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ADULT CONGENITAL HEART DISEASE: GENERAL 

PRINCIPLES 

 

Definition 

Congenital heart disease refers to a defect in the structure of the heart and great 

vessels, which is present at birth (Table 1).1,2 

 

Epidemiology 

Approximately 13.3 million people globally were living with congenital heart defects  in 

2019.3 Congenital heart disease constitutes the most common birth defect, with an incidence 

of approximately 9/1000 live births worldwide (12.3/1000 live births in the United States, and 

6.9/1000 births in Europe).1,3 Up to 40% of them are cured spontaneously (mainly small 

VSDs), while with current surgical and interventional techniques 85% (56-98%) survive into 

adulthood (Adult Congenital Heart Disease-ACHD).4 Adult congenital heart disease 

comprises a population that has been estimated as at least 1.4 million in the USA, and 1.2 

million in Europe, and admission rates in hospital are two times higher than in the general 

population.5-7 The majority of patients with congenital heart disease are adults,8 with up to 

20% of them having severe CHD and >50% having ≥1 additional cardiovascular 

comorbidity.9 VSD, ASD and coarctation of the aorta are the most common defects.3 

Congenital heart disease is the most common form of heart disease complicating pregnancy 

in the Western world (accounting for 74% of cases in the Canadian Cardiac Disease in 

Pregnancy [CARPREG] registry and 66% of cases in the European Registry on Pregnancy 

and Cardiac Disease [ROPAC] registry), whereas in less developed countries, rheumatic heart 

disease plays a larger role.10 There is also a growing number of elderly ACHD patients (>60 

years) with high mortality rates and a higher utilization of healthcare resources compared 

with younger patients.11  

Rates of successful surgical repair and life expectancy for patients with congenital 

heart disease have increased dramatically in recent decades.12 In the USA, mortality 

attributable to congenital heart disease throughout the lifespan has declined 39.4% over the 

past 19 years, with the highest mortality rate in infants (<1 year), but disparities in mortality 

were seen among racial/ethnic groups.13 In Sweden. the risk of mortality up to 68 years of age 

is >3 times higher compared with matched controls, but a notable decline in absolute and 

relative risk is noted for those born after 1975. On the basis of data from 3 US sites, most 

individuals with congenital heart disease survive to young adulthood,14 and at least 75% of 
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adult patients with congenital heart disease surviving to 18 years of age lived past middle age, 

becoming sexagenarians.15 

Aetiology 

The causes of congenital heart disease in humans remain undefined in the majority of 

cases, and probably depend on the interplay of multiple genetic and environmental factors. 

Disruption at any point during cardiac primary morphogenesis (ie ornation of the heart tube, 

looping, septation, and resultant systemic and pulmonary circulations or a genetically 

abnormal placenta) results in the large spectrum of congenital heart defects. There has been 

evidence that an intrinsically angiogenic impairment exists in congenital heart disease, that 

appears to be present in both the maternal and foetal circulation and foetal heart.16 

Epidemiological studies have suggested that a genetic or environmental cause can be 

identified in 20% to 30% of congenital cases.17 

Environmental factors  

They are rare causes of congenital heart disease (2%).17 Congenital rubella, maternal 

smoking, diabetes, hypertension, and connective tissue disorders, paternal exposure to 

phthalates, alcohol and drug abuse, air pollutants and pesticides. 18 19 Weight control, 

smoking cessation and folic acid supplementation appear to decrease the risk of congenital 

heart disease in the offspring.10  Three specific subgroups of congenital heart defects, 

tetralogy of Fallot, double outlet right ventricle, and major ventricular septal defects, are 

associated with measures of impaired placental growth.20 

Genetic Factors 

Genetic disorders may follow autosomal dominant, autosomal recessive, or X-linked 

inheritance patterns (Tables 2 and 3). Approximately 8% and 2% of cases are attributable to 

de novo autosomal dominant and inherited autosomal recessive variation, respectively.21,22 

Chromosomal disorders (8-10 % of congenital heart disease patients) caused by absent or 

duplicated chromosomes include trisomy 21 (Down syndrome), and 45X deletion (Turner 

syndrome).  

