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1. Experience with 100 patients with COVID-19 and Severe Pulmonary
Compromise treated with Extracorporeal Membrane Oxygenation
(Adult Cardiac)
Please note:
The accepted abstract below describes 46 consecutive patients;
however, the presentation has been updated to include 100 patients.
Authors: a, bJeffrey P. Jacobs, MD, aAlfred H. Stammers, MSA, PBMS, CCP Emeritus, cJames St.
Louis, MD, dJ.W. Awori Hayanga, MD, eMichael S Firstenberg, MD FAIM FACC, aLinda B. Mongero, BS,
CCP Emeritus, aEric A. Tesdahl, PhD, fKeshava Rajagopal, MD, PhD, f, gFaisal H. Cheema, MD, aKirti
Patel, MPS, MPH, CCP, LP, CPBMT, bFeriel Esseghir, aTom Coley, CCP Emeritus, aAnthony K.
Sestokas, PhD, hMarvin J. Slepian, MD, dVinay Badhwar, MD
Institution(s): aMedical Department, SpecialtyCare, Inc., Nashville, Tennessee, USA; bCongenital Heart
Center, Division of Thoracic and Cardiovascular Surgery, Department of Surgery, University of Florida,
Gainesville, Florida, USA; cDepartments of Surgery and Pediatrics, Children Hospital of Georgia, Augusta
University, Augusta, Georgia, USA; dDepartment of Cardiovascular and Thoracic Surgery, West Virginia
University, Morgantown, West Virginia, USA; eThe Medical Center of Aurora, Aurora, Colorado, USA;
f
Department of Clinical Sciences, College of Medicine, University of Houston, Houston Heart, HCA
Houston Healthcare, Houston, Texas, USA; gHCA Research Institute, Nashville, Tennessee, USA;
h
Departments of Medicine and Biomedical Engineering, Sarver Heart Center, University of Arizona,
Tucson, Arizona
Objectives: The role of extracorporeal membrane oxygenation (ECMO) is uncertain in the management
of severely ill patients with COVID-19 who develop acute respiratory and cardiac compromise refractory
to conventional therapy. The purpose of this manuscript is to review our clinical experience in 46 patients
with confirmed COVID-19 treated with ECMO.
Methods: A multi-institutional database was created and utilized to assess all patients who were
supported with ECMO at 10 institutions. Data captured included patient characteristics, pre-COVID-19
risk factors and comorbidities, confirmation of COVID-19 diagnosis, features of ECMO support, specific
medications utilized in an attempt to treat COVID-19, and short-term outcomes through hospital
discharge. This analysis includes all patients with COVID-19 supported with ECMO at these 10 hospitals,
with an analytic window starting March 17, 2020 when our first COVID-19 patient was placed on ECMO,
and ending April 16, 2020. Potential differences by mortality group were assessed using chi-square and
Fisher’s exact tests in categorical variables and Kruskal-Wallis rank sum tests and Welch’s ANOVA in
continuous variables.
Results: During the 31 days of this study, 46 consecutive patients with COVID-19 were placed on ECMO
at 10 different hospitals. As of the time of analysis, 23 remain on ECMO, 11 died prior to or shortly after
decannulation, and 12 are alive after removal from ECMO. Of 12 survivors after separation from ECMO,
9 are extubated and 2 are discharged from the hospital. Five patients were supported with partial or
complete veno-arterial ECMO: three have died and 2 remain on ECMO. All 12 survivors were supported
with only veno-venous ECMO.
Of 19 patients receiving only veno-venous ECMO and separated from ECMO, 12 (63%) survive. Of 23
patients who have been separated from ECMO, 12/12 survivors (100%) were treated with only
venovenous ECMO while only 7/11 (64%) of non-survivors were treated with only veno-venous ECMO (p
= 0.037).
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Adjunctive medication in the 12 surviving patients while on ECMO was as follows: 6 received antiviral
medications (Remdesivir), 5 received intravenous steroids, 4 received hydroxychloroquine, and 3
received anti-interleukin-6-receptor monoclonal antibodies (Tocilizumab or Sarilumab).
