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Abstract

Background—Ebstein’s malformation is a rare congenital cardiac anomaly. Available data are
limited to individual reports demonstrating highly variable approaches. We sought to understand
the spectrum of surgical treatment of Ebstein’s anomaly across institutions.

Methods—A retrospective review of surgical procedures performed on patients with primary
diagnosis of Ebstein’s malformation (2002 through 2009) in The Society of Thoracic Surgeons
Congenital Heart Surgery Database (STS-CHSD) was conducted.

Results—A total of 595 operations on 498 patients with Ebstein’s anomaly were included: 116
on neonates (19%), 122 on infants (21%), 264 on children (44%), and 93 on adults (16%).
Average annual institutional case volumes were low (median, 1 per year; range, O to 8 per year).
Neonates had a high rate of palliative procedures: systemic-to-pulmonary artery shunts with or
without tricuspid valve closure (43; 37.1%) and tricuspid valve closure (10; 8.6%); Ebstein’s
repair or tricuspid valvuloplasty was performed in 32%. The most common procedures among
infants were superior cavopulmonary connections (62; 50.8%) and systemic-to-pulmonary shunt
(10; 8.2%). Among older patients, procedures were primarily in three categories: tricuspid valve
surgery (children, 54.5%; adults, 68.8%), arrhythmia procedures (children, 8.7%; adults, 17.3%),
and Fontan (children, 14.8%). In-hospital mortality was high in neonatal patients (23.4%) in
comparison with infants (4.1%), children (0.7%), and adults (1.1%).

Conclusions—Surgery for Ebstein’s anomaly consists of a wide range of procedures, with low
individual institutional volumes. Mortality is highest among neonates. A prospective multicenter
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inception cohort study would be valuable to better define indications for specific strategies of
surgical management.

Ebstein’s anomaly is a disorder of tricuspid valve development in which the valve leaflets
fail to delaminate properly from the ventricular wall [1]. The extent of this failure results in
a spectrum of disease characterized by both tricuspid valve (TV) regurgitation and variable
reduction in the size of the functional right ventricle [1]. Patients with the most severe forms
of Ebstein’s anomaly present in the neonatal period in severe heart failure, often with
hypoxemia and consequent high morbidity and mortality [2, 3]. The subset with later
presentation typically manifests right heart failure, arrhythmias, or the physiologic
consequence of associated anomalies, and generally has a lower overall risk than the
neonatal group.

Several management strategies have been advocated for neonatal patients [3-5]. These
include isolated valve repairs and systemic-to-pulmonary shunts with or without TV closure.
Management decisions ultimately lead to either univentricular or biventricular circulation
Because of the rarity and variability of the disease and the possibility of institutional
preferences for specific management strategies, series from individual centers are limited in
their ability to correlate outcomes with management strategy [4-8]. Although specific
aspects of morphology or clinical presentation may be associated with better outcomes using
one strategy or another, there is insufficient evidence at present to guide these choices.
Management of patients who present later in life is less controversial, but still includes
choosing among a variety of types of TV repairs or TV replacement. To achieve a better
understanding of the contemporary spectrum of surgical management, we undertook an
examination of The Society of Thoracic Surgeons Congenital Heart Surgery Database (STS-
CHSD) to evaluate the overall national experience with surgery for Ebstein’s anomaly.

Material and Methods

This study was approved by the Access and Publications Committee of the STS Workforce
for National Databases, the Duke University Institutional Review Board, and the Nemours/
A.l. duPont Hospital for Children Institutional Review Board.

Data Source

This is a retrospective study of data collected in the STS-CHSD. This database is a
voluntary registry that collects operative and perioperative data on patients undergoing
operations for congenital cardiac anomalies at more than 100 participating centers. It
currently includes more than 85% of pediatric heart surgery programs within the United
States [9]. Collected data include basic demographic information, anatomic diagnosis,
associated noncardiac and genetic anomalies, STS-CHSD-defined preoperative factors,
intraoperative details, surgical procedures performed, postoperative complications incurred,
and inhospital mortality [10]. Diagnoses and procedures were coded by clinicians and
affiliated data managers using the contemporary version of the STS-CHSD Data Collection
Form (version 2.3 before July 10, 2006, and version 2.5 after July 10, 2006) [11]. All STS
codes are based on the International Pediatric and Congenital Cardiac Code [12]. Procedures
and their respective codes include TV valvuloplasty (STS code = 460), TV replacement
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(STS code = 470), Ebstein’s repair (STS code = 465), and TV closure (STS code = 480), in
addition to the general list of codes for palliative procedures. The specifications
accompanying the code for Ebstein’s repair (465) include the following: “repair of Ebstein’s
anomaly may include, among other techniques, repositioning of the tricuspid valve, plication
of the atrialized right ventricle, or right reduction atrioplasty” [10].

