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Abstract 

Background:  Ebstein anomaly (EA) encompasses a broad spectrum of morphology and clinical 

presentation. Those who are symptomatic early in infancy are generally at highest risk, but there are 

limited data regarding multi-centric practice patterns and outcomes. We analyzed multi-institutional data 

concerning operations and outcomes in neonates and infants with EA.  

Methods:   Index operations reported in the STS Congenital Heart Surgery Database (2010-2016) were 

potentially eligible for inclusion. Analysis was limited to patients with diagnosis of Ebstein anomaly and 

less than 1 year of age at time of surgery (neonates ≤30 days, infants 31-365 days).   

Results: The study population included 255 neonates and 239 infants (at 95 centers).  Among neonates, 

median age at operation was 7 days (IQR 4-13) and the majority required preoperative ventilation (61.6%, 

157).  The most common primary operation performed among neonates was Ebstein repair (39.6%, 101) 

followed by systemic to pulmonary shunt (20.4%, 52) and tricuspid valve closure (9.4%, 24).  Overall 

neonatal operative mortality was 27.4% (70) with composite morbidity-mortality of 51.4% (48).  For 

infants, median age at operation was 179 days (6 months); the most common primary operation for 

infants was superior cavopulmonary anastomosis (38.1%, 91) followed by Ebstein repair (15.5%, 37).  

Overall operative mortality for infants was 9.2% (22) with composite morbidity-mortality of 20.1% (48). 

Conclusions: Symptomatic EA in early infancy is very high risk and a variety of operative procedures 

were performed.  A dedicated prospective study is required to more fully understand optimal selection of 

treatment pathways to guide a systematic approach to operative management. 
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Ebstein anomaly (EA) is a rare and diverse congenital cardiac pathology with limited experience at 

individual centers.  Individual center experiences1–5  have identified operative pathways associated with 

improved survival outcomes in anatomic and physiologic subgroups.  

The STS experience with EA from 2002 to 2009 was published in 20136 and demonstrated the 

large and diverse reality of EA.  There were 116 neonates and 112 infants included in the 8 year study 

period.  Neonates were much more likely to have had any preoperative risk factor (62.9%) than the 

overall Ebstein population (32.9%) and both neonates and infants were more likely have had a non-

cardiac congenital anomaly or have been in shock, acidosis, on mechanical ventilatory and/or circulatory 

support than the overall population.  Observations related to this cohort6 suggest that a focused analysis of 

a contemporary subset of patients with Ebstein anomaly who undergo cardiac surgery as neonates and 

infants would help further characterize the challenges and outcomes for this demanding and diverse 

subset of patients. 

The objectives of this study were to delineate preoperative characteristics of neonates and infants 

with EA, to characterize procedures and operations performed in neonates and infants with EA, and to 

describe morbidity and mortality in neonates and infants with EA to gain insight into how preoperative 

factors and operative management strategies may impact outcomes.  This analysis is crucial to further 

improve the care of this complex population and is only possible through analysis of a standardized, 

multi-institutional database. 

 

Patients and Methods 

Data Source:  The Society of Thoracic Surgeons Congenital Heart Surgery Database (STS-CHSD) was 

used for this study. The STS-CHSD includes data on more than 430,000 surgeries conducted at 133 

centers in North America.  The database currently collects data from approximately 96% of all U.S. 

centers performing congenital heart surgery, and accounts for approximately 98% of all such 

operations7.  Pre-operative, operative, and outcomes data are collected on all patients undergoing pediatric 

and congenital heart surgery at participating centers. Coding for this database is accomplished by 
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clinicians and ancillary support staff using the International Pediatric and Congenital Cardiac Code and is 

entered into the contemporary version of the STS-CHSD data collection form (version 3.22)8  The Duke 

Clinical Research Institute serves as the data warehouse and analysis center. Evaluation of data quality 

includes the intrinsic verification of data, along with a formal process of in-person site visits and data 

audits conducted by a panel of independent data quality personnel and pediatric cardiac surgeons at 

approximately 10% of participating institutions each year9–11.  This study was approved by the STS-

CHSD Access and Publications Committee and the Duke University institutional review board and was 

not considered human subjects research by the Duke University Institutional Review Boards in 

accordance with the Common Rule (45 CFR 46.102(f)). 

