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Preconception Counseling for Women with
Congenital Heart Disease
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With advances that have been made over the recent decades in transcatheter and surgical interventions, most
patients with congenital heart disease (CHD) can survive into adulthood. Overall, probably half of these surviving
patients are female. When these female CHD patients reach childbearing age, however, pregnancy management
will be a major issue. In order to meet the demands of fetal growth, the maternal cardiovascular system starts a
series of adaptations beginning in early pregnancy. These adaptations include: decreased systemic and pulmonary
vascular resistances, decreased blood pressure, expansion of the blood volume, increased heart rate and increased
cardiac output. For women with CHD, this hemodynamic alteration may increase the risks of adverse cardiovascular
events as well as the fetal and neonatal complications. Therefore, proper risk stratification and effective counseling
for women with CHD who are planning their pregnancies is an important undertaking.
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INTRODUCTION

tations such as decreased systemic and pulmonary vascular resistances, expansion of the blood volume, increases in heart rate and increased cardiac output. The
presence of maternal CHD may increase the risk of maternal cardiovascular complications during pregnancy as
well as the risk of fetal and neonatal complications owing to the altering hemodynamic status in pregnancy.3-6
Therefore, for women with CHD, the proper identification of risk and undertaking of counseling prior to planning pregnancy are therefore essential.7

Due to the advances in treatment of congenital heart
disease (CHD) in recent decades, it has been estimated
that approximately 85% of patients with CHD can survive into adulthood.1 Although many adults with CHD
have received cardiac corrections, some of them still
face problems such as heart failure, exercise intolerance, arrhythmias or even the risks of sudden death. Because of the increase in the population of CHD patients,2
new and complex medical issues have posed great challenges for health care providers. Pregnancy in women
with CHD is probably one of the most important of
these issues. To meet the demands of fetal growth, the
maternal cardiovascular system makes a series of adap-

CARDIOVASCULAR ADAPTATIONS DURING
PREGNANCY
Hemodynamic changes during pregnancy
A reduction in peripheral vascular resistance begins
at 5 weeks gestation as a consequence of developed
uteroplacental circulation and increased circulating estrogen, progesterone and relaxin.8 The peripheral vascular resistance drops to 40-70% of pre-pregnancy levels
at the middle of the second trimester.8 In response to
the relative vascular underfill arising from decreased
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vascular resistance, an expansion in plasma volume (an
increase of 30-50%), activation of the renin-angiotensin-aldosterone system and a mild reduction of plasma
atrial natriuretic peptide concentration occurs to maintain a relatively constant blood pressure.8,9 The cardiac
preload increases as a result of expansion of plasma volume, and the cardiac afterload decreases due to reduction of peripheral vascular resistance. These changes,
together with an elevated heart rate 10-20/min, lead to
an increased cardiac output to 30-50% above the prepregnancy level.10 To avoid excessive blood loss at delivery, hypercoagulation status is achieved by decreasing
the production of tissue plasminogen activator, protein
C and S and increasing tissue plasminogen activator inhibitor and factors V, VII, VIII, IX, X, XII and von Willebrand factor.11

cardiac preload. In patients with systemic right ventricle
(such as congenitally corrected transposition of the
great arteries or complete transposition of the great arteries after atrial switch operation), pre-existing right
ventricle dysfunction may worsen; about 10-20% of
these patients have an irreversible ventricular dysfunction after delivery.14,15 The increased cardiac output and
reduction in peripheral resistance leads to an increase in
the pressure gradient in patients with left heart obstructive lesions.
For patients with pulmonary arterial hypertension,
lack of normal reduction in pulmonary vascular resistance during pregnancy can cause progressive right ventricular failure with increasing cardiac output.16 During
delivery, patient pain and stress is associated with stimulation of the sympathetic nervous system and dramatic increases in the heart rate, blood pressure, and
myocardial oxygen consumption, which can be associated with vagal responses potentially leading to hypotension and sudden death. Additionally, postpartum
autotransfusion can cause further right ventricular volume overload.16 For those patients with Eisenmenger
syndrome, in addition to the above complications related to pulmonary arterial hypertension, the reduced
systemic vascular resistance and increased right ventricular volume overload lead to increased right to left
shunting and aggravated cyanosis. A very high maternal
mortality rate (30%) is associated with Eisenmenger syndrome and severe pulmonary arterial hypertension.17

