
Improving Outcomes in Fetuses and Neonates With Congenital Displacement
(Ebstein’s Malformation) or Dysplasia of the Tricuspid Valve

Doff B. McElhinney, MDa,c, Joshua W. Salvin, MDa,c, Steven D. Colan, MDa,c,
Ravi Thiagarajan, MDa,c, Elizabeth C. Crawford, RDCSa,c, Edward N. Marcus, MSca,c,

Pedro J. del Nido, MDb,d, and Wayne Tworetzky, MDa,c,*

From 1984 to 2004, 66 patients were diagnosed with Ebstein’s malformation (n ! 61)
or congenital tricuspid valve (TV) dysplasia (n ! 5) in utero or during the first month
of life. Of these, 33 were diagnosed by fetal echocardiography at a median gestational
age of 22 weeks, and 33 were diagnosed postnatally at a median age of 1 day (range
1 to 27). In 8 of the 33 prenatally diagnosed patients (24%), the pregnancies were
terminated; in 9 (27%), the fetuses died in utero, and in 16 (49%), the fetuses survived
to birth. Seven prenatally diagnosed patients survived beyond the neonatal period
(21% of 33). Of the 49 neonates, 35 (71%) survived to hospital discharge and beyond
1 month of age. Independent predictors of death by multivariable logistic regression
analysis included right atrial area index >1, the absence of anterograde flow across
the pulmonary valve, and diagnosis before 1997. Although outcomes in fetuses and
neonates with congenital anomalies of the TV have improved in more recent expe-
rience, survival in patients at the severe end of the spectrum remains poor. To
improve outcomes in this group of high-risk patients, novel approaches to
management may be indicated. © 2005 Elsevier Inc. All rights reserved. (Am J
Cardiol 2005;96:582–586)

Historically, outcomes in fetuses and neonates diagnosed
with congenital displacement (Ebstein’s malformation) or
dysplasia of the tricuspid valve (TV) have been as poor as
or poorer than any other form of complex congenital heart
disease.1–7 To assess outcomes in fetuses and neonates with
structural anomalies of the TV in the contemporary era, and
to determine whether more clear predictors of outcome in
this population of patients could be discerned, we reviewed
our experience with 66 fetuses and neonates diagnosed with
Ebstein’s malformation or TV dysplasia from 1984 to 2004.

• • •
The study cohort included 66 patients diagnosed with Eb-
stein’s malformation (n ! 61) or TV dysplasia (n ! 5) in
utero or within the first month of life (neonates) at Chil-
dren’s Hospital Boston from 1984 to 2004. This cohort did
not include patients diagnosed beyond the neonatal period or
those with congenitally corrected transposition of the great
arteries and associated Ebstein’s malformation, tricuspid regur-
gitation (TR) without clear structural anomalies of the TV, or
noncardiac anomalies with a potentially significant impact on
perinatal management and outcome (e.g., congenital diaphrag-
matic hernia, twin–twin transfusion recipient, etc.). Patients

were analyzed as 2 cohorts: those diagnosed in utero and all
live-born patients (including fetal and neonatal diagnoses).

All fetal echocardiograms (for prenatally diagnosed pa-
tients) and the first neonatal echocardiogram (for live-born
patients) were assessed by a reviewer who was blinded to
outcome. Measurements and assessments included the
transverse thoracic cross-sectional area at the level of the
4-chamber view (computed from the internal thoracic cir-
cumference measured on fetal echocardiograms only); the
cross-sectional area of the heart in the 4-chamber view
(computed from the epicardial circumference of the heart
measured on fetal echocardiograms only); the cross-sec-
tional area of the right atrium and atrialized right ventricle
(computed from the endocardial circumference measured at
the time of TV closure); the combined cross-sectional area
of the functional right ventricle, the left atrium, and the left
ventricle (computed from the endocardial circumference,
including the interventricular septum, at the time of TV
closure); TV annulus diameter (measured at the time of
maximum TV opening); the width of the TR jet vena con-
tracta; the presence of anterograde flow across the pulmo-
nary valve; the presence and severity of pulmonary regur-
gitation; and the presence of fetal hydrops, determined by
the presence of ascites, effusions, and/or body wall edema.
TV annulus diameter was analyzed after conversion to a Z
score (number of SDs greater or less than the normal pop-
ulation average, on the basis of normative data obtained at
our institution in fetuses or neonates without heart disease8).
Thoracic and cardiac areas were analyzed after the calcula-
tion of ratios (e.g., cardiothoracic area ratio, right atrium/
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thoracic area ratio, right atrium/heart area ratio, and the ratio
of the right atrium to the combined area of the functional
right ventricle, the left atrium, and the left ventricle (here-
after, the right atrial [RA] area index).