 

Patient Population:  Neonates (≤30 days) and infants (31 to 365 days) with a primary, secondary, or 

fundamental diagnosis of Ebstein anomaly (STS code=370) who underwent an index operation in the 

STS-CHSD between 1/2010 and 6/2016 were included (n=527).  Operations in patients <2.5 kg 

undergoing isolated PDA ligation (n=13), and those with heterotaxy syndrome (n=4) and those with 

missing data for operative mortality (n=3) were excluded.  To ensure data integrity, centers with >10% 

missing data for operative mortality were also excluded (n=5 centers, 13 operations). The resultant 

population included 494 patients (255 neonates and 239 infants) from 95 centers.  

 

Data Collection and Definitions: Data collection included demographic information, baseline 

characteristics, preoperative risk factors, operative variables, and postoperative outcomes as defined in the 

STS-CHSD8.  Standard STS-CHSD procedure definitions were used including the STS-CHSD definition 

for  Ebstein repair which specifies  “… possibly including, among other techniques, repositioning of the 

tricuspid valve, plication of the atrialized right ventricle, or right reduction atrioplasty. Often associated 

ASD's may be closed and arrhythmias addressed with surgical ablation procedures. These procedures 

should be entered as separate procedure codes.”8  
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Outcomes:  Outcomes of interest included operative mortality, defined as (1) all deaths, regardless of 

cause, occurring during the hospitalization in which the operation was performed, even if after 30 days 

(including patients transferred to other facilities); and (2) all deaths, regardless of cause, occurring after 

discharge from the hospital, but before the end of the 30th postoperative day and a Composite Mortality or 

Major Morbidity endpoint defined as operative mortality and/or the occurrence of one or more of 6 

designated major complications as previously defined12. The six major complications include: temporary 

or permanent renal failure requiring dialysis, neurologic deficit persisting at discharge, atrioventricular 

block or arrhythmia requiring a permanent pacemaker, post-operative mechanical circulatory support, 

phrenic nerve injury, or any unplanned cardiac re-intervention prior to discharge.  Occurrence of any one 

or more of these six complications met criteria for the morbidity component of the composite outcome 

measure.  

 

Analysis:  Baseline characteristics, preoperative factors, surgical procedures, and surgical outcomes are 

presented overall and by age group (neonates – 0 to 30 days and infants – 31 to 365 days). Data are 

presented as counts and percentage for categorical variables and median and interquartile range (25th and 

75th percentiles) for continuous variables. Differences in characteristics were compared using chi-square 

for categorical variables (or Fisher’s Exact test when expected counts were small) and Wilcoxon rank 

sum or Kruskal-Wallis test for continuous and ordinal variables. Missing values were excluded from 

calculation of summary statistics and p-values.  All analyses were performed using SAS version 9.4 (SAS 

Institute, Inc. Cary, NC). A p-value <0.05 was considered statistically significant.  

 

Results 

Demographic and pertinent preoperative clinical data are outlined in Table 1.  Prenatal diagnosis was 

common in both neonates and infants.  The majority of neonates required some type of preoperative 

support.  Most common was mechanical ventilation (62% of neonates) followed by mechanical 
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circulatory support (6% of neonates).  The most frequent associated cardiac anomalies are outlined in 

Table 2.  Wolff-Parkinson-White syndrome was diagnosed in 3.2%.  

Primary Procedures of the Index Operation (in decreasing order of frequency) together with 

associated concomitant secondary procedures are shown for Neonates in Table 3 and Infants in Table 4.  

Cardiac transplantation was the index operation in 6 infants and was undertaken subsequent to the index 

operation but during the same hospitalization for 3 neonates.  Ebstein repair (in contrast to other palliative 

approaches) was performed in most neonates that had preoperative ECMO (50%, 8/16), mechanical 

ventilation (56.7%, 89), or had preoperative shock (53.7%, 22).   

Details of surgical outcomes are outlined in Table 5.  Neonates had both increased mortality and 

composite morbidity and mortality compared to infants; however, rates of neurologic deficits, phrenic 

nerve injuries, and permanent pacemakers were similar.  Both unplanned and overall rate of reoperation 

were increased in neonates with 161 of the 255 neonates in the series (63.1%) undergoing a reoperation 

compared to 66 of 239 (27.6%) of infants.  The most common procedure at reoperation for both neonates 

and infants was systemic to PA shunt placement or revision.  Mortality, Composite Morbidity and 

Mortality, and hospital length of stay are outlined by primary operation performed for neonates (Table 6) 

and infants (Table 7); while differences among primary operation performed were observed, superiority 

of a given operative strategy was not demonstrated for either neonates or infants. 

