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Congenital heart disease in women becoming pregnant represents
a challenge for cardiologist: a narrative review
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Background and Objective: People born with a congenital heart defect are living longer owing
to the steady progress in their surgical and interventional treatment. As such, nowadays living adult
patients with a congenital heart defect (ACHD) outnumber newborns and children affected by the same
condition. Concerning women, being adult often implies developing a desire of maternity. Unfortunately,
cardiac disease is still the first cause of death among pregnant women. This review aims at discussing
risk stratification, need for counselling regarding the maternal risk and the risk of the disease recurrence,
multidisciplinary team involvement and management of pregnancies in ACHD.

Methods: A literature search was carried out using the terms “adult congenital heart disease”, “pregnancy”,

“delivery”, “miscarriage”, “risk stratification”, “counselling”.

Key Content and Findings: Four risk classes have been identified by the World Health Organization
(WHO) according to the increased risk. They are closely correlated with the risk of maternal, foetal, and
obstetric complications. In the third class pregnancy is discouraged, whereas in the fourth pregnancy is
contraindicated. Maternal and foetal risk of adverse events should be discussed in specialised centres and
quantified before getting pregnant. If the patient wants to proceed with pregnancy at her own risk, she
should be periodically reviewed.

Conclusions: Especially ACHD may represent a real challenge for cardiologists in terms of risk of
developing heart failure and arrhythmias the most. Pregnancy can be afforded by most ACHD women,

though it is not without any risk. A close monitoring is the best way to minimise it.
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Introduction affected by the same condition. In fact, the ratio between

People born with a congenital heart defect (CHD) are ACHD and paediatric patients is 70% vs. 30% currently,

by far living longer due to the steady progress in their
surgical, interventional, and medical treatment. As such,
when focusing on the whole population of subjects living

whereas in the past the latter represented the vast majority
of the patients (1,2).
Such a change in epidemiology, with adult subjects with

with a CHD, nowadays those who are adult (ACHD, adult
congenital heart disease) outnumber newborns and children

CHD presenting in increasing numbers at advanced ages,

elderly included, is testified by the fact that the previously
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Table 1 Haemodynamic changes amid pregnancy (7)
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Stage Haemodynamics

Early and intermediate Increased blood volume

regnanc
preg Y Increased stroke volume

Increased maternal heart rate

Increased cardiac contractility (all over pregnancy. It triggers mild left ventricular hypertrophy)

Decreased blood pressure

Decreased vascular peripheral resistance

Decreased haematocrit

Decreased blood viscosity
Delivery

Increased blood pressure
Postpartum

Increased plasmatic volume

Increased venous preload

Increased cardiac output mostly as a consequence of increased stroke volume

Increased cardiac output within the first hours following delivery. It comes back to baseline 2 weeks after

delivery

Table 2 The list of the major challenges encountered in the management of adult congenital heart disease women during pregnancy

Heart failure (with left ventricular ejection fraction less than 45%, systemic right ventricle, univentricular heart, severe aortic stenosis,
severe aortic coarctation moderate or severe mitral valve stenosis, severe mitral valve regurgitation)

Arrhythmias (virtually in all congenital heart disease, most of all if surgically treated because of the presence of scar)

Thromboembolism (with left ventricular ejection fraction less than 25%, systemic right ventricle, univentricular heart, mechanical valve,

pulmonary hypertension)

Aortic dissection (with Marfan, Ehler-Danlos, Loeys-Dietz and Turner syndromes, bicuspid aortic valve)

widely used acronym GUCH (grown-up congenital heart)
is no longer considered appropriate and has been replaced
by ACHD. The latter was used in the 2008 American Heart
Association/American College of Cardiology (AHA/ACC)
Guidelines on CHD for the first time (3). Then, for the
sake of uniformity, the term ACHD appeared in the 2020
European Society of Cardiology (ESC) Guidelines as well (4).

Concerning women, being adult often implies developing
a huge desire of maternity. Unfortunately, cardiac disease
is still the first cause of death among pregnant women.
Cardiovascular diseases complicate 1-4% of all pregnancies
and, among these diseases, approx. 80% are congenital (5,6).

