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Long-Term Transplant-Free Survival Following Repair of Total Anomalous Pulmonary
Venous Connection: A Study From the Pediatric Cardiac Care Consortium
J. D. St. Louis1, C. E. McCracken2, E. M. Turk1, J. S. Menk3, B. A. Harvey3, J. M. Vinocur4,
J. E. O'Brien1, M. E. Oster2, J. Moller3, L. G. Spector3, L. Kochilas5
1
Children's Mercy Hospital, Kansas City, MO, 2Emory University, Atlanta, GA, 3University of
Minnesota, Minneapolis, 4University of Rochester, NY, 5Emory University, Sibley Heart Center
Cardiology, Atlanta, GA
COMMERCIAL RELATIONSHIPS L. Kochilas: Consultant/Advisory Board, Novartis; J. S. Menk: Ownership Interest,
Medtronic

Purpose: Survival after total anomalous pulmonary venous connection (TAPVC) repair
has been well characterized in previous studies. However, long-term survival, risk of
transplantation, and causes of death remain unknown. By linking the Pediatric Cardiac Care
Consortium with the National Death Index (NDI) and the United Network for Organ
Sharing (UNOS), we address long-term outcomes in children surviving TAPVC repair.
Methods: We identified 811 survivors after TAPVC repair before 1 year of life (median age
20 days [interquartile range, IQR, 5-80 days]) with sufficient identifiers for linkage with
NDI and UNOS. There were 66 deaths and nine cardiac transplants identified by the end
of 2014. Complex TAPVC was defined as the coexistence of a cardiac anomaly excluding
ASD and PDA. Data collected included age/weight at time of procedure, TAPVC type,
associated cardiac lesions, and length of postoperative stay (LOS). Parametric survival plots
were constructed and risk factor analysis was performed to identify demographic/clinical
characteristics associated with long-term outcomes using the PROC HAZARD procedure
in SAS.
Results: Overall late mortality or need for transplantation was 9.3% with median follow-up
of 18.6 years (IQR 14.5-23.0 years) and median age of death of 0.83 years (IQR 0.38-4.7
years). The risk of mortality/transplant following TAPVC repair was highest in the first 18
months following hospital discharge. Comparison between patients with complex or simple
TAPVC is provided in the Table. Parametric model of transplant-free survival for TAPVC
conditioned to hospital discharge is presented in the Figure. Cardiac causes accounted for
47% of deaths for patients with simple TAPVC and 65% for those with complex TAPVC.
The multivariable parametric regression models for transplant-free survival demonstrated
that complex TAPVC (HR 5.07; 95% CI, 3.04-8.45), mixed TAPVC (HR 2.81; 95% CI,
1.56-5.03) and postoperative LOS were associated with increased risk of death or transplant.
Surprisingly, birth and surgical weight, age at repair, preoperative obstruction, and need for
emergent surgery did not affect long-term transplant-free survival.
Conclusions: Transplant-free survival after TAPVC repair is excellent, with most deaths or
transplant events occurring during the first postoperative year. Factors associated with worse
long-term outcomes include complex TAPVC, mixed TAPVC, and prolonged postoperative
LOS. Known risk factors important during the immediate postoperative period had no
significant effect on long-term outcomes.

