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Outcome in Neonates With Ebstein’s Anomaly
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The presentation and nufcome of 30 patiests with mesiatal
Ebstein’s aiimialy scen from 1961 10 1990 were veviewed, The
majority (88%) presented in the 1t 3 days of life; cyanosis (30%)
was the most common presenting feature. Associated defects,
present in 27 infonts (54%), included pulmonary stenosis in 11
and atresia in 7. Nine patients (18%) died in the neonatal period:
there were 15 late deaths (due to hemodynamic deterioration in 9,
sudden death in 5 and a noncardiac cause in 1) at a mean age of
4.5 years (range 4 months to 19 years). Actvarial surviva® at 10
years was 61%.

A new echocardiographic grade (1 to 4 in order of inrreasing
severity of the defect) was devised with use of the ratio of the area
of the right atrium and atrialized right ventricle to the area of the

1 tional right veniricle and [eft heart chambers. Cardiec death
occrnTed in 6 of 4 infants with grade 1, 1 (10%) of 18 with grade
2, 4{34%) of 9 with grade 3and 5 (108%) of Swith grade 4. In &
muitivariate analysis of clinical and investipstional features at
presentation. echocardiographic grade of severity was the hest
independent predictor of death.

Necnates with Ebstein’s anomaly bave a high zarly mortality
rate and these surviving the Ist meath of life remain ar kigh risk
of late hemodynamic deterioration or sudden death. Fchocardio-
graphic grading of severity of the defect permits progmostic
stratification.

{J Am Coll Cardisl 1392;19:1041-6)

Ebstein’s anomaly has an extremely variable nalural history
depending on the degree of displacement of the proximal
attachments of the tricuspid valve leaflets from the atrioven-
tricular (AV) ring, which may range from mild 10 severe
(1-3). If the deformity of the tricuspid valve is severe,
profound congestive heart failure may be present in the
neonatal period or may cven causc intravterine death (4). At
the other end of the spectrum, patients with a mild degres of
tricuspid displacement may remain asymptomatic until late
adult kife (5).

Early natural history studies, in which delection was
based on clinical or angiographic diagnasis, or both, have
included mainly older children and adults (6-9). These have
an inevitable bias toward factors that favor survival. la a
multicenter study (6) of 503 patients, only 35 {7%5) were <t
year old at diagnosis. The largest single center review (B)
included only 20 of 67 patients (309%) <4 years old at
admission (8). In the last decade, two-dimensional echocar-
diography has facilitated detection of this abnormality in

neonates and infants (10,11) and even in prenatal Ufe (12,13)
5o that the natural history of Ebstein’s anomaly scen in the
neonatal period can now be defined.

‘We have therefore reviewed the data of 50 patients with
Ebstein’s anomaly diagnosed in the neoratal period. defining
their clinical prosentation and outcome. Wt zimed fo docu-
ment the early and |ate survival pattern of neonates with this
condition and to identify clinical factors and objective mea-
sures of severity of the defect that might he usefut For
prognostic stratification.

Methods
Study patients. We reviewed the medical records, chest
5 I & (ECGs), echocardi

and operative and autopsy reports of 30 consecutive neo-
nates presenting with Ebstein’s anomaly of the tricuspid
valve between 1951 and 1990 (diagnosed by amgiocardio-
graphy or two-dimensional echocardiography, or both, dur-
ing the 1st month of Life).

Ebstein’s anomaly was defined as any degree of inferior
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dispt: t of the p | of the tricuspid
valve leaflets from the AV valve ring (3). Infants with
Ebstein's anomaly of the systemic AV valve with congeni-
tally corrected transposition of the great arteries were ex-
¢luded. Early mortality is defined as death within the Ist
month of life and late mortality as death thereafter.
Echocardiographic groding. We devised an echocardio-
graphic grading for severity of Ebstein's anomaly by calcu-
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Figure 1. Schematic r of a four-chamber echocardio-
graphic view of the heart at end-diastolc with the rativ used for
grading the severity of Ebstein’s anomaly (see text). aRV = atrial-
ized portion of the right ventricle: LA = left atrium: LV = [eft
ventricle; RA = right atrium; RV = right ventricle.

lating the ratio of the combined area of the right atrium and
atrialized right ventricle o that of the combined area of the
functional right ventricle, left atrium and left ventricle in a
four-chamber view at end-diastole (Fig. 1). The ratio was
used to define four grades of increasing severity: grade I,
ratie <0.5; grade 2, 0.5 to 0.99; grade 3, | to 1.49; and grade
4, =1.5. This grode was entered as ene variable into the
multivariate analysis of outcome.

