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The Society of Thoracic Surgeons Congenital Heart Surgery 
Database 

2010 to 2016 at 95 centers     - 239 infants and 255 neonates 
NEONATES 
• median 7 days 
• preoperative ventilation 61.6%
• primary operation 

Ebstein repair 39.6% (101)
Systemic-to-pulmonary shunt 20.4%  (52)
Tricuspid valve closure  9.4%  (24). 
PA banding 5.5% (12)
Other 25%

Overall neonatal operative mortality was 27.4% (n  70) and 9.2% in 
infants
Mortality for neonates requiring preoperative ECMO was 75.0% (12 of 16)

The Annals of Thoracic Surgery, May 2018



Neonatal Ebstein´s Anomaly 
Cone Procedure (N=8) 

AATS Annual meeting 2014, poster presentation. Da Silva et al 

Good results depending on RV function and degree of displacement



Neonatal Ebstein’s Anomaly
Starnes (1991) – RV exclusion and BT shunt

Reemtsen BL, … Starnes VA; J TCVS 2006;132:1285-9
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UNIVENTRICULAR PHYSIOLOGY 



Neonatal Ebstein’s Anomaly

The Starnes procedure is REPRODUCIBLE, and effective early palliative treatment of the neo
nate in critical condition. (Univentricular heart) 

Before 2019: decision between Biventricular repair x Single ventricle at neonatal period.

The right ventricle undergoes progressive involution after ..the Starnes procedure1

At a point in this reverse remodeling .process, the right ventricle might be a suitable pump 
for  a biventricular repair.2

1. Reemtsen BL et al. J Thorac Cardiovasc Surg 2007,134 (6):1410-1412

2. Da Silva JP, Viegas M, MD, Castro-Medina M,  Da Fonseca Da Silva L. JTCVS Techniques , 2020. 3:281–283



Neonatal Ebstein’s Anomaly
Cone after Starnes 

JTCVS Techniques 2020. 3:281–283



JTCVS Techniques 2020. 3:281–283



Biventricular repair with Cone  
after Starnes

Newborn Cone biventricular repair 5 months after ECMO+Starnes

©UPMC. All Rights Reserved



CONE + Pulmonary valvoplasty at 5 months 

Sequential echocardiograms

Lopes LM, Da Silva JP, Freire R, Da Silva LF.

Cardiology in the young, published on line on 03/8/2021

Neonatal circular shunt Starnes +PA patch Cone +PA patch removal

5-6 months



Surgical details 

At Starnes Procedure

Avoid: 
-heart block
-damage to TV leaflets and PV

Bezerra RF, da Silva JP, da Silva LdF. Op Tech Thorac Cardiovasc Surg 2024
Da Fonseca Da Silva et al. Seminars in Thorac Card Surg 2025, in press

Adequate Pulm Valve or PI 

Cone at 5-6 mo
Biventricular repair 



Surgical details 

At Glenn

Pulmonary commissurotomy 
-Keep the RV and PV flow/stimulus to grow

Da Fonseca Da Silva et al. Seminars in Thorac Card Surg 2025, in press

Anatomical Pulm Atresia 

Cone at 12-18 mo
1 ½ ventricular repair 

Glenn at 5-6 mo



Ebstein’s anomaly with membranous pulmonary atresia

BT shunt, ECMO, Starnes, Glenn 3.5 mo, Cone 17mo

5 weeks after Starnes TR grad 11mmHg
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Ebstein’s anomaly with membranous pulmonary atresia

BT shunt, ECMO, Starnes, Glenn, Cone 

After Glenn 19 mmHg TR gradient
2 years After Cone and
PV valvoplasty

©UPMC. All Rights Reserved



1.Konstantinov, Igor E. et al. JTCVS 2024.168(2), 311 - 324
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Pre-Cone Evaluation 

Echocardiogram

After Starnes Neonatal Fetal



MRI 
x

Cath

Pre Cone Evaluation 
MRI



Pre Cone Evaluation

MRI 
x

Cath

Da Fonseca Da Silva et al. Seminars in Thorac Card Surg 2025, in press

RVEDi 9mL



J Thorac Cardiovasc Surg 2025. 169(2) 354-61 



Da Fonseca Da Silva et al. Seminars in Thorac Card Surg 2025, in press

OUR CURRENT EXPERIENCE 
18 sequential cases- Cone after Starnes



21

Newborn with severe EA and PA



22

1 wk s/p Starnes, RA reduction, BTTS



23

Six-year-old, good clinical condition, attending kindergarten



NEONATAL EBSTEIN’S ANOMALY

Summary

The right ventricle rehabilitation with the Cone repair after the Starnes proce
dure provides excellent clinical outcomes, encouraging the use of the Starnes 
procedure on critically ill Ebstein’s anomaly neonates. 

Preserving the pulmonary and tricuspid valves during the neonatal interventi
on is essential to facilitate the subsequent steps in this staged approach.



Thank you!

dafonsecadasilval@upmc.edu
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Adequate forward flow in PV

Inadequate forward flow

Pulmonary atresia Circular shunt

No PGs

Clinical Follow-up

Heart failure 
Significant TR 

No Heart failure 
Weight gain  

CONE 

PDA closure or
CONE in selective
neonatal cases

or STARNES )

Possible functional Anatomical

Try to wean PGs

No cyanosis Cyanosis

Keep PGs

Intervention

Clinical treatment

TR + CTR decreasing Severe TR  + CTR

BTT shunt or 
PDA Stent

Starnes 
procedure

Starnes 
Procedure + 
Pulmonary 

artery 
closure

Bidirecional Glenn

CONE + Pulmonary valvoplasty

PDA closure

Newborn with Ebstein’s anomaly

Da Fonseca Da Silva et al. Seminars in Thorac Card Surg 2025, in press



Newborn with Ebstein’s anomaly 

Clinically stable:
Avoid interventions
-Elevated pulmonary vascular resistance 
-Risks of AV valve surgery in children 
< 3 months and <3,5 Kg.

Unstable:
-Entubation/Ventilation
-Prostaglandin (PDA dependent + 
reduction of Pulmonary vascular resistance)
-Nitric Oxide
-Inotropic support – Milrinone
-Rhythm control
-ECMO

Fetal diagnosis of Ebstein’s anomaly

If Circular shunt: DA closure NSAIDs transplacentary



After 6 years

Feb 2019

FOLLOW-UP



Cone procedure applied to 5 Newborns – AATS 2014 



Neonatal Ebstein’s anomaly

Treatment 

Ebstein’s Anomaly: Surgical Treatment of 9 Neonates 
UPMC Children’s Hospital of Pittsburgh, 2016 - 2021

Procedure Procedures Special Characteristics Death/Reoperati
on

Primary Neonatal 
Cone Repair

2 1 in preop ECMO 0/1

Neonatal Starnes 4 2 in preop ECMO 0/0

Cone repair after
Starnes procedure

3 Age: 5 to 17 months
2 BD Glenn

0/0

Neonatal 
PDA stenting

2 1-Cone done at 6 months
1-LVnoncompaction - death

0/1
1/x

Neonatal medical
management

1 Received the cone repair 
at 3-yo 

0
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