Single-gene disorders (3-5% of congenital heart disease patients) are caused by gene 

deletions, duplications or mutations, in genes such as NKX2-5, GATA4, and TBX5.23 Some 

examples are Holt-Oram syndrome, atrial septal defect with conduction abnormalities, 

tetralogy of Fallot, and supravalvular aortic stenosis.  

Pathogenic copy number variants are found in of those with congenital heart disease as part 

of a syndrome, and in 3% to 10% among those with isolated congenital heart disease. The 

22q11.2 deletion (DiGeorge syndrome-the most common microdeletion syndrome), and the 

Williams-Beuren syndrome are examples. The majority of cases (80%) occur as sporadic 

events, but in some, multiple family members are affected. In up to 31% of families in which 
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multiple relatives are affected by congenital heart disease, a genetic basis can be identified, 

and rapid screening for disease-related genes can be facilitated using advanced sequencing 

technologies.24,25 

Recurrence rate 

The recurrence rate of congenital heart disease in offspring  ranges from 3% to 50% and is 

higher when the mother rather than the father has congenital heart disease (Table 4). Diseases 

with a single gene disorder and/or chromosomal abnormalities are associated with a high 

recurrence rate. In autosomal dominant syndromes such as Marfan, Noonan, and Holt-Oram, 

there is a 50% risk of recurrence. For isolated cases of congenital heart disease without a 

family history of CHD (eg, sporadic defects), the recurrence risk of congenital heart disease 

in the offspring is, in average, 3% to 8%. 10 The risk is higher if the mother is the affected 

parent or if more than one sibling is affected. Genetic counseling should be offered to all 

patients with congenital heart disease with referral for genetic testing on specific situations. 

Congenital heart defects are more common in twins than in singletons, and the 

increased occurrence is not restricted to monochorionic twins. Thus, intrauterine surveillance 

and a postnatal comprehensive cardiac assessment for both twins may be considered 

regardless of chorionicity and zygosity.26 First trimester screening can identify most fetal 

aneuploidies and structural abnormalities in the fetus.27 Congenital heart defects in offspring 

may be an early marker of predisposition of the mother to cardiovascular disease.28 

 

Clinical Problems in ACHD 

Patients with ACHD are afflicted by increased mortality compared to the general population 

as they grow older with leading causes of death being heart failure, pneumonia, sudden 

cardiac death, and cancer. Mortality is higher among patients with complex congenital heart 

disease, Fontan physiology, and Eisenmerger syndrome.29 However, adults with lower 

complexity congenital heart disease (isolated septal or valve defects) are also at significant 

risk of acquiring cardiovascular morbidities relative to the general population.30 

Peripheral cyanosis may be due to peripheral vasoconstriction, polycythaemia, or poor 

cardiac output. 

Central cyanosis (arterial saturation <85% or >5g reduced haemoglobin) may be due to right 

to left shunting or reduced pulmonary flow.  

Differential cyanosis may be seen with PDA and pulmonary hypertension or interrupted aortic 

arch. In cyanosis from pulmonary causes there is an increase of PO2 to at least >21 kPa (160 

mmHg) after breathing 100% O2 for 5 min. In patients with ACHD, cyanosis and chronic 

hypoxemia leads to marked erythrocytosis and, frequently, to low platelet counts (<100,000) 
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which may predispose to bleeding. The absence of erythrocytosis (e.g., hemoglobin >17.0 g/dl) 

in such patients suggests a "relative anemia".  

Digital Clubbing. Apart from ACHD, it may be seen in pulmonary malignancy, chronic 

infection, and primary hypertrophic osteoarthropathy. 