The Duke Clinical Research Institute serves as the data coordinating and analytic center for
all of the STS National Databases, including the STS-CHSD.

Inclusionary Criteria

All patients undergoing surgical procedures between 2002 and 2009 (inclusive) with the
primary diagnosis of Ebstein’s anomaly (STS code = 370) were included in the analysis. For
records harvested with STS-CHSD version 2.3, the first diagnosis that is entered in the
sequence of diagnoses was treated as the primary diagnosis.

Exclusionary Criteria

Patients with a secondary diagnosis of Ebstein’s anomaly with a different primary diagnosis
were excluded from the analysis. This was done to focus the analysis on patients undergoing
procedures related to Ebstein’s anomaly, as opposed to patients undergoing procedures
primarily directed at another aspect of their congenital heart disease.

Study Population

For the purpose of this analysis patients were stratified into four age categories: neonates
(age 0 to 30 days), infants (31 to 365 days), children (1 to 18 years), and adults (=18 years).

Data Management and Statistical Analysis

Results

All data in the STS-CHSD are deidentified, warehoused, retrieved, and analyzed by the
Duke Clinical Research Institute. Patient and operative characteristics and outcomes were
described using standard summary statistics. Frequencies are reported along with
percentages, means are reported with standard deviation, and medians with interquartile
ranges. Owing to the descriptive nature of these analyses, formal statistical comparisons
were not made. Denominators may vary, as patients with missing data were excluded from
analyses involving that variable.

Overall Experience

A total of 595 operations were performed on 498 patients with a primary diagnosis of
Ebstein’s anomaly at 82 centers. This represents 0.48% of the 104,288 patient records (and
0.39% of the 152,484 operations) contained in the STS-CHSD during the same period.
Patients were distributed across age groups as follows: neonates 116 (19.5%), infants 122
(20.5%), children 264 (44.4%), and adults 93 (15.6%).
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Neonates and Infants

Children

Adults

Neonates undergoing operations commonly had at least one STS-CHSD defined
preoperative risk factor (73 of 111; 65.8%; Table 1). In particular, they frequently required
mechanical ventilation (61 of 111; 54.9%), had acidosis (21 of 111; 18.9%), or had
preoperative arrhythmias (24 of 111; 21.6%). However, few patients were in shock (3 of
111; 2.7%) or had preoperative neurologic deficits (1 of 111; 1.8%). Neonates also
commonly had noncardiac congenital anomalies (30 of 112; 26.8%). Neonates had a high
rate of palliative procedures (Table 2), the most prevalent being systemic-to-pulmonary
artery shunts (43 of 116; 37.0%), with (11 of 116; 9.5%) or without (32 of 116; 27.6%) TV
closure. A smaller proportion underwent Ebstein’s repair (29 of 116; 25.0%) or TV repair
procedures (8 of 111; 6.9%).

Among infants, STS-CHSD—-defined preoperative risk factors were less common; only 41 of
116 (35.3%) had one or more of the risk factors coded in the STS-CHSD, and only 13 of
116 (11.2%) were on mechanical ventilation preoperatively. Approximately half of infants
had undergone a previous cardiothoracic operation (70 of 122; 57.4%). Among the infants,
the most common procedure was a superior cavopulmonary connection (63 of 122; 51.6%).
This was most often a unilateral bidirectional Glenn anastomosis (58 of 122; 47.5%).
Ebstein’s repairs (9 of 122; 8.2%) and tricuspid valve surgery (11 of 122; 9.4%) were
uncommon in this age group.

Slightly more than a third of children undergoing surgery for Ebstein’s anomaly had a
history of previous cardiothoracic operations (104 of 264; 39.4%); in addition, preoperative
arrhythmias were common (33 of 243; 13.6%). Otherwise there were few preoperative risk
factors (Table 1). Patients most commonly underwent either Ebstein’s repair (79 of 264;
29.9%) or TV repair or replacement (66 of 264; 25.0%; Table 2). Sixteen (6.1%) children
underwent superior cavopulmonary connections; however, whether these were part of a
single or one and one-half ventricle repair cannot be determined.

