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PREAMBLE
Since 1980, the American College of Cardiology (ACC) 
and American Heart Association (AHA) have translat-
ed scientific evidence into clinical practice guidelines 
(guidelines) with recommendations to improve cardio-
vascular health. These guidelines, which are based on 
systematic methods to evaluate and classify evidence, 
provide a cornerstone for quality cardiovascular care. 
The ACC and AHA sponsor the development and pub-
lication of guidelines without commercial support, and 
members of each organization volunteer their time to 
the writing and review efforts. Guidelines are official 
policy of the ACC and AHA.
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Intended Use
Practice guidelines provide recommendations applica-
ble to patients with or at risk of developing cardiovas-
cular disease. The focus is on medical practice in the 
United States, but guidelines developed in collabora-
tion with other organizations can have a global impact. 
Although guidelines may be used to inform regulatory 
or payer decisions, they are intended to improve pa-
tients’ quality of care and align with patients’ interests. 
Guidelines are intended to define practices meeting the 
needs of patients in most, but not all, circumstances 
and should not replace clinical judgment.

Clinical Implementation
Management in accordance with guideline recom-
mendations is effective only when followed by both 
practitioners and patients. Adherence to recommen-
dations can be enhanced by shared decision making 
between clinicians and patients, with patient engage-
ment in selecting interventions on the basis of individ-
ual values, preferences, and associated conditions and 
comorbidities.

Methodology and Modernization
The ACC/AHA Task Force on Clinical Practice Guidelines 
(Task Force) continuously reviews, updates, and modi-
fies guideline methodology on the basis of published 
standards from organizations, including the Institute of 
Medicine,P-1, P-2 and on the basis of internal reevaluation. 
Similarly, the presentation and delivery of guidelines are 
reevaluated and modified on the basis of evolving tech-
nologies and other factors to facilitate optimal dissemi-
nation of information to healthcare professionals at the 
point of care.

Toward this goal, this guideline continues the intro-
duction of an evolved format of presenting guideline 
recommendations and associated text called the “mod-
ular knowledge chunk format.” Each modular “chunk” 
includes a table of related recommendations, a brief 
synopsis, recommendation-specific supportive text, and 
when appropriate, flow diagrams or additional tables. 
References are provided at the end of the document 
in their respective sections. Additionally, this format 
will facilitate seamless updating of guidelines with fo-
cused updates as new evidence is published, as well as 
content tagging for rapid electronic retrieval of related 
recommendations on a topic of interest. This evolved 
approach format was instituted when this guideline 
was near completion; therefore, the present document 
represents a transitional format that best suits the text 
as written. Future guidelines will fully implement this 
format, including provisions for limiting the amount of 
text in a guideline.

Recognizing the importance of cost–value consid-
erations in certain guidelines, when appropriate and 
feasible, an analysis of the value of a drug, device, or 
intervention may be performed in accordance with the 
ACC/AHA methodology.P-3

To ensure that guideline recommendations remain 
current, new data are reviewed on an ongoing basis, 
with full guideline revisions commissioned in approx-
imately 6-year cycles. Publication of new, potentially 
practice-changing study results that are relevant to an 
existing or new drug, device, or management strategy 
will prompt evaluation by the Task Force, in consul-
tation with the relevant guideline writing committee, 
to determine whether a focused update should be 
commissioned. For additional information and policies 
regarding guideline development, we encourage read-
ers to consult the ACC/AHA guideline methodology 
manualP-4 and other methodology articles.P-5–P-8

Selection of Writing Committee Members
The Task Force strives to avoid bias by selecting experts 
from a broad array of backgrounds. Writing commit-
tee members represent different geographic regions, 
sexes, ethnicities, races, intellectual perspectives/biases, 
and scopes of clinical practice. The Task Force may also 
invite organizations and professional societies with re-
lated interests and expertise to participate as partners, 
collaborators, or endorsers.

Relationships With Industry and Other 
Entities
The ACC and AHA have rigorous policies and meth-
ods to ensure that guidelines are developed without 
bias or improper influence. The complete relationships 
with industry and other entities (RWI) policy can be 
found online. Appendix 1 of the present document 
lists writing committee members’ relevant RWI. For the 
purposes of full transparency, writing committee mem-
bers’ comprehensive disclosure information is available 
online. Comprehensive disclosure information for the 
Task Force is also available online.

Evidence Review and Evidence Review 
Committees
In developing recommendations, the writing commit-
tee uses evidence-based methodologies that are based 
on all available data.P-4–P-7 Literature searches focus on 
randomized controlled trials but also include registries, 
nonrandomized comparative and descriptive studies, 
case series, cohort studies, systematic reviews, and ex-
pert opinion. Only key references are cited.

An independent evidence review committee (ERC) 
is commissioned when there are 1 or more questions 
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deemed of utmost clinical importance that merit formal 
systematic review. The systematic review will determine 
which patients are most likely to benefit from a drug, 
device, or treatment strategy and to what degree. Cri-
teria for commissioning an ERC and formal systematic 
review include: a) the absence of a current authoritative 
systematic review, b) the feasibility of defining the ben-
efit and risk in a time frame consistent with the writing 
of a guideline, c) the relevance to a substantial number 
of patients, and d) the likelihood that the findings can 
be translated into actionable recommendations. ERC 
members may include methodologists, epidemiologists, 

healthcare providers, and biostatisticians. The recom-
mendations developed by the writing committee on the 
basis of the systematic review are marked with “SR.”

Guideline-Directed Management  
and Therapy
The term guideline-directed management and therapy 
(GDMT) encompasses clinical evaluation, diagnostic 
testing, and pharmacological and procedural treat-
ments. For these and all recommended drug treat-
ment regimens, the reader should confirm the dosage 

Table 1.  Applying Class of Recommendation and Level of Evidence to Clinical Strategies, Interventions, Treatments, or Diagnostic Testing in Patient 
Care* (Updated August 2015)
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by reviewing product insert material and evaluate the 
treatment regimen for contraindications and interac-
tions. The recommendations are limited to drugs, de-
vices, and treatments approved for clinical use in the 
United States.

Class of Recommendation and Level of 
Evidence
The Class of Recommendation (COR) indicates the 
strength of the recommendation, encompassing the es-
timated magnitude and certainty of benefit in propor-
tion to risk. The Level of Evidence (LOE) rates the quality 
of scientific evidence that supports the intervention on 
the basis of the type, quantity, and consistency of data 
from clinical trials and other sources (Table 1).P-4–P-6

The reader is encouraged to consult the full-text 
guidelineP-9 for additional guidance and details about 
adult congenital heart disease because this executive 
summary contains mainly the recommendations.

Glenn N. Levine, MD, FACC, FAHA
Chair, ACC/AHA Task Force on Clinical Practice 

Guidelines

1. INTRODUCTION
1.1. Methodology and Evidence Review
The recommendations listed in this guideline are, 
whenever possible, evidence-based. An initial extensive 
evidence review, which included literature derived from 
research involving human subjects, published in Eng-
lish, and indexed in MEDLINE (through PubMed), EM-
BASE, the Cochrane Library, the Agency for Healthcare 
Research and Quality, and other selected databases 
relevant to this guideline, was conducted from April 
2014 to November 2014. Key search words included 
but were not limited to the following: adult congenital 
heart disease, anesthesia, aortic aneurysm, aortic steno-
sis, atrial septal defect, arterial switch operation, brad-
ycardia, bicuspid aortic valve, cardiac catheterization, 
cardiac imaging, cardiovascular magnetic resonance, 
cardiac reoperation, cardiovascular surgery, chest x-ray, 
cirrhosis, coarctation of the aorta, congenital heart de-
fects, congenitally corrected transposition of the great 
arteries, contraception, coronary artery abnormalities, 
cyanotic congenital heart disease, dextro-transposition 
of the great arteries, double inlet left ventricle, Ebstein 
anomaly, echocardiography, Eisenmenger syndrome, 
electrocardiogram, endocarditis, exercise test, Fontan, 
heart catheterization, heart defect, heart failure, infer-
tility, l-transposition of the great arteries, medical ther-
apy, myocardial infarction, noncardiac surgery, patent 
ductus arteriosus, perioperative care, physical activity, 
postoperative complications, pregnancy, preoperative 
assessment, psychosocial, pulmonary arterial hyper-

tension, hypoplastic left heart syndrome, pulmonary 
regurgitation, pulmonary stenosis, pulmonary valve 
replacement, right heart obstruction, right ventricle to 
pulmonary artery conduit, single ventricle, supravalvular 
pulmonary stenosis, surgical therapy, tachyarrhythmia, 
tachycardia, tetralogy of Fallot, transplantation, tricus-
pid atresia, Turner syndrome, and ventricular septal de-
fect. Additional relevant studies published through Jan-
uary 2018, during the guideline writing process, were 
also considered by the writing committee, and added 
to the evidence tables when appropriate. The final evi-
dence tables, included in the Online Data Supplement, 
summarize the evidence used by the writing committee 
to formulate recommendations. References selected 
and published in this document are representative and 
not all-inclusive.

As noted in the preamble, an independent ERC was 
commissioned to perform a formal systematic review 
of critical clinical questions related to adult congenital 
heart disease (ACHD), the results of which were consid-
ered by the writing committee for incorporation into this 
guideline. Concurrent with this process, writing com-
mittee members evaluated study data relevant to the 
rest of the guideline. The findings of the ERC and the 
writing committee members were formally presented 
and discussed, and then recommendations were devel-
oped. The systematic review reports on “Medical Ther-
apy for Systemic Right Ventricles: A Systematic Review 
(Part 1) for the 2018 AHA/ACC Guideline for the Man-
agement of Adults With Congenital Heart Disease”S1.1-1 
and “Interventional Therapy Versus Medical Therapy for 
Secundum Atrial Septal Defect: A Systematic Review 
(Part 2) for the 2018 AHA/ACC Guideline for the Man-
agement of Adults With Congenital Heart Disease”S1.1-2 
are published in conjunction with this guideline.

1.2. Organization of the Writing 
Committee
The writing committee consisted of pediatric and adult 
congenital cardiologists, interventional cardiologists, 
electrophysiologists, surgeons, and an advance prac-
tice nurse. The writing committee included represent-
atives from the ACC, AHA, and American Association 
for Thoracic Surgery (AATS), American Society of Ech-
ocardiography (ASE), Heart Rhythm Society (HRS), In-
ternational Society for Adult Congenital Heart Disease 
(ISACHD), Society for Cardiovascular Angiography and 
Interventions (SCAI), and the Society of Thoracic Sur-
geons (STS).

1.3. Document Review and Approval
This document was reviewed by 3 official reviewers 
each nominated by the ACC and AHA, and 1 to 2 re-
viewers each from the AATS, ASE, HRS, ISACHD, SCAI, 
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STS; and 32 individual content reviewers. Reviewers' 
RWI information was distributed to the writing com-
mittee and is published in this document (Appendix 2).

This document was approved for publication by the 
governing bodies of the ACC and the AHA and en-
dorsed by the AATS, ASE, HRS, ISACHD, SCAI, and STS.

1.4. Scope of the Guideline
The 2018 ACHD guideline is a full revision of the “2008 
ACC/AHA Guidelines for the Management of Adults 
with Congenital Heart Disease,”S1.4-1 which was the first 
US guideline to be published on the topic. This revision 
uses the 2008 ACHD guideline as a framework and in-
corporates new data and growing ACHD expertise to 
develop recommendations. Congenital heart disease 
(CHD) encompasses a range of structural cardiac abnor-
malities present before birth attributable to abnormal 
fetal cardiac development but does not include inherited 
disorders that may have cardiac manifestations such as 
Marfan syndrome or hypertrophic cardiomyopathy. Also 
not included are anatomic variants such as patent fora-
men ovale. Valvular heart disease (VHD) may be congen-
ital, so management overlaps with the “2014 AHA/ACC 
Guidelines for the Management of Patients With Val-
vular Heart Disease,”S1.4-2 particularly for bicuspid aortic 
valve (BAV) disease. Where overlap exists, this document 
focuses on the diagnosis and treatment of congenital 
valve disease when it differs from acquired valve disease, 
whether because of anatomic differences, presence of 
concomitant lesions, or differences to consider given the 
relatively young age of patients with ACHD. This guide-
line is not intended to apply to children (<18 years of 
age) with CHD or adults with acquired VHD, heart fail-
ure (HF), or other cardiovascular disease.

The prevalence of ACHD is growing because of the 
success of pediatric cardiology and congenital cardiac 
surgery in diagnosing and treating congenital heart de-
fects in children. Improved survival to adulthood is most 
striking for those with the most severe disease, with 
survival to age 18 years now expected for 90% of chil-
dren diagnosed with severe CHD.S1.4-3–S1.4-5 Patients with 
ACHD are a heterogeneous population, both in under-
lying anatomy and physiology, as well as surgical repair 
or palliation. Consequently, although the prevalence of 
ACHD is increasing, the population of patients with a 
given congenital abnormality or specific repair may be 
relatively small.S1.4-3,S1.4-6–S1.4-8

Patients with CHD are not cured of their disease after 
successful treatment in childhood. Almost all patients 
with ACHD will have sequelae of either their native CHD 
or its surgical repair or palliation, although these se-
quelae can take decades to manifest. The heterogeneity 
of the population and the long symptom-free intervals 
constrain the ability to generate data applicable across 
the population of ACHD or to adults with specific le-

sions or repairs. Despite the difficulty in studying ACHD 
populations, there is a growing body of high-quality 
data in these patients to guide the care of this relatively 
“new” population, and whenever feasible, these data 
were used to develop recommendations. Recommenda-
tions are made based on the available data; however, 
when important clinical issues lacked data, first princi-
ples, extrapolation from data in other populations, and 
expert consensus are used to guide care. Patients with 
ACHD may have concomitant disease to which other ex-
isting guidelines apply, such as coronary artery disease, 
HF, and arrhythmias. The data from acquired heart di-
sease populations may apply to some patients with 
ACHD, and those circumstances are acknowledged in 
these recommendations and referenced accordingly.

Patients with ACHD who are cared for in ACHD cen-
ters have better outcomes than those cared for in cen-
ters without ACHD expertise,S1.4-9 and this need for spe-
cialized care is noted throughout the guideline. These 
recommendations are intended to provide guidance 
to a wide variety of providers caring for patients with 
ACHD, including general, pediatric, and ACHD cardiol-
ogists, as well as surgeons, primary care providers, and 
other healthcare providers.

In developing the 2018 ACHD guideline, the writing 
committee reviewed previously published guidelines 
and related scientific statements. Table 2 contains a list 
of publications and scientific statements deemed per-
tinent to this writing effort; it is intended for use as a 
resource and does not repeat existing guideline recom-
mendations.

1.5. Abbreviations
Abbreviation Meaning/Phrase

AAOCA anomalous aortic origin of the coronary artery

ACHD adult congenital heart disease

AP anatomic and physiological

AR aortic regurgitation

ASD atrial septal defect

AVSD atrioventricular septal defect

BAV bicuspid aortic valve

CCT cardiac computed tomography

CCTGA congenitally corrected transposition of the great arteries

CHD congenital heart disease

CMR cardiovascular magnetic resonance

CoA coarctation of the aorta

CPET cardiopulmonary exercise test

CT computed tomography

CTA computed tomography angiography

d-TGA dextro-transposition of the great arteries

ECG electrocardiogram

(Continued )
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ERC Evidence Review Committee

GDMT guideline-directed management and therapy

HF heart failure

ICD implantable cardioverter-defibrillator

IE infective endocarditis

LV left ventricular

LVOT left ventricular outflow tract

PA pulmonary artery

PAH pulmonary arterial hypertension

PDA patent ductus arteriosus

PR pulmonary regurgitation

PS pulmonary stenosis

Qp:Qs pulmonary–systemic blood flow ratio

RV right ventricular

RVOT right ventricular outflow tract

SCD sudden cardiac death

TEE transesophageal echocardiography

TGA transposition of the great arteries

TOF tetralogy of Fallot

TR tricuspid regurgitation

TTE transthoracic echocardiography

VHD valvular heart disease

VSD ventricular septal defect

2. BACKGROUND AND 
PATHOPHYSIOLOGY
2.1. Anatomic and Physiological Terms
The International Society for Nomenclature of Pediatric 
and Congenital Heart Disease (also known as the No-
menclature Working Group) defined, codified, mapped, 
and archived examples of nomenclatures and devel-
oped standards for terminology.S2.1-1–S2.1-5 The Interna-
tional Paediatric and Congenital Cardiac Code (IPCCC) 
nomenclature for anatomic lesions and repairs is used 
in this guideline (http://ipccc.net).S2.1-6

2.2. Severity of ACHD
In a patient with CHD, severity of disease is determined 
by native anatomy, surgical repair, and current phys-
iology. Prior documents, including the 2008 ACHD 
guideline,S2.2-1 relied primarily on anatomic classifica-
tions to rank severity of disease. However, patients with 
the same underlying anatomy may have very different 
repairs and experienced variable physiological conse-
quences of those repairs. For example, a patient with 
tetralogy of Fallot (TOF) after a valve-sparing primary 
repair may have excellent biventricular function with 
normal exercise capacity and no arrhythmias, whereas 

another patient of the same age with TOF may have 
had palliative shunting followed by a transannular 
patch repair resulting in severe pulmonary regurgita-
tion (PR) with right ventricular (RV) enlargement, bi-
ventricular dysfunction, and ventricular tachycardia. 
To categorize disease severity in CHD in a more com-
prehensive way, the writing committee developed an 
ACHD Anatomic and Physiological (AP) classification 
system (Tables 3 and 4) that incorporates the previously 
described CHD anatomic variables as well as physiolog-
ical variables, many of which have prognostic value in 
patients with ACHD.

2.3. The ACHD AP Classification
The ACHD AP classification (Tables 3 and 4), newly elab-
orated in this guideline, is intended to capture the com-
plexity of ACHD anatomy and physiology, which are 
not always correlated. Certain anatomic abnormalities 
of clinical importance are shared across diagnoses (eg, 
aortic enlargement), which may be found in patients 
with BAV, coarctation of the aorta (CoA), transposition 
of the great arteries, and TOF, amongst others. In every 
patient, anatomic and physiological variables should be 
considered. In using Tables 3 and 4, a patient should be 
classified based on the “highest” relevant anatomic or 
physiological feature. For example, a normotensive pa-
tient with repaired CoA, normal exercise capacity, and 
normal end-organ function would be ACHD AP classifi-
cation IIA, whereas an otherwise similar patient with as-
cending aortic diameter of 4.0 cm would be ACHD AP 
classification IIB, and if moderate aortic stenosis were 
also present, the ACHD AP classification would be IIC.

Patients with ACHD may have baseline exercise 
limitations, cyanosis, end-organ dysfunction, or other 
clinically important comorbidities related to their CHD. 
They are also at risk of HF, arrhythmias, sudden car-
diac death (SCD), and development or progression of 
cardiac symptoms such as dyspnea, chest pain, and 
exercise intolerance. Concomitant valvular disease or 
aortic pathology may be present. There are growing 
data regarding the prognostic implications of these 
variables in patients with ACHD, but not the abun-
dance of data available for patients with acquired 
heart disease.S2.3-1–S2.3-16

The variables forming part of the ACHD AP classifi-
cation (Table 3) were selected because data exist sug-
gesting their importance in prognosis, management, 
or quality of life. As new data become available, we 
expect changes in the relative weights attributed to the 
components of the ACHD AP classification and perhaps 
new components, resulting in a scheme that ever more 
precisely tracks overall severity of disease and need for 
more or less intensive follow-up and management.