There are 3 conditions classified as dextrocardia: mirror-image dextrocardia, 

dextroversion, and heart dextroposition. The most common is mirror-image dextrocardia, in 

which the anterior-posterior relationships of the various parts of the heart are normal but their 

right-to-left orientation is reversed. The ECG is characterized by a negative P wave in lead I, 

and the QRS complexes in leads V1 through V6 indicate the activation of the ventricle in the 

right thorax (with diminishing QRS amplitude progression from V1-V6). Cardiac 

dextroversion refers to heart rotation into the right thorax, with its normal chambers and 

adjacency relations. There is a positive P wave in lead I, and the QRS complexes in leads 

V1 through V6 indicate the activation of the ventricle in the left thorax (with diminishing QRS 

amplitude progression from V1-V6). In dextroposition a normal heart is shifted to the right by 

some extracardiac factor, such as left lung hypoplasia (usually in the neonatal population) or 

fibrosis of the right lung. There are normal QRS complex in leads V1 to V6, with diminishing 

QRS amplitude progression from V4 to V6.31 

Renal Function Sclerotic renal glomeruli leading to increased creatinine levels, proteinuria 

and hyperuricemia.  

Gallstones Increased breakdown of red cells results in increased risk of calcium bilirubinate 

gallstones, especially in the cyanotic and Fontan populations.4 

Hypertrophic osteoarthropathy with thickened periosteum and scoliosis that may 

compromise pulmonary function. 

Cerebrovascular events  (Embolic or hemorrhagic), brain abscess, cognitive and 

psychological problems are also common. 

Pulmonary hypertension is not uncommon, and significantly affects morbidity and 

mortality (Tables 5 and 6). Cardiac catheterization is the only way to distinguish between pre- 

and post-capillary pulmonary hypertension and to measure PVR reliably, while other 

investigations are required to exclude other causes of pulmonary hypertension (e.g., lung 

disease and/or hypoxia, chronic thromboembolic disease).32 Moreover, pulmonary 

hypertension may also be simply related to high pulmonary blood flow in the presence a large 

left-to-right shunt, which may be difficult to appreciate on echocardiography. 

Arrhythmias arise from the abnormal myocardial substrate due to variable pressure/volume 

loads and/or scars following cardiac surgery (Figure 1). 33-35 They constitute the most 

common emergency in ACHD, accounting for 37% of emergency admissions.36 Malignant 

arrhythmias typically become manifest the third decade of life.34 Sudden cardiac death  

accounts for up to 25% of deaths in patients with congenital heart disease.37 The risk of atrial 
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fibrillation in children and young adults with CHD is 22 times higher than that in matched 

control subjects, and patients with conotruncal defects have the highest risk. Up to the age of 

42 years, 1 of 12 patients with congenital heart disease had developed AF, and 1 of 10 

patients with congenital heart disease with AF had developed heart failure.38 Atrial 

tachycardia (usually macro-reentrant) is often seen in tetralogy of Fallot, D-transposition,  

and following Fontan, Mustard and Senning procedures. Atrioventricular reentrant 

tachycardia (accessory pathways) in Ebstein’s anomaly, and D- transposition. Ventricular 

tachycardia Conditions with the greatest known risk of late sudden cardiac death are 

tetralogy of Fallot, d- or l-transposition, aortic stenosis, and univentricular hearts.39  

Sick sinus syndrome in ASD, post-operatively Fontan, Mustard, Senning. 

AV block in ASD, corrected transposition, and after VSD closure or AVR. 

Congenital heart disease is an independent risk factor for the occurrence and outcome of 

myocardial infarction.40  

Risk of malignancy. Adults with congenital heart disease are exposed to increasing amounts 

of low-dose ionizing radiation from cardiac procedures. The cumulative incidence of cancer 

in adults with congenital heart disease between the ages of 18- and 64-years population is 

higher than in the general population and has been estimated 15%.41 

 

Imaging Techniques and Investigations 

Chest X-ray may reveal cardiac enlargement or disposition.  

