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AIM: The “2025 ACC/AHA/HRS/ISACHD/SCAI Guideline for the Management of Adults With Congenital Heart Disease” provides 
recommendations to guide clinicians on the evaluation and treatment of adult patients with congenital heart disease. It incorporates 
new evidence to replace the “2018 AHA/ACC Guideline for the Management of Adults With Congenital Heart Disease.”

METHODS: A comprehensive literature search was conducted with a focus on literature published from 2017 to 2024; in some 
instances, older literature was also collected and reviewed. Clinical studies, systematic reviews and meta-analyses, and other 
evidence conducted on human participants and published in English were identified from MEDLINE (via PubMed), EMBASE, 
the Cochrane Library, Agency for Healthcare Research and Quality, and CINAHL for selected searches.

STRUCTURE: Recommendations from the “2018 AHA/ACC Guideline for the Management of Adults With Congenital Heart 
Disease” have been updated with new evidence to guide clinicians.

Key Words: AHA Scientific Statements ◼ adult congenital heart disease ◼ aortic coarctation ◼ aortic valve stenosis ◼ cardiac catheterization  
◼ cardiac surgical procedures ◼ congenital heart disease ◼ cor triatriatum ◼ coronary vessel anomalies ◼ diagnostic imaging  
◼ discrete subaortic stenosis ◼ ductus arteriosus ◼ patent ◼ Ebstein anomaly ◼ follow-up studies ◼ heart defects, congenital  

◼ heart septal defects, ventricular, mortality ◼ pulmonary valve stenosis ◼ reoperation ◼ surgery ◼ survival rate ◼ tetralogy of Fallot ◼ therapy  
◼ transposition of great vessels ◼ treatment outcome ◼ ventricular outflow obstruction

D
ow

nloaded from
 http://ahajournals.org by on M

arch 17, 2026

http://crossmark.crossref.org/dialog/?doi=10.1161%2FCIR.0000000000001402&domain=pdf&date_stamp=2025-12-18


CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

February 24, 2026� Circulation. 2026;153:e115–e251. DOI: 10.1161/CIR.0000000000001402e116

Gurvitz et al 2026 ACHD Guideline

TABLE OF CONTENTS
Abstract. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                        e115
What is New . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                   e116
Top Take-Home Messages. . . . . . . . . . . . . . . . . . . . . . .                      e123
Preamble . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                      e123
	1.	 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                e125

	1.1.	 Methodology and Evidence Review. . . . .    e125
	1.2.	 Composition of the Writing Committee. . . . . .     e125
	1.3.	 Guideline Review and Approval. . . . . . . . .        e125
	1.4.	 Scope of the Guideline. . . . . . . . . . . . . . . . .                e125
	1.5.	 Class of Recommendations  

and Level of Evidence . . . . . . . . . . . . . . . . .                e126
	2.	 Definitions and Classifications. . . . . . . . . . . . . . . .               e128

	2.1.	 Definitions. . . . . . . . . . . . . . . . . . . . . . . . . . . .                           e128
	2.1.1.	 Anatomic Terms. . . . . . . . . . . . . . . .               e128

	2.2.	 The ACHD Anatomic and  
Physiological Classification System. . . . . .       e128

	2.3.	 Abbreviations. . . . . . . . . . . . . . . . . . . . . . . . . .                         e130
	3.	 General Principles. . . . . . . . . . . . . . . . . . . . . . . . . . .                          e131

	3.1.	 Care Access and Delivery in  
the ACHD Population. . . . . . . . . . . . . . . . . .                 e131
	3.1.1.	 Transition Education and  

Transfer of Care. . . . . . . . . . . . . . . .               e131
	3.1.2.	 The ACHD Program  

and Cardiologists. . . . . . . . . . . . . . .              e133
	3.2.	 Expertise for Noncardiac Surgery. . . . . . .      e134
	3.3.	 Mental Health and Neurocognitive 

Assessment. . . . . . . . . . . . . . . . . . . . . . . . . . .                          e135
	3.4.	 Expertise for Cardiac Surgery  

and Invasive Cardiac Procedures . . . . . . .      e136
	3.5.	 Management of Cyanosis. . . . . . . . . . . . . .             e137
	3.6.	 Heart Failure and Transplantation. . . . . . .      e140

	3.6.1.	 Heart Failure. . . . . . . . . . . . . . . . . . .                  e140
	3.6.2.	 Heart Transplantation  

and MCS. . . . . . . . . . . . . . . . . . . . . .                     e141
	3.7.	 Genetic Syndromes Screening. . . . . . . . . e142
	3.8.	 Reproductive Health,  

Pregnancy, and Contraception. . . . . . . . . .         e144
	3.9.	 Ionizing Radiation Exposure. . . . . . . . . . . .           e146

3.10.	 Exercise Testing and Sports. . . . . . . . . . . .           e146
	3.10.1.	Exercise Testing. . . . . . . . . . . . . . . .               e146
	3.10.2.	Physical Activity, Exercise,  

and Sports Participation . . . . . . . .       e147
	4.	 Specific Conditions. . . . . . . . . . . . . . . . . . . . . . . . . .                         e148

	4.1.	 Shunt Lesions. . . . . . . . . . . . . . . . . . . . . . . . .                        e148
	4.1.1.	 Atrial Septal Defect. . . . . . . . . . . . .            e149
	4.1.2.	 Ventricular Septal Defect . . . . . . .      e153
	4.1.3.	 Atrioventricular Septal  

Defect. . . . . . . . . . . . . . . . . . . . . . . . .                        e156
	4.1.4.	 Anomalous Pulmonary  

Venous Connections. . . . . . . . . . . .           e158
	4.1.5.	 Patent Ductus Arteriosus. . . . . . .      e160

	4.2.	 Left-Sided Lesions. . . . . . . . . . . . . . . . . . . .                   e163
	4.2.1.	 Cor Triatriatum Sinister . . . . . . . . .        e163

	4.2.2.	 Congenital Mitral Stenosis,  
Including Shone Complex. . . . . . .      e165

	4.2.3.	 Subaortic Stenosis. . . . . . . . . . . . .            e166
	4.2.4.	 Congenital Diseases of  

the Aortic Valve. . . . . . . . . . . . . . . .               e167
	4.2.5.	 Supravalvar Aortic Stenosis. . . . . .       e169
	4.2.6.	 Coarctation of the Aorta. . . . . . . .       e171

	4.3.	 Right-Sided Lesions. . . . . . . . . . . . . . . . . . .                   e173
	4.3.1.	 Ebstein Anomaly. . . . . . . . . . . . . . .               e173
	4.3.2.	 Valvular Pulmonary Stenosis. . . . . .     e176
	4.3.3.	 Management of Double- 

Chambered Right Ventricle. . . . . .      e179
	4.3.4.	 Isolated Branch Pulmonary  

Artery Stenosis. . . . . . . . . . . . . . . . .                e180
	4.3.5.	 Tetralogy of Fallot. . . . . . . . . . . . . .             e182
	4.3.6.	 Pulmonary Atresia With  

Intact Ventricular Septum. . . . . . .      e188
	4.3.7.	 Management of Right  

Ventricle-to-Pulmonary  
Artery Conduits. . . . . . . . . . . . . . . .               e188

	4.4.	 Complex Lesions. . . . . . . . . . . . . . . . . . . . . .                     e191
	4.4.1.	 Dextro-Transposition  

of the Great Arteries. . . . . . . . . . . .           e191
	4.4.2.	 Management of CCTGA. . . . . . . .       e198
	4.4.3.	 Truncus Arteriosus . . . . . . . . . . . . .            e200
	4.4.4.	 Double-Outlet Right Ventricle. . . . .    e200
	4.4.5.	 Fontan Palliation of  

Single-Ventricle Physiology. . . . .    e201
	4.4.6.	 Eisenmenger Syndrome. . . . . . . .       e207

	4.5.	 Coronary Artery Anomalies. . . . . . . . . . . . .            e211
	4.5.1.	 Anomalous Aortic  

Origin of a Coronary Artery. . . . . .       e211
	4.5.2.	 Anomalous Coronary  

Artery Arising From the  
Pulmonary Artery. . . . . . . . . . . . . . .              e213

	4.5.3.	 Coronary Artery Fistula. . . . . . . . .        e214
	4.6.	 Vascular Rings and Pulmonary  

Artery Slings. . . . . . . . . . . . . . . . . . . . . . . . . .                         e214
Evidence Gaps and Future Directions. . . . . . . . . . . . .            e215
Key Words. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                     e115
References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                     e218
Appendix 1
Author Relationships With Industry  

and Other Entities. . . . . . . . . . . . . . . . . . . . . . . . . . .                          e247
Appendix 2
Reviewer Relationships With Industry  

and Other Entities. . . . . . . . . . . . . . . . . . . . . . . . . . .                          e250

WHAT IS NEW
Table 1 highlights new and/or substantially revised 
practice-changing recommendations since the last itera-
tion of the guideline; it is not a comprehensive list of all 
updates. Some of these recommendations have corre-
sponding footnotes not included in this table.
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Table 1.  What Is New

New or 
Revised Section Title 2018 Recommendation 2025 Recommendation

New 3.1.2. The ACHD Program 
and Cardiologists

N/A COR 1: Patients in adult congenital heart disease (ACHD) anatomic–
physiological (AP) class IA should have at least 1 evaluation by an 
ACHD cardiologist to develop a plan of care.

New 3.2. Expertise for  
Noncardiac Surgery

N/A COR 1: In patients with ACHD AP classifications IC–D, IIB–D, and 
IIIA–D who undergo noncardiac procedures, postprocedural care 
should involve collaboration with an ACHD cardiologist to incorporate 
expert opinion, provide guideline-based medical therapy (GDMT), and 
improve outcomes.

New 3.2. Expertise for  
Noncardiac Surgery

N/A COR 1: In patients with ACHD AP classifications IC–D, IIC–D, and 
IIIA–D, anesthesia for noncardiac procedures should be administered by, 
or in collaboration or consultation with, an anesthesiologist with ACHD 
expertise to reduce the likelihood of perioperative complications.

New 3.4. Expertise for Cardiac 
Surgery and Invasive  
Cardiac Procedures

N/A COR 1: In patients with ACHD who undergo invasive cardiac proce-
dures, preprocedural involvement of an ACHD cardiologist is recom-
mended to risk-stratify the patient, determine appropriate procedure 
location, guide periprocedural planning and support, and assist in 
preprocedural clinical optimization to improve outcomes.

New 3.4. Expertise for Cardiac 
Surgery and Invasive  
Cardiac Procedures

N/A COR 1: In patients with ACHD undergoing invasive cardiac proce-
dures, postprocedural care should involve collaboration with an ACHD 
cardiologist to incorporate expert opinion, provide guideline-based 
therapy, and improve outcomes.

New 3.4. Expertise for Cardiac 
Surgery and Invasive  
Cardiac Procedures

N/A COR 1: In patients with ACHD AP classifications IC–D, IIA–D, and 
IIIA–D, anesthesia for invasive cardiac procedures should be admin-
istered by, or in collaboration or consultation with, an anesthesiologist 
who has congenital heart disease expertise to reduce the likelihood of 
perioperative complications.

New 3.4. Expertise for Cardiac 
Surgery and Invasive  
Cardiac Procedures

N/A COR 2a: In patients with ACHD who undergo invasive cardiac pro-
cedures for acquired cardiovascular disease, it can be beneficial for 
operators with expertise in procedural treatment of acquired disease to 
collaborate with ACHD experts.

New Section 3.5. Management of Cyanosis is new.

New Section 3.6.1. Heart Failure contains all new recommendations.

New Section 3.6.2. Heart Transplantation and MCS contains all new recommendations.

New 3.7. Genetic Syndromes 
Screening

N/A COR 2a: In adults with congenital heart disease and a family history of 
congenital heart disease or clinical features associated with a genetic syn-
drome, referral for genetic evaluation is reasonable to guide management.

New 3.8. Reproductive Health, 
Pregnancy, and Contra-
ception

N/A COR 2a: For patients with ACHD who are considering assisted repro-
ductive technology, discussions involving an ACHD cardiologist can be 
beneficial to increase patients’ knowledge about their options and the 
associated risks.

New 3.8. Reproductive Health, 
Pregnancy, and  
Contraception

N/A COR 3 No Benefit: Routine cesarean delivery has no benefit and may 
cause harm in pregnant patients with ACHD in the absence of an ob-
stetric indication or high-risk cardiac condition.

New 3.10.2. Physical Activity, 
Exercise, and Sports  
Participation

N/A COR 2a: In patients with ACHD, participation in competitive sports is 
reasonable following a comprehensive evaluation by an ACHD special-
ist that incorporates functional status and individualized assessment of 
risks and benefits.

Revised The 2018 guideline had a section dedicated to severe pulmonary hypertension and Eisenmenger syndrome. In the 2025 guideline, these pulmonary 
hypertension recommendations are within the different shunt lesion sections, and Eisenmenger syndrome is a stand-alone section.

New 4.1.1. Atrial Septal Defect N/A COR 1: Adults with an unrepaired atrial septal defect (ASD) and pul-
monary arterial hypertension (PAH) should undergo risk assessment 
and management in consultation with pulmonary hypertension special-
ists to improve outcomes.

Revised 4.1.1. Atrial Septal Defect COR 2b: Percutaneous or surgical closure 
may be considered for adults with ASD when 
net left-to-right shunt (Qp:Qs) is ≥1.5:1, pul-
monary artery (PA) systolic pressure is ≥50% 
of systemic arterial systolic pressure, and/or 
pulmonary vascular resistance (PVR) is great-
er than one-third of the systemic resistance.

COR 1: In adults with an isolated unrepaired secundum ASD, trans-
catheter closure is usually preferred to surgical repair to reduce length 
of stay and recovery time.

(Continued )
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New or 
Revised Section Title 2018 Recommendation 2025 Recommendation

New 4.1.1. Atrial Septal Defect N/A COR 1: In adults with an unrepaired ASD and evidence of (or strong 
suspicion for) paradoxical embolism, ASD closure is recommended to 
prevent recurrent embolism.

New 4.1.1. Atrial Septal Defect N/A COR 2a: In adults with an unrepaired ASD, significant left-to-right 
shunt (Qp:Qs ≥1.5), right ventricular (RV) dilation, PAH (PVR 5-8 
Wood units), and without significant left ventricular (LV) disease, clo-
sure can be beneficial if PVR <5 Wood units can be achieved with 
targeted PAH therapy, to improve medium-term functional status.

New 4.1.2. Ventricular Septal 
Defect

N/A COR 1: Patients with an unrepaired ventricular septal defect (VSD) 
should be assessed for the presence of PAH to guide decisions about 
medical therapy and repair.

New 4.1.2. Ventricular Septal 
Defect

N/A COR 1: In adults with a perimembranous VSD being considered for 
repair, evaluation to exclude right ventricular outflow tract (RVOT) ob-
struction or double-chambered right ventricle (DCRV) is recommended 
to improve management planning.

New 4.1.2. Ventricular Septal 
Defect

N/A COR 1: Adults with a VSD (repaired or unrepaired) and PAH should 
be followed by specialists with expertise in ACHD and pulmonary hy-
pertension to reduce morbidity and mortality.

New 4.1.2. Ventricular Septal 
Defect

N/A COR 3 No Benefit: In adults with a VSD, Qp:Qs <1.5, and no other 
indications, closure should not be performed to avoid unnecessary 
perioperative risks.

Revised 4.1.3. Atrioventricular  
Septal Defect

COR 2a: Cardiac catheterization can be 
useful in adults with atrioventricular septal 
defect (AVSD) when pulmonary hyperten-
sion is suspected.

COR 1: Adults with an unrepaired AVSD or those with residual shunts 
after prior repair should be assessed for the presence of PAH to guide 
medical therapy and assess suitability for repair.

New 4.1.3. Atrioventricular  
Septal Defect

N/A COR 1: Adults with an AVSD (repaired or unrepaired) and PAH should 
be managed by pulmonary hypertension specialists and by clinicians 
with pulmonary hypertension expertise to improve outcomes.

revised 4.1.3. Atrioventricular  
Septal Defect

COR 2a: Operation for discrete left ven-
tricular outflow tract (LVOT) obstruction in 
adults with ASVD is reasonable with a maxi-
mum gradient of ≥50 mm Hg, a lesser gradi-
ent if heart failure (HF) symptoms are pres-
ent, or if concomitant moderate-to-severe 
mitral or atrial regurgitation are present.

COR 1: In adults with repaired AVSD and LVOT obstruction with 
symptoms attributable to the obstruction, or LV systolic dysfunction (LV 
ejection fraction <50%), surgical repair is recommended to improve 
functional status and preserve ventricular function.

Revised 4.1.3. Atrioventricular  
Septal Defect

COR 1: Surgery for primary repair of ASVD 
or closure of residual shunts in adults with 
repaired ASVD is recommended when there 
is a net left-to-right shunt (Qp:Qs ≥1.5:1), 
PA systolic pressure <50% systemic, and 
PVR less than one-third systemic.

COR 1: In adults with an unrepaired AVSD or those with residual 
shunts after previous repair, significant left-to-right shunt (Qp:Qs ≥1.5), 
and/or significant or progressive atrial/ventricular dilatation with no 
PAH (PVR ≤2 Wood units), closure of the AVSD or residual shunt is 
recommended to improve functional class and clinical outcomes.

New 4.1.4. Anomalous  
Pulmonary Venous  
Connections

N/A COR 1: For adults with anomalous pulmonary venous connections 
(APVCs) who do not have an indication for repair, routine cardiac imag-
ing is recommended for serial evaluation of RV size and function and 
for assessment of pulmonary hypertension.

New 4.1.4. Anomalous  
Pulmonary Venous  
Connections

N/A COR 1: For adults with repaired APVCs and dyspnea on exertion and/
or reduced functional capacity, cardiac magnetic resonance (CMR) or 
computed tomography (CT) angiography is recommended to evaluate 
for venous obstruction or residual shunt.

New 4.1.4. Anomalous  
Pulmonary Venous  
Connections

N/A COR 3 No Benefit: For adults with APVCs who have a normal to mildly 
enlarged right ventricle and whose Qp:Qs is <1.5, surgical repair is not 
indicated, given the absence of data to support benefit.

New Section 4.1.5. Patent Ductus Arteriosus contains all new recommendations.

Revised 4.2.1. Cor Triatriatum 
Sinister

COR 1: Adults presenting with cor triatria-
tum sinister should be evaluated for other 
congenital abnormalities, particularly ASD, 
VSD, and APVC.

COR 2a: In adults with unrepaired cor triatriatum sinister, transesopha-
geal echocardiography and/or cross-sectional imaging can be useful to 
identify the size and location of the membrane orifice and to assess for 
the presence of associated congenital cardiac defects.

Revised 4.2.1. Cor Triatriatum 
Sinister

COR 1: Surgical repair is indicated for 
adults with cor triatriatum sinister for symp-
toms attributable to the obstruction or sub-
stantial gradient across the membrane.

COR 2a: In asymptomatic adults with unrepaired cor triatriatum sinister 
and severe membrane obstruction, surgical resection can be useful to 
prevent the sequelae of left atrial hypertension.

Table 1.  Continued

(Continued )
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New or 
Revised Section Title 2018 Recommendation 2025 Recommendation

New 4.2.1. Cor Triatriatum 
Sinister

N/A COR 1: In adults with unrepaired cor triatriatum sinister and atrial 
fibrillation or atrial flutter, prior stroke, or left atrial thrombus, chronic 
anticoagulation is recommended to prevent embolic stroke, whether or 
not conventional thromboembolic risk factors are present.

New 4.2.1. Cor Triatriatum 
Sinister

N/A COR 2a: In adults with unrepaired cor triatriatum sinister and atrial 
fibrillation or atrial flutter, a rhythm control strategy can be beneficial to 
avoid clinical decompensation.