440

The Society of Thoracic Surgeons

www.sts.org

POSTER ABSTRACTS

POSTER ABSTRACTS

53rd Annual Meeting Abstract Book

441

POSTER ABSTRACTS
P43
Technical Performance Score Is a Predictor for Post-Discharge Reinterventions Following
Complete Atrioventricular Septal Defect Repair
R. IJsselhof, K. Gauvreau, P. J. del Nido, M. Nathan
Boston Children's Hospital, MA
Purpose: Technical performance score (TPS) has been shown to be associated with both
early and late outcomes across a wide range of congenital cardiac procedures. We wished to
evaluate TPS as a predictor of in-hospital outcomes and post-discharge reintervention in
patients undergoing complete atrioventricular septal defect (CAVSD) repair.
Methods: We performed a retrospective review of patients who underwent balanced
CAVSD repair in a tertiary center between January 1, 2000, and March 1, 2016. We assigned
TPS (class 1-no residua, class 2-minor residua, class 3-major residua or reintervention in
the anatomic area of repair pre-discharge for residua) based on discharge echocardiograms.
In-hospital and follow-up (FU) data were collected. Post-discharge reintervention (primary
outcome) and complications and postoperative intensive care unit length of stay (PICULOS)
during hospitalization for index surgery (secondary outcomes) were analyzed using logistic
and Cox regression.
Results: A total of 350 patients were included in the analysis. Median age was 3.2 months
(interquartile range [IQR] 2.4-4.2 months). Fifty-four (16%) had class 1 TPS, 218 (62%)
class 2, 63 (18%) class 3, and 15 (4%) could not be scored. Median PICULOS was 3 days
(IQR 2-5 days). There were 15 deaths (4%; six pre-discharge and nine post-discharge), 36
complications (10%), and 34 post-discharge reinterventions (10%). Median FU was 2.6 years
(IQR 0.09-7.9 years). On univariable analysis, trisomy 21, concomitant procedure, and TPS
were associated with post-discharge reintervention. Concomitant procedure, weight, second
bypass run, and TPS were associated with complications. Weight, concomitant procedure,
heterotaxy, and TPS were associated with PICULOS. On multivariable modeling, class
3 TPS was associated with post-discharge reintervention (HR 5.61; 95% CI, 1.28-24.5;
P = .02), complications (OR 5.45; 95% CI, 1.06-28.1; P = .04), and prolonged PICULOS
(HR 0.53; 95% CI, 0.36-0.78; P = .001) after adjusting for other covariates (Table/Figure).
Conclusions: At our center, CAVSD repair was associated with low morbidity in hospital
and at mid-term FU. Presence of residual lesions pre-discharge, as measured by TPS, was
able to accurately identify those who had complications, prolonged PICULOS, and required
post-discharge reinterventions.
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Reinterventions on the Right Ventricular Outflow Tract After the Arterial Switch
Operation: Incidence and Risk Factors
J. Cleuziou, K. Vitanova, J. Kasnar-Samprec, M. Ono, D. Tanase, C. Schreiber, R. Lange
German Heart Center Munich
Purpose: A known complication after the arterial switch operation (ASO) is the
development of right ventricular outflow tract obstruction (RVOTO). The aim of this study
was to evaluate the incidence of and risk factors for the development of RVOTO.
Methods: RVOTO was defined as any reintervention required on the right ventricular
outflow tract (RVOT). Risk factor analysis was performed using a Cox regression model.
Results: Between 1983 and 2014, a total of 688 patients underwent ASO for simple
transposition of the great arteries (TGA; n=419), TGA with ventricular septal defect
(n=207), or Taussig-Bing anomaly (n=62). RVOTO developed in 79 patients (11%) at a
median time of 3.8 years (1 day-23.6 years). Freedom from RVOT reintervention was 96%
± 1%, 89% ± 1%, and 83% ± 2% at 1, 10, and 25 years, respectively. Location of the RVOTO
was at the level of the pulmonary artery bifurcation in 42%, of the main pulmonary artery
in 18%, of the valve in 2%, of the infundibulum in 6%, and at multiple levels in 32%. The
peak gradient over the RVOT at discharge after ASO was significantly higher in patients
requiring a reintervention than in others (P < .001). Treatment for RVOTO was surgical in
40 patients (50%) and catheter-based in 39 patients (50%). Independent risk factors for the
development of RVOTO were side-by-side great arteries (P < .001), aortic arch anomalies
(P < .001), use of a pericardial patch for augmentation of the coronary buttons (P < .001), and
a peak gradient of more than 20 mm Hg over the RVOT at discharge (P < .001).
Conclusions: The incidence of RVOTO after ASO is not negligible and predominantly
affects the pulmonary artery bifurcation. Complex morphology. such as side-by-side great
arteries and aortic arch anomalies, influences the development of RVOTO. Variations of the
surgical technique may help in the future to decrease the incidence of RVOTO.
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Significance of Intraoperative Revision During the Arterial Switch Operation in the
Current Era
Y. Nakamura1, D. Kalfa1, P. Chai2, A. Chelliah1, L. Freud1, J. Quaegebeur2, E. A. Bacha1
1
Columbia University Medical Center, New York-Presbyterian/Morgan Stanley Children's
Hospital, NY, 2Columbia University Medical Center, New York, NY
Purpose: The arterial switch operation (ASO) is a relatively safe operation with very low
discharge mortality. We hypothesized that intraoperative revision (IntropRev) for coronary
malperfusion still plays an important role and evaluated its significance during ASO in the
current era.
Methods: From January 2005 to May 2016, 244 patients underwent ASO including
palliative ASO (n=6). As for coronary transfer, implantation to a simple incision made at the
“appropriate site” in each corresponding sinus with or without neoaortic reconstruction first
has been our standard approach, and if other or additional techniques were applied (n=96),
it was defined as “modified technique.” Seventeen patients (7%) needed IntropRev. Factors
related to “modified technique,” IntropRev, and discharge mortality were analyzed. Morbidity
was compared in patients with/without IntropRev.
Results: Relationship between coronary artery pattern, “modified technique,” and IntropRev
is described in the Table. Factors related to “modified technique” were complex coronary
anatomy (n=46), long distance for transfer (n=26), side-by-side great arteries (n=19),
malaligned commissures (n=17), and eccentric coronary artery orifices (n=8). Body weight at
surgery <2.5 kg (P = .05) and “modified technique” (P = .03) were risk factors for IntropRev.
Discharge mortality was 2% (n=5): two of 17 with IntropRev vs three of 227 without it
(P = .04). Patients with IntropRev had higher occurrence of postoperative cardiovascular
complications (P = .05) and needed longer ventilation time (P < .001) and postoperative
hospitalization (P = .003). At short-term follow-up (median 131 days, range 4-4,053 days),
neither postdischarge death nor biventricular dysfunction were observed, and reoperation for
late coronary artery stenosis was performed in one patient.
Conclusions: The need for IntropRev was correlated with weight at surgery <2.5 kg and
use of “modified technique” (which reflected more complex morphological arrangements).
IntropRev led to higher postop morbidity and mortality; however, satisfactory long-term
outcomes were expected when IntropRev was successful.
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Del Nido Cardioplegia Provides Superior Left Ventricle Performance Compared to HTK
After Long-Term Ischemia, as Evaluated by Phospholamban Activation
H. Carmo1, K. Reichert2, D. Diogenes de Carvalho1, L. d. Silveira-Filho, K. Vilarinho1,
P. Oliveira1, P. Eghtesady3, O. Petrucci4
1
Unicamp, Campinas, Brazil, 2University of Campinas, Estância Velha, Brazil, 3St Louis
Children's Hospital, MO, 4Washington University, St Louis, MO
Purpose: Myocardial ischemia/reperfusion injury is one of main causes of low cardiac output
after surgery. The aim of this work was to assess the effects of blood-based and crystalloid
cardioplegic solutions on the intracellular calcium machinery by evaluating the activation of
phospholamban, which regulates calcium uptake by the sarcoplasmic reticulum.
Methods: Isolated rat hearts were submitted to 3 hours of cold ischemia followed by 90
minutes of reperfusion. Hearts were divided into four groups. Cardiac arrest was induced
with a single dose of one of the following cardioplegic solutions: (1) a commercially available
crystalloid-based solution (histidine/tryptophan/ketoglutarate [HTK]), (2) a blood-based
solution (del Nido), (3) HTK plus lidocaine and pinacidil (HTK-e), or (4) del Nido plus
pinacidil and with a lower lidocaine concentration than the original del Nido formula (del
Nido-e). Several parameters of ventricle contractility were continuously recorded during
reperfusion. Tissue samples of the left ventricle (LV) were analyzed by immunoblotting,
ATP determination, and caspase activity levels.
Results: Compared to the crystalloid solutions, del Nido and del Nido-e provided superior
LV performance recovery in variables of maximum dP/dt (16% and 32% vs 61% and 72%,
respectively), minimum dP/dt (26% and 41% vs 49% and 57%, respectively), and RPP (20%
and 38% vs 47% and 43%, respectively) after 90 minutes of reperfusion. Similarly, they
provided higher phospholamban activation, lower cellular disruption compared to HTK-e,
and higher myocardium ATP levels.
Conclusions: Blood cardioplegic solutions are superior to crystalloid solutions for preserving
LV performance and provide greater phospholamban activation while maintaining the
sarcolemmal reticulum function and cellular integrity.
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Surgical Ligation of Patent Ductus Arteriosus in Preterm Infants: An Exceptionally Safe
and Beneficial Approach to Management
D. Lehenbauer1, C. D. Fraser1, N. Hibino1, S. Aucott1, T. C. Crawford1, J. C. Grimm1,
N. D. Patel1, J. T. Magruder1, D. E. Cameron1, L. A. Vricella2
1
The Johns Hopkins Hospital, Baltimore, MD, 2The Johns Hopkins University, Baltimore, MD