Conclusions: An analysis of 46 COVID-19 patients with severe pulmonary compromise supported with
ECMO suggests that ECMO may play a useful role in salvaging select critically ill patients with COVID-19.
Survival of decannulated patients receiving only veno-venous ECMO is 63%, and all survivors received
only veno-venous ECMO. Complete data will be available about the remaining patients currently ECMO
by the time of the 2020 STSA meeting.
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2. Sequential Staging of Univentricular Palliation Within a Single
Hospitalization
(Congenital)
Authors: Ram Kumar Subramanyan, Brandi Scully, Katherine Giuliano, Dylan Thibault, Kevin Hill,
Karen Chiswell, Meena Nathan, James St. Louis, David Vener, Jeffrey Jacobs, Marshall Jacobs
Presenter Institution(s): Children's Hospital Los Angeles, University of Southern California, Los Angeles,
CA
Objectives: Some neonates with functionally univentricular hearts remain hospitalized (either for reasons
of medical or social necessity or programmatic preference) after the first stage of single ventricle
palliation, until ready for a planned second stage procedure. We sought to describe frequency of this
practice, variability over time and across centers, and outcomes for these patients.
Methods: Using the STS Congenital Heart Surgery Database (01/2010-06/2018), we identified patients
undergoing either one of two specific scenarios of staged single ventricle palliation during the same
hospitalization: 1) Norwood operation followed by any superior cavopulmonary anastomosis (SCPA), 2)
Hybrid Stage I palliation followed by Norwood operation. We evaluated preoperative characteristics and
outcomes for patients managed using each of these “same hospitalization” scenarios. To assess
variability of practice across centers, we quantified, for each center, the fraction of patients with initial
Norwood or Hybrid Stage 1 who fell into these scenarios.
Results: Following index Norwood operation, 7.1% (417/5880) stayed in hospital until SCPA (scenario 1).
Following index Hybrid Stage I, 18.0% (204/1132) stayed in hospital until Norwood (scenario 2). The
proportion of patients managed by each of these specific “staged and kept hospitalized” scenarios varied
widely across centers (Figure). For both scenarios, the number of patients hospitalized through a second
stage of palliation increased over time (Combined 6.3% for 2010-2013 vs 12.3% for 2014-2018,
P<0.001). For both Scenario 1 and Scenario 2, patients kept in the hospital through a second stage
palliation had significantly higher prevalence of pre-stage 1 risk factors including preoperative mechanical
circulatory support, mechanical ventilation, renal dysfunction, and shock, in comparison to patients
discharged alive before a second stage of palliation. Outcomes for each scenario are shown in the table.
As expected, postoperative length of stay was prolonged. However, survival to hospital discharge was not
lower compared to traditional discharge strategies for either scenario.
Conclusions: Stage 1 patients kept in hospital through a second stage of palliation are a higher risk
group based on preoperative (pre-stage 1) risk factors, yet they do not have worse survival to hospital
discharge despite hospitalization encompassing a longer at-risk time frame and a second stage surgery.
These inclusive strategies appear to be increasing in prevalence albeit with wide variability across
centers.
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Image Description:
The proportion of patients deceased after first stage of palliation, discharged alive after first stage of
palliation, and kept hospitalized to second stage of palliation. Scenario 1 (upper panel) and Scenario 2
(lower panel). Y-axis – percent; X-axis – individual center
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3. Similar Long-Term Quality of Life Outcomes Following Robotic
Versus Open Transhiatal Esophagectomy
(Thoracic)
Authors: Aaron Williams*, Tyler Grenda, Lili Zhao, Alexander Brescia, Curtis Bergquist, Keara Kilbane,
Emily Barrett, Philip Carrott, Andrew Chang, Jules Lin, Elliot Wakeam, Mark B. Orringer, Kiran Lagisetty,
Rishindra Reddy
Presenter Institution: University of Michigan, Ann Arbor, MI
Objectives: Minimally invasive esophagectomy has been associated with lower complications, shorter
length of stay, and improved patient outcomes compared to open approaches. However, these
studies almost always compare minimally invasive to open transthoracic or 3-hole approaches. Patientreported outcomes (PROs), including quality of life (QoL) and fear of recurrence (FoR), comparing
minimally invasive transhiatal esophagectomy (THE) and open THE have been limited.
