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REVIEW

Reproductive health in adults with congenital heart disease: a review on fertility, 
sexual health, assisted reproductive technology and contraception
J.A. van der Zandea, G. Wanderb, K.P. Ramlakhana, J.W. Roos-Hesselink a and M.R. Johnsonb

aDepartment of Cardiology, Erasmus MC, University Medical Center Rotterdam, Rotterdam, The Netherlands; bImperial College London, Chelsea 
and Westminster Hospital, London, UK

ABSTRACT
Introduction: Due to the improved survival in individuals with congenital heart disease (CHD), con-
sidering their reproductive health has become more important. Currently, this topic is still 
underexplored.
Areas covered: We discuss fertility, sexuality, assisted reproductive technology (ART), and contracep-
tion in adults with CHD.
Expert opinion: Timely counseling regarding fertility, sexuality, pregnancy, and contraception is 
necessary, preferably during teenage years. Due to a lack of data, whether or not to perform ART in 
adults with CHD is almost always based on expert opinion and follow-up in an expert center is 
recommended. Future research is necessary to fill the gaps in knowledge on the risks and frequency 
of complications of ART in adults with CHD, but also to be able to differentiate the relative risks in the 
different types of CHD. Only then will we be able to counsel adults with CHD correctly and not unjustly 
deprive someone of a chance of pregnancy.
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1. Introduction

Congenital heart disease (CHD) affects around 1% of all live 
births worldwide and is the most frequently diagnosed con-
genital disorder [1,2]. Bicuspid aortic valve, ventricular septal 
defect, and atrial septal defect are the most common subtypes 
of CHD and are relatively mild compared with more complex 
abnormalities such as hypoplastic left heart syndrome and 
pulmonary atresia [3]. The survival rates vary between the 
different subtypes of CHD and substantially across the world 
[3,4]. Due to improvements in diagnosis, surgical and medical 
treatments, more people with CHD are reaching adulthood 
and considering pregnancy [5]. The European Society of 
Cardiology (ESC) guideline and the American Heart 
Association (AHA) guideline provide information on the man-
agement and organization of care for adults with CHD and 
give a clear overview of the risks and treatments of the 
different types of CHD [6,7]. However, due to the improved 
survival in individuals with CHD, considering their reproduc-
tive health has become more important, and this topic is still 
underexplored. In this review, we will discuss multiple aspects 
of reproductive health in both women and, when applicable, 
in men, including fertility, sexual health, assisted reproductive 
technology and contraception.

2. Fertility, menstrual disorders, and sexual health

In biology, ‘fertility’ is defined by fecundity or the ability to 
reproduce [8]. This should not be confused with the fertility 

rate, which is defined as the average number of children per 
woman. On the other hand, ‘infertility’ or ‘impaired fertility’ is 
defined as failure to achieve a pregnancy after 12 months or 
more of regular and unprotected sexual intercourse [9]. 
Infertility can be attributed to the male or female, or to be 
unexplained (Figure 1) and can be caused by several factors, 
as presented in Figure 2. In the male reproductive system, 
infertility is most commonly caused by abnormal sperm func-
tion and quality or problems with semen ejection [10]. In 
women, infertility is most commonly caused by abnormalities 
of ovulation or structural problems in the uterus or fallopian 
tubes [11]. Infertility can also be caused in both men and 
women by problems in the endocrine system causing imbal-
ances of reproductive hormones, but also several environmen-
tal and lifestyle factors can influence fertility, such as smoking, 
alcohol consumption, and obesity [12]. The proportion of 
couples affected by infertility is progressively increasing, and 
it is estimated that currently 15–18% of the couples around 
the world suffer from infertility [13]. However, these numbers 
may be underestimated as they only include data from cou-
ples actively seeking help for fertility issues.