COMMERCIAL RELATIONSHIPS N. Hibino: Research Grant, Secant Medical; Other Research Support, Nanofiber Solutions

Purpose: Observational studies suggest patent ductus arteriosus (PDA) ligation in preterm
newborns is associated with greater morbidity when compared to nonoperative management.
These results may be confounded by use of PDA ligation as “rescue” therapy. We sought to
review our institutional outcomes with PDA ligation and assess safety, surgical morbidity,
and mortality.
Methods: A retrospective, observational study analyzed outcomes of all patients with weight
≤1.0 kg undergoing PDA ligation at our institution between 2003 and 2015. Medical
records were queried to identify pre- and postoperative ventilator requirements, inotropic
support, incidence of acute kidney injury (AKI) and necrotizing enterocolitis (NEC), surgical
complications, and 30-day mortality.
Results: 166 preterm newborns underwent surgical PDA ligation. 121 patients (70.3%)
failed indomethacin therapy, and 40 (24%) suffered preoperative AKI. Among 164 patients
(98.8%) requiring preoperative mechanical ventilation, 79 (48.2%) were extubated within
30 days of surgery. Of 109 patients (66.4%) requiring preoperative inotropic support,
59 (54.1%) were weaned within 24 hours of surgical ligation. Mean duration of postoperative
inotrope use was 2.5 days ± 5.2 days. 164 patients (98.8%) did not require a perioperative
tube thoracostomy. One patient (0.6%) suffered a recurrent laryngeal nerve injury. Among
39 patients (23.4%) with associated NEC, 26 (66.6%) and 13 (33.3%) were diagnosed preand postoperatively, respectively. Thirty-day all-cause mortality was 1.8% (3/166), with no
intraoperative deaths.
Conclusions: PDA ligation in preterm newborns is safe and effective, leading to rapid
discontinuation of inotropic support and facilitated weaning from mechanical ventilation.
Given the very low procedural morbidity and mortality, PDA ligation should be rapidly
considered as a reasonable alternative to prolonged and aggressive medical therapy.
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Contemporary Outcomes of Combined Heart-Liver Transplantation in Patients With
Congenital Heart Disease
R. Bryant1, D. L. Morales1, J. S. Tweddell2, F. Zafar1, R. Rizwan1, I. Wilmot1, C. Chin1
1
Cincinnati Children's Hospital Medical Center, OH, 2Heart Institute, Cincinnati Children's
Hospital Medical Center, OH
COMMERCIAL RELATIONSHIPS D. L. Morales: Consultant/Advisory Board, Berlin Heart, CorMatrix, HeartWare,
SynCardia; Research Grant, CorMatrix; J. S. Tweddell: Consultant/Advisory Board, CorMatrix

Purpose: Transplant centers are seeing more adult patients with congenital heart disease
(CHD) who have end-stage cardiac and hepatic failure. These patients may require complex
transplant strategies. An understanding of contemporary short- and long-term outcomes
with combined heart and liver transplantation (cHLTx), particularly in patients with CHD,
is needed.
Methods: A retrospective review of the outcomes of cHLTx was conducted. From October
1, 1987, to June 30, 2015, there were 61,437 total heart transplants reported to the United
Network for Organ Sharing. Of those, 190 (0.003%) were cHLTx. Forty-one patients
(22%) had CHD. We assessed 30-day and 1-, 5-, and 10-year patient and graft survival. We
reviewed demographics, indications, procedural, and postoperative data.
Results: The mean age at the time of transplant was 46 years ± 15 years. Fifty-six patients
(29.5%) were female. The most common indications for cHLTx were hepatic congestion/
cirrhosis due to cardiac origin (n=61, 32%) and amyloidosis (n=46, 24%). In the 41 patients
with CHD, the most common indication for cHLTx was hepatic congestion/cirrhosis due to
cardiac origin (n =26, 63%). The overall survival at 30 days, 1 year, 5 years, and 10 years was
95%, 86%, 80%, and 53%, respectively. For patients with CHD, the 30-day, 1-year, 5-year, and
10-year survival was 93%, 84%, 81%, and 81%, respectively.
Conclusions: The short- and long-term outcomes of cHLTx for CHD were comparable
to the survival of cHLTx in patients without CHD. These outcomes provide a clinical
benchmark when considering this complex therapy in patients with congenital heart disease.
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Residual Right Ventricular Outflow Tract Gradients After Transatrial Repair of Tetralogy
of Fallot
C. Tan1, Y. d'Udekem1, D. Zannino2, K. du Plessis2, J. Soquet1, J. Brink1, I. E. Konstantinov1,
C. P. Brizard1
1
The Royal Children's Hospital, Melbourne, Australia, 2Murdoch Childrens Research Institute,
Parkville, Australia
COMMERCIAL RELATIONSHIPS C. P. Brizard: Ownership Interest, Admedus; Consultant/Advisory Board, Admedus; Y.
d’Udekem: Consultant/Advisory Board, MSD, Actelion Pharmaceuticals

