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Impact of prenatal haemodynamic and functional abnormalities
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Abstract Predicting outcomes of foetuses with Ebstein’s anomaly and tricuspid valve dysplasia continues to
be challenging. Limited data exist on the prognostic significance of prenatal haemodynamic and functional
parameters in this population. Our aim was to investigate the prognostic significance of haemodynamic and
ventricular functional parameters in addition to associated morphometric parameters in patients with Ebstein’s
anomaly. We reviewed medical records of foetuses with Ebstein’s anomaly and tricuspid valve dysplasia at All
Children’s Hospital Johns Hopkins Medicine and Johns Hopkins University between 2005 and 2012. The main
outcome was survival past 30 days from birth; participants who died in utero or < 30 days after birth were
considered non-survivors. There were 13 survivors and seven non-survivors. We found that participants with
abnormal right ventricular function predicted by low tricuspid regurgitation velocity (<2.3 m/second)
(p= 0.012) and low estimated right ventricular pressure (<24 mmHg) (p= 0.029), a low (<7) cardiovascular
profile score (p= 0.029) and high (>0.53) cardiothoracic ratio (p= 0.008) at the first foetal echocardiogram were
less likely to survive. In addition, participants with a fossa ovalis/atrial septal length ratio < 0.36 at the last foetal
echocardiogram (p= 0.051) were more likely to die, albeit of borderline statistical significance. Low tricuspid
regurgitation velocity and low right ventricular estimated pressure, or a low cardiovascular profile score could
be potential prognostic factors for Ebstein’s anomaly and tricuspid valve dysplasia. However, future larger
prospective studies are needed to confirm these initial findings.
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EBSTEIN’S ANOMALY AND TRICUSPID VALVE DYSPLASIA

affects 1 in 20,000 live births and makes up
0.5% of congenital cardiac disease.1,2 The

outcome is poor in a proportion of foetuses affected
with Ebstein’s anomaly, especially once congestive
heart failure develops, resulting in 48% of prenatal

mortality3 and total perinatal mortality of 87.5%.4 In
addition, Ebstein’s anomaly and tricuspid valve
dysplasia are associated with serious morbidity
including: lower birth weight, prematurity, and the
need for more intensive medical therapy.5

Predicting the outcomes of foetuses with Ebstein’s
anomaly and tricuspid valve dysplasia continues to be
challenging. Morphometric parameters have been the
focus of analysis in the past, with several studies
demonstrating conflicting results. Cardiomegaly, the
right atrial area index, and the absence of prograde
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flow across the pulmonary outflow appeared to be
helpful predictors;6 however, the same factors did not
correlate with mortality and were not found to be good
predictors in other studies.7,8 Subsequently, some of
these morphometric factors were combined in the
Simpson Andrews Sharland score and this was eval-
uated together with the presence of retrograde ductal
flow, which appeared to have good discrimination for
survival.7,9 It has also been postulated that the size of
the fossa ovalis may correlate with survival and the left
ventricular output.4,10

Abnormalities of left ventricular systolic function in
foetuses with Ebstein’s anomaly and tricuspid valve
dysplasia have been evaluated only in a few studies. The
left ventricular myocardial performance index has been
assessed previously with conflicting results,3,8 and the
left ventricular eccentricity index appeared to correlate
with survival in a study by Ishii.11 At present, no studies
have looked at the prognostic significance of prenatal
right ventricular function or haemodynamic parameters.
Previous studies have focused mostly on morphometric
parameters and less on the impact of functional and
haemodynamic abnormalities in this population. In this
study, we evaluated functional and haemodynamic
parameters in addition to morphometric data as poten-
tial prognostic factors for foetuses with Ebstein’s anom-
aly and tricuspid valve dysplasia. We also looked to
further evaluate the size of the interatrial communication
as a predictor for survival in this population. As a subset
of our cohort was treated with transplacental digoxin, we
also evaluated their outcomes.