Survival and risk factor amalysis, Survival was estimated
with usc of the Kaplan-Meier method. A Cox rearession
model was used to estimate relative risks associated with
factors measurable ar presentation (presence or absence of
associated defects, cardiothoracic ratio on chest radiogra-
phy, presence of pre-excitation on the ECG and echocardio-
graphic grade) in both a univariatc and a multivariate anal-
ysis (14). Statistical significance was inferred al a p value
<0.05.

In the relative risk analysis, echocardiographic grade was
considered first as an unordered variable taken on three
levels (grades 1 and 2 were combined because the lack of any
deaths in grade 1 makes it impossible to estimate (he relative
risk associated with this grade). Grade was then considered
as a continuous variable, with a value of [ 1o 4, with the same
relative risk associatcd with each unil increase in grade. The
validity of considering eehocardiographic grade as a contin-
ucus variable was tested Ly examining the decrease in
predictive fit (that is, the change in the likelihood rativ
statistic) associated with this simplifying assumption.

Results

Presenting features, There were 22 boys and 28 girls, 6 of
whom presented in the (9605, 13 in the 1970s and 31 in the
1980s. Forty-four (88%) of the 50 patients were seen in the
Ist 3 days of life, usually with cyanosis (80%) (Table 1).
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Table 1. Presenting Feature of Ebstein's Anomaly in §0 Neonates

No.
Cyanosis 40
Heart failure 5
Murmur 2
Arrhvihmiz 2
Cardiuc screening™ 1

*Baby with Prader-Willi syndrome (thaught at birth 1o have trisomy-18).

Associated cardine defects (orher than patent foramen ovale
or atrial sepial defect) were present in 27 patients (54%) and
inclueded pulmonary stenosis in 11 and pulmenary atresia in
7 (Table 2).

Investigations. Chest radiography demonstrated cavdi-
omegaly in 49 {18%) of the 50 patients. In 3 of the 18 patients
whose films were available for review, the cardiuthoracic
ratio was >90% and all 3 of these patients died in the
neonatal period compared with 1 of 15 with a cardiothoracic
ratio <90%. The ECG showed evidence of right atrial
enlargement in all 50 patients and partial or complete right
bundle branch block in 24 (48%). Five patients (10%) had
evidence of pre-c onthe p ing ECG, Di i
was made by ¢ ional echacardi hy in 33 in-
fants (66%), including all those seen since 1980.

In 28 cases the neonatal echocardiogram was acceptable
Jor valculation of the grade of severity of the defect, Three of
four paticnts with grade 1 Ebstein's anomaly are alive at age
5 1o 9 years and one died of 2 noncardiac cause (hiliary
atresia). Nine of 10 patients with grade 2 are alive ot age 6
maonths to |6 years and | patient died suddenly and unex-
pectedly at age 4 months, Five of the nine patients with
grade 3 Ebstein's anomaly are alive at age 4 months to 9
years and four have died (one early, three late); all § with
grade 4 died at <18 months of age (Fig. 2, Table 3). All
survivors are in New York Hearl Association functional
class 1 or I1.

Cardiac catheterization was performed in 26 patients at
some stage: as the diagnostic procedure ia 17, to confirm
diagnosis in the early days of echocardiography in 4, for
complex associated defects in 4 and in 5 patients who

Table 2. Associated Cardjac Malformations in 50 Patients With
Neenatal Ebstein's Anomaly

No.
Patent faramen ovale or atria| septal defect oaly b
Pulmonary stenoxis 0
Pulmeonary atrusia, inlact ventrcular seplum 1
Right ventricular hypoplasia® 3
Yentricular septal defect 2
Pulmanary slenasis, coarctation of aoea 1
Coarctatian of aorta I
Auioventricular septal defect 1
Tetralogy of Fallot 1
|

Dysplastic mitrai valve

*Absence of trabecular portion of the right ventricle.
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Figure 2. Kaplan-Meicr survival analysis for 28 patients wha had
echocardiographic (Eche) grading of severity of Ebstzin’s anomaty.
Survival prabat refers to freedom from cardiac death.

develcped late hemecdynamic deterieration. Two patients
(8%) died during the procedure and nine others (35%) had
supraventricular er vamricular lachyarchythmia that caused
hemodynamic corapromise.

