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Abstract Ebstein’s anomaly is frequently detected before

birth, with prenatal detection accounting for the majority of

cases in the current population. This study aimed to identify

the outcome variables among these infants. The medical

records of 59 patients with neonatal Ebstein’s anomaly

managed at the Asan Medical Center between January, 2001

and June, 2012 were investigated retrospectively. In 46

cases, the diagnosis was made prenatally. Surgical/inter-

ventional procedures were performed for 27 of the analyzed

patients. Biventricular repair was successful for 12 patients

but not for 9 patients with pulmonary atresia. The median

follow-up period was 1.96 years (range 0.0–10.4 years). The

overall mortality rate was 23.7 % (14/59). Of the 14 deaths, 5

occurred within several hours after birth. The 1- and 5-year

survival rates were 78.6 and 76.3 %, respectively. Univariate

analysis identified several variables related to the time to

death: fetal distress (p = 0.002), prematurity (p = 0.036),

low birth weight (p = 0.003), diameter of the atrial septal

defect (p = 0.022), and pulmonary stenosis/atresia (p =

0.001). Neither the Carpentier classification (p = 0.175) nor

the Celermajer index (p = 0.958) was a significant variable.

According to the multivariate analysis, fetal distress (p =

0.004) and pulmonary atresia/stenosis (p \ 0.001) were

significant determinants of outcome. In conclusion, fetal

distress and pulmonary atresia/stenosis are significant pre-

dictors of mortality in the current population of patients with

neonatal Ebstein’s anomaly. A close cooperation of associ-

ated clinicians is required for an improvement in outcome.

To establish a better surgical strategy for patients with

Ebstein’s anomaly and pulmonary atresia, studies of larger

populations are required.

Keywords Ebstein’s anomaly � Newborn � Prematurity �
Prenatal diagnosis � Pulmonary atresia

It is well known that young age is a significant risk factor

for patients with Ebstein’s anomaly [10, 13]. In studies

reported before 2000, the mortality rate of affected neo-

nates ranged from 26 to 81 % [4, 5, 16]. This broad range

reflects gradual improvements in the treatment of these

patients, such that whereas the mortality rate was as high as

81 % from 1954 to 1985, it decreased to 47 % between

1986 and 1996 [16]. The survival rate for neonates with

Ebstein’s anomaly continues to increase [7, 15] with

improved conservative management and surgical strategies

[1, 3, 8, 14, 15, 17].

Many cases of Ebstein’s anomaly currently are detected

before birth. These patients account for the majority of

cases in the current population with neonatal Ebstein’s

anomaly. Consequently, the diagnosis can be determined
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for a considerable number of patients before significant

illness develops. Furthermore, cases with fatal presenta-

tions also can be detected before death. Therefore, it was

necessary for a study to reinvestigate the clinical course of

neonates with Ebstein’s anomaly in the recently changed

diagnostic and therapeutic situation. This study aimed to

determine the outcome variables in a series of recent

neonatal Ebstein’s anomaly cases.

Methods

Subjects

Between January 2001 and June 2012, 80 children with

Ebstein’s anomaly were managed in the Division of Pedi-

atric Cardiology at the Asan Medical Center. The study

enrolled 59 of these children who were neonates at their

diagnosis. Patients with a corrected transposition of the

great arteries or complex conotruncal anomalies were

excluded from the study. Of the 59 subjects, 46 were born

at our center. The remaining 13 had been transferred from

other institutions. Ebstein’s anomaly was diagnosed pre-

natally in 46 subjects, 45 of whom were born at our center.

The medical records of the patients and their mothers,

chest radiographs, and electrocardiograms were reviewed.

Echocardiographic data from a review of stored images

were obtained whenever possible. Otherwise, we referred

to the examination reports. The Institutional Review Board

of the Medical Center approved this retrospective study

(2013–0008) and waived the need for patient consent.

Echocardiography

Morphologic classification of the tricuspid valve (types A

to D) was based on a review of the echocardiographic

images or the surgical/autopsy records according to the

guidelines published by Carpentier et al. [3] and Chauvaud

[6]. The echocardiographic grade of severity was calcu-

lated according to the guidelines of Celermajer et al. [4].