2.1. Fertility issues in adults with congenital heart 
disease

Knowledge about fertility in adults with CHD is limited, but 
the available data suggest that fertility is reduced in patients 
with CHD, mainly due to reports of reduced fertility in 
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patients with complex CHD, such as after Fontan correction 
[14,15]. Serum Anti-Müllerian hormone (AMH), a product of 
ovarian granulosa cells that reflects the ovarian reserve [16], 
are decreased in women with a Fontan circulation [17]. 
Additionally, divided by age, serum AMH levels are lower in 
women with complex CHD compared with the AMH levels in 
healthy controls ≥35 years of age, although this difference is 
not found among women under 35 years of age [17]. This 
suggests that a more pronounced decline in ovarian reserve 
occurs over time in women with complex CHD than in 
healthy controls. Patients with a Fontan circulation have 
a high central venous pressure and limited ability to increase 
cardiac output. It is suggested that exposure to chronic 
hypoxemia and reduced blood flow may influence ovarian 
function with subsequent menstrual disorders and infertility. 
There are no data available on semen quality in men with 
complex CHD, but if a similar process of hypoxemia also 
affects male fertility, then semen quality could also be 
affected. Additionally, when women with Fontan circulation 
become pregnant, maintaining the pregnancy is another 
challenge and high miscarriage rates (30%) are reported 
[18]. In patients with simple or moderate CHD, fertility does 
not appear to be affected [19,20], although both men and 

women with CHD have lower birth rates compared to those 
without CHD, independent of the CHD severity. However, 
there is no evidence that people with CHD attend fertility 
clinics more frequently [19,20]. The majority of patients with 
CHD have specific worries and fears about sexuality (section 
2.3), heredity, and pregnancy, which could explain the lower 
birth rates in this patient group [21].

2.2. Menstrual disorders

Menstrual disorders are more common in women with CHD 
compared to women without CHD and are associated with the 
presence of cyanosis, the number of surgical interventions, 
and the severity of CHD [22–24]. Due to an increased preva-
lence of primary amenorrhea, the average age at menarche in 
girls with CHD is slightly higher compared to the general 
population [23]. The occurrence of secondary amenorrhea 
and oligomenorrhea also appear to be greater. An irregular 
menstrual cycle can make it difficult to determine the fertile 
period and so contribute to fertility issues.

2.3. Sexual health

Sexual functioning is impaired in adults with CHD, indepen-
dent of CHD severity [21,25,26]. Women with CHD, especially 
younger women, score worse on sexual functioning scales 
compared with normative data (i.e. unfavorable sexual func-
tioning), including desire, arousal, lubrication, orgasm, satisfac-
tion, and pain. Concerns about their sex life (24%), fears of 
being infertile (26%) and fears of passing on their heart dis-
ease (65%) are common in women with CHD [21]. Erectile 
dysfunction is present in 10–38% of males with CHD, which 
is more than twice as high as in males without CHD. The use of 
cardiac medication, such as beta-blockers or ACE inhibitors, is 
associated with erectile dysfunction, but the data are incon-
sistent [21,25,27,28]. Fears related to cardiac events before or 
during sexual intercourse are more common in men with CHD 
compared to unaffected men (10%) [21,26].

3. Assisted reproductive technology in adults with 
congenital heart disease

Assisted Reproductive Technology (ART), also called medi-
cally assisted reproduction, is defined as all clinical and 
laboratory procedures with the objective of establishing 
a pregnancy, including in vitro handling of both oocytes 
and sperm, or embryos [29]. Over the last 30 years, the use 
of ART has risen steeply, which can be explained by couples 
choosing to delay pregnancy until later life, and the greater 
acceptance and dissemination of these technologies [30,31]. 
Various studies have shown an increased risk of adverse 
outcomes in pregnancies conceived with ART, and it is 
still unclear if this risk arises from the fertility treatments 
themselves or the preexisting risk profile of the infertile 
population [31–33]. Moreover, the fertility treatments them-
selves can also be complicated by, for example, ovarian 
hyperstimulation syndrome (OHSS), bleeding, thromboem-
bolic events, or anesthesia-related risks, resulting in acute 
and/or major hemodynamic shifts [34,35]. In adults with 

Article highlights

● Due to the improved survival of adults with CHD, considering their 
reproductive health has become more important.

● Sexual functioning is impaired in adults with CHD and menstrual 
disorders are more common.

● Fertility seems reduced in adults with complex CHD, such as those 
with a Fontan circulation.

● Patients with CHD considering ART should be discussed in 
a multidisciplinary team, consisting of at least a congenital cardiolo-
gist, high-risk obstetrician, fertility specialist, and anesthetist.

● ART is associated with OHSS, thromboembolic complications, and 
multiple pregnancies.

● Careful follicle monitoring is necessary, and in the case of an exces-
sive response, consider canceling the cycle or freezing the embryos.

● Timely counseling of teenagers with CHD about sexuality, contra-
ception, fertility, and pregnancy is crucial.