One third of the adult patients had a previous cardiothoracic operation (32 of 93; 34.4%),
and preoperative arrhythmias were common (19 of 89; 21.4%). Otherwise there were few
other STS-CHSD-defined preoperative risk factors in this group (Table 1). Most adult
patients underwent procedures involving the TV: Ebstein’s repair (43 of 93; 46.2%), TV
repair (7 of 93; 7.5%), or TV replacement (14 of 93; 15.1%; Table 2).

Hospital Course

Although neonates had long postoperative lengths of stay (median, 24 days; interquartile
range, 10 to 49 days), these were considerably shorter in the older groups (infants, 7 days;
interquartile range, 5 to 21 days; children, 6 days; interquartile range, 4 to 9.5 days; adults, 6
days; interquartile range, 4 to 8 days). Similarly, the use of postoperative mechanical
circulatory support was relatively high among neonates (11 of 116; 9.5%) and lower in the
other age groups (infants, 0, 0.0%; children, 5, 1.9%; adults, 1, 1.1%).
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A total of 61 patients (10.3%) had one or more subsequent cardiovascular procedures during
the same admission after the initial procedure. This was most common among neonates (Fig
1). The second procedure followed the index procedure at a median of 9 days (interquartile
range, 3 to 17 days) after the initial procedure. The most common types of second
procedures within each age group are shown in Table 3; many involve reintervention on the
TV after the initial procedure.

Overall in-hospital mortality was 5.9% (35 of 592), and was highest in the neonatal group
(Fig 2). Within the neonatal population, mortality among patients requiring multiple
operations (7 of 27; 26.9%) during the same admission was similar to those requiring only a
single operation during the admission (20 of 88; 22.7%).

Center Experience

Comment

The 595 procedures were performed at 82 centers. The median annual case volume for
Ebstein’s anomaly was 1 case per year (interquartile range, 0.5 to 1.8; maximum, 8.3),
whereas the median annual case volume for neonatal Ebstein’s was only 0.5 cases per year
(interquartile range, 0.1 to 1.0; maximum, 5.2). Three fourths of centers (n = 63) performed
at least one operation on neonatal patient(s) during the study period.

This analysis provides a contemporary overview of the surgical management of Ebstein’s
anomaly across institutions. Our data demonstrate the wide variety of surgical procedures
performed on patients with Ebstein’s anomaly. Although these patients may need surgery
throughout life, the specific procedures performed differ considerably across age groups.
Most importantly, the experience of any individual center is highly circumscribed. In this
setting, individual institutional experiences provide limited information to help guide
choices that must be made to achieve optimal surgical management of future patients,
particularly neonates.

Ebstein’s anomaly is a rare disease of abnormal TV development and morphology,
consisting of two components of variable severity: TV regurgitation, and a reduction in the
size of the functional right ventricle [13-15]. The variability in severity results in a spectrum
of presentation, often described as bimodal. Neonates with severe regurgitation and a
functionally smaller right ventricle exhibit decreased effective pulmonary blood flow,
leading to severe hypoxia and metabolic acidosis [8].

Neonatal Patients With Ebstein’s Anomaly

Our data demonstrate that neonates requiring surgery have a mortality exceeding 20%. This
is consistent with the findings of Goldberg and colleagues [2], who reviewed an
administrative data set from 40 institutions participating in the Pediatric Health Information
System database, and is similar to the mortality rate among patients who underwent
nonoperative management in that study. None of the published surgical series documented
significantly better survival in neonatal patients [4, 5, 7, 16].
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It is primarily within the group of neonates with significant physiologic embarrassment that
an optimal management strategy remains elusive. Given the spectrum of morphologic and
physiologic derangement present in Ebstein’s anomaly, it would be logical to assume that a
spectrum of management strategies might be appropriate, including both medical therapy
and surgical strategies that ultimately lead to either univentricular or biventricular
physiology. Although a few management algorithms have been suggested [4, 5, 7], these
algorithms are limited by the small number of patients in any individual series. The
proposed surgical strategies are based on a variety of anatomic and physiologic factors,
including the GOSE score [17], cardiothoracic ratio, presence or absence of antegrade
pulmonary blood flow, ductal dependency, anatomic or physiologic pulmonary atresia, and
the absolute and relative sizes of the two ventricles. Using these criteria, some institutions
have explored the limits of biventricular repairs in neonates, whereas others have favored
univentricular palliation with similar outcomes [4, 5, 7].