Pregnancy is characterized by multiple significant
haemodynamic changes like increased circulating blood
volume, raised stroke volume and maternal heart rate,
reduced peripheral vascular resistances and so on (7). See
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Table 1. As such, becoming pregnant while ventricular
systolic function is reduced, pulmonary pressure increased
or with a circulation supported by a single ventricle can be
really challenging. Not only that, but even foetal mortality
is not negligible, with an average rate of miscarriage of
15%. The latter can reach a peak of 40% in ladies with a
single ventricle physiology corrected according to Fontan
procedure or in those who are cyanotic (8). Also the risk
of CHD recurrence cannot be ignored, especially for
pathologies involving the left and right ventricular outflow
tracts as well as septal defects (7).

The list of the major challenges encountered in the
management of ACHD women is summarised in Table 2. 1
present this article in accordance with the Narrative Review
reporting checklist (available at https://jxym.amegroups.
com/article/view/10.21037/jxym-22-34/rc)
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Table 3 The search strategy summary
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Iltems Specification

Date of search August 2022

Databases and other sources searched PubMed and Scopus

Search terms used
“counselling”

Timeframe
Inclusion and exclusion criteria

Selection process The author (PPB)

“adult congenital heart disease”, “pregnancy”, “delivery”, “miscarriage”, “risk stratification”,

From PubMed inception to August 2022

Inclusion criteria: English language (at least the abstract). Exclusion criteria: vase reports

Methods

A literature search was carried out on PubMed and Scopus
using the Mesh terms “adult congenital heart disease”,
“pregnancy”, “delivery”, “miscarriage”, “risk stratification”,
“counselling” and their combination. The search strategy is
summarised in 7able 3. This review aims at discussing risk
stratification, need for counselling regarding the maternal
risk and the risk of the disease recurrence, multidisciplinary

team involvement and management of pregnancies in some

specific CHD.

The Registry Of Pregnancy And
Cardiac disease (ROPAC)

All the current information concerning ACHD women who
are pregnant come out of the ROPAC. It was established in
2007 with the involvement of many centres, mostly European,
and more than 6,000 pregnant women are enrolled so far.
The vast majority of them are ACHD (57%), while 29% are
affected by valvar disease (9). As per the data extracted from
the ROPAC, maternal mortality is higher in the patients with
pulmonary arterial hypertension (PAH) (+0.6% compared to
the general population). Heart failure was observed in 11%
of the sample and significant arrhythmias in 2%. The main
risk factors for maternal complications during pregnancy
are pre-pregnancy cardiac insufficiency with a functional
class New York Heart Association (NYHA) >2, systemic
ventricle ejection fraction <40%, risk class IV according
to the modified World Health Organization classification
(m-WHO), and anticoagulant therapy (9).

Risk stratification

Maternal and foetal risk of adverse events should be
quantified before getting pregnant (10).

© Journal of Xiangya Medicine. All rights reserved.

Many scoring systems have been proposed in the field.
AHA/ACC (3), Canadian Cardiovascular Society (11), and
ESC (4) Guidelines examine the cardiovascular risk during
pregnancy for each CHD. The Guidelines are based on
retrospective studies enrolling a limited number of patients.
Again, the same CHD may present differently from a
clinical point of view. Two scoring systems which take into
account the maternal risk have been proposed: CARPREG
risk score and ZAHARA score.

The CARPREG (Cardiac Disease in Pregnancy) is a
Canadian multicentre prospective study evaluating risk and
outcome of pregnant ladies, 75% of whom were ACHD (6).
It proved to be very efficient in predicting maternal risk, but
the latter may be overestimated (12,13). Furthermore, women
with PAH and aortopathies are not included in the sample size.
The higher the CARPREG score, the more increased the risk
of post-delivery maternal adverse events as well (14).