Figure 1. Causes of infertility attributed by sex.
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congenital heart disease, these hemodynamic shifts and 
other risks can lead to life-threatening situations as they 
may be less capable to adapt due to a compromised cardiac 
function.

Before considering ART in patients with CHD, it is recom-
mended to first determine the impact of a pregnancy on their 
heart disease and vice versa. Owing to data regarding preg-
nancy outcomes in women with heart disease from several 
registries, it has become increasingly clear which specific 
congenital heart defects are associated with a low, moderate, 
or high risk of maternal morbidity or mortality during preg-
nancy [36–39]. The modified World Health Organization 
(mWHO) classification is a reliable tool for the prediction of 
the maternal risk in women with CHD (Table 1) [15,40]. If 
pregnancy is considered safe, the pros and cons and the 
possible complications of an ART procedure should be con-
sidered. However, data on ART complications specifically in 
patients with heart disease are scarce and the available stu-
dies are all small and retrospective, so the discussion is 
almost always based on expert opinion [41–43]. The occur-
rence of complications during ART in women with heart 
disease varies from 3% to 18%, and includes OHSS, syncope, 
intra-abdominal bleeding, and endocarditis. The ESC guide-
line states that fertility treatment is contraindicated in women 
with mWHO class IV (as is pregnancy itself) and that caution 
is advised in women with mWHO class III or those who are 
anticoagulated [15]. A detailed understanding of ART is 
necessary to be able to discuss the risks of the available 
investigations and treatments for patients with CHD who 
are considering ART (Figure 3).

3.1. Evaluating infertility

Couples who present to a fertility clinic will undergo preliminary 
blood work, pelvic ultrasound, and semen analysis. 
Subsequently, more detailed examinations may include assess-
ments of tubal patency, which can be achieved using a Hystero- 
contrast-sonography (HyCoSy) or a hysterosalpingogram. In 
both, a tube is passed through the cervix and fluid is injected 
into the cavity of the uterus, outlining its shape and showing 
whether the fallopian tubes are open. Since both involve cervical 
manipulation, a vasovagal attack may occur. This occurs in 5% of 
healthy women during insertion of an IUCD and usually resolves 
spontaneously, but in women with CHD (particularly pulmonary 
hypertension or a Fontan circulation), a vasovagal event can be 
more serious. Consequently, procedures involving instrumenta-
tion of the cervix should only be performed with cardiovascular 
monitoring, anesthetic support on standby, and appropriate 
pain relief to minimize the risk of a vagal reaction [44,45]. More 
invasive, laparoscopic assessments do allow diagnosis and treat-
ment at the same time (such as for tube adhesions and endome-
triosis), but require increased intra-abdominal pressure, which 
can impact cardiac output by reducing the venous return and 
elevating cardiac afterload [46]. Further, the raised intra- 
abdominal pressure can compromise respiratory function, caus-
ing CO2 retention and increasing pulmonary vascular resistance. 
Positional changes can exacerbate these factors and lead to 
significant hypoxemia, hypotension, and hemodynamic instabil-
ity, which are all poorly tolerated by those with CHD. If necessary, 
laparoscopic surgery can be performed with minimal abdominal 
inflation under regional or even local anesthesia [47]. 

Figure 2. Factors associated with infertility in both men and women.
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Hysteroscopy is well tolerated, but close attention to fluid bal-
ance is essential. Prophylactic antibiotics are advised for most 
gynecological procedures, and in the presence of CHD, these can 
be adapted to cover infectious endocarditis [48].

3.2. Menstrual cycle control and follicle stimulation

Polycystic Ovary Syndrome (PCOS) is the most common cause 
of anovulation or infrequent ovulation, affecting between 4% 
and 8% of women. Weight loss, exercise, and diet can improve 
endocrine profiles and rates of ovulation in women with PCOS 
[49]. If ovulation induction is necessary, then clomiphene 
citrate results in a 70–85% ovulation rate and 40–70% con-
ception rate after six cycles but has a high rate of multiple 
pregnancy [50]. Gonadotrophins can cause multiple follicular 
development and increase the risk of multiple pregnancy (5– 
8%), but this risk can be minimized by close ultrasound mon-
itoring of follicular development [51].

