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Introduction

Ebstein’s anomaly (EA) is an uncommon congenital
deformity that affects 1-5 out of every 20,000 newborns
and accounts for 1% of all congenital heart disease
occurrences.! The improperly formed and apical
displacement of the septal and posterior tricuspid
leaflets are the hallmarks of the illness, resulting
in tricuspid valve regurgitation and right atrial and
functional right ventricular dilatation, which worsens
as tricuspid regurgitation (TR) worsens. In EA, nearly
half of all afflicted fetuses die in gestation or shortly
after delivery owing to the right ventricular failure, while
other newborns may require early surgery.” However, in
milder types of EA, symptoms (mostly arrhythmias) may

Abstract
Background: Ebstein’s anomaly (EA) is a congenital heart defect
that causes cyanosis and arrhythmia. The treating physician
has difficulty when it comes to pregnant women since patients
frequently reach reproductive age. How to manage these patients
during pregnancy or approach patients who are planning to
become pregnant is an important issue. The aim of this study
was to evaluate previous and current literature reviews, as well
as case studies, to better understand how to treat Ebstein’s
abnormality in pregnancy.
Methods: This study is a literature review with case report. Here,
we review the literature on this subject to discuss how to manage
Ebstein’s anomaly in pregnancy. We analyzed the literature from
different perspectives. We also focused on three of Ebstein’s
anomaly-affected women’s pregnancies.
Results: Three women had four pregnancies, all of which were
delivered vaginally or through cesarean section. There were no
preterm births. 2.540.88 kg was the average birth weight. There
were no cardiac abnormalities in any of the three infants. One
patient had Ebstein’s abnormality and congenitally corrected
transposition of the great arteries (ccTGA).
Conclusion: In Ebstein’s abnormality, pregnancy is often well
tolerated. However, the maternal risks of pregnancy correlated
with the severity of anatomical malformations and the presence
of cyanosis or simultaneous other cardiac anomalies.
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not appear until maturity, or even during pregnancy.’

Physiological alterations in these patients during
pregnancy may have negative hemodynamic effects.
High-grade TR, right ventricular dysfunction,
cerebral abscesses, paradoxical embolism, pulmonary
embolism, tachyarrhythmias, sudden cardiac death,
and infective endocarditis are some of the problems
that might occur during pregnancy.* In the adult
population, there are rare cases of L-TGA linked with
Ebstein’s abnormality, according to the literature.
Given that the majority of patients have aortic arch
abnormalities, they die within the first few years of
life, if not surgically corrected.’

Here, we present three different cases with
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Ebstein’s anomaly in pregnancy which have different
features of this anomaly; we aim to describe how to
manage EA in pregnancy. Also, an interestingly rare
case of a pregnant patient with L-TGA with Ebstein’s
anomaly was present that decided to continue her
pregnancy.

Methods

This study is a literature review with case report. The
researchers used an extensive exploration and review
of the management of Ebstein’s anomaly in pregnancy;
recent and current medical research studies and case
studies were used to collect quantitative and qualitative
data about the management of Ebstein’s anomaly in
pregnancy used in the past and recent cases. The study
included pregnant women with Ebstein’s disorder who
referred to the prenatal clinic with apical septal leaflet
displacement (more than 8 mm is deemed substantial),
dilated right heart chambers, reduced contractility,
and tricuspid regurgitation between 2019 and 2020.
The records for cases 1, 2, and 3 were examined
retrospectively for details on the pregnancy’s progress
and outcome. All patients had a thorough cardiac
and obstetric examination before being planned and
monitored in the Cardio-Obstetric Clinic. Antenatal care
was provided by the policies of the clinic. In the first
and second trimesters, the patients were called every
two weeks for a follow-up, and in the third trimester,
they were contacted every three weeks. The patients
were called weekly. The women were assessed by an
obstetrician and a cardiologist during their follow-up
visits to the clinic. The growth of the fetus was monitored
using serial ultrasonography, and growth-delayed fetuses
were monitored using a biophysical profile. Patients were
admitted to the hospital if they experienced a pregnancy
problem, were in labor, or needed to end their pregnancy
for whatever reason. Cesarean section was performed
only for obstetric reasons.