Similar to the New York Heart Association (NYHA) 
classification of functional status, patients may move 

Abbreviation Meaning/Phrase
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Table 2.  Associated Guidelines and Statements

Title Organization
Publication Year 

(Reference)

Guidelines

  Syncope ACC/AHA/HRS 2017S1.4-10

  Supraventricular tachycardia ACC/AHA/HRS 2015S1.4-11

 � Cardiopulmonary resuscitation and emergency cardiovascular care—Part 8: postcardiac arrest care AHA 2015S1.4-12

  Non-ST-elevation acute coronary syndromes AHA/ACC 2014S1.4-13

  Perioperative cardiovascular evaluation and noncardiac surgery ACC/AHA 2014S1.4-14

  Atrial fibrillation AHA/ACC/HRS 2014S1.4-15

  Stable ischemic heart disease ACC/AHA/ACP/AATS/PCNA/SCAI/STS 2014,S1.4-16 2012S1.4-17

  Assessment of cardiovascular risk ACC/AHA 2014S1.4-18

  Blood cholesterol to reduce atherosclerotic cardiovascular risk in adults ACC/AHA 2014S1.4-19

  Overweight and obesity in adults AHA/ACC/TOS 2014S1.4-20

  Lifestyle management to reduce cardiovascular risk AHA/ACC 2014S1.4-21

  Valvular heart disease AHA/ACC 2017S1.4-22

  High blood pressure in adults ACC/AHA/AAPA/ABC/ACPM/AGS/
APhA/ASH/ASPC/NMA/PCNA

2017S1.4-23

  Aortic valve and ascending aorta STS 2013S1.4-24

  ST-elevation myocardial infarction ACC/AHA 2013S1.4-25

  Heart failure ACC/AHA/HFSA 2017S1.4-26

  Device-based therapy for cardiac rhythm abnormalities ACC/AHA/HRS 2012S1.4-27

  Coronary artery bypass graft surgery ACC/AHA 2011S1.4-28

  Percutaneous coronary intervention ACC/AHA/SCAI 2011S1.4-29

  Secondary prevention and risk reduction therapy AHA/ACC 2011S1.4-30

  Cardiovascular disease in women AHA/ACC 2011S1.4-31

  Grown-up congenital heart disease ESC 2010S1.4-32

  Thoracic aortic disease ACC/AHA/AATS/ACR/ASA/SCA/SCAI/
SIR/STS/SVM

2010S1.4-33

  Adult congenital heart disease CCS 2010S1.4-34

  Infective endocarditis ESC 2009S1.4-35

Scientific statements

  Imaging for patients with transposition of the great arteries ASE 2016S1.4-36

  Cardiac chamber quantification by echocardiography ASE 2015S1.4-37

  Consensus on arrhythmia management in ACHD PACES/HRS 2014S1.4-38

  Imaging for patients with repaired tetralogy of Fallot ASE 2014S1.4-39

  Thoracic aortic disease CCS 2014S1.4-40

  Promotion of physical activity for children and adults with CHD AHA 2013S1.4-41

  Neurodevelopmental outcomes in children with CHD AHA 2012S1.4-42

  Pregnancy in women with heart disease ESC 2011S1.4-43

  Transition to adulthood for adolescents with CHD AHA 2011S1.4-44

  Pulmonary hypertension ACC/AHA 2009S1.4-45

  Prevention of infective endocarditis AHA 2007S1.4-46

AATS indicates American Association for Thoracic Surgery; ABC, Association of Black Cardiologists; ACC, American College of Cardiology; ACHD, adult 
congenital heart disease; ACP, American College of Physicians; ACPM, American College of Preventive Medicine; ACR, American College of Radiology; AGS, 
American Geriatrics Society; AHA, American Heart Association; APhA, American Pharmacists Association; ASA, American Stroke Association; ASE, American 
Society of Echocardiography; ASH, American Society of Hypertension; ASPC, American Society of Preventive Cardiology; CCS, Canadian Cardiovascular Society; 
CHD, congenital heart disease; ESC, European Society of Cardiology; HFSA, Heart Failure Society of America; HRS, Heart Rhythm Society; NMA, National Medical 
Association; PACES, Pediatric and Congenital Electrophysiology Society; PCNA, Preventive Cardiovascular Nurses Association; SCA, Society of Cardiovascular 
Anesthesiologists; SCAI, Society for Cardiovascular Angiography and Interventions; SIR, Society of Interventional Radiology; STS, Society of Thoracic Surgeons; 
SVM, Society for Vascular Medicine; and TOS, The Obesity Society.
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Table 3.  Physiological Variables as Used in ACHD AP Classification

Variable Description

Aortopathy Aortic enlargement is common in some types of CHD and after some repairs. Aortic enlargement may be progressive over a lifetime. 
There is no universally accepted threshold for repair, nor is the role of indexing to body size clearly defined in adults, as is done in 
pediatric populations. For purposes of categorization and timing of follow-up imagingS2.2-2–S2.2-4:

  Mild aortic enlargement is defined as maximum diameter 3.5–3.9 cm

  Moderate aortic enlargement is defined as maximum diameter 4.0–4.9 cm

  Severe aortic enlargement is defined as maximum diameter ≥5.0 cm

Arrhythmia Arrhythmias are very common in patients with ACHD and may be both the cause and consequence of deteriorating hemodynamics, 
valvular dysfunction, or ventricular dysfunction. Arrhythmias are associated with symptoms, outcomes, and prognosis,S2.2-5–S2.2-8 thus 
are categorized based on presence and response to treatment.

  No arrhythmia: No documented clinically relevant atrial or ventricular tachyarrhythmias

 � Arrhythmia not requiring treatment: Bradyarrhythmia, atrial or ventricular tachyarrhythmia not requiring antiarrhythmic therapy, 
cardioversion, or ablation

  Arrhythmia controlled with therapy:

    Bradyarrhythmia requiring pacemaker implantation

    Atrial or ventricular tachyarrhythmia requiring antiarrhythmic therapy, cardioversion, or ablation

    AF and controlled ventricular response

    Patients with an ICD

  Refractory arrhythmias:

    Atrial or ventricular tachyarrhythmia currently unresponsive to or refractory to antiarrhythmic therapy or ablation

Concomitant VHD Severity defined according to the 2014 VHD guideline.S2.2-2

  Mild VHD

  Moderate VHD

  Severe VHD

End-organ dysfunction Clinical and/or laboratory evidence of end-organ dysfunctionS2.2-9–S2.2-11 including:

  Renal (kidney)

  Hepatic (liver)

  Pulmonary (lung)

Exercise capacity Patients with ACHD are often asymptomatic notwithstanding exercise limitations demonstrated as diminished exercise capacity 
when evaluated objectively.S2.2-12–S2.2-14 Thus, assessment of both subjective and objective exercise capacity is important (see NYHA 
classification system below). Exercise capacity is associated with prognosis.S2.2-15–S2.2-17

 � Abnormal objective cardiac limitation to exercise is defined as an exercise maximum ventilatory equivalent of oxygen below the 
range expected for the specific CHD anatomic diagnosis.S2.2-18

 � Expected norms for CPET values should take into account age, sex, and underlying congenital diagnosis. Published studies with 
institution-specific norms can be used as guides, bearing in mind variability among institutional norms and ranges.

Hypoxemia/hypoxia/
cyanosis

See Section 3.16. for detailed definition of cyanosis.

  Hypoxemia is defined as oxygen saturation measured by pulse oximetry at rest ≤90%.

  Severe hypoxemia is defined as oxygen saturation at rest <85%.

 � In patients with normal or high hemoglobin concentrations, severe hypoxemia will be associated with visible cyanosis (which 
requires ≥5 g/L desaturated hemoglobin to be appreciated).

 � The terms cyanosis and hypoxemia (or hypoxia) are sometimes used interchangeably. Such interchangeability would not apply; 
however, in the presence of anemia, severe hypoxemia can be present without visible cyanosis.

NYHA functional 
classification 
systemS2.2-19

Class Functional Capacity

I Patients with cardiac disease but resulting in no limitation of physical activity. Ordinary physical activity does not cause 
undue fatigue, palpitation, dyspnea, or anginal pain.

II Patients with cardiac disease resulting in slight limitation of physical activity. They are comfortable at rest. Ordinary 
physical activity results in fatigue, palpitation, dyspnea, or anginal pain.

III Patients with cardiac disease resulting in marked limitation of physical activity. They are comfortable at rest. Less than 
ordinary activity causes fatigue, palpitation, dyspnea, or anginal pain.

IV Patients with cardiac disease resulting in inability to carry on any physical activity without discomfort. Symptoms of HF 
or the anginal syndrome may be present even at rest. If any physical activity is undertaken, discomfort increases.

(Continued )
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from one ACHD AP classification to another over 
time. If clinical status worsens, the classification will 
change to a higher severity group, but improvement 
in status, for example after an intervention such as 
valve replacement or control of arrhythmia, can re-
sult in change to a lower severity classification. Such 
movement among classes is unlike the AHA HF A to 
D classification,S2.3-17 in which patients move in only 
one direction. This ACHD AP classification is used 
throughout this document, particularly when consid-
ering follow-up visits and need for testing. As the 
ACHD AP classification worsens because of changes 
in physiology (eg, development of arrhythmias, HF, 
end-organ disease), the nature and frequency of 
recommended follow-up visits and testing will also 
change, adapting to the patient's changing circum-
stance instead of depending solely on a description 
of anatomic disease, which may not adequately dis-
criminate physiological changes that alter severity 
over time.

Some patients with ACHD may have substantial ac-
quired comorbidities unrelated to CHD, and as a con-
sequence, their follow-up strategies might be more 
appropriately be based on other existing guidelines for 
acquired heart disease. For example, an 80-year-old 
patient who has a small atrial septal defect (ASD), but 
whose symptoms are related to diastolic HF, chronic 
kidney disease caused by hypertension and diabetes 

mellitus, and moderate aortic stenosis is well-suited to 
be followed according to existing guidelines for those 
diseases, rather than according to the ACHD AP clas-
sification for the ASD. Nevertheless, the added hemo-
dynamic complexity brought by the ASD must be kept 
in mind.

Throughout this document, the ACHD AP classifica-
tion is used to help guide resource utilization, including 
ACHD consultation and routine diagnostic studies.

3. GENERAL PRINCIPLES
See Online Data Supplements 1 and 2 for additional 
data supporting this section.

3.1. ACHD Program
Patients with complex CHD have generally better out-
comes when cared for in an integrated, collaborative, 
and multidisciplinary program.S3.1-1 Many medical issues 
in patients with ACHD involve cardiac sequelae, and 
the diagnosis and management may require cardiac an-
esthesiologists, electrophysiologists, and interventional 
cardiologists; imaging services such as cardiovascular 
magnetic resonance (CMR)/cardiac computed tomog-
raphy (CCT); and pulmonary hypertension services with 
expertise in ACHD (Table 5). Appropriate specialty care 

Pulmonary 
hypertension

Pulmonary hypertension is a broad term that encompasses pulmonary arterial hypertension, which is pulmonary hypertension with 
increased pulmonary vascular resistance. This document defines PH and PAH as they are used in the field of pulmonary hypertension.

Pulmonary hypertension is defined as:

  Mean PA pressure by right heart catheterization ≥25 mm Hg.

PAH is defined as:

 � Mean PA pressure by right heart catheterization ≥25 mm Hg and a pulmonary capillary wedge pressure ≤15 mm Hg and pulmonary 
vascular resistance ≥3 Wood unitsS2.2-20

Shunt 
(hemodynamically 
significant shunt)

An intracardiac shunt is hemodynamically significant if:

  There is evidence of chamber enlargement distal to the shunt

  And/or evidence of sustained Qp:Qs ≥1.5:1

  An intracardiac shunt not meeting these criteria would be described as small or trivial

Venous and arterial 
stenosis

Aortic recoarctation after CoA repair

Supravalvular aortic obstruction

Venous baffle obstruction

Supravalvular pulmonary stenosis

Branch PA stenosis

Stenosis of cavopulmonary connection

Pulmonary vein stenosis

ACHD indicates adult congenital heart disease; AF, atrial fibrillation; AP, anatomic and physiological; CHD, congenital heart disease; CoA, coarctation of the 
aorta; CPET, cardiopulmonary exercise test; HF, heart failure; ICD, implantable cardioverter-defibrillator; NYHA, New York Heart Association; PA, pulmonary artery; 
PAH, pulmonary arterial hypertension; Qp:Qs, pulmonary–systemic blood flow ratio; and VHD, valvular heart disease.

Table 3.  Continued

Variable Description
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Table 4.  ACHD AP Classification(CHD Anatomy + Physiological  
Stage = ACHD AP Classification)

CHD Anatomy*

I: Simple

  Native disease

    Isolated small ASD

    Isolated small VSD

    Mild isolated pulmonic stenosis

  Repaired conditions

    Previously ligated or occluded ductus arteriosus

  �  Repaired secundum ASD or sinus venosus defect without significant 
residual shunt or chamber enlargement

  �  Repaired VSD without significant residual shunt or chamber 
enlargement

II: Moderate Complexity

  Repaired or unrepaired conditions

    Aorto-left ventricular fistula

    Anomalous pulmonary venous connection, partial or total

    Anomalous coronary artery arising from the pulmonary artery

    Anomalous aortic origin of a coronary artery from the opposite sinus

    AVSD (partial or complete, including primum ASD)

    Congenital aortic valve disease

    Congenital mitral valve disease

    Coarctation of the aorta

  �  Ebstein anomaly (disease spectrum includes mild, moderate, and 
severe variations)

  �  Infundibular right ventricular outflow obstruction

  �  Ostium primum ASD

  �  Moderate and large unrepaired secundum ASD

  �  Moderate and large persistently patent ductus arteriosus

  �  Pulmonary valve regurgitation (moderate or greater)

  �  Pulmonary valve stenosis (moderate or greater)

  �  Peripheral pulmonary stenosis

  �  Sinus of Valsalva fistula/aneurysm

  �  Sinus venosus defect

  �  Subvalvar aortic stenosis (excluding HCM; HCM not addressed in 
these guidelines)

  �  Supravalvar aortic stenosis

  �  Straddling atrioventricular valve

  �  Repaired tetralogy of Fallot

  �  VSD with associated abnormality and/or moderate or greater shunt

III: Great Complexity (or Complex)

 � Cyanotic congenital heart defect (unrepaired or palliated, all forms)

 � Double-outlet ventricle

 � Fontan procedure

 � Interrupted aortic arch

 � Mitral atresia

 � Single ventricle (including double inlet left ventricle, tricuspid atresia, 
hypoplastic left heart, any other anatomic abnormality with a 
functionally single ventricle)

 � Pulmonary atresia (all forms)

 � TGA (classic or d-TGA; CCTGA or l-TGA)

 � Truncus arteriosus

 � Other abnormalities of atrioventricular and ventriculoarterial connection 
(ie, crisscross heart, isomerism, heterotaxy syndromes, ventricular 
inversion)

Physiological Stage

  A

  �  NYHA FC I symptoms

  �  No hemodynamic or anatomic sequelae

  �  No arrhythmias

  �  Normal exercise capacity

  �  Normal renal/hepatic/pulmonary function

  B

  �  NYHA FC II symptoms

  �  Mild hemodynamic sequelae (mild aortic enlargement, mild ventricular 
enlargement, mild ventricular dysfunction)

  �  Mild valvular disease

  �  Trivial or small shunt (not hemodynamically significant)

  �  Arrhythmia not requiring treatment

  �  Abnormal objective cardiac limitation to exercise

  C

  �  NYHA FC III symptoms

  �  Significant (moderate or greater) valvular disease; moderate or greater 
ventricular dysfunction (systemic, pulmonic, or both)

  �  Moderate aortic enlargement

  �  Venous or arterial stenosis

  �  Mild or moderate hypoxemia/cyanosis

  �  Hemodynamically significant shunt

  �  Arrhythmias controlled with treatment

  �  Pulmonary hypertension (less than severe)

  �  End-organ dysfunction responsive to therapy

  D

  �  NYHA FC IV symptoms

  �  Severe aortic enlargement

  �  Arrhythmias refractory to treatment

  �  Severe hypoxemia (almost always associated with cyanosis)

  �  Severe pulmonary hypertension

  �  Eisenmenger syndrome

  �  Refractory end-organ dysfunction

*This list is not meant to be comprehensive; other conditions may be 
important in individual patients.

ACHD indicates adult congenital heart disease; AP, anatomic and 
physiological; ASD, atrial septal defect; AVSD, atrioventricular septal defect; 
CCTGA, congenitally corrected transposition of the great arteries; CHD, 
congenital heart disease; d-TGA, dextro-transposition of the great arteries; FC, 
functional class; HCM, hypertrophic cardiomyopathy; l-TGA, levo-transposition 
of the great arteries; NYHA, New York Heart Association; TGA, transposition 
of the great arteries; and VSD, ventricular septal defect.

Table 4.  Continued

CHD Anatomy* (Continued)

III: Great Complexity (or Complex) (Continued)
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must be available to address pregnancy, acquired cardi-
ovascular disease, and acute noncardiac illness compli-
cating CHD, management of which is frequently more 
complicated in patients with ACHD.

Although individual providers may be community-
based affiliates, ACHD programs are inpatient, outpa-
tient, and hospital-based with staffing and expertise 
available on-site or accessible when needed (Table 5).

3.2. Access to Care

Recommendation for Access to Care

Referenced studies that support the recommendation are 
summarized in Online Data Supplement 3.

COR LOE Recommendation

I

B-NR

1. � Physicians caring for patients with ACHD 
should support access to care by a) assuring 
smooth transitions for adolescents and 
young adults from pediatric to adult 
providersS3.2-1,S3.2-2 (Level of Evidence: 
B-NR); and b) promoting awareness of the 
need for lifelong specialized care through 
outreach and educational programs (Level of 
Evidence: C-EO).

C-EO

3.3. Delivery of Care

Recommendations for Delivery of Care

Referenced studies that support recommendations are summarized 
in Online Data Supplements 3, 4, and 5.

COR LOE Recommendations

I B-NR
1. � Patients with ACHD AP classification IB-D, 

IIA-D, and IIIA-D* should be managed in 
collaboration with an ACHD cardiologist.S3.3-1

I C-LD

2. � Cardiac surgery, catheter-based 
interventional cardiac procedures, and 
electrophysiological procedures involving 
congenital heart lesions in patients with 
ACHD should be performed by operators 
with expertise in CHD procedures  
and in collaboration with an ACHD  
cardiologist.S3.3-1,S3.3-2

*See Tables 3 and 4 for details on the ACHD Anatomic and Physiological 
classification system.

Table 6 addresses delivery of care where circum-
stances of ACHD expertise may improve patient  
outcomes.

3.4. Evaluation of Suspected  
and Known CHD
3.4.1. Electrocardiogram

See also Table 7.

Recommendations for Electrocardiogram

COR LOE Recommendations

I C-EO

1. � A standard 12-lead electrocardiogram (ECG) 
is recommended in adults with CHD with 
serial assessment depending on the specific 
ACHD AP classification or when symptoms 
develop or worsen.

I C-EO

2. � Ambulatory electrocardiographic monitoring 
should be performed in patients with 
CHD who are at risk of tachyarrhythmia, 
bradyarrhythmia or heart block, or when 
symptoms possibly of arrhythmic origin 
develop.

Table 5.  Key Personnel and Services Recommended for ACHD 
Programs

Personnel

  ACHD board-eligible/board-certified cardiologists

  Congenital cardiac surgeons

  Nurses/physician assistants/nurse practitioners

  Cardiac anesthesiologists with CHD training/expertise

  Multidisciplinary teams:

    High-risk obstetrics

    Pulmonary hypertension

    HF/transplant

    Genetics

    Hepatology

    Cardiac pathology

    Rehabilitation services

    Social services

    Psychological services

    Financial counselors

Services

  Echocardiography, including TEE and intraoperative TEE*

  CHD diagnostic and interventional catheterization*

  CHD electrophysiology/pacing/ICD implantation*:

    Exercise testing

    Echocardiographic

    Radionuclide

    Cardiopulmonary

  Cardiac imaging/radiology*:

    CMR

    CCT

    Nuclear medicine

  Information technology:

    Data collection

    Database support

    Quality assessment review/protocols

*These modalities must be supervised/performed and interpreted by 
clinicians with expertise and/or training in CHD.