Purpose: Keeping a small residual right ventricular outflow tract (RVOT) gradient after
tetralogy of Fallot (TOF) repair is beneficial. But residual gradients expose the risk of
reintervention for RVOT obstruction. It is unclear whether the gradients observed in the
outflow tract may regress and at which speed they will progress.
Methods: A total of 393 patients had TOF repair and were followed up in one institution
between 1980 and 2015. A consistent policy of transatrial repair beyond early infancy aiming
at leaving a small outflow tract gradient was applied. The median age at repair was 280 days
(177-440 days); 294 (75%) had a transannular patch and 100 (25%) had a previous shunt.
We identified those who had a peak gradient superior to 36 mm Hg at any stage after repair.
Fifty-seven patients (15%) had a residual gradient identified before hospital discharge, and
66 (17%) had a recurrent gradient occurring after hospital discharge, totaling 123 patients.
Results: There were five out of 393 (1.3%) postoperative deaths; three of the five deaths
occurred in the 123 patients who had a gradient superior to 36 mm Hg. A total of 45 out
of 123 patients (37%) were reoperated at a median of 3 years (1-7 years) after TOF repair
and a median of 1.9 years (0.5-4.7 years) after diagnosis of the obstruction. Their median
peak gradient decreased from 45 mm Hg (38-55 mm Hg) at the time of the reoperation to
20 mm Hg (12-34) post-reoperation. Over a mean of 7 years ± 6 years of follow-up, 78 of
123 patients (63%) did not require reoperation, with gradients decreasing from a median
gradient of 44 mm Hg (39-54 mm Hg) to 34 mm Hg (23-44 mm Hg). Of which, 37 of the
57 (64.9%) with residual obstruction and 41 of the 66 (62.1%) with recurrent obstruction did
not have a reoperation.
Conclusions: Two-thirds of the patients who developed a gradient superior to 36 mm Hg
did not require reintervention after TOF repair. Mild postoperative gradients can be left in
patients after Fallot repair. The long-term benefits of keeping a mild RVOT gradient may
outweigh the risk of requiring a reoperation.
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Purpose: Scimitar syndrome, a rare association of congenital cardiopulmonary abnormalities,
features anomalous pulmonary venous return to the inferior vena cava. Optimal management
remains controversial. We describe the natural history of scimitar syndrome among patients
at our institution, examine nonsurgical and surgical outcomes, and identify risk factors for
poor outcomes.
Methods: Patients with scimitar syndrome who were evaluated at our institution between
January 1994 and January 2015 were reviewed retrospectively. Anomalous pulmonary venous
return to the inferior vena cava documented on echocardiography served as the inclusion
criteria. The primary outcome variables included mortality and post-repair stenosis of
scimitar drainage. Univariate and multivariate analyses toward each of these endpoints were
performed. The study protocol was reviewed and approved.
Results: Forty-seven patients were identified. Median follow-up was 3.55 years. Twenty
infants (42.6%) had significant associated congenital heart defects, including seven with
single ventricle physiology. Isolated scimitar syndrome was observed in 10 infants (21.3%)
and 16 non-infants (34.0%). Non-infants exhibited milder disease with lower incidences of
right pulmonary artery hypoplasia (P < .001), aorto-pulmonary collaterals (P = .004), and
scimitar vein obstruction at the inferior vena cava confluence (P = .032). Eighteen patients
(38.3%) underwent surgery. Surgical outcomes for infants were similar using scimitar vein
reimplantation or intra-atrial baffle repair, with overall mortality 40% (2/5) and 33% (1/3),
respectively. Post-surgical mortality was 0% (0/6) for non-infants. Overall mortality for
medically managed infants was 46.7% (7/15) compared to 0% (0/8) for non-infants
(P = .052). Multivariable analyses identified infantile onset as an independent risk factor for
post-repair stenosis (HR 9.34, P = .048) and single ventricle physiology as an independent
risk factor for overall mortality among unrepaired patients (HR 29.8, P = .004).
Conclusions: The severity of scimitar syndrome depends on presenting age and associated
congenital heart disease. Non-surgical and surgical outcomes are suboptimal for infantile
disease, which is an independent risk factor for post-repair stenosis. Single ventricle
physiology is associated with poor prognosis. Additional large-volume experiences are
required to guide and improve management.
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Scimitar Syndrome in Children and Adults: Natural History, Outcomes, and Risk Analysis
H. Wang1, D. Kalfa2, M. Rosenbaum3, J. Ginns3, M. Lewis3, J. Glickstein3, E. A. Bacha2, P. Chai3
1
Stanford University School of Medicine, Palo Alto, CA, 2Columbia University Medical Center,
New York-Presbyterian/Morgan Stanley Children's Hospital, NY, 3Columbia University Medical
Center, New York, NY
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Differences in Histopathological Findings of Right Ventricle: Hypoplastic Left Heart
Syndrome vs Truncus Arteriosus Communis
T. Kido, T. Hoashi, K. Kagisaki, H. Ichikawa
National Cerebral and Cardiovascular Center, Suita, Japan
Purpose: Surgical outcomes for patients with hypoplastic left heart syndrome (HLHS)
have improved, but the mortality rate remains high. Some reports have shown that systemic
right ventricle (RV) in HLHS has unique myocardial pathology. To eliminate the influence
of ventricular pressure afterload, pathophysiological findings of RV in HLHS and truncus
arteriosus communis (TAC) were compared.
Methods: Between 2013 and 2016, RV biopsies were obtained from infants undergoing
Norwood procedure with RV-PA conduit following bilateral pulmonary artery banding for
classical HLHS (n=11) or neonatal repair of TAC (n= 6). Histopathological examination
was performed in myocardial layer and endocardial layer. In myocardial layer, the evaluated
variables were 1) short axis length of myocardial cell, 2) myocardial fibrosis, 3) coronary
vascular density, and 4) collagen type 1/type 3 ratios. In endocardial layer, collagen type 1/
type 3 ratios were evaluated. Three fields of each layer per slide were analyzed and averaged.
Results: Mean age at operation were 46 days in HLHS group and 55 days in TAC group
(P = .8). Myocardial fibrosis was significantly higher in RV myocardium of patients with
HLHS (mean 7.4%) compared to TAC (mean 3.2%) (P = .002). Coronary vascular density
was significantly lower in HLHS (mean 1,665 U/mm3) than the TAC group (mean
2,231 U/mm3) (P = .02). Both in myocardial layer and endocardial layer, collagen type 1/
type 3 ratios were significantly higher in HLHS (mean 0.50, 4.6) than the TAC group (mean
0.22, 0.57) (P = .01, .03). No significant differences were identified in short axis length of
myocardial cells between HLHS (mean 9.0 μm) and the TAC group (mean 9.5 μm)
(P = .28).
Conclusions: Under the same ventricular pressure overloaded condition, RV in HLHS
showed more significant ischemic change than that in TAC. The presented findings may
partly explain the poor outcomes of HLHS patients.
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Repair of Taussig-Bing Double Outlet Right Ventricle by Arterial Switch: Early and Up to
13-Year Outcomes
H. Najm1, M. Ahmad1, M. Yasser2, H. Kattan2, A. Khan2, R. Bhatti2, F. Al Habshan2,
R. Abu-Sulaiman2
1
Cleveland Clinic, OH, 2King Abdulsziz Medical City, Riyadh, Saudi Arabia
Purpose: Anatomical variations in Taussig-Bing double outlet right ventricle (DORV)
anomaly are prevalent and require tailored complex surgical repair. The data on long-term
outcomes following operative intervention are still limited. We studied the short- and longterm outcomes of repair of this anomaly with the arterial switch operation.
Methods: Retrospective study on 42 consecutive patients who underwent arterial switch
operation for Taussig-Bing anomaly between October 2002 and September 2015. Median
age at surgery was 36 days (5-739 days), median weight 3.3 kg (2.5-10.6 kg). Twenty-two
patients (52.4%) had anomalous coronary arteries; 17 (40.5%) had side-by-side great vessels;
seven (16.7%) had commissural malalignment. Hypoplastic aortic arch and/or coarctation
was present in 26 (61.9%); of those, 20 (76.9%) had one-stage repair and the rest had twostage repair. Seven patients (16.7%) had main pulmonary artery translocation. Fourteen
patients (33%) had delayed sternal closure. Median bypass time was 190 minutes (139-329
minutes) and median cross-clamp time 114 minutes (80-211 minutes).
Results: There were two early deaths (4.8%); one due to biventricular failure, the other
due to abdominal sepsis. 95% of survivors were followed for up to 13 years for a total of
151 patient-years (range, 1-153 months). There was one late death (2.4%) 11 months
postoperatively. During follow-up, seven patients underwent 12 percutaneous interventions
at a median period of 10 months (range, 1-118 months). Interventions included dilatation/
stenting of aortic coarctation (n=7), dilatation/stenting of right ventricular outflow tract
(n=2), branch pulmonary artery stenting (n=2), and device closure of residual ventricular
septal defect (n=1). Three patients had three reoperations at a median period of 17 months
(9-116 months). These included patch augmentation of right ventricular outflow tract (n=1),
mitral and tricuspid valve repair (n=1), and right ventricle-to-pulmonary artery conduit
placement (n=1). Freedom from all-cause mortality at follow-up was 92.9%, freedom from
reinterventions was 82.5%, and freedom from reoperation was 92.5%.
Conclusions: Repair of Taussig-Bing anomaly can be carried out by the arterial switch
operation with good short- and long-term results. The operative repair has to be tailored to
individual patients based on the coronary anatomy and other associated congenital lesions.
Long-term follow-up is important due to need for reinterventions or reoperations.
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A Synthetic Bioabsorbable Polymer Polyethylene Glycol Hydrogel Spray May Prevent
Postoperative Mediastinal Adhesions in Congenital Heart Surgery: A Randomized
Double-Blind Study
N. W. Hasaniya1, A. J. Razzouk2, J. Newcombe3, D. Hassneiah3, J. Heimes2, L. L. Bailey2
1
Loma Linda University School of Medicine, CA, 2Loma Linda University Medical Center, CA,
3
Loma Linda University Children's Hospital, CA
COMMERCIAL RELATIONSHIPS N. W. Hasaniya: Research Grant, Baxter International