New 4.2.2. Congenital Mitral 
Stenosis, Including Shone 
Complex

N/A COR 1: Adults with multiple left-sided obstructive lesions (Shone com-
plex) and suspected pulmonary hypertension should undergo invasive he-
modynamic assessment to identify and classify pulmonary hypertension.

New 4.2.4. Congenital Diseases 
of the Aortic Valve

N/A COR 1: Adults with a bicuspid aortic valve who have an aortic diam-
eter >4 cm at the level of the sinuses or the ascending aorta, or who 
have risk factors for aortic dissection, should undergo lifelong surveil-
lance for progression of thoracic aortic disease to improve early detec-
tion of aortic growth.

New 4.2.4. Congenital Diseases 
of the Aortic Valve

N/A COR 1: In adults with a congenitally abnormal aortic valve who meet 
indications for valve replacement, surgical and transcatheter options 
should be reviewed by heart valve and ACHD expert teams in a shared 
decision-making process to determine a management plan.

New 4.2.6. Coarctation of the 
Aorta

N/A COR 2a: In adults with coarctation of the aorta who present with exer-
tional symptoms, evaluation for coronary artery disease is reasonable to 
guide management.

Revised 4.3.1. Ebstein Anomaly COR 2a: Electrophysiological study with or 
without catheter ablation can be useful in 
the diagnostic evaluation of adults with Eb-
stein anomaly and ventricular preexcitation 
but without supraventricular tachycardia.

COR 1: In adults with Ebstein anomaly, an electrophysiological study 
is recommended for patients with symptomatic arrhythmia or asymp-
tomatic ventricular preexcitation to assess for substrates for ablation, 
including multiple or high-risk accessory pathways.

New 4.3.2. Valvular Pulmonary 
Stenosis

N/A COR 1: In asymptomatic adults with moderate or severe valvular 
pulmonary stenosis and at least moderate tricuspid regurgitation or 
any RV dysfunction, pulmonary valve intervention is recommended to 
reduce pressure overload and improve valvular function.

New 4.3.2.1. Isolated Pulmonary 
Regurgitation After Repair 
of Pulmonary Stenosis

N/A COR 1: In adults with moderate or greater pulmonary regurgitation re-
sulting from treated isolated valvular pulmonary stenosis, CMR imaging 
is recommended to establish anatomy, quantify the degree of regurgita-
tion, and measure RV volumes and systolic function.

New 4.3.3. Management of 
Double-Chambered Right 
Ventricle

N/A COR 2a: In adults with RV dysfunction or symptoms attributed to 
DCRV, cardiac catheterization is reasonable to characterize anatomy 
and severity.

New 4.3.3. Management of 
Double-Chambered Right 
Ventricle

N/A COR 2a: In adults with DCRV and moderate or greater RVOT obstruc-
tion, diagnostic assessment with CMR (or, if contraindicated, cardiac 
CT) can be beneficial to characterize the anatomy.

Revised 4.3.4. Isolated Branch  
Pulmonary Artery Stenosis

COR 2a: In adults with peripheral or 
branch PA stenosis, PA dilation and stent-
ing can be useful.

COR 1: In adults with symptoms related to peripheral or branch PA 
stenosis, pulmonary branch balloon angioplasty and/or stent implanta-
tion is recommended to improve hemodynamics and symptoms.

New 4.3.5 Tetralogy of Fallot N/A COR 1: In adults with repaired tetralogy of Fallot (TOF), echocardiog-
raphy is recommended for assessment of pulmonary and tricuspid 
valve dysfunction, right atrial size, ventricular size and function, residual 
VSDs, and estimation of RV systolic pressure to characterize residual 
hemodynamic sequelae.

New 4.3.5 Tetralogy of Fallot N/A COR 1: In adults with repaired TOF and native RVOT anatomy being 
considered for transcatheter pulmonary valve replacement, cardiac CT 
is recommended to determine anatomic suitability.

New 4.3.5. Tetralogy of Fallot N/A COR 2a: In adults with repaired TOF and appropriate implantable 
cardioverter-defibrillator (ICD) therapies for monomorphic ventricular 
tachycardia, adjunctive catheter ablation is reasonable to reduce ven-
tricular tachyarrhythmia burden.

New 4.3.5. Tetralogy of Fallot N/A COR 2a: In adults with repaired TOF with moderate or greater pulmo-
nary valve dysfunction and progressive ventricular systolic dysfunction, 
pulmonary valve replacement (surgical or transcatheter) is reasonable 
to preserve ventricular function.

Table 1.  Continued

(Continued )

D
ow

nloaded from
 http://ahajournals.org by on M

arch 17, 2026



CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

February 24, 2026� Circulation. 2026;153:e115–e251. DOI: 10.1161/CIR.0000000000001402e120

Gurvitz et al 2026 ACHD Guideline

New or 
Revised Section Title 2018 Recommendation 2025 Recommendation

New 4.3.7. Management of 
Right Ventricle-to- 
Pulmonary Artery Conduits

N/A COR 2a: In adults with a right ventricle-to-pulmonary artery (RV-to-PA) 
conduit being considered for transcatheter intervention, preprocedural 
coronary CT is reasonable to assess conduit calcification, anatomic 
characteristics, and coronary artery proximity to guide procedural plan-
ning.

Revised 4.3.7. Management of 
Right Ventricle-to- 
Pulmonary Artery Conduits

COR 2a: RV-to-PA conduit intervention 
is reasonable for adults with an RV-to-PA 
conduit and moderate or greater PR or 
moderate or greater stenosis with reduced 
functional capacity or arrhythmia.

COR 1: For adults with an RV-to-PA conduit, severe stenosis and/or 
severe regurgitation, and symptoms or worsening functional capacity 
or a sustained arrhythmia, conduit intervention should be performed to 
improve cardiovascular status.

New 4.4.1.1. Patients With 
dextro-Transposition of the 
Great Arteries and Atrial 
Switch

N/A COR 1: Adults with dextro-transposition of the great arteries (d-TGA) 
and atrial switch who present with progressive exercise intolerance or 
HF should undergo cardiopulmonary exercise testing to assess for po-
tential intervention targets, including arrhythmia and desaturation.

Revised 4.4.1.1. Patients With 
dextro-Transposition of the 
Great Arteries and Atrial 
Switch

COR 2a: Assessment for a communication 
through the interatrial baffle or venous ste-
nosis is reasonable for adults with d-TGA 
with atrial switch, particularly if transvenous 
pacemaker/ICD implantation is considered 
or leads are already present.

COR 1: Adults with d-TGA and atrial switch with progressive exercise 
intolerance, HF, pulmonary hypertension, worsening atrial or ventricular 
tachyarrhythmia, pathway obstruction, or baffle leak should undergo 
invasive hemodynamic assessment to identify targets for medical, per-
cutaneous, or surgical intervention.

New 4.4.1.1. Patients With 
dextro-Transposition of the 
Great Arteries and Atrial 
Switch

N/A COR 1: Adults with d-TGA and atrial switch who require permanent 
pacemaker or an ICD should undergo preprocedural imaging, in addi-
tion to intraprocedural contrast venography, to detect baffle stenosis 
and residual baffle leaks.

New 4.4.1.1. Patients With 
dextro-Transposition of the 
Great Arteries and Atrial 
Switch

N/A COR 2a: For adults with d-TGA and atrial switch, biomarkers and 
validated disease-specific risk scores can be useful to identify patients 
at high risk for adverse cardiac events, prompting closer follow-up and 
referral to specialized HF transplant centers.

Revised 4.4.1.1. Patients With 
dextro-Transposition of the 
Great Arteries and Atrial 
Switch

COR 1: Ambulatory monitoring for bra-
dycardia 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.

COR 2a: In adults with d-TGA and atrial switch with new or progres-
sive symptoms of HF, it is reasonable to obtain a resting electrocardio-
gram and outpatient ambulatory rhythm monitoring, to ensure timely 
diagnosis and treatment of tachyarrhythmia or bradyarrhythmia.

New 4.4.1.1. Patients With 
dextro-Transposition of the 
Great Arteries and Atrial 
Switch

N/A COR 1: Adults with d-TGA and atrial switch who have symptoms at-
tributable to a baffle leak should undergo closure of the leak to improve 
symptoms and quality of life.

New 4.4.1.1. Patients With 
dextro-Transposition of the 
Great Arteries and Atrial 
Switch

N/A COR 1: In adults with d-TGA and atrial switch who have symptoms 
attributable to systemic or pulmonary venous pathway stenosis or liver 
congestion, intervention to relieve the stenosis is indicated to improve 
symptoms and prognosis.

New 4.4.1.1. Patients With 
dextro-Transposition of the 
Great Arteries and Atrial 
Switch

N/A COR 1: Adults with d-TGA and atrial switch who have worsening 
symptoms of exercise intolerance, HF, or arrhythmia refractory to treat-
ment should be referred to a HF program for assessment for mechani-
cal support and transplantation in consultation with an ACHD cardiolo-
gist, to improve quality of life and prolong survival.

Revised 4.4.1.1. Patients With 
dextro-Transposition of the 
Great Arteries and Atrial 
Switch

COR 1: GDMT with appropriate attention 
to the need for anticoagulation is recom-
mended to promptly restore sinus rhythm 
for adults with d-TGA with atrial switch 
repair presenting with atrial arrhythmia.

COR 2a: In adults with d-TGA and atrial switch who have sustained 
intra-atrial reentrant arrhythmias or atrial fibrillation, oral anticoagulation 
can be useful to prevent embolic events.

New 4.4.1.1. Patients With 
dextro-Transposition of the 
Great Arteries and Atrial 
Switch

N/A COR 2a: Adults with d-TGA and atrial switch who require transvenous 
lead placement can benefit from catheter-based interventions to ad-
dress residual baffle leaks or obstruction before lead placement, to 
reduce the risk for systemic thromboembolism and/or future baffle 
occlusion.

Revised 4.4.1.2. Arterial Switch 
Operation

COR 2a: Physiological tests of myocardial 
perfusion for adults with d-TGA after arte-
rial switch can be beneficial for assess-
ing symptoms suggestive of myocardial 
ischemia.

COR 1: In adults with an arterial switch operation and symptoms 
concerning for myocardial ischemia, coronary evaluation with coronary 
angiography, cross-sectional imaging, and/or functional coronary as-
sessment for an anatomic etiology should be performed.
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New or 
Revised Section Title 2018 Recommendation 2025 Recommendation

New 4.4.1.2. Arterial Switch 
Operation

N/A COR 1: In adults with an arterial switch operation and evidence of 
myocardial ischemia, coronary revascularization should be performed 
to reduce symptoms and improve outcomes.

New 4.4.1.2. Arterial Switch 
Operation

N/A COR 2a: In asymptomatic adults with an arterial switch operation who 
have moderate or greater supravalvar or branch PA stenosis—in addi-
tion to RV hypertension, RV dysfunction, progressive tricuspid regur-
gitation, and/or objective decline in exercise capacity—intervention can 
be useful to relieve obstruction.

New Section 4.4.1.3. Patients With d-TGA and Rastelli Repair contains all new recommendations.

New 4.4.2. Management of 
CCTGA

N/A COR 1: In adults with congenitally corrected transposition of the great ar-
teries (CCTGA), periodic transthoracic echocardiography is recommend-
ed to assess chamber function, systemic tricuspid valve function, and 
associated anatomic lesions such as septal defects and LVOT stenosis.

New 4.4.2. Management of 
CCTGA

N/A COR 2a: In adults with CCTGA without symptoms, periodic ambula-
tory rhythm monitoring is reasonable to screen for high-grade atrioven-
tricular block.

New 4.4.2. Management of 
CCTGA

N/A COR 2a: In symptomatic adults with CCTGA and high-grade atrioven-
tricular block, physiological pacing (CRT or conduction system pacing) 
is reasonable to relieve symptoms.

New 4.4.5. Fontan Palliation of 
Single-Ventricle Physiology

N/A COR 1: In adults with Fontan circulation and evidence of progressive 
Fontan circulatory failure, formal evaluation by a HF/transplant cardiolo-
gist with experience in heart transplantation in the adult Fontan popula-
tion is recommended.

New 4.4.5. Fontan Palliation of 
Single-Ventricle Physiology

N/A COR 1: In adults with Fontan circulation, imaging and laboratory evaluation 
of the liver should be performed at least annually to screen for hepatocellular 
carcinoma and for evidence of progressive Fontan-associated liver disease.

New 4.4.5. Fontan Palliation of 
Single-Ventricle Physiology

N/A COR 1: In adults with Fontan circulation and new or progressive symp-
toms, hypoxemia, declining functional status, or evidence of progres-
sive or new-onset noncardiac organ dysfunction, hemodynamic evalua-
tion with cardiac catheterization is recommended to guide therapy.

New 4.4.5. Fontan Palliation of 
Single-Ventricle Physiology

N/A COR 1: In adults with Fontan circulation and newly progressive or 
severe hypoxemia or hypotension, evaluation with advanced cardiac im-
aging (CMR, CT, transesophageal echocardiography) is recommended 
to rule out thrombus or emboli in the Fontan or pulmonary vasculature.

New 4.4.5. Fontan Palliation of 
Single-Ventricle Physiology

N/A COR 1: In adults with Fontan circulation undergoing CT angiography 
to rule out thrombus or emboli in the Fontan or pulmonary vasculature, 
imaging should be performed using protocols to avoid false-negative or 
false-positive results.

New 4.4.5. Fontan Palliation of 
Single-Ventricle Physiology

N/A COR 2a: In adults with Fontan circulation, consultation by a hepatolo-
gist, in collaboration with an ACHD cardiologist, is reasonable to facili-
tate interpretation of hepatic testing, diagnose and treat complications 
related to portal hypertension, and participate in timing and manage-
ment decisions specific to organ transplantation.

New 4.4.5. Fontan Palliation of 
Single-Ventricle Physiology

N/A COR 2a: In adults with Fontan circulation, liver biopsy can be helpful 
to delineate the degree of hepatic fibrosis or cirrhosis before consider-
ation of transplantation.

New 4.4.5. Fontan Palliation of 
Single-Ventricle Physiology

N/A COR 1: In adults with Fontan circulation and sinus node dysfunction 
requiring pacemaker placement, atrial-based pacing with programming 
to minimize ventricular pacing is recommended to improve patient 
symptoms and to avoid pacing-induced cardiomyopathy.

New 4.4.5. Fontan Palliation of 
Single-Ventricle Physiology

N/A COR 1: In adults with Fontan circulation with new-onset atrial flutter or 
atrial fibrillation, timely cardioversion (pharmacological or electrical) is 
recommended to prevent clinical decompensation.

New 4.4.5. Fontan Palliation of 
Single-Ventricle Physiology

N/A COR 1: Adults with Fontan circulation referred for cardiac transplanta-
tion should undergo pretransplantation review by a committee with 
broad multidisciplinary representation to improve patient selection and 
posttransplant outcomes.

New 4.4.5. Fontan Palliation of 
Single-Ventricle Physiology

N/A COR 2a: In adults with Fontan circulation and atrioventricular block whose 
burden of ventricular pacing is likely to be high (ie, >40%), apical site pac-
ing is preferred over nonapical sites to improve transplant-free survival.
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New or 
Revised Section Title 2018 Recommendation 2025 Recommendation

New 4.4.5. Fontan Palliation of 
Single-Ventricle Physiology

N/A COR 2a: In adults with Fontan circulation, formal exercise programs 
and/or cardiac rehabilitation (appropriate to the patient’s ability) can be 
beneficial in improving functional capacity.

New 4.4.5. Fontan Palliation of 
Single-Ventricle Physiology

N/A COR 2a: In adults with Fontan circulation and hemodynamically sig-
nificant stenosis of the Fontan or PAs, catheter-based stenting of the 
stenosis to reduce Fontan pressure and improve flow is reasonable to 
improve hemodynamics.

New 4.4.5. Fontan Palliation of 
Single-Ventricle Physiology

N/A COR 2a: In symptomatic adults with Fontan circulation, or those with 
evidence of systemic ventricular volume overload, closure of aortopul-
monary collaterals to improve symptoms and reduce the likelihood of 
pathologic ventricular remodeling can be useful.

Revised 4.4.5. Fontan Palliation of 
Single-Ventricle Physiology

COR 2a: In adults after Fontan palliation, it 
is reasonable to perform biochemical and 
hematological testing on an annual basis, 
especially for liver and renal function.

COR 1: In adults with Fontan circulation, annual laboratory evaluation 
is recommended to assess for evidence of organ-system dysfunction 
or hematologic abnormality.

Revised 4.4.5. Fontan Palliation of 
Single-Ventricle Physiology

COR 2b: Antiplatelet therapy or anti-
coagulation with a vitamin K antagonist 
may be considered in adults after Fontan 
palliation without known or suspected 
thrombus, thromboembolic events, or 
prior arrhythmia.

COR 1: In adults with Fontan circulation and the absence of high-risk 
features (history of thromboembolism, sustained atrial flutter/fibrillation, 
or atriopulmonary Fontan) or bleeding contraindications, treatment with 
either aspirin or anticoagulation is recommended to reduce the prob-
ability of thromboembolic disease.

New Section 4.4.5.1. HLHS/Norwood Repair is new.

New 4.4.6. Eisenmenger  
Syndrome

N/A COR 3 Harm: Adults with Eisenmenger syndrome should be advised 
against pregnancy to decrease the risk associated with excess mater-
nal morbidity and mortality.

Revised 4.4.6. Eisenmenger  
Syndrome

COR 2a: Bosentan is a reasonable 
therapy to treat symptomatic adults with 
Eisenmenger syndrome with 1 of the fol-
lowing: shunts other than ASD/VSD (eg, 
PDA, aortopulmonary window), or com-
plex congenital heart lesions or Down 
syndrome.

COR 1: In adults with Eisenmenger syndrome and an LV ejection frac-
tion >40% who are symptomatic or have reduced exercise capacity, 
initial monotherapy with PAH-directed therapy is recommended to 
improve symptoms, hemodynamics and overall survival.

Revised 4.4.6. Eisenmenger  
Syndrome

COR 2a: It is reasonable to use phospho-
diesterase type 5 (PDE-5) inhibitors (eg, 
sildenafil, tadalafil) to treat symptomatic 
adults with Eisenmenger syndrome with 
ASD, VSD, or great artery shunt.

COR 1: In adults with Eisenmenger syndrome and an LV ejection frac-
tion >40% who are symptomatic or have reduced exercise capacity, 
initial monotherapy with PAH-directed therapy is recommended to 
improve symptoms, hemodynamics, and overall survival.

Revised 4.4.6. Eisenmenger  
Syndrome

COR 2a: In symptomatic adults with 
Eisenmenger syndrome, bosentan and 
PDE-5 inhibitors are reasonable in com-
bination if symptomatic improvement 
does not occur with either medication 
alone.

COR 1: In adults with Eisenmenger syndrome and an LV ejection 
fraction >40% who remain symptomatic or have worsening exercise 
capacity on a single PAH therapy, dual combination therapy with an 
endothelin receptor antagonist and a PDE-5 inhibitor is recommended 
to improve symptoms, hemodynamics, and overall survival.

New 4.4.6. Eisenmenger  
Syndrome

N/A COR 1: In adults with Eisenmenger syndrome who present with atrial 
arrhythmias, prompt restoration and maintenance of sinus rhythm is 
recommended to avoid hemodynamic deterioration.

New 4.4.6. Eisenmenger  
Syndrome

N/A COR 2a: In adults with Eisenmenger syndrome, a regular exercise 
program in combination with directed PAH therapy can be effective in 
improving exercise capacity.

New 4.4.6. Eisenmenger  
Syndrome

N/A COR 3 No Benefit: Adults with Eisenmenger syndrome should not be 
routinely prescribed oral anticoagulation given the high bleeding risk 
and lack of long-term survival benefit.