The ratio of the combined area of the right atrium and

atrialized right ventricle to that of the functional right

ventricle, left atrium, and left ventricle, as determined on a

four-chamber view at end diastole, was used to define four

grades of increasing severity: grade 1 (ratio,\0.5), grade 2

(ratio, 0.5–0.99), grade 3 (ratio, 1–1.49), and grade 4 (ratio,

C1.5) [4].

The maximum diameter of the atrial septal defect was

measured on any available echocardiographic view. Tri-

cuspid regurgitation was assessed as more than moderate if

the jet extended more than halfway from the valve to the

posterior wall. The size of the ductus arteriosus was based

on the ratio of its smallest diameter to the diameter of the

left pulmonary artery, according to the guidelines of Wald

et al. [15], with a ratio of 1 or higher defined as large, a

ratio of 0.5–1 defined as moderate, and a ratio less than 0.5

defined as small. Left ventricular function was not analyzed

as part of the study due to invariable paradoxic interven-

tricular septal motion.

Statistical Analysis

The data are presented as frequencies or as medians with

ranges. All statistical analyses were performed using SPSS

13.0 (SPSS Korea Data Solution, Seoul, South Korea).

Statistical significance was defined as a p value lower than

0.05. Survival analysis was performed using the Kaplan–

Meier method. Univariate analyses of the relationship

between all presented independent variables and time to

death were conducted using the Cox proportional-hazards

model. Any variable with a p value lower than 0.10, as

determined in the univariate analysis, was used as input in

the multivariable model.

Results

Clinical Characteristics

Table 1 lists the clinical characteristics of the 59 patients at

their initial presentation. The initial presentation types,

except for the prenatal diagnosis, were cyanosis (n = 7,

12.3 %), cardiac murmur (n = 5, 8.5 %), and an abnormal

heart shape on chest radiography (n = 1, 1.7 %). An

associated pulmonary atresia was suspected in 21 of the 46

patients with a prenatal diagnosis. After birth, anatomic

pulmonary atresia was confirmed in eight and functional

pulmonary atresia in eight of these patients.

Fetal distress, defined by reviewing the results of a

nonstress test, a contraction stress test, and a biophysical

profile of the mother, was observed in nine patients. The

birth of 17 patients occurred before the full gestation period

of 37 weeks. The body weight of 17 patients was less than

2.5 kg.

Signs of low cardiac output (sinus tachycardia, meta-

bolic acidosis, elevated serum lactate, low diastolic arterial

pressure, and the need for inotropics) before any palliative

or corrective procedure were present in 12 patients. Two

patients had Wolff-Parkinson-White syndrome.

Echocardiographic Results

For two patients, postnatal echocardiographic examination

was not possible because they died immediately after birth.

The echocardiographic characteristics of the remaining 57

subjects at initial presentation are shown in Table 2. Other
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associated cardiac anomalies, except for atrial septal defect

and patent ductus arteriosus, were pulmonary atresia in

nine patients (including 1 case postnatally detected, num-

ber 10 in Table 3), pulmonary stenosis in four patients,

ventricular septal defect in six patients, partial atrioven-

tricular septal defect in one patient, and juxtaposition of the

right atrial appendage in one patient. Functional pulmonary

atresia was found in 16 patients, including 8 postnatally

detected cases.

Procedures and Courses

A total of 25 patients survived without undergoing any

procedure. Palliative or corrective surgical/interventional

procedures were performed for 27 patients (Fig. 1). Pro-

cedures for biventricular repair were successful for 12

patients. Five patients underwent a one-and-a-half ven-

tricular repair, but the Fontan operation was performed late

for one of them. For four of the five patients who under-

went a right ventricular exclusion procedure, a bidirec-

tional Glenn shunt was performed. Additional surgical

procedures such as reduction of the right atrium, patch

closure of a ventricular septal defect, ductus arteriosus

ligation, and pulmonary angioplasty were performed as

needed.

Seven patients died before undergoing any surgical/

interventional procedures, including five patients who died

within several hours after birth, three of whom (including

no. 5 in Table 3) experienced fetal distress. One patient

died of severe heart failure aggravated by a refractory

supraventricular tachycardia on day 10 after birth. One

patient (no. 1 in Table 3) with an associated ventricular

septal defect, pulmonary stenosis, and left ventricular

failure died of severe biventricular failure at the age

of 3 months while on a waiting list for heart trans-

plantation.