When stratified by preoperative risk factor, mortality was universally higher for neonates 

compared to infants:  mortality for neonates requiring preoperative ECMO was 75.0% (12/16; CI 47.6-

92.7%) versus 0% (0/2) in infants, for neonates with preoperative shock, mortality was 46.3% (19/41; CI 

30.7-62.6%) versus 25.0% (3/12; CI 5.5 – 57.2%) for infants, and mortality for neonates with 

preoperative ventilation was 34.4% (54/157; CI 27.0-42.4%) compared to infants at 21.2% (7/33; CI 9.0-

38.9%).  When mortality was stratified by delayed sternal closure versus primary sternal closure, there 

was no difference among neonates (30.2% vs. 25.5%, respectively, p=0.47) with increased mortality in 

infants with delayed sternal closure (20.8% vs. 7.9%, p=0.054).   
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A sub-analysis in which patients were stratified on the basis of presence or absence of pulmonary 

atresia revealed that among all 494 patients there were 124 with pulmonary atresia (79 neonates and 45 

infants). Among the 79 neonates with pulmonary atresia, the operative mortality was 25.3% (20/79 

patients), compared to operative mortality of 28.4% (50/176 patients) among those without pulmonary 

atresia.  There was a single death among infants with pulmonary atresia for an operative mortality of 

2.2% compared to 10.8% (21/173) among infants without pulmonary atresia. Neither the operative 

mortality endpoint nor the combined mortality/morbidity endpoint was significantly different between 

groups stratified on the basis of pulmonary atresia, for neonates, infants, or all patients. 

 

Comment 

This report is the largest series of operative management of Ebstein anomaly in the first year of life in 

published literature and highlights the great degree of variation in both the preoperative status of patients 

and operative approaches undertaken for these high risk patients.  Overall mortality was 18.6% and 

notably higher for neonates, 27.4%, than infants, 9.2%.  Early results were worse for neonates than 

infants, which is consistent with previous reports from both individual centers12-13 and from multi-center 

databases14, including the previous report from the STS-CHSD summarizing surgical procedures in EA 

across all ages6.  The multi-institutional nature of the STS-CHSD includes operative information and 

results from the vast majority of centers in the United States performing congenital heart operations and 

allows for complete assessment of the great variety of operations being performed for neonates and 

infants with Ebstein anomaly and surgical outcomes.  

 

Influence of Preoperative Status 

Neonates and infants presented quite differently prior to operative intervention.  Neonates were much 

more likely to be on preoperative ECMO, have preoperative shock, and/or required preoperative 

mechanical ventilation.   These differences likely reflect differences in underlying disease severity and 
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had a significant impact on outcomes as operative intervention in these patients may be mandated by 

patient status and/or success of medical management.  While detailed physiologic information cannot be 

consistently ascertained from this dataset, the differences in preoperative status seem to be a compelling 

surrogate for severity of physiologic derangement as suggested by the increased mortality rates observed 

for those with preoperative mechanical circulatory support, mechanical ventilation, or shock1, 16.   

 

Operative Strategy 

Operative heterogeneity likely reflects the anatomic and physiologic spectrum among neonates and 

infants presenting with EA along with variation in ways that individual surgeons approach this 

anomaly.  While patients are generally considered to enter a biventricular, 1.5 ventricle, or single 

ventricular pathway2-5, the analysis in our report is limited to the index operation and therefore direct 

insight to surgical pathway is difficult to elucidate and instead granularity of operations performed was 

thought to be more useful.  Operative procedures which include tricuspid valve closure may be a reliable 

indicator of commitment to univentricular palliation and bidirectional cavopulmonary anastomosis during 

infancy would indicate deviation from biventricular pathway, yet for virtually all other procedures 

performed early in infancy, there remains some degree of uncertainty as to whether definitive procedures 

performed thereafter will ultimately result in univentricular or biventricular physiology.  Given this 

uncertainty, a multivariable model comparing operative strategies was not feasible.  Rather, early 

mortality and morbidity/mortality rates were outlined by presence of preoperative risk factors and 

operative procedures performed.  While variation was shown in the early outcomes by operative 

procedure, information available from the STS-CHSD does not provide insight to granular details of 

morphology, physiologic parameters, or underlying cardiac function.   

 

Early Operative Outcomes 
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Neonates fared worse than infants with Ebstein anomaly undergoing operative intervention on almost all 

post-operative outcomes measures, specifically early mortality, morbidity, in-hospital reoperation, and 

post-operative length of stay.  