If in vitro fertilization (IVF) is thought to be necessary, natural 
cycle IVF should be considered as it avoids the risk of OHSS, and 
results in a single embryo transfer, minimizing the risk of multiple 
pregnancy. If superovulation is thought to be necessary, then an 
antagonist-based protocol reduces the risk of OHSS, with 
a similar pregnancy rate and opting for a single embryo transfer 
(and freezing any additional embryos) reduces the risk of OHSS 
and multiple pregnancy [52]. Superovulation results in dramatic 
changes in circulating reproductive hormone levels that can 
have quite profound effects on the cardiovascular system, 
which have been well described by Manau et al. (Figure 4) [53]. 
During the menstrual cycle before the ART attempt, 
a gonadotrophin-releasing hormone (GnRH) analogue is given 
to prevent early ovulation during ovarian stimulation, which is 
achieved with gonadotrophins [54]. Circulating estradiol levels 
are low with the GnRH agonist treatment, which coincides with 
an increase in the peripheral resistance and blood pressure. With 
ovarian stimulation, estradiol levels rise and peripheral resistance 
and blood pressure fall significantly in association with an 

Table 1. Modified World Health Organization (mWHO) classification [15].

Risk class Diagnosis
Maternal cardiac  

event rate
Care during pregnancy  
and location of delivery

mWHO I Small or mild
● Pulmonary stenosis

● PFO

● Mitral valve prolapse
Succesfully repaired simple lesions (ASD, VSD, PFO, anomalous  

pulmonary venous drainage) 
Isolated atrial or ventricular ectopic beats

2.5–5% Local hospital

mWHO II Unoperated ASD or VSD 
Repaired TOF 
Most arrhythmias (supraventricular arrhythmias) 
Turner syndrome without aortic dilatation

5.7–10.5% Local hospital

mWHO II-III Mild left ventricular impairment (EF > 45%) 
Hypertrophic cardiomyopathy 
Native or tissue valve disease not considered mWHO I or IV 
Marfan or other HTAD syndrome without aortic dilatation 
BAV pathology with aorta <45 mm 
Repaired coarctation 
AVSD

10–19% Referral hospital

mWHO III Moderate left ventricular impairment (EF 30–45%) 
Previous peripartum CMP without any residual left ventricular impairment 
Mechanical valve 
Systemic right ventricle with good or mildly decreased ventricular function 
Fontan circulation without complications 
Unrepaired cyanotic heart disease 
Other complex heart disease 
Moderate mitral stenosis 
Severe asymptomatic aortic stenosis 
Moderate aortic dilatation (40-45 mm in Marfan syndrome or other HTAD;  

45-50 mm in BAV, Turner syndrome ASI 20-25 mm/m2, TOF <50 mm) 
Ventricular tachycardia

19–27% Expert center

mWHO IV Pulmonary arterial hypertension 
Severe systemic ventricular dysfunction (EF < 30% or NYHA class III-IV) 
Previous peripartum CMP with any residual left ventricular impairment 
Severe mitral stenosis 
Severe symptomatic aortic stenosis 
Systemic right ventricle with moderate or severely decreased ventricular function 
Severe aortic dilatation (>45 mm in Marfan syndrome or other HTAD,  

>50 mm in BAV, Turner syndrome ASI >25 mm/m2, TOF >50 mm) 
Vascular Ehlers-Danlos 
Severe (re)coarctation 
Fontan circulation with any complication

40–100% Expert center

ASD indicates atrial septal defect; AVSD – atrioventricular septal defect; BAV – bicuspid aortic valve; CMP – cardiomyopathy; EF – ejection fraction; PFO – patent 
foramen ovale; HTAD – hereditary thoracic aortic disease; NYHA – New York Heart Association; TOF – tetralogy of Fallot; VSD – ventricular septal defect. 
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increase in the cardiac output [53]. These changes in estradiol 
levels and associated hemodynamic changes are not likely to 
cause major cardiac problems in women with heart disease in 
whom pregnancy is considered safe. However, caution is advised 
in women with CHD classified as mWHO class III and IV, as stated 
by the ESC guidelines [15]. More concerning is the effect of 
superovulation on the clotting system, described in section 3.6.