ACHD indicates adult congenital heart disease; CCT, cardiac computed 
tomography; CHD, congenital heart disease; CMR, cardiovascular magnetic 
resonance; HF, heart failure; ICD, implantable cardioverter-defibrillator; and 
TEE, transesophageal echocardiography.
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Table 6.  Delivery of Care: Circumstances Where ACHD Expertise May Improve Outcomes

Circumstance Possible Solution Rationale Example

Care of patients in 
the lowest ACHD 
AP classification 
(IA)*

1. � Face-to-face consultation with an 
ACHD cardiologist.

1. � Patients in ACHD AP classification IA* are 
likely to be asymptomatic and not require 
frequent routine congenital cardiac care.

Patients with small VSDs are thought to 
have excellent long-term survival, although 
complications (double-chamber RV, IE, aortic 
valve prolapse and aortic regurgitation) 
may manifest in adulthood; consequently, 
patients with small VSDs warrant lifelong 
follow-up.S3.3-4

2. � Collaborative care planning 
between an ACHD patient’s 
general cardiologist or primary 
care provider and an ACHD 
cardiologist.

2. � The very long-term outcomes of patients with 
ACHD AP classification IA* lesions have not 
been well described, although available data 
suggest that patients with simple CHD have 
higher cardiac mortality in long-term follow-
up than age-matched controls.S3.3-3

3. � Consultation with an ACHD cardiologist 
should help to accurately assess the 
patient’s ACHD AP class, provide 
information regarding potential long-
term outcomes, and reinforce signs and 
symptoms that should prompt further 
evaluation.

Cardiac imaging of 
patients with ACHD

Imaging studies should be performed 
and interpreted by individuals with 
expertise in CHD imaging.

1. � The complexity and variability of lesions, 
repairs, and sequelae in CHD constrain the 
use of standard protocols and sequences 
and often require modification of plans 
during acquisition of images, as well as 
specialized skills in interpretation. Thus, CHD 
expertise is helpful for optimal quality and 
interpretation of cardiac imaging studies.

Although imaging of a patient with 
TOF may seem straightforward because 
many have familiar chamber and great 
vessel relationships, there are nuances 
to echocardiographic imaging of RV 
size and function, PR severity, and/or 
location of right ventricular outflow tract 
obstruction that affect clinical care and 
are thus best carried out by sonographers 
and echocardiographers with appropriate 
expertise. Similarly, expertise in congenital 
CMR is important in evaluating patients 
with TOF, as RV volumes and function are 
key components in evaluation for timing of 
pulmonary valve replacement.S3.3-7,S3.3-8

2. � Use of a multimodality cardiac imaging 
approach can be used for patients with ACHD, 
accounting for patient-specific considerations, 
strengths and weaknesses of each modality, 
institutional resources, and expertise.

3. � ACHD programs need a dedicated CMR 
service, and CMR expertise is integral to 
an ACHD program, as is expertise in ACHD 
CCT.S3.3-5,S3.3-6

Electrophysiological 
care of patients 
with ACHD

Perform procedures in 
electrophysiology laboratories 
equipped for 3D mapping and 
ablation and involve specialists 
experienced in the management of 
arrhythmias in patients with ACHD.

Examples of diagnostic questions best 
answered by electrophysiological study: 
a) � evaluation of the conduction system in 

cases of suspected postsurgical conduction 
abnormalities

b) � evaluation of syncope
c) � diagnosis of the mechanism of 

supraventricular tachycardia or wide 
complex tachycardia

d) � programmed ventricular stimulation 
particularly in patients following repair of 
TOF and its variants (Section 4.4.1.) as well 
as preoperative assessment of arrhythmia 
substrates that may be amenable to 
operative intervention, such as an atrial 
maze procedure for atrial arrhythmias. 
The latter procedure is commonly used at 
the time of conversion of atriopulmonary 
connection Fontan, and may also be 
useful in other forms of repaired CHD with 
postoperative atrial arrhythmias such as TOF.

Bradyarrhythmia and tachyarrhythmias are 
common in TGA with atrial switch patients 
and may seem “straightforward,” but 
the altered anatomy adds complexity to 
the procedures and emphasizes the need 
for specialized equipment and expertise 
to ensure the best chance for procedural 
success. For example: 1) pacemaker 
placement in a patient with TGA with 
atrial switch can be challenging because of 
the altered atrial anatomy and interatrial 
baffle that will necessitate placement of 
an atrial lead in the anatomic left atrium, 
often scarred such that tissue amenable 
to pacing is difficult to find; and 2) atrial 
flutter is a common arrhythmia in TGA with 
atrial switch, but the flutter circuit may be 
on the systemic side of the interatrial baffle 
and thus may require baffle puncture or 
retrograde approach to effectively ablate 
the circuit.

Diagnostic and 
interventional 
cardiac procedures, 
including 
electrophysiology 
procedures

1. � Perform procedure in a 
hospital with cardiologists, 
anesthesiologists, surgeons, and 
other providers with expertise in 
the management of patients with 
ACHD.

1. � Patients with ACHD often have complex 
underlying cardiac anatomy and physiology.

In patients with CHD, the presence of 
anatomic and physiological complexity from 
the specific defect or surgical palliation, may 
change the overall care plan and procedural 
decision-making. Procedures that may 
seem straightforward, such as pacemaker 
implantation or ASD closure, may be more 
complex when accounting for the nuances 
imparted by CHD.

2. � The data obtained and the interventions 
performed during ACHD cardiac 
procedures are difficult to sort out without 
specialized knowledge of the CHD.

2. � Consultation with providers 
with ACHD expertise may be 
substituted if the procedure is 
urgent such that timely transfer is 
not feasible.

3. � An ACHD program has additional resources 
such as cardiac anesthesia, congenital 
cardiac surgery, and specialty cardiac 
imaging, should the need for those services 
arise during or after the procedure.

(Continued )
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Stout et al� 2018 ACHD Guideline: Executive Summary

Administration 
of anesthesia for 
invasive procedures 
in patients 
with ACHD AP 
classification IB-D, 
IIA-D, and IIIA-D*

1. � Performed by, or in collaboration 
with, an anesthesiologist with 
expertise in the management of 
patients with ACHD.

1. � ACHD-specific issues need to be 
addressed when considering anesthesia, 
including underlying cardiac physiology 
and hemodynamics, and the effects of 
anesthetic medications and ventilation 
strategies.

The application of anesthesia for 
laparoscopic procedures can be especially 
challenging in Fontan patients. Significant 
cardiovascular and respiratory alterations 
may occur as a result of increased intra-
abdominal pressure and decreased venous 
return. Abdominal insufflation may lead to 
lower preload and hypotension, while at 
the same time elevating systemic vascular 
resistance and compromising cardiac output. 
Elevations in pulmonary vascular resistance 
attributable to hypercarbia can be caused by 
either direct carbon dioxide absorption or 
hypoventilation.S3.3-11

2. � If clinical urgency precludes 
transfer, consultation with an 
anesthesiologist with ACHD 
expertise would be of benefit to 
on-site providers who do not have 
ACHD expertise.

2. � Many patients with ACHD have had 
surgeries in the past, which may have 
created or identified airway or vascular 
access concerns. Patients with ACHD can 
also have underlying restrictive and/or 
obstructive lung disease that should be 
considered.S3.3-9,S3.3-10

Patients with ACHD 
and pulmonary 
hypertension

1. � Consultation with experts 
in pulmonary hypertension 
and ACHD to assist in the 
interpretation of diagnostic and 
invasive studies and determine 
the best course of management.

1. � PAH imparts a poor prognosis compared 
with CHD without PAH. Because of the 
complexity of PAH in the setting of CHD, 
patients with ACHD benefit from the 
expertise of both ACHD providers and 
pulmonary hypertension providers.S3.3-12–S3.3-20

Management of PAH in patients with shunts 
can be difficult. For example, in patients for 
whom PAH treatment is expected to allow 
subsequent closure of a shunt, cohort series 
demonstrate progression of pulmonary 
vascular resistance or late mortality if 
defects with associated pulmonary vascular 
resistance elevation beyond 2.5 Wood 
units (>4 Wood units×m2) or Qp:Qs >3 
were closed.S3.3-21,S3.3-22 The utility of acute 
administration of pulmonary vasodilator 
therapy as a marker of reversibility of 
pulmonary vascular resistance remains 
uncertain. “Treat-to-repair” strategies 
involving use of PAH therapies to bring 
pulmonary vascular resistance into a range 
where repair can be considered have been 
applied, but the utility of such strategies also 
remains uncertain.

*See Tables 3 and 4 for details on the ACHD AP classification system.
3D indicates 3-dimensional; ACHD, adult congenital heart disease; AP, anatomic and physiological; ASD, atrial septal defect; CCT, cardiac computed 

tomography; CHD, congenital heart disease; CMR, cardiovascular magnetic resonance; IE, infective endocarditis; PAH, pulmonary arterial hypertension; PR, 
pulmonary regurgitation; Qp:Qs, pulmonary–systemic blood flow ratio; RV, right ventricle; TGA, transposition of the great arteries; TOF, tetralogy of Fallot; and 
VSD, ventricular septal defect.

Table 6.  Continued

Circumstance Possible Solution Rationale Example

Table 7.  Use of ECGs in ACHD Evaluation

Identification of sinus bradycardia or junctional rhythm in patients at risk 
of sinus node dysfunction (especially after the Mustard, Senning, Glenn, or 
Fontan procedure)

Identification of clinically inapparent intra-atrial re-entry tachycardia in 
patients who have had atriotomy

Identification of atrioventricular block in patients at risk for progression of 
atrioventricular conduction system disease (especially CCTGA)

Evaluation of rhythm in patients with pacemakers

Measurement of QRS duration in patients after repair of TOF and as part 
of CRT evaluation

Preoperatively to compare with postoperative ECGs in patients undergoing 
heart surgery and noncardiac surgery

Postoperatively to identify arrhythmias (eg, atrial ectopic tachycardia, atrial 
flutter, AF, junctional ectopic tachycardia, atrioventricular block)

Diagnosis of Wolff-Parkinson-White Syndrome in patients with Ebstein 
anomaly

Initial evaluation of suspected acute coronary syndromes

ACHD indicates adult congenital heart disease; AF, atrial fibrillation; 
CCTGA, congenitally corrected transposition of the great arteries; CRT, 
cardiac resynchronization therapy; ECG, electrocardiogram; and TOF, 
tetralogy of Fallot.

Table 8.  Circumstances Where CMR, CCT, TEE, and/or Cardiac 
Catheterization May be Superior to TTE

�Assessment of RV size and function in repaired TOF, systemic right 
ventricles, and other conditions associated with RV volume and pressure 
overloadS3.4.4-1,S3.4.4-3

�Identification of anomalous pulmonary venous connectionsS3.4.4-11

�Serial assessment of thoracic aortic aneurysms, especially when the dilation 
might extend beyond the echocardiographic windowsS3.4.4-7

Accurate assessment of PA pressure and pulmonary vascular resistance

Assessment for recoarctation of the aorta

Sinus venosus defects

Vascular rings

Evaluation of coronary anomalies

�Quantification of valvular regurgitation

CCT indicates cardiac computed tomography; CMR, cardiovascular 
magnetic resonance; PA, pulmonary artery; RV, right ventricular; TEE, 
transesophageal echocardiography; and TOF, tetralogy of Fallot.
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3.4.2. Ionizing Radiation Principles

Recommendation for Ionizing Radiation Principles

Referenced studies that support the recommendation are 
summarized in Online Data Supplement 6.

COR LOE Recommendation

I B-NR

1. � Strategies to limit and monitor radiation 
exposure are recommended during imaging 
of patients with ACHD, with studies not 
involving ionizing radiation chosen whenever 
appropriate.S3.4.2-1–S3.4.2-4

3.4.3. Echocardiography

Recommendations for Echocardiography

Referenced studies that support recommendations are summarized 
in Online Data Supplement 7.

COR LOE Recommendations

I B-NR
1. � Intraoperative TEE is recommended to guide 

surgical repair of CHD in adults.S3.4.3-1

I C-EO

2. � Patients with ACHD should undergo 
transthoracic echocardiography (TTE) for 
initial assessment, with timing of serial 
assessment based on anatomic and 
physiological severity and clinical status.

3.4.4. CMR Imaging
See also Tables 8 and 9.

Recommendations for CMR Imaging

Referenced studies that support recommendations are summarized 
in Online Data Supplement 8.

COR LOE Recommendations

I B-NR

1. � In patients with ACHD who have or who are 
at risk of developing RV enlargement and 
dysfunction, serial CMR is recommended 
for quantitative assessment of RV size and 
function.S3.4.4-1–S3.4.4-3

IIa C-LD

2. � CMR can be useful in the initial evaluation 
and serial assessment of selected patients 
with CHD based on anatomic complexity 
and clinical status.S3.4.4-1,S3.4.4-2,S3.4.4-4–S3.4.4-10

3.4.5. Cardiac Computed Tomography

Recommendation for Cardiac Computed Tomography

Referenced studies that support the recommendation are 
summarized in Online Data Supplement 9.

COR LOE Recommendation

IIa C-LD

1. � CCT imaging can be useful in patients with 
ACHD when information that cannot be 
obtained by other diagnostic modalities is 
important enough to justify the exposure to 
ionizing radiation S3.4.5-1,S3.4.5-2.

3.4.6. Cardiac Catheterization

Recommendations for Cardiac Catheterization

Referenced studies that support recommendations are summarized 
in Online Data Supplement 10.

COR LOE Recommendations

I C-LD

1. � Cardiac catheterization (hemodynamic 
and/or angiographic) in patients with 
ACHD AP classification II and III, or 
interventional cardiac catheterization 
in patients with ACHD AP classification 
I to III should be performed by, or in 
collaboration with, cardiologists with 
expertise in ACHD.S3.4.6-1–S3.4.6-4

IIa B-NR

2. � In patients with a low or intermediate 
pretest probability of coronary artery disease 
(CAD), use of CT coronary angiography is 
reasonable to exclude significant obstructive 
CAD when cardiac catheterization has 
significant risk or because of patient 
preference.S3.4.6-5–S3.4.6-9

3.4.7. Exercise Testing

Recommendations for Exercise Testing

Referenced studies that support recommendations are summarized 
in Online Data Supplement 11.

COR LOE Recommendations

IIa B-NR

1. � In patients with ACHD, cardiopulmonary 
exercise testing (CPET) can be useful for 
baseline functional assessment and serial 
testing.S3.4.7-1,S3.4.7-2

IIa C-LD

2. � In symptomatic patients with ACHD, 
a 6-minute walk test can be useful to 
objectively assess symptom severity, 
functional capacity, and response to 
therapy.S3.4.7-3,S3.4.7-4

3.5. Transition Education
Recommendation for Transition Education

Referenced studies that support the recommendation are 
summarized in Online Data Supplement 12.

COR LOE Recommendation

I B-NR

1. � Clinicians caring for patients with CHD 
should deliver developmentally appropriate 
transition education to adolescent and 
young patients with CHD, and to their 
families/support network.S3.5-1,S3.5-2

Table 9.  Comparison of Imaging Modalities Useful in ACHD Evaluation

Radiation 
Exposure

Relative 
Cost

Ventricular 
Volumes/Function

Valvular Structure/
Function

Coronary Anatomy 
and Course

Extracardiac 
Vascular Anatomy

Echocardiography No $ ++ +++ +/- +/-

CMR No $$ +++ ++ ++* +++

CCT Yes $$ +* + +++ +++

Cardiac catheterization Yes $$ + ++ +++ ++

$ indicates less expensive; $$, more expensive; +/-, possible value; +, good; ++, very good; and +++, excellent.
*In specific gated imaging protocols.
ACHD indicates adult congenital heart disease; CCT, cardiac computed tomography; and CMR, cardiovascular magnetic resonance.
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3.6. Exercise and Sports

Recommendations for Exercise and Sports

Referenced studies that support recommendations are summarized 
in Online Data Supplement 13.

COR LOE Recommendations

I C-LD

1. � Clinicians should assess activity levels at regular 
intervals and counsel patients with ACHD 
about the types and intensity of exercise 
appropriate to their clinical status.S3.6-1–S3.6-9

IIa C-LD
2. � CPET can be useful to guide activity 

recommendations for patients with 
ACHD.S3.6-10,S3.6-11

IIa B-NR
3. � Cardiac rehabilitation can be useful to 

increase exercise capacity in patients with 
ACHD.S3.6-12,S3.6-13

3.7. Mental Health and 
Neurodevelopmental Issues

Recommendations for Mental Health and Neurodevelopmental Issues

Referenced studies that support recommendations are summarized 
in Online Data Supplement 14.

COR LOE Recommendations

I B-NR
1. � Patients with ACHD should be evaluated for 

depression and anxiety.S3.7-1–S3.7-3

IIa B-NR
2. � Referral for mental health evaluation and 

treatment is reasonable in patients with 
ACHD.S3.7-1–S3.7-4

IIb B-NR

3. � Neurodevelopmental or neuropsychological 
testing may be considered in some patients 
with ACHD to guide therapies that enhance 
academic, behavioral, psychosocial, and 
adaptive functioning.S3.7-5–S3.7-9

3.8. Endocarditis Prevention
Patients with ACHD have an increased risk of develop-
ing infective endocarditis (IE).S3.8-1,S3.8-2 The most com-

mon pathogens responsible for IE include Streptococcus 
viridans, Staphylococcus species, and Enterococcus spe-
cies. Despite advances in antimicrobial therapy and sur-
gical techniques, IE remains a condition associated with 
significant morbidity and mortality. Numerous guide-
lines are available with recommendations on the pre-
vention and diagnosis of IE.S3.8-3–S3.8-5 These guidelines 
include consistent descriptions of the patients at high-
est risk of adverse effects from endocarditis. Antibiotic 
prophylaxis continues to be recommended for patients 
with high-risk characteristics, which are often found in 
patients with ACHD.S3.8-2 These patients include:

• � Those with previous IE;
• � Patients with prosthetic valves (biological and 

mechanical, surgical and transcatheter);
• � Patients within 6 months of placement of pros-

thetic material;
• � Patients with residual intracardiac shunts at the 

site of or adjacent to previous repair with pros-
thetic material or devices; or

• � Patients with uncorrected cyanotic heart 
disease.

See Online Data Supplement 15 for referenced 
studies.

3.9. Concomitant Syndromes
See also Table 10.

Recommendation for Concomitant Syndromes

Referenced studies that support the recommendation are 
summarized in Online Data Supplement 16.

COR LOE Recommendation

IIa B-NR
1. � Genetic testing for 22q11 deletions is 

reasonable for patients with conotruncal 
cardiac defects.S3.9-1,S3.9-2

Table 10.  Underlying Genetic Syndromes Commonly Associated With CHDS3.9-3,S3.9-4

Syndrome Genetic Abnormality Clinical Features Common Cardiac Findings

DiGeorge syndrome 
(velocardiofacial 
syndrome)

22q11.2 deletion Thymic and parathyroid hypoplasia, immunodeficiency, low-set ears, hypocalcemia, speech and 
learning disorders, renal anomalies, psychiatric disease

IAA type B, aortic arch 
anomalies, truncus 

arteriosus, TOF
25%–75% have CHD, depending on age studiedS3.9-5,S3.9-6

Down syndrome Trisomy 21 Developmental disability, characteristic facial features, hypotonia, palmar crease ASD, VSD, AVSD, TOF

40%–50% have CHD

Holt–Oram 
syndromeS3.9-7

TBX5 Upper limb skeletal abnormalities ASD, VSD, MV disease

75% have CHD

Klinefelter 
syndrome

47 XXY Tall stature, hypoplastic testes, delayed puberty, developmental disability PDA, ASD, MV prolapse

50% have CHD

Noonan 
syndromeS3.9-8

PTPN11, KRAS, SOS1 RAF1, 
NRAS, BRAF, MAP2K1

Facial anomalies, webbed neck, chest deformity, short stature, lymphatic abnormalities, bleeding abnormalities PS, ASD, HCM

80% have CHD

Turner syndrome 45X Short stature, webbed neck, lymphedema, primary amenorrhea Coarctation, BAV, aortic 
stenosis, hypoplastic left heart, 

ascending aortopathy
30% have CHD

Risk of aortic dissection

Williams syndrome 7q11.23 deletion Elfin face, social personality, hearing loss, developmental delay, infantile hypercalcemia Supravalvar aortic stenosis, 
peripheral PS

50%–80% have CHD

ASD indicates atrial septal defect; AVSD, atrioventricular septal defect; BAV, bicuspid aortic valve; CHD, congenital heart disease; HCM, hypertrophic cardiomyopathy; IAA, interrupted 
aortic arch; MV, mitral valve; PDA, patent ductus arteriosus; PS, pulmonary stenosis; TOF, tetralogy of Fallot; and VSD, ventricular septal defect.
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3.10. Noncardiac Medical Issues
Recommendation for Noncardiac Medical Issues

Referenced studies that support the recommendation are 
summarized in Online Data Supplement 18.