New 4.4.6. Eisenmenger  
Syndrome

N/A COR 3 Harm: In adults with Eisenmenger syndrome, closure of any 
intracardiac or vascular shunt should not be performed given the in-
creased perioperative risks and risks for short- and long-term morbidity 
and mortality.

New 4.4.6. Eisenmenger  
Syndrome

N/A COR 3 Harm: In adults with Eisenmenger syndrome and intracardiac 
shunts who meet indications for permanent pacing or an ICD, endo-
cardial leads may be potentially harmful given the increased risk for 
systemic thromboembolism.
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TOP TAKE-HOME MESSAGES
	 1.	 Adults with congenital heart disease (ACHD) 

benefit from routine care at ACHD centers 
and in collaboration with ACHD cardiologists. 
Multidisciplinary teams are useful for complex-care 
decision-making.

	 2.	 Patients with anatomic or physiologically moderate 
or complex ACHD who undergo cardiac or non-
cardiac procedures are recommended to have an 
ACHD cardiologist involved in their care to offer 
expert guidance on procedures, anesthesia, and 
postprocedural management.

	 3.	 The possibility of endocarditis is important to evalu-
ate in acute or subacute malfunction of biopros-
thetic pulmonary valves, and endocarditis has been 
added to the physiological classification system 
(subacute bacterial endocarditis in the past year is 
stage D).

	 4.	 Most pregnant patients with ACHD can undergo 
vaginal delivery safely, with appropriate risk stratifi-
cation and monitoring.

	 5.	 Updated recommendations for tetralogy of Fallot 
include (a) referral for pulmonary valve replace-
ment in patients with repaired tetralogy of Fallot, 
according to right ventricular end-systolic volume 
criteria (>80 mL/m2) and other metrics rather than 
end-diastolic volume; and (b) new approaches to 
arrhythmia management, including ablation of ven-
tricular tachycardia.

	 6.	 Strategies for patients with secundum atrial sep-
tal defect and pulmonary arterial hypertension now 
include recommendations for closure for many 
patients with a significant left-to-right shunt and 
pulmonary vascular resistance ≤2 Wood units or 
>2 to <5 Wood units.

	 7.	 Rhythm control is typically preferred over rate con-
trol for atrial arrhythmias in complex patients, such 
as those with a systemic right ventricle or Fontan 
circulation.

	 8.	 New recommendations on guideline-directed med-
ical therapy for heart failure in patients with ACHD 
include people with a systemic right or left ventricle 

and discussions of pacing strategies for a systemic 
right ventricle and Fontan circulation.

	 9.	 Patients with Eisenmenger syndrome can be 
treated with pulmonary vasodilators, using either 
phosphodiesterase-5 inhibitors or endothelin 
receptor antagonists as initial therapy.

	10.	 Fontan screening for liver disease includes recom-
mendations for at least annual imaging and labora-
tory evaluation, including alpha-fetoprotein, and at 
least 1 consultation with a hepatologist.

PREAMBLE
Since 1980, the American College of Cardiology (ACC) and 
American Heart Association (AHA) have translated scientif-
ic evidence into clinical practice guidelines with recommen-
dations to improve cardiovascular health. These guidelines, 
which are based on systematic methods to evaluate and 
classify evidence, provide a foundation for the delivery of 
quality cardiovascular care. The ACC and AHA sponsor the 
development and publication of clinical practice guidelines 
without commercial support, and members volunteer their 
time to the writing and review efforts. Guidelines are official 
policy of the ACC and AHA. For some guidelines, the ACC 
and AHA collaborate with other organizations.

Intended Use
Clinical practice guidelines provide recommendations 
applicable to patients with or at risk of developing cardio-
vascular disease. The focus is on medical practice in the 
United States, but these guidelines are relevant to pa-
tients throughout the world. Although guidelines may be 
used to inform regulatory or payer decisions, the intent is 
to improve quality of care and align with patients’ inter-
ests. 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 

New or 
Revised Section Title 2018 Recommendation 2025 Recommendation

New 4.5.1. Anomalous Aortic 
Origin of a Coronary Artery

COR 2a: Surgery is reasonable for anoma-
lous aortic origin of the left coronary artery 
from the right sinus in the absence of 
symptoms or ischemia.

COR 2a: Surgery for anomalous aortic ori-
gin of a coronary artery is reasonable in the 
setting of ventricular arrhythmias.

COR 2a: In adults with asymptomatic anomalous origin of the left coro-
nary artery, surgery is reasonable in the presence of high-risk anatomy.

New Section 4.6. Vascular Rings and Pulmonary Artery Slings is new.

COR indicates Class of Recommendation.
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practitioners and patients. Adherence to recommenda-
tions can be enhanced by shared decision-making be-
tween clinicians and patients, with patient engagement 
in selecting interventions on the basis of individual val-
ues, preferences, and associated conditions and comor-
bidities.

Methodology and Modernization
The ACC/AHA Joint Committee on Clinical Practice 
Guidelines (Joint Committee) continuously reviews, up-
dates, and modifies guideline methodology on the basis 
of published standards from organizations, including the 
National Academy of Medicine (formerly the Institute of 
Medicine),1,2 and on the basis of internal reevaluation. 
Similarly, the presentation and delivery of guidelines are 
reevaluated and modified in response to evolving tech-
nologies and other factors to optimally facilitate dissemi-
nation of information to health care professionals at the 
point of care.

Numerous modifications to the guidelines have been 
implemented to make them shorter and enhance “user 
friendliness.” Guidelines are written and presented in a 
modular, “knowledge chunk” format in which each chunk 
includes a table of recommendations, a brief synopsis, 
recommendation-specific supportive text and, when 
appropriate, flow diagrams or additional tables. Hyper-
linked references are provided for each modular knowl-
edge chunk to facilitate quick access and review.

In recognition of the importance of cost–value con-
siderations, in certain guidelines, when appropriate and 
feasible, an assessment of value for a drug, device, or 
intervention may be performed in accordance with the 
ACC/AHA methodology.3

To ensure that guideline recommendations remain 
current, new data will be reviewed on an ongoing basis 
by the writing committee and staff. When applicable, rec-
ommendations will be updated with new evidence or new 
recommendations will be created when supported by 
published evidence-based data. Going forward, targeted 
sections/knowledge chunks will be revised dynamically 
after publication and timely peer review of potentially 
practice-changing science. The previous designations 
of “full revision” and “focused update” will be phased 
out. For additional information and policies on guide-
line development, readers may consult the ACC/AHA 
guideline methodology manual4 and other methodology 
articles.5–7

Selection of Writing Committee Members
The Joint Committee strives to ensure that the guide-
line writing committee contains requisite content exper-
tise and is representative of the broader cardiovascular 
community by selection of experts across a spectrum of 
backgrounds, representing different geographic regions, 

sexes, races, ethnicities, intellectual perspectives/biases, 
and clinical practice settings. Organizations and profes-
sional societies with related interests and expertise are 
invited to participate as collaborators.

Relationships With Industry and Other Entities
The ACC and AHA have rigorous policies and methods 
to ensure that documents are developed without bias 
or improper influence. The complete policy on relation-
ships with industry and other entities (RWI) can be found  
online. Appendix 1 of the guideline lists writing commit-
tee members’ comprehensive and relevant RWI.

Evidence Review and Evidence Review 
Committees
In developing recommendations, the writing committee 
uses evidence-based methodologies that are based on 
all available data.5,6 Literature searches focus on ran-
domized controlled trials (RCTs) but also include regis-
tries, nonrandomized comparative and descriptive stud-
ies, case series, cohort studies, systematic reviews, and 
expert opinion. Only key references are cited.

An independent evidence review committee is com-
missioned when there are ≥1 questions deemed of 
utmost clinical importance that merit formal systematic 
review to determine which patients are most likely to 
benefit from a drug, device, or treatment strategy, and 
to what degree. Criteria for commissioning an evidence 
review committee and formal systematic review include 
absence of a current authoritative systematic review, 
feasibility of defining the benefit and risk in a time frame 
consistent with the writing of a guideline, relevance to a 
substantial number of patients, and likelihood that the 
findings can be translated into actionable recommenda-
tions. Evidence review committee members may include 
methodologists, epidemiologists, clinicians, and biostat-
isticians. Recommendations developed by the writing 
committee on the basis of the systematic review are 
marked “SR.”

Guideline-Directed Medical Therapy
The term guideline-directed medical therapy (GDMT) 
encompasses clinical evaluation, diagnostic testing, and 
both pharmacological and procedural treatments. For 
these and all recommended drug treatment regimens, 
the reader should confirm dosage with product insert 
material and evaluate for contraindications and interac-
tions. Recommendations are limited to drugs, devices, 
and treatments approved for clinical use in the United 
States.

Catherine M. Otto, MD, FACC, FAHA
Chair, ACC/AHA Joint Committee on  

Clinical Practice Guidelines
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1. INTRODUCTION
1.1. Methodology and Evidence Review
The recommendations listed in this guideline are, when-
ever possible, evidence based. An initial extensive evi-
dence review—which included literature derived from 
research involving human subjects, published in English, 
and indexed in MEDLINE (through PubMed), EMBASE, 
the Cochrane Library, the Agency for Healthcare Re-
search and Quality, and other selected databases rel-
evant to this guideline—was conducted from May 2024 
to September 2024. Key search words included but were 
not limited to the following: adult congenital heart dis-
ease; aortic coarctation; aortic valve stenosis; cardiac 
catheterization; cardiac surgical procedures; congenital 
heart disease; cor triatriatum; coronary vessel anomalies; 
diagnostic imaging; discrete subaortic stenosis; ductus 
arteriosus, patent; Ebstein anomaly; follow-up studies; 
heart defects, congenital; heart septal defects, ventricu-
lar; mortality; pulmonary valve stenosis; reoperation; sur-
gery; survival rate; tetralogy of Fallot; therapy; transposi-
tion of great vessels; treatment outcome; and ventricular 
outflow obstruction.

Additional relevant studies, which were published 
through July 2025 during the guideline writing process, 
were also considered by the writing committee and 
added to the evidence tables when appropriate. The final 
Evidence Table summarizes the evidence used by the 
writing committee to formulate recommendations. Refer-
ences selected and published in the present document 
are representative and not all-inclusive.

1.2. Composition of the Writing Committee
The writing committee consisted of adult congenital 
heart disease (ACHD) cardiologists from adult and 
pediatric training backgrounds, congenital cardiac sur-
geons, ACHD interventional cardiologists, heart failure 
cardiologists, ACHD electrophysiologists, advanced 
practice nurses, and a patient advocate. The writing 
committee included representatives from the AHA, 
ACC, Heart Rhythm Society (HRS), International So-
ciety for Adult Congenital Heart Disease (ISACHD), 
and Society for Cardiovascular Angiography and Inter-
ventions (SCAI). Appendix 1 of the present document 
lists writing committee members’ comprehensive and 
relevant RWI.

The AHA and ACC also engaged a contract develop-
mental editor, Steven DeMaio, to review the entire guide-
line for style, standards, voice, and clarity. We gratefully 
acknowledge Mr. DeMaio's contribution.

1.3. Guideline Review and Approval
The Joint Committee appointed a peer review com-
mittee to review the document. The peer review com-

mittee was comprised of individuals nominated by 
the ACC, AHA, and the collaborating organizations. 
Reviewers’ RWI information was distributed to the 
writing committee and is published in this document 
(Appendix 2).

This document was approved for publication by the 
governing bodies of the AHA and the ACC and was 
endorsed by the HRS, ISACHD, and SCAI.

1.4. Scope of the Guideline
The scope of the “2025 ACC/AHA/HRS/ISACHD/
SCAI Guideline for the Management of Adults With 
Congenital Heart Disease” is to serve as a full revi-
sion and replacement of the “2018 AHA/ACC Guide-
line for the Management of Adults With Congenital 
Heart Disease.” This revision incorporates new data to 
develop recommendations. Congenital heart disease 
encompasses a range of structural cardiac abnormali-
ties 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 cardiomyopa-
thy. Also not included are anatomic variants, such as 
patent foramen ovale. Valvular heart disease may be 
congenital, so management overlaps with the “2020 
ACC/AHA Guideline for the Management of Patients 
With Valvular Heart Disease,” 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 differenc-
es, presence of concomitant lesions, or differences to 
consider given the relatively young age of patients with 
ACHD. Aortopathy associated with BAV is discussed 
in the “2022 ACC/AHA Guideline for the Diagnosis 
and Management of Aortic Disease.” Thresholds for in-
tervention in patients with conotruncal abnormalities, 
however, should not be extrapolated from those guide-
lines. This guideline is not intended to apply to children 
(<18 years of age) with congenital heart disease or 
adults with acquired valvular heart disease, heart fail-
ure, or other cardiovascular diseases.

Patients with ACHD are a heterogeneous population, 
both in underlying anatomy and physiology as well as sur-
gical repair or palliation. Consequently, although the prev-
alence of ACHD is increasing, the population of patients 
with a given congenital abnormality or specific repair 
may be relatively small. 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 popula-
tion. Whenever feasible, these data were used to develop 
recommendations. Recommendations are made based 
on the available data; however, when important clinical 
issues lacked data, first principles, extrapolation from data 
in other populations, and expert consensus are used to 
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guide care. Patients with ACHD may have concomitant 
diseases to which other existing guidelines apply, such as 
coronary artery disease, heart failure, and arrhythmias. The 
data from acquired heart disease populations may apply 
to some patients with ACHD, and those circumstances 
are acknowledged in these recommendations and refer-
enced accordingly. Patients with ACHD who are cared for 
in ACHD centers have better outcomes than those cared 
for in centers without ACHD expertise,1 and this need for 
specialized 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 cardiologists, as 
well as surgeons, primary care providers, and other health 
care professionals.

In developing this guideline, the writing committee 
reviewed previously published guidelines and related 
scientific statements. Table 2 contains a list of these 
publications deemed pertinent to this writing effort. It is 
intended for use as a resource, obviating the need to 
repeat existing guideline recommendations. Some rec-
ommendations have been carried forward from previously 
published guidelines. If unchanged, those recommenda-
tions remain current. Any changes to the formatting or 
content of these recommendations are defined as:

	 ▪	 Modified: formatting changes (eg, minor modi-
fications such as PICO[TS] [patient population, 
intervention, comparator, outcome, time, setting] 
structure)

	 ▪	 Adapted: substantive changes (eg, major adapta-
tions, such as a change in Class of Recommendation 
(COR), Level of Evidence (LOE), drug or device 
classification).

Changes are depicted in a footnote below the rec-
ommendation tables. Clinicians should be advised that 
this guideline revises and replaces the previously pub-
lished “2018 AHA/ACC Guideline for the Management 
of Adults With Congenital Heart Disease.”

1.5. Class of Recommendations and Level of 
Evidence
The Class of Recommendation (COR) indicates the 
strength of recommendation, encompassing the esti-
mated magnitude and certainty of benefit in propor-
tion to risk. The Level of Evidence (LOE) rates the 
quality of scientific evidence supporting the interven-
tion on the basis of the type, quantity, and consis-
tency of data from clinical trials and other sources 
(Table 3).1

Table 2.  Associated AHA/ACC Publications

Title Organization
Publication Year 
(Reference)

Guidelines

Valvular heart disease ACC/AHA 20202

Chest pain AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR 20213

Coronary artery revascularization ACC/AHA/SCAI 20214

Heart failure AHA/ACC/HFSA 20225

Aortic disease ACC/AHA 20226

Chronic coronary disease AHA/ACC/ACCP/ASPC/NLA/PCNA 20237

Atrial fibrillation ACC/AHA/ACCP/HRS 20238

Other Relevant Documents

Genetic basis for congenital heart disease: revisited AHA 20189

Appropriate use criteria for multimodality imaging during the follow-up care of patients 
with congenital heart disease

ACC/AHA/ASE/HRS/ISACHD/SCAI/SCCT/
SCMR/SOPE

202010

Advances in managing transition to adulthood for adolescents with congenital heart 
disease: a practical approach to transition program design

AHA 202211

Arrhythmias in repaired tetralogy of Fallot AHA 202212

Psychological outcomes and interventions for individuals with congenital heart disease AHA 202213

Dual-organ transplantation: indications, evaluation, and outcomes for heart-kidney and 
heart-liver transplantation

AHA 202314

Neurodevelopmental outcomes for individuals with congenital heart disease: updates in 
neuroprotection, risk-stratification, evaluation, and management

AHA 202415

ACC indicates American College of Cardiology; ACCP, American College of Clinical Pharmacy; AHA, American Heart Association; ASE, American Society of Echo-
cardiography; ASPC, American Society for Preventive Cardiology; CHEST, American College of Chest Physicians; HFSA, Heart Failure Society of America; HRS, Heart 
Rhythm Society; ISACHD, International Society for Adult Congenital Heart Disease; NLA, National Lipid Association; PCNA, Preventive Cardiovascular Nurses Associa-
tion; SAEM, Society for Academic Emergency Medicine; SCAI, Society for Cardiovascular Angiography and Interventions; SCCT, Society of Cardiovascular Computed 
Tomography; SCMR, Society for Cardiovascular Magnetic Resonance; and SOPE, Society of Pediatric Echocardiography.
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Table 3.  Applying the American College of Cardiology/American Heart Association Class of Recommendation and Level of 
Evidence to Clinical Strategies, Interventions, Treatments, or Diagnostic Testing in Patient Care∗ (Updated December 2024)
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2. DEFINITIONS AND CLASSIFICATIONS
2.1. Definitions
2.1.1. Anatomic 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.1–5 The International 
Paediatric and Congenital Cardiac Code nomenclature 
for anatomic lesions and repairs is used in this guideline 
(http://ipccc.net).6

2.2. The ACHD Anatomic and Physiological 
Classification System
The ACHD anatomic and physiological (AP) classifica-
tion system (Table 4) was introduced in the 2018 AHA/
ACC ACHD guidelines to more uniformly characterize 
ACHD anatomy and physiology. It aims to improve classi-
fication of disease severity given the potential for discor-
dance between anatomic complexity and physiological 
stage. In addition, the AP classification system underpins 
the guidelines’ follow-up and procedural monitoring rec-
ommendations and has been shown to correlate with 
patient outcomes.1–4 Patients are assigned an anatomic 
complexity, ranging from simple to complex (I–III), and 
a physiological stage that reflects their clinical status 
(A–D). Patients who are clinically well without residual 
anatomic or physiological sequelae are classified as 
physiological stage A, whereas patients with advanced 
heart failure or high-risk pulmonary arterial hypertension 
(PAH), for example, are classified as physiological stage 
D. A patient might shift to a lower (improved) physiologi-
cal stage after an intervention, such as a valve replace-
ment, but to a higher (worse) physiological stage when 
new arrhythmias develop.

Although the AP components are often indepen-
dent of each other, certain combinations are incom-
patible. For example, given that physiological stage A 
requires “no anatomic sequelae,” patients with certain 
conditions—such as Fontan circulation, a systemic right 
ventricle, or truncus arteriosus—can never be in physi-
ological stage A.

Patients are classified according to the “highest” rel-
evant anatomic or physiological feature. For example, 
the ACHD AP classification for a patient with repaired 
coarctation of the aorta (COA) who is asymptomatic and 
normotensive, with normal aortic dimensions and normal 
exercise capacity, would be IIA. If moderate ventricular 
dysfunction was also present, the classification would be 
IIC. In patients with multiple lesions, the most complex 
anatomic diagnosis determines the anatomic complexity.

Multiple studies have confirmed that a higher AP clas-
sification is associated with greater short- and long-term 
mortality risk and that the physiologic stage adds prog-
nostic value to the anatomic classification.1–4 In addition, 
higher AP classification has been associated with worse 
surgical outcomes and with maternal and fetal complica-
tions of pregnancy.5–7 Despite the broad applicability of 
the AP classification system, more narrowly tailored risk 
stratification tools may be of benefit in some scenarios.