12-lead ECG is mandatory as well as ambulatory electrocardiography in patients at risk of 

arrhythmia. 

Transthoracic echocardiography is mandatory as well as ambulatory 

electrocardiography in patients at risk of arrhythmia. 

Two- or three-dimensional echocardiography with Doppler imaging and cardiac 

magnetic resonance (CMR) have now replaced cardiac catheterization as a diagnostic tool 

in most patients with ACHD (Table 7).1 It is necessary for quantitative assessment of RV size 

and function and for the initial evaluation and serial assessment of selected patients. 

CMR is considered superior to echocardiography for: 

Quantification of right ventricular (RV) volume and function, and pulmonary 

regurgitation (PR). 

Evaluation of the RVOT, RV–PA conduits, and great vessels. 

 Evaluation of systemic and pulmonary veins (anomalous connection, obstruction, 

 coronary venous anatomy pre-procedure, etc.) 

Tissue characterization (fibrosis, fat, iron, etc.). 

CT is superior to CMR for: 
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Collaterals, arteriovenous malformations, and coronary anomalies. 

Evaluation of intra- and extracardiac masses. 

Coarctation of the aorta. 

Haemodynamic Assessment 

Haemodynamic measurements of cardiac output and systemic and pulmonary flow are 

derived by Doppler echocardiography that has replaced calculations by the Fick method. 

However, verification of pressures by direct measurement at cardiac catheterization is 

necessary for therapeutic decision making in the presence of pulmonary hypertension (> ½ of 

systemic pressure), and for angiographic delineation of defects and selection of appropriate 

closure devices.  

Pulmonary hypertension (PH) is defined as mean PAP>20 mmHg (see also the section on 

Pulmonary Hypertension.  

Pre-capillary PH is indicated by PAWP<=15 mm Hg and PVR >=3 WU, 

Post-capillary PH by PAWP>15 mm Hg and PVR<3 WU) where PAWP: pulmonary artery 

wedge pressure and WU: Wood units.  

Combined pre- and pot-capillary PH is defined by PAWP>15 mm Hg and PVR>=3WU.1 

Pulmonary vascular (arterial) resistance (PVR) is defined as  

PA pressure -Wedge pressure/ cardiac output.  

Normal range: 0.25-1.5 Wood units (mm Hg/L/min) or 20-120 dynes/sec/cm5. 

Systemic vascular (arterial) resistance (SVR) is defined as  

Ao pressure – RA pressure/ cardiac output.  

Normal range: 9-20 Wood units (mm Hg/L/min) or 700-1600 dynes/sec/cm5. 

If PVR > 2/3 SVR, vasodilating challenge either acute in the catheter laboratory or chronic 

with oxygen, nitric oxide, adenosine, epoprostenol, calcium channel blockers, endothelin 

antagonists, or phosphodiesterase  inhibitors, is indicated to investigate responsiveness of 

pulmonary vascular bed. With fixed values, irreversible damage and Eisenmerger syndrome 

have developed.  

Pulmonary flow / Systemic flow (Qp/Qs)  

It is now usually derived by echocardiography. 

According to the Fick method, Qp/Qs is calculated by oximetry as: 

Qp/Qs = Ao saturation – mixed venous saturation/PV-PA saturation, where mixed 

venous saturation = (3 x SVC saturation + IVC saturation)/4 

If PV saturation is not available, the value of 98 is used instead. 

Routine saturation run during catheterization for exclusion of shunt involves blood sampling 

from: 
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High SVC, RA/SVC junction, high RA, mid RA, low RA, IVC, RV inflow, RV body, RV 

outflow, main PA, PV and LA if possible, LV, and Ao. 

A step-up of saturation > 10% indicates shunt. 