COR LOE Recommendation

I C-LD
1. � Patients with ACHD at risk for hepatitis C 

should be screened and vaccinated for viral 
hepatitis and treated as appropriate.S3.10-1

3.11. Noncardiac Surgery
See also Table 11.

Recommendations for Noncardiac Surgery

Referenced studies that support recommendations are summarized 
in Online Data Supplement 18.

COR LOE Recommendations

I C-LD

1. � Optimization before and close surveillance 
after invasive procedures, regardless of the 
complexity of the anatomic defect or type 
of procedure is beneficial for patients with 
ACHD.S3.11-1–S3.11-4

I B-NR

2. � In patients with ACHD AP classification 
IB-D, IIA-D, and IIIA-D* noncardiac surgical 
and interventional procedures should 
be performed in a hospital with or in 
consultation with experts in ACHD when 
possible.S3.11-1,S3.11-3,S3.11-5–S3.11-9

*See Tables 3 and 4 for details on the ACHD AP classification system.

3.12. Pregnancy, Reproduction,  
and Sexual Health
3.12.1. Pregnancy

Recommendations for Pregnancy

Referenced studies that support recommendations are summarized 
in Online Data Supplement 19.

COR LOE Recommendations

I C-LD

1. � Women with CHD should receive prepregnancy 
counseling with input from an ACHD 
cardiologist to determine maternal cardiac, 
obstetrical and fetal risks, and potential long-
term risks to the mother.S3.12.1-1–S3.12.1-4

I C-LD

2. � An individualized plan of care that addresses 
expectations and contingencies should be 
developed for and with women with CHD 
who are pregnant or who may become 
pregnant and shared with the patient and all 
caregivers.S3.12.1-2,S3.12.1-3

I B-NR

3. � Women with CHD receiving chronic 
anticoagulation should be counseled, 
ideally before conception, on the risks and 
benefits of specific anticoagulants during 
pregnancy.S3.12.1-5,S3.12.1-6

I B-NR

4. � Women with ACHD AP classification IB-
D, IIA-D, and IIIA-D* should be managed 
collaboratively during pregnancy by 
ACHD cardiologists, obstetricians, 
and anesthesiologists experienced in 
ACHD.S3.12.1-2,S3.12.1-7,S3.12.1-8

I C-EO

5. � In collaboration with an ACHD cardiologist 
to ensure accurate assessment of pregnancy 
risk, patients at high risk of maternal 
morbidity or mortality, including women 
with pulmonary arterial hypertension (PAH), 
Eisenmenger syndrome, severe systemic 
ventricular dysfunction, severe left-sided 
obstructive lesions, and/or ACHD AP 
classification ID, IID, and IIID* should be 
counseled against becoming pregnant or be 
given the option of terminating pregnancy.

I B-NR
6. � Men and women of childbearing age with 

CHD should be counseled on the risk of 
CHD recurrence in offspring.S3.12.1-9

Table 11.  ACHD Management Issues for Noncardiac Surgery

Clarify CHD diagnosis

 � Clarify prior procedures, residua, sequelae, and current status, including 
ACHD AP classification

 � Be aware that history obtained from only the patient and family may be 
faulty or incomplete

 � Obtain and review old records to ensure accurate understanding of past 
procedures and clinical course

 � Complete additional investigations required to define ACHD AP 
classification

 � Develop management strategies to minimize risk and optimize outcome

Factors associated with increased risk of perioperative morbidity and 
mortalityS3.12-12:

  Cyanosis

  Congestive HF

  Poor general health

  Younger age

  Pulmonary hypertension

  Operations on the respiratory and nervous systems

  Complex CHD

  Urgent/emergency procedures

Issues to consider:

  Endocarditis prophylaxis

  Complications related to underlying hemodynamics

 � Abnormal venous and/or arterial anatomy affecting venous and arterial 
access

  Persistent shunts

  Valvular disease

  Arrhythmias, including bradyarrhythmias

  Erythrocytosis

  Pulmonary vascular disease

 � Meticulous line care (also consider air filters for intravenous lines) to 
reduce risk of paradoxic embolus in patients who are cyanotic because 
of right-to-left shunts

 � Adjustment of anticoagulant volume in tubes for some blood work in 
cyanotic patients

  Prevention of venous thrombosis

  Monitoring of renal and liver function

  Periprocedure anticoagulation

  Possible need for nonconventional drug dosing

 � Increased prevalence of hepatitis C infection because of prior procedures 
and remote blood transfusions

  Developmental disability

ACHD indicates adult congenital heart disease; AP, anatomic and 
physiological; CHD, congenital heart disease; and HF, heart failure.
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IIa B-NR

7. � Exercise testing can be useful for risk 
assessment in women with ACHD AP 
classification IC-D, IIA-D, and IIIA-D* who 
are considering pregnancy.S3.12.1-10,S3.12.1-11

IIa B-NR
8. � When either parent has CHD, it is  

reasonable to perform fetal 
echocardiography.S3.12.1-12,S3.12.1-13

*See Tables 3 and 4 for the ACHD AP classification system.

3.12.2. Contraception

Recommendations for Contraception

Referenced studies that support recommendations are summarized 
in Online Data Supplement 20.

COR LOE Recommendations

I C-LD

1. � Women of childbearing potential with 
CHD should be counseled about the risks 
associated with pregnancy and appropriate 
contraceptive options.S3.12.2-1–S3.12.2-3

III: Harm B-NR

2. � Estrogen-containing contraceptives are 
potentially harmful for women with CHD 
at high risk of thromboembolic events (eg, 
cyanosis, Fontan physiology, mechanical 
valves, prior thrombotic events,  
PAH).S3.12.2-4,S3.12.2-5

3.13. Heart Failure and Transplant
3.13.1. Heart Failure

Recommendation for Heart Failure

Referenced studies that support the recommendation are 
summarized in Online Data Supplement 22.

COR LOE Recommendation

I C-LD

1. � Consultation with ACHD and HF 
specialists is recommended for patients 
with ACHD and HF or severe ventricular 
dysfunction.S3.13.1-1–S3.13.1-4

3.13.2. Heart Transplant
Because of the prevalence of HF among patients with 
CHD, heart transplantation is increasingly being considered 
as a therapeutic option. Data on proper timing of trans-
plantation are limited, particularly for individual lesions. 
Larger studies based on transplant databases do not  
allow for analysis based on the type of CHD.S3.13.2-1–S3.13.2-4  
Currently, patients with ACHD may have fewer mechan-
ical circulatory devices (eg, ventricular-assist devices), 
which may lower their listing status and hence potential 
for organ receipt.S3.13.2-1,S3.13.2-2,S3.13.2-4–S3.13.2-7

Although specific criteria for timing of referral for 
transplantation are desirable, universal recommenda-
tions cannot be made based on current data. Gener-
ally, published data show that immediate and early 
posttransplantation risk is higher in ACHD than in ac-
quired heart disease because of increased perioperative 
mortality.S3.13.2-2 However, once beyond the periopera-
tive period, patients with ACHD do as well as or better 
than those with acquired heart disease, with expected 

10-year survival equivalent to or better than that of pa-
tients without ACHD.S3.13.2-2-4,S3.13.2-6,S3.13.2-7 Risks for poor 
outcomes include single ventricle anatomy, anatomic 
complexity, protein-losing enteropathy, or high titers of 
panel reactive antibodies.S3.13.2-8,S3.13.2-9 The current allo-
cation system puts patients with ACHD at a disadvan-
tage. Rather than priority dictated by the usual accepted 
risk markers, patients with ACHD are often listed by “ex-
ception,” a process that requires the clinician to argue 
that the patient warrants higher priority than would be 
evident by applying the used risk markers. There is also 
significant mortality for patients with ACHD while on 
the waitlist.S3.13.2-10,S3.13.2-11 Surgical alternatives to trans-
plantation exist for some patients with CHD (eg, valve 
replacement, shunt closure), but these patients are at 
high risk of perioperative mortality.S3.13.2-12 Ideally, provid-
ers will consider early referral to a transplant center with 
expertise in ACHD transplantation when transplantation 
becomes a relevant clinical consideration. Additionally, 
it is advisable to consider options for transplantation or 
ventricular assist device as a backup before other high-
risk surgery is pursued.

See Online Data Supplement 23 for referenced 
studies.

3.14. Palliative Care

Recommendation for Palliative Care

Referenced studies that support the recommendation are 
summarized in Online Data Supplement 24.

COR LOE Recommendation

IIa B-NR
1. � Discussion of end-of-life issues and advance 

directives can be beneficial for patients with 
ACHD or their surrogates.S3.14-1–S3.14-3

3.15. Cyanosis
See Table 12.

3.16. Pharmacological Therapy for ACHD
Patients with ACHD are commonly excluded from clin-
ical trials, and there are few data to guide pharmaco-
logical therapies. Although it may be tempting to ex-
trapolate from management guidelines developed for 
patients without CHD (eg, HF guidelines),S3.16-1 treat-
ments may not have the same benefit in the heteroge-
neous population of patients with ACHD and in some 
cases may cause harm. The evaluation of new symptoms 
in a patient with ACHD must be tailored to the patient’s 
anatomy, surgical repair, and physiology. Before consid-
ering pharmacological therapies, evaluation for residual 
shunts, baffle stenosis, valvular or conduit dysfunction, 
and collateral vessels, any of which may be amenable to 
interventions, is an important consideration.

The literature documenting pharmacological therapies 
for patients with ACHD is limited to small studies with lim-

Recommendations for Pregnancy (Continued)
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ited duration of drug administration and follow-up. Addi-
tionally, the endpoints used are often surrogate markers 
that have not been validated for clinical decision-making, 
and studies are also often underpowered. However, stud-
ies in patients with ACHD do exist and evaluate conven-
tional pharmacological therapy, especially for HF and for 
arrhythmia, including beta blockers, angiotensin-convert-
ing enzyme inhibitors, angiotensin-receptor blockers, and 
aldosterone antagonists, although results vary.S3.16-2–S3.16-9

Pharmacological therapies in patients with ACHD are 
often directed to specific conditions (ie, beta blockers for 
arrhythmia treatment). However, there are limited data 
examining the benefits of beta blockers in specific ACHD 
populations. Results from a small study indicate that be-
ta-blocker therapy may have potential to improve func-
tional class in patients with a systemic right ventricle and 
a pacemaker.S3.16-2 Angiotensin-converting enzyme inhib-
itors and angiotensin-receptor blockers have also been 
assessed in small studies in specific ACHD populations 
in which no significant benefit on ventricular function or 
exercise capacity has been proven.S3.16-6–S3.16-8 Data from 
1 small trial with a short follow-up interval in patients 
with a systemic right ventricle suggest that eplerenone 
may be associated with reduced myocardial fibrosis, as 
assessed by imaging.S3.16-3

Some pharmacological therapies affecting the pul-
monary vasculature (eg, endothelin-receptor antago-

nists and phosphodiesterase type-5 [PDE-5] inhibitors) 
have a beneficial effect on long-term outcomes in pa-
tients with Eisenmenger syndrome.S3.16-10 Similarly, there 
are limited data on the use of pulmonary vasodilator 
therapy in Fontan patients, in whom the pulmonary vas-
cular resistance may be abnormal.S3.16-11–S3.16-13 Because 
of the lack of data, clinical recommendations regarding 
pharmacological therapy for patients with ACHD are 
unsupported. Individualized care is needed, recognizing 
the potential benefits and risks of the therapy relative 
to patient-specific anatomic and physiological issues.

See Online Data Supplement 23 for referenced 
studies.

4. SPECIFIC LESIONS
4.1. Shunt Lesions
4.1.1. Atrial Septal Defect
See also Table 13 and Figure 1.

Recommendations for Atrial Septal Defect

Referenced studies that support recommendations are summarized 
in Online Data Supplement 26 and the ERC systematic review 
report.S4.1.1-1

COR LOE Recommendations

Diagnostic

I C-EO

1. � Pulse oximetry at rest and during exercise is 
recommended for evaluation of adults with 
unrepaired or repaired ASD with residual 
shunt to determine the direction and 
magnitude of the shunt.

I B-NR
2. � CMR, CCT, and/or TEE are useful to evaluate 

pulmonary venous connections in adults 
with ASD.S4.1.1-2–S4.1.1-4

I B-NR
3. � Echocardiographic imaging is  

recommended to guide percutaneous  
ASD closure.S4.1.1-5,S4.1.1-6

Therapeutic

I B-NRSR

4. � In adults with isolated secundum ASD causing 
impaired functional capacity, right atrial and/
or RV enlargement, and net left-to-right 
shunt sufficiently large to cause physiological 
sequelae (eg, pulmonary–systemic blood flow 
ratio [Qp:Qs] >1.5:1) without cyanosis at rest or 
during exercise, transcatheter or surgical closure 
to reduce RV volume and improve exercise 
tolerance is recommended, provided that 
systolic PA pressure is less than 50% of systolic 
systemic pressure and pulmonary vascular 
resistance is less than one third of the systemic 
vascular resistance.S4.1.1-7–S4.1.1-12

I B-NR

5. � Adults with primum ASD, sinus venosus 
defect or coronary sinus defect causing 
impaired functional capacity, right atrial and/
or RV enlargement and net left-to-right 
shunt sufficiently large to cause physiological 
sequelae (eg, Qp:Qs >1.5:1) without cyanosis 
at rest or during exercise, should be surgically 
repaired unless precluded by comorbidities, 
provided that systolic PA pressure is less than 
50% of systemic pressure and pulmonary 
vascular resistance is less than one third of the 
systemic vascular resistance.S4.1.1-13,S4.1.1-14

Table 12.  Specific Management Practices for Cyanotic CHD

�Recording clinical oxygen saturation at rest (>5 min) rather than 
immediately after effort (eg, walking into a clinic examination room).

�Meticulous intravenous care to avoid air or particulate matter, which may 
include use of air/particulate filters on all intravenous access lines, when 
feasible, and careful de-airing of all lines.

�Cerebral imaging for any new headache or neurologic sign to assess for 
possible cerebral abscess, hemorrhage, or stroke.

Measurement of serum uric acid and treatment with allopurinol in a 
patient with a history of gout.

�Supplemental oxygen as needed for symptom relief but not to a target oxygen 
saturation level and not if there is no demonstrable symptomatic benefit.

�Avoidance of or cautious use of therapies that may reduce the patient’s 
hypoxia-mediated drive to ventilation, such as narcotics or, in rare 
circumstances, excess supplemental oxygen.S3.15-1

�Anesthesia by providers with expertise in anesthesia for patients with 
ACHD for any noncardiac surgery.

�Non-estrogen–containing birth control for women of child-bearing 
potential (intrauterine device may be a preferred option). Avoidance of 
birth control entirely is not a safe acceptable option.

�Patients can travel safely on commercial airlines without undue risk.S3.15-2 
Preflight simulation testing or mandated supplemental oxygen are not 
usually indicated, although adequate hydration and movement during the 
flight are appropriate.

�Measurement of coagulation parameters (eg, activated partial thromboplastin 
time, international normalized ratio, thrombin time) in a patient with an 
elevated hematocrit >55% requires adjustment of anticoagulant volume in the 
blood collection vials to account for reduced plasma volume in the draw.S3.15-3

See Online Data Supplement 25 for referenced studies.
ACHD indicates adult congenital heart disease and CHD, congenital heart 
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Therapeutic (Continued)

IIa C-LDSR

6. � In asymptomatic adults with isolated secundum 
ASD, right atrial and RV enlargement, and net 
left-to-right shunt sufficiently large to cause 
physiological sequelae (eg, Qp:Qs 1.5:1 or 
greater), without cyanosis at rest or during 
exercise, transcatheter or surgical closure is 
reasonable to reduce RV volume and/or improve 
functional capacity, provided that systolic PA 
pressure is less than 50% of systemic pressure 
and pulmonary vascular resistance is less than 
one third systemic resistance.S4.1.1-7–S4.1.1-10,S4.1.1-12

IIa C-LD

7. � Surgical closure of a secundum ASD in adults 
is reasonable when a concomitant surgical 
procedure is being performed and there is a 
net left-to-right shunt sufficiently large to cause 
physiological sequelae (eg, Qp:Qs 1.5:1 or greater) 
and right atrial and RV enlargement without 
cyanosis at rest or during exercise.S4.1.1-15–S4.1.1-18

Therapeutic (Continued)

IIb B-NR

8. � Percutaneous or surgical closure may be 
considered for adults with ASD when 
net left-to-right shunt (Qp:Qs) is 1.5:1 
or greater, PA systolic pressure is 50% or 
more of systemic arterial systolic pressure, 
and/or pulmonary vascular resistance is 
greater than one third of the systemic 
resistance.S4.1.1-19,S4.1.1-20

III: Harm C-LD

9. � ASD closure should not be performed in 
adults with PA systolic pressure greater 
than two thirds systemic, pulmonary 
vascular resistance greater than two 
thirds systemic, and/or a net right-to-left 
shunt.S4.1.1-21,S4.1.1-22

Figure 1. Secundum ASD. 
*Combination therapy with bosentan and PDE-5 inhibitor if symptomatic improvement does not occur with either alone. ACHD indicates adult congenital heart 
disease; ASD, atrial septal defect; PAH, pulmonary artery hypertension; PASP, pulmonary artery systolic pressure; PDE-5, phosphodiesterase type-5 inhibitors; PH, 
pulmonary hypertension; and Qp:Qs, pulmonary–systemic blood flow ratio.

Table 13.  ASD: Routine Follow-Up and Testing Intervals

Frequency of Routine Follow-Up and Testing
Physiological Stage 

A* (mo)
Physiological Stage 

B* (mo)
Physiological Stage  

C* (mo)
Physiological Stage  

D* (mo)

Outpatient ACHD cardiologist 36–60 24 6–12 3–6

ECG 36–60 24 12 12

TTE 36–60 24 12 12

Pulse oximetry As needed As needed Each visit Each visit

Exercise test† As needed As needed 12–24 6–12

*See Tables 3 and 4 for details on the ACHD AP classification system.
†6-minute walk test or CPET, depending on the clinical indication.
ACHD indicates adult congenital heart disease; CPET, cardiopulmonary exercise test; ECG, electrocardiogram; and TTE, transthoracic echocardiogram.

Recommendations for Atrial Septal Defect (Continued)

COR LOE Recommendations

Recommendations for Atrial Septal Defect (Continued)
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4.1.2. Anomalous Pulmonary Venous Connections

Recommendations for Anomalous Pulmonary Venous Connections

Referenced studies that support recommendations are summarized 
in Online Data Supplement 27.