The scoring system ZAHARA is based on a European study
which enrolled just ACHD women, while the CARPREG
involved the pregnant ladies with congenital as well as acquired
diseases (12). There are no other studies aimed at validating
the ZAHARA score and this is a significant limitation. PAH
and aortic dilatation are underrepresented.

Based on these premises, the most useful scoring system
is likely to be the modified WHO classification, which has
been promoted since the release of the European Society
of Cardiology (ESC) Guidelines for the management of
cardiovascular diseases during pregnancy. All maternal risk
factors have been taken together, including background and
comorbidities (15,16). Four risk classes have been identified
according to the increased risk:

% m-WHO L very low risk pregnancies. One or two

examinations amid pregnancy are enough;
% m-WHO IL pregnancy is at low-to-moderate risk.
The suggested follow-up is made of an examination
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every trimester;

% m-WHO IIL there is a significantly increased risk
of maternal mortality or severe morbidity. The rate
of adverse events is 19-27%. Pregnancy is advised
against. If the patient wants to proceed with
pregnancy at her own risk, she should be seen every
month or 2 months;

% m-WHO IV: the risk of maternal mortality or
severe morbidity is extremely high. The rate
of adverse events is 40-100%. Pregnancy is
contraindicated. If the patient wants to proceed
with pregnancy at her own risk, she should be seen
every month or 2 months.

All four m-WHO risk classes are very well correlated with

the risk of maternal, foetal, and obstetric complications (15).

Pre-pregnancy exercise stress testing has been suggested
to identify ACHD women at increased risk of cardiac
complications. In fact, chronotropic incompetence during
exercise proved to be an independent predictor of adverse
events such as heart failure and arrhythmias in those ladies

who failed to adequately increase heart rate on exertion (17).

Counselling and multidisciplinary team
involvement

Counselling plays a pivotal role in ACHD women who
are pregnant to help them and the couple in coping with
such a stressful situation. It can be subdivided into genetic,
cardiogical, and obstetric counselling which in turn implies
the involvement of a multidisciplinary team (gynecologist,
midwife, cardiologist, anaesthesiologist, neonatologist) (18).
This is with the aim of letting the couple know about the
maternal and foetal risk along with the risk of obstetric
complications.

Genetic counselling is mainly focused on evaluating if
maternal CHD is isolated or part of a syndromic spectrum.
Clinical examination is aimed at identifying any signs (e.g.,
dysmorphism and/or non-cardiac congenital malformations)
which may suggest the occurrence of a syndrome. In addition,
genetic characterisation is crucial in estimating the risk of
recurrence. Ferencz et al. found extracardiac malformations
in 30% of their case series. In non-syndromic patients
the risk of recurrence was 4.9% with a peak in those with
hypoplastic left heart syndrome (13%) and aortic coarctation
(8%) (19). Nora suggested that genetic inheritance is
multifactorial and depends on the interaction between
genetic and environment. The risk of recurrence varies and
is 3% when parents are healthy and not consanguineous with

© Journal of Xiangya Medicine. All rights reserved.
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just one child with CHD. It increases to 10% when also the
second child has CHD (20). The risk is higher when the
person with CHD is the mother rather than the father (21,22).
It may at least in part explained by cytoplasmic heredity and
is particularly significant in aortic stenosis and coarctation,
pulmonary stenosis, septal defects, and atrioventricular
defects (23). Specific single genes have been identified in
15-20% of CHD, like Tetralogy of Fallot, atrioventricular
defects, interatrial septal defect, hypoplastic left heart
syndrome, and left ventricular outflow tract obstruction.
However, concerning the risk of recurrence, genetic
penetrance is incomplete and expressivity is variable (24).
If a specific monogenic syndrome is suspected, genomic
sequencing, with or without multiplex ligation probe
amplification, and array-CGH analysis are indicated (25).
Genetic analysis is lengthy. This is the reason why genetic
counselling should be done before getting pregnant. If the
ACHD woman is already pregnant, chorionic villus sampling
and amniocentesis are suggested (21).