Continuous cardiac monitoring for the heart
rate, arterial blood gas measurement for oxygen
saturation, and periodic blood pressure and clinical
cardiac evaluation for heart failure were all performed

during labor. As a result, rich data on how to manage
Ebstein’s anomaly in pregnancy was gathered through
integrative and extensive literature and case studies
in the past and present to explore how to manage
Ebstein’s anomaly in pregnancy and improve it.

Results

During the research period, three pregnant women with
Ebstein’s abnormality were seen at the Clinic (Tables
1 and 2).

Case 1

A 33-year-old Gravidity 1 and Parity 2 at 24
weeks’ gestation was referred to the joint clinic for
pregnancy and cardiac disease, due to exertional
dyspnea and palpitation. Her first pregnancy
was at the age of 19. It was terminated by vaginal
delivery without any history of maternal or neonatal
complications during and after pregnancy (based
on the patient’s history). However, at about 20-23%
weeks of a second pregnancy, she had dyspnea and
had sporadic prenatal visits throughout her pregnancy,
but the whole antenatal time was unremarkable. On
the evaluation of the cardiovascular system, a split
S1 with audible S2 was detected. On the left sternal
boundary, a pan systolic murmur was also noted. Right
axis deviation with normal sinus rhythm was seen on
the ECG, with no evidence of accessory pathways
or AV block. Apical displacement of the septal the
leaflet of the tricuspid valve, dilated right atrium and
right ventricle, mild tricuspid regurgitation, systolic
PAP (25mmhg), normal right ventricular function,
and a left ventricular ejection fraction of 60% were
seen on echocardiography. The diagnosis of Ebstein’s
abnormality was confirmed by echo results. At the age
of 37 weeks in the second pregnancy, she was admitted
because of developing rapid weight gain and systemic
blood pressure of 145.80 mmHg. The laboratory
tests indicated mild preeclampsia. Vaginal delivery
was planned for termination, but fetal monitoring
revealed fetal distress; therefore, a cesarean section
was performed. The neonate was born with a normal

Table 1: Maternal features in the study of Ebstein’s anomaly in pregnancy

Case Age Age at diagnosis of Obstetric Echocardiography Functional
Number. heart disease history Diagnosis Class (NYHA)
1 33 22 Gl P2 Ebstein’s anomaly I

2 25 17 GO Ebstein’s anomaly no ASD  II- III

3 24 15 G 1 Ebstein’s anomaly 11

Table 2: Perinatal outcomes in the study of Ebstein’s anomaly in pregnancy

Case Time to visit the clinic Cardiac manifestation Birthweight (gm) Apgar scores Type of delivery
Number. (Weeks gestation) during pregnancy
1 24 Murmur on left sternal 3300 10 Vaginal delivery
border
22 Mild LV 2500 9-10 Cesarean section
12 cctTGA 2300 10 Cesarean section
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Apgar score and a weight of 3.300 kg. The patient was
discharged in excellent health three days following
the termination, and follow-up appointments were
scheduled for six weeks after birth.

Case 2

A 25-year-old woman with Gravidity 0 and
Ebstein’s abnormality was referred to our pregnancy
and heart disease joint clinic for pre-pregnancy
counselling. She was diagnosed with Ebstein’s
anomaly 8 years ago due to dyspnea on exertion. A
split S1 was heard with audible S2, S3, and S4 on
the cardiovascular system testing. There was also a
systolic murmur. The patient had NYHA functional
class 1, without any history of syncope or systemic
emboli. CXR (Figure 1) and ECG were performed.
Right axis deviation was detected on the ECG with a
normal sinus rhythm.

The echocardiogram showed mild LV systolic
dysfunction (LVEF: 45-50%), abnormal septal motion,
severe RA enlargement, severe RV enlargement
with moderate to severe systolic dysfunction, apical
displacement of posterior TVL (3.5 cm), FAC:
32%, functional RV/anatomical RV=43%, apical
displacement of STVL & PTVL, severe TR, TRG:
25 mmHg, and sPAP: 30mmHg (Figures 2, 3, 4).