REGULATORY DISCLOSURE This presentation describes the off-label use of the synthetic bioabsorbable polymer
polyethylene glycol hydrogel spray Coseal by Baxter International in reducing the adhesions and re-entry time in infants
undergoing cardiac reoperation.

Purpose: Adhesions encountered at reoperative cardiac surgery can prolong operative time
and increase reoperative risks. A topical polyethylene glycol hydrogel spray was noticed
to reduce adhesions. The aim of this clinical study was to investigate the anti-adhesion
property of a synthetic bioabsorbable polymer polyethylene glycol hydrogel spray following
cardiotomy in infants.
Methods: Forty babies requiring cardiac reoperation were randomized to the hydrogel
spray or control groups. Based on previous unpublished data, the appropriate volume was
sprayed to the mediastinal surface at the end of the first surgical procedure in study group.
On reoperation, adhesions were evaluated using a five-point scoring system by a blinded
investigator at five pre-determined anatomical areas, including: 1) retrosternal area, 2)
base of the heart (large vessels), 3) right side, 4) left side, and 5) diaphragmatic side of the
mediastinum. Incision to pump time, mediastinal drainage up to 24 hours, blood utilization,
hospital stay, and demographic data were analyzed.
Results: A total of 40 patients were prospectively randomized to either the control (n=20)
or hydrogel spray (n=20). Four babies (two in each group) died before the second operation.
The other patients (n=3) either had their second operation in another hospital (n=1) or were
missed for evaluation (n=2). The remaining control group (n=16) had longer incision to
pump time (38 ± 10 vs 23 ± 6, P < .001) than the remaining (n=17) hydrogel spray group. The
control patients showed significantly more severe adhesions than the hydrogel spray group at
the five mediastinal areas: retrosternal (P < .001), base of the heart (P = .05), right side
(P = .01), left side (P = .02), and diaphragmatic side of the mediastinum (P = .001). There
was no significant difference between both groups in postoperative drainage, age, gender,
diagnosis, blood utilization, and hospital stay and mortality.
Conclusions: Redo operation and adhesions are a major concern in pediatric cardiac
surgery. The use of the synthetic bioabsorbable polymer polyethylene glycol hydrogel spray
topical surgical sealant at the end of primary pediatric cardiac surgical procedures reduces
mediastinal adhesions and re-entry time in pediatric heart reoperations. Further multicenter
studies are recommended.
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Higher Oxygen Delivery Is an Important Factor for Adequate Peripheral Perfusion
During High-Flow Regional Cerebral Perfusion at Aortic Arch Repair in Neonates and
Infants
K. Sughimoto, S. Kohira, H. Hayashi, Y. Tsuchida, S. Torii, T. Kitamura, T. Horai, K. Miyaji
Kitasato University School of Medicine, Sagamihara, Japan
Purpose: High-flow regional cerebral perfusion (HFRCP) from the right innominate artery
has been induced to keep sufficient cerebral and somatic oxygen delivery via collateral vessels
for aortic arch repair in neonates and small infants. We sought to obtain safety markers of
bypass flow to gain adequate peripheral perfusion during HFRCP.
Methods: Between 2009 and 2016, 20 consecutive patients (age: 22 days [6-116 days];
body weight: 3.0 kg ± 0.9 kg; two female and 18 male; coarctation: 18 and interruption:
two) who underwent an aortic arch repair using HFRCP were enrolled. Oxygen delivery
ratio (DO2R) was defined as the quotient of DO2 during HFRCP divided by DO2 prior to
HFRCP. Regional oxygen saturation on the thigh (rSO2T) was monitored during HFRCP.
Postoperative creatinine kinase (CK) and lactate levels were measured as the postoperative
outcomes. Multivariate analyses were performed to clarify the effectiveness of DO2R and
rSO2T during HFRCP.

