8%/yr, control -0.3%/yr, p = 0.02). Patients with 

moderate CHD were more likely to have a higher BMI% change (90% confidence intervals, CHD 

+0.6%/yr, control -1.5%/yr, p = 0.08). No significant differences were observed between complex and 

simple lesions and their respective controls. 

Conclusion: Prevalence rates of overweight/obesity do not differ between the CHD and general 

pediatric populations. Longitudinal data from this study suggest that the 5-10 year age group and 

male CHD population may be at an increased risk of becoming overweight or obese relative to peers 

with structurally normal hearts. Further analysis with a higher power prospective study collected over 

a longer period of time could further elicit these relationships. The effect of surgical status on the 

change in BMI needs to be elucidated. 

 

 



Table 1: Demographic and clinical characteristics of the study cohort 

 

 

 

 

BMI% Slope Averages stratified by demographic, with error bars demonstrating 95% Confidence Intervals. 

Statistically significant data depicted by asterisks. 

 

 

 



#147 Title: Cost Effectiveness and Yield of Syncope Work up in the Pediatric Emergency Department 

Category: General Pediatric Cardiology 

Abstract text:  

Background: Up to 35% of children will experience at least one episode of syncope in their childhood. 

The etiology of syncope in children and adolescents is typically benign, with vasovagal syncope the 

predominant cause. Rare causes such as arrhythmias are associated with the potential for sudden 

death. Often extensive work up is performed that does not contribute to diagnosis and/or 

management. 

Objective/Hypothesis: To evaluate the cost effectiveness and yield of work up of children presenting 

with syncope to the emergency department (ED) at XXXX hospital. 

Methods:  Descriptive study; medical records of all 3 to 21 year-old children presenting to the ED 

from November 2014 to Nov 2016 with syncope were reviewed. Patients with known previous history 

of any cardiac problems, seizure disorders, trauma, chronic medical conditions were excluded. Work-

up for syncope, its yield and how it affected the diagnosis and management was evaluated. Yield was 

defined as abnormal test value contributing to the discharge diagnosis. The costs of tests were 

obtained from public online data. 

Results: A total of 194 subjects were analyzed. Mean age was 15.7 years (SD: 3.69), 67.5% females, 

73.7% African American, 7.7% Hispanic. In addition to vitals and EKG, 109 (56%) children received 

supplemental work up. Table 1 summarizes the yield and costs of the tests performed. Patients for 

whom supplemental work up had any yield were discharged with the diagnoses of mild anemia and 

mild dehydration in addition to ‘syncope and collapse’. It is of note that 16.4% received a CT scan of 

head that was notclinically significant and reported as normal. 

Conclusion: The work up for syncope remains costly, with a low diagnostic yield. This study suggests 

that in patients without any chronic medical problems, with normal physical and neurological exams, 

normal EKG, further testing is not needed. Of note is that orthstatic vitals are essential for syncope 

work-up, however are rarely documented in the electronic medical record. Further evaluation of data 

for this cohort who did and did not receive supplemental studies is ongoing to determine long term 

outcome. 

 

 

 

 

 



Table 1: Percent of patients receiving supplemental work up 

 

 

 

Table 2: Cost Effectiveness and Yield of supplemental work up 

 

 

 

 

 

56.18% 

36.59% 

15.46% 16.40% 

34.53% 

CBC CMP BMP CT Head DAU

  CBC CMP BMP CT Head DAU 

% of Patients 

Receiving Test 

56.18% 36.59% 15.46% 16.40% 34.53% 

Patients Receiving 

Test 

109/194 71/194 30/194 32/194 67/194 

Cost Per Test $ 150  $ 250 $ 100 $ 340  $ 59  

Total  $ spent $ 16,350 $ 17,750 $ 3000 $ 10,880 $ 3,953 

Yield in % <1% <1% <1% 0% 0% 



#148 Title: Comparison of Patent Ductus Arteriosus (PDA) Stent and Aortopulmonary Shunt for 

Ductal Dependent Cardiac Lesions 

Category: Interventional Cardiology 

Abstract text:  

Background: Neonates with certain forms of cyanotic congenital heart diseases, require patency of 

the ductus arteriosus to maintain adequate and reliable pulmonary blood flow. At birth, this can be 

accomplished with a prostaglandin infusion. This is not a long term solution due to disadvantages well 

described in the literature. A more permanent source of blood flow needs to be established and 

traditionally achieved surgically by creating an aorto-pulmonary shunt which comes with its own 

complications. A novel approach is placing a PDA stent via cardiac catheterization to maintain 

adequate pulmonary blood flow. This approach did not have good results initially, with newer 

technologies and stents good outcomes have been described at various centers internationally. We 

describe the experience at our institute between children palliated with aorto-pulmonary shunt and 

PDA stent.  

Objective/Hypothesis: We hypothesized that a PDA stent is a safe alternative to a surgical approach. 

Methods: This is a retrospective chart review for a descriptive study. Databases queried 1/1/95 to 

7/10/15. Data collected: age and weight at first procedure, number of intubated days post-

procedure, age at second procedure and any major complications from initial procedure. Unpaired t-

test to compare differences between the groups and p< 0.05 is significant. Outcome measures: 

number of intubated days, major complications and age at next surgical procedure. Diagnoses in 

Table 1. 

Results: There were 18 infants in stent group and 25 in shunt. Three shunt patients and one stent 

patient were lost to follow-up before 3 months of age. Mean age and weight of infants at time of 

surgical shunt or PDA stent was not significantly different indicating comparable groups (p values 

0.322, 0.4). Infants with PDA stent placed required fewer days intubated post procedure compared to 

infants with surgical shunt (p 0.0031). 25 infants with surgical shunt: 4 required chest compressions, 

one emergency shunt revision for shunt thrombosis, and one had desaturations requiring exploration 

in OR. All followed infants survived to next required procedure. Of the 18 infants with a PDA stent 

two had complications requiring emergency surgery. One required retrieval of entrapped wire and 

removal of PDA stent with placement of surgical shunt then had a glenn procedure at six months old. 

The second infant had emergency tetralogy of fallot repair due to occlusion of the LPA from PDA 

stent placement. Patient required balloon dilation of PAs and stent placement in LPA five months 

after repair. All infants after shunt had chest tube, average number of days 2.6 (two outliers 

excluded), no patients from the stent group had a chest tube.  

Conclusion: Our research shows a significantly decreased number of ventilator and chest tube days 

for stented patients with no difference in timing of next required surgery. Placement of PDA stent is a 



reliable and safe alternative to surgical shunt placement and should be considered in all patients who 

require an isolated surgical shunt.  

 

Initial Diagnosis Surgical Shunt PDA Stent 

Tricuspid Atresia 7 2 

Critical Pulmonary 
Stenosis 

0 2 

Pulmonary Atresia with 
Intact Ventricular Septum 

4 4 

Tetralogy of Fallot 7 4 

Double Outlet Right 
Ventricle 

7 4 

AV Canal 0 2 

Total number of patients 25 18 

 

Table 1: Initial diagnoses for patients in the surgical shunt and PDA stent group. TA=tricuspid atresia, critical 

PS= critical pulmonary stenosis, PAIVS= pulmonary atresia with intact ventricular septum, TET= tetralogy of 

fallot, DORV= double outlet right ventricle, AV Canal= atrioventricular canal 

 

 

 # of 
patient
s 

Avg 
Age 
(days
) 

Avg 
Wt 
(Kg) 

Mean 
number 
Ventilato
r Days 

Mean 
numbe
r chest 
tube 
(days) 

Mean Age at 
next 
procedure 
(months) 

Mean 
Age at 
Glenn 
(mont
h 
s) 

# patients 
with life 
threatening 
complicatio
n 

Shun
t 

25 23.88 3.24
1 

4.87 2.6 8.375 5.09 5 

Stent 18 16.28 3.05 1.875 0 8.87 4.89 2 

P 
value 

 0.322 0.4 0.0031 0.0001 0.925 0.503  

 

Table 2: Characteristics of patients in the surgical shunt and stent group.  P value determining statistical 

significance of an unpaired T test between the shunt and stent group in each category. 

 

 

 



#149 Title: Fellow Outpatient Clinic: Discontinuing the Discontinuity 

Category: General Pediatric Cardiology 

Abstract text:  

Background: Barriers to trainee outpatient continuity clinic include work hour restrictions, fluctuating 

schedules and fellow turnover. 

Objective/Hypothesis: The aim of this fellow-led project was to improve outpatient continuity from a 

baseline of <50% to 70% within 12 months. 