Notably, in addition to its association with outcomes, 
the ACHD AP classification system aims to support deci-
sion-making about where, when, and with what intensity 
adults with congenital heart disease should obtain medi-
cal care. Throughout these 2025 guidelines, AP classi-
fications offer guidance on resource utilization, including 
which patients should undergo noncardiac procedures 
at ACHD centers (Section 3.2, “Expertise for Noncar-
diac Surgery”), which patients require ACHD experts 
for invasive cardiac procedures and anesthesia (Section 
3.4, “Expertise for Cardiac Surgery and Invasive Cardiac 
Procedures”), and how patients with different AP clas-
sifications should be counseled and monitored during 
pregnancy, labor, and delivery (Section 3.8, “Reproductive 
Health, Pregnancy, and Contraception”). Even patients 
with low predicted mortality risk but complex anatomy 
can benefit from management by clinicians who have 
experience and expertise with congenital heart disease 
anatomy and physiology, especially during periods of 
hemodynamic stress. Although imperfect in assessing 
short- and long-term mortality risk, largely due to the het-
erogeneity of the population for which it was designed, 
the AP classification system provides a framework for 
discussing relative risk to help assemble the appropriate 
team in the right place for each patient.

The classification system’s guidance on resource 
utilization also includes information on ACHD consul-
tation and routine diagnostic studies. Tables accom-
panying each diagnosis provide general guidance on 
follow-up intervals according to a patient’s physiologi-
cal stage. Suggested follow-up intervals are not class 
recommendations, and the recommended testing inter-
vals should be tailored to the individual patient and 
local resources.

The 2025 guidelines refine the AP classification 
system to reduce ambiguity and the risk for misclas-
sification.8 In addition, components have been added 
or modified to improve the system’s prognostic ability. 
Biomarkers, such as N-terminal prohormone of B-type 
natriuretic peptide (NT-proBNP), unplanned heart failure 
hospitalizations, and recent endocarditis, each identify 
patients with poorer prognosis and higher resource uti-
lization and, therefore, have been incorporated into this 
updated classification system.8–15
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Some patients with ACHD may have substantial 
acquired comorbidities unrelated to congenital heart 
disease, such that their cardiac follow-up strategies are 
more appropriately based on guidelines for acquired 
heart disease. For example, an 80-year-old patient with 
a small atrial septal defect (ASD), heart failure with pre-
served ejection fraction, chronic kidney disease, diabetes, 
and aortic stenosis ought to be followed according to rel-
evant guidelines for those diseases, rather than accord-
ing to the AP classification for the ASD. Nevertheless, 
awareness of the additional, ASD-related hemodynamic 
complexity is important.

PHYSIOLOGICAL STAGE

Stage B

 � Arrhythmia∗ not requiring new treatment or a change in therapy in the 
past 12 months

 � Mild native valve dysfunction∗ or prosthetic valve with normal function

 � Mild ventricular dysfunction

 � Mild ventricular enlargement

 � Presence of a permanent pacemaker or ICD, without need for ICD 
therapy in the past 12 months

 � Trivial or small shunt∗ (not hemodynamically significant)

Stage C

 � BNP or NT-proBNP level ≥2 times the upper limit of normal

 � Hemodynamically significant shunt∗

 � Mild or moderate chronic hypoxemia∗ (baseline resting oxygen saturation 
86–92%)

 � Moderate or greater valvular dysfunction∗

 � Moderate or severe ventricular dysfunction (systemic, pulmonic, or both)

 � Pulmonary arterial hypertension (low-risk)∗

 � Sustained or high-burden tachyarrhythmia in the past 12 months requir-
ing treatment with antiarrhythmic drugs, ablation, cardioversion, or ICD 
therapy

Stage D

 � Hospitalization for heart failure in the past 12 months10,16–18

 � Endocarditis in the prior 1 year19–21

 � Eisenmenger syndrome

 � NYHA functional class∗ III or IV symptoms

 � Recurrent arrhythmias∗ that are hemodynamically significant and/or  
refractory to treatment

 � Severe hypoxemia∗ (baseline oxygen saturation ≤85%)

 � Pulmonary arterial hypertension∗ (intermediate- or high-risk)

Modified with permission from Stout et al.22 Copyright 2018 American Heart 
Association, Inc. and American College of Cardiology Foundation.
∗See Table 5.
ACHD indicates adult congenital heart disease; AP, anatomic and physio-

logical; ASD, atrial septal defect; BNP, B-type natriuretic peptide; ICD, implant-
able cardioverter-defibrillator; NT-proBNP, N-terminal prohormone of B-type 
natriuretic peptide; NYHA, New York Heart Association; PDA, patent ductus 
arteriosus; TGA, transposition of the great arteries; and VSD, ventricular septal 
defect.

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

CONGENITAL HEART DISEASE ANATOMY

I: Simple

  Ostium secundum ASD

 � Patent ductus arteriosus

 � Ventricular septal defect

 � Pulmonic stenosis

II: Moderate Complexity

 � Anomalous aortic origin of a coronary artery from the opposite sinus

 � Anomalous coronary artery arising from the pulmonary artery

 � Anomalous pulmonary venous connection, partial or total

 � Atrioventricular septal defect (partial or complete)

 � Congenital aortic valve disease

 � Congenital mitral valve disease

 � Coarctation of the aorta

 � Cor triatriatum sinister

 � Dextro-TGA after arterial switch operation

 � Ebstein anomaly

 � Infundibular right ventricular outflow obstruction/double-chamber right 
ventricle

 � Peripheral pulmonary artery stenosis

 � Sinus venosus defect

 � Subvalvular aortic stenosis (excluding hypertrophic cardiomyopathy, 
which these guidelines do not address)

 � Supravalvar aortic stenosis

 � Tetralogy of Fallot

 � Vascular ring or sling

III: Great Complexity (or Complex)

 � Double-outlet ventricle

 � Fontan physiology

 � Interrupted aortic arch

 � Pulmonary atresia (all forms, including tetralogy of Fallot with pulmonary 
atresia)

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

 � Congenitally corrected TGA (CCTGA, levo-TGA)

 � Dextro-TGA after atrial switch (Mustard/Senning) operation

 � Dextro-TGA after Rastelli operation

 � Truncus arteriosus

 � Unrepaired or partially palliated cyanotic congenital heart defect

PHYSIOLOGICAL STAGE

Stage A

 � No cardiac symptoms

 � No hemodynamic or anatomic sequelae

 � No sustained arrhythmias∗

 � Normal exercise capacity∗

 � Normal pulmonary pressure

(Continued )
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2.3. ABBREVIATIONS
Abbreviation Meaning/Phrase

AAOCA anomalous aortic origin of a coronary artery

ACHD adult congenital heart disease

AP anatomic and physiological

APVC anomalous pulmonary venous connection

ASD atrial septal defect

AVSD atrioventricular septal defect

BAV bicuspid aortic valve

BNP B-type natriuretic peptide

CCTGA congenitally corrected transposition of the great arteries

Abbreviation Meaning/Phrase

CMR cardiovascular magnetic resonance

COA coarctation of the aorta

CPET cardiopulmonary exercise testing

CRT cardiac resynchronization therapy

CT computed tomography

DCRV double-chambered right ventricle

d-TGA dextro-transposition of the great arteries

FALD Fontan-associated liver disease

GDMT guideline-directed medical therapy

HLHS hypoplastic left heart syndrome

ICD implantable cardioverter-defibrillator

Table 5.  Physiological Variables as Used in ACHD AP Classification

Variable Description

Arrhythmia Arrhythmias are very common in patients with ACHD and may be both the cause and the consequence of deteriorating  
hemodynamics, valvular dysfunction, or ventricular dysfunction. Given that arrhythmias are associated with symptoms,  
outcomes, and prognosis,23–26 they are categorized based on their presence and their response to treatment.

		 No sustained arrhythmia: No documented clinically relevant atrial or ventricular tachyarrhythmias

		 Arrhythmia not requiring new treatment or a change in therapy in the past 12 months: Bradyarrhythmia, atrial or ventricular  
tachyarrhythmia not requiring new antiarrhythmic therapy, cardioversion, ablation, or pacemaker/ICD placement

		 Recurrent arrhythmias that are hemodynamically significant and/or refractory to treatment

Concomitant valvular 
heart disease (VHD)

Severity defined according to the 2020 VHD guideline.27

		 Mild VHD

		 Moderate VHD

		 Severe VHD

Exercise capacity Patients with ACHD are often asymptomatic despite exercise limitations that manifest as diminished exercise capacity upon objective 
evaluation28–30; accordingly, assessing both subjective and objective exercise capacity is important (see NYHA  
classification system below). Exercise capacity is associated with prognosis.31–33

		 Abnormal objective cardiac limitation to exercise is defined as an exercise maximum ventilatory equivalent of oxygen below the 
range expected for the specific congenital heart disease anatomic diagnosis.34,35

Hypoxemia/hypoxia/
cyanosis

See Section 3.5 for a detailed definition of cyanosis.

		 Hypoxemia is defined as baseline oxygen saturation measured by pulse oximetry at rest ≤92%.

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

		 Hypoxia refers to inadequate tissue oxygenation that may or may not be present in the setting of chronic hypoxemia.

		 Cyanosis is blue or purple discoloration of the skin, lips, and nailbeds caused by levels ≥5 g/dL of desaturated hemoglobin; it is 
visible in patients with chronic hypoxemia and normal or high hemoglobin levels but may be absent in patients with anemia.

NYHA functional  
classification system36

Functional Capacity37

	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, palpitations, 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, palpitations, dyspnea, or anginal pain.

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

Pulmonary arterial  
hypertension

Pulmonary arterial hypertension is defined as:
		 Mean pulmonary artery pressure by right heart catheterization ≥20 mm Hg and a pulmonary capillary wedge pressure ≤15 mm Hg; 

and pulmonary vascular resistance ≥2 Wood units.38

Pulmonary arterial hypertension risk categories are measured using the 3-strata risk score calculator.39

Shunt (hemodynamically 
significant shunt)

An intracardiac shunt is considered hemodynamically significant if there is evidence of chamber enlargement distal to the shunt and/
or evidence of sustained Qp:Qs ≥1.5.

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

Modified with permission from Stout et al.22 Copyright 2018 American Heart Association, Inc. and American College of Cardiology Foundation.
ACHD indicates adult congenital heart disease; AP, anatomic and physiological; ICD, implantable cardioverter-defibrillator; NYHA, New York Heart Association; and 

Qp:Qs, pulmonary-to-systemic blood flow ratio.

(Continued ) (Continued )
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Abbreviation Meaning/Phrase

LV left ventricular

LVOT left ventricular outflow tract

MCS mechanical circulatory support

MR magnetic resonance

NT-proBNP N-terminal prohormone of B-type natriuretic peptide

PA pulmonary artery

PAH pulmonary arterial hypertension

PA-IVS pulmonary atresia with intact ventricular septum

PDA patent ductus arteriosus

PVR pulmonary vascular resistance

Qp:Qs pulmonary-to-systemic blood flow ratio

RV right ventricular

RVEDV right ventricular end diastolic volume

RVOT right ventricular outflow tract

RV-to-PA right ventricle-to-pulmonary artery

SCD sudden cardiac death

SVASD sinus venosus atrial septal defect

TOF tetralogy of Fallot

VSD ventricular septal defect

3. GENERAL PRINCIPLES
3.1. Care Access and Delivery in the ACHD 
Population

Recommendation for Care Access and Delivery in the ACHD  
Population
Referenced studies that support recommendation are summarized in 
the Evidence Table.

COR LOE Recommendation

1 B-NR

1.	 ACHD programs and clinicians who care for adults 
with congenital heart disease should follow policies 
and procedures that reduce barriers, reduce attri-
tion, and improve access to lifelong ACHD care.1–3

Synopsis
As the number of adults with congenital heart disease 
continues to rise for the next several decades,4–7 access 
and care delivery will remain challenging. In the United 
States, where numbers of qualified ACHD cardiologists 
and centers are insufficient, geography, socioeconomic 
stress, and insurance variability may limit patients’ ac-
cess to high-quality care.1,8–18 In addition, a large propor-
tion of patients with congenital heart disease are lost to 
care before they reach adulthood, only to return for care 
when they develop cardiovascular symptoms and com-
plications.10 The complex process of loss to care starts 
in early childhood, accelerates through adolescence, and 
has many contributing factors: educational, developmen-
tal, socioeconomic, and geographic. It is estimated that 
only a small fraction of the ACHD population receives 
care at an ACHD specialty center.19

Adults with congenital heart disease face barriers to 
obtaining seamless, high-quality, lifelong ACHD care. 
Those barriers include:
	 •	 Lack of education—for patients, clinicians, and pro-

grams—about the transition and transfer process 
from pediatric to adult care for congenital heart 
disease

	 •	 Inadequate resources and organizational struc-
tures for facilitating comprehensive transfer of care 
from pediatric to ACHD clinicians and programs

	 •	 Inadequate numbers of ACHD clinicians and 
programs

	 •	 Socioeconomic, geographic, and insurance impedi-
ments to obtaining ACHD care

Recommendation-Specific Supportive Text
	 1.	 Limiting barriers to, reducing attrition from, and 

improving access to congenital heart disease care 
for adults requires the development and imple-
mentation of policies, procedures, and practical 
solutions. Table 6 identifies the stakeholders and 
solutions to be considered in achieving key goals 
at each age-related stage of care.

3.1.1. Transition Education and Transfer of Care
Recommendations for Transition Education and Transfer of Care
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

1

A 1.	 All patients with congenital heart disease should 
receive structured, patient-centered transition edu-
cation that is age-, sex-, gender-, and developmen-
tally appropriate to improve knowledge (LOE A)1,2 
and reduce loss to care (LOE B-NR).3–5

B-NR

1 B-NR

2.	 Congenital heart disease programs and clinicians 
should have transfer-of-care policies and proce-
dures to ensure effective handoffs of patients from 
a pediatric to an ACHD cardiologist.6–9

Synopsis
Transition education for congenital heart disease has 
several key challenges that include:
	 •	 Lack of universal identification, by current electronic 

medical record systems, to identify all patients with 
congenital heart disease who qualify for transition 
education.

	 •	 Lack of standardized, developmentally and edu-
cationally appropriate educational materials that 
meet the needs of the patient population and that 
account for patients’ age, sex, gender, and learning 
ability.

	 •	 Inadequate resources and qualified personnel to 
administer transition education.

	 •	 Lack of resources and methodology for measuring 
the success of transition education.
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Transfer of care from pediatric to ACHD providers is 
critical to the lifelong continuum of congenital heart dis-
ease care. Unsuccessful transfer to ACHD care may lead 
to gaps in care delivery and unexpected morbidity and 
premature mortality.10 Transfer-of-care challenges include:
	 •	 Lack of universal identification of eligible patients 

through electronic medical records
	 •	 Lack of resources to support staffing for nurse 

navigators and social workers who follow patients 
through the transfer process and ensure comple-
tion of care transfers to ACHD providers

	 •	 Barriers to care, including insurance, distance to 
clinic, and disruptions to work and career

Recommendation-Specific Supportive Text
	 1.	 Patients with congenital heart disease must navi-

gate several critical stages that may affect quality 
of life and survival: diagnosis, palliative interven-
tions in early childhood, transfer to ACHD pro-
viders/programs, and lifelong ACHD care, which 
may include reinterventions. Throughout those 
stages, patients should receive continuous  
education3–5,10–19 regarding:

	 •	�Their specific congenital heart disease diagnosis: 
name, anatomy, physiology, and surgical procedures

	 •	�Expected short- and long-term medical issues, 
including the need for diagnostic evaluation and 
possible reintervention

	 •	Reproductive health education
	 •	�Development of independent skills in making 

appointments, filling prescriptions, contacting 
providers with symptoms or concerns, and under-
standing the need to maintain insurance

	 •	�Need for lifelong, uninterrupted, specialized con-
genital heart disease care by ACHD cardiologists

	 2.	 Transition education should lead to seamless trans-
fers from pediatric to ACHD providers and their 
respective teams. Loss to care affects patient out-
comes. It disproportionately affects patients with 
socioeconomic stress, those who must travel sig-
nificant distances to ACHD centers, and non-White 
patients.7–10,13,15,16,20 To prevent loss to care during 
this critical period, pediatric and ACHD providers 
should employ policies and procedures for transfer 
of care that include:

	 •	Determination of readiness for transfer of care
	 •	Development of seamless policies and processes 

for referral to ACHD care
	 •	Implementation of policies and processes for 

receiving and tracking transfer patients, which 
may include the use of nurse navigators and 

Table 6.  The Lifelong Trajectory of Improving Access to ACHD Care1,8–18,20,21

Key Issues at Each Life Stage Potentially Involved Stakeholders Possible Solutions

Early childhood (0 to 12 years)
		 Patient/family education
		 Loss to care

		 Children’s hospitals
		 Pediatric cardiology/heart centers
		 Social workers
		 Patients and families
		 Payors
		 Congenital heart disease advocacy organizations

		 Empower patients to stay in congenital heart disease care, by 
offering well-structured patient and family education.

		 Identify patient barriers for loss to care22; and add resources.

		 Use electronic health records and databases to track patients 
who are lost to care—and to help them navigate back to care.

Adolescence to young adulthood (13 
to 18 years)
		 Transition education
		 Loss to care

		 Children’s hospitals
		 Pediatric cardiology/heart centers
		 Social workers
		 Patients and families
		 Payors
		 Congenital heart disease advocacy organizations

		 Procure and deploy resources to identify patients who are 
eligible for pediatric-to-adult transition education.

		 Develop and implement transition education.

		 Use electronic health records and databases to track patients 
who are lost to care—and to help them navigate back to care.

		 Identify barriers to care to navigate back to care.

Young adulthood (18 to 26 years)
		 Loss to care
		 Transfer to ACHD care

		 Children’s hospitals
		 Pediatric cardiology/heart centers
		 Adult care hospitals
		 ACHD providers and programs
		 Social workers
		 Patients and families
		 Payors
		 ACHD advocacy organizations

		 Develop and implement processes, policies, and resources 
for successful transfer from pediatric to adult care.

		 Identify barriers to care.

		 Use electronic health records and databases to track patients 
who are lost to care—and to help them navigate back to care.

Adulthood (18 to 80+ years)
		 Loss during transfer to ACHD care
		 Loss to care during adulthood
		 Insufficient number of ACHD  

cardiologists and programs

		 ACHD programs
		 Adult care hospitals
		 Social work professionals
		 Patients
		 Governmental agencies
		 Medical education and medical board organizations
		 ACHD advocacy organizations

		 Use electronic health records and databases to track patients 
who are lost to care and help navigate back to CHD care.

		 Engage resources to track patients and identify barriers to care.

		 Consider innovative care options such as telehealth.

		 Partner with advance practice providers and general  
cardiologists, to provide local care.

		 Increase the number and geographic availability of ACHD 
cardiologists.

ACHD indicates adult congenital heart disease; and CHD, congenital heart disease.D
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social workers to develop lists of patients and 
follow them after transfer of care has been initi-
ated—and to identify and address barriers to care. 
Barriers may include geographic distance, con-
sistency and insurance coverage, and socioeco-
nomic challenges.

3.1.2. The ACHD Program and Cardiologists
Recommendations for the ACHD Program and Cardiologists
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

1 B-NR

1.	 Patients in ACHD AP classes IB–D, IIA–D, and 
IIIA–D should be evaluated and managed by or in 
collaboration with an ACHD cardiologist and, when 
indicated and accessible, an ACHD program to 
improve outcomes.1–3

1 B-NR
2.	 Patients in ACHD AP class IA should have at least 

1 evaluation by an ACHD cardiologist to develop a 
plan of care.1–3

Synopsis
Patients with ACHD class IB or higher benefit from be-
ing evaluated and managed by or in collaboration with 
ACHD cardiologists and, when feasible, within an ACHD 
program.
	 •	 Patients with ACHD have complex anatomy, physi-

ology, and past cardiac interventions and surgical 
repairs.