Seven patients died after surgical/interventional proce-

dures. Three of these patients (nos. 6, 7, and 9 in Table 3)

had an associated pulmonary atresia and experienced

hemodynamic deterioration after tricuspid annuloplasty/

valvuloplasty. One patient (no. 8 in Table 3) died of a

thrombosis involving a Blalock-Taussig shunt after right

ventricular exclusion. Three unexpected sudden deaths

occurred. The first patient, with cat-eye syndrome (no. 3 in

Table 3), died at 4 months after widening of a right ven-

tricular outflow tract. The second patient (no. 2 in Table 3)

died at 7 months despite a successful interventional pul-

monary valvotomy, and the third patient, with Down syn-

drome, died at the age of 7 years after tricuspid

valvuloplasty.

Only one of the patients with a functional pulmonary

atresia died. The characteristics of the patients with

Table 1 Clinical characteristics at initial presentation of the 59

patients with Ebstein’s anomaly

Frequency n (%)

Female 24 (40.7)

Prenatal Dx of Ebstein’s anomaly 46 (78.0)

Prenatal Dx of associated PA/PS 23 (39.0)

Fetal distress 9 (15.3)

Prematurity 17 (28.8)

Low birth weight 17 (28.8)

Management in ICU before any procedures

Ventilator use 25 (42.4)

Prostaglandin E1 infusion 29 (49.2)

NO gas 13 (22.0)

Signs of low cardiac output 12 (20.3)

Dx diagnosis, PA pulmonary atresia, PS pulmonary stenosis, ICU

intensive care unit, NO nitric oxide

Table 2 Echocardiographic characteristics at initial presentation

Patients with

available data

Frequency n (%)

Diameter of ASD [4 mm 54 25 (46.3)

LA-to-RA shunt direction

via ASD

56 12 (21.4)

Carpentier classification 57

Type A 25 (43.9)

Type B 22 (36.6)

Type C 8 (14.0)

Type D 2 (3.5)

Celermajer index 53

Grade 1 17 (32.1)

Grade 2 26 (49.1)

Grade 3 8 (15.1)

Grade 4 2 (3.8)

Pulmonary stenosis 57 4 (7.0)

Pulmonary atresia 57 9 (15.8)

Tricuspid regurgitation

Moderate/severe 56 30 (53.6)

Median peak velocity:

m/s (range)

48 3.01 (1.0–4.3)

Median dP/dt: mmHg/s

(range)

39 542 (224–1,010)

Patent ductus arteriosus 55

Absent 11 (20.0)

Small 12 (21.8)

Moderate 19 (34.5)

Large 13 (23.6)

ASD atrial septal defect
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pulmonary stenosis/atresia are presented in Table 3.

Biventricular repair was not possible for all the patients

with pulmonary atresia. For two patients (nos. 10 and 11 in

Table 3) classified as Carpentier type A, a one-and-a-half

ventricular repair was possible.

Follow-up and Survival Analyses

The median follow-up period was 1.96 years (range,

0.0–10.4 years). Seven patients were lost to follow-up

evaluation at a median age of 0.79 years (range,

Table 3 Characteristics of 13 patients with neonatal Ebstein’s anomaly and associated pulmonary valve stenosis (nos. 1–4) or pulmonary atresia

(nos. 5–13)

No. Prenatal

Dx

GP Birth

weight

(kg)

Fetal

distress

Other

cardiac

pathology

Carpentier

type (A–D)

Celermajer

index

(grades 1–4)

Age at 1st

procedure

(days)