Coronary Angiography 

Coronary angiography or computed coronary angiography in low or intermediate pretest 

probability,4  is indicated pre-operatively in patients >40 years, postmenopausal women, 

adults with multiple risk factors for coronary artery disease and children with suspicion of 

congenital coronary anomalies. In patients with a low or intermediate pretest probability of 

coronary artery disease, CT coronary angiography may be used. 

Exercise testing 

In symptomatic patients with ACHD, a 6-minute walk test is useful to objectively assess 

symptom severity, functional capacity, and response to therapy (Table 8). 

Cardiopulmonary exercise testing provides strong prognostic information in adult patients 

with congenital heart disease. Peak oxygen consumption (VO2) is one of the best predictors 

of morbidity and mortality.42 The presence of chronotropic incompetence on conventional 

exercise testing is a predictor of pregnancy outcome.10 

Spirometry 

There is a high prevalence of markedly abnormal forced vital capacity (FVC) in patients with 

ACHD, and reduced FVC is associated with increased mortality.43 

Biochemistry 

Elevated levels of biomarkers such as NT-proBNP, high-sensitive troponin-T, and growth-

differentiation factor 15, identify patients at highest risk of cardiovascular events.44 

Albuminuria is common and is associated with increased risk for adverse outcome in patients 

with ACHD.45 

Assessment of Arrhythmia 

Surveillance for adults with moderate or severe CHD should include a 12-lead ECG at least 

once per year, and periodic Holter monitoring in adults with  transposition of the great 

arteries and atrial switch surgery, Fontan palliation, and in patients with tetralogy of Fallot 

>35 years of age. 18 36 

Electrophysiologic testing may be useful in patients with unexplained syncope,46 and “high-

risk”  substrates associated with primary ventricular arrhythmias or poorly tolerated atrial 

tachyarrhythmias, such as tetralogy of Fallot, transposition of the great arteries with atrial 

switch surgery, or significant systemic or single ventricular dysfunction.46 Programmed 

ventricular stimulation may also be useful in risk stratifying adults with tetralogy of Fallot 

who have additional risk factors for sudden cardiac death.33 Prior to cardiac surgery, EPS is 

indicated in the presence of history of syncope, VT, SVT (not AF) and ventricular 



 9 

preexcitation. It may also be considered in patients with a history of palpitations or 

nonsustained atrial or ventricular arrhythmias, and in cases known to be at high risk for atrial 

arrhythmia development.33  

 

Principles of Therapy 

ACHD programs and clinicians who care for adults with congenital heart disease should 

follow policies and procedures that reduce barriers, reduce attrition, and improve access 

to lifelong ACHD care (ACC/AHA 2025 GL on ACHD 1 B-NR). All patients with 

congenital heart disease should receive structured, patient-centered transition education that is 

age-, sex-, gender-, and developmentally appropriate to improve knowledge (ACC/AHA 

2025 GL on ACHD 1 A) and reduce loss to care (ACC/AHA 2025 GL on ACHD 1 B-NR). 

Congenital heart disease programs and clinicians should have transfer-of-care policies and 

procedures to ensure effective handoffs of patients from a pediatric to an ACHD cardiologist 

(ACC/AHA 2025 GL on ACHD 1 B-NR). General recommendations are offered in Table 

8.1,47,48  

 Practical guidance from pre-conception through postpartum for cardiovascular 

conditions that are predominantly congenital or heritable in nature have also been provided 

by an ACC Committee.49 Specific management is discussed in relevant chapters. In neonates 

who undergo cardiac surgery, optimal early outcomes are associated with delivery at 39 to 40 

weeks gestation. Birth during the early term period of 37 to 38 weeks’ gestation is associated 

with worse outcomes after  neonatal cardiac surgery.50 The IMPACT (Improving Pediatric 

and Adult Congenital Treatment) database that was launched by the National Cardiovascular 