Demographic, anatomic, and physiologic factors were
analyzed for correlation with the primary outcome measure:
survival beyond 1 month of age and to hospital discharge.
Independent variables analyzed for association with out-
come included demographic (year of diagnosis, maternal
age, indication for fetal echocardiogram, gestational age at
diagnosis, gestational age at birth, and weight), anatomic
and physiologic (indicated previously), and management-
related factors (intervention age and type, the use of pros-
taglandins or extracorporeal membrane oxygenation, and
preintervention mechanical ventilatory support). In addition
to the primary outcome measure, cross-sectional follow-up
data were obtained for surviving patients. Continuous vari-
ables were compared using the independent-samples Stu-
dent’s t test, and categorical variables were compared using
chi-square analysis or Fisher’s exact test. Multivariable lo-

gistic regression analysis was performed to assess for inde-
pendent predictors of outcome.

Of the 66 patients in this series, 33 were diagnosed with
Ebstein’s malformation (n ! 28) or congenital TV dysplasia
(n ! 5) by fetal echocardiography at a median gestational
age of 22 weeks (range 16 to 37). Maternal age ranged from
23 to 47 years (median 31). In 11 of the 33 patients (33%),
multiple fetal echocardiograms were performed (2 to 12
studies per patient), with a median of 8 weeks (range 3 to
14) from diagnosis to the last prenatal echocardiogram. The
indication for fetal echocardiography was an abnormal
screening obstetric ultrasound examination result in 27 pa-
tients (82%); maternal lithium treatment, which has been
associated with an increased incidence of Ebstein’s malfor-
mation,9 in 3 (9%); a family history of congenital heart
disease in 2 (6%, 1 with a family history of Ebstein’s
malformation); and a fetal arrhythmia in 1 (3%). Three
patients had twin siblings.

In 8 of the 33 cases (24%), the pregnancies were termi-
nated, in 9 (27%), the fetuses died spontaneously in utero,

Table 1
Predictors of survival and live birth among 33 fetuses with Ebstein’s malformation or TV dysplasia

Variable Deaths Survivors p Value Not Born Live Born Live p Value
(n ! 26)* (n ! 7) (n ! 17) (n ! 16)

Demographic variables
Gestational age at diagnosis (wks) 24 " 7 25 " 7 0.67 20 " 4 29 " 6 #0.001
Maternal age at diagnosis (yrs) 31 " 5 35 " 7 0.07 31 " 5 33 " 6 0.45

Yr of diagnosis
1984–1996 14 (54%) 1 (14%) 0.09 8 (47%) 7 (44%) 0.85
1997–2004 12 (46%) 6 (86%) 9 (53%) 9 (56%)

Anatomic and physiologic variables†

Cardiothoracic area ratio 0.51 " 0.09 0.35 " 0.12 0.002 0.52 " 0.10 0.50 " 0.14 0.55
RA area index 1.27 " 0.47 1.02 " 0.59 0.27 1.13 " 0.49 1.06 " 0.64 0.75
RA area index

$1 21 (81%) 2 (29%) 0.01 12 (74%) 9 (56%) 0.48
#1 5 (19%) 5 (71%) 5 (29%) 7 (44%)

RA area index
$0.75 24 (92%) 2 (29%) 0.002 14 (82%) 9 (56%) 0.14
#0.75 2 (8%) 5 (71%) 3 (18%) 7 (44%)

Severe TR (grade 4)
Present 26 (100%) 3 (43%) 0.001 17 (100%) 12 (75%) 0.04
Absent 0 (0%) 4 (57%) 0 (0%) 4 (25%)

TV Z score 7.5 " 3.3 3.3 " 3.0 0.01 8.1 " 2.4 6.4 " 3.7 0.19
TV Z score

$3 25 (96%) 2 (29%) 0.001 17 (100%) 13 (81%) 0.10
#3 1 (4%) 5 (71%) 0 (0%) 3 (19%)