First

procedure

Following

procedures

Outcome Cause

of

death

1 Positive 38 2.45 Absent VSD A 1 0 Absent Absent LD HF

2 Positive 37 1.65 Absent Absent A 2 24 BalVal Absent LD SD

3 Absent Unknown 2.70 Absent VSD A 1 114 BTS RVOT

widening

LD SD

4 Absent 40 3.00 Absent Absent A Unknown 37 BalVal Absent Lived

5 Positive 31 ? 3 1.77 Positive Absent C 1 0 Absent Absent HD HF

6 Positive 36 ? 5 3.55 Positive Absent B 3 9 SurVal,

TVP/

TAP

MPA

clipping,

BTS

HD LCO

7 Positive 37 2.68 Absent Absent A 2 8 SurVal TVP HD LCO

8 Positive 38 ? 2 2.29 Absent Absent B 3 34 Excl,

BTS

Absent HD Throm

9 Positive 39 ? 2 2.91 Absent Absent C 2 7 TAP,

BTS

Absent HD LCO

10 Positive 30 ? 4 2.69 Absent Absent A 3 2 BalVal 1&1/2 Lived

11 Positive 37 ? 5 3.28 Absent VSD A 2 11 BTS TVP/TAP,

1&1/2

Lived

12 Positive 37 ? 2 2.69 Absent Absent A 3 23 SurVal,

TVP,

BTS

1&1/2,

Excl,

Fontan

Lived

13 Positive 38 2.86 Absent Absent D Unknown 8 TAP,

BTS

Excl,

BCPS,

Fontan

Lived

No. number, Prenat Dx prenatal diagnosis of Ebstein’s anomaly, GP gestational period (week ? day), VSD ventricular septal defect, LD late death, HF

heart failure, BalVal interventional pulmonary balloon valvotomy, SD sudden death, BTS Blalock-Taussig shunt, RVOT right ventricular outflow tract, HD

hospital death, SurVal surgical pulmonary valvotomy, TVP tricuspid valvuloplasty, TAP tricuspid annuloplasty, MPA main pulmonary artery, LCO low

cardiac output, Excl right ventricular exclusion, Throm thrombosis, 1&1/2 one and a half ventricular repair, BCPS bidirectional cavo-pulmonary shunt

Fig. 1 Palliative or corrective

surgical/interventional

procedures performed for

patients with neonatal Ebstein’s

anomaly. All numbers indicate

the number of patients. ASD

atrial septal defect, BAS balloon

atrial septostomy, PDA patent

ductus arteriosus, RVOT right

ventricular outflow tract, TVP/

TAP tricuspid valvuloplasty/

annuloplasty, BCPS

bidirectional cavopulmonary

shunt, RV right ventricular
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0.32–2.77 years) when they were transferred to other

hospitals after undergoing the required procedures. Their

survival was confirmed, but only the observation period at

our hospital was used in the survival analysis.

Supraventricular tachycardia was found in 11 patients

(including nos. 4, 6, 7, and 12 in Table 3) and idioven-

tricular rhythm in 1 patient (no. 9 in Table 3). A permanent

pacemaker was inserted in two patients for the control of a

postoperative Mobitz type 2 atrioventricular block and

tachycardia-bradycardia syndrome (no. 12 in Table 3),

respectively.

The overall mortality rate was 23.7 % (14/59). Of the 14

patients, 10 (including patients 5 and 9 in Table 3) died

during their hospital stay, either after a procedure or after

the diagnosis of Ebstein’s anomaly. The 1- and 5-year

survival rates were 78.6 and 76.3 %, respectively (Fig. 2).

Univariate analysis identified fetal distress (p = 0.002),

prematurity (p = 0.036), low birth weight (p = 0.003),

diameter of the atrial septal defect (p = 0.022), and pul-

monary stenosis/atresia (p = 0.001) as the variables related

to the time to death, whereas neither the Carpentier clas-

sification (p = 0.175) nor the Celermajer index

(p = 0.958) was significant.

In the multivariate analysis, fetal distress (p = 0.004)

and pulmonary stenosis/atresia (p \ 0.001) remained sig-

nificant. Of the patients who survived, 45 met the criteria

for New York Heart Association (NYHA) functional class

1 or 2 at the latest follow-up evaluation.

Discussion

This study showed that two extreme groups of patients (a

group with no significant clinical presentation of illness

during the neonatal period and a group with severe pre-

sentation) were included in the current population with

neonatal Ebstein’s anomaly. Fetal distress and pulmonary

atresia/stenosis were the significant risk factors for mor-

tality among the patients with neonatal Ebstein’s anomaly

in this study. Previously suggested risk factors of mortality

were Celermajer index [4, 5], fetal presentation [5], right

ventricular outflow obstruction [5, 16], functional pul-

monary atresia [16], large atrial septal defect [16], and left

ventricular dysfunction [16]. However, in a recent study by

Barre et al. [2] of fetuses with Ebstein’s anomaly, retro-

grade flow through the pulmonary valve was a significant

prognostic factor, whereas Celermajer index was not. In

pulmonary atresia, which was also identified in our study as

a significant prognostic factor, retrograde flow through the

pulmonary valve cannot be present. Together, these find-

ings suggest that the prognostic factors of Ebstein’s

anomaly differ between fetuses and neonates.