Methods: Fifteen pediatric cardiology fellows developed a continuity of care workflow model using 

multiple Plan-Do-Study-Act (PDSA) cycles and a quality improvement key driver diagram. Clinic is 

staffed weekly by five fellows. Continuity was defined as the patient being seen by their primary 

fellow or verbal handoff to a team member. A questionnaire was sent to the fellows during the 

maintenance phase to assess perceived improvement in continuity and overall satisfaction with the 

outpatient experience. 

Results: Continuity improved from <50% to 90% (Figure 1). The intervention with greatest impact was 

assigning one fellow per week to review the following week schedule and identify follow-up patients. 

If the primary was not in clinic, the patient was rescheduled or handed off to a team member. 

Although a decrease in continuity was anticipated in July when new fellows began, continuity 

continued to be ≥70%. Fellow satisfaction with outpatient care increased from 50% to 90% with these 

interventions. 

Conclusion: Simple quality improvement interventions led to an increase in continuity in fellow clinic. 

Fellow involvement in reviewing the schedule and implementation of a handoff system was 

demonstrated to be a sustainable change. There was also a greater sense of ownership by team 

members. We plan to continue our current clinic structure and create a structured hand-off system 

for graduating fellows to improve long-term continuity. 

 

 

 

 

 

 

 



Figure 1: Cardiology Clinic Follow-up Rates 2015-2017 

 

Figure Key 
A (7/23/15): Notified nursing and clinic staff of project for improving clinic continuity 

B (9/24/15): Fellows provide exact date of follow-up to front desk staff 

C (12/17/15): Two fellows assigned to checking clinic schedule for appropriate follow-up 

D (3/3/16): Redefined role of one fellow assigned to review the following week schedule  

E (5/15/16): Front desk staff have easier access to fellows' clinic schedule 

* Indicates start date for new group of fellows 
 

 

 

 

 

 

 

 



Figure 2: Key Driver Diagram 

 

 

 

 

 

 

 

 



#150 Title: Left Ventricular Strain is Abnormal in Fetuses with Pulmonary Atresia with Intact 

Ventricular Septum 

Category: Echocardiography/Non-Invasive Imaging 

Abstract text:  

Background: Fetuses with pulmonary atresia and intact ventricular septum (PA/IVS) often have 

normal 2D echocardiographic measurements of left ventricular (LV) systolic function, but global and 

regional myocardial deformation has not been described. Speckle tracking echocardiography (STE), an 

angle independent technique for assessing global and regional cardiac strain, may be a more sensitive 

marker of ventricular systolic dysfunction compared to 2D measures.  

Objective/Hypothesis: To assess LV myocardial deformation in fetuses with PA/IVS and compare to 

control fetuses. To determine if LV strain differs between PA/IVS fetuses with and without right 

ventricular dependent coronary circulation (RVDCC).  

Methods: We retrospectively analyzed PA/IVS fetuses imaged at our center from June 2006 to March 

2016. Regional and global longitudinal strain (GLS) and strain rate were obtained using STE, and 

compared between PA/IVS fetuses and gestational age (GA) matched controls. Fetuses were excluded 

if they had abnormal LV function by 2D measurement. Postnatal outcome was assessed, including the 

presence of RVDCC.  

Results: 43 PA/IVS fetuses and 43 controls were analyzed at a mean GA of 27±5 weeks. 2 fetuses had 

been excluded due to abnormal LV function. GLS was significantly decreased in PA/IVS compared to 

controls (-17.2±1.8% vs. -22.2±1.3%, p<0.001). Strain rate was also significantly decreased (-

1.01±0.22s-1 vs. -1.34±0.16 s-1, p<0.001). Regional deformation was measured as shown in table 1. 

All cardiac segments had decreased strain in fetuses with PA/IVS except for the apical lateral 

segment. Of the 30 fetuses born at our center, 5 had RVDCC on cardiac catheterization. Fetuses with 

RVDCC had decreased strain compared to fetuses who did not have RVDCC (-15.4±1.3% vs. -

17.5±1.8%, p=0.01). At last follow-up, 4 patients had single ventricle physiology, 10 had 1.5 ventricle 

physiology, 6 underwent biventricular repair and 1 is living with a heart transplant. 9 patients died, 4 

of whom received comfort care. GLS in single ventricles was decreased compared to non-single 

ventricles (1.5 ventricle and biventricular repair combined) with a single ventricle GLS of -15.5±2.5% 

vs non-single ventricle GLS of -17.9±1.5%, p=0.01). Intra and inter-observer reliability for GLS were 

excellent, with an intraclass correlation coefficient (ICC) between observers of 0.92 (95% confidence 

interval (CI) 0.83-0.96), and an intraobserver ICC of 0.93 (95% CI 0.84-0.97).  

Conclusion: Fetuses with PA/IVS have decreased global and regional LV strain compared to controls. 

This finding may be due to altered ventricular mechanics in the context of a hypertensive right 

ventricle and/or abnormal coronary perfusion. Fetuses who were found to have RVDCC postnatally 

had decreased strain compared to fetuses that did not have RVDCC. These results encourage further 

investigation to assess whether fetal LV strain could be used as a prenatal predictor of RVDCC. 



Table 1: Regional and global longitudinal strain (GLS) and strain rate for PA/IVS and control fetuses. 
 

 LV GLS 

(%) 

Strain Rate 

(s
-1

) 

Free Wall 

Peak Strain (%) 

Septum 

Peak Strain (%) 

   Basal Mid Apical Basal Mid  Apical 

PA/IVS 

(mean±SD) 

-17.2±1.8 -1.01±0.22 -15.0±6.0 -16.6±4.9 -23.6±8.5 -16.4±6.2 -14.0±7.8 -18.2±8.1 

Control 

(mean±SD) 
-22.2±1.3 -1.34±0.16 -21.6±5.0 -21.6±3.7 -25.4±4.8 -22.8±4.3 -21.6±9.9 -24.1±6.3 

p-value <0.001 <0.001 <0.001 <0.001 0.25 <0.001 <0.001 0.005 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



#151 Title: Clinical Yield of Fetal Echocardiography for Suboptimal Cardiac Visualization on 

Obstetric Ultrasound 

Category: Echocardiography/Non-Invasive Imaging 

Abstract text:  

Background: Suboptimal cardiac imaging on obstetric ultrasound is a frequent referral indication for 

fetal echocardiography, even in the absence of typical risk factors for fetal cardiac disease. The 

clinical profile of patients and yield of examinations performed for such an indication are not well 

defined. 

Objective/Hypothesis: Given the increased cost, time and resource utilization of fetal 

echocardiography, we sought to determine the clinical yield of such referrals. 

Methods: Single-center retrospective review of referrals from January 2010 – June 2016 for fetal 

echocardiography for suboptimal views of fetal cardiac anatomy on obstetric ultrasound. Patients 

with commonly accepted indications for fetal echocardiography were excluded. Demographic 

variables and echocardiogram findings were collected. Clinical yield was classified as (1) ‘normal,’ if 

no structural or functional abnormalities were noted; (2) ‘probably normal,’ if minor pathology 

couldn’t confidently be excluded (though significant pathology was not suspected); (3) ‘abnormal,’ if 

there was pathology. 

Results: In total, 583 gestations were included (median gestational age 23.3 weeks, range 19.0 – 

38.4). The median BMI was 34.6 kg/m2 (range 17.2 – 66.3). The majority of women were obese (BMI 

> 30 kg/m2 in 74.6% and > 40 kg/m2 in 30.1%). The largest proportion of referral indications 

referenced maternal body habitus (47.2%). Difficult imaging was noted in 66% of the fetal 

echocardiogram reports. Fetal echocardiograms were repeated at least once in 76/562 patients 

(13.5%). Overall, 540 of 583 examinations (92.6%) were normal. Definitive pathology was noted in 10 

patients (1.7%), three of who had confirmed critical congenital heart defects. In the remaining 33 

(5.7%), no anomalies were noted but possible minor abnormalities could not be confidently excluded. 

Conclusion: We found a cardiac anomaly rate of 1.7% in women referred for limited cardiac imaging 

on obstetric scan. Albeit low, this rate is higher than background rates of neonatal congenital heart 

disease. Fetal echocardiography for this indication may therefore be reasonable; however, improved 

cardiac screening procedures could result in a lower referral rate and higher clinical yield. 

 

 

 

 



#152 Title: A Single Center Experience of Sildenafil Use in Children with Pulmonary Hypertension 

Category: Heart Failure/Pulmonary Hypertension 

Abstract text:  

Background: Pulmonary hypertension (PH) is a progressive disease with high mortality if untreated. 

Sildenafil is a PDE-5 inhibitor that has been used off-label for pediatric PH since 2004. This use is 

largely based on adult studies as there is limited pediatric data. The STARTS-I study suggested 

increased mortality associated with high dose sildenafil prompting the FDA to place a black box 

warning on pediatric use, which was subsequently modified to state that’s it’s use be individualized, 

weighing the risk and benefit to the patient.  