Cardiologic counselling is complex and should be based
on a personalized (“tailored”) approach with the aim of
planning pregnancy (26). This is very important because of
two reasons, that is suggesting becoming pregnant before a
worsening in clinical conditions occurs or eventually fixing
any residual complication before getting pregnant. Again, in
ACHD women in risk class m-WHO 1V pregnancy should
be strongly discouraged (7).

Some Authors think that pre-conception counselling,
especially for moderate-to-high risk ACHD, should start
since adolescence, including providing information about
contraception. ACHD women, even those with complex
CHD, are often asymptomatic or with few symptoms
and think that there are no contraindication concerning
pregnancy (27). Generally speaking, valvar insufficiency,
even when it is severe, is well tolerated amid pregnancy,
since peripheral vascular resistance (afterload) diminishes.
Low dose diuretic therapy can be provided to reduce
volume overload as well (28). Conversely stenosis is poorly
tolerated and may lead to pulmonary oedema (29). Cardiac
contractility should be monitored since it is crucial in
predicting the outcome of pregnancy (9).

Also obstetric counselling to evaluate foetal risk
should be provided before planning pregnancy (10). The
higher the m-WHO class, the higher the risk of obstetric
complications (9). The averaged risk of miscarriage in
ACHD is 15% with a peak of 40% in Fontan patients (8).
Maternal worsening triggers foetal distress and in turn
prematurity at birth, low birthweight, babies born small
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for gestational age, and need for caesarean section (9).
Environmental (epigenetic) factors like advanced maternal
age, smoking habit, multiparity pregnancy increase the
above stated bad foetal outcomes (30,31). The frequency
of controls during pregnancy depends on each patient’s
m-WHO risk class. Owing to the risk of recurrence, foetal
echocardiography should be done along with obstetric
ultrasounds scan for colour Doppler flowmetry. Timing and
modality of delivery should be planned no later than at the
beginning of the third trimester (7).

Specific congenital heart diseases and
pregnancy

The AHA/ACC Guidelines subdivide CHD into mild,
moderate, and elevated complexity (3,32). Surgically treated
Tetralogy of Fallot and univentricular heart after Fontan
repair are the most frequently ACHD encountered in
clinical practice (33,34).

In tetralogy of Fallot, post-surgical iatrogenic pulmonary
valve incompetence leads to a progressive right ventricular
dilatation (volume overload) and, in turn, to impaired
contractility (35,36). Pregnancy is low-risk in women
without any significant complications after surgery and
with preserved right ventricular systolic function (37,38). In
symptomatic ladies, pulmonary valve replacement should be
done before pregnancy (4). Pulmonary valve regurgitation
is correlated with intrauterine growth retardation and low
weight at birth (39). Pulmonary valve stenosis is poorly
tolerated since increased blood volume causes an increase
in preload and a surge in the gradient across the valve (39).
Cardiac complications during pregnancy are seen in 7-10%
and include supraventricular arrhythmias, symptomatic
right atrial failure, and pulmonary embolism (40). Obstetric
issues complicate up to 30% of pregnancies (39). In case of
right ventricular dysfunction, caesarean section should be
preferred to vaginal delivery (39).

In Fontan patients, single ventricle systolic function
deteriorates with time (41). This occurs even faster with
pregnancy-related volume overload. It makes pre-pregnancy
asymptomatic patients becoming symptomatic (37,38). All
pregnancies are at significantly increased-to-extremely high
risk of maternal mortality and severe morbidity (m-WHO
III and IV) because of the worsening in NYHA class and
possible onset of arrhythmias The latter should be promptly
treated with DC shock (4,42). Fontan women are often
infertile, though delivery is not impossible (43). The risk
of miscarriages is high (8). There is no universally accepted
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specific risk-scoring system for Fontan ladies who are
pregnant. That used in the British Islands subdivides patients
in low, intermediate, and very high risk on the basis of NYHA
class, saturation on room air, VO, max at cardiopulmonary
exercise stress test, single ventricle systolic function, degree
of atrioventricular valve incompetence, Fontan related
complications, and signs of failure (44). As per the ESC
Guidelines, pregnancy is contraindicated in Fontan patients
with saturation lower than 85%, reduced ventricular function,
moderate-to-severe atrioventricular valve incompetence,
refractory arrhythmias, protein-losing enteropathy (4).