The exercise stress echocardiography which was
performed with bruce protocol revealed no specific
ST-T change in comparison with baseline ECG and no
arrhythmia on ECG monitoring during stress test with
good functional capacity (Mets: 13, duration=10.30").
Termination of the test was done due to dyspnea
and fatigue in stage 4 after the achievement of
90% of maximum HR (MHR: 178bpm). There was
a decreased O, saturation at peak exercise (94% at
baseline decreased to 78% after exercise). Trans-
esophageal echocardiography (TEE) was performed
for evaluation of the right to left shunt, showing mild
systolic dysfunction (EF: 45-50%), severe RA and
RV enlargement with moderate to severe systolic
dysfunction, apical displacement of the posterior
TVL (4.1 cm), normal IVC size, and >50% respiratory
collapse, stretched PFO (7mm) with bidirectional
shunt, many bubble passages by contrast study to
LA, and no ASD. According to TEE findings, Cardiac
Magnetic Resonance (CMR with CHD protocol) was
done mainly to determine the severity of the right
ventricular dysfunction.

CMR impression: TV Ebstein anomaly with an
apical displacement of TV septal leaflet (37.5mm/m?2)
and severe TR, no TS.

Moderate functional RV enlargement with mild
reduced systolic function, functional RVEF: 42%.
Severe anatomical RV enlargement with mildly
reduced systolic function.

Anatomical RVEF: 44%. RV functional/anatomical

Figure 2: Two-dimensional echocardiography apical 4 chamber
view Ebstein anomaly of the tricuspid valve

Figure 3: Color Doppler echocardiography Apical 4 chamber
view revealed Tricuspid regurgitation

PAA STERNAL
SHOT AXIS
VIEW

Figure 4: Parasternal short-axis view revealed Right Ventricular
Enlargement in Ebstein anomaly
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arearatio in 4CH view 30%. RV functional/anatomical
3D volume ratio=45%.

Normal LV size and systolic function (LVEF=53%).

Recommendation: sice she was not a suitable
candidate for TV repair, Holter monitoring was
performed which showed no arrhythmia.

The patient was considered as m-WHO class
II-III. Echocardiography was performed again during
pregnancy which did not reveal a significant change.
The pregnancy was carried to term, and a cesarean
section was performed at week 38 owing to the
patient’s desire and to avoid protracted induction of
labor. A female neonate with Apgar 9-10 was born
with a normal general appearance weighing 2.5 kg.
The patient was discharged on the third surgical day
with instructions to follow up with a postnatal clinic
and cardiologist appointment in one month.

Case 3

At 12 weeks’ gestation, a 24-year-old Gravidity
1 presented to the joint clinic for pregnancy and
heart illness. During childhood, the patient had been
diagnosed with congenitally corrected transposition of
the great arteries (ccTGA) and Ebstein’s abnormality of
the systemic AV valve. Throughout the first trimester
of pregnancy, the patient remained in NYHA class
II. Although the visceral and vestibular position is
single and normal and there was no situs inversus,
the echocardiography shows that the ventricular atrial
(AV) connection and the ventricular connection with
the large arteries and ventricular arteries (VA) are
uncoordinated and discordant; also, the ventricles
are displaced (L-malpositioned or L-Loop); the right
ventricle is morphologically in the left side, and the
left ventricle is morphologically in the right side. The
systemic ventricle which was here morphologic RV had
moderate to severe enlargement (RV-EDDI=6.7cm)
with moderate systolic dysfunction (RV-EF=35%).
This sub-aortic ventricle also had Ebstein’s anomaly
in systemic atrioventricular valve and tricuspid
valve (TV) displacement which was 3.lcm. TV
had a significant tricuspid regurgitation (TR) but
o[ | S
[1 A S13cmd ~

Figure 5: Two-dimensional echocardiography apical four
chamber view revealed Ebstein anomaly in tricuspid valve in
congenitally corrected transposition of a great vessel

no tricuspid stenosis (TS). Moreover, the aorta was
placed anterior to and at the left side of the pulmonary
artery, and its valve had mild aortic insufficiency (AI).
The left atrium showed severe enlargement, while
the size of the right atrium was normal. On the right
side, morphologic LV had normal size and preserved
the systolic function and just the pulmonary valve
seemed bicuspid with mild pulmonary insufficiency
(PI) in the echocardiography. Besides, the mitral valve
which was on the right side was normal with trivial
mitral regurgitation (MR) and no stenosis. The patient
also did not have any ventricular septal defect (VSD)
(Figures 5, 6).