We were surprised to find that mortality was not higher in neonatal patients requiring
multiple operations during the same hospital admission. It is important to recognize that a
return to the operating room is not associated with worse outcome in these patients.

Beyond The Neonatal Period

Beyond the neonatal period, we found that mortality is low. Older patients undergoing
surgery for Ebstein’s anomaly typically have few preoperative risk factors. There are several
groups of patients who present throughout their life for surgical repair. Infants younger than
1 year have commonly undergone a previous cardiothoracic procedure. This reoperative
group includes patients whose initial palliative procedures are eventually followed by
superior cavopulmonary connections and Fontan procedures. In addition, in all of the older
groups there are later presenting patients undergoing TV procedures. Among these patients,
the functional status and degree of postoperative TV regurgitation are likely to be more
appropriate measures of successful outcomes than early in-hospital mortality. Optimal
timing of valve repair or replacement (whether initial or reoperative) in the older population
remains unclear. Although some published data suggest that earlier repair (before the onset
of cardiomegaly or heart failure) results in better outcomes, earlier age at surgery results in a
shorter time to reoperation [18]. Thus, specific, reproducible criteria for valve intervention
have not been defined.

Several repair techniques have been advocated. These include the cone procedure
popularized by da Silva and associates [19], vertical plication as described initially by
Carpentier along with its various modifications [20, 21, 22], and TV replacement. It is
possible that matching anatomy and physiology to the specific intervention may contribute
to significant improvements in outcome. Such a determination would require analysis of a
data set rich with detailed information about morphology and surgical procedures. Clearer
delineation of the appropriate timing and most effective techniques for valve surgery in this
population is necessary.
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Limitations of Currently Available Data

Despite the frequent need for surgery in neonates diagnosed with Ebstein’s anomaly [2], our
data demonstrate that it represents a tiny fraction of the overall surgical experience within
the STS-CHSD. The median individual center experience was less than a single case per
year of neonatal Ebstein’s anomaly. Not surprisingly, even relatively large single-center
studies have only a limited number of neonatal patients, often operated on over a prolonged
period [4, 5, 7, 16]. In older patients, beyond specific institutions with a large referral
population [23], the experience with adult repair of Ebstein’s anomaly, both initial and
reoperative, is small. Even the center with the largest experience in our series had only 6
operations annually for neonatal Ebstein’s anomaly patients. As a result, analyses of single-
center experiences are unlikely to provide sufficient data to define the optimal management
strategies for all age groups.

Large database studies such as the current STSCHSD- based study help to characterize the
scope of the challenge of improving care for patients with this rare anomaly. But the absence
of preoperative hemodynamic and echocardiographic data and long-term follow-up preclude
comparisons among different management strategies. Analysis of administrative data from
the Pediatric Health Information System database adds an additional dimension because it
also includes data pertaining to patients managed without operation [2]. However, as an
administrative database it provides very limited data on clinical status and procedures
performed [2].

Thus, the management of patients with Ebstein’s anomaly, and neonates in particular,
remains controversial. Choice of initial procedures not only has the potential to impact
operative survival but also ultimately may determine a therapeutic pathway culminating in
either univentricular or biventricular physiology [4, 5, 24]. Data from the European
Congenital Heart Surgeons Association suggest that mortality rates are highest among the
youngest patients undergoing palliative procedures, but whether this is the result of
underlying physiology or a mismatch among anatomy, morphology, and therapeutic
decision making cannot be determined [25]. At the present time, there is limited information
to guide choices of management strategy.

Although the STS-CHSD provides a unique opportunity to examine the broad spectrum of
surgical repair across institutions because it is a general congenital heart surgery rather than
an Ebstein’s-specific data set, there is limited information regarding more detailed
preoperative echocardiographic or clinical variables, and absence of long-term follow-up of
survival, cardiac function, or need for reoperation beyond the initial hospitalization. Fields
coded in the STS-CHSD do not distinguish completely among several types of procedures
directed primarily at the TV or the TV and atrialized right ventricle.