Methods

This study is a retrospective review of prenatal and
postnatal demographic, clinical, and echocardiographic
data on a cohort of 21 foetuses diagnosed with Ebstein’s
anomaly at All Children’s Hospital Systems and Johns
Hopkins Medicine between 1 January, 2005 and 30
September, 2012. Patients were identified via review of
the foetal echocardiogram logs, electronic echocardio-
graphy storage system database (Syngo dynamics),
and/or billing records of foetal echocardiograms for
diagnoses of Ebstein’s anomaly or tricuspid valve
dysplasia. Foetuses receiving transplacental therapy
for heart failure with digoxin were included.
We collected maternal demographic and pregnancy-

related data including: the presence of intrauterine
growth retardation; maternal diabetes; maternal med-
ications; the presence of brain sparing circulation;
delivery mode and the indication for early delivery,
if applicable; data on foetal structural cardiac and
associated non-cardiac defects; and genetic data from
the medical records. We also extracted data on the
main outcome variables; survival, after 30 days of birth;
and response to transplacental digoxin therapy.

All foetal echocardiograms were reviewed, and
data collection focused on the first and last foetal
echocardiogram, and when important clinical chan-
ges were noted. The first postnatal echocardiogram
after birth and those after cardiovascular surgery were
reviewed. In addition to the collection of original
echocardiographic measurements, the study team
performed remeasurements of select parameters and
new measurements while blinded to previous results
and patient outcomes.
Haemodynamic parameters included the estimated

right ventricular pressure calculated from the peak
velocity of the tricuspid valve regurgitant jet, using the
Bernoulli’s Principle: 4×V (Fig 1); the umbilical
artery pulsatility and resistance indices; the middle
cerebral artery pulsatility and resistance indices; the
cerebroplacental ratio – ratio of middle cerebral artery
pulsatility index/umbilical artery pulsatility index;
and the cardiovascular profile score. Haemodynamic
abnormalities included in the cardiovascular profile score
are: the presence of hydrops, venous and arterial Doppler
abnormalities, Doppler findings consistent with systolic
and diastolic dysfunction, and cardiomegaly.
Functional parameters included the presence of

antegrade versus retrograde ductal blood flow; the
degree and velocity of tricuspid regurgitation; aortic
peak velocity; qualitative right and left ventricular
function, that is, normal, mildly depressed, or severely
depressed; left ventricular shortening fraction, measured
by M-mode when available; right and left myocardial
performance indices (myocardial performance index=
A –B/B, where A= time interval from AV closure to
AV opening, and B= ejection time); and the systolic/
diastolic ratio, where S (systolic) time included the
duration of the tricuspid regurgitation jet, and D (dia-
stolic) time included the interval from the end of the
tricuspid regurgitant jet to the onset of the subsequent
tricuspid regurgitant jet.
Morphometric measurements included the cardi-

othoracic ratio (area-based method), the Celermajer
index of severity, which is a ratio of the sum of areas of
the right atrium and any atrialised portion of the
right ventricle to the combined area of the functional
right ventricle and left side of the heart, the fossa
ovalis to atrial septum length ratio defined as the
maximal length of the septum primum divided
by the left atrial diameter in the four-chamber view
(Fig 2), and the atrial septum excursion ratio defined
as the ratio of the fossa ovalis diameter divided by the
length of the atrial septum in the four-chamber view.
The following parameters were remeasured by

members of the study team experienced in foetal
echocardiography and blinded to previous results: the
ductal blood flow, flow across the right ventricular
outflow tract, the tricuspid regurgitation velocity,
the degree of pulmonary regurgitation, the estimated
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right ventricular pressure, the left and right Tei indices,
the cardiovascular profile score, the aortic peak velocity,
the cardiothoracic ratio, and the umbilical artery and
middle cerebral artery pulsatility and resistance indices.
Agreement of measurements between team members
were determined with intraclass correlation coefficient
and ranged from 0.49, for the first foetal echo for the
Celermajer index, to 0.98, for the last foetal echo esti-
mated right ventricular pressure. New measurements
were also taken by these members of the study team,
including: the atrial septum excursion ratio, fossa
ovalis/atrial septal length ratio, the systolic/diastolic
ratio, and the cerebroplacental ratio. Postnatal factors
included: the gestational age and weight at birth,
APGAR scores, prostaglandins administration,
mechanical ventilation, chromosomal anomalies and

other birth defects, cardiovascular procedures or
surgeries needed, age at intrauterine foetal demise,
and postnatal age of death. Postnatal echocardio-
graphy parameters included: measurements of the
right and left ventricular function, postnatal short-
ening fraction and ejection fraction, and the presence
of foramen oval versus atrial septal defect. This
study was approved by the All Children’s Hospital
Institutional Review Board.