Surgery. Fightesn patients were operated on (Table 4):
the indicalions for surgery were persistenl severg cyanosis
with or without congestive cardiac failure in the neonatal
period (nine cascs) and hemodynamic deterioration or in-
creasing cyanosis leading to fuactionat class 111 or 1V
symptems in older children (nine cases). Of the 1B patients,
12 had palliative surgery for associated defects and 6 had
tricuspid valve surgery {repair with creation of a monocusp
valve in 4 and valve replacement in 2).

OF the 12 patients whe underwent a palliative operation
(at age 1 day to 6 years, median 8 days), 1 died in the
perioperative period and 2 children died late (1 suddenty and
1 from left ventricular failure, 6 months and $ years, respec-
tively. after the procedurel. Tricuspid valve surpery was
performed in six patients aged |4 days to 18 years. all of
whom had echocardiographically scvere Ebstzin’s anomaly
{grade 3 ar 4). Three of these were <2 yeurs old and died
perivperatively. Three older palients were zged 12, 142nd 1§
years; one died perioperativefy, one developed chronic atrial
flutter t year after aperation and died sudderly | year later
and one is alive and well.

Tabie 3. Echocardiographic Features in 28 Neonates With
Ebstein's Anamaly

Grade RA + aRV Ratio” No. of Patients Candiac Deaths
1 <0.5 4 g
2 250099 i H{F)
3 Tto 149 9 4{4F)
4 =15 5 51300% )

1See Methodds for explamation. T0ne peiient died of btliary atresia atage
8 manths but had no csndiac symploms g siyns of hean failure. All theee
survivors are asyrmtomalic, aRY = atriulized portion of the right ventricle;
RA = righl atrium.
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Table 4. Swsgery for Ebsizin's Anomaly in the Nzonatal Period

Qpzrtion No Oulcome

Acnopt munuTy shunt only & SN EDIN. LD
Pulmonury walvolomy saly M S
PulmoTary valvetomy. M 3

srtoptimanaey shunt
Repasr of e 1 s
Pulranan, 1 5

of coanctazon of soria

of ductus arteriosus.
I'ncusped valve repar ] PD L LD (D, Sy
Tricuepid valve replacement b4 D

ED = carly death: LI = late death ¢ 2% months postoperatively); PD =
nesioperative death: § = surviving.

Outcome

Acluarial survival at 1 year was 76% and at 10 years 6197
(Fig. 3.

Early deaths, Nine patienls (187%) died in the neouaial
period: six with heart failure. two with ventricular arthyth-
mia any vae ¥ tee time of tricuspid valve surgery. All nine
had morphologically <evere Ebstein’s anomaly with gross
right atrial dilation. as documented at autopsy (six cases) or
echucardivgraphy {Lhree cases). The six neonates who died
with heart failure were managed medically and did not
undergn surgery; the condition of five patients who pre-
sented between 1964 and 1979 was considered inoperable
and on¢ patient had sustained severe peripartum hypoxic
brain damage.

Late deaths. Late death occurred in 15 patients (309%) at
amean age of 4.5 years (median 2.5 years, range 4 months to
19 vears) as a result of hemedynamx deterioration in 9,
stdden death in 5 or a noncardiac cause {biliary atresia in |
who died at age & momths).

Nine deaths occurred in children whose neonatal cyano-
s1s resolved but whe later (at age 4 months to 18 ycars)
developed hemodvnamic problems with signs of increasing
cyunosis or congestive heast fuilure. or both. Of these. four
died al tke lime of attempted intracardiac repair, three were

Figure 3. Koplan-Meier survival analysis for 50 neomates with
Ebstein's anomaly. Survival probability refers to freedom from
cardiac death.
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& heanfalure Figure 4, Cutcome in 50 neonates with Ebsizin’s
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=
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treated medicaily but died and two died at cardiac catheter-
lzanon vae of these had evidence of severe lefi ventricular
dyshi d ted at ech Jiography or angiogra-
phy.

Five other deaths occurred suddenly: three in patients
aged 4 to 6 months without clinically cvident hemodynamic
problems, one in a 14-month old boy who had a cardiac
arrest on the day of hospital admission for worsening cyano-
sis and heart failure and one in 26 vear vld girl with chronic
atrial ﬁul.f.er wha dled suddenly 2 years after tricuspid vaive
surgery. Pre ion was not jated with late death;
four of the five patients with pre-cxcitation are alive and well
(the other died at the time of trivuspid valve replacement).