According to our findings, fetal distress has an effect on

mortality within several hours after birth and might be a

risk factor during the immediate postnatal period. Because

a preterm delivery aimed at preventing fetal distress would

cause problems related to prematurity or low birth weight,

the appropriate therapeutic strategy for these patients still is

lacking. However, it is clear that adequate management of

fetuses with Ebstein’s anomaly requires strict cooperation

between obstetricians, neonatologists, pediatric cardiolo-

gists, and pediatric cardiac surgeons.

This study identified the size of the atrial septal defect as

a risk factor for mortality by univariate but not multivariate

analysis. A large atrial septal defect might be a formative

result of the small size of a functional right ventricle or

right ventricular outflow obstruction.

Left ventricular function, reported to be a prognostic

factor of mortality [16], was not investigated in this study.

However, according to Jaquiss and Imamura [7], left ven-

tricular function may subsequently prove to be quite ade-

quate after a right-sided pathology has been addressed

surgically. Moreover, in one report, left ventricular non-

compaction was not related to signs of left heart failure

[10].

Despite some evidence that functional pulmonary atresia

is a prognostic factor of mortality [16], it was not signifi-

cant in this study. For patients with neonatal Ebstein’s

anomaly and functional pulmonary atresia, we have applied

a waiting approach without infusing prostaglandin E1 until

spontaneous closure of the ductus arteriosus was achieved.

By contrast, Wald et al. [15] proposed the relatively

aggressive closure of a ductus arteriosus in patients who

had Ebstein’s anomaly without anatomic obstruction.

Although clinical status was stabilized in one of our

patients with functional pulmonary atresia after surgical

closure of a ductus arteriosus (Fig. 1), we have our reser-

vations concerning the strategy advocated by Wald et al.,

given that other authors recommend a preservation

approach to ductus arteriosus because it allows the

Fig. 2 Survival after the diagnosis of Ebstein’s anomaly for 59

patients (Kaplan–Meier method)
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stabilization of patients with neonatal Ebstein’s anomaly

and functional pulmonary atresia [11, 12]. In the case

reported by Santoro et al. [12], the right ventricular cavity

was tiny, and the Celermajer index was grade 3.

The question concerning the best surgical strategy for

neonates with Ebstein’s anomaly and pulmonary atresia

cannot be answered clearly. According to the report by

Knott-Craig et al. [9], biventricular repair was possible for

three patients with anatomic pulmonary atresia (37.5 % of

their subjects). On the other hand, Jaquiss and Imamura [7]

recommended a univentricular approach in cases with an

atretic pulmonary valve.

Biventricular repair failed in all nine of our patients with

pulmonary atresia, including two for whom one-and-a-half

ventricular repair was performed. We therefore do not

recommend biventricular repair for patients with neonatal

Ebstein’s anomaly and anatomic pulmonary atresia. How-

ever, in these cases, the initial procedure should not be a

right ventricular exclusion because a one-and-a-half ven-

tricular repair may be possible for patients with good right

ventricular morphology. To establish an adequate surgical

strategy for neonatal Ebstein’s anomaly with pulmonary

atresia, additional studies based on a large number of

patients are required.

We suggest a surgical decision algorithm (Fig. 3) in

which Carpentier classification is adopted. We think it still

is a valuable parameter in a surgical decision, although it

was not a significant risk factor of mortality in this study.

Fig. 3 Recommendation of surgical decision. The perinatal risk

factors are prematurity, low birth weight, and fetal distress. If findings

of right ventricular dysfunction are observed through close monitor-

ing after any procedure, a change of surgical plan should be

considered (dashed arrows). TVP/TAP tricuspid valvuloplasty/

annuloplasty, BVR biventricular repair, RV right ventricular, BCPS

bidirectional cavo-pulmonary shunt
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The limitations of this study were those inherent to its

retrospective design. For example, several variables could

not be completely investigated or were not measured in

some of the infants.

In conclusion, fetal distress and pulmonary atresia/ste-

nosis are significant predictors of mortality in the current

population with neonatal Ebstein’s anomaly. A close

cooperation of associated clinicians is required for an

improvement in outcome. To establish a better surgical

strategy for patients with Ebstein’s anomaly and pulmon-

ary atresia, studies of larger populations are required.
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