Data Registry (NCDR),  provides measures and predictors of procedural success that may be 

considered in evaluating patients with congenital heart disease for common interventional 

procedures. Procedures directed at PDA and ASD closure are among the safest and most 

successful procedures for congenital heart disease in the US compared with aortic 

valvuloplasty and coarctation angioplasty and/or stenting, which are generally less successful 

and are associated with greater risk.51 Following major treatment advances during the past 50 

years, surgical correction of nearly all congenital heart defects is now possible, and 

substantial improvements in short-term survival have been documented for most conditions 

with early survival approaching 100% and 10-year survival more than 90%.52-54 Survival after 

operation is better in patients without heterotaxy, ie randomized variation in the left-right 

asymmetry of visceral organs that differs from complete situs solitus and situs inversus, 

probably due to ciliary dysfunction that is associated with heterotaxy.55 Obesity and 

underweight BMI are associated with increased risk of adverse outcome.56 Heart 

transplantation is an established therapy option for patients with end-stage heart failure.57 The 
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Residual Lesion Score (RLS) is a tool for assessing surgical results based upon post-operative 

echocardiographic findings and unplanned surgical or catheter-based reinterventions prior to 

discharge in the anatomic areas that were manipulated at surgery.58 

Haematologic problems 

Phlebotomy should be undertaken with hemoglobin > 20 g/dl and Hct  > 65%, associated 

with headache, increasing fatigue, or other symptoms of hyperviscosity in the absence of 

dehydration or anemia under careful volume replacement with normal saline. Multiple 

phlebotomies result in iron deficiency that is associated with impaired small-vessel blood 

flow, and an increase in the risk of reversible ischemic neurologic deficits and stroke. The use 

of anticoagulation and antiplatelet agents is controversial and should be confined to well-

defined indications. The experience with NOACs is limited in ACHD patients.59 

Cyanosis 

General rules are:1,48 

 Avoid dehydration and air contamination. 

 Treat iron deficiency anemia with iron  

 Adjustment of anticoagulation in patienst with haematocrit >55%. 

 Allopurinol treatment in patients with high serumm acid levels and a history of gout. 

 Non-estrogen containing birth control (intrauterine device may be an option). 

 Pregnancy is avoided if arterial oxygen saturation <90% 

Patients with cyanosis can travel safely on commercial airlines. 

Recommendations are provided in Table 9 and Figure 2. 

Bradycardias 

The most common indications for permanent pacemaker implantation in children, 

adolescents, and patients with congenital heart disease are symptomatic sinus bradycardia, the 

bradycardia- tachycardia syndromes, and advanced second- or third-degree AV block, either 

congenital or postsurgical.60 Indications for pacing are presented in Table 10 and the relevant 

Chapter on Bradycardias.  

Tachycardias 

Rhythm control is typically preferred over rate control for atrial arrhythmias in complex 

patients, such as those with a systemic right ventricle or Fontan circulation.2 Atrial and 

ventricular tachycardias can be treated with catheter ablation usually assisted by 

electroanatomic mapping.33,35 Procedural success is high but recurrence rate is more than 50% 

in two years.61 Recommendations for anticoagulation are provided in Chapter on AF. The 

experience with NOACs is limited.59 Recommendations for ICD are not, in general, different 

than that to other patients with cardiac disease. Recommendations on specific arrhythmias as 

well as indications for ICD are provided in Tables 11 and 12, and Figures 3 and 4, as well as 

in relevant Chapters.  
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Hypertension  

In the treatment of the hypertensive patient with cyanotic ACHD, ACE inhibitors, 

angiotensin receptor blockers, and diuretic agents should be used cautiously, and care should 

be coordinated at an ACHD center.4 

Pulmonary Hypertension 

Remodeling of the pulmonary vasculature in patients with congenital heart disease results in 

pulmonary arterial hypertension that has initially a reversible and eventually an irreversible 

stage.62 At his final stage, recent therapeutic interventions may improve the outcome, mainly 

by delaying disease progression, but reversal or cure has not yet been achieved. 