Statistical analysis
Discrete variables were summarised using counts and
percentages and numeric variables were summarised
using mean (standard deviation, SD) or median
(range). Participants who survived 30 days after birth
were considered as survivors, and those who died
intrauterine or < 30 days after birth were considered
as non-survivors. Discrete variables were compared
between survivors and non-survivors using χ2 analy-
sis or Fisher’s exact test, as appropriate. Continuous
variables were compared between groups using t-test
or the Mann–Whitney U-test. All analyses were
performed using SAS version 9.3, and a p-value
< 0.05 was considered statistically significant.

Results

The clinical and demographic characteristics are shown
in Table 1. A total of 17 foetuses with Ebstein’s
anomaly and four with tricuspid valve dysplasia were
included in the study. We excluded one case of
Ebstein’s anomaly because the cause of death was not
related to congenital heart disease. Of the 20 remaining

Figure 1.
Example of measurement of tricuspid regurgitation (TR) velocity and estimation of right ventricular (RV) pressure in foetus with Ebstein’s
anomaly and severe tricuspid regurgitation.

Figure 2.
The fossa ovalis (FO)/atrial septal length ratio is obtained by
dividing the fossa ovalis diameter by the length of the atrial septum
during systole in the four-chamber view. LA= left atrium;
LV= left ventricle; RA= right atrium; RV= right ventricle.
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participants, 13 (65%) survived to 30 days after birth
and seven (35%) did not survive. Of those who did not
survive, four foetuses died spontaneously in utero
and three died postnatally. The mean birth weight of
survivors (2932.2 g, SD= 823.9) was higher than that
of non-survivors (2192 g, SD= 696.5). The mean
gestational age at birth (37.9 weeks, SD= 1.6) was
higher for survivors than for non-survivors (29.0 weeks,
SD=6.7). The mean gestational age at diagnosis for
non-survivors (25.9 weeks, SD= 4.5) was earlier than
for survivors (28 weeks, SD=6.3). The majority of
foetuses had normal weight for gestational age with
only two having intrauterine growth restriction.
Hydrops was less severe in survivors than in non-
survivors. The non-survivors were more likely to have
hydrops that involved two or three sites, such as
pericardial effusion, pleural effusion, skin oedema,
and/or ascites, in the first foetal echocardiogram. Of the
non-survivors, 43% were treated with transplacental
medication (digoxin), compared with 23% of survivors.
Chromosomal abnormalities were documented in four
patients, including one diagnosed with Trisomy 21. At
birth, the median APGAR scores at 1 minute was

higher for survivors (eight) than for non-survivors (6.5),
but there was no difference between the two groups for
APGAR scores at 5 minutes. The non-survivors were
more likely to have a postnatal heart to chest ratio
> 80% in the chest x-ray at birth.
The results for morphometric, functional, and hae-

modynamic parameters are presented in Table 2. For
haemodynamic parameters, we observed a statistical
significant difference (p= 0.012) between survivors
(3.06, SD= 0.51) and non-survivors (2.35, SD=0.56)
for the mean tricuspid valve regurgitation velocity at
the first foetal echocardiogram. As expected, based on
the results of the tricuspid regurgitation velocity, the
estimated mean right ventricular pressure was higher
(p=0.029) at the first foetal echocardiogram for
survivors (38.42, SD=13.06) than for non-survivors
(24.00, SD= 11.97). In addition, there was a statistical
significant difference (p=0.022) for the median car-
diovascular profile score at the first foetal echocardio-
gram between survivors (eight, range six to nine) and
non-survivors (five, range three to eight).
For functional parameters, we observed the left

ventricular myocardial performance index at the first

Table 1. Cohort characteristics.