Anterograde flow across the
pulmonary valve
Present 5 (19%) 5 (71%) 0.01 2 (12%) 5 (31%) 0.23
Absent 21 (81%) 2 (29%) 15 (88%) 11 (69%)

Pulmonary regurgitation
Present 6 (23%) 2 (29%) 0.76 6 (35%) 4 (25%) 0.71
Absent 20 (77%) 5 (71%) 11 (65%) 12 (75%)

Fetal hydrops
Present 10 (38%) 0 (0%) 0.06 7 (41%) 3 (19%) 0.17
Absent 16 (62%) 7 (100%) 10 (59%) 13 (81%)

* Elective terminations of pregnancies are included among fetal deaths.
† Comparison between deaths and survivors is based on the most recent fetal echocardiogram, and comparison between live-born and non–live-born

patients is based on the first fetal echocardiogram.
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and the remaining 16 patients (49%) were born live. Ges-
tational age at diagnosis was significantly less in patients
not surviving to term than in those who were born live (19.9
" 3.6 vs 29.0 " 6.2 weeks, p # 0.001), but there was no
significant difference between pregnancies that were termi-
nated and those that ended in spontaneous fetal demise (18.8
" 3.7 vs 21.1 " 3.3 weeks, p ! 0.20). None of the other
demographic factors (including date of diagnosis) or echo-
cardiographically assessed anatomic or physiologic features
differed between fetuses that did not survive to birth and
those that were born live or between pregnancies ending in
termination and spontaneous fetal demise.

Of the 33 prenatally diagnosed patients, 7 survived be-
yond the neonatal period, for an overall neonatal survival of
21%, or 29% if pregnancies ending in elective termination
are excluded. Although only 7 of 24 patients diagnosed
before 30 weeks’ gestational age were born live, 6 of those
7 survived beyond the neonatal period, compared with only
1 of the 9 patients (all born live) diagnosed at !30 weeks (p
! 0.01). Among patients surviving to birth after fetal diag-
nosis since 1997, neonatal survival was 67% (6 of 9) com-
pared with 4% (1 of 7) before 1997 (p ! 0.06). Risk factors
for death in patients diagnosed in utero and in patients
surviving to birth after fetal diagnosis are listed in Table 1.

Including the 16 patients diagnosed in utero and surviv-
ing to birth, there were 49 neonates in this series. Of the 33
patients diagnosed postnatally, the median age at diagnosis
was 1 day (range 1 to 27), and 32 were diagnosed within the
first week of life. Of 37 patients diagnosed in 1996 or
before, 22 were diagnosed after birth, whereas the diagnosis
was made prenatally in 18 of 29 patients presenting after
1996 (p ! 0.09). The first intensive care management in the
cohort of live-born patients included mechanical ventilatory
support in 30 (61%), the maintenance of a prostaglandin E1

infusion in 27 (55%), and a trial of inhaled nitric oxide
either for therapeutic purposes or to distinguish between
anatomic and functional pulmonary atresia10 in 17 (35%).
Surgical interventions were performed in 13 patients and
included oversewing of the TV with the placement of a
systemic pulmonary arterial shunt in 5 patients (along with
atrial septectomy in 3, RA reduction in 2, and limited
pulmonary valvotomy to allow the egress of Thebesian
venous return to the right ventricle in 2), the augmentation
of pulmonary blood flow with a systemic pulmonary arterial
shunt in 5 (with RA reduction and atrial septectomy in 1
each), right ventricular (RV) outflow tract reconstruction or
patch augmentation in 3, TV valvuloplasty in 2, RV plica-
tion in 1, ventricular septal defect closure in 2, and atrial
septal defect closure in 3. Other invasive therapy included
extracorporeal membrane oxygenation in 6 patients (12%),
balloon pulmonary valvuloplasty in 3 (6%, 2 of whom
subsequently underwent surgical intervention), and cathe-
ter-based ablation of supraventricular tachycardia in 1 (2%).
Of the 6 patients treated with extracorporeal membrane
oxygenation, 3 received postoperative support. The duration
of support ranged from 4 to 21 days (median 8.5).