Labor, delivery and postpartum
Contraction of the uterus during labor can cause
300 to 500 ml of blood entering circulation. Heart rate
and blood pressure may rise due to exertion, pain or
anxiety. Therefore, cardiac output may increase as much
as 80% above the pre-pregnancy level.12 Although Cesarean delivery can eliminate or minimize hemodynamic
stresses during labor, it is often associated with greater
blood loss and greater fluid shifts than vaginal delivery.
After delivery, increased cardiac preload by autotransfusion occurs after the return of uterine blood, decompression of inferior vena cava and reabsorption of the
extracellular fluid. The hemodynamic adaptations to
pregnancy usually take 4 to 12 weeks to return to baseline after delivery.13

The reported incidence of maternal cardiac complications associated with pregnancy in women with CHD
ranges from 4.5 to 25.0%. 3-7 These complications include heart failure, arrhythmia, thromboembolism, aortic dissection and pregnancy induced hypertension.

Arrhythmias
The chances of arrhythmia increase during pregnancy due to enhanced sympathetic tone, alteration of
hormone milieu and cardiac chamber dilatation. Such
physiological changes may render a pre-existing substrate, such as reentry around the previous surgical
scars, capable of sustaining an arrhythmia. 18 Women
particularly at risk are those having a previous history of
arrhythmias, with complete transposition of the great
arteries post atrial repair, after classical Fontan operation (atriopulmonary anastomosis) or atrioventricular
septal defect.4

Heart failure
Volume expansions during pregnancy may further
aggravate the impaired ventricular function by increased

Thromboembolism
The presence of a hypercoagulable state during
pregnancy and the disruption of lamina blood flow by

MATERNAL COMPLICATIONS OF PREGNANCY IN
WOMEN WITH CHD
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congenital or repaired cardiac defects can result in an
increased risk of thrombosis and embolism.9 Patients
with mechanical prosthetic valve, cyanosis, atrial fibrillation or Fontan circulation are especially at risk for thromboembolism. However, the use of anticoagulants is
associated with risks of maternal or fetal bleeding and
possible teratogenesis.

diac defects associated with a genetic syndrome or single gene mutation (e.g. DiGeorge syndrome, Holt-Oram
syndrome, Noonan syndrome), the risks of recurrent
CHD would be up to 50%.

Cardiovascular drugs in pregnancy
Alteration of drug absorption, excretion, and bioavailability can occur during pregnancy. Consequently,
dosage adjustment may be required due to altered drug
distribution by increased intracellular and extracellular
fluid and increased drug clearance related to elevation
of renal perfusion and higher hepatic metabolism. 24
Most cardiovascular drugs can cross the placenta and
expose the fetus to their pharmacological or embryopathic effects. Therefore, the benefits and risks for the
mother and fetus have to be weighted carefully (Table
2).

Aortic dissection
Elevation of estrogen and elastases during pregnancy results in fragmentation of the elastic lamella in
the aortic wall media.19 The increased cardiac output
and alteration of the aortic wall structure may increase
the chances of aortic dissection during pregnancy, especially in patients with Marfan syndrome, bicuspid aortic
valve, aortic coarctation, Ehlers-Danlos syndrome and
Turner syndrome.
Pregnancy induced hypertension
The incidence of hypertension increases in patients
with aortic stenosis, pulmonary stenosis, aortic coarctation and transposition of the great arteries.4 The larger pathophysiological mechanism is not clear, but endothelial dysfunction, impaired vascular dilatation, impaired systemic ventricle and release of vasoactive substances by the uterus may contribute to pregnancy induced hypertension in such patients.9

PRE-CONCEPTION ASSESSMENT AND COUNSELING
For all women with CHD, counseling about future
pregnancies and contraception should begin in adolescence to prevent accidental and potentially dangerous
pregnancies. To obtain correct and complete information for risk stratification, a thorough evaluation should
be performed including review of past medical records,
assessment of current functional status, physical exami-

FETAL AND NEONATAL RISKS

Table 1. Risk of recurrence in offspring of mother with
congenital heart disease

In women with CHD, offspring complications are related to maternal cardiac function, 5 especially those
with maternal cyanosis or reduced cardiac output.20 A
recent study revealed that compromised uteroplacental
blood flow is related to offspring events in women with
CHD.21 The fetal and neonatal complications in maternal
CHD include preterm delivery (10-20%), intrauterine
growth retardation (8%), spontaneous abortion (12%)
and Fetal/neonatal death (4%).3,4 The independent maternal predictors of neonatal events are baseline NYHA
functional class > II or cyanosis, severe left heart obstruction, multiple gestation, use of anticoagulant during pregnancy and mechanical valve prosthesis.3,4,22 The
overall recurrence rate of heart defects for offspring in
maternal CHD is 6% (Table 1).23 However, for those carActa Cardiol Sin 2015;31:500-506