	 •	 Long-term complications may be unique to specific 
congenital heart disease lesions and require the 
expert knowledge and experience of ACHD cardi-
ologists and specialists in ACHD programs.

	 •	 Even patients with milder forms of congenital heart 
disease benefit from an initial evaluation to develop a 
collaborative plan for diagnostic testing and follow-up.

Recommendation-Specific Supportive Text
	 1.	 The American Board of Internal Medicine and the 

American Board of Pediatrics have created for-
mal Accreditation Council for Graduate Medical 
Education training programs and subsequent board 
certification for ACHD cardiologists. In adulthood, 
outcomes for patients with ACHD are better when 
they are cared for in an organized, high-quality, fully 
integrated, collaborative, multidisciplinary ACHD 
program.1–3 The definition of an ACHD program 
has been refined over the past 25 years.2,4–8

Table 7 lists ACHD program personnel and ser-
vices. An ACHD program should include multiple 
subspecialists with experience and expertise in 
complex ACHD anatomy and physiology.1–3,9–11

Patients with ACHD may be followed by individual 
ACHD cardiologists. However, more complex diag-
noses should prompt collaboration with, or referral to, 
multidisciplinary specialized ACHD care. ACHD pro-
gram evaluation and management must be balanced 
against several accessibility constraints and barriers: 
geographic distance and travel limitations, insurance 
barriers, cost, and socioeconomic stress. Indications 
for program referral may include:

	 ▪	 Clinical evaluation to assess worsening AP class
	 ▪	� Advanced imaging (cardiac computed tomog-

raphy [CT]/cardiovascular magnetic resonance 
[CMR]) is indicated and beyond local expertise

	 ▪	� Worsening heart failure and need for expert 
evaluation

	 ▪	� Heart or multiorgan transplant evaluation and/
or listing

	 ▪	� Diagnostic and interventional heart catheteriza-
tion evaluation and/or therapies

	 ▪	� Electrophysiology for arrhythmia, evaluation for 
device implantation, and/or electrophysiology 
study

	 ▪	� ACHD cardiothoracic surgery evaluation and/or 
surgery

	 ▪	 Risk assessment or management of pregnancy
	 ▪	� Noncardiac surgery in high-risk populations 

(AP classes IC–D, IIA–D, IIIA–D) and need for 
ACHD cardiac anesthesia and ICU support

	 2.	 After initial ACHD consultation and confirmation 
of the AP class, some patients with mild disease 
(class IA) may be followed by general cardiolo-
gists. However, they should be aware of potential 

Table 7.  ACHD Program Components

ACHD board-eligible/-certified cardiologists

Congenital cardiac surgeons

Advanced practice providers

Registered nurses

Advanced imagers: echocardiography/CT/CMR*

Cardiac intensivist*

Advanced heart failure and transplant cardiologist*

Cardiac catheterization interventionalist*

Electrophysiologist*

Cardiac anesthesiologist*

Multidisciplinary specialists

  Maternal fetal medicine

  Hepatology

  Pulmonary hypertension

  Cardiovascular genetics

  Palliative medicine

  Social work

  Psychology

Modified with permission from Stout et al.12 Copyright 2018 American Heart 
Association, Inc. and American College of Cardiology Foundation.

*Personnel and service lines supervised, performed, and interpreted by clini-
cians with expertise and/or training in congenital heart disease.

ACHD indicates adult congenital heart disease; CMR, cardiovascular magnetic 
resonance; and CT, computed tomography.
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complications of even the mildest forms of con-
genital heart disease.

Patients may enter an ACHD program from multiple 
pathways. The largest potential volume of patients—and 
the most critical entry point—is through transfer from pedi-
atric to ACHD providers. Patients who navigate transfer of 
care successfully may have a greater chance of remain-
ing in care. However, many patients are lost to care before 
transfer can occur, and others who are referred for transfer 
do not do so successfully because of substantial barriers.

Once lost to care, patients may be referred to an 
ACHD cardiologist/program by general cardiologists, 
primary care physicians, and obstetrician–gynecologists, 
or they may enter ACHD care after a cardiovascular 
event or hospitalization. Despite those known pathways 
to lifelong ACHD care, many patients are lost to care, 
and their care pathways remain unknown.

3.2. Expertise for Noncardiac Surgery
Recommendations for Expertise for Noncardiac Surgery
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

1 B-NR

1.	 In patients with ACHD being considered for 
noncardiac procedures, preprocedural involve-
ment of an ACHD cardiologist is recommended 
to risk-stratify the patient, determine appropriate 
procedure location, guide periprocedural planning 
and support, and assist in preprocedural clinical 
optimization to improve outcomes.1,2

1 B-NR

2.	 In patients with ACHD AP classifications IC–D, 
IIB–D, and IIIA–D who undergo noncardiac proce-
dures, postprocedural care should involve collabo-
ration with an ACHD cardiologist to incorporate 
expert opinion, provide guideline-based therapy, 
and improve outcomes.1–3

1 C-LD

3.	 In patients with ACHD AP classifications IC–D, 
IIC–D, and IIIA–D, anesthesia for noncardiac 
procedures should be administered by, or in col-
laboration or consultation with, an anesthesiologist 
with ACHD expertise to reduce the likelihood of 
perioperative complications.4–6

Synopsis
Patients with ACHD have greater operative risk than those 
without ACHD for noncardiac surgery. The 2023 “Periop-
erative Considerations for Pediatric Patients With Congeni-
tal Heart Disease Presenting for Noncardiac Procedures: 
A Scientific Statement From the American Heart Associa-
tion”7 and the “2014 ACC/AHA Guideline on Perioperative 
Cardiovascular Evaluation and Management of Patients 
Undergoing Noncardiac Surgery”8 may be consulted, but 
whether they apply directly to the ACHD population is un-
known. Because of differences in underlying pathophysiol-
ogy between congenital and acquired heart disease, as well 
as the influence of age on the natural history of congenital 
heart disease, the evidence supporting recommendations 
regarding risk indices and management strategies may 

not apply to many patients with ACHD. Given the ACHD 
population’s heterogeneity, input from appropriate special-
ists should inform how individualized pre- and perioperative 
management plans are formulated, to account for hemody-
namic, hematologic, and end-organ considerations.

Recommendation-Specific Supportive Text
	 1.	 Case series and analyses of administrative data-

bases confirm that noncardiac surgical procedures 
carry greater risk in patients with ACHD than in 
those without ACHD, and that the risk is influenced 
by congenital heart disease lesion, type of surgical 
procedure, urgency of intervention, and availability of 
specialized resources; therefore, before proceeding 
to surgery, consider individualized risks and bene-
fits.1,2,4,5,9–12 Patients with ACHD may have nonrou-
tine and unusual physiological challenges (eg, fluid 

Table 8.  Preoperative Checklist for Noncardiac Surgery in 
Patients With ACHD

Clarify clinical information related to congenital heart disease

		 Clarify prior procedures, residua, sequelae, and current status, including 
ACHD anatomic–physiological classification.

		 Develop management strategies for preoperative optimization to minimize 
risk and improve postprocedural outcome.

Factors associated with increased risk for perioperative morbidity 
and mortality2,12,26:
		 Cyanosis
		 Complex congenital heart disease
		 Frailty
		 Heart failure
		 Operations on the respiratory and nervous systems
		 Pulmonary hypertension
		 Urgent/emergency procedures

Issues to consider:
		 Arrhythmias, including bradyarrhythmias

		 Abnormal venous and/or arterial anatomy affecting venous and arterial 
access and blood pressure monitoring

		 Adjustment of anticoagulant volume in tubes for some blood work in 
patients with cyanosis

		 Developmental disability

		 Differential dependence on preload/afterload and impacts on ventilation 
and/or insufflation strategies

		 Endocarditis prophylaxis

		 Erythrocytosis

		 Monitoring of renal and liver function

		 Need for meticulous line care (consider air filters for intravenous lines) 
to reduce risk for paradoxical embolism in patients with reduced oxygen 
saturations because of right-to-left shunts

		 Periprocedural anticoagulation

		 Persistent shunts

		 Prevention of venous thrombosis

		 Pulmonary vascular disease

		 Valvular disease

		 Ventricular function (systemic and/or subpulmonary)

Modified with permission from Stout et al.27 Copyright 2018 American Heart 
Association, Inc. and American College of Cardiology Foundation.

ACHD indicates adult congenital heart disease.
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balance for a palliated single ventricle or the impact 
of vascular resistances on shunts in patients with 
cyanosis).5,7,13–17 When possible, patients with ACHD, 
especially those with more complex stages of dis-
ease (ACHD anatomic classification II or III) and/
or those with significant residual disease (ACHD 
physiological stages C and D), should receive preop-
erative evaluation and surgery or other nonsurgical 
interventions at a center with an ACHD program.18,19 
Given geographic and other limitations in obtaining 
care at an ACHD center, careful procedural plan-
ning in consultation with an ACHD physician may 
be the best alternative. Well-delineated plans should 
guide timely management of the anticipated physi-
ological challenges in patients with ACHD, related 
to medications, fluid balance, vascular resistance, 
and shunts. Table 8 presents a checklist of consid-
erations in assessing and managing patients with 
ACHD who undergo noncardiac surgery.

	 2.	 Postoperative collaboration with an ACHD physi-
cian is important to help with timely management 
of ACHD-specific complications related to the 
individual’s physiology. Even with ideal preproce-
dural planning, postoperative complications are 
prevalent in this population, especially in patients 
with more complex disease and those with more 
significant residual lesions.1,2,4,7,10–12,16 Expedient, 
appropriate responses to postoperative fluid shifts, 
blood pressure variation, oxygenation/ventilation, 
and arrhythmias are critical to achieving optimal 
outcomes and depend on thoroughly understand-
ing each patient’s physiology. Early extubation, for 
instance, is of particular importance in patients 
with Fontan physiology and patients with pulmo-
nary vascular disease, given the deleterious effects 
of positive pressure ventilation on transpulmonary 
gradient and systemic ventricular preload.3,5,13,16,17

	 3.	 Patients with ACHD require specialized planning 
and management to avoid complications of anes-
thesia.4,5,16 Anesthesiologists without specific fel-
lowship training in pediatric or cardiac anesthesia 
often have minimal experience managing patients 
with ACHD; in a national survey of practicing anes-
thesiologists, the majority reported being uncom-
fortable managing patients with ACHD, especially 
those with complex disease.6,20 Considerations 
include optimization of preload and afterload, selec-
tion of vasoactive medications, and ventilator strat-
egies, each of which may affect pulmonary vascular 
resistance (PVR), hemodynamics, or arrhythmia. 
Patients may also have risk for coagulopathy or 
paradoxical embolism (in patients with right-to-left 
shunts), requiring adjustment in intravascular line 
management.13–17,21–25 Even patients with anatomi-
cally simple lesions may have complex physiology 
(eg, a patient with a ventricular septal defect [VSD] 

and Eisenmenger syndrome) that requires special-
ized anesthetic considerations.

3.3. Mental Health and Neurocognitive 
Assessment

Recommendations for Mental Health and Neurocognitive Assessment
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

1 C-LD

1.	 Adults with congenital heart disease should be 
assessed for mental health conditions, including 
depression, anxiety, and post-traumatic stress 
disorder, to identify those who may benefit from 
mental health services.1,2

2a C-LD

2.	 For adults with congenital heart disease who have 
mental health concerns, referral to a mental health 
clinician can be beneficial to improve psychological 
symptoms and quality of life.3

2b B-NR

3.	 For adults with congenital heart disease, neuro-
psychological testing may be considered to guide 
therapies that enhance academic, behavioral, psy-
chosocial, and adaptive functioning.4–6

2b C-LD
4.	 For adults with congenital heart disease, evaluation for 

cognitive decline and frailty may be considered to iden-
tify patients who can benefit from additional support.7,8

Synopsis
Mental health and neurocognitive concerns are common in 
adults with congenital heart disease and may substantially 
affect quality of life. Mental health conditions—including de-
pression, anxiety, and posttraumatic stress disorder—have 
been identified in up to 50% of adults with congenital heart 
disease. Depression in this population is associated with 
impaired functional status, heart failure, and increased ad-
verse outcomes9 that can lead to worse clinical profiles and 
greater health care utilization.9,10 Illness identity—and the ex-
tent to which a congenital heart disease diagnosis affects 
a patient’s self-perception—predicts health care utilization.

Neurocognitive differences are more frequently seen in 
children with congenital heart disease who have complex 
conditions, complex surgical repairs, and genetic syndromes, 
such as 22 q11.2 and Turner syndrome. These differences 
are also noted in adults but not well studied. Frailty and cog-
nitive decline are noted in more than a third of adults with 
congenital heart disease who are older than 40 years.7

Recommendation-Specific Supportive Text
	 1.	 Although prevalent in patients with ACHD, anxi-

ety, depression, and posttraumatic stress disorder 
often go unrecognized1 and may be associated 
with impaired functional status, heart failure, and 
an increased risk for adverse outcomes.9 Chronic 
uncertainty regarding illness course and outcome 
may increase the risk for posttraumatic stress dis-
order in patients with ACHD.11,12 During clinic vis-
its, patients should be asked about mental health. 
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Review of symptoms can include inquiring about 
anxiety and depression. Although self-reported 
symptoms are insufficient for identifying mood dis-
orders, using assessment tools can initiate a discus-
sion and may lead to further evaluation and, when 
a screen is positive, referral to a mental health clini-
cian. Multiple validated screening tools can be used 
to improve discussion about treatment options.13,14

	 2.	 For patients with ACHD who have mental health 
conditions, referral to a mental health clinician is 
most useful when it is timely. Patients may see their 
congenital heart disease as part of their identity 
and the extent to which their diagnosis is integrated 
into their self-perception predicts health care uti-
lization.15 Depression and anxiety in patients with 
ACHD are associated with higher rates of emer-
gency department visits and hospitalization and a 
higher risk for death.10 Addressing mental health 
may improve quality of life.3 Patients with ACHD 
who receive targeted psychological intervention, 
including group or individualized therapy, have 
reduced psychological distress4 and improved 
depressive symptoms.5 Therefore, identifying high-
risk patients and referring them to mental health 
specialists may improve psychological symptoms 
and quality of life and reduce health care utilization.

	 3.	 Although evidence on neurocognitive and neuropsy-
chological issues in patients with ACHD is limited, 
data on the neurodevelopmental and neuropsy-
chological impact of congenital heart disease and 
surgery in childhood are increasing.16 That impact 
is likely to persist into adulthood and may manifest 
in lower educational and occupational achieve-
ment.17–19 However, patients with ACHD may not 
have been evaluated for mental health conditions as 
children as current diagnostic and treatment guid-
ance suggests they should. Neuropsychological 
testing should include standardized tests and ques-
tionnaires administered by qualified professionals.20 
Appropriate diagnosis, treatment, and rehabilitation 
may be beneficial in optimizing cognitive function 
and quality of life. Problems with executive function 
may affect later adaptive coping skills and psycho-
logical distress in adolescents and young adults.20–23

	 4.	 Adults with congenital heart disease may have cog-
nitive decline (38% of patients), frailty (6%), and pre-
frailty (42%) that may manifest as people age,7 with 
an increased risk for early-onset dementia.24 Having 
any type of congenital heart disease may lead to 
decline in physical activity, unplanned weight reduc-
tion, and fatigue. Symptoms such as fatigue, uninten-
tional weight loss, and a decline in physical activity 
may be related to this cognitive decline and should be 
distinguished from cardiac symptoms. Recognizing 
and addressing those changes may improve patient–
clinician communication, patient care, and quality of 

life and may reduce health care utilization. In other 
patient populations, potential interventions include 
aerobic resistance exercise and cognitive training.8

3.4. Expertise for Cardiac Surgery and Invasive 
Cardiac Procedures

Recommendations for Expertise for Cardiac Surgery and Invasive  
Cardiac Procedures
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

1 B-NR

1.	 In patients with ACHD who undergo invasive car-
diac procedures, preprocedural involvement of an 
ACHD cardiologist is recommended to risk-stratify 
the patient, determine appropriate procedure loca-
tion, guide periprocedural planning and support, 
and assist in preprocedural clinical optimization to 
improve outcomes.1–3

1 B-NR

2.	 In patients with ACHD, invasive cardiac procedures 
involving congenital lesions should be performed 
by operators with expertise in congenital heart 
disease procedures to ensure appropriate peripro-
cedural care.4,5

1 C-LD

3.	 In patients with ACHD undergoing invasive cardiac 
procedures, postprocedural care should involve 
collaboration with an ACHD cardiologist to incor-
porate expert opinion, provide guideline-based 
therapy, and improve outcomes.1,3,4

1 C-LD

4.	 In patients with ACHD AP classifications IC–D, 
IIA–D, and IIIA–D, anesthesia for invasive cardiac 
procedures should be administered by, or in collabo-
ration or consultation with, an anesthesiologist who 
has congenital heart disease expertise to reduce the 
likelihood of perioperative complications.2,3,6,7

2a B-NR

5.	 In patients with ACHD who undergo invasive 
cardiac procedures for acquired cardiovascular dis-
ease, it can be beneficial for operators with exper-
tise in procedural treatment of acquired disease to 
collaborate with ACHD experts.8–10

Synopsis
Patients with ACHD often have complex underlying car-
diac anatomy and physiology, which increases the tech-
nical and medical risks of invasive cardiac procedures 
such as cardiac surgery, cardiac catheter-based proce-
dures, and electrophysiologic procedures. Periprocedural 
care (preprocedural evaluation, clinical management dur-
ing the procedure, and postprocedural care) for invasive 
procedures should involve collaboration with an ACHD 
cardiologist. Anesthesia for cardiac procedures, high-risk 
surgery, and for high-risk patients should be administered 
by, or in collaboration with, an anesthesiologist who has 
experience with patients with ACHD. Cardiac surgery 
and cardiac catheter-based procedures, including elec-
trophysiology device implantation, should be performed 
by cardiologists and surgeons with expertise in managing 
patients with ACHD. Acquired cardiac disease in patients 
with ACHD should be managed collaboratively by opera-
tors with expertise in congenital and acquired disease.  
Expertise in ACHD varies across medical and surgical 
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specialties. Some specialties, such as cardiology and con-
genital heart surgery, have specific ACHD fellowship train-
ing and board certification; in other specialties, ACHD ex-
pertise is gained from focused experience during training 
and practice. Clinicians trained outside the United States 
may have different pathways to ACHD expertise.

Recommendation-Specific Supportive Text
	 1.	 In patients with ACHD, the presence of AP complex-

ity from the lesion or surgical palliation may change 
the overall care plan and procedural decision-making. 
Data obtained during invasive ACHD cardiac proce-
dures are difficult to contextualize without special-
ized knowledge of congenital disease. Patients with 
ACHD present with nonroutine and uncommon phys-
iological challenges (eg, fluid balance in the setting 
of a palliated single ventricle or the impact of vas-
cular resistances on shunts in patients with cyano-
sis).2,3 Patients with complex AP forms of ACHD may 
need evaluation and treatment approaches that differ 
from those for adults without congenital conditions 
who have valve disease, heart failure, or arrhythmias. 
Evidence suggests that when they are managed by 
specialized practitioners, patients with ACHD are 
more likely to receive guideline-based therapy with 
fewer adverse clinical consequences.1 Consultation 
and collaboration with an ACHD cardiologist provide 
expert guidance, which is fundamental to designing 
an appropriate therapeutic plan that reduces proce-
dure-related morbidity and improves outcomes.