Survivors Non-survivors

n Findings n Findings

Mean gestational age at birth (weeks) 13 37.9± 1.6 4 29.0± 6.7
EGA at IUFD
20–30 weeks 0 0 2 50
> 30 weeks 0 0 2 50

Mean birth weight (grams) 13 2932.2± 823.9 2 2192.5± 696.5
First foetal echo
No hydrops 12 92.3% 1 14.3%
Hydrops – one site 1 7.7% 3 42.9%
Hydrops – two sites 0 0.0% 2 28.6%
Hydrops – three sites 0 0.0% 1 14.3%

Last foetal echo
No hydrops 3 37.5% 0 0.0%
Hydrops – one site 5 62.5% 2 66.7%
Hydrops – two sites 0 0.0% 1 33.3%

Transplacental medication
No treatment 10 76.9% 4 57.1%
Digoxin 3 23.1% 3 42.9%

Chromosomes
Normal 7 53.9% 1 25.0%
Trisomy 21 4 30.8% 0 0.0%
Not tested 2 15.4% 3 75.0%

Median APGAR [1 min (range)] 12 8 (1-9) 2 6.5 (5-8)
Median APGAR [5 min (range)] 12 8 (4-9) 2 8 (7-9)
Postnatal heart to chest ratio

< 50% 1 8.3% 1 33.3%
50–80% 7 58.3% 0 0.0%
> 80% 4 33.3% 2 66.7%

Days on mechanical ventilation 11 7 (0–100) 2 12.5 (2–23)
Days on prostaglandin E 11 7 (0–34) 2 11.5 (0–23)

EGA= estimated gestational age; IUFD= intrauterine foetal demise
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foetal echocardiogram showed borderline statistical
significant difference (p= 0.06) between survivors
(0.28, SD= 0.06) and non-survivors (0.35, SD=
0.02). With regard to the right ventricular function,
the proportion of depressed function in non-survivors
was higher (57%) than that in survivors (7.7%) at the
first foetal echocardiogram (p= 0.031).
For the morphometric parameters, we observed a

statistical significant difference (p= 0.008) in the mean
cardiothoracic ratio between survivors (40.31, SD=
7.49) and non-survivors (53.14, SD= 12.01). The
mean fossa ovalis/atrial septal length ratio at the last
foetal echo showed a borderline statistical significant
difference (p= 0.05) between survivors (0.47, SD=
0.12) and non-survivors (0.33, SD=0.08).
The atrial septum excursion ratio, Celermajer index,

middle cerebral artery pulsatility index, cerebroplacental
ratio, ductal flow patterns, right ventricular myocardial

performance index, left ventricular fractional shortening,
and the systolic-to-diastolic ratio did not show statistical
significant difference between survivors and non-
survivors in our population.
Among the small number (n= 7) of patients trea-

ted with digoxin, there was no difference between
survivors and non-survivors when we compared the
cardiovascular profile score, Celermajer index, and
cardiothoracic ratio (Fig 3).

Discussion

In this study, we evaluated haemodynamic, func-
tional, and morphometric parameters as potential
prognostic factors for Ebstein’s anomaly and tricuspid
valve dysplasia in a cohort of 21 foetuses that inclu-
ded a wide spectrum of tricuspid valve defects. We
also evaluated the effects of transplacental therapy

Table 2. Factors associated with survival.

Survived (n= 13) Died (n= 7)

Parameters n Mean SD n Mean SD p-value

CT ratio
First foetal echo 13 40.31 7.49 7 53.14 12.01 0.008
Last foetal echo 9 52.56 8.88 3 45.67 5.69 0.24

FO/ASL ratio
First foetal echo 12 0.40 0.08 7 0.36 0.07 0.39
Last foetal echo 9 0.47 0.12 4 0.33 0.08 0.05

LV Tei
First foetal echo 11 0.28 0.06 4 0.35 0.02 0.06
Last foetal echo 8 0.32 0.14 1 0.27 na na

MCA pulsatility
First foetal echo 7.00 2.12 0.66 5.00 1.89 0.76 0.60
Last foetal echo 8.00 1.67 0.51 2.00 2.11 0.18 0.29

TR velocity
First foetal echo 12 3.06 0.51 7.00 2.35 0.56 0.012
Last foetal echo 8 3.27 0.84 4.00 2.81 0.72 0.38