Reoperation rates for neonates were twice that of infants, for both overall reoperation and 

unplanned reoperation.  The most frequent intervention for both groups at reoperation was systemic-to-

PA shunt placement or revision. Sternum was left open following index operation for approximately a 

quarter of patients overall, and much more commonly in neonates, 41.7%, than in infants 

10.0%.  Absolute mortality rates were increased in patients with delayed sternal closure; however, were 

not statistically different within neonates when assessed separately.  Implementation of delayed sternal 

closure and potentially associated increase in mortality was more likely secondary to underlying 

physiology and right heart enlargement than the delayed closure itself. 

No association between presence or absence of pulmonary atresia and outcomes was observed in our 

study population, though pulmonary atresia has been associated with increased mortality in neonates and 

infants with EA in some single center studies.1,2,15,16  

 

Limitations 

This multi-institution, large volume study does have several limitations, the first being the lack of 

definitive information regarding preoperative anatomic and physiology characteristics.  Preoperative 

variables (ECMO, shock, and mechanical ventilation) were used to provide insight to the clinical status; 

however, these variables do not provide granular insight to patient specific management 

strategies.   Operations of an individual patient through time are not able to be analyzed together which 

prevents classification of individual patients to single versus two-ventricular surgical pathway; while 

inferences to surgical pathway could theoretically be made, our assessment was that this would likely be 

accompanied by a high degree of uncertainty, introducing as much error as clinical insight.  We elected 

instead to report procedural data as granular as possible.  An additional major limitation to this study is 

the inability to elucidate medical management strategies of neonates and infants presenting with 
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EA.  Furthermore, outcomes are limited to in-hospital events and 30-day mortality; surgical durability is 

of great importance in this population and was not able to be assessed.  Notwithstanding these limitations, 

we believe our study uniquely contributes to the published literature by highlighting operative variability 

and surgical outcomes of neonates and infants with Ebstein anomaly. 

 

Conclusion 

Patients with EA who present symptomatically in infancy are at high operative risk, particularly in the 

neonatal period and operative outcomes were relatively similar to historical cohorts.  Rarity of Ebstein 

anomaly continues to largely limit surgical experience at individual centers, this compounded with the 

variety of procedures performed in this population has likely contribute to the stasis of outcome 

improvements through time.  While this report provides insight to the surgical landscape of neonates and 

infants with Ebstein anomaly, there are many questions related to the interdependence of anatomy, 

physiology, operative strategy, and late outcomes that are beyond the capacity of the STS-CHSD or any 

currently existing database. A dedicated prospective study is required to more fully understand optimal 

selection of treatment pathways and associations with outcomes required to develop treatment algorithms 

for this diverse lesion. 
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Abbreviations 

ASD:  atrial septal defect 

CHSD:  Congenital Heart Surgery Databse 

EA:  Ebstein anomaly 

ECMO:  Extracoporeal membrane oxygengation 

IABP:  Intra-aortic balloon pump 

IQR:  Interquartile range 

PA:  Pulmonary artery 

PDA:  Patent ductus arteriosus 

RVOT:  Right ventricular outflow tract 

RV:  Right ventricle 

STS:  Society of Thoracic Surgeons 

TGA:  Transposition of the great arteries 

TV:  Tricuspid valve 

VAD:  Ventricular assist device 

VSD:  Ventricular septal defect 
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Table 1. Baseline patient characteristics of neonates and infants with EA at time of index cardiac surgery 

 Overall 

(N=494) 

Neonates 

(N=255) 

Infants 

(N=239) 

p-value 

Patient characteristics at index operation    

     Age (days), Median (IQR) 27(7, 175) 7(4, 13) 179(108, 234) <0.001 

     Male sex 231(46.8%) 117(45.9%) 114(47.7%) 0.7 

     Weight (kg) 3.8(3.0, 6.0) 3.0(2.7, 3.5) 6.0(4.9, 7.2) <0.001 

     Gestational age (weeks) 38(37, 39) 38(37, 39) 38(36, 39) 0.4 

     Prenatal diagnosis  318(66.5%) 174(71.0%) 144(61.8) 0.03 

     Non-cardiac congenital anomaly 
(any) 

49(10.2%) 28(11.2%) 21(9.1%) 0.4 

     Syndromes (any) 63(13.0%) 27(10.7%) 36(15.5%) 0.12 

Preoperative Factors*    

     Mechanical Support (IABP, VAD, 
ECMO) 