	 2.	 Patients with ACHD who undergo invasive cardiac 
procedures in specialized ACHD centers generally 
have better outcomes, including survival, than those 
managed in other care settings.4 Ensuring appropriate 
periprocedural care requires special attention, such as 
identifying procedure-related risk factors and avail-
ability of ancillary imaging.4,5,11,12 It is challenging to 
assess the risk associated with invasive cardiac pro-
cedures in patients with ACHD who were excluded 
when procedural risk-scoring systems for adults were 
developed.13 The involvement of ACHD-experienced 
surgeons, interventional cardiologists, and electro-
physiologists facilitates appropriate planning and care 
delivery for patients with congenital lesions.

	 3.	 Expertise in managing the unique physiology 
of patients with ACHD can reduce procedure-
related morbidity and improve postprocedural 
follow-up care and outcomes.1,3 Patients with 
ACHD who are not managed by specialized ACHD  
practitioners have a higher risk for adverse events 
when pertinent clinical care guidelines are not fol-
lowed.1,4 Collaboration with an ACHD cardiologist 
can offer the requisite expert guidance.

	 4.	 Patients with ACHD have complex AP sequelae 
from their defect or prior surgical palliation. Operators 

must consider their underlying cardiac physiology and 
hemodynamics, as well as the effects of anesthetic 
medications and ventilation strategies. Such ACHD-
specific changes may cause cardiovascular and 
respiratory alterations during invasive procedures that 
may be unfamiliar to anesthesiologists without ACHD 
experience.2,3,6,7 Experience and expertise in manag-
ing congenital heart disease physiology ensures safe 
delivery of anesthesia and appropriate periprocedural 
resuscitation. Although ACHD-specific training is not 
available for cardiac anesthesiologists, many develop 
expertise through advanced training in pediatric or 
adult congenital cardiac anesthesiology, mentoring, 
and practice experience.

	 5.	 With increased longevity, patients with ACHD are 
at risk of developing acquired cardiovascular dis-
ease (eg, obstructive coronary artery disease, non-
congenital aortic aneurysm, calcific valvar stenosis, 
arrhythmia). Operative and catheter-based repair 
of acquired disease (especially coronary disease) 
is rarely performed by congenital surgeons or 
congenital interventional cardiologists. Operator 
experience with those procedures correlates with 
improved outcomes.8–10 Attention to the unique 
anatomy and physiology of patients with ACHD 
is essential. Depending on provider experience 
and case complexity, this collaborative effort may 
include a co-surgeon model that involves an ACHD 
expert and an acquired disease expert.

3.5. Management of Cyanosis
Recommendations for Management of Cyanosis
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

1 B-NR
1.	 Patients with ACHD and cyanosis should receive 

annual screening for and treatment of iron deficiency 
to improve exercise capacity and functional status.1

1 B-NR

2.	 In patients with ACHD and cyanosis who pres-
ent with persistent, new, or worsening neurologic 
deficits, urgent brain imaging to exclude cerebral 
abscess or stroke should be performed.2,3

1 B-NR

3.	 In patients with ACHD and cyanosis who present 
with symptoms of hyperviscosity, rehydration with 
oral or intravenous fluids should be performed to 
improve symptoms and reduce the risk for vascular 
complications.4

1 B-NR

4.	 Pregnant patients with ACHD and cyanosis should 
be closely followed for the entire duration of the preg-
nancy by a multidisciplinary cardio-obstetrics team of 
experts in maternal-fetal medicine, ACHD, and obstet-
ric anesthesia to reduce the risk for pregnancy-related 
cardiovascular and obstetric complications.5

1 C-EO

5.	 Patients with ACHD and cyanosis who are of child-
bearing age should receive comprehensive family 
planning consultation, including recommendations 
on safe and reliable contraceptive methods, from a 
multidisciplinary team of experts in family planning 
and ACHD.
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2a B-NR

6.	 In patients with ACHD and cyanosis who experi-
ence recurrent unexplained hypertension or tachy-
cardia, evaluation to detect pheochromocytomas 
and paragangliomas is reasonable.6,7

2a B-NR
7.	 In patients with ACHD, cyanosis, and recurrent epi-

sodes of joint pain, it is reasonable to check serum 
uric acid levels and evaluate for gout.8,9

2b B-R
8.	 In patients with ACHD and cyanosis, the use of 

supplemental oxygen during exercise may be con-
sidered to improve exercise capacity.10

2b C-EO

9.	 In patients with ACHD, hematocrit >65%, and 
hyperviscosity symptoms that persist despite ade-
quate rehydration and treatment of iron deficiency, 
phlebotomy may be considered.

3: No 
Benefit

B-NR
10.	 In patients with ACHD and cyanosis, prophylactic 

phlebotomy is not recommended.2

Synopsis
Cyanotic heart disease is a heterogeneous group of con-
genital heart defects that is characterized by hypoxemia 
and central cyanosis caused by right-to-left shunting.11 
Cyanosis often presents as bluish discoloration of skin 
and/or mucous membranes, although detection may be 
difficult in patients with anemia or those with dark skin 
pigmentation.12

Chronic hypoxemia triggers an increase in red cell 
mass (secondary erythrocytosis)—a normal physi-
ological response aimed at achieving and maintain-
ing optimal hemoglobin and hematocrit.13,14 However, 
increases in red cell mass deplete bone marrow iron 
stores, prompting iron-deficiency anemia.15 Iron-defi-
ciency anemia, in turn, compromises systemic oxygen 
transport, manifesting clinically as exercise intolerance, 
transient ischemic attack, stroke, and myocardial isch-
emia.13,14 Patients with ACHD and cyanosis can also 
present with hyperviscosity symptoms, such as head-
ache and visual disturbance.2,14

Cyanosis is associated with altered coagulation cas-
cade, leading to both hypo- and hypercoagulability, with 
consequent increases in the risks for bleeding (hemop-
tysis and epistaxis) and thrombosis (transient ischemic 
attack/stroke, pulmonary embolism).16–19 The role of 
thromboprophylaxis in cyanotic ACHD patients is unclear, 
meriting individualized approaches to anticoagulation and 
antiplatelet therapy.20 Appropriate precautions should be 
taken when assessing coagulation parameters, such as 
the measurement of international normalized ratio.21

Chronic cyanosis affects multiple organ systems 
and can manifest with kidney dysfunction, hypertrophic 
osteoarthropathy, myocardial dysfunction, neurologic 
dysfunction, and hypertensive emergency due to neu-
roendocrine tumors such as pheochromocytomas and 
paragangliomas.6,19,22 Ongoing surveillance is crucial for 
early detection of end-organ dysfunction.

Recommendation-Specific Supportive Text
	 1.	 Iron deficiency is common in patients with ACHD 

and cyanosis because of depletion of bone mar-
row iron stores from secondary erythrocytosis.13–15 
Patients with ACHD and cyanosis should undergo 
routine screening for iron deficiency because defi-
ciency can occur even when hematocrit levels are 
either normal or elevated.13–15 Treatment of iron 
deficiency is safe and associated with improved 
exercise capacity and quality of life.1

	 2.	 Patients with ACHD and cyanosis, especially those 
with Eisenmenger syndrome, have increased risk 
for neurologic complications, such as stroke and 
brain abscess.2,3 Urgent brain imaging to exclude 
brain abscess or stroke should be considered when 
patients with ACHD and cyanosis present with new 
or worsening headache or neurologic symptoms.2,3

	 3.	 When increased red cell mass leads to symptoms 
of hyperviscosity, symptom severity correlates with 
hematocrit level.13,14 Associated headaches, visual 
disturbances, and neurologic symptoms can mimic 
stroke or transient ischemic attack.4 A diagnosis 
of hyperviscosity syndrome should be considered 
when a patient with hyperviscosity symptoms has 
severely elevated hematocrit (>65%), after brain 
imaging excludes acute neurologic events. Most of 
the affected patients respond to rehydration with 
oral or intravenous fluid and to treatment of iron-
deficiency anemia (Figure 1).4

	 4.	 Pregnancy in patients with ACHD and cyanosis is 
associated with high risks for cardiovascular and 
obstetric complications.23 However, multidisciplinary 
care during and after pregnancy in this population 
(excluding patients with Eisenmenger syndrome) 
has been associated with lower risk for cardiovascu-
lar complications, compared with historical data.5

	 5.	 The risks of pregnancy-related cardiovascular, obstet-
ric, and neonatal complications increase with congen-
ital heart disease complexity, with risks significantly 
greater in patients with cyanosis than in those with-
out cyanosis.23–25 Furthermore, certain contraceptive 
methods, such as estrogen-containing oral contra-
ceptive pills, are associated with increased risks for 
venous and arterial thromboembolic complications—
and should be avoided in patients with ACHD and 
cyanosis.25–27 Safe, reliable contraceptive therapies 
are critical for patients with ACHD and cyanosis who 
do not seek to become pregnant.25–27

	 6.	 Pheochromocytomas and paragangliomas are rare 
neuroendocrine tumors that produce excess cat-
echolamines, resulting in episodic tachycardia 
or hypertension.6,7 A higher prevalence of those 
tumors has been observed in patients with ACHD 
and cyanosis, presumably related to chronic 
hypoxemia-induced proliferation of chromaffin 

Recommendations for Management of Cyanosis (Continued)

COR LOE Recommendations
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cells. As a result, patients with ACHD and cyano-
sis who have episodes of tachycardia or hyperten-
sion should be screened for pheochromocytomas 
and paragangliomas, with an initial workup that 
includes measurement of plasma fractionated 
metanephrines and 24-hour urinary fractionated 
metanephrines.6,7

	 7.	 Hyperuricemia is common in ACHD patients with 
cyanosis.8,9 ACHD patients with cyanosis present-
ing with joint pain should be evaluated for gout.

	 8.	 Patients with ACHD and cyanosis have reduced 
exercise capacity. The use of supplemental oxygen 
during exercise is associated with improved exer-
cise capacity, compared with ambient air.10

Figure 1. Management of Hyperviscosity Symptoms in Cyanotic ACHD.
∗All patients should have at least annual screening for iron deficiency. ACHD indicates adult congenital heart disease; and HCT, hematocrit.
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	 9.	 Phlebotomy involves removal of 250 to 500 mL of 
blood, with concurrent volume replacement of 250 
to 500 mL of isotonic fluid. Phlebotomy may be 
considered in patients with refractory symptoms of 
hyperviscosity syndrome after adequate hydration 
with oral or intravenous fluid and adequate correc-
tion of iron deficiency (Figure 1).4,21 Another indi-
cation for preoperative phlebotomy for autologous 
blood transfusion may be if the patient’s hematocrit 
level is >65%.21

	10.	 Prophylactic phlebotomy should be avoided in 
patients with ACHD and cyanosis because it exac-
erbates iron deficiency and increases stroke risk.2,4 
It should not be used as the primary treatment in 
patients with hyperviscosity symptoms or in asymp-
tomatic patients with elevated hematocrit, as the 
effect on hematocrit is transient.2,4

3.6. Heart Failure and Transplantation
3.6.1. Heart Failure

Recommendations for Heart Failure
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

2a B-NR

1.	 In patients with ACHD and heart failure symptoms 
who have systemic left ventricular (LV) dysfunction 
and biventricular circulation, and who otherwise 
meet accepted criteria for cardiac resynchroniza-
tion therapy (CRT), use of CRT is reasonable to 
improve heart failure symptoms.1–4

2a C-LD

2.	 In patients with ACHD and heart failure symptoms 
who have systemic LV systolic dysfunction and 
biventricular circulation, use of GDMT for heart 
failure is reasonable to improve heart failure 
symptoms.2,5–7

2a C-LD

3.	 In patients with ACHD and heart failure symptoms 
who have systemic LV dysfunction and biventricular 
circulation, who otherwise meet accepted criteria, 
use of a primary-prevention implantable cardio-
verter-defibrillator (ICD) is reasonable to prevent 
sudden cardiac death (SCD).8,9

Synopsis
Heart failure10 is a significant source of morbidity and 
mortality in patients with ACHD, placing them at high risk 
for SCD.11 Despite advancements in the understanding 
of heart failure epidemiology, outcomes, and therapies—
including GDMT, mechanical circulatory support, and 
transplantation—data to guide treatment recommenda-
tions for patients with ACHD remains limited.12

The randomized clinical trials showing that GDMT, 
CRT, and ICDs improve outcomes in heart failure exclude 
patients with ACHD. In addition, patients with ACHD and 
heart failure exhibit a wide range of native and postop-
erative anatomic configurations, including biventricular or 
single-ventricle physiologies, and the presence of either 
a systemic left ventricle or a systemic right ventricle. The 

biventricular circulation and systemic left ventricle share 
the greatest anatomic and physiological similarities with 
heart failure patients in clinical trials; extrapolation from 
the heart failure literature is most appropriate in this pop-
ulation.

Given the wide anatomic and physiological variation in 
ACHD, the benefits and harms from therapy likely differ 
from those in patients without ACHD. For example, some 
patients with ACHD may be predisposed to bradyar-
rhythmia or endocarditis, which could counterbalance the 
benefits of beta blockers or device therapy, respectively. 
Therefore, both the strength of recommendation and the 
level of evidence for the use of GDMT and device ther-
apy in patients with ACHD and heart failure are lower, 
compared with recommendations for patients without 
ACHD, in whom large, randomized trials show benefits. 
Other challenges in implementing GDMT are the effects 
of restrictive physiology, multimorbidity, frailty, and poly-
pharmacy, particularly in older patients with ACHD.

The role of GDMT, ICDs, and CRT in patients with 
single-ventricle (Fontan) physiology or systemic right 
ventricles (dextro-TGA with atrial switch or congenitally 
corrected transposition of the great arteries [CCTGA]) 
is discussed in pertinent other sections of this guideline.

Recommendation-Specific Supportive Text
	 1.	 CRT attempts to optimize the overall pattern of 

ventricular activation and myocardial contraction 
through either biventricular or conduction-system 
pacing. Data from well-designed randomized clini-
cal trials in the general population of adults with 
heart failure that are related to electrical dyssyn-
chrony demonstrate substantial clinical improve-
ment following CRT, including improvements in 
quality of life, heart failure hospitalization, cardiac 
remodeling, and overall survival.13–15 Similarly, for 
patients with congenital heart disease, large obser-
vational studies have generally reported clinical 
benefit after implementation of biventricular CRT, 
especially for patients with systemic LV morphol-
ogy.16–18 In studies predominantly involving patients 
with ACHD and a systemic left ventricle, clinical 
improvement following CRT is reported in 65% to 
77% of participants,18–21 and multivariable com-
parisons of ACHD with acquired heart disease 
patients suggest similar outcomes in terms of heart 
failure hospitalization and overall mortality.22 Given 
satisfactory outcomes for ACHD with systemic LV 
morphology18 and the shared pathophysiology for 
electromechanical dyssynchrony–related heart fail-
ure, extrapolation from acquired heart disease rep-
resents a rational approach to ACHD patients with 
heart failure, reduced systemic LV ejection fraction, 
and electrical dyssynchrony. Existing evidence for 
CRT and other anatomic substrates is addressed 
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separately in Sections 4.4.2, “Management of 
CCTGA” and 4.4.1.1, “Patients With dextro-Trans-
position of the Great Arteries and Atrial Switch” of 
this guideline.

	 2.	 The evidence of benefit from GDMT12 in patients 
with ACHD and biventricular circulation with sys-
temic LV systolic dysfunction is mostly limited to 
retrospective studies. In a large, single-center ret-
rospective study of ACHD patients with biventricu-
lar circulation and a systemic left ventricle, the use 
of GDMT in patients with LV systolic dysfunction 
was associated with improvement in LV ejection 
fraction, heart failure symptoms, and biomarkers.2 
Newer therapies, including angiotensin recep-
tor–neprilysin inhibitors23,24 and sodium–glucose 
cotransporter 2 inhibitors,5,7 appear to be well 
tolerated and safe. In retrospective studies, the 
use of angiotensin receptor–neprilysin inhibitors 
and sodium–glucose cotransporter 2 inhibitors 
are associated with reduced heart failure hospi-
talizations as well as improved New York Heart 
Association functional class, biomarkers, and LV 
function.5,6

	 3.	 SCD accounts for up to 25% of mortality in con-
genital heart disease populations,25,26 and the 
risk for SCD in patients with ACHD is markedly 
increased (25- to 100-fold) compared with that 
in the general population.27 Many observational 
studies have attempted to quantify SCD risk in 
patients with ACHD and provide useful data for 
clinical care. For instance, data derived from the 
CONCOR registry were used to develop a disease-
specific risk calculator that estimates annual SCD 
risk for key forms of ACHD.28 Similarly, risk fac-
tors specific to anatomic ACHD substrates, such 
as Ebstein anomaly,29 postoperative Fontan,30–32 
and systemic right ventricle,33,34 have been pro-
posed and utilized to inform risk assessment, but 
they remain unvalidated. Further, no randomized 
clinical trials establish clinical benefit for primary-
prevention ICD placement in patients with ACHD. 
Instead, data from noncongenital, acquired heart 
disease populations provide the strongest evi-
dence for survival benefit after ICD placement in 
patients with systemic LV morphologies. Multiple 
randomized controlled trials in acquired heart dis-
ease show improved outcomes for patients with 
severe LV systolic dysfunction (LV ejection frac-
tion ≤35%) and evidence of clinical heart failure 
(New York Heart Association functional class 
II–III). Furthermore, no randomized clinical trials 
establish the clinical benefit of primary-preven-
tion ICD placement in patients with ACHD, and 
there is a high rate of inappropriate shocks with 
primary-prevention ICDs in patients with tetralogy 
of Fallot (TOF).35,36

3.6.2. Heart Transplantation and MCS
Recommendations for Heart Transplantation and MCS
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

1 B-NR

1.	 In patients with ACHD and heart failure, evaluation 
by specialists with medical and surgical experience 
in ACHD, as well as by specialists with expertise in 
advanced heart failure, is recommended to assess 
appropriateness for advanced heart failure thera-
pies, such as heart transplantation or MCS.1,2

2a B-NR

2.	 In patients with ACHD who are considered for heart 
transplantation, multiorgan transplantation (heart–
lung,3 heart–kidney,4 or heart–liver5,6) is reasonable 
based on center-specific assessment of the degree 
of respective lung, kidney, or liver dysfunction.

2a B-NR

3.	 In patients with ACHD and advanced heart failure 
that is refractory to optimal medical and device-
based therapy, the use of durable MCS devices is 
reasonable to improve quality of life or as a bridge 
to transplantation.7–10

Synopsis
Despite successful interventions to repair cardiac anatomy, 
many adults with ACHD experience long-term morbidity 
and reduced survival, relative to the general population, with 
heart failure as a leading cause of death.11–16 For many pa-
tients with complex congenital heart disease, sensitization—
from prior transfusions or from existing homografts—adds 
risk and complexity to early postoperative and long-term 
management.17–19 However, patients with ACHD have ben-
efited from increased priority in the new United Network of 
Organ Sharing allocation system to reduce waitlist time and 
mortality.20,21 Despite high early posttransplant mortality,22–25 
patients with ACHD have equal or even superior long-term 
survival,26 particularly when cared for at high-volume cen-
ters2 with ACHD accreditation.1 The thresholds for multi-
organ transplantation (heart–lung, heart–liver, and heart–
kidney) remain center-specific, with a focus on heart–liver 
transplantation in patients with failing Fontan physiology. 
Temporary7,27 and durable7,8,28 MCS are less well studied 
and used in selected patients with appropriate anatomy and 
extracardiac organ function. Temporary MCS includes im-
plantable vascular devices, typically placed for urgent stabi-
lization of cardiogenic shock. Durable MCS devices offer LV 
or biventricular support, are surgically implanted, allow for 
hospital discharge, and may be used as a bridge to trans-
plantation or destination therapy. The “2022 AHA/ACC/
HFSA Guideline for the Management of Heart Failure”29 
provides important recommendations regarding hospitaliza-
tion and postdischarge follow-up that may be applied to the 
ACHD population.