Recommendations are presented in Chapters on PH. 

Heart Failure  

Despite optimal medical and surgical treatment, many patients experience a progressive 

decline in cardiopulmonary function leading to advanced heart failure (Tables 13 and 14). 

Severe ventricular dysfunction and/or pulmonary hypertension may not be amenable to 

corrective repair. Heart transplantation with or without mechanical circulatory support may 

be the only option for highly selected patients (Table 15).63 See also Chapters on HF. 

Psychosocial issues and sexual dysfunction  

Individual and family psychosocial screening should be part of the care of ACHD patients.4 

Phosphodiesterase 5 inhibitors are safe provided the patient is not taking nitrates. The 

effectiveness of these drugs has not been established in the presence of severe ventricular 

outflow tract obstruction. Dyspareunia in women should be treated with nonsystemic 

estrogen therapy, which has not been shown to increase cardiovascular risk.4   

Non-cardiac surgery 

Preoperative evaluation and surgery for patients with congenital heart disease should be 

performed in specializing centers with experienced surgeons and cardiac anesthesiologists 

(AHA/ACC 2025 GL on ACHD, I B-NR, ESC 2022 GL on noncardiac surgery, I C). 

Recommendations are provided in Table 16. 

Endocarditis Prophylaxis 

The risk of endocarditis in patients with ACHD is estimated to 4.1 first cases/10 000 person-

years. The greatest risk is seen in children with cyanotic CHD, endocardial cushion defects, 

or left-sided lesions, and recent cardiac surgery and young age.64 In a recent study, valve-

containing prosthetics were the main determinant of endocarditis risk whereas other 

prosthetics, including valve-repair, were not associated with increased risk long term after 

implantation.65 Prophylaxis is indicated only in high risk patients, and only before dental 

procedures that involve manipulation of gingival tissue or the periapical region of teeth or 

perforation of the oral mucosa, or before vaginal delivery.1 Congenital conditions for which 
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endocarditis prophylaxis is recommended before the aforementioned procedures are patients 

with:1  

- Previous IE 

- Prosthetic valves (biological and mechanical, surgical and transcatheter valves, 

especially Melody) 

- Valve repairs using prosthetic ring 

- Within 6 months of placement of prosthetic material (particular bovine jugular 

vein conduits)  

- Residual intracardiac shunts at the site of or adjacent to previous repair with 

prosthetic material or devices  

- Uncorrected cyanotic heart disease.  

 A detailed discussion and specific recommendations are provided in the Chapter on infective 

endocarditis. 

Genetic Testing 

New techniques such as chromosomal microarray and Next Generation DNA Sequencing 

(NGS) have facilitated genetic testing, allowing a rapid pace of discovery of new genes for 

congenital heart disorders.17 Detailed family history for congenital heart disease and other 

birth defects that spans at least 3 generations is recommended to identify familial inheritance. 

Patients with a history of parental consanguinity or a family history of congenital heart 

disease that includes frequent miscarriages or stillbirths should be referred for genetic 

evaluation. Genetic evaluation may be useful in patients with associated clinical features 

suggestive of an underlying genetic syndrome, such as facial dysmorphism, extracardiac 

malformations, cognitive impairment, neuropsychiatric disorders, or multisystem 

involvement (eg, hepatic, renal, hematologic, immunologic, endocrinologic, and 

sensorineural abnormalities) (Tables 17 and 18). Genetic testing is also reasonable in patients 

with certain types of isolated cardiac defects commonly associated with genetic syndromes 

even in the absence of syndromic features.22 Common examples are screening for for 22q11 

deletions for patients with conotruncal cardiac defects such as interrupted aortic arch, 

Tetralogy of Fallot, VSD with aortic arch anomaly, right aortic arch, or discontinuous branch 