3.3. Follicle monitoring, ovulation induction, and oocyte 
retrieval

The next step of the ART cycle is to closely monitor the ovarian 
response to superovulation, usually by vaginal ultrasound and 
serum estradiol measurements. Once the ideal follicle size is 
reached, human chorionic gonadotrophin (hCG) is administered 
followed by oocyte retrieval [54,55]. Oocyte retrieval is a low-risk 
procedure (<1% complications) in the general population, but in 
women with some forms of heart disease (pulmonary hyperten-
sion and women with Fontan circulation) it can be a life- 
threatening [15,56] with a significant risk of bleeding in women 
on anticoagulant therapy. Endocarditis prophylaxis is not routi-
nely recommended during oocyte retrieval [57].

3.4. Embryo transfer and pre-implantation genetic 
diagnosis (PGD)

Single embryo transfer is strongly advised above multiple 
embryo transfer in women with complex CHD, because multiple 
pregnancy is associated with greater hemodynamic changes and 

a higher risk of maternal and fetal complications [58,59]. These 
hemodynamic changes, detailed in another article in this issue, 
can lead to serious maternal cardiac complications, such as heart 
failure (7%) and arrhythmias (3%) [60]. In multiple pregnancies, 
the cardiac output is 20% higher than in singleton pregnancies, 
which results in higher risks of maternal cardiac complications, 
especially in patients with more complex CHD, valvular stenosis, 
and an already compromised cardiac function [58].

Pre-implantation genetic diagnosis (PGD) is an essential 
part of looking after couples where one of the couple is 
affected by an inherited cardiac disease [61]. Men or women 
with a known genetic mutation causing their cardiac disease 
can create embryos through IVF, which can then be tested 
using PGD. Embryos are typically biopsied on day 3 of life, 
when they are at the 8-cell stage. One or two cells are 
removed, and the embryo is then cryopreserved to await the 
test results. Embryos without the mutation can then be sub-
sequently transferred in a natural cycle or an artificial cycle.

Currently, genetic testing has an important role in the care 
of patients with CHD and needs to be considered in precon-
ception counseling in those where it is relevant. Indeed, avoid-
ing recurrence of the heart disease in the child is of 
paramount importance to people with CHD [62,63].

3.5. Ovarian hyperstimulation syndrome (OHSS)

In its most severe form, OHSS is associated with ascites, pleural 
and pericardial effusions, and intravascular hypovolemia with 
hypotension. The associated intravascular volume depletion 

Figure 3. The Assisted Reproductive Technology (ART) cycle and associated complications. OHSS – ovarian hyperstimulation syndrome.
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increases the risk of thrombosis, which often involves the 
arterial system. In women with heart disease, these changes 
may be poorly tolerated and even life threatening, particularly 
in those with ventricular dysfunction, left ventricular outflow 
tract obstruction, Fontan circulation, or pulmonary hyperten-
sion. Mild OHSS complicates 33% and moderate-to-severe 
OHSS complicates 3–8% of the cycles [64]. Similar rates are 
described in women with CHD undergoing ART [41–43]. Risk 
factors for OHSS include age (<30 years), low body weight, 

PCOS, increased antral follicle count (AFC), and high levels of 
AMH. High-risk women should be prescribed gonadotrophins 
according to their AMH levels and AFC [65,66], aiming to use 
the lowest effective gonadotrophin dose. In women with CHD 
undergoing ART, careful cycle planning and monitoring is 
mandatory. If there is early ultrasound evidence of an exces-
sive ovarian response, the cycle can be canceled or egg collec-
tion performed and the resulting embryos frozen for later 
transfer. If the risk of OHSS is thought to be high despite 

Figure 4. Changes in estrogen level and cardiac output before and during ART, and during pregnancy. Modified from Manau et al [53].
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these steps, agents that inhibit vascular endothelial growth 
factor signaling, such as cabergoline, have been used success-
fully to prevent OHSS.