Recommendation-Specific Supportive Text
	 1.	 Many causes of heart failure symptoms in patients 

with ACHD may be reversible, including valve dys-
function, shunts, arrhythmias, venous obstruction, 
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and ventricular dysfunction, which require evaluation 
and treatment in an ACHD program whenever pos-
sible. However, heart failure–related hospital admis-
sions,30–35 as well as the development of systemic 
ventricular dysfunction and protein-losing enteropa-
thy,36 are associated with worse outcomes and would 
be appropriate triggers for evaluation for advanced 
heart failure therapies, including transplantation. 
Nonetheless, patients with ACHD who undergo 
heart transplant evaluation may not be candidates 
because of delays in referral that result in prohibitive 
risk from extracardiac organ dysfunction26,36,37 and, 
even when listed, have high waitlist-period mortal-
ity.38 No clear ACHD-specific markers for advanced 
heart failure exist. Traditional advanced heart failure 
criteria are useful,29 including objective assessments 
of deterioration in functional capacity based on car-
diopulmonary exercise stress testing (CPET).39 
Heart transplantation candidates with ACHD often 
receive care at centers with established medical and 
surgical experience in ACHD and transplantation, to 
confirm that nontransplant medical, interventional, 
and surgical therapies have been exhausted and to 
ensure timely referral for advanced heart failure ther-
apies, including transplantation, when appropriate.

	 2.	 The thresholds for multiorgan transplantation remain 
center-specific. Heart–lung transplantation is an 
option for patients with Eisenmenger syndrome40 
(although incidence is declining over time,3 and lung 
transplant with concurrent repair of the congenital 
heart defect may be an option41). Heart–lung trans-
plantation carries the greatest risk for posttransplant 
mortality but is comparable to that in non-ACHD 
heart–lung transplant recipients.4 Heart–kidney 
transplantation, an option for patients with advanced 
kidney disease, portends no increased posttrans-
plantation risk in patients with ACHD.4 Heart–liver 
transplantation receives the most attention, given 
the prevalence of advanced liver fibrosis in patients 
late after Fontan palliation. Adults with Fontan pal-
liation have high early mortality after heart trans-
plantation,42 especially if markers for failing Fontan 
physiology are present.6 Even after heart–liver trans-
plantation, patients with Fontan palliation have more 
perioperative complications,5,43 although longer-term 
outcomes are comparable with those in non-ACHD 
patients who undergo heart–liver transplantation4 
and with those in patients with ACHD who undergo 
heart transplantation alone44,45 (the latter analyses 
were not restricted to patients with ACHD and 
Fontan palliation). Nonetheless, the threshold for 
heart–liver transplantation remains unclear, as some 
patients experience improvement in hepatic function 
after heart transplantation alone46,47; thus, identifying 
the specific indications for heart–liver transplanta-
tion remains a challenge.

	 3.	 Patients with ACHD who undergo durable MCS 
have longer lengths of hospital stay after implanta-
tion but similar rates of post-MCS adverse effects 
and rehospitalization, as well as similar improve-
ments in quality of life, compared with patients with-
out ACHD who undergo durable MCS.10 Mortality 
risk is greater in patients who require biventricular 
durable MCS.10,48 Among heart transplantation can-
didates, those with ACHD are less likely to undergo 
durable MCS than are patients without ACHD.7,9 
However, in analyses from the United Network of 
Organ Sharing,7,8 the Scientific Registry of Transplant 
Recipients,9,28 and the Interagency Registry for 
Mechanically Assisted Circulatory Support,10,48 
patients with ACHD who undergo durable MCS 
have posttransplant mortality comparable to that of 
ACHD patients without MCS,7,8,28 although data on 
the impact of MCS on waitlist-period mortality are 
mixed.7–9 Temporary MCS appears to be well tol-
erated in selected patients.7,27 Among heart trans-
plantation candidates, temporary MCS is associated 
with a decrease in waitlist time, with no increase in 
waitlist-period or posttransplant mortality in patients 
with ACHD without temporary MCS.7

3.7. Genetic Syndromes Screening
Recommendations for Genetic Syndromes Screening
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

2a B-NR

1.	 For adults with conotruncal defects, screening 
for 22q11.2 deletion syndrome is reasonable to 
assess the risk of transmission to offspring and to 
screen for associated comorbidities.1,2

2a C-EO

2.	 In adults with congenital heart disease and a family 
history of congenital heart disease or clinical features 
associated with a genetic syndrome, referral for genetic 
evaluation is reasonable to guide management.

Synopsis
Although congenital heart disease etiologies are multi-
factorial, genetic and/or environmental causes can be 
identified in 20% to 30% of affected patients.3 The sev-
eral broad classes of genetic variations associated with 
congenital heart disease include chromosomal aneuploi-
dy, large chromosomal deletions or duplications, single-
gene mutation, and copy-number variation.4–10 Some ge-
netic syndromes are associated with increased risk for 
congenital heart disease (Table 9). Clinicians caring for 
adults with congenital heart disease should recognize 
the associated features of common genetic syndromes, 
because the presence of a genetic syndrome may affect 
overall health and postoperative outcomes.

Single-center studies have shown that adults with 
congenital heart disease and heterotaxy have high rates 
of comorbidities, heart transplantation, and early death.11 
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Patients with heterotaxy syndrome (situs abnormalities that 
result from multiple possible genetic defects) have associ-
ated ciliary dysfunction, which predisposes the patient to 
impaired respiratory clearance.12–14 Single-center studies 
have also shown that patients with heterotaxy and cili-
ary dysfunction have increased respiratory complications 
postoperatively and required increased use of inhaled beta 
agonists, which has been shown to improve ciliary func-
tion.13,15 These and other associated features contribute 
to higher rates of postoperative complications in patients 
with congenital heart disease and heterotaxy.11,15

Recommendation-Specific Supportive Text

	 1.	 Conotruncal anomalies are malformations of the 
infundibulum (outflow tract) and great arteries that 
have a high rate of associated genetic diagnoses, 
with 22q11.2 deletion syndrome and trisomy 21 

as the most common associated syndromes.19,20 
Given the associated comorbidities and the autoso-
mal dominant pattern, genetic testing for 22q11.2 
deletion syndrome in adults with conotruncal 
abnormalities can aid in assessing risk for recur-
rence, identifying noncardiac comorbidities, and 
determining preoperative risk.20–22 Approximately 
60% to 80% of people with 22q11.2 deletion syn-
drome have congenital heart disease; 70% of that 
subset have a conotruncal defect.16–18 Studies have 
shown that 22q11.2 deletion syndrome may not be 
phenotypically apparent in adults with congenital 
heart disease.23 Identifying patients can help guide 
management of associated cardiac and noncardiac 
conditions. Given that other genetic diagnoses are 
also associated with conotruncal defects and that 
genetic testing for 22q11.2 deletion syndrome 
may not be readily accessible to all practitioners, 

Table 9.  Genetic Syndromes and Their Associations With Congenital Heart Disease

Syndrome
Genetic  
Abnormality Clinical Features

Percentage 
of Affected 
Patients With 
Congenital 
Heart Disease Common Cardiac Findings

22q11.2 deletion  
syndrome1,2,16–18 (DiGeorge 
syndrome, velocardiofacial 
syndrome)

22q11.2 deletion Facial dysmorphia, palate and speech  
abnormalities, thymic and parathyroid  
hypoplasia, hypocalcemia, immunodeficiency, 
neurodevelopmental and psychiatric disorders

60%-80% Interrupted aortic arch type B, other aor-
tic arch abnormalities, truncus arterio-
sus, tetralogy of Fallot, ventricular septal 
defect/pulmonary atresia

Down syndrome26,27 Trisomy 21 Facial dysmorphia, developmental disability, 
atlantoaxial instability, obstructive sleep  
apnea, craniofacial abnormalities

40%-50% Atrial septal defect, ventricular septal 
defect, atrioventricular septal defect, 
tetralogy of Fallot

Holt–Oram syndrome28,29 TBX5 Upper-limb skeletal abnormalities,  
conduction abnormalities

75% Atrial septal defect, ventricular septal 
defect, valvular disease (mitral valve pro-
lapse, pulmonary stenosis)

Klinefelter syndrome30 47,XXY Tall stature, hypoplastic testes, delayed  
puberty and developmental disability

50% Patent ductus arteriosus, atrial septal 
defect, mitral valve prolapse

Noonan syndrome31,32 PTPN11, KRAS, 
SOS1, RAF1, NRAS, 
BRAF, MAP2K1

Facial anomalies, webbed neck, chest  
deformity, lymphatic abnormalities, bleeding 
abnormalities

80% Pulmonary stenosis, atrial septal defect, 
hypertrophic cardiomyopathy, atrioven-
tricular septal defect

Turner syndrome33–35 45,X Short stature, webbed neck, lymphedema, 
primary amenorrhea

30% Bicuspid aortic valve, coarctation of the 
aorta, aortopathies, partial anomalous 
pulmonary venous connection, athero-
sclerosis risk

Williams syndrome36,37 7q11.23 deletion “Elfin” facial features, social personality, 
hearing loss, developmental delay, infantile 
hypercalcemia

50%-80% Supravalvar aortic stenosis, branch 
pulmonary artery stenosis, supravalvar 
pulmonary stenosis, coronary ostial 
stenosis, QTc prolongation, mid-aortic 
narrowing syndrome

Alagille syndrome38,39 JAG1 Facial dysmorphism, hepatic dysfunction 
(chronic cholestasis, elevated liver enzymes, 
biliary atresia, hypercholesterolemia, or 
liver failure), neurovascular accidents, renal 
anomalies (renal artery stenosis, hyperten-
sion, renal tubular acidosis, uteropelvic ob-
struction, small, hyperechoic kidneys)

70%-75% Two-thirds with peripheral or branch pul-
monary artery stenosis or other arterial 
narrowing (coarctation of the aorta, renal 
artery stenosis, middle cerebral artery, 
Moyamoya); also can have tetralogy of 
Fallot, aortic stenosis, septal defects, 
mid-aortic narrowing syndrome

Heterotaxy syndrome12–14 ZIC3, SHROOM3, 
GRK 5, ANKS3, 
NODAL, CFC1, 
LEFTY2, GDF1, 
SMAD2, ACVR2B

Situs abnormalities, ciliary dysfunction, func-
tional asplenia, conduction abnormalities, 
biliary atresia

50%-95% Atrioventricular septal defect (balanced, 
unbalanced), malposed great vessels, 
interrupted inferior vena cava, bilateral 
superior vena cava, atrial isomerism

Modified with permission from Stout et al.40 Copyright 2018 American Heart Association, Inc. and American College of Cardiology Foundation.
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genetic referral for evaluation and screening is rea-
sonable to consider.24,25

	 2.	 Most adults with congenital heart disease did not 
have access during childhood to currently available 
genetic evaluation and testing. Some individuals 
may decline genetic evaluation because of personal 
preference, but evaluation nevertheless offers adults 
with congenital heart disease several potential ben-
efits, including management guidance, information 
on long-term prognosis, and estimates of recur-
rence risk in offspring and family members.3,19–21 A 
genetics provider can offer important preconcep-
tion counseling that may influence family planning 
as people learn the potential risks and mechanism 
of disease.22 Cardiologists within the United States 
have also reported fewer barriers to referring 
patients for genetics evaluation than to ordering 
appropriate genetic testing.25 Many syndromes are 
also associated with cardiac and noncardiac comor-
bidities that can affect surgical and procedural out-
comes (Table 9). For example, patients with Noonan 
syndrome can have increased bleeding risk related 
to platelet dysfunction.23 Patients with Williams syn-
drome have a higher risk for QTc prolongation with 
anesthesia, thought to be responsible for increased 
risk for sudden death.24,25 Identifying which patients 
with heterotaxy have respiratory ciliary dysfunction 
would, in consultation with pulmonology, facilitate 
use of preoperative protocols to improve respira-
tory clearance and, potentially, postoperative recov-
ery. Referral for genetic counseling and evaluation 
should therefore be considered, especially for 
people with a family history of congenital heart dis-
ease or clinical features associated with a genetic 
syndrome.19–21

3.8. Reproductive Health, Pregnancy, and 
Contraception

Recommendations for Reproductive Health, Pregnancy, and  
Contraception
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

1 B-NR

1.	 In adults with congenital heart disease of child-
bearing age, counseling on contraceptive options is 
recommended to inform pregnancy-related shared 
decision-making.1–4

1 B-NR

2.	 Adults with congenital heart disease interested in 
pregnancy should receive preconception counsel-
ing, in collaboration with an ACHD cardiologist, 
about the maternal cardiac, obstetric, and fetal 
risks associated with pregnancy and the potential 
long-term risks to the pregnant individual.1,5

1 C-LD

3.	 Screening fetal echocardiography is indicated to 
detect congenital heart disease if either parent has 
ACHD to optimize delivery planning and access to 
care.6,7

1 C-LD

4.	 In pregnant patients with ACHD AP classifications 
IB–D, IIA–D, and IIIA–D, an individualized care 
plan, including mode of delivery, need for cardiac 
monitoring, and anesthetic support, should be doc-
umented in the medical record and communicated 
to the patient and care team, to reduce maternal 
risks for morbidity and mortality.8

1 C-LD

5.	 In pregnant patients with ACHD AP classifications 
IB–D, IIA–D, and IIIA–D, management should 
be provided by, or in collaboration with, a cardio-
obstetrics team with expertise in ACHD and mater-
nal-fetal medicine, to improve clinical outcomes.9

1 C-LD

6.	 Patients with ACHD who have high risk for mater-
nal morbidity and mortality should be counseled to 
avoid pregnancy and given guidance on effective 
contraception to improve outcomes.3

1 C-LD

7.	 For pregnant patients with ACHD who have high 
risk for morbidity and mortality, the option of termi-
nating pregnancy should be discussed to reduce 
that risk.10,11

2a C-LD

8.	 In patients with ACHD who are of childbearing 
age, referral to a genetic counselor for preconcep-
tion planning is reasonable to facilitate understand-
ing of the risks for congenital heart disease in their 
offspring.12,13

2a C-EO

9.	 For patients with ACHD who are considering 
assisted reproductive technology, discussions 
involving an ACHD cardiologist can be beneficial 
to increase patients’ knowledge about their options 
and the associated risks.

3: No 
Benefit

C-LD

10.	Routine cesarean delivery has no benefit and may 
cause harm in pregnant patients with ACHD in 
the absence of an obstetric indication or high-risk 
cardiac condition.14

3: Harm B-NR
11.	 In patients with ACHD who are at high risk for 

thromboembolic events, contraceptive agents that 
contain estrogen are potentially harmful.15

Synopsis
Although adults with congenital heart disease are at risk 
for adverse maternal cardiac, obstetric, and fetal com-
plications, many have received either no or inconsistent 
guidance about pregnancy-related risks.2,16 Several con-
genital heart disease conditions (Table 10) are associat-
ed with significantly high risks, meriting condition-specific 
counseling in a shared decision-making process, as well 
as use of relevant risk scores that aid in risk-stratifying 
patients with cardiac disease as they consider pregnan-
cy.1,5 (Consult pertinent guidelines for information about 
peripartum cardiomyopathy, spontaneous coronary ar-
tery dissection, and anticoagulation for mechanical heart 
valves, which are not addressed here.17–19)

The most common cardiac complications of pregnancy 
include arrhythmia and heart failure, and fatal events may 
occur. In a study of 1315 pregnancies in women with heart 
disease, serious adverse maternal cardiac events occurred 
in 3.6%, of which 49% were determined to be preventable 
using a specific adjudication process.20 A multidisciplinary 

Recommendations for Reproductive Health, Pregnancy, and  
Contraception (Continued)

COR LOE Recommendations
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cardio-obstetrics team should care for most patients with 
ACHD during pregnancy, with continued postpartum sur-
veillance.9,21 The long-term hemodynamic effects of preg-
nancy on individuals with ACHD have not been established.

The potential side effects of contraceptive agents 
should be balanced against the risks from pregnancy. 
Family planning counseling should include information on 
available methods of contraception and on the potential 
for occurrence of congenital heart disease in offspring. 
No randomized controlled trials have studied the safety 
of select contraceptive methods in patients with ACHD.

Recommendation-Specific Supportive Text
	 1.	 Pregnancy is associated with risks to both mother 

and fetus. Patients with congenital heart disease 
should be counseled about potential risks accord-
ing to the individual’s anatomy and physiology. The 
patient-specific benefits and risks of each con-
traceptive method should be discussed, including 
anticipated failure rates and potential side effects 
of each agent.4,22–24

	 2.	 Family planning counseling should be based on 
the underlying anatomy, physiology, and functional 
class of each patient with ACHD of childbearing 
age. Risk scores, such as the modified World Health 
Organization classification system and the CARPREG 
2 score, may be used to estimate maternal cardiac 
risk.1,5,25 Counseling should include potential cardiac 
and obstetric risks in the antenatal, labor and delivery, 
and postpartum periods; potential long-term risks26; 

and, crucially, medication adjustments to avoid terato-
genic agents.27 Discussions with an ACHD cardiolo-
gist should include potential risks for congenital heart 
disease in the patient’s offspring.28

	 3.	 Biological offspring of parents with congenital heart 
disease have an increased risk for congenital heart 
disease. Fetal echocardiography, performed in the 
second trimester when possible, is helpful in diag-
nosing fetal congenital heart defects, which can aid in 
choosing a course of action at the time of delivery.29

	 4.	 The care plan should include specific potential 
complications according to each patient’s anatomy, 
physiology, and functional class. Documentation 
should lucidly inform all providers of potential man-
agement strategies if adverse maternal or fetal 
events occur, the expected plan for labor and deliv-
ery, and the need for maternal cardiac monitoring.30

	 5.	 Many patients with ACHD tolerate the hemodynamic 
changes of pregnancy without major adverse events; 
however, the large shifts in volume, cardiac output, and 
systemic vascular resistance may result in hemody-
namic decompensation. Management should involve 
a dedicated team of clinicians with expertise in ACHD, 
maternal-fetal medicine, and anesthesiology to antici-
pate and mitigate potential cardiac and obstetric 
adverse outcomes.9 Specific patients may need addi-
tional team members, such as cardiac interventional-
ists, cardiac surgeons, neonatologists, and others.31

	 6.	 Patients with ACHD and specific conditions—includ-
ing, but not limited to, PAH; Eisenmenger syndrome; 
severe ventricular dysfunction; symptomatic, severe 
left-sided obstructive lesions; and physiological class 
D conditions—are at high risk for maternal morbidity 
and mortality (Table 10). Those patients should be 
counseled about avoiding pregnancy with reliable 
contraceptive or sterilization methods.

	 7.	 Maternal mortality rates have risen during the past 
several decades. In pregnant patients with high-risk 
congenital heart disease lesions, the risks for seri-
ous, sometimes fatal, maternal cardiac events may 
be high. Therefore, shared decision-making discus-
sions about those risks should include the option 
to terminate pregnancy, in addition to information 
about the procedural risks of pregnancy termination, 
accompanied by appropriate psychosocial support 
during the decision-making process and thereafter.32

	 8.	 Preconception counseling about the risk for con-
genital heart disease in offspring should inform 
shared decision-making about pregnancy plan-
ning and other reproductive health options.33 Such 
counseling includes referral to genetic counselors, 
with potential for genetic testing and preimplanta-
tion genetic testing, as appropriate.34

	 9.	 For patients with ACHD who are unable to conceive 
within 1 year of unprotected intercourse and in those 
with multiple miscarriages, it is reasonable to offer 

Table 10.  Congenital Heart Conditions Considered Signifi-
cantly High Risk for Maternal Complications in Pregnancy*

Congenital Heart Lesions

Severe, symptomatic, left-sided obstructive lesions (mitral stenosis,  
subaortic and aortic stenosis)

Severe native coarctation or recoarctation

Cyanotic congenital heart disease or Eisenmenger syndrome

Fontan physiology

Systemic right ventricle with at least moderately depressed ventricular function

Other Factors/Conditions

Advanced New York Heart Association functional class (III or IV)

Prior adverse cardiac event during pregnancy

Pulmonary arterial hypertension

Significantly decreased systemic ventricular dysfunction (ejection fraction 
<30%)

Aortopathy (diameter >5 cm or associated with connective tissue disorders)

Mechanical heart valves

Refractory ventricular arrhythmias

Adapted from Regitz-Zagrosek et al.39 by permission of Oxford University 
Press. Copyright 2018 The European Society of Cardiology and The European 
Society of Hypertension.