Of the 49 neonates, 35 (71%) survived to hospital dis-
charge and beyond 1 month of age. Factors associated with
mortality in live-born patients were similar to those in the
fetal cohort and are listed in Table 2. Independent predictors
of death by multivariable logistic regression analysis in-
cluded RA area index $1 (" ! 3.3, p ! 0.02), the absence
of anterograde flow across the pulmonary valve (" ! 3.4, p
! 0.02), and diagnosis before 1997 (" ! 3.0, p ! 0.04). In
15 patients with RA area indexes $1, 12 (80%) died,
whereas 32 of 34 patients (94%) with RA area indexes #1
survived. Survival was 43% (n ! 6) in the 14 patients who
underwent neonatal balloon pulmonary valvuloplasty and/or
surgical intervention, 20% (n ! 1) in the 5 patients in whom
the TV was oversewn, and 16% (n ! 1) in the 6 patients
supported on extracorporeal membrane oxygenation.

Because a segment of the live-born cohort had distinctly
mild disease (i.e., mild or no TR, minor RA or cardiac
enlargement, and normal anterograde flow across the pul-
monary valve), subgroup analysis was performed on pa-

Table 2
Predictors of neonatal outcome among 49 live-born patients with
Ebstein’s malformation or TV dysplasia

Variable Deaths Survivors p Value
(n ! 14) (n ! 35)

Demographic variables
Diagnosis

Prenatal 9 (64%) 7 (20%) 0.003
Postnatal 5 (36%) 28 (80%)

Yr of diagnosis
1984–1996 10 (71%) 19 (54%) 0.27
1997–2004 4 (29%) 16 (46%)

Weight at first neonatal
echocardiogram (kg)

2.7 " 0.4 3.3 " 0.6 0.006

Anatomic/physiologic
variables

RA area index 1.34 " 0.43 0.74 " 0.24 #0.001
RA area index

$1 12 (86%) 3 (9%) #0.001
#1 2 (14%) 32 (91%)

RA area index
$0.75 14 (100%) 15 (43%) #0.001
#0.75 0 (0%) 20 (57%)

Severe TR (grade 4)
Present 13 (93%) 8 (23%) #0.001
Absent 1 (7%) 27 (77%)

TV Z score 3.7 " 1.9 2.3 " 1.6 0.04
TV Z score

$3 11 (79%) 8 (23%) #0.001
#3 3 (21%) 27 (77%)

Anterograde flow across
the pulmonary valve
Present 1 (7%) 27 (77%) #0.001
Absent 13 (93%) 8 (23%)

Pulmonary regurgitation
Present 3 (21%) 10 (28%) 0.45
Absent 11 (79%) 25 (62%)

Neonatal supraventricular/
ventricular tachycardia
Present 1 (7%) 5 (14%) 0.66
Absent 13 (93%) 30 (86%)
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tients with more severe disease to determine if factors as-
sociated with poor outcome in patients at the severe end of
the disease spectrum could be determined, without the po-
tentially biasing effect of including mild patients in the
analysis. To that end, analysis was conducted of indepen-
dent factors associated with neonatal mortality in patients
with moderate or severe TR and RA area indexes $0.5 (n !
31). In this cohort, early mortality (n ! 13) was associated
with a larger RA area index (1.39 " 0.41 vs 0.89 " 0.37, p
! 0.002) and prenatal diagnosis (9 of 13 deaths [69%] vs 3
of 18 survivors [17%], p ! 0.004). Early mortality in this
subgroup was 53% (9 of 17) from 1984 to 1996 and 29% (4
of 14) from 1997 to 2004 (p ! 0.09).

In the 35 patients surviving to hospital discharge, a
median cross-sectional follow-up of 6.3 years (range 0.6 to
20) was available in 33. There were 2 deaths during follow-
up, at 3 and 4 months of age, 1 after reoperation for TV
annuloplasty and RV outflow tract revision and 1 of un-
known cause. Ten patients underwent some form of cardio-
vascular intervention during follow-up, including TV val-
vuloplasty or annuloplasty in 6, atrial septal defect closure
in 4, intervention of the RV outflow tract in 3, the ablation
of supraventricular or ventricular tachycardia in 3, RA re-
duction in 2, and TV replacement in 1. All surviving pa-
tients had functionally biventricular circulation, and 23 had
never undergone interventional catheterization or cardiac
surgery. Nine of the surviving patients were or had been
treated at some point for supraventricular (n ! 8) or ven-
tricular (n ! 1) tachycardia.