18(3.6%) 16(6.3%) 2(0.8%) 0.001 

     Mechanical ventilation 190(38.5%) 157(61.6%) 33(13.8%) <0.001 

     Shock at time of surgery 16(3.2%) 16(6.3%) 0 <0.001 

     Resolved shock 37(7.5%) 25(9.8%) 12(5.0%) 0.04 

     Preoperative neurologic deficitǂ 18(3.6%) 6(2.4%) 12(5.0%) 0.11 

*Preoperative RF with group specific prevalence ≥2% 

ǂStroke, CVA (cerebrovascular accident), or Intracranial Hemorrhage 

ECMO:  extracorporeal membrane oxygenation, IQR:  interquartile range, IABP:  intra-aortic balloon 
pump, VAD:  ventricular assist device 
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Table 2. Associated Diagnoses in Neonates and Infants with EA  

 Overall 

(N=494) 

Neonates 

(N=255) 

Infants 

(N=239) 

p-value 

Associated Cardiac Diagnoses*     

     ASD 162(32.8) 94(36.9) 68(28.4) 0.047 

     VSD 47(9.5) 16(6.3) 31(13.0) 0.011 

     Pulmonary Atresia¥ 124(25.1) 79(31.0) 45(18.8) 0.002 

     Right ventricular outflow tract 
obstruction and/or pulmonary 
stenosis 

74(15.0) 26(10.2) 48(20.1) 0.002 

     Pulmonary valve disease 25(5.1) 16(6.3) 9(3.8) 0.2 

     Congenitally corrected TGA 46(9.3) 19(7.5) 27(11.3) 0.1 

     Coarctation of aorta and aortic 
arch hypoplasia 

36(7.3) 32(12.6) 4(1.7) <0.001 

     Patent ductus arteriosus 173(35.0) 142(55.7) 31(13.0) <0.001 

     Other 47(9.5) 19(7.5) 28(11.7) 0.11 

Preoperative Arrhythmias* 28(5.7) 13(5.1) 15(6.3) 0.6 

   Wolff -Parkinson-White 
Syndrome 

16(3.2) 6(2.4) 10(4.2) 0.2 

Genetic Abnormalities     

     Trisomy 21 17(3.4) 8(3.1) 9(3.8) 0.7 

*non-EA diagnoses associated with the index operation with group specific prevalence ≥5%, ¥pulmonary 
atresia diagnosis indicates anatomic pulmonary atresia with no antegrade flow and no luminal continuity 
per STS-CHSD Database Specifications8 

p-value compares the distribution of the variable between neonates and infants 

ASD:  atrial septal defect, AV: atrioventricular, TGA: transposition of the great arteries, VSD: ventricular 
septal defect 
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Table 3. Primary Procedure and Concomitant Secondary Procedures for Neonates with Ebstein anomaly 

Neonates, N=255 N %* 

Ebstein repair 101 39.6 

     PDA closure 55 54.4 

     ASD creation/enlargement 29 28.7 

     Systemic to pulmonary shunt 25 24.8 

     RVOT procedure 12 11.9 

     ASD partial closure 12 11.9 

     ECMO cannulation 11 10.9 

     RV to PA conduit placement 10 9.9 

Systemic to pulmonary shunt 52 20.4 

     PDA closure 39 75 

     ASD creation/enlargement 6 11.5 

     RVOT Procedure  4 7.7 

Tricuspid valve closure 24 9.4 

     Systemic to pulmonary shunt 20 83.3 

     ASD creation/enlargement 17 70.8 

     PDA closure 13 54.2 

PA Banding 14 5.5 

     PDA Closure 7 50 

     Aortic arch repair 6 42.9 

Other 64 25.1 

 

*For primary procedure (bold), % reported refers to frequency of given primary procedure within cohort 
and for secondary procedure % refers to frequency of given secondary procedure within corresponding 
primary procedure. 

ASD: atrial septal defect, ECMO:  extracorporeal membrane oxygenation, PA: pulmonary artery, PDA: 
patent ductus arteriosus, RV: right ventricle, RVOT: right ventricular outflow tract  
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Table 4. Primary Procedure and Concomitant Secondary Procedures for Infants with Ebstein Anomaly 

Infants, N=239 N %* 

Superior Cavopulmonary anastomosis 91 38.1 

     Shunt, ligation and takedown 55 60.4 

     PA reconstruction 15 16.5 

Ebstein repair 37 15.5 

     Shunt, ligation and takedown 8 21.6 

     ASD partial closure 6 16.2 

     VSD repair 5 13.5 

PA banding 19 7.9 

     PDA closure 3 15.8 

Systemic to Pulmonary Shunt 13 5.4 

     PDA closure 4 30.8 

VSD repair 6 2.5 

     PDA closure 2 33.3 

Other 73 30.5 

 

*For primary procedure (bold), % reported refers to frequency of given primary procedure within cohort 
and for secondary procedure % refers to frequency of given secondary procedure within corresponding 
primary procedure. 