RV pressure
First foetal echo 12 38.42 13.06 7 24.00 11.97 0.029
Last foetal echo 8 45.13 26.59 3 34.00 14.93 0.52

n Median Range n Median Range p-value

Celemejer index
First foetal echo 12 2.50 1–3 7 2 1–3 0.29
Last foetal echo 9 3.00 1–4 3 2 2–3 0.18

CVP score
First foetal echo 13 8 6–9 7 5 3–8 0.022
Last foetal echo 9 6 4–9 3 5 4–5 0.14

RV qualitative
First foetal echo 0.03
Normal 12 92.3% 3 42.9%
Depressed 1 7.7% 4 57.1%
Last foetal echo 1.00
Normal 6 66.7% 3 75.0%
Depressed 3 33.3% 1 25.0%

CT ratio= cardiothoracic ratio; CVP score= cardiovascular profile score; FO/ASL ratio= fossa ovalis/atrial septal length ratio; RV pressure= right
ventricular pressure; Tei index=myocardial performance index; TR velocity= tricuspid regurgitation velocity
Statistically significant p-values are in bold font; borderline statistically significant p-values are in italics
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with digoxin in the foetuses with advanced heart
failure. The most innovative part of the study was the
inclusion of haemodynamic and functional variables
in addition to morphometric variables.
For haemodynamic parameters, we observed lower

tricuspid regurgitant velocity with lower estimated
right ventricular pressure and lower cardiovascular
profile scores at the first foetal echocardiogram
for non-survivors as compared with survivors. Our
finding that the tricuspid regurgitation velocity was
lower in non-survivors at the first foetal echocardio-
gram, thus predicting lower generated right ventricular
pressure and ventricular dysfunction, is consistent with
the findings of Neves et al12 where lower right ven-
tricular pressure was found associated with risk of death.
In the study by Neves et al, the authors reviewed 28
foetuses with right heart defects and heart failure,
including four cases with Ebstein’s anomaly.
The cardiovascular profile score involves the

assessment of five categories of ultrasound markers:
hydrops, cardiomegaly, abnormal myocardial func-
tion, redistribution of cardiac output, and abnormal
venous Doppler measurements for the assessment
of heart failure. These abnormalities are usually
observed before the development of hydrops foetalis.
We found the cardiovascular profile score was lower
(<6) in non-survivors as compared with survivors.
Similar results were noted by Wieczorek et al.13 In
Wiecozorek’s study on 131 foetuses with several
types of congenital left and right heart disease, they
observed that foetuses with a score ⩽ 7 were more
likely to suffer mortality, but only three patients with
Ebstein’s anomaly were included. Similarly, Neves
et al12 in their study of right heart disease observed
that foetuses with a score ⩽ 6 were 3.7 more times

more likely to die. In the study by Neves, only
four foetuses with Ebstein’s anomaly were included.
A more recent study published while conducting
our research found that 2/16 survivors had higher
cardiovascular profile scores of 7 and 8 and the non-
survivors had lower scores of 5 or less.4

Assessment of right ventricular function in the
foetus with Ebstein’s anomaly may be challenging
secondary to geometrical changes of the ventricle and
atrialisation of the ventricular wall. For the functional
parameters, we observed qualitatively decreased right
ventricular function for non-survivors as compared
with survivors. Non-survivors also had a low tricuspid
regurgitation velocity. As the tricuspid valve function
is intimately associated with the right ventricular
function, the peak velocity of the tricuspid regurgitant
jet may be used to assess the pressure generated by the
right ventricle.14 With progressive right ventri-
cular dysfunction, the right ventricular pressure will
decrease. The right ventricular myocardial performance
index was available only in a few foetuses and could not
be analysed. On the other hand, the left ventricular
myocardial performance index was elevated at the first
foetal echo in non-survivors as compared with survi-
vors, consistent with the findings of Inamura et al15

who observed higher Tei indices in foetuses with
tricuspid valve dysplasia that developed hydrops and
died in utero.
For the morphometric parameters, we found a