3.6. Thromboembolic complications

As mentioned, superovulation increases the risk of throm-
boembolic events, as the levels of von Willebrand factor, 
Factor VII, and Factor V rise and anticoagulant and fibrinolytic 
activity fall as a result of the higher estradiol levels [54,67,68]. 
The incidence of arterial (ATE) and venous (VTE) thromboem-
bolic events in women undergoing ART is around 0.1% for 
each cycle, a 10-fold increase on the background age-related 
risk [54,68]. The majority (98%) occur after ovulation induction 
[69] and in association with the development of OHSS and 
pregnancy. The timing of ATEs and VTEs vary with ATE occur-
ring in the first 2 weeks after embryo transfer, concurrent with 
OHSS development, in contrast, VTE is typically seen between 
1 week after embryo transfer and up to the end of the first 
trimester of pregnancy, so possibly after clinical resolution of 
OHSS [68,69]. In naturally conceived pregnancies, the highest 
incidence of thromboembolic events is in the postpartum 
period [70]. Patients with CHD are at increased risk of throm-
boembolic events, with differences in risk according to CHD 
type and complexity [6]. The highest risks are found in 
patients with transposition of the great arteries, Fontan circu-
lation, and cyanotic CHD [71]. Valve thrombosis is the most 
feared complication in patients with metallic prosthetic valves 
and is associated with significant morbidity and mortality [72]. 
Interruption of anticoagulant therapy in patients with 
a metallic prosthetic valve in aortic position is lower risk 
than compared to patients with a mechanical valve in mitral 
position, based on the 2–3 times higher risk of mitral prosthe-
tic valve thrombosis compared to aortic prosthetic valve 
thrombosis [73]. Therefore, the possibility and duration of 
interrupting anticoagulant therapy depends on the underlying 
condition and type of prosthetic valve, the approach should 
be discussed by a multidisciplinary team.

3.7. Obstetric and perinatal complications in ART 
pregnancies

Pregnancies conceived by ART should be managed as high- 
risk pregnancies, as even ART singleton pregnancies are asso-
ciated with higher risks of adverse obstetric and perinatal 
outcomes [31]. Women with an ART conceived pregnancy 
have a 30% higher risk to develop pregnancy-induced hyper-
tension compared with women with pregnancies conceived 
naturally [31]. In women with CHD, the prevalence of hyper-
tensive disorders in pregnancy (HDP) is roughly comparable or 
slightly increased with the prevalence in the general popula-
tion (10%) [74–76]. However, women with heart disease and 
HDP have higher incidences of adverse maternal and perinatal 
outcomes than those without HDP, such as heart failure 
(18.5% vs 10.6%), preterm birth (27.4% vs 16.9%), small for 
gestational age (14.6% vs 9.7%), and maternal- and perinatal 
death (1.4% vs 0.6% and 3.1% vs 1.7%, respectively) [74]. 
Caution is needed in women with CHD who develop HDP, 
not only during pregnancy but also in the postpartum period 

because most of the reported maternal deaths due to HDP 
occurred after delivery. Other complications that are more 
prevalent in ART singleton pregnancies are gestational dia-
betes, placenta previa, placental abruption, and antepartum 
and postpartum hemorrhage [31]. In multiple pregnancies 
conceived by ART compared with multiple pregnancies con-
ceived naturally, there is a higher risk of premature rupture of 
membranes (15%), pregnancy-induced hypertension (6%), 
gestational diabetes (42%), preterm birth (83%), low birth 
weight (47%), and congenital malformation (30%). As stated 
before, single embryo transfer is advised above multiple 
embryo transfer in women with CHD (section 3.4).

3.8. Oocyte donation and surrogate mother

Donor oocyte ART cycles account for 12% of all ART cycles. The 
main reasons women opt for oocyte donation are poor oocyte 
quality, premature ovarian failure, or advanced maternal age 
[77]. In oocyte donation pregnancies, the risk of developing 
preeclampsia and the risk of preterm birth and low birthweight 
is higher compared to these risks in pregnancies conceived by 
conventional IVF/ICSI or spontaneous conception [78]. 
Preeclampsia in women with heart disease is associated with 
a high rate of heart failure (30%) and maternal death (3.5%), so 
awareness of this complication and frequent follow-up is neces-
sary [74]. Women with CHD may look for a surrogate mother to 
avoid the impact of a potential pregnancy on their heart disease 
and vice versa, but with the use of their own oocytes. This may be 
possible in women in which pregnancy is contraindicated 
(mWHO class IV). However, ART is necessary for oocyte retrieval 
with additional complications as mentioned above and should 
be considered carefully. Moreover, the life expectancy of adults 
with complex CHD must be taken into account. Although adults 
with CHD have optimistic expectations for their own life spans 
(±70 years) and the greatest overall survival benefit in the past 
few decades is among those with the most complex defects, the 
median age at death for adults with complex CHD is nowadays 
50 years but for some it is dramatically worse [79–81]. Advice 
should be individualized and an in-depth discussion undertaken 
so that the couple have a clear understanding of the risks 
involved in any proposed treatment and also taking into account 
the perspective of the child. This hopefully minimize the risk that 
the couple will seek treatment in another, non-expert center or 
outside the country, where proper care may not be provided. 
However, there are differences in the legal status of surrogacy 
and oocyte donation in different countries, and local availability 
should be considered [82].