Objective/Hypothesis: This report aims to describe our experience with sildenafil in children with PH. 

Methods: Retrospective cohort study of 225 children with PH who initiated sildenafil between 

12/2004-12/2014. Baseline and follow up data were collected by chart review. 

Results: 225 patients (108 male, 117 female) with median age at sildenafil initiation of 9 mo (14d -

17.1yo) received sildenafil for idiopathic PAH (IPAH) (n=47), PAH with congenital heart disease (CHD) 

(n=53), bronchopulmonary dysplasia (BPD) (n=91), congenital diaphragmatic hernia (CDH) (n=24), 

connective tissue disease (CTD) (n=3) and other (n=7). Dosing range was 0.5-1mg/kg/dose PO q8hr. 

Sildenafil was initial monotherapy in 84.4%, add-on therapy in 14.2%, and 1.4% started sildenafil 

concurrently with another medication. Median follow-up was 3.9 years (1mo-12.4yo). 99 patients 

(44%) received additional PH medications during the follow-up period. At the end of data collection, 

83 (37%) remained on sildenafil, 93(41%) stopped sildenafil, 39(17%) died, and 10 (4%) were lost to 

follow-up. Of the 93 patients who stopped sildenafil, 80 had improvement in PH, 12 transitioned to 

tadalafil, and 1 discontinued sildenafil due to bronchospasm with desaturations. Patients with IPAH 

were more likely to use sildenafil as add-on therapy (43% vs. 14%, p<0.001) and more likely to require 

additional medication (83% vs. 44%, p<0.001). PH was most likely to improve in patients with BPD, 

allowing discontinuation of sildenafil (table 1). 10 of 39 deaths were related to PH, the remainder 

from respiratory failure and/or sepsis. A Kaplan-Meier curve demonstrates overall survival, and 

compares the survival of type I PH (IPAH, CHD and CTD) and type 3 PH (BPD and CDH). Survival was 

decreased in type 3 PH vs. type 1 PH (p=0.02). 

Conclusion: This single center experience in a heterogeneous pediatric population of group 1 and 3 

PH shows that sildenafil is well tolerated and safe. As expected, PH in BPD and CDH improves over 

time allowing weaning of targeted PH therapy. 

 

 

 



Table 1: Outcome at last follow-up based on type of PH 

Type of 

PH 

Total # 

of 

patients 

On 

sildenafil 

or tadalafil 

Off 

sildenafil 

(PH 

improved) 

Died 

(all-cause) 

Died 

secondary 

to PH  

Lost to 

follow-up 

IPAH 47 35 (74%)* 0  (0%)* 7  (15.5%) 4  (8.5%) 4 (8.5%) 

PAH/CHD 53 26 (49%) 19  (36%) 5   (9%)    3  (6%) 3  (6%) 

PAH/CTD 3 3  (100%) 0   (0%) 0   (0%)    0  (0%) 0  (0%) 

PH/BPD 91 20 (22%)* 48 (53%)* 19 (21%)  1  (1%) 3 (3%) 

PH/CDH 24 7   (29%) 12 (50%) 5   (21%)    2  (8%) 0  (0%) 

Other 7 3   (43%)  1   (14%) 3   (43%)   0  (0%) 0  (0%) 

Overall 225 94  (42%) 80 (36%)  39 (17%)  10 (4%)  10 (4%)   
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#153 Title: Serial Changes in Right Ventricular Systolic Function in Rejection-Free Children After 

Heart Transplant 

Category: Echocardiography/Non-Invasive Imaging 

Abstract text:  

Background: Evolution of right ventricular (RV) systolic function after pediatric heart transplantation 

(HT) has not been well described. 

Objective/Hypothesis: Our objective was to evaluate serial changes in quantitative echocardiographic 

measures of RV systolic function during the first year after HT in rejection-free pediatric patients. 

Methods: We retrospectively analyzed echocardiograms performed immediately after HT, and at 1, 6, 

and 12 months on children who remained rejection-free during the first year post-transplant. Two-

dimensional tricuspid annular plane systolic excursion (TAPSE) and tissue Doppler derived tricuspid 

annular systolic velocity (S’) were analyzed and transformed into age-based z-scores. Repeated 

measures ANOVA and post-hoc pairwise comparisons were performed.  

Results: Ninety-six patients with a median age of 7 (0.1 to 24.4) years at HT were included: 22 infants 

(< 1 year) and 74 non-infants (> 1 year). Both TAPSE and S’ z-scores significantly improved over the 

first year after HT: TAPSE from -8.15 ± 1.88 to -3.94 ± 1.65, p < 0.0001 and S’ from -4.30 ± 1.36 to -

2.28 ± 1.33, p < 0.0001; (Figure 1). Interestingly, the mean TAPSE was significantly higher in infants 

immediately (-6.23 ± 0.52 vs. -8.74 ± 1.74, p < 0.0001) and at 1 year after HT (-3.09 ± 1.51 vs. -4.29 ± 

1.60, p =0.002) as compared to non-infants. The greatest improvement in TAPSE occurred over the 

first month in infants, but the change was more gradual in non-infants. Both groups remained 

abnormal at 1 year. With regard to the S’ z-score, the greatest improvement occurred within the first 

month for both groups. A significant difference in S’ z-scores between infants and non-infants did not 

occur until 1 month (-1.72 ± 1.61 vs. -3.23 ± 1.40, p = 0.0001) but persisted until 1 year. By 1 year, the 

S’ z-score normalized in infants (-1.54 ± 0.82) but remained abnormal in non-infants (-2.57 ± 1.40, p = 

0.0002). 

Conclusion: TAPSE and S’ progressively improve after HT in children, but only S’ in infants normalized 

by 1 year. There were significant differences in both the TAPSE and S’ z-scores and the trend of 

improvement over the first year after HT between infants and non-infants. These findings contribute 

to our understanding of improvement of RV function after HT in children and highlight the differences 

in myocardial recovery between infants and older children. 

 

 

 



Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



#154 Title: Using Strain Imaging to Monitor Cardiac Function in Survivors of Childhood Cancer on 

Angiotensin Converting Enzyme Inhibition or Angiotensin Receptor Blockade 

Category: Echocardiography/Non-Invasive Imaging 

Abstract text:  

Background: Early initiation of angiotensin converting enzyme inhibition or receptor blockade 

(ACEi/ARB) may be cardioprotective in survivors of childhood cancer treated with anthracyclines. 

Strain imaging can detect early abnormalities in this population, however, the effects of treatment 

with ACEi/ARB on strain imaging is unknown.  

Objective/Hypothesis: Our objective was to assess strain imaging in these patients prior to and on 

ACEi/ARB and to assess the correlation with conventional echocardiographic indices of function.  

Methods: Speckle-tracking analysis (Tomtec Corp USA, Chicago, IL) was retrospectively performed on 

echocardiograms of survivors of childhood cancer before and during therapy with ACEi/ARB. Global 

left ventricular longitudinal and circumferential strain (GLS and GCS) and strain rate (LSR and CSR) 

were assessed and correlated with ejection fraction (EF) and fractional shortening (FS). Inter-observer 

and intra-observer variability were calculated with the intraclass correlation coefficient.  

Results: Twenty-two patients with a mean cumulative dose of anthracycline (274.4 ± 95.8 mg/m2) 

were included. Median age at initiation of ACEi/ARB was 14.8 (6.4 to 21.6) years at 1.9 (-1.6 to 13.2) 

years from chemotherapy completion. The median time on ACEi/ARB at analysis was 41 (14 to 379) 

days. The mean GLS, GCS, LSR, and CSR prior to therapy all significantly improved on ACEi/ARB (Table 

1). GLS, GCS, LSR, and CSR correlated significantly with EF (r = -0.55, p < 0.001; r = -0.72, p < 0.001; r = 

-0.55, p < 0.001; and r = -0.70, p < 0.001) and FS (r = -0.42, p = 0.005; r = -0.69, p < 0.001; r = -0.45, p = 

0.002; and r = -0.70, p < 0.001, respectively). Reproducibility was excellent for GLS and GCS with 

intraclass correlation coefficients of 0.98 (95% CI 0.96-0.99) and 0.98 (95% CI 0.96-0.99) for intra- and 

0.64 (95% CI 0.31-0.83) and 0.95 (95% CI 0.92-0.99) for inter-observer variability. 

Conclusion: GLS, GCS, LSR, and CSR all improved after initiation of ACEi/ARB. All four measures 

correlated well with EF and FS and were reproducible. Strain imaging may be used to reliably monitor 

cardiac function and may be an important echocardiographic measure to follow in any future trial of 

ACEi/ARB use in survivors of childhood cancer. 