small fossa ovalis/atrial septal length ratio for non-
survivors as compared with survivors at the last foetal
echocardiogram. Our finding that the fossa ovalis/
atrial septal length ratio was ⩽ 0.36 at the first foetal
echo for non-survivors in comparison with survivors
adds to the existing evidence of the role of the atrial
septal communication in patients with Ebstein’s
anomaly. Pavlova et al10 found the smallest fossa
ovalis in two foetuses with hydrops, whereas all other
foetuses without hydrops had a ratio of > 0.3. In their
study, they also found a positive linear correlation
between the Z-score of the left ventricular output and
the size of the fossa ovalis. Miranda et al4 found a
relative foramen ovale–atrial septal length ratio of
< 0.3 to be one of the predictors for a poor prognosis,
in their retrospective analysis of 16 patients; all non-
survivors had a fossa ovalis/atrial septal length ratio of
< 0.3, with the smallest ratio found in two patients
with hydrops. On the basis of these results, we
recommend that the fossa ovalis/atrial septal length
ratio be measured routinely in the foetal echocardio-
grams of patients with Ebstein’s anomaly and tricuspid
valve dysplasia.
Our finding that the cardiothoracic ratio for non-

survivors is higher than for survivors is consistent
with previous studies. The non-survivors in our
cohort were found to have a mean cardiothoracic ratio

Figure 3.
Transplacental treatment factors. In the treated patients, there were
no significant changes in the Celermajer index or the cardiovascular
profile (CVP) score for non-survivors.
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of 0.53 at the first foetal echocardiogram. Chaoui
et al16 showed that 15/19 non-survivors in their
analysis had a ratio > 0.6, with associated lung
hypoplasia found at autopsy. Similarly, Miranda
et al4 found that a cardiothoracic index of > 0.55 was
associated with a poor prognosis.
In our cohort, survivors had less severe hydrops,

higher mean gestational age at birth, and higher
birth weights than non-survivors. These findings are
similar to the ones observed in a previous study.5 The
proportion of non-survivors in this study (46%) is
similar to that observed in previous studies. Miranda
et al,4 found an in utero mortality of 37%, neonatal
mortality of 50%, and total perinatal mortality of
87.5%. In their retrospective review of 16 cases with
Ebstein’s anomaly, 15 cases had severe tricuspid
insufficiency. Andrews et al9 observed 35% survival
at birth and 23% survival at 1 month in their cohort
of 44 foetuses in whom they had 19 terminations.
Our small number of foetuses treated with trans-

placental digoxin was at the severe end of the spec-
trum, and we did not observe significant findings
in the analysis of their cardiovascular profile score,
Celermajer index, or cardiothoracic ratio data.
This study has several strengths. The main

strength was the inclusion of several functional and
haemodynamic measurements that have not been
previously studied in the literature. We included the
evaluation of newly measured functional and hae-
modynamic parameters, as well as measurements
from the first and last foetal echocardiogram and
when a significant haemodynamic change occurred.
This cohort included foetuses with a wide spectrum
of severity of their tricuspid valve anomaly. The new
measurements were taken by a team well experienced
in foetal echocardiography measurements and while
blinded to the other results and outcomes. All
patients who received transplacental therapy with
digoxin were reviewed further.
At the same time, there were limitations of this

study that should be considered. Owing to the ret-
rospective nature of the study, some follow-up data
and some images were not available for remeasuring.
Some foetuses and neonates died before a follow-up
echocardiography could be performed. The foetuses
treated with digoxin were at the severe end of the
spectrum, which may have biased our results with
regard to treatment. Owing to the small size of the
cohort, we could not run statistically significant
models that will adjust for effect of other factors to
determine variable independency associated with
survival. Despite the small sample size, the results of
this study will serve as a framework for future
research with a larger sample size.
In summary, this study illustrates the impor-

tance of evaluating haemodynamic and functional

parameters in addition to morphometric data in
foetuses with Ebstein’s anomaly or tricuspid valve
dysplasia to predict outcomes and help guide prenatal
management and therapy. A low cardiovascular profile
score, abnormal right ventricular function predicted
by low velocity tricuspid regurgitation jet, and
restriction across the fossa ovalis may be important
negative prognostic indicators in these foetuses. The
parameters evaluated in this research study are easy to
obtain and reproducible and have been previously
tested in smaller studies; therefore, a large prospective
study is warranted to further evaluate these findings.
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