Lesion
Atrioventricular septal defect
Aortic stenosis
Coarctation
Atrial septal defect
Ventricular septal defect
Pulmonary stenosis
Patent ductus arteriosus
Tetralogy of Fallot
Total

Risk of
No. of cases
transmission (%)
11.60
8.0
6.3
6.1
6.0
5.3
4.1
2.0
5.8
23

5/43
36/248
14/222
59/969
44/731
24/453
39/828
06/301
222/3795

Data from Whittemore R, et al. 1994.
If a cardiac defect is associated with a genetic syndrome or
single autosomal dominant gene mutation (e.g. DiGeorge
syndrome, Holt-Oram syndrome, Noonan syndrome), the risks
of recurrent cardiac defect would be up to 50%.
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Table 2. Cardiovascular drugs in pregnancy
Relatively safe
Drugs
Adenosine
b-blockers
Calcium channel blockers
Digoxin
Heparin
Lidocaine
Procainamide
Quinidines
Furosemide
Sildenifil
Epoprostenol
Nitric oxide

Not safe
FDA category

Drugs

FDA category

Adverse effects

C
C
C
C
C
B
C
C
C
B
B
C

ACEI, ARB

D

Neonatal renal failure, IUGR, hypotension

Warfarin

X

Fetal CNS & skeletal defect, intracranial hemorrhage

Amiodarone

D

Hypothyroidism and potential brain damage

Phenytoin

D

Fetal heart defects, IUGR, orofacial abnormalities

Spironolactone

C

Anti-androgenic effect

Bosentan

X

Teratogenicity

ACEI, angiotensin-converting-enzyme inhibitor; ARB, angiotensin receptor blocker; CNS, central nerves system; FDA, U.S. Food and
Drug Administration; IUGR, intrauterine growth retardation.

nations, pulse oximetry, electrocardiogram, imaging
studies, cardiopulmonary exercise test and the use of
Holter monitors. Cardiac catheterization is indicated
when the information from non-invasive diagnostic tools
is insufficient, such as pulmonary arterial hypertension
or severity of obstructive lesions. The assessment and
counseling should be performed by a well-trained adult
CHD specialist.

tetralogy of Fallot, aortic coarctation, Fontan circulation
or systemic right ventricle) and the clinical cardiac status
(e.g., systemic ventricular dysfunction). The categories
ranged from the very low risk of WHO class I to the highest risk of WHO class IV, which was considered the contraindication for pregnancy. Our recent study and another prospective study both revealed that, compared
with other risk estimation methods, the WHO classification demonstrated better performances in predicting
the maternal cardiovascular risks in pregnancy.7,27
For detailed lesion-specific risk assessment, the
guidelines from the American College of Cardiology/

Risk stratifications
The CARPREG investigators in Canada have provided
a risk index for predicting maternal pregnancy outcomes
in women with heart disease (74% of their study cohort
were women with CHD).22 They defined four risk predictors: 1) prior cardiac event (heart failure, transient
ischemic attack, stroke or arrhythmia); 2) a New York
Heart Association (NYHA) functional classification > II or
cyanosis at baseline; 3) impaired systemic ventricular
function; and 4) severe left-sided heart obstruction. The
estimated risks of cardiac events during pregnancy were
5%, 27% and 75% in those women with numbers of risk
factors of 0, 1 and > 1, respectively (Table 3).
Another risk assessment, named the modified World
Health Organization (WHO) risk classification, was recommended by the European Society of Cardiology
(ESC) to estimate the risk of pregnancy in women with
heart disease (Table 4).11,25,26 Four risk classes (WHO I, II,
III and IV) were defined according to both specific heart
lesions (e.g., Marfan syndrome, bicuspid aortic valve,

Table 3. Predictors of maternal cardiovascular events and risk
22
score from the CARPREG study
CARPREG risk factors
· Prior cardiac event (heart failure, transient ischemic attack,
stroke before pregnancy or arrhythmia).
· Baseline New York Heart Association functional class > II or
cyanosis.
2
· Left heart obstruction (mitral valve area < 2 cm , aortic valve
2
area < 1.5 cm , peak left ventricular outflow tract gradient >
30 mmHg by echocardiography).
· Reduced systemic ventricular systolic function (ejection
fraction < 40%).
No. of risk factors
0
1
2
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Estimated maternal cardiac complications
05%
27%
75%
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American Heart Association,28 the Canadian Cardiovascular Society 29 and ESC 30 have summarized the pregnancy suggestions according to specific congenital cardiac lesions.