Systemic right ventricle is a condition which can be seen
in natural history (congenitally corrected transposition of
the great vessels, cc-T'GV) or as a consequence of palliative
surgery [(d-TGV), corrected according to Mustard or
Senning procedure (atrial switch)] (45). As to cc-TGV,
the main complications during pregnancy are systemic
right ventricular dysfunction, systemic tricuspid valve
regurgitation, atrioventricular blocks (complete heart
block included). Generally speaking, arrhythmias are
treated with beta blockers, though complete heart block
represents a possible adverse side effect (46,47). Regarding
d-TGV after atrial switch operation, the main issues amid
pregnancy are systemic right ventricular dysfunction,
systemic tricuspid valve regurgitation, sinus node
dysfunction (mostly in patients who are treated with beta
blockers for arrhythmic troubles), baffle stenosis and leaks
(48-50). All patients with a systemic right ventricle, in
NYHA class III or IV, with systemic right ejection fraction
less than 40%, or severe tricuspid regurgitation should be
advised against pregnancy (4).

CHD with left-to-right shunt like patent ductus
arteriosus, interatrial septal defect, interventricular septal
defect are usually well tolerated throughout pregnancy, unless
pulmonary arterial pressure is increased or the left ventricle
is dilated thus triggering arrhythmias (51-53). If irreversible
PAH affects the patients (Eisenmenger syndrome) the
risk of maternal death is 30% and pregnancy is strongly
contraindicated (4,54). Even the risk of poor foetal outcome
in terms of intrauterine growth retardation, prematurity at
birth, and death is very high (55). Should the couple decide to
proceed with pregnancy, delivery is always through caesarean
section (week 32-34). The risk of maternal mortality persists
even after delivery. As such, women should stay admitted to
hospital 2 weeks following carriage (56,57).

Also aortic artery size over 40 mm in Marfan syndrome
or other heritable thoracic aortic diseases is a risk factor for
aortic dissection (58).
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Table 4 Core views of the foetal heart

1. Cardiac situs

. Four-chamber view of the heart

. Aortic valve and left ventricular outflow tract

. Pulmonary valve and right ventricular outflow tract
. The three-vessel and three-vessel tracheal views

. Pulmonary venous return

. Transverse aortic arch

. Transverse ductal arch

© 00 N O o »~ O DN

. Aortic isthmus in three-vessel view and longitudinally

10. Bicaval view

11. Longitudinal view of the aortic arch, head, and neck vessels
12. Longitudinal view of the ductal arch

13. Short-axis of the atrioventricular valves

14. Heart rate and rhythm

15. Aortic and pulmonary valve pulsed-wave Doppler

16. Mitral and tricuspid valve pulsed-wave Doppler

17. Pulmonary venous pulsed-wave Doppler

18. Cardiac contractility

Foetal risk
Prenatal care

As above stated, with pregnant ladies affected by CHD
there is a risk of disease recurrence, intrauterine growth
restriction/preterm birth, and miscarriage (59). The risk
is higher compared to healthy peers and is consistent with
the severity of the maternal CHD as well as their m-WHO
class (59). The risk of miscarriage in ACHD pregnant ladies
is significantly increased compared with the 10% which is
expected in the general population. Prematurity at birth can
often occur as a consequence of spontaneous early labour or
the need for bringing delivery forward due to a worsening
in maternal conditions. Not only the increased incidence
of neonatal complications is linked with the severity of
maternal disease (NYHA functional class >2, cyanosis,
outflow tract obstruction, mechanical valves), but also with
comorbidities like maternal age, smoking habit, multiple
pregnancy, anticoagulant therapy (30,31).

The known relationship between maternal CHD
complexity and adverse foetal/neonatal outcomes highlights
that a multidisciplinary approach is crucial in keeping

© Journal of Xiangya Medicine. All rights reserved.
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maternal haemodynamic stable as much as possible during
pregnancy. In fact, foetal/neonatal outcomes depend on
utero-placental perfusion (7).