COR LOE Recommendations

Diagnostic

I B-NR
1. � CMR or CTA is recommended for evaluation 

of partial anomalous pulmonary venous 
connection.S4.1.2-1–S4.1.2-4

IIa B-NR

2. � Cardiac catheterization can be useful in 
adults with partial anomalous pulmonary 
venous connection to further define 
hemodynamics.S4.1.2-5,S4.1.2-6

Therapeutic

I B-NR

3. � Surgical repair is recommended for patients 
with partial anomalous pulmonary venous 
connection when functional capacity is 
impaired and RV enlargement is present, 
there is a net left-to-right shunt sufficiently 
large to cause physiological sequelae (eg, 
Qp:Qs >1.5:1), PA systolic pressure is less 
than 50% systemic pressure and pulmonary 
vascular resistance is less than one third of 
systemic resistance.S4.1.2-5

I B-NR

4. � Repair of partial anomalous pulmonary 
venous connection is recommended at the 
time of closure of a sinus venosus defect or 
ASD.S4.1.2-7

I B-NR

5. � Repair of a scimitar vein is recommended in 
adults when functional capacity is impaired, 
evidence of RV volume overload is present, 
there is a net left-to-right shunt sufficiently 
large to cause physiological sequelae (eg, 
Qp:Qs >1.5:1), PA systolic pressure is less 
than 50% systemic pressure and pulmonary 
vascular resistance is less than one third 
systemic.S4.1.2-5,S4.1.2-8,S4.1.2-9

IIa B-NR

6. � Surgery can be useful for right- or left-
sided partial anomalous pulmonary venous 
connection in asymptomatic adults with 
RV volume overload, net left-to-right shunt 
sufficiently large to cause physiological 
sequelae (eg, Qp:Qs >1.5:1), pulmonary 
pressures less than 50% systemic and 
pulmonary vascular resistance less than one 
third systemic.S4.1.2-5

Therapeutic (Continued)

IIa B-NR

7. � Surgery can be useful for repair of a 
scimitar vein in adults with evidence of 
RV volume overload, with Qp:Qs 1.5:1 or 
greater.S4.1.2-5,S4.1.2-9

4.1.3. Ventricular Septal Defect
See also Table 14 and Figure 2.

Recommendations for Ventricular Septal Defect

Referenced studies that support recommendations are summarized 
in Online Data Supplement 28.

COR LOE Recommendations

Therapeutic

I B-NR

1. � Adults with a VSD and evidence of 
left ventricular volume overload and 
hemodynamically significant shunts (Qp:Qs 
>1.5:1) should undergo VSD closure, if PA 
systolic pressure is less than 50% systemic 
and pulmonary vascular resistance is less 
than one third systemic.S4.1.3-1

IIa C-LD

2. � Surgical closure of perimembranous or 
supracristal VSD is reasonable in adults when 
there is worsening aortic regurgitation (AR) 
caused by VSD.S4.1.3-1,S4.1.3-2

IIb C-LD
3. � Surgical closure of a VSD may be reasonable 

in adults with a history of IE caused by VSD 
if not otherwise contraindicated.S4.1.3-3

IIb C-LD

4. � Closure of a VSD may be considered in the 
presence of a net left-to-right shunt (Qp:Qs 
>1.5:1) when PA systolic pressure is 50% 
or more than systemic and/or pulmonary 
vascular resistance is greater than one third 
systemic.S4.1.3-4–S4.1.3-6

III: Harm C-LD

5. � VSD closure should not be performed in 
adults with severe PAH with PA systolic 
pressure greater than two thirds systemic, 
pulmonary vascular resistance greater than 
two thirds systemic and/or a net right-to-left 
shunt.S4.1.3-7–S4.1.3-9

Table 14.  VSD: Routine Follow-Up and Testing Intervals

Frequency of Routine Follow-
Up and Testing

Physiological 
Stage A* (mo)

Physiological Stage 
B* (mo)

Physiological Stage 
C* (mo)

Physiological Stage 
D* (mo)

Outpatient ACHD cardiologist 36 24 6–12 3–6

ECG 36 24 12 12

TTE 36 24 12 12

Pulse oximetry As needed As needed Each visit Each visit

Exercise test† As needed As needed 12–24 6–12

*See Tables 3 and 4 for details on the ACHD AP classification system.
†6-minute walk test or CPET, depending on the clinical circumstance.
ACHD indicates adult congenital heart disease; CPET, cardiopulmonary exercise test; ECG, electrocardiogram; TTE, transthoracic 

echocardiogram; and VSD, ventricular septal defect.

Recommendations for Anomalous Pulmonary Venous Connections 
(Continued)
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4.1.4. Atrioventricular Septal Defect
See also Table 15.

Recommendations for Atrioventricular Septal Defect

Referenced studies that support recommendations are summarized 
in Online Data Supplement 29.

COR LOE Recommendations

Diagnostic

IIa C-EO
1. � Cardiac catheterization can be useful in 

adults with atrioventricular septal defect 
when pulmonary hypertension is suspected.

Therapeutic

I C-LD
2. � Surgery for severe left atrioventricular valve 

regurgitation is recommended per GDMT 
indications for mitral regurgitation.S4.1.4-1–S4.1.4-4

I C-EO

3. � Surgery for primary repair of atrioventricular 
septal defect or closure of residual shunts in 
adults with repaired atrioventricular septal 
defect is recommended when there is a 
net left-to-right shunt (Qp:Qs >1.5:1), PA 
systolic pressure less than 50% systemic and 
pulmonary vascular resistance less than one 
third systemic.

Therapeutic (Continued)

IIa C-EO

4. � Operation for discrete LVOT obstruction in 
adults with atrioventricular septal defect is 
reasonable with a maximum gradient of 50 
mm Hg or greater, a lesser gradient if HF 
symptoms are present, or if concomitant 
moderate-to-severe mitral or AR are present.

IIb C-EO

5. � Surgery for primary repair of atrioventricular septal 
defect or closure of residual shunts in adults with 
repaired atrioventricular septal defect may be 
considered in the presence of a net left-to-right 
shunt (Qp:Qs >1.5:1), if PA systolic pressure is  
resistance is greater than one third systemic.

III: Harm C-LD

6. � Surgery for primary repair of atrioventricular 
septal defect or closure of residual shunts in 
adults with repaired atrioventricular septal 
defect should not be performed with PA 
systolic pressure greater than two thirds 
systemic, pulmonary vascular resistance 
greater than two thirds systemic, or a net 
right-to-left shunt.S4.1.4-5,S4.1.4-6

Figure 2. Hemodynamically significant ventricular level shunt. 
*Combination therapy with bosentan and PDE-5 inhibitor, if symptomatic improvement does not occur with either alone. ACHD indicates adult congenital heart 
disease; AR, aortic regurgitation; IE, infective endocarditis; LV, left ventricular; PAH, pulmonary artery hypertension; PASP, pulmonary artery systolic pressure; PDE-5, 
phosphodiesterase type-5 inhibitors; PH, pulmonary hypertension; Qp:Qs, pulmonary–systemic blood flow ratio; and VSD, ventricular septal defect.

Recommendations for Atrioventricular Septal Defect (Continued)
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4.1.5. Patent Ductus Arteriosus
See also Table 16.

Recommendations for Patent Ductus Arteriosus

Referenced studies that support recommendations are summarized 
in Online Data Supplement 30.

COR LOE Recommendations

Diagnostic

I C-EO

1. � Measurement of oxygen saturation should 
be performed in feet and both hands in 
adults with a PDA to assess for the presence 
of right-to-left shunting.

IIa C-EO

2. � In addition to the standard diagnostic tools, 
cardiac catheterization can be useful in 
patients with PDA and suspected pulmonary 
hypertension (Section 3.5).

Therapeutic

I C-LD

3. � PDA closure in adults is recommended if 
left atrial or LV enlargement is present and 
attributable to PDA with net left-to-right 
shunt, PA systolic pressure less than 50% 
systemic and pulmonary vascular resistance 
less than one third systemic.S4.1.5-1–S4.1.5-3

Therapeutic (Continued)

IIb B-NR

4. � PDA closure in adults may be considered 
in the presence of a net left-to-right shunt 
if PA systolic pressure is 50% or greater 
systemic, and/or pulmonary vascular 
resistance is greater than one third 
systemic.S4.1.5-3,S4.1.5-4

III: Harm C-LD

5. � PDA closure should not be performed  
in adults with a net right-to-left shunt  
and PA systolic pressure greater than  
two thirds systemic or pulmonary vascular 
resistance greater than two thirds  
systemic.S4.1.5-5

Table 15.  AVSD: Routine Follow-Up and Testing Intervals

Frequency of Routine Follow-Up 
and Testing

Physiological 
Stage A* (mo)

Physiological 
Stage B* (mo)

Physiological 
Stage C* (mo)

Physiological 
Stage D* (mo)

Outpatient ACHD cardiologist 24–36 24 6–12 3–6

ECG 24–36 24 12 12

TTE 24–36 24 12 12

Pulse oximetry As needed As needed Each visit Each visit

Exercise test† As needed As needed 12–24 6–12

*See Tables 3 and 4 for details on the ACHD AP classification system.
†6-minute walk test or CPET, depending on the clinical indication.
ACHD indicates adult congenital heart disease; AVSD, atrioventricular septal defect; CPET, cardiopulmonary exercise 

test; ECG, electrocardiogram; and TTE, transthoracic echocardiogram.

Table 16.  PDA: Routine Follow-Up and Testing Intervals

Frequency of Routine Follow-Up 
and Testing

Physiological  
Stage A* (mo)

Physiological  
Stage B* (mo)

Physiological  
Stage C* (mo)

Physiological  
Stage D* (mo)

Outpatient ACHD cardiologist 36–60 24 6–12 3–6

ECG 36–60 24 12 12

TTE 36–60 24 12 12

Pulse oximetry† As needed As needed Each visit Each visit

Exercise test‡ As needed As needed 12–24 6–12

*See Tables 3 and 4 for details on the ACHD AP classification system.
†Upper and lower extremity.
‡6-minute walk test or CPET, depending on the clinical indication.
ACHD indicates adult congenital heart disease; CPET, cardiopulmonary exercise test; ECG, electrocardiogram; PDA, patent ductus arteriosus; 

and TTE, transthoracic echocardiogram.

Recommendations for Patent Ductus Arteriosus (Continued)
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4.2. Left-Sided Obstructive Lesions
4.2.1. Cor Triatriatum

Recommendations for Cor Triatriatum

Referenced studies that support recommendations are summarized 
in Online Data Supplement 31.

COR LOE Recommendations

Diagnostic

I B-NR

1. � Adults presenting with cor triatriatum 
sinister should be evaluated for other 
congenital abnormalities, particularly ASD, 
VSD, and anomalous pulmonary venous 
connection.S4.2.1-1

IIa B-NR

2. � In adults with prior repair of cor triatriatum 
sinister and recurrent symptoms, it is 
reasonable to evaluate for pulmonary vein 
stenosis.S4.2.1-2

Therapeutic

I B-NR

3. � Surgical repair is indicated for adults with cor 
triatriatum sinister for symptoms attributable 
to the obstruction or a substantial gradient 
across the membrane.S4.2.1-3

See Section 3.3 for recommendations on who should perform surgeries, 
cardiac catheterization, and other procedures in these patients; Section 3.4 
for recommendations on diagnostic evaluation.

Table 17.  Congenital Mitral Stenosis: Routine Follow-Up and Testing Intervals

Frequency of Routine Follow-Up and 
Testing

Physiological  
Stage A* (mo)

Physiological  
Stage B* (mo)

Physiological  
Stage C* (mo)

Physiological  
Stage D* (mo)

Outpatient ACHD cardiologist 24 24 6–12 3–6

ECG 24 24 12 12

TTE 24 24 12 12

Exercise test† As needed 24 24 12

*See Tables 3 and 4 for details on the ACHD AP classification system.
†6-minute walk test or CPET, depending on the clinical indication.
ACHD indicates adult congenital heart disease; CPET, cardiopulmonary exercise test; ECG, electrocardiogram; and TTE, transthoracic echocardiogram.

Recommendations for Cor Triatriatum (Continued)

COR LOE Recommendations

Diagnostic (Continued)

4.2.2. Congenital Mitral Stenosis
See also Table 17.

Recommendation for Congenital Mitral Stenosis

Referenced studies that support the recommendation are 
summarized in Online Data Supplement 32.

COR LOE Recommendation

I B-NR
1. � Adults with congenital mitral stenosis or a 

parachute mitral valve should be evaluated for 
other left-sided obstructive lesions.S4.2.2-1,S4.2.2-2

4.2.3. Subaortic Stenosis
See also Table 18.

Recommendations for Subaortic Stenosis

Referenced studies that support recommendations are summarized 
in Online Data Supplement 33.

COR LOE Recommendations

Diagnostic

IIb C-LD

1. � Stress testing for adults with LVOT 
obstruction to determine exercise capacity, 
symptoms, electrocardiographic changes, 
or arrhythmias may be reasonable in the 
presence of otherwise equivocal indications 
for intervention.S4.2.3-1,S4.2.3-2

Therapeutic

I C-EO

2. � Surgical intervention is recommended for 
adults with subAS, a maximum gradient 50 
mm Hg or more and symptoms attributable 
to the subAS.

I C-LD

3. � Surgical intervention is recommended for 
adults with subAS and less than 50 mm 
Hg maximum gradient and HF or ischemic 
symptoms, and/or LV systolic dysfunction 
attributable to subAS.S4.2.3-3

IIb C-LD

4. � To prevent the progression of AR, surgical 
intervention may be considered for 
asymptomatic adults with subAS and at least 
mild AR and a maximum gradient of 50 mm 
Hg or more.S4.2.3-4–S4.2.3-6

See Section 3.3 for recommendations on who should perform surgeries, 
cardiac catheterization, and other procedures in these patients; Section 3.4 for 
recommendations on diagnostic evaluation; and Table 18 for routine testing 
and follow-up intervals.

Recommendation for Subaortic Stenosis (Continued)

COR LOE Recommendation
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4.2.4. Congenital Valvular Aortic Stenosis
See also Table 19.

Recommendations for Congenital Valvular Aortic Stenosis

Referenced studies that support recommendations are summarized 
in Online Data Supplement 34.

COR LOE Recommendations

Diagnostic

I B-NR

1. � Adults with bicuspid aortic valve should 
be evaluated for coarctation of the aorta 
by clinical examination and imaging 
studies.S4.2.4-1

IIa B-NR

2. � It is reasonable to screen first-degree 
relatives of patients with bicuspid aortic 
valve or unicuspid aortic valve with 
echocardiography for valve disease and 
aortopathy.S4.2.4-2–S4.2.4-4

Therapeutic

IIb B-NR

3. � In adults with bicuspid aortic valve stenosis 
and a noncalcified valve with no more 
than mild AR meeting indications for 
intervention per GDMTS4.2.4-5, it may be 
reasonable to treat with balloon valvulopl
asty.S4.2.4-6

See Section 3.4 for recommendations on diagnostic evaluation; and Table 
19 for routine testing and follow-up intervals.

4.2.4.1. Turner Syndrome

Recommendations for Turner Syndrome

Referenced studies that support recommendations are summarized 
in Online Data Supplement 35.

COR LOE Recommendations

Diagnostic

I B-NR

1. � Women with Turner syndrome should 
be evaluated for bicuspid aortic valve, 
coarctation of the aorta, and enlargement of 
the ascending aorta.S4.2.4.1-1

Therapeutic

IIa B-NR

2. � Prophylactic replacement of the aortic  
root or ascending aorta in adults with 
Turner syndrome is reasonable when 
the aortic diameter is 2.5 cm/m2 or 
greater.S4.2.4.1-2

4.2.5. Supravalvular Aortic Stenosis
See also Table 20.

Recommendations for Supravalvular Aortic Stenosis

Referenced studies that support recommendations are summarized 
in Online Data Supplement 37.

COR LOE Recommendations

Diagnostic

I C-LD

1. � Aortic imaging using TTE, TEE, CMR, or CTA 
is recommended in adults with Williams 
syndrome or patients suspected of having 
supravalvular aortic stenosis.S4.2.5-1

I C-LD

2. � Coronary imaging is recommended in 
patients with Williams syndrome and 
supravalvular aortic stenosis presenting with 
symptoms of coronary ischemia.S4.2.5-2–S4.2.5-4

Therapeutic

I B-NR

3. � Surgical repair is recommended for adults 
with supravalvular aortic stenosis (discrete 
or diffuse) and symptoms or decreased LV 
systolic function deemed secondary to aortic 
obstruction.S4.2.5-5–S4.2.5-8

I C-LD

4. � Coronary artery revascularization is 
recommended in symptomatic adults with 
supravalvular aortic stenosis and coronary 
ostial stenosis.S4.2.5-4,S4.2.5-9

See Section 3.3 for recommendations on who should perform surgeries, 
cardiac catheterization, and other procedures in these patients; Section 3.4 for 
recommendations on diagnostic evaluation; and Table 20 for routine testing 
and follow-up intervals.

Table 18.  Subaortic Stenosis: Routine Follow-Up and Testing Intervals

Frequency of Routine Follow-Up 
and Testing

Physiological  
Stage A* (mo)

Physiological  
Stage B* (mo)

Physiological  
Stage C* (mo)

Physiological  
Stage D* (mo)

Outpatient ACHD cardiologist 24 24 6–12 3–6

ECG 24 24 12 12

TTE 24 24 12 12

Exercise test† As needed 24 24 12

*See Tables 3 and 4 for details on the ACHD AP classification system.
†6-minute walk test or CPET, depending on the clinical indication.
ACHD indicates adult congenital heart disease; CPET, cardiopulmonary exercise test; ECG, electrocardiogram; and TTE, 

transthoracic echocardiogram.

Table 19.  Congenital Aortic Stenosis: Routine Follow-Up and Testing 
Intervals*

Stage Frequency of Echocardiogram

Progressive (Stage B) Every 3–5 y (mild severity, Vmax 2.0–2.9 
m/s)Every 1–2 y (moderate severity, Vmax 
3.0–3.9 m/s)

Severe (Stage C) Every 6–12 mo (Vmax >4.0 m/s)

Aortic dilation >4.5 cm Every 12 mo (echocardiogram, MRI or 
CT)

*Modified from existing GDMT for valvular heart disease.S4.2.4-5

CT indicates computed tomography; GDMT, guideline-directed 
management and therapy; MRI, magnetic resonance imaging; and Vmax, 
maximum velocity.
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4.2.6. Coarctation of the Aorta
See also Table 21.

Recommendations for Coarctation of the Aorta

Referenced studies that support recommendations are summarized 
in Online Data Supplement 38.

COR LOE Recommendations

Diagnostic

I B-NR

1. � Initial and follow-up aortic imaging using 
CMR or CTA is recommended in adults 
with coarctation of the aorta, including 
those who have had surgical or catheter 
intervention.S4.2.6-1–S4.2.6-3

I C-EO
2. � Resting blood pressure should be measured 

in upper and lower extremities in all adults 
with coarctation of the aorta.

IIa C-LD

3. � Ambulatory blood pressure monitoring in 
adults with coarctation of the aorta can be 
useful for diagnosis and management of hyp
ertension.S4.2.6-4

IIb B-NR

4. � Screening for intracranial aneurysms by 
magnetic resonance angiography or CTA 
may be reasonable in adults with coarctation 
of the aorta.S4.2.6-5,S4.2.6-6

IIb C-LD

5. � Exercise testing to evaluate for exercise-
induced hypertension may be reasonable 
in adults with coarctation of the aorta who 
exercise.S4.2.6-4,S4.2.6-7

Therapeutic

I B-NR

6. � Surgical repair or catheter-based  
stenting is recommended for adults  
with hypertension and significant  
native or recurrent coarctation of the 
aorta.S4.2.6-1,S4.2.6-2,S4.2.6-8–S4.2.6-12

I C-EO
7. � GDMT is recommended for treatment of 

hypertension in patients with coarctation of 
the aorta.S4.2.6-13

IIb B-NR

8. � Balloon angioplasty for adults with native and 
recurrent coarctation of the aorta may be 
considered if stent placement is not feasible 
and surgical intervention is not an option.S4.2.6-14

See Section 3.3 for recommendations on who should perform surgeries, 
cardiac catheterization, and other procedures in these patients; Section 3.4 for 
recommendations on diagnostic evaluation; and Table 21 for routine testing 
and follow-up intervals.