 

 

 

 

 



Table 1. Strain and strain rate prior to and during treatment with ACEi/ARB 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameter Baseline (mean±SD)  On ACEi/ARB (mean±SD)  p-value 

GLS (%) -13.83 ± 3.49 -15.94 ± 3.45 0.002 

GCS (%) -18.79 ± 5.68 -20.74 ± 3.95 0.027 

LSR (sec-1) -0.78 ± 0.19 -0.88 ± 0.2 0.022 

CSR (sec-1) -1.08 ± 0.34 -1.21 ± 0.3 0.027 

FS (%) 27.47 ± 6.22 30.47 ± 6.04 0.001 

EF (%) 49 ± 10.2 53.09 ± 8.41 0.034 



#155 Title: Abnormal Features of Vortex Formation in Single Ventricle Physiology 

Category: Echocardiography/Non-Invasive Imaging 

Abstract text:  

Background: Vector flow mapping (VFM) is a novel echocardiographic flow visualization technology 

that enables assessment of the intraventricular vortex formation. Normal left ventricular (LV) vortex 

facilitates diastolic blood flow transport, preserves momentum, and redirects the flow toward the left 

ventricular outflow. 

Objective/Hypothesis: In this study our objective was to investigate blood flow patterns in 

congenitally abnormal, functional single ventricle (SV) hearts in comparison with healthy controls.The 

early and late diastolic flow vortices are postulated to affect systolic stroke volumes. 

Methods: Subjects younger than 21 years who were imaged using Hitachi ProSound F75 Premier CV 

scanner were included. Apical long-axis image VFM analysis was performed for assessing the number, 

direction, area and strength of vortices in early and late diastole in relation to the differences in 

chamber size and sphericity index (SI) between the two groups.  

Results: Normal subject (n = 14; mean age 14.25 ± 8.5 yrs) had 2 early diastolic vortices, a dominant 

clockwise anterior mitral valve vortex (AMV) (area=333± 111 mm^2) and a smaller counterclockwise 

posterior mitral valve vortex (PMV) (92 ± 73 mm^2) and a single dominant AMV in late diastole (349 ± 

90 mm^2). Whereas subjects with SV (n = 9; mean age 13.4 ± 6 yrs) showed smaller early and late 

diastolic AMV’s (201 ± 70 & 192 ± 85; p <0.05 respectively) independent of ventricular morphology. 

The strength of early diastolic AMV was reduced in patients with SV (-12.5 ± 5 vs. -20.2 ± 7 mm^2/sec, 

p = 0.01). Patients with SV were spherical with a SI of 79±21 vs. 56±6.5 (p < 0.05). An increase in SI 

was inversely associated with area of early and late diastolic AMV (r = -0.34 & -0.48; p<0.05 

respectively). 

Conclusion: Patients with single ventricles preserve vortex direction but have reduced area and 

strength in early diastole. Conversely the late diastolic vortex in single ventricle shows preserved 

strength but reduced area. Abnormal diastolic vortex area and strength may provide unique insight 

into flow abnormalities of single ventricle. 

 

 

 

 

 



Figure 1. 

 

 

 

 

 

 

 

 

 

 



#156 Title: Developmental Patterning of Left Ventricular Vortex Formation from Infancy to 

Adulthood 

Category: Echocardiography/Non-Invasive Imaging 

Abstract text:  

Background: Left ventricular (LV) vortex formation has been suggested to optimize blood flow 

transport. The growth of LV vortex in adults occurs asymmetrically with a large clockwise and a 

smaller counterclockwise vortex across anterior (AMV) and posterior mitral valve (PMV) leaflets 

respectively in early diastole (ED). 

Objective/Hypothesis: We sought to assess the developmental changes in the patterns of LV diastolic 

flow vortices from infancy to adulthood in relation to the transmitral blood flow velocities (E/A).  

Methods: Vector flow mapping (VFM, Hitachi Aloka) was performed for noninvasive visualization of 

blood flow velocity vectors from conventional color Doppler imaging data throughout the cardiac 

cycle without angle dependency. We investigated the area, direction, and strength of vortices in early 

and late diastole (LD).  

Results: Twenty two children (1 month - 20 yrs) with normal LV EF were prospectively studied. All had 

normal conventional pulsed wave-Doppler features of LV diastolic function. Children under 1 month 

of age (n= 5) demonstrated only one clockwise ED vortex (AMV), while both clockwise and 

counterclockwise vortices were noted after 2 months of age (n= 17). Both the strength and area of 

the ED and LD vortices increased significantly after a month of age but thereafter only vortex area 

increased and not the strength. Increase in AMV area correlated with increase in age, LV size and 

decrease in heart rate. No increase was noted in E/A diastolic velocity ratios (1-2) after the age of one 

month (image).  

Conclusion: Developmental changes in LV blood flow transport in children transitions to normal adult 

patterns after one month of age, subsequently there is a significant progressive asymmetric growth 

of anterior clockwise diastolic vortex through out diastole despite little change in early-to-late 

diastolic transmitral flow velocity ratios. These data suggest that assessment of blood flow using VFM 

may provide incremental insights for investigating LV diastolic function in children. 

 

 

 

 

 



Figure 1. 

 

 

Figure 2. 

 



#157 Title: The Role of TEVAR in the Management of Adults with Coarctation of the Aorta 

Category: Interventional Cardiology 

Abstract text:  

Background: Adults with coarctation of the aorta or recoarctation may have complex anatomical 

substrates with recurrent obstruction or other complications including aneurysm or pseudoaneurysm 

formation, making traditional stenting procedures less than ideal.  

Objective/Hypothesis: The purpose of this study was to review the utility of thoracic endovascular 

aortic repair (TEVAR) in adults with coarctation of the aorta.   

Methods: Retrospective chart review was performed of all coarctation patients who had undergone 

TEVAR between 5/12 to 2/15 at our institution. 

Results: Five patients with coarctation of the aorta underwent TEVAR. Mean age was 53 ± 13 years. 

Two patients had bicuspid aortic valve (one with asymptomatic severe aortic stenosis) and one had 

previous multivessel PCI. Two patients had native coarctations and 3 were previous subclavian flap 

repairs of coarctation. Indications for stenting included complex native coarctation with adjacent 

aneurysms in 2 patients, recurrent coarctation with repair related aneurysm in 2 and 

pseudoaneurysm formation soon after subclavian flap repair in 1. All procedures were performed in 

the catheterization laboratory. Two patients underwent TEVAR alone and 3 underwent hybrid 

procedure combining TEVAR with vascular bypass surgery (carotid to left subclavian in 2, aorta to left 

common carotid in 1). Three types of endovascular stent grafts were utilized: the Gore TAG Thoracic 

Endoprosthesis was implanted in 2 patients, Cook Zenith TX2 in 2 and Medtronic Valiant in 1. 

Successful deployment was achieved in all patients. Balloon dilation of the stent graft after 

implantation was performed in 3 patients. Minimum aortic diameter increased from 1 ± 0.4 cm 

preoperatively to 1.8 ± 0.3 cm (p=<0.05). Mean blood pressure gradient between upper and lower 

extremities was reduced from 37 ± 18 to 7 ± 11 mmHg (p=<0.05). The number of antihypertensive 

medications in all patients decreased or was eliminated, median 2.8 (range 1-6) pre to 1.4 (range 0-3) 

post. No major bleeding, femoral artery injury or other early procedural complications were 

encountered. However, 2/3 vascular bypasses had late thrombosis with transient arm ischemia in 1 

and neurologic ischemia in 1. 

Conclusion: Complex native or recurrent coarctation of the aorta with large 

anureurysm/pseudoaneurysm can be safely and effectively managed by TEVAR in selected patients. 

These procedures are a viable alternative to cardiac surgery. 

 

 

 



#158 Title: Endocarditis Associated With Melody Transcatheter Pulmonary Valve Implantation: An 

Institutional Experience 

Category: Interventional Cardiology 

Abstract text:  

Background: Transcatheter pulmonary valve (TPV) implantation has become a viable therapy for right 

ventricular outflow tract (RVOT) dysfunction. While rare, infective endocarditis (IE) following TPV has 

been reported.  

Objective/Hypothesis: We describe our center’s experience with IE after Melody TPV (Medtronic, 

Minneapolis, MN).  

Methods: Single center retrospective review of pts who underwent TPV implantation with Melody 

valve from 2007-2014. IE was defined using the modified Duke’s criteria.  