Results: No mortality or brain insult occurred in any case. The durations of cardiopulmonary
bypass (CPB) and HFRCP was 150 minutes ± 51 minutes and 39 minutes ± 11 minutes,
respectively. The average flow during HFRCP was 86 mL/min/kg ± 19 mL/min/kg with
a systemic blood pressure of 43 mm Hg ± 4 mm Hg. The lowest rSO2T during HFRCP
was 80.8% ± 24.4%. The multivariate analysis revealed that the lowest rSO2T (P = .0416)
and CPB time (P = .029) predicted the postoperative CK level. DO2R was the only factor
to predict postoperative lactate (P < .001), along with the linear regression (R=0.816). The
receiver operating characteristic analysis revealed that a DO2R less than 0.66 predicted a risk
for an increased lactate level (>45 mg/dL) with an area under the curve of 0.95.
Conclusions: For arch repair in neonates and infants, the regional oxygen saturation on
the thigh and the oxygen delivery during HFRCP were useful markers to predict sufficient
peripheral perfusion. Maintaining higher oxygen delivery during HFRCP is very important
to prevent postoperative increases in lactate levels.
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Dismal Outcomes of Second-Run Extracorporeal Life Support in the Pediatric Population
J. Soquet, R. Chiletti, S. Horton, I. E. Konstantinov, J. Brink, C. P. Brizard, W. Butt, Y. d'Udekem
The Royal Children's Hospital, Melbourne, Australia
COMMERCIAL RELATIONSHIPS C. P. Brizard: Ownership Interest, Admedus Australia; Consultant/Advisory Board,
Admedus Australia; Y. d’Udekem: Consultant/Advisory Board, MSD, Actelion Pharmaceuticals

Purpose: In 2011, our center reported unfavorable outcomes of second-run extracorporeal
life support (ECLS) in children. We wanted to investigate whether this previous report
affected our strategy. We reviewed our entire experience with second-run ECLS in a
pediatric population.
Methods: Second-run ECLS was defined as reinstitution of ECLS at least 3 hours after the
cessation of a first ECLS episode and before the end of the same hospital stay. Between 1988
and 2015, 35 patients underwent a second run of support: 29 cardiac patients (82.9%) and six
noncardiac patients (17.1%). Median age at the time of first support was 9 days (0-16 years).
Median length of support for the first and second run were 3.7 days (0.1-10 days) and 4.9
days (0.5-8.7 days) respectively, with an interval of 3.5 days (0.2-75 days) between supports.
Results: There was an increase in the number of patients undergoing second-run ECLS
after our report: 25 patients between 1988 and mid-2010 (six noncardiac) and 10 between
mid-2010 and 2015 (one noncardiac). While 60% of patients (21/35) survived weaning of
support, only 25.7% (9/35) survived to hospital discharge, and 14.3% (5/35) were still alive
at a median of 6.5 years (1.2-11.6 years) after hospital discharge. Outcomes were similar in
the two time periods (Table). Two of the five long-term survivors had severe neurological
deficits. All three patients who had a positive long-term outcome had the second-run ECLS
instituted to allow for the following major cardiac operations: 1) bidirectional cavopulmonary
shunt (BCPS) after repair of Ebstein anomaly, 2) arterial switch operation, and 3) pulmonary
artery patching and takedown of a BCPS.
Conclusions: Compassionate use of second-run ECLS is difficult to refuse, but one should
be aware that its outcomes are dismal. In our center, benefits seem to be limited to cases
where the second-run ECLS allows for a major cardiac intervention.
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Single-Stage Repair of Coarctation of the Aorta and Ventricular Septal Defect: A
Comparison of Surgical Strategies and Resource Utilization
C. Callahan1, D. Saudek2, A. Shillingford3, S. Creighton2, W. Johnson2, M. E. Mitchell2,
R. K. Woods2
1
Medical College of Wisconsin, Milwaukee, 2Children's Hospital of Wisconsin, Milwaukee,
3
Nemours Cardiac Center, Alfred I. duPont Hospital for Children, Wilmington, DE

COMMERCIAL RELATIONSHIPS M. E. Mitchell: Research Grant, TAI Diagnostics, Ariosa Diagnostics; Ownership Interest,
TAI Diagnostics, Ariosa Diagnostics; Consultant/Advisory Board, TAI Diagnostics; C. Callahan: Ownership Interest,
TAI Diagnostics