Table 20.  Supravalvular Aortic Stenosis: Routine Follow-Up and Testing Intervals

Frequency of Routine Follow-Up 
and Testing

Physiological  
Stage A* (mo)

Physiological 
Stage B* (mo)

Physiological 
Stage C* (mo)

Physiological 
Stage D* (mo)

Outpatient ACHD cardiologist 24 24 6–12 3–6

ECG 24 24 12 12

TTE† 24 24 12 12

CMR‡/CCT§ 36–60 36–60 36–60 36–60

Exercise test‖ As needed 24 24 12

*See Tables 3 and 4 for details on the ACHD AP classification system.
†Routine TTE may be unnecessary in a year when CMR imaging is performed unless clinical indications warrant otherwise.
‡CMR may be indicated for assessment of aortic anatomy. Baseline study is recommended with periodic follow-up CMR, with 

frequency of repeat imaging determined by anatomic and physiological findings.
§If CCT is used instead of CMR imaging, the frequency should be weighed against radiation exposure.
‖6-minute walk test or CPET, depending on the clinical indication.
ACHD indicates adult congenital heart disease; CCT, cardiac computed tomography; CMR, cardiovascular magnetic resonance; 

CPET, cardiopulmonary exercise test; ECG, electrocardiogram; and TTE, transthoracic echocardiogram.

Table 21.  CoA: Routine Follow-Up and Testing Intervals

Frequency of Routine Follow-Up 
and Testing

Physiological  
Stage A* (mo)

Physiological  
Stage B* (mo)

Physiological  
Stage C* (mo)

Physiological  
Stage D* (mo)

Outpatient ACHD cardiologist 24 24 6–12 3–6

ECG 24 24 12 12

TTE† 24 24 12 12

CMR‡/CCT§ 36–60 36–60 12–24 12–24

Exercise test‖ 36 24 24 12

*See Tables 3 and 4 for details on the ACHD AP classification system.
†Routine TTE may be unnecessary in a year when CMR imaging is performed unless clinical indications warrant otherwise.
‡CMR may be indicated for assessment of aortic size and aortic arch/coarctation repair site anatomy. Baseline study is recommended with 

periodic follow-up CMR, with frequency of repeat imaging determined by anatomic and physiological findings.
§CCT may be used if CMR is not feasible and to evaluate cross-sectional imaging status–post-stent therapy for coarctation of the aorta; the 

frequency should be weighed against radiation exposure.
‖6-minute walk test or CPET, depending on the clinical indication.
ACHD indicates adult congenital heart disease; CCT, cardiac computed tomography; CMR, cardiovascular magnetic resonance imaging; 

CoA, coarctation of the aorta; CPET, cardiopulmonary exercise; ECG, electrocardiogram; and TTE, transthoracic echocardiogram.

Recommendations for Coarctation of the Aorta (Continued)

COR LOE Recommendations
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4.3. Right-Sided Lesions
4.3.1. Valvular Pulmonary Stenosis
See also Tables 22 and 23.

Recommendations for Valvular Pulmonary Stenosis

Referenced studies that support recommendations are summarized 
in Online Data Supplement 39.

COR LOE Recommendations

I B-NR

1. � In adults with moderate or severe valvular 
pulmonary stenosis and otherwise unexplained 
symptoms of HF, cyanosis from interatrial right-to-
left communication, and/or exercise intolerance, 
balloon valvuloplasty is recommended.S4.3.1-1–S4.3.1-4

I B-NR

2. � In adults with moderate or severe valvular 
pulmonary stenosis and otherwise 
unexplained symptoms of HF, cyanosis, and/
or exercise intolerance who are ineligible for 
or who failed balloon valvuloplasty, surgical 
repair is recommended.S4.3.1-1,S4.3.1-5–S4.3.1-8

IIa C-EO
3. � In asymptomatic adults with severe valvular 

pulmonary stenosis, intervention is reasonable.

See Section 3.3 for recommendations on who should perform surgeries, 
cardiac catheterization, and other procedures in these patients; Section 3.4 for 
recommendations on diagnostic evaluation; Table 23 for routine testing and 
follow-up intervals; and Figure 3 for a diagnostic and treatment algorithm for 
isolated PR after repair of PS.

Table 22.  Severity of RVOT Obstruction

Mild Peak gradient <36 mm Hg (peak velocity <3 m/s)

Moderate Peak gradient 36–64 mm Hg (peak velocity 3–4 m/s)

Severe Peak gradient 64 mm Hg (peak velocity >4 m/s); mean 
gradient >35 mm Hg

Estimations of RV systolic pressure by TR velocity is part of the 
echocardiographic assessment of RV obstruction, as Doppler measurements 
across the RV obstruction itself may be unreliable.

RV indicates right ventricular; RVOT, right ventricular outflow tract; and TR, 
tricuspid regurgitation.

Table 23.  Valvular PS: Routine Follow-Up and Testing Intervals

Frequency of Routine Follow-Up 
and Testing

Physiological  
Stage A* (mo)

Physiological  
Stage B* (mo)

Physiological  
Stage C* (mo)

Physiological  
Stage D* (mo)

Outpatient ACHD cardiologist 36–60 24 6–12 3–6

ECG 36–60 24 12 12

TTE 36–60 24 12 12

Exercise test† As needed 24 24 12

*See Tables 3 and 4 for details on the ACHD AP classification system.
†6-minute walk test or CPET, depending on clinical indication.
ACHD indicates adult congenital heart disease; CPET, cardiopulmonary exercise test; ECG, electrocardiogram; PS, pulmonary stenosis; 

and TTE, transthoracic echocardiogram.
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4.3.1.1. Isolated PR After Repair of PS

Recommendations for Isolated PR After Repair of Pulmonary 
Stenosis

COR LOE Recommendations

I C-EO

1. � In symptomatic patients with moderate or 
greater PR resulting from treated isolated 
pulmonary stenosis, with RV dilation or RV 
dysfunction, pulmonary valve replacement is 
recommended.

I C-EO

2. � For asymptomatic patients with  
residual PR resulting from treatment of isolated 
pulmonary stenosis with a dilated right 
ventricle, serial follow-up is recommended.

IIb C-EO

3. � In asymptomatic patients with moderate 
or greater PR resulting from treatment of 
isolated pulmonary stenosis with progressive 
RV dilation and/or RV dysfunction, pulmonary 
valve replacement may be reasonable.

Figure 3. Isolated PR after repair of PS. 
*Significant PR causes RV dilation. If a patient has moderate or greater PR and normal RV size, most likely the estimation of PR severity is inaccurate or there may 
be restrictive RV physiology, which would warrant further investigation. †Symptoms may include dyspnea, chest pain, and/or exercise intolerance referable to PR or 
otherwise unexplained. ACHD indicates adult congenital heart disease; CPET, cardiopulmonary exercise test; PR, pulmonary regurgitation; PS, pulmonary stenosis; 
and RV, right ventricular.

Recommendations for Isolated PR After Repair of Pulmonary 
Stenosis (Continued)

COR LOE Recommendation

D
ow

nloaded from
 http://ahajournals.org by on July 24, 2021



Stout et al� 2018 ACHD Guideline: Executive Summary

Circulation. 2019;139:e637–e697. DOI: 10.1161/CIR.0000000000000602� April 2, 2019 e665

CLINICAL STATEM
ENTS  

AND GUIDELINES

4.3.2. Branch and Peripheral Pulmonary Stenosis
See also Table 24.

Recommendations for Branch and Peripheral PS

Referenced studies that support recommendations are summarized 
in Online Data Supplement 40.

COR LOE Recommendations

Diagnostic

I B-NR
1. � For adults with peripheral or branch PS, ongoing 

surveillance is recommended.S4.3.2-1,S4.3.2-2

Therapeutic

IIa B-NR
2. � In adults with peripheral or branch PA 

stenosis, PA dilation and stenting can be 
useful.S4.3.2-2,S4.3.2-3

See Section 3.3 for recommendations on who should perform surgeries, 
cardiac catheterization, and other procedures in these patients; Section 3.4 for 
recommendations on diagnostic evaluation; and Table 24 for routine testing 
and follow-up intervals.

Table 24.  Branch and Peripheral PS: Routine Follow-Up and Testing Intervals

Frequency of Routine Follow-Up 
and Testing

Physiological  
Stage A* (mo)

Physiological 
Stage B* (mo)

Physiological 
Stage C* (mo)

Physiological 
Stage D* (mo)

Outpatient ACHD cardiologist 24–36 24 6–12 3–6

ECG 24–36 24 12 12

TTE† 24–36 24 12 12

CMR‡/CCT§ 36–60 36–60 24–36 24–36

Exercise test‖ 36 24 24 12

*See Tables 3 and 4 for details on the ACHD AP classification system.
†Routine TTE may be unnecessary in a year when CMR imaging is performed unless clinical indications warrant otherwise.
‡CMR may be indicated for assessment of branch PS. Baseline study is recommended with periodic follow-up CMR, with frequency 

of repeat imaging determined by anatomic and physiological findings.
§CCT may be used if CMR is not feasible and to evaluate cross-sectional imaging status and post-stent therapy for peripheral PS; the 

frequency should be weighed against radiation exposure.
‖6-minute walk test or cardiopulmonary exercise test, depending on clinical indication.
ACHD indicates adult congenital heart disease; CCT, cardiac computed tomography; CMR, cardiovascular magnetic resonance 

imaging; ECG, electrocardiogram; PS, pulmonary stenosis; and TTE, transthoracic echocardiogram.

Recommendations for Branch and Peripheral PS (Continued)

COR LOE Recommendation

4.3.3. Double-Chambered Right Ventricle
See also Table 25.

Recommendations for Double-Chambered Right Ventricle

Referenced studies that support recommendations are summarized 
in Online Data Supplement 41.

COR LOE Recommendations

I C-LD

1. � Surgical repair for adults with double-
chambered right ventricle and moderate or 
greater outflow obstruction is recommended 
in patients with otherwise unexplained 
symptoms of HF, cyanosis, or exercise 
limitationS4.3.3-1–S4.3.3-3 (Table 22).

IIb C-LD

2. � Surgical repair for adults with double-
chambered right ventricle with a severe 
gradient may be considered in asymptomatic 
patientsS4.3.3-3,S4.3.3-4 (Table 22).

See Section 3.3 for recommendations on who should perform surgeries, 
cardiac catheterization, and other procedures in these patients; Section 3.4 for 
recommendations on diagnostic evaluation; and Table 25 for routine testing 
and follow-up intervals.

Table 25.  Double-Chambered Right Ventricle: Routine Follow-Up and Testing Intervals

Frequency of Routine Follow-Up and 
Testing

Physiological 
Stage A* (mo)

Physiological 
Stage B* (mo)

Physiological 
Stage C* (mo)

Physiological 
Stage D* (mo)

Outpatient ACHD cardiologist 24–36 24 6–12 3–6

ECG 24–36 24 12 12

TTE 24–36 24 12 12

Exercise test† As needed 24 24 12

*See Tables 3 and 4 for details on the ACHD AP classification system.
†6-minute walk test or CPET, depending on clinical indication.
ACHD indicates adult congenital heart disease; CPET, cardiopulmonary exercise test; ECG, electrocardiogram; and TTE, 

transthoracic echocardiogram.

Recommendations for Double-Chambered Right Ventricle (Continued)

COR LOE Recommendation

D
ow

nloaded from
 http://ahajournals.org by on July 24, 2021



Stout et al� 2018 ACHD Guideline: Executive Summary

April 2, 2019� Circulation. 2019;139:e637–e697. DOI: 10.1161/CIR.0000000000000602e666

CL
IN

IC
AL

 S
TA

TE
M

EN
TS

  
AN

D 
GU

ID
EL

IN
ES

4.3.4. Ebstein Anomaly
See also Table 26.

Recommendations for Ebstein Anomaly

Referenced studies that support recommendations are summarized 
in Online Data Supplement 42.

COR LOE Recommendations

Diagnostic

IIa B-NR
1. � In adults with Ebstein anomaly, CMR 

can be useful to determine anatomy, RV 
dimensions, and systolic function.S4.3.4-1,S4.3.4-2

IIa B-NR

2. � In adults with Ebstein anomaly, TEE can be 
useful for surgical planning if TTE images 
are inadequate to evaluate tricuspid valve 
morphology and function.S4.3.4-1

IIa B-NR

3. � Electrophysiological study with or 
without catheter ablation can be useful 
in the diagnostic evaluation of adults 
with Ebstein anomaly and ventricular 
preexcitation but without supraventricular 
tachycardia.S4.3.4-3,S4.3.4-4

IIa B-NR

4. � In adults with Ebstein anomaly, 
electrophysiological study (and catheter 
ablation, if needed) is reasonable before 
surgical intervention on the tricuspid valve 
even in the absence of preexcitation or 
supraventricular tachycardia.S4.3.4-5

Therapeutic

I B-NR

5. � Surgical repair or reoperation for adults 
with Ebstein anomaly and significant TR 
is recommended when one or more of 
the following are present: HF symptoms, 
objective evidence of worsening exercise 
capacity, progressive RV systolic dysfunction 
by echocardiography or CMR.S4.3.4-6–S4.3.4-10

I C-LD

6. � Catheter ablation is recommended for 
adults with Ebstein anomaly and high-risk 
pathway conduction or multiple accessory 
pathways.S4.3.4-3,S4.3.4-11,S4.3.4-12

IIa B-NR

7. � Surgical repair or reoperation for adults 
with Ebstein anomaly and significant 
TR can be beneficial in the presence of 
progressive RV enlargement, systemic 
desaturation from right-to-left atrial 
shunt, paradoxical embolism, and/or atrial 
tachyarrhythmias.S4.3.4-11,S4.3.4-13,S4.3.4-14

IIb B-NR

8. � Bidirectional superior cavopulmonary (Glenn) 
anastomosis at time of Ebstein anomaly repair 
may be considered for adults when severe RV 
dilation or severe RV systolic dysfunction is 
present, LV function is preserved, and left atrial 
pressure and LV end diastolic pressure are not 
elevated.S4.3.4-6,S4.3.4-15

See Section 3.3 for recommendations on who should perform surgeries, 
cardiac catheterization, and other procedures in these patients; Section 3.4 for 
recommendations on diagnostic evaluation; and Table 26 for routine testing 
and follow-up intervals.

Table 26.  Ebstein Anomaly: Routine and Follow-Up and Testing Intervals

Frequency of Routine Follow-Up 
and Testing

Physiological 
Stage A* (mo)

Physiological 
Stage B* (mo)

Physiological 
Stage C* (mo)

Physiological 
Stage D* (mo)

Outpatient ACHD cardiologist 12–24 12 6–12 3–6

ECG 12–24 12 12 12

CXR As needed As needed 12–24 12–24

TTE† 12–24 12–24 12 12

Pulse oximetry 24 12 Each visit Each visit

Holter monitor As needed As needed 24 12–24

CMR‡/CCT§ 60 36 24–36 12–24

Exercise test‖ 36 24–36 24 12

*See Tables 3 and 4 for details on the ACHD AP classification system.
†Routine TTE may be unnecessary in a year when CMR imaging is performed unless clinical indications warrant otherwise.
‡CMR may be indicated for assessment of right ventricular size and function. Baseline study is recommended with periodic 

follow-up CMR, with frequency of repeat imaging determined by anatomic and physiological findings.
§CCT may be used if CMR is not feasible; the frequency should be weighed against radiation exposure.
‖6-minute walk test or CPET, depending on clinical indication.
ACHD indicates adult congenital heart disease; CCT, cardiac computed tomography; CMR, cardiovascular magnetic 

resonance imaging; CPET, cardiopulmonary exercise test; CXR, chest x ray; ECG, electrocardiogram; and TTE, transthoracic 
echocardiogram.

Recommendations for Ebstein Anomaly (Continued)

COR LOE Recommendation
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4.3.5. Tetralogy of Fallot
See also Table 27.

Recommendations for TOF

Referenced studies that support recommendations are 
summarized in Online Data Supplement 43. (See Section 4.3.6. for 
recommendations regarding evaluation and management of right 
ventricle–to-PA conduits.)

COR LOE Recommendations

Diagnostic

I B-NR

1. � CMR is useful to quantify ventricular size 
and function, pulmonary valve function, 
pulmonary artery anatomy and left heart 
abnormalities in patients with repaired 
TOF.S4.3.5-1

I B-NR

2. � Coronary artery compression testing is 
indicated before right ventricle–to-PA 
conduit stenting or transcatheter valve 
placement in repaired TOF.S4.3.5-2

IIa B-NR

3. � Programmed ventricular stimulation  
can be useful to risk stratify adults  
with TOF and additional risk factors for 
SCD.S4.3.5-3–S4.3.5-8

IIa C-EO

4. � In patients with repaired TOF, cardiac 
catheterization with angiography, 
if indicated, is reasonable to assess 
hemodynamics when adequate data cannot 
be obtained noninvasively in the setting of 
an arrhythmia, HF, unexplained ventricular 
dysfunction, suspected pulmonary 
hypertension or cyanosis.

Therapeutic

I B-NR

5. � Pulmonary valve replacement (surgical or 
percutaneous) for relief of symptoms is 
recommended for patients with repaired 
TOF and moderate or greater PR with 
cardiovascular symptoms not otherwise 
explained.S4.3.5-9–S4.3.5-11

IIa B-NR

6. � Pulmonary valve replacement (surgical or 
percutaneous) is reasonable for preservation of 
ventricular size and function in asymptomatic 
patients with repaired TOF and ventricular 
enlargement or dysfunction and moderate or 
greater PR.S4.3.5-1,S4.3.5-9,S4.3.5-12–S4.3.5-14

IIa B-NR
7. � Primary prevention ICD therapy is reasonable 

in adults with TOF and multiple risk factors 
for SCD.S4.3.5-15–S4.3.5-17

IIb C-EO

8. � Surgical pulmonary valve replacement may 
be reasonable for adults with repaired TOF 
and moderate or greater PR with other 
lesions requiring surgical interventions.

IIb C-EO

9. � Pulmonary valve replacement, in addition 
to arrhythmia management, may be 
considered for adults with repaired TOF 
and moderate or greater PR and ventricular 
tachyarrhythmia.

See Section 3.3 for recommendations on who should perform surgeries, 
cardiac catheterization, and other procedures in these patients; Section 3.4 
for recommendations on diagnostic evaluation; Figure 4 for a diagnostic 
and treatment algorithm for repaired TOF with residual PR; and Table 27 for 
routine testing and follow-up intervals.

Table 27.  TOF: Routine Follow-Up and Testing Intervals

Frequency of Routine Follow-Up 
and Testing

Physiological Stage 
A* (mo)

Physiological Stage 
B* (mo)

Physiological Stage 
C* (mo)

Physiological 
Stage D* (mo)

Outpatient ACHD cardiologist 12–24 12 6–12 3–6

ECG 24 12 12 12

TTE† 24 12–24 12 6–12

Pulse oximetry As needed As needed Each visit Each visit

Holter monitor As needed As needed 12–24 12–24

CMR‡/CCT§ 36 24–36 12–24 12–24

Exercise test‖ 36–60 24–60 12–24 12–24

*See Tables 3 and 4 for details on the ACHD AP classification system.
†Routine TTE may be unnecessary in a year when CMR imaging is performed unless clinical indications warrant otherwise.
‡CMR may be indicated for assessment of right ventricular size and function, pulmonary valve function, pulmonary artery anatomy and 

left heart abnormalities. Baseline study is recommended with periodic follow-up CMR, with frequency of repeat imaging determined by 
anatomic and physiological findings.

§CCT may be used if CMR is not feasible and to evaluate origin and course of the coronary arteries, and cross-sectional imaging 
status—post-stent therapy. If cardiac CCT is used instead of CMR imaging, the frequency should be weighed against radiation exposure.