Methods: At a single, high-volume academic center, patients undergoing open and robotic THE with
gastric conduit for clinical stage I to III esophageal cancer from 2013 to 2018 were evaluated. The
European Organization for Research and Treatment of Cancer (EORTC) Quality of Life Questionnaire
(QLQ-C30), EORTC Quality of Life Questionnaire in Esophageal Cancer (QLQ-EOS18), and FoR survey
were administered preoperatively, and at 1, 6 and 12 months post-operation. Raw scores underwent
linear transformation (0-100 scale). Linear mixed-effects models, adjusting for patient characteristics and
postoperative outcomes, were used for QoL and FoR score comparisons (Summary Scores, *p < 0.05;
Subscores, *p < 0.01). Patient demographics, characteristics, and postoperative outcomes were also
compared (*p < 0.05).
Results: 309 patients (212 open and 97 robotic THE) were included. There were no differences in patient
survey completion rates between groups at each time point out to 1 year following surgery (open, 40% vs.
robotic, 46%; p = 0.3). No differences were noted in preoperative patient (age, gender, BMI, race, ASA,
comorbidities, smoking status) and tumor (clinical and pathologic staging, tumor type and location, and
neoadjuvant therapy) characteristics between groups. The robotic THE cohort had a significantly higher
number of nodes harvested (14 ±0.8 vs. 11.2 ±0.4; p = 0.01), shorter length of stay (days, 10.0 ±6.7 vs.
12.1 ±7.0; p = 0.03), lower rates of postoperative ileus (5% vs. 15%; p = 0.02), and had less patients
prescribed opioids at discharge (71% vs. 85%; p = 0.03) (Figure 1). There were no significant differences
in operative times, 30-day mortality, reoperation, readmission, discharge status, and other complications
between groups. After adjustment, there were no significant differences in QLQ-C30 (Figure 2), QLQEOS18, and FoR summary scores and survey subscores between open and robotic THE patients at any
time point following surgery.
Conclusions: There were no clear patient-reported benefits with robotic versus open THE for
esophageal cancer. This is in contrast to the PROs of other minimally invasive approaches to
esophagectomy. As PROs were similar, other factors such as perioperative outcomes and surgeon
experience may be more important determinants for selecting open versus robotic approaches for THE.
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Table 1: Postoperative Outcomes
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Table 2: EORTC-QLQ-C30 Scores
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4. Aortic Annular Enlargement: Short and Long-Term Outcomes in the
United States
(Adult Cardiac)
Authors: James Mehaffey*, Robert Hawkins, Zachary Wegermann, Maria Grau-Sepulveda, John Fallon,
Matthew Brennan, Vinod Thourani, Vinay Badhwar, Gorav Ailawadi
Presenter Institution: University of Virginia, Charlottesville, VA
Objectives: Patient prosthesis mismatch (PPM) is associated with significant long-term morbidity and
mortality after aortic valve replacement. The role of annular enlargement (AE) to attenuate these effects
remains poorly defined, especially given the rise of valve-in-valve transcatheter aortic valve replacement.
We hypothesized that increasing rates of AE may lead to improved outcomes for patients at risk for
severe PPM.
Methods: Patients undergoing surgical aortic valve replacement (SAVR) with or without coronary artery
bypass grafting from 2008-2016 in the Society of Thoracic Surgeons Adult Cardiac Surgery Database
(STS-ACSD) with matching Center for Medicare Services data were included (n=189,268). Univariate,
multivariate, and time-to-event analysis was used to evaluate the association between AE and a patients
short and long-term outcomes. Patients were stratified by projected degree of PPM based on calculated
effective orifice area index (EOAi) from valve size and body surface area. Multivariate models included
covariates from previously published STS 2008 valve models.