In some instances, the codes for procedures performed on neonates and young infants are
highly suggestive of the surgeon’s intent to pursue a strategy directed toward univentricular
physiology, as would most likely be the case when the initial procedure includes closure of
the tricuspid valve and placement of a systemic-to-pulmonary artery shunt. In many other
instances (including isolated systemic-pulmonary shunt and/or a variety of interventions on
the tricuspid valve), surgical intent cannot be reliably inferred from the nature of the initial
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procedure alone, and in fact the ultimate choice to pursue either biventricular or
univentricular physiology in the longer term may not be reached until some later point in
time.

For other rare congenital cardiac anomalies such as critical left ventricular outflow
obstruction or pulmonary atresia with intact ventricular septum, large multi-institutional
prospective cohort studies have shown that patient-related factors (including some details of
morphology), discriminated among end-states and that institutions that adopted a balanced
approach (both univentricular and biventricular repairs) achieved the highest risk-adjusted
prevalence of definitive repair and a lower prevalence of mortality [26, 27]. A prospective
investigation of that type may help to define optimal management strategies for patients with
Ebstein’s anomaly.

This study provides an overview of recent surgical experience with Ebstein’s anomaly. It
demonstrates that surgical repair of Ebstein’s anomaly is performed infrequently at most
centers, with the median number of surgical procedures performed at any individual center
being one per year. Management strategies are diverse, culminating in both single- and two-
ventricle pathways. At the present time, objective evidence to guide the selection of the best
management strategy for individual patients is limited. Patients with Ebstein’s anomaly
undergo surgery throughout life, and mortality is highest among those requiring surgery as
neonates. Beyond the neonatal period, functional assessments of TV function and quality of
life are likely to be important outcome measurements, but this information in not available
within the current dataset. A prospective multiinstitutional study would help to define
optimal management strategies. It should include operative and nonoperative patients, as
well as precise diagnostic information and procedural details, to evaluate long-term
outcomes including survival, reoperation, and other reinterventions, as well as
neurodevelopmental outcomes, functional health status, and quality of life.
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In-hospital mortality in those undergoing operative procedures for Ebstein’s anomaly by age

group.
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Table 2

Distribution of Operative Procedures for Ebstein’s Anomaly by Age Group

Neonates Infants Children Adults
Variable (n=116) (n=122) (n =264) (n=93)
Ebstein’s repair 31(27.0%) 10 (8.2%) 79 (29.9%) 43 (46.2%)
Tricuspid valve repair 8 (6.9%) 8(6.6%)  36(13.6%) 7 (7.5%)
Tricuspid valve replacement 0 (0.0%) 3 (2.5%) 29 (11.0%) 14 (15.1%)
Tricuspid valve closure 8 (6.9%) 3 (2.5%) 2 (0.8%) 0 (0.0%)
Systemic-to-pulmonary artery shunt 32(27.6%) 10 (8.2%) 1 (0.4%) 0 (0.0%)
Systemic-to-pulmonary artery shunt with tricuspid valve closure 11 (9.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Superior cavopulmonary connection 1(0.9%) 64 (52.5%) 16 (6.1%) 0 (0.0%)
Superior cavopulmonary connection with tricuspid valve closure 0 (0.0%) 2 (1.6%) 1 (0.4%) 0 (0.0%)
Fontan 0(0.0%)  0(0.0%) 39 (14.8%) 5 (5.4%)
Pacemaker implant or revision 2 (1.7%) 1(0.8%) 5 (1.9%) 2 (2.2%)
Atrial ablation or maze 0 (0.0%) 1(0.8%) 18 (6.8%) 14 (15.1%)
Atrial septal defect repair 0 (0.0%) 2 (1.6%) 3(1.1%) 3(3.2%)
Heart transplant 0 (0.0%) 2 (1.6%) 4 (1.5%) 0 (0.0%)
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Page 14

Most Common Subsequent Procedures After Index Operation Among Patients Requiring Multiple Operations

During Admission

Variable Neonates(n =27) Infants(n=9) Children(n=26) Adults(n=2)
Revision of a systemic-to-pulmonary artery shunt 4 (14.8%) 3(33.3%) - -
Repair or replace tricuspid valve 4 (14.8%) 5 (19.2%) 1 (50.0%)
Tricuspid valve closure 3 (11.1%) 3(33.3%) - -
Superior cavopulmonary connection 2 (7.4%) - 2 (7.7%)

Heart transplant 2 (7.4%) - 1(3.8%)

Pacemaker implantation - 2 (22.2%) 7 (26.9%)

Ann Thorac Surg. Author manuscript; available in PMC 2014 December 24.