‖6-minute walk test or CPET, depending on clinical indication.
ACHD indicates adult congenital heart disease; CCT, cardiac computed tomography; CMR, cardiovascular magnetic resonance imaging; 

CPET, cardiopulmonary exercise test; ECG, electrocardiogram; TOF, tetralogy of Fallot; and TTE, transthoracic echocardiogram.

Recommendations for TOF (Continued)

COR LOE Recommendation
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Figure 4. Pulmonary valve replacement in patients with TOF repair and PR. 
*Symptoms may included dyspnea, chest pain, and/or exercise intolerance referable to PR or otherwise unexplained. ACHD indicates adult congenital heart di-
sease; HF, heart failure; LV, left ventricular; LVEDV, left ventricular end diastolic volume; PR, pulmonary regurgitation; RV, right ventricular; RVEDV, right ventricular 
end diastolic volume; RVEDVI, right ventricular end diastolic volume index; RVESVI, right ventricular end systolic volume index; RVOT, right ventricular outflow 
tract; RVSP, right ventricular systolic pressure; and TOF, tetralogy of Fallot. †See recommendation 6 supporting text in the full text of the “2018 AHA/ACC Guide-
line for the Management of Adults With Congenital Heart Disease.”P-9
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4.3.6. Right Ventricle–to-Pulmonary Artery Conduit
See also Table 28.

Recommendations for Right Ventricle–to-PA Conduit

Referenced studies that support recommendations are summarized 
in Online Data Supplement 44.

COR LOE Recommendations

Diagnostic

I B-NR

1. � Coronary artery compression testing with 
simultaneous coronary angiography and 
high-pressure balloon dilation in the conduit 
is indicated before right ventricle–to-PA 
conduit stenting or transcatheter valve 
placement.S4.3.6-1,S4.3.6-2

I B-NR

2. � In patients with stented right ventricle–to-PA 
conduits and worsening PS or PR, evaluation 
for conduit complications should be 
performed, including fluoroscopy to evaluate 
for stent fracture and blood cultures to 
assess for IE.S4.3.6-3,S4.3.6-4

IIa C-LD

3. � In adults with right ventricle–to-PA conduit 
and arrhythmia, congestive HF, unexplained 
ventricular dysfunction or cyanosis cardiac 
catheterization is reasonable to assess the 
hemodynamics.S4.3.6-5,S4.3.6-6

Therapeutic

IIa B-NR

4. � Right ventricle–to-PA conduit intervention 
is reasonable for adults with right ventricle–
to-PA conduit and moderate or greater 
PR or moderate or greater stenosis (Table 
22) with reduced functional capacity or 
arrhythmia.S4.3.6-7–S4.3.6-11

IIb B-NR

5. � Right ventricle–to-PA conduit intervention 
may be reasonable for asymptomatic adults 
with right ventricle–to-PA conduit and severe 
stenosis or severe regurgitation with reduced 
RV ejection fraction or RV dilation.S4.3.6-12–S4.3.6-14

See Section 3.3 for recommendations on who should perform surgeries, 
cardiac catheterization, and other procedures in these patients; Section 3.4 for 
recommendations on diagnostic evaluation; and Table 28 for routine testing 
and follow-up intervals.

Table 28.  Right Ventricle–to-PA Conduit: Routine Follow-Up and Testing Intervals

Frequency of Routine Follow-Up  
and Testing

Physiological  
Stage A* (mo)

Physiological Stage 
B* (mo)

Physiological 
Stage C* (mo)

Physiological 
Stage D* (mo)

Outpatient ACHD cardiologist 12–24 12 6–12 3–6

ECG 12–24 12 12 12

TTE† 12–24 12 12 12

CMR‡/CCT§ 36–60 36–60 12–24 12–24

Exercise test‖ As needed As needed 12–24 12–24

*See Tables 3 and 4 for details on the ACHD AP classification system.
†Routine TTE may be unnecessary in a year when CMR imaging is performed unless clinical indications warrant otherwise.
‡CMR may be indicated for assessment of right ventricular size and function and valvular function, conduit anatomy and pulmonary 

artery anatomy. Baseline study is recommended with periodic follow-up CMR, with frequency of repeat imaging determined by anatomic 
and physiological findings.

§CCT may be used if CMR is not feasible and to evaluate cross-sectional imaging status–post-stent therapy. If CCT is used instead of 
CMR imaging, the frequency should be weighed against radiation exposure.

‖6-minute walk test or CPET, depending on clinical indication.
ACHD indicates adult congenital heart disease; CCT, cardiac computed tomography; CMR, cardiovascular magnetic resonance; CPET, 

cardiopulmonary exercise test; ECG, electrocardiogram; PA, pulmonary artery; and TTE, transthoracic echocardiogram.

Recommendations for Right Ventricle–to-PA Conduit (Continued)

COR LOE Recommendation

Diagnostic (Continued)

4.4. Complex Lesions
4.4.1. Transposition of the Great Arteries
4.4.1.1. Transposition of the Great Arteries With Atrial 
Switch
See also Table 29.

Recommendations for d-TGA With Atrial Switch

Referenced studies that support recommendations are summarized 
in Online Data Supplement 45.

COR LOE Recommendations

Diagnostic

I C-EO

1. � Ambulatory monitoring for bradycardia or 
sinus node dysfunction is recommended 
for adults with d-TGA with atrial switch, 
especially if treated with beta blockers or 
other rate-slowing agents.

Diagnostic (Continued)

I C-EO

2. � Adults with d-TGA with atrial switch repair 
should undergo annual imaging with either 
echocardiography or CMR to evaluate for 
common long-term complications of the 
atrial switch.

IIa C-LD

3. � Assessment for a communication  
through the interatrial baffle or venous 
stenosis is reasonable for adults with 
d-TGA with atrial switch, particularly if 
transvenous pacemaker/ICD implantation 
is considered or leads are already 
present.S4.4.1.1-1

Recommendations for d-TGA With Atrial Switch (Continued)

COR LOE Recommendation
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Therapeutic

I B-NR

4. � GDMT with appropriate attention to the 
need for anticoagulation is recommended to 
promptly restore sinus rhythm for adults with 
d-TGA with atrial switch repair presenting 
with atrial arrhythmia.S4.4.1.1-2

See Section 3.3 for recommendations on who should perform surgeries, 
cardiac catheterization, and other procedures in these patients; Section 3.4 for 
recommendations on diagnostic evaluation; Table 29 for routine testing and 
follow-up intervals; and Online Data Supplement 25 for referenced studies.

Recommendations for d-TGA With Atrial Switch (Continued)

COR LOE Recommendation

Table 29.  d-TGA With Atrial Switch: Routine Follow-Up and Testing Intervals

Frequency of Routine Follow-Up and 
Testing

Physiological  
Stage A* (mo)

Physiological 
Stage B* (mo)

Physiological Stage 
C* (mo)

Physiological Stage 
D* (mo)

Outpatient ACHD cardiologist 12 12 6–12 3–6

ECG 12 12 6–12 6–12

TTE† 12–24 12–24 12 12

Pulse oximetry 12 12 Each visit Each visit

Holter monitor 24 24 12 12

CMR‡/CCT§ 24–36 24 12–24 12–24

Exercise test‖ 36 36 24 12

*See Tables 3 and 4 for details on the ACHD AP classification system.
†Routine TTE may be unnecessary in a year when CMR imaging is performed unless clinical indications warrant otherwise.
‡CMR may be indicated for assessment of ventricular size and function, systemic and venous baffle obstruction and leaks, and valvular function. 

Baseline study is recommended with periodic follow-up CMR, with frequency of repeat imaging determined anatomic and physiological findings.
§CCT may be used if CMR is not feasible and to evaluate cross-sectional imaging status–post-stent therapy. If CCT is used instead of CMR 

imaging, the frequency should be weighed against radiation exposure.
‖6-minute exercise test or cardiopulmonary exercise test, depending on clinical indication.
ACHD indicates adult congenital heart disease; CCT, cardiac computed tomography; CMR, cardiovascular magnetic resonance imaging; d-TGA, 

dextro-transposition of the great arteries; ECG, electrocardiogram; and TTE, transthoracic echocardiogram.

4.4.1.2. Transposition of the Great Arteries With 
Arterial Switch
See also Table 30.

Recommendations for d-TGA With Arterial Switch

Referenced studies that support recommendations are summarized 
in Online Data Supplement 46.

COR LOE Recommendations

Diagnostic

I C-LD

1. � Baseline and serial imaging with either 
echocardiography or CMR should be 
performed in adults with d-TGA with arterial 
switch who have neoaortic dilation, valve 
dysfunction or PA or branch PA stenosis or 
ventricular dysfunction.S4.4.1.2-1–S4.4.1.2-3

I C-EO

2. � Coronary revascularization for adults 
with d-TGA with arterial switch should 
be planned by surgeons or interventional 
cardiologists with expertise in 
revascularization in collaboration with ACHD 
providers to ensure coronary and pulmonary 
artery anatomy are understood.

IIa B-NR

3. � It is reasonable to perform anatomic 
evaluation of coronary artery patency 
(catheter angiography, or CT or MR 
angiography) in asymptomatic adults with 
d-TGA with arterial switch.S4.4.1.2-4,S4.4.1.2-5

Diagnostic (Continued)

IIa C-EO

4. � Physiological tests of myocardial perfusion 
for adults with d-TGA after arterial switch 
can be beneficial for assessing symptoms 
suggestive of myocardial ischemia.

IIa C-EO
5. � GDMT is reasonable to determine the need 

for coronary revascularization for adults with 
d-TGA after arterial switch.S4.4.1.2-6–S4.4.1.2-8

Therapeutic

IIa C-EO

6. � GDMT is reasonable to determine indications 
for aortic valve replacement in adults with 
d-TGA after arterial switch with severe 
neoaortic valve regurgitation.S4.4.1.2-6

IIa C-EO

7. � Catheter or surgical intervention for PS is 
reasonable in adults with d-TGA after arterial 
switch with symptoms of HF or decreased 
exercise capacity attributable to PS.

See Section 3.3 for recommendations on who should perform surgeries, 
cardiac catheterization, and other procedures in these patients; Section 3.4 for 
recommendations on diagnostic evaluation; and Table 30 for routine testing 
and follow-up intervals.

Recommendations for d-TGA With Arterial Switch (Continued)

COR LOE Recommendation
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4.4.1.3. Congenitally Corrected Transposition of the 
Great Arteries
See also Table 31.

Recommendations for Congenitally Corrected Transposition of the 
Great Arteries

Referenced studies that support recommendations are summarized 
in Online Data Supplement 47.

COR LOE Recommendations

Diagnostic

IIa C-LD
1. � CMR is reasonable in adults with CCTGA 

to determine systemic RV dimensions and 
systolic function.S4.4.1.3-1,S4.4.1.3-2

Therapeutic

I B-NR

2. � Tricuspid valve replacement is recommended 
for symptomatic adults with CCTGA and 
severe TR, and preserved or mildly depressed 
systemic ventricular function.S4.4.1.3-3,S4.4.1.3-4

Therapeutic (Continued)

IIa C-LD

3. � Tricuspid valve replacement is reasonable 
for asymptomatic adults with CCTGA and 
severe TR with dilation or mild dysfunction 
of the systemic ventricle.S4.4.1.3-3

IIb B-NR

4. � Conduit intervention/replacement may be 
considered for adults with CCTGA and 
symptomatic subpulmonary left ventricle–to-
PA conduit dysfunction, recognizing that 
unloading the subpulmonary ventricle may 
have a detrimental impact on systemic 
atrioventricular valve function.S4.4.1.3-5

See Section 3.3 for recommendations on who should perform surgeries, 
cardiac catheterization, and other procedures in these patients; Section 3.4 for 
recommendations on diagnostic evaluation; and Table 31 for routine testing 
and follow-up intervals.

Recommendations for Congenitally Corrected Transposition of the 
Great Arteries (Continued)

COR LOE Recommendation

Table 30.  d-TGA With Arterial Switch: Routine Follow-Up and Testing Intervals

Frequency of Routine Follow-Up and Testing
Physiological 
Stage A* (mo)

Physiological 
Stage B* (mo)

Physiological 
Stage C* (mo)

Physiological 
Stage D* (mo)

Outpatient ACHD cardiologist 12–24 12 6–12 3–6

ECG 12–24 12–24 12 6

TTE† 12–24 12–24 12 12

CMR‡/CCT§ 36–60 24–36 12–24 12–24

Exercise test‖ 36–60 36–60 24–36 12–24

*See ACHD AP classification Table 4.
†Routine TTE may be unnecessary in a year when CMR imaging is performed unless clinical indications warrant otherwise.
‡CMR may be indicated for assessment of neoaortic size, the origin and proximal course of the coronary arteries, branch pulmonary 

arteries, ventricular function and valvular function. Baseline study is recommended with periodic follow-up CMR, with frequency of repeat 
imaging determined by anatomic and physiological findings.

§CCT or catheterization once to establish knowledge of coronary artery anatomy and then as warranted by clinical condition. CCT may 
be used if CMR is not feasible and to evaluate coronary artery anatomy and cross-sectional imaging status-post stent therapy. If CCT is used 
instead of CMR imaging, the frequency should be weighed against radiation exposure.

‖6-minute exercise test or CPET, depending on clinical indication.
ACHD indicates adult congenital heart disease; CCT, cardiac computed tomography; CMR, cardiovascular magnetic resonance imaging; 

CPET, cardiopulmonary exercise test; d-TGA, dextro-transposition of the great arteries; ECG, electrocardiogram; and TTE, transthoracic 
echocardiogram.

Table 31.  CCTGA: Routine Follow-Up and Testing Intervals

Frequency of Routine Follow-Up and Testing
Physiological  
Stage A* (mo)

Physiological 
Stage B* (mo)

Physiological 
Stage C* (mo)

Physiological 
Stage D* (mo)

Outpatient ACHD cardiologist 12 12 6–12 3–6

ECG 12 12 12 12

TTE† 12–24 12 12 12

Pulse oximetry As needed As needed Each visit Each visit

Holter monitor 12–60 12–60 12–36 12

CMR‡/CCT§ 36–60 36–60 12–24 12

Exercise test‖ 36–60 36–60 12–24 12

*See Tables 3 and 4 for details on the ACHD AP classification system.
†Routine TTE may be unnecessary in a year when CMR imaging is performed unless clinical indications warrant otherwise.
‡CMR may be indicated for assessment of ventricular size and function and valvular function. Baseline study is recommended with periodic 

follow-up CMR, with frequency of repeat imaging determined by anatomic and physiological findings.
§CCT may be used if CMR is not feasible. If CCT is used instead of CMR imaging, the frequency should be weighed against radiation exposure.
‖6-minute walk test or CPET, depending on clinical indication.
ACHD indicates adult congenital heart disease; CCT, cardiac computed tomography; CCTGA, congenitally corrected transposition of the great 

arteries; CMR, cardiovascular magnetic resonance imaging; CPET, cardiopulmonary exercise test; ECG, electrocardiogram; and TTE, transthoracic 
echocardiogram.
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4.4.2. Fontan Palliation of Single Ventricle 
Physiology (Including Tricuspid Atresia and 
Double Inlet Left Ventricle)
See also Table 32.

Recommendations for Fontan Palliation of Single Ventricle 
Physiology

Referenced studies that support recommendations are summarized 
in Online Data Supplement 48.

COR LOE Recommendations

Diagnostic

I C-LD

1. � New presentation of an atrial 
tachyarrhythmia in adults with Fontan 
palliation should be managed promptly 
and include prevention of thromboembolic 
events and consultation with an 
electrophysiologist with CHD  
expertise.S4.4.2-1,S4.4.2-2

I C-EO
2. � Adults after Fontan palliation should 

be evaluated annually with either 
echocardiography or CMR.

I C-EO

3. � Cardiac catheterization should be performed 
in adults before initial Fontan surgery 
or revision of a prior Fontan connection 
to assess suitability of preintervention 
hemodynamics for Fontan physiology or 
revision of a prior Fontan connection.

I C-EO

4. � New onset or worsening atrial 
tachyarrhythmias in adults with single 
ventricle after Fontan palliation should 
prompt a search for potential hemodynamic 
abnormalities, which may necessitate 
imaging and/or cardiac catheterization.

IIa B-R

5. � In adults with Fontan palliation, it is 
reasonable to encourage a regular  
exercise program appropriate to their 
abilities.S4.4.2-3–S4.4.2-5

IIa C-LD

6. � Imaging of the liver (ultrasonography, 
CMR, CT) and laboratory evaluation of 
liver function for fibrosis, cirrhosis, and/or 
hepatocellular carcinoma are reasonable in 
adults after Fontan palliation.S4.4.2-6

IIa C-EO

7. � In adults after Fontan palliation, it is 
reasonable to perform biochemical and 
hematological testing on an annual basis 
especially for liver and renal function.

IIa C-LD

8. � Cardiac catheterization can be useful to 
evaluate a symptomatic adult after Fontan 
palliation when noninvasive testing is 
insufficient to guide therapy.S4.4.2-7,S4.4.2-8

IIa C-LD

9. � Evaluation for cardiac transplantation is 
reasonable in adults with Fontan palliation 
and signs and symptoms of protein-losing 
enteropathy.S4.4.2-9–S4.4.2-12

IIb C-EO

10. � It may be reasonable to perform 
catheterization in asymptomatic adults 
after Fontan palliation to evaluate 
hemodynamics, oxygenation and cardiac 
function to guide optimal medical, 
interventional and/or surgical therapy.

Therapeutic

I C-EO

11. � Anticoagulation with a vitamin K 
antagonist is recommended for adults with 
Fontan palliation with known or suspected 
thrombus, thromboembolic events, or prior 
atrial arrhythmia, and no contraindications 
to anticoagulation.

IIa C-LD

12. � Catheter ablation can be useful in adults 
after Fontan palliation with intra-atrial 
reentrant tachycardia or focal atrial 
tachycardia.S4.4.2-13–S4.4.2-15

IIa C-LD

13. � Fontan revision surgery, including 
arrhythmia surgery as indicated, is 
reasonable for adults with atriopulmonary 
Fontan connections with recurrent 
atrial tachyarrhythmias refractory to 
pharmacological therapy and catheter 
ablation who have preserved systolic 
ventricular function and severe atrial 
dilation.S4.4.2-16–S4.4.2-18

IIa B-R
14. � Pulmonary vasoactive medications can be 

beneficial to improve exercise capacity in 
adults with Fontan repair.S4.4.2-19–S4.4.2-25

IIb B-NR

15. � Antiplatelet therapy or anticoagulation 
with a vitamin K antagonist may be 
considered in adults after Fontan palliation 
without known or suspected thrombus, 
thromboembolic events, or prior  
arrhythmia.S4.4.2-26

IIb C-LD

16. � Reoperation or intervention for structural/
anatomic abnormalities in a Fontan 
palliated patient with symptoms or with 
failure of the Fontan circulation may be 
considered.S4.4.2-27

See Section 3.3 for recommendations on who should perform surgeries, 
cardiac catheterization and other procedures in these patients; Section 3.4 for 
recommendations on diagnostic evaluation; and Table 32 for routine testing 
and follow-up intervals.

Recommendations for Fontan Palliation of Single Ventricle 
Physiology (Continued)

COR LOE Recommendation

Diagnostic (Continued)
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4.4.3. Double Outlet Right Ventricle
Double outlet right ventricle is an anatomic descriptor 
that includes abnormalities similar to TOF in some pa-
tients (when the aorta is closely related to the VSD) and 
similar to d-TGA with a VSD in others (when the PA is 
more closely related to the VSD than the aorta). Repairs 
are predicated on the underlying anatomy and may in-
volve VSD closure with relief of PS, right ventricle–to-PA 
conduit, or Rastelli-type repair. In severe cases, single-
ventricle physiology may be present. Consequently, rec-
ommendations for the management of a patient with 
double outlet right ventricle can generally be inferred 
in the recommendations for the lesion with the most 
similar anatomy and physiology (eg, TOF can reasona-
bly be based on the recommendations in Section 4.4.1, 
recognizing that a patient with double outlet right ven-
tricle is more likely to have residual LVOT obstruction).