3.9. Male factor

In around 30–40% of the infertile couples, the cause of infer-
tility is attributable to a male factor (Figure 1) [10]. Sperm 
retrieval from the epididymis or testicles may be necessary 
because of azoospermia. Although effective, this procedure is 
as any other surgical procedure not without complications. 
The risk of bleeding and hematoma formation needs to be 
considered, especially in men on anticoagulation, as well as 
the risk of infection and anesthesia. Percutaneous aspiration 
or biopsy is preferred, as it can be performed under local 
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anesthesia. International guidelines recommend that non- 
cardiac surgery and interventional procedures in patients 
with CHD should be performed in a center with CHD exper-
tise [6,7].

4. Contraception

Contraception should be discussed in teenagers and young 
adults with CHD to avoid unplanned pregnancy because of 
the increased risk of maternal morbidity and mortality, but 
also to avoid complications of specific contraceptive methods. 
Barrier methods have a relative high failure rate and are not 
considered sufficient alone but are valuable in combination 
with other methods as they offer protection from sexually 
transmitted diseases [83,84]. Estrogens are pro-thrombotic via 
the increased hepatic production of coagulation factors, which 
makes contraception containing estrogens (combination pills, 
patches, or rings) unsuitable for women with CHD, as these 
women already have an increased risk for thromboembolic 
events [6,83,85]. In addition, in women with mild hypertension 
(>140/90 mm Hg), estrogen-containing contraceptives are rela-
tively contraindicated, and absolutely contraindicated in 
women with uncontrolled hypertension (>160/100 mm Hg). In 
women with CHD, progesterone-only contraceptive methods 
are considered safe, as they have no effect on the coagulation 
cascade and blood pressure [83,85]. The potential side effects of 
progestogen-only contraception, such as irregular bleeding pat-
terns and continuous spotting, should be discussed to improve 
compliance. In women with CHD who are on anticoagulation, 
long-acting reversible contraceptives, especially subdermal 
implants or Levonogestrel-IUD, are the methods of choice. 
Importantly, in patients with preload-dependent conditions, 
such as pulmonary arterial hypertension, severe valvular steno-
sis, or a Fontan circulation, it is recommended to insert and 
remove an IUD with cardiovascular monitoring and appropriate 
pain relief, as pain can elicit a vagal reaction [86]. Taking this 
into account, subdermal implants may be more suitable for 
women with preload-dependent conditions, as these are easily 
inserted under local anesthesia [83]. Antibiotic prophylaxis is 
not recommended during insertion of an intrauterine device as 
stated by the ESC guidelines for infective endocarditis [57].

In choosing the most appropriate contraceptive method, 
multiple factors should be considered and the input of 
a cardiologist and obstetrician is recommended. In addition 
to considering the patient’s risk of cardiovascular complica-
tions during pregnancy and the relative or absolute contra-
indications of the different types of contraception, it is 
important to consider the patient’s personal preferences. In 
patients who do not desire a pregnancy or who have com-
pleted their families, permanent contraception, such as tubal 
ligation or vasectomy, can be considered. However, the age of 
the patient, social situation, and chance of regret should be 
discussed. For patients who prefer a non-hormonal contra-
ceptive method, the copper-IUD, is an option but is associated 
with increased pain and menstrual flow. Alternatives, such as 
barrier methods, have a high failure rate, and as stated above, 
the consequences of pregnancy must be taken into account 
when deciding on the contraceptive method to be used.