Results: A total of 5,412 (2.9%) patients underwent AE. Despite steadily increasing AE rates between
2013 and 2016 (2.4-3.3%), the trend over the whole study period was not statistically significant
(p=0.295). Patients undergoing AE were similar to those without AE (STS predicted risk of mortality
2.97% vs 2.99%, p=0.052). Patients undergoing AE had higher risk-adjusted rates of short-term
complications, although there were no differences in long-term rates of stroke re-hospitalizations, heart
failure re-hospitalizations or aortic valve reoperation (Table). Survival analysis demonstrated a higher risk
of mortality with AE during the first 3 years correlating with perioperative risk. After 3 years the survival
curves cross with long-term benefit to AE (Figure). In subgroup analysis of 15,264 (8.1%) patients with
predicted severe PPM (EOAi<0.65), only 455 (3%) underwent annular enlargement. In this small
subgroup, AE was not associated with less heart failure re-hospitalizations (OR 0.82, 95% CI 0.64-1.05,
p=0.407) or aortic valve reoperation (OR 0.81, 95% CI 0.42-1.56, p=0.572).
Conclusions: These data suggest that annular enlargement during SAVR is associated with increased
short-term risk, in this population of Medicare patients. Survival curves crossed after three years, which
may portend a benefit in younger patients. However, annular enlargement is still only done in the minority
of patients who are at risk for PPM. Given these results, annular enlargement can be considered in young
patients and those with expected severe PPM who may have a long-term survival benefit.
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Image Title: Short and Long-term Risk Associated with Aortic Annular Enlargement
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Image Title: Figure. Risk-Adjusted Survival Curves for Patients with and without Annular Enlargement

Image Description: Survival Curves for Annular Enlargement (red dashed) and no Annular Enlargement
(blue solid) cross at 3 years.
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5. Late Results Following Closure of Ventricular Septal Defects With
Elevated Pulmonary Vascular Resistance and Pulmonary
Hypertension Using the Flap Valve Double Patch Technique
(Congenital)
Authors: William M. Novick*, Vasyl Lazoryshynets, Oleksandr Golovenko, Marcelo Cardarelli, Frank
Molloy, Vitaly Dedovich
Presenter Institution: University of Tennessee, Collierville, TN
Objectives: Delayed diagnosis or intervention in children with VSD’s is common in low- and middleincome countries. Frequently they present with bi-directional shunting across the VSD and have elevated
pulmonary vascular resistance (PVR) and pulmonary hypertension (PHT). We introduced the flap-valved
VSD patch technique (DFV) in 1996 to reduce early post-operative mortality risk. Long-term results are
presented.
Methods: Retrospective single-institution study where the first double patch operation was performed in
May 1996. Periodic follow-up with an echocardiogram was performed on all survivors. Beginning in 2005
all candidates for DFV were placed on sildenafil pre-operatively and post-operatively. Last evaluation for
all survivors, 10/19-12/19. Hospital, 30-day and late mortality were analyzed. Pre-operative cath data was
analyzed and use of sildenafil analyzed for impact on early and late results.
Results: Between 5/96 and 8/2015 40 patients received the DFV technique for VSD closure. There were
22 females, median age was 7.5 years (3.8, 12.8) and median weight 20.0 kgs (13.0; 31.3). Hospital and
30-day mortality were 2.5% (1/40). Lost to follow-up 1/39 (2.6%). Late mortality 1/38 (2.6%). Pre-op
saturation was significantly higher in sildenafil group 95.2±2.4 vs none 89.5±5.9 (p< 0.001). The pressure
response to vaso-active testing with O2 (93.6mmHg ±13.9) from baseline (79.6±17.5)was significantly
different p<0.001, as was the systemic to PA systolic pressure ratio, baseline 1.0 (.89;1.0) provocation
0.81 (0.72;0.89) p< 0.001. The PVR at baseline was similar for sildenafil (8.5 Wu [6.9;10.6]) and the none
group (10.1 [7.6;13.1]), p=0.288. Oxygen provocation PVR for sildenafil group was 4.5(1.9;7.0) WU and
for non-group was 6.2 (3.3:8.9) WU and wasn’t significantly different (p=0.173). The median age at late
follow-up was 26.3 years (20.9; 29.9) and median time since operation was 19.2 years (11.4; 22.7) To
date discharge survival is 97.3% (38/39). Late follow-up revealed no PHT is 21% (8/38), mild PHT 40%
(15/38), moderate PHT 21% (8/38) and severe 18% (7/38). Multi-variable analysis revealed that only
baseline PVR/SVR ≥ 0.8 is a significant predictor of late severe PAH (p<0.002), HR 13.7.