ASD:  atrial septal defect, PA: pulmonary artery, PDA: patent ductus arteriosus 
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Table 5. Outcomes of Surgical Treatment of EA in Neonates and Infants 

 
Overall 

(N=494) 

Neonates 

(N=255) 

Infants 

(N=239) 
p-value 

Operative mortality 92(18.6) 70(27.5) 22(9.21) <0.001 

Major morbidity or mortality 179(36.2) 131(51.4) 48(20.1) <0.001 

     Postoperative mechanical circulatory 
support 

58(11.7) 48(18.8) 10(4.2) <0.001 

     Acute postoperative renal failure 25(5.1) 23(9.0) 2(0.8) <0.001 

     Permanent pacemaker 11(2.2) 6(2.4) 5(2.1) 0.8 

     Neurologic deficit, persistent 10(2.0) 6(2.4) 4(1.7) 0.6 

     Phrenic nerve injury 12(2.4) 6(2.4) 6(2.5) 0.9 

     Unplanned reoperation or catheter 
procedure 

99(20.0) 72(28.4) 27(11.3) <0.001 

Reoperation 227(45.9) 161(63.1) 66(27.6) <0.001 

Surgical Procedure at Reoperation     

     Systemic-to-PA shunt or revision 44(19.4) 37(23.0) 7(10.6) 0.03 

    Systemic-to-PA shunt with TV closure 9(4.0) 8(5.0) 1(1.5) 0.2 

     Repair of tricuspid valve 10(4.4) 6(3.7) 4(6.1) 0.4 

     Replacement of tricuspid valve 5(2.2) 4(2.5) 1(1.5) 0.7 

     Superior cavopulmonary connection 12(5.3) 9(5.6) 3(4.6) 0.8 

     Heart transplant 3(1.3) 3(1.9) 0 0.3 

Delayed sternal closure 130(26.3) 106(41.6) 24(10.0) <0.001 

Length of stay (IQR) 16(7, 39) 26(13, 56) 8(6, 21) <0.001 

 

IQR:  interquartile range, PA: pulmonary artery, TV: tricuspid valve 
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Table 6. Mortality and Major Morbidity by Primary Operation for Neonates with Ebstein anomaly 

Operation Mortality (%) 

Major 
Morbidity/Mortality 

(%) 

Postoperative 
Length of Stay 

in Days, Median 
(IQR) 

Overall (255) 70(27.4%) 131(51.4%) 26(13 – 56) 

Ebstein Repair (101) 34(33.7%) 62(61.4%) 30.5(16.5-65) 

Systemic to Pulmonary Shunt (52) 9(17.3%) 22(42.3%) 22.5(9-52) 

Tricuspid Valve Closure (24) 6(25.0%) 13(54.2%) 40(17 – 69) 

PA Banding (14) 4(28.6%) 5(35.7%) 23.5(4 – 42) 

Other (64) 17(26.6%) 29(45.3%) 24(9 – 50) 

Overall p-value for operative mortality was 0.32, for major morbidity/mortality was 0.087, and for LOS 
was 0.0933. 

PA:  Pulmonary artery 
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Table 7. Mortality and Major Morbidity by Primary Operation for Infants with Ebstein anomaly 

Operation 
Mortality 

(%) 

Major 
Morbidity/Mortality 

(%) 

Postoperative 
Length of Stay in 

Days, Median 
(IQR) 

Overall (239) 22(9.2%) 48(20.1%) 8(6 – 21) 

Bidirectional cavopulmonary anastomosis (91) 2 (2.2%) 14(15.4%) 7(5-10) 

Ebstein repair (37) 4(10.8%) 10(27.0%) 16(6-42) 

PA banding (19) 4(21.1%) 4(21.1%) 7(5-21) 

Systemic to Pulmonary Shunt (13) 1(7.7%) 2(15.4%) 13(10-19) 

VSD Repair (6) 2(33.3%) 3(50.0%) 13(7-21) 

Other (73) 9(12.3%) 15(20.6%) 10(7 – 28) 

Overall p-value for operative mortality was 0.018, for major morbidity/mortality was 0.32, and for length 
of stay was <0.001. 

PA:   Pulmonary artery, VSD:  ventricular septal defect 