Reduced function of the systemic ventricle (which
is morphologic RV) was verified on echocardiography,
along with Ebstein’s abnormality in the systemic AV
valve, and the woman was advised to have a therapeutic
abortion, which she rejected. Thus, the patient was
followed up and checked regularly for detection of the
symptoms of heart failure and arrhythmia. Because
her systemic ventricle EF was poor, the patient was
additionally given low molecular weight heparin,
Enoxaparin 40mg daily (at the preventive dosage), and
a beta-blocker, Bisoprolol 2.5 mg daily. The patient
was prescribed Aspirin to prevent pregnancy-induced
hypertension (PIH). Moreover, Brain natriuretic
peptide (NT-pro BNP) was tested every trimester for
prognostic value and prediction of adverse cardiac
events and life-threatening maternal complications
during pregnancy. The level of NT-pro BNP at the
beginning of pregnancy, the end of the first and second
trimester was 180pg/ml, 185, and 230 respectively,
and the patient was visited every 2 weeks during the
third trimester. Moreover, fetal echocardiography
at the 18th week of pregnancy revealed no obvious
congenital heart anomaly.

At the onset of the 36th week of pregnancy, the
patient was admitted for palpitations and dyspnea on
exertion. Level of NT-pro-BNP was checked. Based
on these symptoms with 92% O2 saturation in room
air, in addition to an increased level of NT-pro BNP
(up to 330 pg/ml), hospitalization and cesarean section

D =
Figure 6: Apical five chamber view in congenitally corrected
transposition of great vessels
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were decided. Her baby was born with a normal Apgar
score and weight of 2.3 kg. The patient was discharged
on the seventh postoperative day after the sutures were
removed, and she was prescribed Bisoprolol and the
ACE inhibitor Enalapril 2.5 mg twice a day, with the
recommendation that she return to the postnatal joint
clinic in two weeks.

Discussion

The main concepts necessary for optimal management
of Ebstein’s abnormality in pregnancy have been
explained in this article through a literature review
and a supporting case study. In many cases, Ebstein’s
abnormality is a congenital tricuspid valve deformity
with extra involvement of the RV myocardium and
outflow tract. In women with Ebstein’s abnormality,
the volume burden of pregnancy can lead to cardiac
problems.® During pregnancy, the majority of women
perform well. In patients who survive to adulthood and
childbearing age without severe symptoms, pregnancy
is considered feasible, but some symptomatic patients
may face different complications during pregnancy
as a result of physiological changes and elevations in
the circulating catecholamine concentrations. These
significant physiological changes impose a great burden
on the circulatory system of the patients with EA which
can be life-threatening.”® The apical displacement of
the septal leaflet, which is deemed severe if larger than
8 mm (our case 1 had 18 mm displacement), dilated
right heart chambers, reduced contractility, and related
abnormalities can all be seen on 2-D echocardiography.’

Tricuspid regurgitation may worsen when
circulatory volume and preload rise, causing cardiac
chamber dilatation. Elevated right atrial pressure may
also affect the degree of interatrial shunting, resulting
in cyanosis, right heart failure, and left diastolic
heart failure.'” "' Elevated circulating catecholamine
concentrations can lead to a risk of arrhythmias, which
is the most prevalent consequence. In individuals with
ASDs or PFO, the Valsalva maneuver during delivery
may cause an interatrial right-to-left shunt, increasing
the risk of a paradoxical embolus.'? To predict cardiac
problems during pregnancy, the modified World Health
Organization risk classification,”® the CARPREG risk
score," and the ZAHAR A risk score'® might be utilized.
Furthermore, the NYHA functional class of >II,
cyanosis or previous arrhythmia episodes are linked to
poor pregnancy outcomes. In the biggest research on the
outcome of pregnancies in moms with EA, 44 women
participated in 111 pregnancies, with 85 live babies (76
per cent). The majority of women had EA that had not
been addressed. Sixteen women were cyanotic during
pregnancy owing to interatrial shunting, and five had
supplementary conduction channels. There were 23
preterm births, as well as 19 spontaneous miscarriages
(17%), 7 therapeutic abortions, and two early neonatal