Results: A total of 85 pts underwent TPV implantation during the study period, of which 12 (14%) 

developed IE. Median time to the development of IE was 32 months (range 2-100). Two pts had a 

history of IE and 2 of IV drug abuse. One pt was diagnosed with severe gingivitis prior to IE. Seven pts 

were on ASA at the time of IE. Compliance with SBE prophylaxis was documented in only 2 pts at the 

time of IE. Baseline RVOT anatomy in IE pts included homograft in 8 pts, prosthetic PV in 2 and direct 

RV-PA anastomosis in 2. Stenting prior to TPV implantation was performed in 8 (67%) pts. There was 

no significant difference in demographics, type of RVOT reconstruction, pre-stenting, and residual 

RVOT gradient after TPV implantation between IE and non-IE pts. Eleven pts were febrile at 

presentation. Eight pts (67%) presented with RVOT obstruction, 5 of which had a vegetation in the 

Melody TPV on echo. Three of these 5 pts had poor outcomes: Two presented in septic shock, one 

was immunocompromised and died while the other underwent surgical valve replacement due to 

severe residual RVOT obstruction. A second death occurred in an afebrile pt with terminal heart 

failure who presented with multi-organ failure and IE. The other 9 pts were treated medically and 

none had residual RVOT obstruction after completing antibiotics. One pt developed Strep Mitis IE 2 

years after TPV implantation and 5 months later had a second IE episode due to MSSA. TEE was 

negative both times. Most common organisms isolated were MSSA in 4 (33%) pts and Strep Mitis in 3 

(25%).  

Conclusion: At our institution, IE occurred in 14% of pts after Melody TPV implantation. No specific 

risk factors were identified. TPV dysfunction was present in 67% of cases with mortality occurring in 2 

high-risk pts. One pt had the TPV explanted while the rest were successfully treated medically. 

Multicenter studies are needed to better understand and identify predictors of IE in this population. 

 

 



#159 Title: Effect of Hydroxyurea on Cardiac Structure, Function and Ventricular Geometry 

Category: Echocardiography/Non-Invasive Imaging 

Abstract text:  

Background:  Structural remodeling of the left ventricle occurs in response to both pressure and 
volume overload to reduce wall stress. There are various patterns of remodeling each with variable 
risk for the development of cardiac dysfunction. Sickle cell disease (SCD) is associated with chronic 
volume overload and left ventricle (LV) dilatation over time. In response to this there is usually an 
increase in LV mass and wall thickness, which could be physiological or pathological based on the 
degree of wall thickening. There are limited studies looking at the types of ventricular remodeling 
(VR) in SCD, and the effects if any of hydroxyurea (HU) on VR. 

Objective/Hypothesis: To assess the hematological and echocardiographic parameters along with the 

type of remodeling by echocardiography and the effect if any of HU on these variables. 

Methods: This is a retrospective cohort study looking at changes in cardiac function and remodeling 
patterns before and after HU. Patients were selected from the sickle cell database, with pre and a 
post HU echocardiography available for study. The types of ventricular remodeling were defined 
based on the LV size, LV mass and relative wall thickness (RWT). Eccentric and concentric limits to 
those with and without chamber dilatation. RWT distinguish from hypertrophy, remodeling and 
normal geometry. 

Results: 27 patients were included with mean age 8 years (range 2-16). There was a significant 
increase in Hemoglobin (HB), hematocrit (HCT), mean corpuscular volume (MCV), fetal Hb and 
decrease in retic count. For the cardiac parameters LV diastolic dimensions increased significantly 
after HU with no significant increase in LV mass or RWT or systolic function. Remodeling: Before and 
after HU were; CH were 15% vs 4%, physiological 7% vs 37%, concentric remodeling 7% vs 3.7%, 
Eccentric remodeling 44% vs 29.6% and Eccentric hypertrophy 7% vs 22% , normal 18% vs 3.7. 
 
Conclusion: SCD is predominantly associated with eccentric remodeling. After HU therapy there was a 
shift towards developing a increasing LV dimensions but preserved LV mass and function. A small 
group developed eccentric hypertrophy, which is shown to be associated with future development of 
a dilated cardiomyopathy. In most patients HU appears to cause an improved physiological cardiac 
remodeling. 
 

 

 

 

 

 



#160 Title: Targeted Therapy for Pulmonary Hypertension in Infants with Bronchopulmonary 

Dysplasia 

Category: Heart Failure/Pulmonary Hypertension 

Abstract text:  

Background: Pulmonary hypertension (PH) occurs in about 25% of premature infants with 

bronchopulmonary dysplasia (BPD) and is associated with a significant mortality (38-47%). There are 

no clear treatment guidelines for BPD-associated PH, although several drugs approved for adults with 

pulmonary arterial hypertension (PAH) are used off-label in these patients including targeted 

therapies such as PDE-5 inhibitors, endothelin receptor antagonists and prostanoids. There is little 

data on safety, tolerability and outcomes for infants treated with these medications.  

Objective/Hypothesis: We sought to describe the pharmacologic management of BPD-PH at a single 

institution and to report outcomes in the current medical era.   

Methods: Records of patients treated at CUMC between 2005 and 2014 who were born before 36 

weeks gestation and diagnosed with pulmonary hypertension prior to 18 months of age were 

reviewed. PH diagnosis was based on echocardiogram and cardiac catheterization when available. 

Patients with trisomy 21, congenital diaphragmatic hernia, or congenital heart disease other than 

small atrial or ventricular septal defects or a patent ductus arteriosus were excluded. Data were 

collected from inpatient and outpatient visits. 

Results: A total of 81 patients (51 male, 30 female) were identified with BPD and PH (Table 1). Of 

these, 73 (90%) patients received inhaled nitric oxide during acute PH exacerbations, 79 (98%) 

sildenafil, 9 (11%) bosentan, 26 (32%) inhaled iloprost, 8 (10%) intravenous epoprostenol and 5 (6%) 

subcutaneous treprostinil. Side effects from sildenafil included hypotension (n=1), bronchospasm 

(n=1), increased oxygen requirement (n=2) and irritability (n=1). One patient with pulmonary vein 

stenosis developed pulmonary edema after receiving iloprost. There were 24 (30%) patients who died 

before discharge from the hospital at mean 220 days (102-474). Cause of death included respiratory 

failure (n=12), sepsis (n=4) and pulmonary hypertension (n=8). An additional 4 (5%) patients died 

after discharge at mean 362 days (180-493). Cause of death included respiratory failure (n=2) and 

pulmonary hypertension (n=2). Of the surviving patients with follow-up data (n=40), 28 (70%) were 

weaned off PAH-specific medications at mean 2.5 years (0.3-5.5). 

Conclusion: Targeted PH therapy was well tolerated among infants with BPD-PH. Mortality in this 

cohort remains high and is multifactorial. For those patients that survive to discharge, PH therapies 

can often be weaned off in the first few years of life. Randomized prospective studies are warranted 

to determine the full impact of targeted therapy on outcomes. 

 



Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 



#161 Title: Normal Segmental Myocardial Deformation is Noted in Patients with Anomalous Aortic 

Origin of Coronary Arteries Despite Malignant Course and Ischemic Symptoms 

Category: Echocardiography/Non-Invasive Imaging 

Abstract text:  

Background: Sudden cardiac death is the first presenting symptom in few with Anomalous aortic 

origin of coronary artery (AAOCA), Most being incidentally diagnosed for non-ischemic complaints. 

Objective/Hypothesis: We hypothesized segmental longitudinal (SLS) and circumferential strain (SCS) 

abnormalities would be present at baseline in AAOCA patients with past ischemic events.  

Methods: Two-dimensional speckle tracking (2DSTE) derived strain assessment was performed using 

GE Echopac software on 16 left ventricular segments from apical and 6 mid wall segments from the 

short axis views. Less than 10% shortening for SLS and SCS was considered abnormal. Descriptive 

analysis of segmental strain abnormalities during rest, correlation with the presence of baseline 

symptoms, exercise stress test and finding on CT angiogram were performed.  

Results: No abnormalities in SLS were noted by 2DSTE in those with AAORCA. Only 3(15%)Pts. had 

SCS abnormalities (figure). Out of three patients with abnormal findings only one presented with 

ischemic symptom's and another one had >50% luminal narrowing. The basal lateral and inferolateral 

segment abnormalities in the circumflex territory were noted in 85% patients with AAORCA.  

Conclusion: Normal SLA and SCS was noted in the anomalous coronary territory in patients with 

AAORCA despite presence of symptoms or evidence of >50% stenosis on CTA. False positive results 

are noted by this technique in areas not supplied by the anomalous coronary. Two patients with 

AAOLCA did have ischemic symptoms and abnormal segmental findings. Further studies are 

recommended in a larger cohort to assess the prognostic value of segmental deformation in patients 

with AAOLCA.  