5. Conclusion

In conclusion, there are indications that fertility is lower in 
both men and women with complex CHD, however in patients 
with mild and moderate CHD, fertility appears normal. Sexual 
functioning is worse in adults with CHD and discussing sexu-
ality by the physician definitely needs more attention. Due to 
the increasing life-expectancy of adults with CHD, the complex 
question of pregnancy and contraception will be asked more 
frequently, at the moment we lack the necessary information 
to give accurate advice particularly about the impact of ART 
and its associated complications. This is particularly true of 
fertility treatments that are associated with complications such 
as OHSS and thromboembolic complications, which can be 
life-threatening, especially in adults with complex CHD. 
A detailed understanding of ART is necessary to be able to 
discuss the risks of the available investigations and treatments 
for patients with CHD who are considering ART. Due to the 
heterogeneity of CHD, an individual approach is necessary, 
and it is recommended to discuss every adult with CHD con-
sidering ART with a multidisciplinary team, consisting of at 
least a congenital cardiologist, high-risk obstetrician, fertility 
specialist, and anesthetist. Due to the lack of data, it seems 
justified to centralize care for adults with CHD undergoing ART 
to tertiary, expert centers. A surrogate mother with the use of 
a patient’s own oocyte is an option for women with a high risk 
of maternal morbidity or mortality during pregnancy due to 
their underlying cardiac disease (mWHO III-IV), however ART 
for oocyte retrieval can still cause life-threatening situations in 
these women. Lastly, it is important to have a timely discus-
sion about contraceptive options with teenage CHD patients, 
not only to prevent pregnancy but also to choose an appro-
priate contraceptive method with the least cardiovascular risk 
(which may exclude estrogen-containing contraceptives). In 
short, timely counseling on sexuality, contraception, preg-
nancy, and ART is crucial in adults with CHD.

6. Expert opinion

Reproductive health has been an underexplored topic in 
patients with CHD. As the life-expectancy of adults with CHD 
has increased due to improvements in the treatment of com-
plex CHD, more adults with CHD are reaching childbearing age, 
and issues regarding the safety of fertility treatments in these 
patient group will become increasingly important and frequent. 
Available data about the risks of ART in adults with CHD are 
limited, so the discussion is based on expert opinion. It is 
recommended that every woman with CHD considering fertility 
treatment should be discussed by a multidisciplinary pregnancy 
heart team to consider possible complications of both ART and 
pregnancy. Additional testing, such as echocardiography and 
exercise test, should be undertaken as necessary to form a clear 
picture of the severity of the CHD and the cardiac condition of 
the patient prior to any treatment. Because of the heterogene-
ity of CHD, the advice should be individualized to the woman’s 
needs and complexity of her CHD. The mWHO classification, 
used to predict the risk for maternal morbidity and mortality in 
pregnancy in women with heart disease, may also be applicable 
in women with heart disease who are eligible for ART.
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The diagnostic procedures to investigate the cause of inferti-
lity, such as a hysterosalpingogram, are not without risks. 
Cardiovascular monitoring is required and appropriate pain relief 
is recommended to minimize the risk of a vagal reaction. Women 
with CHD undergoing ART should be closely monitored, espe-
cially those with moderate or complex CHD, in an expert center. 
The most common complications of ART are OHSS and multiple 
pregnancy. In women with CHD, the key principle is to use the 
ART with the least likelihood of these complications. OHSS is 
a feared complication, and even the mild form of OHSS can be 
life-threatening in women with CHD. Careful follicle monitoring 
is essential and, in the case of excessive response to follicle 
stimulation, cycle cancellation or freezing the embryos is recom-
mended. Single embryo transfer is recommended to minimize 
the risk of multiple pregnancies. Antibiotic prophylaxis is not 
recommended during insertion of an intra-uterine device or 
during oocyte or sperm retrieval as stated by the ESC guidelines 
for infective endocarditis. However, in high-risk patients (e.g. 
with a prosthetic valve or earlier endocarditis) it can be consid-
ered, given the incidence of endocarditis since the introduction 
of these new guideline has been increased, and the incidence of 
serious side-effects of antibiotic prophylaxis is relatively low 
[57,83].

As stated before, more research regarding ART in adults with 
CHD is needed. Observational studies can give a good picture 
of the incidence and causes of fertility issues in adults with 
CHD. It is crucial to have more data on the risks of ART and 
frequency of complications in the different types of CHD at 
a minimum to be able to accurately advise women with CHD 
about the risks and optimally to determine which drugs, hor-
mones, and ART approaches should be avoided in adults with 
CHD. Surrogacy is an option in women with complex CHD in 
whom pregnancy is contraindicated (mWHO IV), but the risk of 
ART to retrieve oocytes and the individual’s life-expectancy 
needs to be considered when deciding whether or not to use 
ART. As the question of fertility is asked more often by people 
with CHD, we need more data to give accurate answers and to 
use ART safely in this high risk group of patients.
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