Conclusions: Children with VSD, elevated PVR and PHT should not be denied operation because of
concerns regarding early mortality or the development of severe PHT late after operation. Our long-term
follow-up demonstrates that 60% of the patients will achieve normal or near normal pulmonary artery
pressures, potentially having a normal life expectancy after operation.
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Image Title: KM Survival Curve after Discharge
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6. Adjuvant Chemotherapy for Visceral Pleural Invasion in 3–4
Centimeter Non-Small Cell Lung Cancer Improves Survival
(Thoracic)
Authors: Sean C. Wightman*, James Lee, Li Ding, Scott M. Atay, Kimberly Shemanski, P. Michael
McFadden, Elizabeth A. David, Anthony W. Kim
Presenter Institution: University of Southern California, Los Angeles, CA
Objectives: Visceral pleural invasion (VPI) guidelines, for tumors £4 centimeters (cm) are ambiguous.
Non-small cell lung cancers (NSCLC) >3-£4 cm are assigned the T2a designation. Similarly, any tumors
with visceral pleural invasion, smaller than 4 cm, are upstaged and also assigned the same T2a
designation. We hypothesized that adjuvant chemotherapy would significantly improve 5-year survival for
NSCLC £4 cm with VPI.
Methods: The National Cancer Database (NCDB) was queried from 2010 to 2016 for cases of NSCLC
with clinical stage I disease, £4 cm, who subsequently underwent surgical resection. These stage I
NSCLCs were stratified according to clinical tumor sizes (0-£1 cm, >1-£2 cm, >2-£3 cm, and >3-£4 cm).
This cohort was then divided into groups with and without VPI and further split based on the
administration of adjuvant chemotherapy. Kaplan-Meier analysis was used to calculate 5-year overall
survival (OS) for patients categorized by tumor size, VPI status, and receipt of adjuvant chemotherapy.
Multivariable Cox regression adjusting for tumor size and VPI status was used to determine associations
between use of adjuvant chemotherapy and OS.
Results: A total of 61,454 patients with NSCLC and clinical tumor sizes <4cm were identified and
grouped based on size along with VPI and adjuvant chemotherapy (Table 1). The 5-year OS for
combined tumor sizes without VPI was higher than for patients with VPI (66.2% versus 59.5%, p<0.01).
The OS for tumor size (0-£1 cm, >1-£2 cm, >2-£3 cm, and >3-£4 cm) was lower for patients with VPI
regardless of size (all p≤0.01). When all tumor sizes were combined, patients with VPI who received
adjuvant chemotherapy had an improved 5-year OS compared to patients without adjuvant chemotherapy
(65.5% versus 58.8%, p<0.01). When cohorts were created by tumor size, only VPI tumors >3-£4 cm had
a statistically significant increase in 5-year OS for patients receiving adjuvant chemotherapy (68.8%
versus 49.9%, p<0.01) (Figure 1). On multivariable Cox regression for OS, adjuvant chemotherapy was
associated with significantly longer 5-year OS in tumor size >3-£4 (HR=0.62, 95% CI 0.46-0.83, p=0.001).
Conclusions: VPI remains a poor prognostic factor in clinically node negative, T2a or less, NSCLC
patients. Guidelines recommend chemotherapy for high-risk T2aN0, margin negative patients – including
those patients with VPI. Based on the analysis, adjuvant chemotherapy should be considered specifically
for >3-£4cm with VPI due to an observed 5-year OS advantage.
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Table Title: Demographics by Visceral Pleural Invasion Cohorts
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Image Title: Kaplan-Meier Plot of >3-4 cm tumors with visceral pleural invasion

Image Description: Kaplan-Meier Plot of >3-4 cm tumors with visceral pleural invasion demonstrating
survival for those who received adjuvant chemotherapy (red) versus no adjuvant chemotherapy (blue)
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