 

 

 

 

 

 

 

 



#162 Title: Neointimal Caveolin-1 Loss Coupled with Normal eNOS Expression in Part Facilitates 

Metabolic Shift in Pulmonary Hypertension 

Category: Heart Failure/Pulmonary Hypertension 

Abstract text:  

Background: Despite significant progress, the cure of pulmonary arterial hypertension (PAH) remains 

elusive. Recent studies indicate that the metabolic shift may have a pivotal role in the irreversibility of 

PAH. We have previously reported loss of endothelial caveolin-1 (cav-1, a membrane protein) followed by 

enhanced expression of cav-1 in the smooth muscle cells (SMC) and subsequent neointima formation in 

adults with idiopathic and heritable PAH, and in children with PAH associated with congenital heart defect 

and drug toxicity. In the monocrotaline (MCT) model, loss of endothelial cav-1 is accompanied by 

increased expression of proliferative and anti-apoptotic pathways and PAH. We have further shown that 

by subjecting MCT-treated rats to hypoxia, the PAH progression is accelerated, leading to extensive loss of 

endothelial cav-1, enhanced expression of cav-1 in SMC, neointima formation with scant cav-1, and near 

normal eNOS expression. In the absence of cav-1, eNOS is uncoupled, inducing oxidative and nitrosative 

stress. Furthermore, cav-1 regulates cell proliferation, oxidative stress, nuclear factor (erythroid-derived 

2)-like 2 (Nrf2), and glucose transporter 1(Glut 1).  

Objective/Hypothesis: We hypothesized that the scant cav-1 expression in the presence of normal eNOS 

expression in the neointima is a set-up for oxidative and nitrosative stress. Nrf2 is activated during 

oxidative stress, and is transported to nuclei to induce anti-oxidants which coupled with aerobic glycolysis 

provide “survival milieu” for proliferating cells.  

Methods: Male Sprague-Dawley rats (weight 150-175 g) were divided into 3 groups: 1. Controls (C), 2. M 

gr: (MCT 40 mg/kg one sc injection), 3: MCT-treated rats exposed to hypoxia starting on day 1 (M+H). At 

the end of 4 weeks, hemodynamic data, the protein expression of cav-1, eNOS, Nrf2, MnSOD, Glut1 and 

the immunofluorescence studies to identify the localization of cav-1 were obtained.  

Results: M group revealed significant PH and right ventricular hypertrophy (RVH) compared with C; and a 

further increase in PA pressure and RVH in M+H gr. Cav-1 and eNOS expression was significantly reduced 

in the M gr, but not in M+H group. In the M gr, immunofluorescence study revealed endothelial cav-1 in 

13% of the arteries and 24% of arteries revealed enhanced expression of cav-1 in SMC. In C gr., cav-1 

expression in SMC was not obvious. In the M+H gr only 8% of arteries exhibited endothelial cav-1 and 61% 

of the arteries revealed enhanced cav-1 expression in SMC, but the neointimal cells exhibited scant cav-1 

expression. Enhanced expression of cav-1 in SMC was observed only in the arteries displaying extensive 

endothelial cav-1 loss, indicative of significant EC damage/loss. The expression of Nrf2, MnSOD and Glut1 

were significantly increased in the M+H gr.  

Conclusion: The cav-1 loss and near normal eNOS in neointimal cells lead to oxidative stress resulting in 

the activation of Nrf2 which translocates to nucleus and induces MnSOD, resulting in an “antioxidant 

milieu”; Glut1 expression which increases glucose uptake and participates in aerobic glycolysis, thus, 

facilitates the survival of the proliferating cells. 



#163 Title: Significance of Intraoperative Revision During Arterial Switch Operation in the Current 

Era 

Category: Pediatric Cardiac Surgery 

Abstract text:  

Background: Arterial switch operation is a relatively safe operation nowadays.  

Objective/Hypothesis: We hypothesize that intraoperative revision for coronary malperfusion still 

plays an important role in the current era.   

Methods: From January 2005 to May 2016, 244 patients underwent arterial switch operation. Factors 

related to the need for intraoperative revision were analyzed. Morbidity was compared in patients 

with/without intraoperative revision. A subanalysis was performed for 133 patients operated on by 

the most senior surgeon, and the “standard technique” for a simple anatomy and “modified 

technique” for a more complex anatomy were defined. The factors related to the application of the 

“modified technique” and the relationship between “modified technique” and intraoperative revision 

were analyzed.  

Results: Seventeen patients (7%) needed intraoperative revision, and factors related to intraoperative 

revision were body weight at surgery (p = 0.051) and eccentric position of the coronary ostium (p = 

0.01). Discharge mortality was 2% overall: 2/17 with intraoperative revision vs 3/227 without it (p = 

0.04). Patients who underwent intraoperative revision had longer postoperative hospitalization (p = 

0.003). Application of the “modified technique” was related to unusual coronary artery origin and 

branching pattern (p < 0.001), major malalignment of the commissures (p < 0.001), and eccentric 

position of the coronary ostium (p = 0.007). Application of the “modified technique” did not correlate 

with intraoperative revision (p = 0.51). 

Conclusion: Intraoperative revision was needed in 7% of our patients in the current era and played an 

important role to achieve good outcomes after arterial switch operation in our institute. The need for 

intraoperative revision was related to eccentric coronary ostium but not to unusual coronary artery 

origin and branching pattern. It resulted in worse outcomes compared with others. 

 

 

 

 

 

 



#164 Title: Ventricular Arterial Coupling Ratio: An Independent Risk Factor for Worse Outcome in 

Pediatric Patients Admitted with Acute Decompensated Heart Failure 

Category: Echocardiography/Non-Invasive Imaging 

Abstract text:  

Background: A higher Ventricular Arterial (VA) coupling ratio measured non-invasively has been well 

described in adult heart failure patients and is associated with worse heart failure prognosis and 

response to treatment, largely due to increases in arterial elastance. There is no data regarding the 

importance of VA coupling in pediatric patients with heart failure.  

Objective/Hypothesis: A higher VA coupling ratio will be associated with worse outcomes in pediatric 

patients admitted with acute decompensated heart failure (ADHF). 

Methods: Demographic, clinical and echocardiographic (echo) data (including ventricular volumes, 

arterial elastance and LV elastance) were obtained children with ADHF and compared to a group of 

normal controls. The association of VA coupling ratio with worse outcome (mechanical circulatory 

support, transplant, or death) was assessed using t-tests, multi-variate stepwise logistic regression, 

and receiver operating characteristic curves.  

Results: Echos from 37 patients with ADHF (24 dilated cardiomyopathy, 13 myocarditis) were 

reviewed. Patients with ADHF, compared to normal controls, had a significantly lower LV elastance 

(1.2 ± 1.0 vs. 4.5 ±1.5, respectively p=0.001), a higher arterial elastance (4.4±2 vs 2.8 ±0.7 respectively 

p=0.001), and higher VA coupling ratio ( 6.1 ±4.3 vs 0.6 ± 0.1, respectively p=0.001). Among ADHF 

patients (Table 1), mean age at presentation was 10 ± 8 years. Mean NY/Ross HF class was 3 ± 1. 

Mean inotrope score was 6.6±6.2 and Mean peek pro-BNP was 23,000 ± 24,500. Outcome events 

occurred in 15/37 patients (41%). Among ADHF patients, those with poor admission outcomes had a 

lower LV elastance (0.54 ± 0.21 vs. 1.7 ± 1.1, respectively p= 0.001) and a higher VA coupling ratio (10 

± 3 vs. 3.4 ± 2.7, respectively p= 0.001, Table 1, Figure 1) There was no difference in arterial elastance 

among those with poor outcomes (5.2 ± 2.1 vs. 3.9 ± 1.9, respectively p= 0.06). ROC analysis (Figure1) 

showed increased VA coupling was significantly associated with outcome (AUC 0.95 (0.878-1, 95% CI)) 

when compared to EF (AUC 0.19 (0.05-0.32, 95% CI)), p-value =0.001 for both respectively. 

Multivariate analysis combining VA coupling, LV EDD- M-Mode Z score, inotrope score, BNP, and 

lowest eCCl resulted in VA coupling as the best and only significant indictor of outcome (R²= 0.68, P = 

0.004). A VA coupling ratio of 7.3 has an 80% sensitivity and 91% specificity for predicting need for 

transplant on admission.  

Conclusion: ADHF patients have a higher VA coupling ratio, a higher arterial elastance, and a lower LV 

contractility than normal controls. VA coupling ratio and LV contractility are significantly different 

between patients who did and did not require transplant. Unlike adult data, arterial elastance was no 

different between the ADHF patients requiring transplant during the admission to those without. VA 

coupling ratio was independently associated with worse outcome in pediatric patients with ADHF on 



multivariate analysis. With further study, VA coupling may provide insight into the mechanisms of 

pediatric heart and identify potential targets for therapy. 