Purpose: We sought to evaluate clinical outcomes and resource utilization of two repair
strategies: 1) repair via sternotomy using deep hypothermic cardiopulmonary bypass (CPB)
and either antegrade cerebral perfusion or deep hypothermic circulatory arrest; and 2) offpump arch repair via L thoracotomy followed by sternotomy during the same anesthetic and
on-pump repair of ventricular septal defect (VSD) with CPB.
Methods: Twenty-one patients were reviewed retrospectively with concomitant repair of
coarctation (CoA) and hypoplastic aortic arch (HAA) and associated VSD between May 1,
2001, and October 1, 2012, at our institution. Patients undergoing single-ventricle palliation
were excluded. Primary outcomes included arch reintervention, duration of postoperative
mechanical ventilation, length of stay (LOS), and hospital charges (including those for any
readmission for arch intervention).
Results: Eight patients underwent thoracotomy followed by sternotomy (Group I), and
13 patients underwent sternotomy alone (Group II). Compared to Group II, Group I
had a shorter median LOS (8 days vs 23 days, P = .004), lower duration of postoperative
mechanical ventilation (0.5 days vs 4 days, P < .001), lower day of surgery charges ($37,208
vs $62,583, P = .001), and lower total charges ($68,301 vs $211,723, P < .001). There was
one surgical reintervention in Group II. Proximal arch z score was not associated with
arch reintervention in a large separate cohort of patients undergoing arch repair alone via
thoracotomy (z score of 0 to -6). Discharge survival was 100%.
Conclusions: Compared to sternotomy alone with deep hypothermic CPB for concomitant
repair of the arch and cardiac anomalies, off-pump L thoracotomy repair of the arch followed
by on-pump repair of VSD appears to be associated with equivalent clinical outcomes for
most patients, yet substantially reduced resource utilization.
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Persistent Symptoms in Children After Vascular Ring Repair
M. Ramaswamy, A. Beeman, S. Bollard, B. Davies, I. Sullivan, N. Muthialu
Great Ormond Street Hospital for Children, London, United Kingdom
Purpose: Vascular rings are rare congenital abnormalities. They cause varied symptoms
by compressing the trachea and esophagus. Some children continue to be symptomatic
even after relieving this compression. The purpose of this study was to identify risk factors
associated with persistence of aerodigestive symptoms in children after vascular ring repair.
Methods: Retrospective study in a single institution between 2005 and 2015. All children
who had surgery for true vascular ring (double aortic arch [DAA] and right aortic arch with
left duct [RAA]) were included. The factors analyzed were demographic data, symptoms,
age at onset of symptoms, diagnostic investigations, associated anomalies, type of vascular
ring, age and weight at surgery, surgical technique, and symptoms at follow-up. The following
additional factors were analyzed for DAA: patency and dominance of the arches, anterior
angle subtended at the level of compression, and position of descending aorta in relation to
the airway. Data was analyzed by t-test and ANOVA.
Results: 129 children were identified (RAA = 74, DAA = 55). At surgery, median weight
was 8 kg (0.8-66.3 kg) and median age was 8 months (0-201 months). Airway symptoms
(RAA = 54/74, DAA = 51/55) were more common than esophageal symptoms
(RAA =39/74, DAA = 15/55). Onset of symptoms was usually in the first year of life
(RAA = 52/74, DAA = 31/55). After surgery, symptom relief was seen in nearly 50%
children within a year (RAA = 36/74, DAA = 24/55) when both arches were patent in DAA
(P < .05) and in the absence of comorbid conditions and esophageal compression in both
types. Persistent symptoms in DAA were seen with arch angulation between 45° and 60°.
Persistent symptoms in RAA were seen with early onset of symptoms and in the presence of
comorbid conditions and Kommerell’s diverticulum (KD). KD was not routinely operated in
earlier period of the study.
Conclusions: Anterior arch angulation plays a key role in DAA by causing a “nutcracker”
phenomenon. This may need a modified repair. Aortopexy in selected cases can offer
additional benefit. This requires careful preoperative morphological assessment. Resection
of Kommerell’s diverticulum is important in repair of RAA. Further prospective studies are
essential.
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Post-Cardiac Surgery Utilization of Nicardipine Is Safe and Effective in Children
Regardless of Age
M. L. Stone1, M. L. Buck2, J. J. Gangemi1, J. Vergales1
1
University of Virginia Health System, Charlottesville, 2University of Virginia School of Medicine,
Charlottesville

COMMERCIAL RELATIONSHIPS J. Vergales: Other, Volunteer Medical Director, Locus Health; Research Grant, Merck & Co

Purpose: Calcium channel blockers are commonly avoided in children less than 1 year of
age, secondary to concerns of safety and efficacy. The purpose of this study was to review
a single-institution experience with nicardipine, a selective calcium channel blocker, in
pediatric patients following cardiac surgery.
Methods: Children undergoing cardiac surgery at the University of Virginia from 2010 to
2015 were reviewed retrospectively following selection based upon receipt of nicardipine for
blood pressure management in the postoperative period. Demographic, operative, laboratory,
and postoperative data were collected for side effect analysis and outcomes comparisons
between infants less than (Group 1) and greater than 6 months of age (Group 2).
Results: Sixty-eight children (Group 1: n=33, 48%; Group 2: n=35, 52%) received
nicardipine during the study period following cardiac surgery (Table). Administration
occurred at a median time of 90 minutes postoperatively, yet 33% (n=22) required initiation
of therapy in the operating room. Nine patients (13%) demonstrated clinically significant
side effects that demonstrated no statistically significant differences between groups (17% vs
9%, P = .47).
Conclusions: Nicardipine is well-tolerated following cardiac surgery in children irrespective
of age. Thus, nicardipine should be considered as both safe and effective in children of all ages
for control of hypertension following cardiac surgery.
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Outcomes of Children With Trisomy 13 and 18 After Interventions for Congenital Heart
Disease
J. K. Peterson1, K. Catton2, L. Kochilas3, S. P. Setty1
1
Long Beach Memorial/Miller Children's & Women's Hospital, CA, 2Memorial Care Medical
Group, Long Beach, CA, 3Emory University, Sibley Heart Center Cardiology, Atlanta, GA
COMMERCIAL RELATIONSHIPS L. Kochilas: Consultant/Advisory Board, Novartis