Survivors. The 26 survivors have been followed up for a
mean of 8 = 1.5 years (range 8 months 10 20 years).
Twenty-three of the 26 were last seen in the last 12 months
and all were seen within the last 3 years. Fourteen survivors
are asymptomaric; 12 have developed late complicalions
with supraventricular tachycardia requiting medical therapy

in 4 and moderate fanctional impairment (class 1I) in 8 (Fig,
4). Of the four surviving patients with ECG evidence of
pre-excitation, twe have had episodes of palpitation requir-
ing treatment and twa have remained asymptomatic.

Risk Fuactor Identijication

Cardiothoracic ralio on chest radiography, presence of
pr jon by ECG, echocardi phic index, p i
features and presence of associated defects were analyzed as
possible prediclors for cardiac death (Table 5). Cardiotho-
yaci¢ ratio =90%, presence of assoctated cardiac defects and
echocardiographic grade of severity were significantly asso-
ciated with death in & univariate analysis model.

Multivariate anadysis. A multivariate analysis of present-
ing features as risk factors for cardiac death was performed
in 2B cases with echocardiographic severity grading. The
chest radiograph variable was not used in the madel because
all three patients with 2 cardiothoracic ratio 290% also had

Talde 5. Risk Factor Identification for 27 Neonates With Ebslein’s Anomaly

Univariate

Multivariate’ Mullivariate?

Faclor and Category Alive  Dead* Relative Risk Relative Risk Relative Risk
Cardiothoracie ratio
<% i1 1 1
=90% 0 3 7.4 (1.6, 13.6)
Associated defects
o 15 9 +
Yes M 13 2310, 54 3040 2.1 1909, I
Echoeardiographic grade
1 3 L] 1 53009, 15.0) for
cach grade
increase
2 9 ! +
3 5 4 1807, 20.6) 3.140.5,17.2)
4 L} 3 16.1(2.9. 38.5) 28.3(4.1, 195.7)
Likelihood ratio statistic 16.60n 3 df 16.2 on 2 df

*Death from cardiac cause, MRclative risks are the praportienale increases in risk of dying iefalive (o sascline
categories. 95% confidence inteivals are in paremheses after each refative risk, Echocardiographic srades t and 2
were combined us the bascline calegory because the lack of any deaths in grade 1 mude it impossible to estimate the
relative risk associated with this grade, MuRivariate' treats echocardiographic grade as an unordered variable and
multivariate? treats it as a continuous variable. The small change in likelihoad ralia statislic supports the validity of

this approach. df = degrees of freedom.
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echacardiographic grade 4. The presence of associated de-
fects had a relative risk of 5.0, echocardiographic grade 3
icompared with grades 1 and 2) a relative risk of 3.1, and
grade & a relative iisk of 28.3. Fiuting echocardiographic
grade as a continuous variable, adjusting for the presence of
associated defects, gave an eslimated relative risk of 3.34 for
cach increasc in grade. (The change in the likelihood ratio
statistic by treating ech diographic grade as a
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death for grades 1 and 2 compared with 100% for grade 4 in
our series. Multivariate analysis confirmed echecardio-
graphic grade of severity as the best independent predictor
of moruality; the only other predictor of death was the
presence of associaled cardiac defects.

Late morbidity aad mortabty. There was a surprisingly
high tare hazard for marhidity and mortality. Five neonates

variable was only 0.4 for the extra degree of freedom in the
utordered madel: statistically rhis finding strangly supports
the validity of treating iliis variable this way).

Discussion

Natural history. With 1he advent of two-dimensional
echocardiograpby, Ebstein’s anomaly is diagnosed more
frequently in early life, so that the natural history must now
be redefined. Our findings indicate 1hat neonates with this
anomaly have both a high early mortality rate and o signifi-
cant conlinuing risk of late morbidity or death. These
observations contrast with the findings of the only previous
report (4), in which 3 of 1t neomates died early but those
surviving to 3 manths of age had a goad long-term puicorme,

Early death in our series occurred in children with
marphologically severe disease and most of these deaths
were due to heaﬂ fallure Intrauterine cardiomegaly with
conseq v hypoplasia may have been a contrib-
uting factar toihe poor auicame in these cases {13). The Jate
and continuing hazard for morbidity and mortality was due
1o the occurrencs of hemodynamic deterioration or sudden
death,