Table 4. Modified WHO classification of maternal
11,26
cardiovascular risk
WHO I
No significant risk elevation
· Uncomplicated, small or mild
- pulmonary stenosis
- patent ductus arteriosus
- Mitral valve prolapse
· Successfully repaired simple lesions (atrial or ventricular
septal defect, patent ductus arteriosus, anomalous
pulmonary venous drainage)
· Atrial or ventricular ectopic beats, isolated

Counseling after risk stratification
The cardiologist should sufficiently explain the estimated maternal and fetal risks to the patient, and arrange an individualized multi-disciplinary approach for
future pregnancy (Figure 1).
1. If the patient has any correctable risk factors for maternal or fetal complications (e.g. left heart obstruction, cyanosis, arrhythmias), cardiac interventions for
risk reduction should be performed before conception
as possible to minimize the maternal and fetal events
and to avoid the high risk of invasive intervention during pregnancy.
2. Current medications should be reassessed for possible
harmful effects impacting the fetus during pregnancy.
The cardiologist must discuss with the patient the
benefits and risks of medication adjustment for the
mother as well as the fetus.
3. When the patient possesses any uncorrectable risk
factor that is contraindicated for pregnancy, it is exceedingly important for a consulting specialist to recommend an effective contraception method to prevent the high-risk pregnancy.
4. Genetic specialist counseling and recurrent risk estimation should be provided to all adults with CHD, regardless of the gender or severity of the cardiac condition. It is essential to obtain a detailed family history
to pinpoint possibly affected members and identify
possible dysmorphic clues relating to associated syndromes.
5. For women with higher risks for pregnancy, multidisciplinary teams specializing in adult CHD management, including adult CHD specialist, obstetrician,
anesthetist, genetic specialist and cardiac surgeon,
should be available if necessary to provide optimal
care during pregnancy.

WHO II
Mildly elevated risk
· Unoperated atrial or ventricular septal defect (no elevated
pulmonary artery pressure)
· Repaired tetralogy of Fallot (without relevant residua or
sequelae)
· Most arrhythmias
WHO II-III (depending on individual)
Mildly to moderately elevated risk
· Mild left ventricular impairment
· Hypertrophic cardiomyopathy
· Native or tissue valvular heart disease not considered WHO I
or IV
· Marfan syndrome without aortic dilatation
· Aorta < 45 mm in aortic disease associated with bicuspid
aortic valve
· Repaired coarctation
WHO III
Significantly elevated risk
· Non-severe systemic ventricular dysfunction
· Mechanical valve
· Systemic right ventricle
· Fontan circulation
· Cyanotic heart disease (unrepaired without pulmonary
hypertension)
· Other complex congenital heart disease
· Aortic dilatation 40-45 mm in Marfan syndrome
· Aortic dilatation 45-50 mm in aortic disease associated with
bicuspid aortic valve
WHO IV
High risk (pregnancy contraindicated)
· Pulmonary arterial hypertension of any cause
· Severe systemic ventricular dysfunction (LVEF < 30%, NYHA
III-IV)
· Previous peripartum cardiomyopathy with any residual
impairment of left ventricular function
· Severe mitral stenosis, severe symptomatic aortic stenosis,
severe coarctation
· Marfan syndrome with aorta dilated > 45 mm
· Aortic dilatation > 50 mm in aortic disease associated with
bicuspid aortic valve
· Native severe coarctation

SUMMARY
The hemodynamic burden of female patients during
pregnancy may increase the cardiovascular risks in

LVEF, left ventricular ejection fraction; NYHA, New York Heart
Association; WHO,World Health Organization.
Acta Cardiol Sin 2015;31:500-506
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Figure 1. The flowchart for preconception assessment and counseling for women with congenital heart disease. CPX, cardiopulmonary exercise
test; PE, physical examinations; WHO, World Health Organization.
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