Assessment of foetal vitality

Owing to the increased risk of CHD recurrence and
miscarriage, undergoing an obstetric ultrasound scan as
well as a foetal echocardiogram at week 19-21 of gestation
is mandatory. Again, an additional scan at week 28-30 is
due in all ladies taking beta-blocker therapy to check foetal
biometry and maternal-foetal Doppler velocimetry which
may be negatively influenced by the therapy. Timing and
delivery modality can be planned since the beginning of the
third trimester of pregnancy (7).

Management of delivery

Labour is characterised by haemodynamic changes to
provide the foetus with an adequate blood flow. As such,
blood flow toward the uterus increases 10-fold compared to
pre-pregnancy and that to the mother’s kidneys increases of
30% (60). ACHD women display a reduced ability to adapt
to these changes thereby increasing the risk of the onset
of heart failure, arrhythmias, and death. Again, uterine
contractions and Valsalva maneuver during delivery make
the above stated changes even more strong with a 180%
increase in cardiac output compared to pre-pregnancy and a
rise in blood pressure (60). The timing of delivery depends
on the balance between maternal and preterm birth risk.
This is the reason why a multidisciplinary approach is
needed (10,61). With the aim of minimizing the risk of
heart failure, delivery over 40 weeks of gestation is not
recommended. The gold standard for delivery is week
37-38, but for those ladies with complex and hypercomplex
CHD delivery can be brought forward. In these cases,
prophylactic corticosteroids are needed to accelerate foetal
lung maturity and prevent respiratory distress syndrome
(10,31,61,62). Vaginal delivery is preferred. Caesarian
section is limited to few indications like in patients who are
still taking anticoagulants, in Marfan patients with aortic
dilatation/dissection, severe aortic stenosis, Eisenmenger
syndrome (62). Epidural analgesia is preferred.
ACHD women should be monitored closely even after
delivery (61,62).

The foetal echocardiographic parameters which are
assessed in pregnant women with CHD are reported in

Tuble 4.
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® Genetic/cardiac/obstetric counselling

e Contraception if pregnancy is contraindicated

classification)

* Maternal cardiovascular risk assessment (modified World Health Organization

shock), thromboembolism, systemic or pulmonary hypertension if needed

Labour (suggestions: no more than 40 weeks of gestation; maternal
conditions monitoring; peridural analgesia is preferred)

Pharmacological therapy of heart failure, arrhythmias (also consider electric ]
e Delivery (vaginal delivery is preferred; postnatal surveillance up to 6 weeks) }

€€

Figure 1 Flow chart summarizing the management of pregnant ladies with congenital heart disease from pre-conception to delivery.

Conclusions

Pregnancy can be afforded by almost ACHD women,
though it is not without any risk. Always it is contraindicated
in patients with PAH, irrespective of its aetiology. Also
patients with single ventricle and Fontan physiology can
become pregnant and deliver successfully.

Pre-pregnancy risk should be discussed in specialised
centres, especially for patients in risk class m-WHO III and
IV. The approach should be personalised. Follow-up during
pregnancy and delivery should be provided in any case (see
Figure 1).

In spite of a number of scientific papers stating the need
for multidisciplinary approach for women with CHD,
there is a lack of evidence concerning structure or pathways
of multidisciplinary working, nor impact on maternal or
newborn outcomes. Discussion should at least involve the
evaluation of maternal and foetal risks, recurrence risk,
evaluation of medications, options for contraception and risks
of assisted reproductive therapy. These are the key principles
for the management of pregnant women with CHD along
with pre-conception genetic/cardiac/obstetric counselling,
tight follow-up according to the m-WHO class of risk,
therapy of complications during pregnancy, and vaginal
delivery when possible. Apart from rare exceptions, vaginal
delivery should be preferred, as in the trade-oft with caesarean
section, complications (haemorrhage, infection, hemodynamic
disturbances, coagulation disorders) are less frequent (4).
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