Rale of echocardiographic prading i in defiing pmgnusn&

whose sy T resolved i the Tst month of Tife Jater
died suddenly, These deaths were not predicted by the
presence of pre-excitation and only one of the five infants
had any arr‘iythmia éscumented previously. More detailed
electrophysiologic monitoring may therefore be indicated in
paticnts with Ebstein's anomaly, although this approach has
proved disappointing for identifying patients with other
congenital heart defects at high mk of suddcn dealh (l6 .
The other major late pli was hemody de-
terioration, with efther increasing cyanosis or congestive
heart failure, or both. In particular, the presence of late heart
failure and severe left venixicular dysfunction presaged a
poor outcome;, all five patients in whom this occarred died.
The association between Ebstein’s anomaly and left veniric-
ular abnormatities has been noted previously (18-20).
Left ventricalar dysfunctien. The cause of l6fl ventagular
dysfunction in Ebstzin’s anomaly is uaclear. It has teen
latex that chronic is or chronic right ventricular
dllauon and sepial abnormalities may be responsible (21),
but we were unable to identify any prescnung features
d with the develop of this compl How-
ever, MICTOSCOpic examination of six of the left ventricles of
the neonates who died in the Lst month of life showed
markedly increased fibrous rissue content compared with
that in a control group, suggesting that damage to the left

The natoral history of Ebstein’s ly has been ot
by the lack of a system for classifying severity of the [esion.
We have therefore classified Ebstein’s anomaly into four
grades based on an easily measurable echocardingraphic
retio: that of the ares of the right atrium and atrialized right
veniricle compared with the area of the night ventricle, lefl
atrium and left ventricle, measured in a four-chamber apical
or subcostal view, at end-diastole. This ratio reflects nott
the anatomic tricuspid valve displacement {the greater the
displacement, the larger the area of the atrialized right
ventricle) and the physiologic consequences of tricuspid
valve stenosis oF regurgitatian, or bath (the more severe the
lesion, the larger 1he area of the right atrium). Echocardio-
graphic features of severe Ebstein's anomaly in the fetus and
neonate have been defined by Roberson and Silverman (4):
giant right atcfum, distal tethering of the auterior tricuspid
valve leaflet, left ventricular compression by the dilated right
heart and '‘right ventricular dysplasia.” Not surprisingly,
these features coexis‘ed in many of their patients. The distal
attachments of the tricuspid valve and features of right
ventricular dysplasia may be difficult to assess.

In contrast, our single echocardiographic measure is
simple to perform even in the fetal heart and gives important
prognostic information, with a 7% incidence rate of cardiac

le may occur very carly {22).

Treatment, Many nconates with Ebstein’s anomaly im-
prove spontaneocusly with appropriate medical managemem.
Thase who have persistent severe cyanosis or heart failure
have eilher assotiated cardiac defects or severe Ebstein’s
anomaly, or both, Palliastive surgery for the associated
defects can he performed with good results al a risk sumlar
to that of palliative p in other
heart lesions (23},

Treatment is more difficult in those with edrly clinical
deterioration due to severe (echocardiographic grade 3 or 4)
disease. [nour series young children with Ebstein’s anomaly
who required tncuspud valve surgcry had a very poor ont-
come. New ired for this age
group including n.ansmem!mn of heart lmnsplamalmn for
those with severe sy in early life. Ei ging early
results were recenily reported {24) for conservative surgical
treatment consisting of tricuspid vaive closere and creation
of an aortopulmonary shemt with a view to an eventual
Fontan procedure. In older children, tricuspid valve repair
(25,26) or replaccmest (27} can be performed at a much
lower risk.

Conclusions. Mamagement of neanates with Ebstein's
anomaly may therefore e baced on the knowledge of
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echocardiographic grade and the presence or absence of
associated defects. Most neonates with grade 1 or 2 disease
and no associzted defect will survive the meonatal period
with supportive treatment only and have » 2ood prognosis;
those with associated defects may require surgery for these
and may also expect a good cutcome. Neunaies with grade 3
or 4 disease have a much worse outlook; many die in early
life, and tricuspid valve surgery may not alter the poor
prognosis. Those who dn survive the 1st month of life must
have careful elinical follow-up, with pasticular attention to
Ieft ventricular function and cardiac rhythm.

We thank Melissa Fulford-Kirby for ¢xpert secratarial assistance,
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