• • •
Although outcomes among fetuses and neonates with con-
genital anomalies of the TV have improved in our more
recent experience, survival in patients at the severe end of
the spectrum remains poor. Of 33 fetuses with Ebstein’s
malformation or TV dysplasia in our series, survival beyond
1 month of age was approximately 20%, which is no dif-
ferent from that reported over a decade ago by Sharland et
al1 and Hornberger et al.2 Fetuses with severe TR due to
Ebstein’s malformation or TV dysplasia often develop hy-
drops (33% in this series), and there is a relatively high rate
of spontaneous fetal demise. When such fetuses survive to
birth, they are often compromised due to a combination of
low cardiac output (systemic and pulmonary), systemic ve-
nous hypertension, and pulmonary hypoplasia, and mortal-
ity is high despite aggressive neonatal medical and surgical
care. More than half of the fetuses in our series (n ! 17)
died in utero spontaneously or by the elective termination of
the pregnancy. All of these patients had echocardiographi-
cally severe disease, with cardiomegaly, RA enlargement,
and severe TR.

Of the 16 fetuses surviving to birth, only 7 survived
beyond 30 days of age, 4 of whom had mild disease, with
minimal cardiomegaly, mild or no TR, and normal antero-
grade pulmonary blood flow. Thus, of 29 fetuses with se-
vere disease, only 3 survived beyond the neonatal period.

However, of 9 patients surviving to birth after prenatal
diagnosis since 1996, 6 survived, which is a significant
improvement over our experience before 1996.

Consistent with the existing published research, out-
comes in neonates with Ebstein’s malformation in our series
(including live-born fetal diagnoses) were not as dismal as
in patients diagnosed in utero. This is not surprising, insofar
as mild Ebstein’s malformation is diagnosed in the neonatal
period (usually on the basis of cyanosis) much more often
than it is diagnosed in utero. For example, of 49 neonates
with Ebstein’s malformation in our series, including the 16
survivors after fetal diagnosis, 18 had only mild TR. Thus,
18 of 33 neonates diagnosed postnatally had mild disease,
which is generally a benign condition. Of the 31 neonates
with moderate or severe disease, 18 had the absence of
anterograde pulmonary blood flow, 17 had RA area indexes
$1, and 21 had severe TR. Only 4 patients with $1 of these
conditions survived to hospital discharge and beyond the
neonatal period. However, there has been a trend toward
improved survival in our recent experience in the subset of
neonates with the most severe disease as well.

Although survival has improved in recent years, and
several small surgical series have reported encouraging re-
sults,11,12 outcomes in patients with severe congenital TV
anomalies remain poor despite aggressive management
strategies that include pre- and postoperative mechanical
circulatory support, inhaled nitric oxide to distinguish be-
tween anatomic and functional pulmonary atresia,10 and
surgical strategies such as right-sided cardiac exclusion by
creating functional tricuspid atresia.11 To improve outcomes
in such patients, novel approaches to management may be
indicated. Because the most severe patients are often iden-
tified prenatally, and the pathophysiologic derangements
can progress over the course of gestation, with increased
duration of severe TR and RA enlargement and hyperten-
sion leading to pulmonary hypoplasia (without clear pulmo-
nary vascular disease13) and fetal hydrops, 1 focal point of
innovative management strategies should be altering the in
utero natural history of these conditions. Frequent follow-up
fetal echocardiograms should be performed to assess for
progression of disease, particularly the development of hy-
drops. One means of preempting the transition to a decom-
pensated state in third-trimester fetuses might be the admin-
istration of corticosteroids to ensure fetal pneumocyte
maturity, followed by elective delivery in the middle of the
third trimester. Postnatally, early mechanical circulatory
and ventilatory support may allow the removal of the he-
modynamic burdens affecting the newborn, the expansion
and recovery of compressed lungs, and the correction of
fluid and metabolic derangements. Requisite for the proper
triage of patients for such interventions is the ability to identify
those likely to benefit most. In live-born patients with severe
disease in our series, fetal diagnosis was strongly associated
with poor outcome, as were a RA area index $1 and the
absence of anterograde flow across the pulmonary valve.
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