4.4.4. Severe PAH and Eisenmenger Syndrome
4.4.4.1. Severe PAH
See also Table 33.

Recommendations for Severe PAH

Referenced studies that support recommendations are summarized 
in Online Data Supplement 49.

COR LOE Recommendations

Diagnostic

I B-NR

1. � Patients with ACHD with pulmonary vascular 
resistance 2.5 Wood units or greater 
(>4 Wood units×m2) should be assessed 
collaboratively by an ACHD cardiologist and 
an expert in pulmonary hypertension to 
develop a management plan.S4.4.4.1-1–S4.4.4.1-17

Diagnostic (Continued)

I B-NR

2. � Adults with septal or great artery  
shunts should undergo periodic  
screening for pulmonary hypertension  
with TTE.S4.4.4.1-1–S4.4.4.1-18

I B-NR

3. � Cardiac catheterization to assess 
pulmonary vascular hemodynamics is 
recommended for adults with septal 
or great artery shunts and clinical 
symptoms, signs, or echocardiographic 
findings suggestive of pulmonary 
hypertension.S4.4.4.1-1,S4.4.4.1-2,S4.4.4.1-4,S4.4.4.1-6, 

S4.4.4.1-7,S4.4.4.1-11,S4.4.4.1-12,S4.4.4.1-15–S4.4.4.1-18

I B-NR

4. � In adults with septal or great artery shunts, 
cardiac catheterization with hemodynamics 
(performed before or at time of closure) 
is beneficial to assess suitability for 
closure.S4.4.4.1-1–S4.4.4.1-17

I C-EO

5. � BNP, chest x-ray, 6-minute walk test, and 
cardiac catheterization are useful for initial 
and follow-up evaluation of patients with 
ACHD with PAH.

See Section 3.3 for recommendations on who should perform surgeries, 
cardiac catheterization, and other procedures in these patients; Section 3.4 for 
recommendations on diagnostic evaluation; and Table 33 for routine testing 
and follow-up intervals.

Table 32.  Fontan Palliation: Routine Follow-Up and Testing Intervals

Frequency of Routine Follow-Up and Testing
Physiological  
Stage A* (mo)

Physiological 
Stage B* (mo)

Physiological  
Stage C* (mo)

Physiological  
Stage D* (mo)

Outpatient ACHD cardiologist 12 12 6 3–6

ECG 12 12 6–12 6

TTE† 12 12 12 12

Pulse oximetry 12 12 Each visit Each visit

Holter monitor 12 12 12 12

CMR‡/CCT§ 36 24 24 24

Exercise test‖ 36 24 12 12

*See Tables 3 and 4 for details on the ACHD AP classification system.
†Routine TTE may be unnecessary in a year when CMR imaging is performed unless clinical indications warrant otherwise.
‡CMR may be indicated for assessment of the long-term sequelae of Fontan palliation: thrombosis, right-to-left shunts (eg, fenestration. intrapulmonary 

atrioventricular malformation), obstructive lesion, systemic atrioventricular valve dysfunction, ventricular size and function, collateral burden, and branch 
pulmonary artery obstruction. Baseline study is recommended with periodic follow-up CMR, with frequency of repeat imaging determined by anatomic and 
physiological findings.

§CCT may be used if CMR is not feasible and to evaluate cross-sectional imaging status-post stent therapy. CCT with contrast injection in Fontan patients can 
be misleading; therefore, it should be done only when clinically indicated and when it can be appropriately protocoled and interpreted. If CCT is used instead of 
CMR imaging, the frequency should be weighed against radiation exposure.

‖6-minute walk test or CPET, depending on clinical indication.
ACHD indicates adult congenital heart disease; CCT, cardiac computed tomography; CMR, cardiovascular magnetic resonance imaging; CPET, cardiopulmonary 

exercise test; ECG, electrocardiogram; and TTE, transthoracic echocardiogram.

Recommendations for Severe PAH (Continued)

COR LOE Recommendation

D
ow

nloaded from
 http://ahajournals.org by on July 24, 2021



Stout et al� 2018 ACHD Guideline: Executive Summary

April 2, 2019� Circulation. 2019;139:e637–e697. DOI: 10.1161/CIR.0000000000000602e674

CL
IN

IC
AL

 S
TA

TE
M

EN
TS

  
AN

D 
GU

ID
EL

IN
ES

4.4.4.2. Eisenmenger Syndrome

Recommendations for Eisenmenger Syndrome

Referenced studies that support recommendations are summarized 
in Online Data Supplement 50.

COR LOE Recommendations

Diagnostic

I C-EO

1. � When evaluating adults with presumed 
Eisenmenger syndrome, clinicians should 
confirm diagnostic imaging and cardiac 
catheterization data accuracy and exclude 
other potential contributors to right-to-left 
shunting or pulmonary hypertension.

Therapeutic

I A
2. � Bosentan is beneficial in symptomatic adults 

with Eisenmenger syndrome with ASD or 
VSD S4.4.4.2-1–S4.4.4.2-3.

IIa B-R

3. � In symptomatic adults with Eisenmenger 
syndrome, bosentan and PDE-5 inhibitors are 
reasonable in combination if symptomatic 
improvement does not occur with either 
medication alone S4.4.4.2-1,S4.4.4.2-4–S4.4.4.2-6.

IIa

C-EO

4. � Bosentan is a reasonable therapy to treat 
symptomatic adults with Eisenmenger 
syndrome with 1 of the following: 
shunts other than ASD/VSD (eg, PDA, 
aortopulmonary window) (Level of 
Evidence C-EO), or complex congenital 
heart lesions S4.4.4.2-1,S4.4.4.2-7 or Down 
syndrome S4.4.4.2-4,S4.4.4.2-5,S4.4.4.2-8–S4.4.4.2-10  
(Level of Evidence B-NR).

B-NR

IIa B-NR

5. � It is reasonable to use PDE-5 inhibitors  
(eg, sildenafil, tadalafil) to treat 
symptomatic adults with Eisenmenger 
syndrome with ASD, VSD, or great artery 
shunt S4.4.4.2-1,S4.4.4.2-11–S4.4.4.2-16.

See Section 3.3 for recommendations on who should perform surgeries, 
cardiac catheterization, and other procedures in these patients; Section 3.4 for 
recommendations on diagnostic evaluation; and Table 33 for routine testing 
and follow-up intervals.

4.4.5. Coronary Anomalies
Table 34.

4.4.5.1. Anomalous Coronary Artery Evaluation
Table 34.

Recommendations for Anomalous Coronary Artery Evaluation

Referenced studies that support recommendations are summarized 
in Online Data Supplement 51.

COR LOE Recommendations

Diagnostic

I C-LD
1. � Coronary angiography, using catheterization, 

CT, or CMR, is recommended for evaluation 
of anomalous coronary artery.S4.4.5.1-1–S4.4.5.1-3

I C-LD

2. � Anatomic and physiological evaluation 
should be performed in patients with 
anomalous aortic origin of the left coronary 
from the right sinus and/or right coronary 
from the left sinusS4.4.5.1-4–S4.4.5.1-9

Table 33.  Pulmonary Hypertension and Eisenmenger Syndrome: 
Routine Follow-Up and Testing Intervals

Frequency of Routine  
Follow-Up and Testing

Physiological  
Stage C* (mo)

Physiological  
Stage D* (mo)

Outpatient ACHD cardiologist 6–12 3–6

ECG 12 12

TTE† 12 12

Pulse oximetry Each visit Each visit

CMR‡ As needed As needed

Exercise test§ 6–12 6–12

Cardiac catheterization‖ As needed As needed

*See Tables 3 and 4 for details on the ACHD AP classification system.
†Routine TTE may be unnecessary in a year when CMR imaging is 

performed unless clinical indications warrant otherwise.
‡CMR may be indicated for assessment of right ventricular function and 

CHD anatomy not clarified with TTE. Baseline study is recommended with 
periodic follow-up CMR, with frequency of repeat imaging determined by 
anatomic and physiological findings.

§6-minute walk test or CPET, depending on clinical indication.
‖Cardiac catheterization should be performed at baseline and as needed.
ACHD indicates adult congenital heart disease; CMR, cardiovascular 

magnetic resonance; CPET, cardiopulmonary exercise test; ECG, 
electrocardiogram; and TTE, transthoracic echocardiogram.

Recommendations for Eisenmenger Syndrome (Continued)

COR LOE Recommendation

Therapeutic (Continued)

D
ow

nloaded from
 http://ahajournals.org by on July 24, 2021



Stout et al� 2018 ACHD Guideline: Executive Summary

Circulation. 2019;139:e637–e697. DOI: 10.1161/CIR.0000000000000602� April 2, 2019 e675

CLINICAL STATEM
ENTS  

AND GUIDELINES

Table 34.  Factors That May Relate to the Clinical Importance of AAOCA and Risk of SCD

Age AAOCA is more commonly invoked as the cause of SCD in patients <35 y of age than in patients >35 y of age, in whom 
atherosclerotic coronary disease becomes a more prevalent cause. However, death has been attributed to AAOCA in 
patients of all ages; there does not seem to be an age beyond which the AAOCA may not be relevant, even in the setting of 
atherosclerotic coronary disease and other concomitant conditions.S4.4.5-1,S4.4.5-2

Anatomy of coronary ostium 
and proximal coronary course

Slit-like/fish-mouth-shaped orifice, acute angle takeoff, intramural course, interarterial course and hypoplasia of the proximal 
coronary artery have all been proposed as reasons for symptoms, ischemia and SCD in patients with AAOCA. The slit-
like orifice is more commonly seen in anomalous right coronary artery arising from the left sinus. Each of these anatomic 
findings offers a pathophysiological mechanism for intermittent ischemia, particularly at times of high cardiac output and/or 
increased aortic wall tension, such as during exercise.S4.4.5-3–S4.4.5-6

Anomalous origin Left coronary artery arising from the right cusp is less common than the right coronary artery arising from the left cusp but 
is more often found in autopsy series of SCD.S4.4.5-1,S4.4.5-7,S4.4.5-8 This suggests that anomalous origin of the left coronary artery 
from the right cusp is more likely to cause SCD than anomalous origin of the right coronary artery from the left cusp. This 
may be due either to anatomic features that make anomalous aortic origin of the left coronary artery prone to coronary 
compromise or because a larger proportion of myocardium is supplied by the left coronary artery, or both.

Exercise Autopsy series suggest most patients die during, or in close temporal association with, exercise.S4.4.5-8–S4.4.5-10

Ischemia Autopsy series demonstrate myocardial fibrosis in a significant number of patients whose deaths were attributed to AAOCA, 
particularly in patients with anomalous left coronary artery arising from the right cusp.S4.4.5-10 Surgical series describe patients 
with ischemia or MI before surgical repair in the absence of other CAD, suggesting a relation of the coronary anomaly 
to the ischemia.S4.4.5-11 This suggests that had perfusion imaging been obtained before SCD, ischemia would have been 
found in such patients.S4.4.5-12,S4.4.5-13 However, other data indicate that a normal stress test does not preclude a SCD event, 
with the proviso that most of those studies used only stress ECG, rather than the more sensitive and specific modalities of 
nuclear perfusion imaging or stress echocardiography. In addition, postoperative studies have shown that ischemia may be 
found after surgical repair in the distribution not supplied by the abnormal coronary artery and may not persist on repeat 
testing.S4.4.5-14

Symptoms In autopsy and surgical series, a significant number of patients reported cardiovascular symptoms, including before SCD 
events.S4.4.5-9,S4.4.5-15–S4.4.5-18 Symptoms are more commonly reported in patients in whom the left coronary artery arises from 
the right sinus. Surgical series have described improvement in symptoms after surgical repair.S4.4.5-6,S4.4.5-8–S4.4.5-10,S4.4.5-15,S4.4.5-16

AAOCA indicates anomalous aortic origin of the coronary artery; CAD, coronary artery disease; ECG, electrocardiogram; MI, myocardial infarction; and SCD, 
sudden cardiac death.

Figure 5. Anomalous aortic origin of the coronary artery. 
*Surgical intervention to involve unroofing or coronary revascularization for patients with concomitant fixed obstruction.
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4.4.5.2. Anomalous Aortic Origin of Coronary Artery
Figure 5.

Recommendations for Anomalous Aortic Origin of Coronary Artery

Referenced studies that support recommendations are summarized 
in Online Data Supplement 51.

COR LOE Recommendations

Therapeutic

I B-NR

1. � Surgery is recommended for AAOCA from the 
left sinus or AAOCA from the right sinus for 
symptoms or diagnostic evidence consistent 
with coronary ischemia attributable to the 
anomalous coronary artery.S4.4.5.2-1–S4.4.5.2-3

IIa C-LD

2. � Surgery is reasonable for anomalous aortic 
origin of the left coronary artery from the 
right sinus in the absence of symptoms or 
ischemia.S4.4.5.2-4–S4.4.5.2-6

IIa C-EO
3. � Surgery for AAOCA is reasonable in the 

setting of ventricular arrhythmias.

IIb B-NR

4. � Surgery or continued observation may be 
reasonable for asymptomatic patients with an 
anomalous left coronary artery arising from the 
right sinus or right coronary artery arising from 
the left sinus without ischemia or anatomic or 
physiological evaluation suggesting potential 
for compromise of coronary perfusion (eg, 
intramural course, fish-mouth-shaped orifice, 
acute angle).S4.4.5.2-4–S4.4.5.2-6

4.4.5.3. Anomalous Coronary Artery Arising From  
the PA

Recommendations for Anomalous Coronary Artery Arising From 
the PA

Referenced studies that support recommendations are summarized 
in Online Data Supplement 51.

COR LOE Recommendations

Therapeutic

I B-NR
1. � Surgery is recommended for  

anomalous left coronary artery from  
the PA.S4.4.5.3-1–S4.4.5.3-7

I C-EO

2. � In a symptomatic adult with anomalous right 
coronary artery from the PA with symptoms 
attributed to the anomalous coronary, 
surgery is recommended.

IIa C-EO

3. � Surgery for anomalous right coronary 
artery from the PA is reasonable in an 
asymptomatic adult with ventricular 
dysfunction or with myocardial ischemia 
attributed to anomalous right coronary 
artery from the PA.

5. EVIDENCE GAPS AND FUTURE 
DIRECTIONS
Table 35.

Table 35.  High-Impact Research Questions in ACHD

General

  Pathophysiology What are the mechanisms of heart failure that can be prevented, reversed, or treated?

Why does the systemic right ventricle fail?

Will all patients with Fontan physiology develop clinically important cirrhosis, and how can we prevent this?

Who is at risk of aortic rupture and dilation?

Are patients with manipulated coronary arteries (eg, ASO, Ross repair) at risk of premature coronary artery disease?

What is the impact of radiation exposure on long-term health?

Can we predict who will develop pulmonary hypertension/pulmonary vascular disease?

 � Medical and 
surgical treatment

How can we modify current CHD surgical procedures to prevent or reduce later development of heart failure and/or arrhythmias?

Which patients with ACHD can use direct oral anticoagulants instead of warfarin?

What is the best algorithm for contraception choices?

Beyond those with severe PAH, which patients will benefit from PAH therapies?

Do patients with ACHD with systemic right ventricles and HF benefit from standard therapies (beta blockers, ACE inhibitors/ARBs, 
aldosterone antagonist)? Which one(s)?

What medical therapies benefit patients with failing Fontan physiology?

Do asymptomatic patients with ACHD with PAH benefit from PAH-specific therapy?

Who will benefit from ventricular assist devices?

What should be the threshold(s) for aortic aneurysm surgery?

What pacing and resynchronization strategies are of most benefit, and when should they be used?

 � Outcomes/risk 
assessment

What criteria should determine transplantation eligibility?

Which patients benefit from primary prevention ICDs?

How can we risk stratify for SCD in patients with systemic right ventricles?

What operative risk score predicts outcomes in ACHD reoperations?

What HF risk score predicts outcomes in patients with ACHD?

Is there a level of exercise where risk exceeds benefit?

What is the rate and/or risk of endocarditis?

(Continued )
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  Assessment Who is at high risk of neurodevelopmental abnormalities and would benefit from neuropsychiatric evaluation and treatment?

Who should be screened for anxiety and depression, what treatment is most effective, and are there differences compared with non-
patients with ACHD?

What is the standard protocol for assessing right ventricular size and function by CMR imaging?

Which biomarkers are predictive of mortality and morbidity?

Disease-specific

 � Coarctation of the 
aorta

Which measure of hypertension—resting, exercise, or ambulatory—best predicts outcomes?

Is there an optimal antihypertensive regimen?

What should blood pressure goals be?

How often should patients be screened for thoracic aneurysm?

Should exercise-induced hypertension be treated?

What criteria warrant reintervention in recoarctation?

Is long-term outcome better with medical therapy or catheter intervention for less than severe recoarctation?

Should patients be screened for intracranial aneurysm, and if so, how often?

  Ebstein anomaly What is the indication for surgery in the asymptomatic patient?

Who should have a Glenn shunt at the time of tricuspid valve surgery?

Should surgeons attempt tricuspid valve repair or routinely perform replacement in all patients?

  TOF What is the optimal timing for pulmonary valve replacement in asymptomatic patients with TOF?

Do pulmonary valve replacement and ventricular tachycardia ablation decrease the risk of SCD?

Who needs a primary prevention ICD, and does this strategy reduce mortality?

Is there a role for PAH therapies in TOF?

Why does left ventricular dysfunction develop?

 � TGA/systemic right 
ventricle

Who benefits from ACE inhibitors/ARBs/beta blockers/spironolactone?

Who needs a primary prevention ICD, and does this strategy prevent mortality?

What imaging findings predict mortality/morbidity?

In CCTGA with VSD/PS, does the double switch have better long-term outcomes than VSD closure and left ventricle–to-PA 
conduit?

When should tricuspid valve replacement be performed?

What is the role of cardiac resynchronization therapy in patients with systemic right ventricle?

  ASO What are the long-term outcomes after ASO?

How should the possibility of asymptomatic coronary disease (ostial, compression) and ischemia be assessed?

 � Single ventricle/
Fontan

Is warfarin or aspirin beneficial in patients with a Fontan?

Are PAH therapies beneficial?

Is exercise capacity predictive of mortality?

What liver screening is appropriate and at what intervals?

How is protein-losing enteropathy best medically treated?

Why do some patients fail with preserved ejection fraction, whereas other have decreased ejection fraction?

What are the long-term outcomes of hypoplastic left heart syndrome?

What is ideal timing for heart transplantation in single ventricle Fontan patients, and should liver issues prompt earlier transplantation 
than might be felt necessary from a cardiac perspective?

Which has better long-term outcomes, the Fontan operation or bidirectional Glenn alone?

 � Coronary anomalies Does surgical intervention in anomalous aortic origin of coronary arteries improve survival?

ACE indicates angiotensin-converting enzyme; ACHD, adult congenital heart disease; ARB, angiotensin-receptor blocker; ASO, arterial switch operation; 
CCTGA, congenitally corrected transposition of the great arteries; CHD, congenital heart disease; CMR, cardiac magnetic resonance; ICD, implantable cardioverter-
defibrillator; HF, heart failure; PA, pulmonary artery; PAH, pulmonary artery hypertension; PS, pulmonary stenosis; SCD, sudden cardiac death; TGA, transposition 
of the great arteries; TOF, tetralogy of Fallot; and VSD, ventricular septal defect.

Table 35.  Continued

General (Continued)
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ACC indicates American College of Cardiology; AHA, American Heart Association; CMS, Centers for Medicare & Medicaid Services; COACH, Columbus Ohio 

Adult Congenital Heart; and UCLA, University of California, Los Angeles.
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