deaths. There were no significant pregnancy-related
complications for the mother.'®

As aresult, pregnant patients should be constantly
monitored, with appropriate treatments carried out
depending on the severity of their problems. In women
with various forms of cardiac disease, higher rates of
poor fetal outcomes, particularly low birth weight and
preterm, have also been documented in the literature.!”
Cyanosis and low cardiac output are the risk factors for
poor fetal outcomes. In EA patients, cyanosis and the
requirement for anticoagulation are prevalent; thus,
poor fetal outcomes should be addressed. During their
pregnancy, EA patients should see a cardiologist who
specialist in CHD therapy, as well as an obstetric and
cardiac anesthesiologist. The aorta receives oxygen-
rich blood from the right ventricle and sends it to other
organs, while the pulmonary artery receives oxygen-
poor blood from the left ventricle and sends it to the
lungs, so the morphologic right ventricle serves as the
subaortic ventricle supporting systemic circulation in
Cc-TGA.®

Cardiovascular problems are uncommon in
women with a good functional class and normal
subaortic ventricular function. During pregnancy,
women with significant subaortic right ventricular
dysfunction, whether or not they have tricuspid valve
regurgitation, are at risk for additional ventricular
dysfunction and clinical heart failure. Serial
transthoracic echocardiograms are recommended for
close monitoring, and arrhythmias should be found
and treated quickly."” The frequency of follow-up in
EA is determined by the maternal heart condition.
Pregnancies may frequently be tolerated successfully
in low-risk individuals (WHO class IT), such as the first
example in our research, and they can be examined by
a cardiologist every trimester. There is a higher risk
of problems for women in WHO class I11, such as the
third case in our research, so monthly or biweekly
cardiology visits are suggested to monitor for changes
in their heart condition.?

According to the existing published information
on EA in pregnancy, only 3% of these individuals
had heart failure.?® NYHA class III, m-WHO
pregnancy class 111, prior cardiomyopathy, preexisting
pulmonary hypertension, and preexisting symptoms
of heart failure were all linked with heart failure
in EA.?2 The detection of natriuretic peptides (pro-
BNP or BNP) in these individuals can help risk-
stratify them. Normal BNP levels (100-128 pg/ml)
at 20 weeks of pregnancy were reported to have a
96 per cent-100 per cent negative predictive value
for heart failure events linked to pregnancy. Patients
with high BNP levels at 20 weeks of pregnancy had
a greater risk of heart failure.?* ?* In the care of EA
with high-risk features, a thorough examination
for hypoxia and cyanosis is required. Supplemental
oxygen may be explored in individuals with cyanosis.
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Cardiac output should be maintained by preventing
dehydration and thromboembolic events should be
avoided. The physiologic range for hematocrit should
be maintained.”

Early delivery is possible for women with
moderate EA. Individual decisions should be taken
for patients with problems such as arrhythmia, cardiac
failure, or increasing cyanosis. Women with cyanosis,
uncontrolled arrhythmias, or unstable hemodynamics
should seek elective CS, according to Circulation
Society recommendations. Despite the difficulty of
objectively evaluating the signs of right heart failure
that is defined as Ebstein’s abnormality, it is critical
to choose the proper route of delivery. The biggest
available series demonstrate vaginal birth with
epidural analgesia to be safe in EA when choosing
the method of delivery.?*?” Women with cyanosis,
uncontrolled arrhythmias, or unstable hemodynamics
should seek elective caesarian section, according to
the Japan Circulation Society recommendations.*
Despite the difficulty of objectively evaluating the
signs of right heart failure that is defined as Ebstein’s
abnormality, it is critical to choose the proper route of
delivery.”! In this present study, second-case cesarean
delivery was done due to obstetrician indication and
patient preference. However, in the third case our team
decided to perform cesarean delivery under general
anesthesia to avoid hemodynamic disturbance since
she was at risk for decompensated heart failure.