Purpose: Children with trisomy 13 or 18 are thought to have brief lifespans, but care
improvements may be changing short- and long-term outcomes. Our objective was to
describe outcomes for trisomy 13 and 18 patients offered interventions for congenital heart
disease (CHD).
Methods: Retrospective review of patients with trisomy 13 and 18 enrolled in the Pediatric
Cardiac Care Consortium from 1982 to 2007. Fifty trisomy 13 patients and 121 trisomy 18
patients were identified. Short-term outcome included in-hospital mortality. National Death
Index (NDI) linkage provided long-term outcomes for patients enrolled before April 2003
with sufficient available identifiers. Kaplan-Meier survival analysis was used to examine longterm mortality.
Results: Ninety-eight (35 male, 63 female) of 171 patients (57.3%) were offered at least one
surgical or transcatheter intervention. The most common diagnoses were ventricular septal
defect (39/98, 39.8%), tetralogy of Fallot (20/98, 20.4%), and aortic coarctation (15/98,
15.3%). The most common surgical interventions were ventricular septal defect closure
(32/96, 33%), coarctation repair (14/96, 14%), tetralogy of Fallot repair (12/96, 12%), and
aortopulmonary shunt (10/96, 10%). In-hospital mortality was 10/83 (12%) after surgical
intervention and 9/68 (13.2%) following transcatheter intervention. NDI linkage identified
25 deaths out of 48 cases submitted (median follow-up time 14 years). The Kaplan-Meier
survival plot for the NDI cohort is presented in the Figure. Causes of procedural mortality
were cardiac (12/19, 63.2%) multiorgan failure (6/19, 31.6%), and sepsis (1/19, 5.2%). The
most common causes of out-of-hospital deaths were cardiac (10/25, 40%) and infections
(8/25, 32%).
Conclusions: Procedural mortality for CHD in patients with trisomy 13 and 18 is high.
Fourteen-year survival after intervention for CHD reaches 52% (95% CI, 39%-67%). This
finding provides an estimate of expected outcome should interventions be offered for this
group of patients.
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Prediction of Degeneration of the Unifocalized Major Aortopulmonary Collateral
Arteries With Autologous Pericardium in Pulmonary Atresia and Ventricular Septal
Defect Based on Blood Flow Dynamics
N. Kato1, M. Yamagishi2, K. Itatani2, H. Yaku2
1
Children's Medical Center, Kyoto Prefectural University of Medicine, Japan, 2Kyoto Prefectural
University of Medicine, Japan

COMMERCIAL RELATIONSHIPS K. Itatani: Research Grant, Medtronic; Consultant/Advisory Board, Cardio Flow Design

Purpose: Regeneration or degeneration of the unifocalized major aortopulmonary collateral
arteries (MAPCA) are often problematic in pulmonary atresia with ventricular septal defect
(VSD). We assessed the mechanical stress on the endothelial tissue caused by turbulent blood
flow in the reconstructed pulmonary artery (PA) with autologous pericardium.
Methods: Patient-specific PA models were made with six patients based on the computed
tomography (CT) images taken soon after the palliative right ventricular outflow
reconstruction (RVOTR) with unifocalization with autologous pericardium for absent or
hypoplastic central PA. Computational fluid dynamics models were created to simulate
the physiological pulsatile flow, including the peripheral reflection wave, characteristic
impedance, and autonomous regulation system. Flow stream patterns, wall shear stress
(WSS), and the oscillatory shear index (OSI) were calculated from the calculated results. PA
degeneration or regeneration was evaluated with the computed tomography images before
the intracardiac repair with VSD closure.
Results: The shape of the reconstructed PA can be classified into three types: Y-shape in
two cases; T-shape in two cases; and sideways T-shape in two cases (Figure). One case of
sideways T-shape caused detached vortex flow at the rectangular angle anastomosis site of
the right PA, resulting in high OSI with aneurysmal enlargement in pericardium detected.
High WSS was detected at the distal anastomosis site and Y-shape bifurcation, and intimal
thickening was found in these regions during intracardiac repair. Patch augmentation was
required in four cases. The other case of sideways T-shape required additional right PA
reconstruction due to shrinking and compression with bronchus on stretched pericardium,
even though there were little abnormalities in flow stream, WSS, and OSI. All six cases
achieved definitive intracardiac repair in 13 months ± 5 months after the palliative RVOTR.
Conclusions: Endothelial stress caused by blood flow would influence the degeneration and
regeneration of autologous pericardium in the reconstructed PA. The high OSI site might
induce enlargement or dilatation of pericardium, and the high WSS site of anastomosis
might induce intimal thickening.
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Mechanical Circulatory Support for the Failing Fontan Circulation: Conversion to
Assisted Single Ventricle Circulation
S. Peer1, K. B. Deatrick2, J. W. Haft2, F. D. Pagani1, R. G. Ohye2, E. L. Bove2, M. Si2
1
University of Michigan Health System, Ann Arbor, 2University of Michigan, Ann Arbor
Purpose: Mechanical circulatory support of a failing Fontan circulation remains challenging.
We hypothesized that the Fontan circulation could be converted to a mechanically assisted
single ventricle circulation (MASVC; Figure A).
Methods: A porcine single ventricle model was created under cardiopulmonary bypass
(CPB) by performing an atrial septectomy, tricuspid valvectomy, and interrupting antegrade
pulmonary blood flow (Figure B). A centrifugal flow pump was placed with inflow from the
common atrium. Eight-mm Dacron grafts anastomosed to the ascending aorta and main
pulmonary artery supplied systemic (Qs) and pulmonary (Qp) blood flow. Ultrasonic flow
probes were used to measure Qs and Qp after weaning from CPB. Qp:Qs was regulated with
an adjustable clamp. Hemodynamic and laboratory data were recorded.
Results: All four animals were successfully weaned from CPB onto the MASVC for a
duration of 2 hours. Hematocrit was maintained close to the baseline. MASVC achieved
satisfactory hemodynamics (Table). As anticipated, the arterial oxygen saturation and
partial pressure of oxygen in arterial blood were lower in MASVC compared to the baseline
biventricular circulation. Higher saturations were achieved with a Qp:Qs of 1.5:1 compared
to a Qp:Qs of 1:1. Mixed venous saturations were satisfactory. The serum lactate levels
plateaued or showed a downward trend after 2 hours of support.
Conclusions: MASVC can be sustained with satisfactory hemodynamics in an animal
model. Converting to a MASVC may be an effective strategy for the failing Fontan
circulation. The optimum Qp:Qs to achieve satisfactory systemic oxygenation and flows
requires further study.

466

The Society of Thoracic Surgeons

www.sts.org

POSTER ABSTRACTS

POSTER ABSTRACTS

53rd Annual Meeting Abstract Book

467