Table 1. 

 

Figure 1. 
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#165 Title: Ventricular Arterial Coupling: A Novel Echocardiographic Risk Factor for Disease 

Progression in Pediatric Dilated Cardiomyopathy 

Category: Echocardiography/Non-Invasive Imaging 

Abstract text:  

Background: A higher (VA) coupling ratio measured non-invasively has been well described in adult 

heart failure patients and is associated with worse heart failure prognosis and response to treatment, 

largely due to increases in arterial elastance. There is no data regarding the importance of VA 

coupling in pediatric patients with heart failure. 

Objective/Hypothesis: A higher VA coupling ratio will be associated with worse outcomes in pediatric 

patients with dilated cardiomyopathy (DCM). 

Methods: Demographic, clinical and echocardiographic (echo) data (including ventricular volumes, 

arterial elastance and LV elastance) were obtained in children with DCM. The association of VA 

coupling ratio with worse outcome (mechanical circulatory support, transplant, or death) was 

assessed.  

Results: Echos from 29 patients with DCM (23 idiopathic, 3 Duchenne, 3 other) were reviewed and 

compared to age and gender matched controls. Patients with DCM when compared to controls, had a 

significantly lower LV elastance (1.6 ± 0.9 vs. 4.2 ±1.4, respectively p=0.001.) and higher VA coupling 

ratio ( 2.9± 2.4 vs 0.64 ± 0.14, respectively p=0.001). There was no difference in arterial elastance 

between DCM patients and controls (3 ±1.4 vs 2.6 ±0.9 respectively p=0.09). Among DCM patients, 

mean age at presentation was 6±7 years and mean age at echo was 10±4 years. At the time of echo, 9 

patients were hospitalized for initiation of inotropic therapy, 20 were out of hospital. Outcome 

events occurred in 12/29 patients (41%) at a mean of 2 ±1.7 years after echo. DCM patients with 

worse outcomes had a higher NYHA class than those without (3.5 ±0.9 vs. 1.7 ±1.3, respectively 

p=0.001), lower LV elastance (1.03 ± 0.64 vs. 1.95 ± 0.79, respectively p= 0.002), higher arterial 

elastance (3.53 ±1.57 vs. 2.74 ±1.27, respectively p= 0.001), and a higher VA coupling ratio ( 4.4 ± 2.6 

vs 1.9 ± 1.8, respectively p =0.001, Figure 1). Increased VA coupling was significantly associated with 

worse outcome (AUC =0.858, Figure 1). 

Conclusion: A higher VA coupling ratio is significantly associated with worse outcome in pediatric 

patients with DCM. Unlike adult data, this mechanism is driven not only by an increase in arterial 

elastance but also a decrease in ventricular elastance. VA coupling may provide insight into the 

mechanisms of heart failure in pediatric DCM and identify potential targets for therapy. 
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#166 Title: Safety of Enalapril in Infants: Data from the Pediatric Heart Network Infant with Single 

Ventricle Trial 

Category: Heart Failure/Pulmonary Hypertension 

Abstract text:  

Background: There is limited data regarding the risks of angiotensin converting enzyme (ACE) 

inhibitor therapy in the neonatal and infant population. Subjects enrolled in the NIH/NHLBI-funded 

Pediatric Heart Network’s double-blind, randomized controlled trial of enalapril vs. placebo in infants 

with single ventricle had blood pressure, serum potassium, creatinine, and white blood count 

monitored as the study drug was uptitrated and at regular intervals throughout the first 14 months of 

life. Adverse events were collected throughout the course of the study and adjudicated by a medical 

monitor. 

Objective/Hypothesis: Data from this trial offers insights into the hemodynamic effects and adverse 

events associated with enalapril in this neonatal and infant population.  

Methods: The trial enrolled 230 neonates, with 115 patients in the enalapril group and 115 in the 

placebo group. Data were extracted from the public use data set provided by the Pediatric Heart 

Network. Blood pressure, safety parameters, adverse events and survival data were compared 

between the placebo and ACE inhibitor groups. Descriptive statistics and univariate analyses were 

performed using the student t-test, Mann-Whitney U, chi-square test or Fisher’s exact test, with 

intention-to-treat analysis. 

Results: Initial enalapril dose was 0.10±0.02 mg/kg/day, with mean maximal dose 0.31±0.11 

mg/kg/day. Median time to uptitration was 3 days [2,11]. There was no significant difference in mean 

change in systolic blood pressure from baseline to lowest blood pressure at initiation of drug 

between placebo and enalapril groups (-11%±11% vs. -12%±11%, p=0.51), or at drug reinitiation after 

Glenn procedure (-9%±12% vs. -10%±11%, p=0.59). There was no difference between placebo and 

enalapril group in the number of patients who experienced adverse events (100 vs. 101, p=0.84), or in 

number of patients who experienced serious adverse events (88 vs. 87, p=0.89). There were a total of 

208 serious adverse events in the placebo group, and 220 serious adverse events in the enalapril 

group. There was no significant difference between placebo and enalapril group in the number of 

patients who experienced hyperkalemia (57 vs. 65, p=0.29), renal dysfunction (0 vs. 3), or 

neutropenia (38 vs. 33, p=0.48). There was no difference between placebo and enalapril group in 

number of patients who died (12 vs. 12, p=1) or were transplanted (4 vs. 3, p=1). 

Conclusion: Enalapril had no sustained hemodynamic effects during uptitration or regular 

administration. Creatinine and potassium were not different between groups. Renal dysfunction 

occurred in 3% of the enalapril and none of the placebo patients. The safety profile of enalapril in 

neonates and infants with single ventricle is acceptable, although the efficacy of enalapril was not 

demonstrated in this population. 
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#167 Title: Treating a De-Novo Long QT Syndrome Type 3 Mutation Recalcitrant to Conventional 

Therapy with Phenytoin: The Mechanisms of Action 

Category: Electrophysiology 

Abstract text:  

Background: The voltage-dependent cardiac Na+ channel is responsible for the initiation and propagation 

of an action potential and for normal electrical activity of the heart. Genetic variation in SCN5A, the gene 

that encodes the Nav1.5 α-subunit of the Na+ channel, frequently result in ion channelopathies, including 

long QT 3 syndrome (LQT3; OMIM 603830). Many LQT3 mutations cause a gain-of-function phenotype, 

resulting in action potential prolongation, early afterdepolarizations and torsades de pointes. 

Presentation range from syncope, cardiac arrest and sudden death. Treatment is with Na+ channel 

blockers (e.g. mexiletine, flecainide, lidocaine and ranolazine), but the response to therapy may vary due 

to functional heterogeneity of mutations.  

Objective/Hypothesis: We treated a patient with a novel LQT3 mutation effectively with phenytoin. Our 

goal was to functionally characterize this mutation and to determine the molecular mechanisms of the 

unusual therapeutic benefit of phenytoin.  

Methods: The Q1475P mutation was introduced into the human Nav1.5-pcDNA3 cDNA by site-directed 

mutagenesis. Human Embryonic Kidney 293 cells were transfected with wild-type (WT) Nav1.5 or 

Nav1.5(Q1475P) cDNAs. Whole-cell currents were recorded after 48h using patch clamp methods. 

Results: A newborn with malignant long QT syndrome presents with arrhythmia storms requiring frequent 

defibrillation. The arrhythmias were poorly controlled by mexiletine, ranolazine and propranolol. 

Unexpectedly, phenytoin was effective. Sequencing revealed a heterozygous missense variant in SCN5A, 

resulting in an amino acid change, Q1475P, within the intracellular DIII-DIV interdomain linker, which is 

known to regulate Nav1.5 inactivation. Patch clamping demonstrated that Nav1.5(Q1475P) currents were 

significantly reduced (at -20mV: -84.6±16.6 pA/pF; n=15 vs. -155.8±23.8 pA/pF in WT; p<0.05). The 

voltage-dependence of both steady-state activation and inactivation were shifted to depolarizing 

voltages. Significantly, the recovery from inactivation (i.e. channel availability after an action potential) 

was accelerated (e.g. recovery at 5ms was 65.7±2.3%; n=6 vs. 23.5±4.0%; n=11 for WT; p<0.05). Phenytoin 

(100 µM) has no significant effect on the current density of Nav1.5(Q1475P), but largely restored the 

abnormal voltage-dependence of steady state inactivation. The accelerated recovery kinetics of 

Nav1.5(Q1475P) were also partially restored by phenytoin.  