Asymptomatic or trivial symptomatic patient as
the first case in the study may not need additional
hemodynamic measures. Women with cyanosis,
uncontrolled arrhythmias, or unstable hemodynamics
should seek elective cesarean birth, according to
Circu-Latin Society recommendations.?® Despite the
difficulty of objectively evaluating the signs of right
heart failure that is defined as Ebstein’s abnormality,
it is critical to choose the proper route of delivery.
Caesarean section is preferable for some high-risk
individuals, such as cyanotic patients who are starting
warfarin therapy within two weeks after birth. In the
first and second cases, we suggested a hospital stay
of at least 48 hours to watch for arrhythmia and other
problems, but in the third instance, because heart
failure or cyanosis was more possible, she required
a longer postpartum hospital stay.?’ Although EA
is not expressly listed in the WHO classification,
individuals can nonetheless be categorized based
on their EA symptoms. Patients with cyanosis and
another complex congenital heart disease, as well
as a poor functional class due to preexisting right or
left heart dysfunction, may experience more overt
complications such as exacerbation of heart failure
symptoms, persistent arrhythmias, and worsening
preexisting cyanosis, and are classified as WHO class
II1, because of the inability to deal with pregnancy
higher volume and cardiac output needs.’®! When an

EA patient decides to get pregnant, she should seek
preconception counseling from a cardiologist who
is specialist in ACHD. A thorough, cardiac-focused
physical examination should be performed, focusing on
signs and symptoms of persistent hypoxia, congestive
heart failure, arrhythmia, and any other indications
of EA systemic manifestations.*? If you haven’t had
an ECG or transthoracic echocardiography recently,
you should get these done. During cardiopulmonary
exercise testing, functional capacity and systemic
saturation should be evaluated at rest and during
activity. The extent of further testing, which may
include a cardiac MRI, will be determined by the
severity of the illness and the patient’s present heart
state. Medical therapies such as heart failure and
arrhythmia therapy are available.*® If an auxiliary
pathway is available, the latter problem can be treated
pharmacologically or by radiofrequency ablation.*

Conclusion

Most women do well during pregnancy. They have a
milder form of an anomaly with little right ventricular
dysfunction, without cyanosis or symptomatic
arrhythmias before pregnancy, so they tolerate pregnancy
physiologic changes well (m-WHO II). When a patient
with EA decides to get pregnant and there are some
findings that the risk of pregnancy is more doubtful,
evaluation of the patient with more tests should be
considered by the cardiologist expert in congenital
malformation in pregnancy. If EA is associated with
other concomitant congenital anomaly such as ccTGA,
making decision about pregnancy becomes more
complicated since clinical experiences in these cases
are limited. The nature and severity of the anatomical
abnormality, as well as the patient’s functional state, all
play a role in management.

Implications of the Findings

Patients with complicated congenital heart disease who
are pregnant require close follow-up in expert centers.
This manuscript provides excellent examples of well-
managed patients that may help the clinicians for the
approach they should take for these patients, especially
in preconception visit.

Highlights

1) EA risk classification in pregnancy should be based
on the functional class, oxygen saturation, arrhythmia
proclivity, and other factors such as the size and systolic
function of the “functional” right ventricle, presence of
an interatrial shunt, as well as the degree of tricuspid
regurgitation.

2) During pregnancy, management guidelines
for clinical surveillance include oxygen saturation,
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echocardiographic monitoring of the right ventricular
systolic function, and blood pressure monitoring. For
interatrial shunt problems, air filters on the intravenous
lines are used.

3) Arrhythmias, right heart failure, paradoxical
emboli, and oxygen desaturation are also common
maternal problems in EA patients.
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Theses case reports in this review article were prepared
after getting informed written consent from the patient.
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