PAs and screening for 7q11.23 deletion or Williams-Beuren syndrome in patients with 

supravalvar AS, coronary stenosis, and supravalvar and peripheral pulmonary stenosis.4,22 

 

Exercise 

Adults with congenital heart disease have subnormal exercise tolerance. However, 

participation in regular exercise is beneficial for fitness and psychological well-being.66 and, 

especially in children with congenital heart defects 2-18 years old, sudden cardiac death is 
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infrequent, and rarely occurs during physical activity.67 There is no evidence regarding 

whether or not there is a need to restrict recreational physical activity among patients with 

congenital heart defects, apart from those with rhythm disorders. Counseling to encourage 

daily participation in appropriate physical activity should be a core component of every 

patient encounter (Table 19 and Figure 5).  

As a general recommendation, dynamic exercise is more suitable than static exercise. 

Conditions that are not compatible with competitive sports are: 

Eisenmerger syndrome 

Pulmonary hypertension 

Univentricular heart physiology 

Ebstein’s anomaly 

Transposition of great arteries 

Coronary artery anomalies 

Maximal exercise testing is contraindicated in all patients with pulmonary hypertension.  

 In general, patients should be counseled about the types and intensity of exercise 

appropriate  to their clinical status, especially under guidance by cardiopulmonary exercise 

testing. Participation in regular moderate exercise is recommended for all individuals with 

ACHD (ESC 2020 GL on Sports, I B), and cardiac rehabilitation is also recommended to 

increase exercise capacity.  Competitive sports are not recommended for individuals with 

CHD who are in NYHA class III/IV or with potentially serious arrhythmias (ESC 2020 GL 

on Sports, III C). More detailed recommendations have also been provided,68,69 and specific 

recommendations for athletes with individual disease entities are discussed in the relevant 

Chapters. 

 

Long-distance Flights 

Cyanotic patients should use only pressurized commercial airplanes and should drink 

nonalcoholic and noncaffeinated fluids frequently on long-distance flights to avoid 

dehydration. Oxygen therapy, although often unnecessary, may be suggested for prolonged 

travel in cyanotic patients. Similarly, residence at high altitude is detrimental for patients with 

cyanosis.  

Pregnancy 

Most pregnant patients with ACHD can undergovaginal delivery safely, with appropriate risk 

stratification and monitoring.2 Patients at high risk of maternal morbidity or mortality, 

including women with pulmonary arterial hypertension, Eisenmenger syndrome, severe 

systemic ventricular dysfunction, and/or severe left-sided obstructive lesions should be 

counseled against becoming pregnant or be given the option of terminating pregnancy.70 In 
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women with congenital defects not complicated by Eisenmenger syndrome, and without 

significant pulmonary hypertension or Marfan, Ehlers-Danlos or Loeys-Dietz syndromes with 

aortic root > 45 mm, pregnancy can be tolerated.71,72 Uteroplacental Doppler flow parameters 

are abnormal in pregnant women with CHD, and are related to offspring outcome.73 Maternal 

defect complexity, arterial hypertension, heart failure, prior fertility treatment, and 

anticoagulation with vitamin K antagonists are significant predictors of adverse neonatal 

outcome.74 

The initial diagnostic evaluation includes measurement of arterial oxygen saturation, 

electrocardiogram, and echocardiogram.72 A three-generation family history, including any 

consanguinity, should be completed. Genetic evaluation should be made available to all 

women with congenital heart disease to determine recurrence, particularly in those patients 

with a family history of congenital heart disease and those with possible autosomal dominant 

lesions (e.g., 22q 11 deletion).72 The most prevalent cardiac complications during pregnancy 

are arrhythmias and heart failure and hypertensive complications. Estrogen-only 

contraceptive pills potentially increase the thrombotic risk and should be avoided. The 

ACC/AHA recommendations, as well as the ESC guidelines on pregnancy are presented in 

Tables 20 and 21. Recommendations on arrhythmias are presented in Figure 6. 
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