Conclusion: The Q1475P mutation leads to a complex phenotype with both gain-of-function and loss-of-

function properties, which manifested in our patient as severe long QT, but without cardiac conduction 

disease. Phenytoin uniquely targets defects in Na+ channel inactivation and recovery from inactivation. 

Our data reiterate the importance of genetic testing in the arrhythmia clinic and the need for in vitro 

functional analysis in understanding the nature of the arrhythmia and predicting the possible responses to 

therapy. 



#168 Title: Intracardiac Echogenic Foci Revisited 

Category: Echocardiography/Non-Invasive Imaging 

Abstract text:  

Background: The clinical importance of intracardiac echogenic foci(ICEF)on prenatal ultrasound 

remains debatable amongst pediatric cardiologists and obstetricians. It has previously been 

discredited as a marker of triploidy and there is no clear association with congenital heart 

disease(CHD). Yet it remains a frequent reason for referral for fetal echocardiogram.  

Objective/Hypothesis: The aim of this study was to assess the presence of CHD in patients with ICEF 

and to determine if it represents echocardiographic artifact. We hypothesized that there is no 

significant association between ICEF and CHD and that ICEF represents artifact. 

Methods: The institutional fetal echocardiography database was retrospectively searched for reports 

containing the diagnosis of echogenic focus from November 2014-November 2016. Each study was 

evaluated by a single reviewer. The presence of ICEF in 3 standard views analogous to apical 4 

chamber, parasternal short axis, and parasternal long axis views was recorded. In addition, the 

presence of CHD, pericardial effusion, and/or fetal arrhythmia was documented. Statistical analysis 

was performed using cross-tabulation with chi-square analysis.  

Results: 55 patients, yielding 145 studies, were reviewed. 6 patients (10.9%) had CHD, including 

VSD(n =3), PA/VSD(n =2), and vascular ring(n=1). ICEF was noted in 3 views in 33 studies(23%), in 2 

views in 45 studies(31%), in 1 view in 22 studies(15%),and resolved in 45 studies(31%). Of those 

studies with ICEF noted in 3 views, 19%(n=6) had a diagnosis of CHD, indicating a significant 

association in this selective population(p=0.039). 

Conclusion: There is a higher incidence of CHD in fetuses with ICEF compared to the general 

population. The presence of ICEF was more likely to be identified in multiple views, suggesting it is 

unlikely artifact. If ICEF is seen in 3 echocardiographic views, a higher clinical suspicion of CHD maybe 

warranted. 

Number of views 
ICEF noted in  

Presence of CHD Total number of 
studies per view No Yes 

 

0 44 (96%) 2 (4%) 46 

1 22 (96%) 1 (4%) 23 (p=1.0) 

2 40 (91%) 4 (9%) 44 (p=0.37) 

2-3 

3 

66 (87%) 

26 (81%) 

10 (13%) 

6 (19%) 

76 (p=0.113) 

32 (p=0.039) 
Total 132 (91%) 13 (9%) 145 

 

 



#169 Title: Patients with Anomalous Aortic Origin of the Coronary Artery Remain at Risk Even After 

Surgical Repair 

Category: Pediatric Cardiac Surgery 

Abstract text:  

Background: Anomalous aortic origin of the coronary artery (AAOCA) arising from the opposite sinus 

of Valsava is a rare cardiac anomaly associated with sudden cardiac death (SCD). Single center studies 

describe surgical repair as safe, though medium and long-term effects on symptoms and risk of SCD 

remain unknown.  

Objective/Hypothesis: We sought to describe medium-term outcomes of surgical repair of AAOCA at 

a single institution. 

Methods: We reviewed institutional records for patients who underwent surgical repair for AAOCA 

between 2001 and 2016. Follow-up data were obtained via phone calls and written questionnaires to 

patients and cardiologists. Patients with associated heart disease were excluded. 

Results: In total, 45 patients underwent surgery for AAOCA. 24 had an anomalous left coronary artery 

arising from the right sinus of Valsalva (ALCA) and 21 had an anomalous right coronary artery arising 

from the left sinus (ARCA). Median age was 15.4 years (IQR 11.8-19.1 yrs; range 4 mos - 68 yrs). Most 

common presenting symptoms were chest pain (n=25, 56%) and shortness of breath (SOB) (n=13, 

29%). Cardiac arrest was the presenting symptom in 5(11%) patients. Coronary unroofing was 

performed in 42(93%), coronary translocation in 2(4%) and removal of a fibrous sheath in 1(2%). Early 

post-operative complications occurred in 10(22%) patients, including post-pericardotomy syndrome 

(n=6, 13%), supravalvar aortic stenosis (n=1, 2%), transient arrhythmia (n=1, 2%), pleural effusion 

(n=1, 2%) and sternal wound infection (n=1, 2%). One patient who presented post-arrest went to and 

returned from the operating room on extracorporeal membrane oxygenation (ECMO). Median 

hospital length of stay was 4 days (IQR 4-5; range 3 - 42 days). Follow-up data were available for 

38(84%) patients over a median of 1.1 years (IQR 0.3-3.0 yrs; range 10days - 9 yrs). Of 32 patients 

with symptoms at presentation, 23(72%) had resolution post-operatively. Of 6 patients who were 

initially asymptomatic, 4(67%) developed post-operative symptoms. Of those with follow-up testing, 

1/32(3%) had evidence of ischemia on ECG and 4/25(16%) had evidence of ischemia on stress test. Of 

4 patients with abnormal stress tests, 1(25%) had SOB with exertion and is currently exercise 

restricted and 3(75%) were asymptomatic and cleared for exercise. Two (4%) patients required 

reoperation. The first experienced a cardiac arrest 6 years post-surgery despite a negative stress test. 

Noninvasive imaging after arrest was concerning for stenosis, and intra-operative examination 

revealed fibrosis around the left coronary orifice. The second patient had recurrent chest pain 3 

months post-surgery. Cardiac catheterization revealed significant stenosis at the anomalous left 

coronary orifice and coronary bypass was performed. Both patients were asymptomatic at 0.5 and 3 

years after the second operation, respectively.  



Conclusion: Surgical repair of AAOCA is generally safe and major early post-operative complications 

are rare although patients are at risk of developing both aortic stenosis and aortic regurgitation. 

Restenosis of the anomalous coronary orifice can occur and patients may be at risk of SCD even after 

operative repair. Patients should be monitored longitudinally for signs and symptoms of ischemia, 

though current testing might not always predict clinical events. 

 

 

Figure 1. Change in symptoms of ischemia. Bar chart depicts the change in prevalence of symptoms pre- and 

post-operatively. Includes patients in whom both pre- and post-operative data are available (n=38). 
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Category: Heart Failure/Pulmonary Hypertension 

Abstract text:  

Background: Success of staged single ventricle (SV) palliation depends on low pulmonary artery 

pressures (PAP). Pulmonary hypertensive vascular disease (PHVD) may preclude completion of total 

cavo-pulmonary anastomosis. PHVD is defined by elevated transpulmonary gradient (> 6 mm Hg) 

and/or pulmonary vascular resistance (PVR) without elevated PAP. Targeted therapy has been shown 

to lower PVR, enabling vascular and ventricular remodeling.  

Objective/Hypothesis: We describe our single center experience with targeted PH therapy in SV 

physiology.  

Methods: A retrospective chart review was performed at CUMC (2007 to 2016) of children with SV 

who received targeted therapy. Subjects who underwent stages 1, 2 or 3 surgical palliation were 

included. Categorical data are presented as median and range.  

Results: 64 subjects (39m,25f) were included. Median age of starting therapy was 11 months(1 m-

20.5y). Therapies included sildenafil(64), iloprost(4), bosentan(2), tadalafil(1), 

epoprostenol(1).Indications were elevated pulmonary artery pressures (54.6%), inability to wean 

iNO/O2 (31.2%), prolonged pleural effusions(6.3%), prior restrictive atrial septum(4.7%) and diastolic 

ventricular failure(3.1%). Subjects were divided by stage of palliation: After stage 1 (12), stage 2 (23) 

and stage 3 (29), of whom 15 had a fenestrated Fontan and 14 non-fenestrated Fontan. At time of 

starting targeted therapy, 20.3% of subjects were on mechanical ventilation, 18.7% on iNO and 54.7% 

on O2. After starting targeted therapy, 54% were extubated on day 3 (2-15 days) and iNO was 

stopped on day 5 (1-19 days). Targeted therapy was stopped in 14% of subjects, most commonly due 

to hypotension.  

Conclusion: PHVD should be considered at every stage of palliation of SV patients. Early use of 

targeted therapy may decrease length of use of iNO and ventilation and improve candidacy for next 

stage of therapy. Larger multicenter studies are warranted to determine the full impact of targeted 

therapy on outcomes. 