*Information adapted from the modified World Health Organization classifica-
tion system.

D
ow

nloaded from
 http://ahajournals.org by on M

arch 17, 2026



CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

February 24, 2026� Circulation. 2026;153:e115–e251. DOI: 10.1161/CIR.0000000000001402e146

Gurvitz et al 2026 ACHD Guideline

referral to a specialist with expertise in causes of infer-
tility and potential assisted reproductive therapy, includ-
ing ovulation induction, intrauterine insemination, and in 
vitro fertilization.35 Similarly, assisted reproductive tech-
nologies may be an option for patients in whom preg-
nancy is high-risk, and consultation with a reproductive 
endocrinologist can be considered. Single-embryo 
transfer may be preferable given the increased physi-
ological demands of multiple gestation.36

	10.	 In pregnant patients with ACHD, the mode of deliv-
ery should be determined by obstetric indications (eg, 
fetal distress or presentation in labor while fully anti-
coagulated), except in specific patients such as high-
risk cardiac conditions (eg, high-risk aortopathies) 
as determined by a multidisciplinary team. Cesarean 
delivery is associated with longer hospitalizations, and 
with increased risk for bleeding and infectious compli-
cations, and does not improve maternal cardiac out-
comes, compared with planned vaginal delivery.14,37 
Given that labor beyond 24 hours is associated with 
adverse cardiac outcomes in patients with ACHD, an 
assisted delivery should be considered at that time.38

	11.	 Estrogen-containing contraceptive agents should 
be avoided in patients with ACHD who are at 
increased risk for thrombotic events, including those 
with cyanosis, mechanical heart valves, PAH, Fontan 
physiology, or prior thrombotic events. Data are 
insufficient on the safety of estrogen use in patients 
with ACHD who have elevated risk for thrombosis 
and are receiving anticoagulation therapy.15,23

3.9. Ionizing Radiation Exposure
Recommendation for Ionizing Radiation Exposure
Referenced studies that support recommendation are summarized in 
the Evidence Table.

COR LOE Recommendation

1 B-NR

1.	 In adults with congenital heart disease, processes 
to limit radiation exposure during imaging and 
cardiovascular procedures are recommended to 
reduce the lifetime risk for cancer.1,2

Synopsis
Low-dose ionizing radiation is a known carcinogen. 
Throughout their lifetimes, adults with congenital heart 
disease may have numerous exposures to low-dose ion-
izing radiation from cardiac testing, including cardiac 
catheterizations, invasive electrophysiology procedures, 
CT scans, nuclear perfusion scans, and chest x-rays. Re-
ducing those exposures is warranted to mitigate the risk 
for malignancy. Whenever clinically appropriate, studies 
should be chosen that do not involve ionizing radiation.

Recommendation-Specific Supportive Text
	 1.	 Greater exposure to low-dose ionizing radiation from 

cardiac procedures has been associated with elevated 

cancer risk, with a possible dose-related response.1,3 
Select cohorts of adults with congenital heart disease 
have greater exposure and, consequently, higher esti-
mated cancer risk.4 Radiation exposure should be as 
low as reasonably achievable without sacrificing qual-
ity of care. Many centers have developed initiatives to 
reduce radiation exposure, including selection of tests 
that use minimal to no radiation, use of updated imag-
ing technologies and fluoroscopy protocols during 
catheterization procedures and CT studies, education 
for health care professionals about radiation-dose 
reduction, and dose optimization that is tailored to 
specific clinical indications.5,6

3.10. Exercise Testing and Sports
3.10.1. Exercise Testing

Recommendations for Exercise Testing
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

2a B-NR

1.	 In patients with ACHD, CPET can be useful for 
establishing a baseline functional assessment, 
guiding clinical care, stratifying risk for major 
adverse cardiovascular events, and ongoing 
surveillance.1–4

2a B-NR

2.	 In patients with ACHD and established PAH, or 
in those unable to perform CPET yielding reliable 
diagnostic information, a 6-minute walk test can 
be useful to objectively assess symptom severity, 
functional capacity, and response to therapy.5,6

Synopsis
Reduced exercise capacity and functional impairment 
are common in patients with ACHD and have been as-
sociated with hospitalizations and increased mortality.7,8 
Unlike patients with acquired heart disease, those with 
ACHD experience lifelong adaptation to a chronic disor-
der. As such, they often underreport functional limitations 
and overestimate their physical capabilities.8,9 A decline in 
physical capacity can occur progressively over the course 
of several years, with imperceptible changes in symptom 
status.10–12 Although New York Heart Association func-
tional class and objective measures of functional capacity 
have a strong inverse relationship in patients with ACHD, 
measured exercise capacity varies widely within each New 
York Heart Association functional class stratum.13 A more 
objective, reliable tool than symptom assessment alone is 
needed for accurately evaluating and regularly monitoring 
functional capacity in patients with ACHD.14,15

Recommendation-Specific Supportive Text
	 1.	 CPET, an objective means of quantifying functional 

capacity, is reproducible and amenable to serial test-
ing.16 In patients with ACHD who do not have con-
traindications to CPET (eg, acute illness or other 
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medical condition deemed by the clinician to render 
the test unsafe to perform), the test can provide a 
wealth of information on cardiovascular, respiratory, 
and muscular systems.3,10,13,17–22 Several studies sug-
gest that CPET carries prognostic value for various 
ACHD conditions, including postoperative outcomes, 
mortality, heart failure hospitalizations, and other 
major adverse cardiovascular events.1,2,4,11,23–26 The 
findings underscore the value of CPET as a com-
prehensive tool for both initial assessment and lon-
gitudinal follow-up in patients with ACHD, facilitating 
preventive and therapeutic decision-making. The 
data also inform individualized recommendations 
regarding exercise, sports participation, and preg-
nancy risk. Exercise testing can be used to guide 
the timing of hemodynamic or surgical interventions 
and reinterventions.14,15,27 Given its established prog-
nostic significance and clinical utility, serial exercise 
testing should be systematically integrated into long-
term follow-up protocols for patients with ACHD.

	 2.	 Among patients with ACHD and severe functional 
impairment unable to perform a CPET yielding reli-
able diagnostic information, a 6-minute walk test 
provides a reasonable, albeit more limited, assess-
ment of functional capacity. A 6-minute walk test is 
also an informative tool to assess symptom severity, 
evaluate functional capacity, and monitor response 
to therapy in patients with ACHD and PAH.28,29 
Incorporating an intensity rating of breathless-
ness (eg, from the Borg scale30) can semiquanti-
tatively characterize symptom severity. A 6-minute 
walk test offers important prognostic information 
beyond that of a standard history alone.5,6,31

3.10.2. Physical Activity, Exercise, and Sports 
Participation

Recommendations for Physical Activity, Exercise, and Sports Participation
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

1 B-R

1.	 Patients with ACHD should have their activity lev-
els assessed at regular intervals to receive coun-
seling about the types and intensity of exercise 
appropriate to their clinical status.1–4

2a B-R
2.	 In patients with ACHD, exercise training and car-

diac rehabilitation can be useful to increase exer-
cise capacity.3,5

2a C-LD
3.	 In patients with ACHD, CPET can be useful to 

guide physical activity recommendations.4,6–8

2a C-EO

4.	 In patients with ACHD, participation in competitive 
sports is reasonable following a comprehensive 
evaluation by an ACHD specialist that incorporates 
functional status and individualized assessment of 
risks and benefits.

Synopsis
Guidelines for physical activity in patients with ACHD 
have shifted away from a historical focus on restriction to 

emphasizing the promotion of activity and sports partici-
pation, given the multitude of increasingly documented 
health benefits, including improved functional capacity, 
vascular and autonomic function, and patient-reported 
outcomes.5,8,9 Most patients with ACHD can safely en-
gage in regular, moderate physical activity and should 
be encouraged to engage in recreational exercise or 
appropriate physical activity. Nevertheless, a few condi-
tions—such as systemic ventricular systolic dysfunction, 
systemic ventricular outflow tract obstruction, hemody-
namically significant arrhythmias, or aortic dilation—war-
rant more cautious recommendations.10–12

Recommendation-Specific Supportive Text
	 1.	 Physical activity is widely recognized as beneficial to 

physical and mental health. Studies addressing the 
benefits and safety of exercise programs in patients 
with ACHD have included heterogeneous popula-
tions and more-specific subgroups, such as those 
with TOF, a systemic right ventricle, Fontan pallia-
tion, and unrepaired cyanotic heart disease.1–9,13–21 
The type and intensity of exercise appropriate to the 
clinical status of a patient with ACHD could range 
from mild (<3 metabolic equivalents; 40%–50% 
of the predicted maximum heart rate achieved) or 
moderate (3–6 metabolic equivalents; 50%–70% 
of the predicted maximum heart rate achieved) rec-
reational exercises for leisure, to competitive sports 
that involve systematic training.22

	 2.	 In patients with ACHD, regular exercise and cardiac 
rehabilitation (prescribed after a cardiac procedure, 
for chronic heart failure, or for reduced exercise tol-
erance) have been consistently shown to improve 
exercise capacity, with some studies documenting 
benefits on other parameters such as heart failure 
symptoms, vascular function, NT-proBNP and fibrin-
ogen levels, cardiac autonomic function, quality of life, 
and self-reported health status.4–9,14–16,18 However, 
adherence to rehabilitation programs may be prob-
lematic, thereby attenuating long-term benefits.2,4,23

	 3.	 Most clinical trials that have documented beneficial 
effects of exercise in patients with ACHD have cus-
tomized training programs tailored to parameters 
derived from CPET (eg, work rate, exercise time at 
constant work rate, and peak oxygen uptake).4,6–9,15 
Not all ACHD centers may have the resources to 
conduct CPET, the preferred evaluation method. 
When CPET is not feasible, other exercise tests 
that use established treadmill or bicycle ergometer 
protocols are considered acceptable alternatives 
for assessing exercise capacity, although they may 
not provide all of the insights that CPET offers.

	 4.	 Recommendations for competitive sports par-
ticipation in patients with ACHD remain consen-
sus-based, given the paucity of scientific data. A 
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comprehensive, tailored evaluation is recommended 
for patients contemplating competitive sports, 
which may include formal exercise testing, rhythm 
monitoring, and imaging studies.22 Guidelines that 
comprehensively address this issue emphasize 
the importance of customizing the assessment to 
each patient’s distinct condition, engaging in shared 
decision-making, employing a multidisciplinary care 
strategy, and regular monitoring.22,24 The objective is 
to allow for participation in competitive sports within 
reasonable boundaries of safety.

4. SPECIFIC CONDITIONS
4.1. Shunt Lesions
Congenital shunt lesions allow communication between 
the systemic and pulmonary circulation. Isolated shunt 
lesions discussed in this guideline include ASD, VSD, 
atrioventricular septal defect (AVSD), patent ductus arte-
riosus (PDA), and anomalous pulmonary venous return. 
Most of those lesions permit left-to-right flow and cause 
volume loading of the downstream cardiac chambers and 
vascular beds.

Shunt magnitude depends on the size of the defect, its 
location, and the cardiac physiology. A left-to-right shunt 
is considered hemodynamically significant when the pul-
monary-to-systemic blood flow ratio (Qp:Qs) is ≥1.5, with 
associated chamber enlargement. Right-to-left shunts are 

less common and are characterized by resting cyanosis. 
Right-to-left shunts can be caused by shunt reversal from 
severe pulmonary vascular disease (see Section 4.4.6, 
“Eisenmenger Syndrome”), obligatory mixing in patients 
with complex congenital heart disease, or local stream-
ing phenomena. Exercise-induced hypoxemia in the pres-
ence of an isolated shunt suggests bidirectional flow.

PAH and Shunt Closure
This section and Table 11 refer to the care of ACHD 

patients with shunt lesions and PAH and not to other 
forms of ACHD with PAH. PAH is defined by a mean 
pulmonary artery (PA) pressure >20 mm Hg at rest, PVR 
>2 Wood units, and pulmonary arterial wedge pressure 
≤15 mm Hg.1 Patients with congenital shunt lesions and 
PAH are categorized into 4 subtypes, as shown in Table 
11, and pulmonary hypertension specialist care is asso-
ciated with improved morbidity and mortality for patients 
with PAH.2 Medical therapy1 for patients with congenital 
shunt lesions and PAH may be initiated as monotherapy 
or combination therapy. Table 11 summarizes general 
information on patient characteristics and the currently 
available evidence regarding strategies for risk assess-
ment and PAH therapies studied in each subtype.

Whether to close a left-to-right shunt in patients with 
PAH depends on several considerations that include 
shunt magnitude and a continuum of pulmonary vascu-
lar disease severity, with or without shunt reversal. When 
severe, irreversible pulmonary vascular disease with a 
right-to-left shunt has developed, perioperative risk is 

Table 11.  Isolated Shunt Lesions and Pulmonary Arterial Hypertension

PAH–ACHD Subtype

Patient Characteristics

Evidence for Use of Risk Assessment Factors/
Tools

Evidence for Use of  
PAH-Specific Therapy

Resting hypoxemia/
cyanosis

Typical  
defect size

A. Eisenmenger syndrome Usually Large Patient age, pretricuspid shunt, resting oxygen satura-
tion, loss of sinus rhythm, pericardial effusion,7 BNP,8 C-
reactive protein,9 6MWD,7,10 echocardiography,11 renal 
dysfunction, or other clinical stratification tools.*12–14

Endothelin-receptor antago-
nists,15–17 phosphodiester-
ase-5 inhibitors,18prostacylin 
analogs19–23†

B. �Prevalent systemic to  
pulmonary shunts (left-to-
right shunts with elevated 
PVR, yet not meeting 
criteria for Eisenmenger 
syndrome)

No Moderate to 
large

Review using the 3-strata risk-prediction model for 
newly diagnosed patients, the 4-strata risk-prediction 
model for patients with established PAH,1 and/or any 
of the Eisenmenger syndrome tools.‡1–7

No direct studies on this 
isolated cohort; treatment has 
typically followed recommen-
dations for idiopathic PAH1

C. �Coincidental defects with 
elevated PVR

Rare Small Review using the 3-strata risk-prediction model for 
newly diagnosed patients, the 4-strata risk-prediction 
model for patients with established PAH,1 and/or any 
of the Eisenmenger syndrome tools.‡1–7

No direct studies on this 
isolated cohort; treatment has 
typically followed recommen-
dations for idiopathic PAH1

D. �Postcorrection defects with 
elevated PVR

Rare (with small resid-
ual shunts and severe 
pulmonary vascular 
disease)

Corrected Review using the 3-strata risk-prediction model for 
newly diagnosed patients, the 4-strata risk-prediction 
model for patients with established PAH,1 and/or any 
of the Eisenmenger syndrome tools.‡1–7

Phosphodiesterase-5 inhibi-
tors,24 endothelin receptor an-
tagonists,25–27 oral prostacy-
clin receptor analog,28 activin 
signaling inhibitors§29

*No validated score available.
†See Section 4.4.6 for details on the order of PAH-directed drug initiation.
‡For patients in groups B, C, and D, the 3- and 4-strata models have been applied, and evidence for use has included enrollment of patients in this category; however, 

validation for this specific population in isolation from other forms of PAH has not been directly studied.
§Trials that included patients with PAH after congenital defect correction.
6MWD indicates 6-minute walk distance; ACHD, adult congenital heart disease; BNP, B-type natriuretic peptide; N/A, not applicable; PAH, pulmonary arterial hyper-

tension; and PVR, pulmonary vascular resistance.
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high; closure leads to catastrophic physiology, so it is 
contraindicated.

Defect closure may be considered in patients with 
less than systemic PVR, when PAH therapy leads to a 
sufficient reduction in that resistance (the “treat-and-
repair” approach). Partial defect closure (“fenestrated 
closure”) may also be considered in such cases. Data on 
treat-and-repair are most robust in pretricuspid shunts, 
for which a drop in PVR to <5 Wood units after PAH 
therapy appears to be favorable.3–6 The treat-and-repair 
approach requires both expert ACHD and pulmonary 
hypertension care, including postclosure hemodynamic 
assessment and, typically, long-term PAH therapies. Fur-
ther discussion and recommendations regarding man-
agement are discussed in the individual lesion sections.

4.1.1. Atrial Septal Defect
Recommendations for Atrial Septal Defect
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

1 B-NR

1.	 In adults with an unrepaired ASD, CMR imaging, 
transesophageal echocardiography, or cardiac CT 
is recommended to define defect size, morphology, 
rim anatomy, and pulmonary venous connections.1–3

1 B-NR

2.	 Adults with an unrepaired ASD and PAH should 
undergo risk assessment and management in con-
sultation with pulmonary hypertension specialists 
to improve outcomes.4

1 C-EO
3.	 Adults with an unrepaired ASD should be assessed 

for the presence of PAH to guide medical therapy 
and determine suitability for repair.

2b C-LD
4.	 In adults with an unrepaired ASD, balloon test 

occlusion before closure may be reasonable to 
assess hemodynamic changes.5,6

Therapeutic

1 B-R

5.	 In adults with an unrepaired ASD, significant left-
to-right shunt (Qp:Qs ≥1.5) and right ventricular 
(RV) dilation, in the absence of PAH (PVR ≤2 
Wood units) or significant LV disease,* ASD closure 
is recommended to improve functional class and 
clinical outcomes.7–9

1 B-NR

6.	 In adults with an isolated unrepaired secundum 
ASD, transcatheter closure is usually preferred to 
surgical repair to reduce length of stay and recov-
ery time.10

1 C-EO

7.	 In adults with an unrepaired ASD and evidence 
of (or strong suspicion for) paradoxical embolism, 
ASD closure is recommended to prevent recurrent 
embolism.

2a B-R

8.	 In adults with an unrepaired ASD, significant left-
to-right shunt (Qp:Qs ≥1.5) and RV dilation, with a 
PVR >2 to <5 Wood units, and without significant 
LV disease,* ASD closure is reasonable to improve 
functional status.11–14

2a B-NR

9.	 In adults with an unrepaired ASD, significant left-
to-right shunt (Qp:Qs ≥1.5), RV dilation, PAH (PVR 
5 to 8 Wood units), and without significant LV 
disease, closure can be beneficial if PVR <5 Wood 
units can be achieved with targeted PAH therapy, 
to improve medium-term functional status.11–13

2b B-NR

10.	 In adults with an unrepaired ASD and PAH for 
whom closure is indicated, fenestrated repair can 
be considered to improve functional class and clini-
cal outcomes.14,15

2b B-NR

11.	 In adults with unrepaired superior sinus venosus 
atrial septal defect (SVASD), transcatheter closure 
(when technically feasible) may be a reason-
able alternative to surgery to reduce operative 
morbidity.16–19

2b B-NR

12.	 In adults with an unrepaired ASD, significant left-
to-right shunt (Qp:Qs ≥1.5), and PAH with PVR of 
5 to 8 Wood units while receiving targeted PAH 
therapy, the usefulness of fenestrated ASD closure 
to improve functional class and clinical outcomes is 
uncertain.11,13–15

3: Harm C-LD
13.	 In adults with an unrepaired ASD and Eisenmenger 

physiology, ASD closure should not be performed 
to avoid increasing morbidity and mortality.20,21

*Significant LV disease: any condition resulting in chronically elevated left atrial 
pressure ≥15 mm Hg.

Synopsis
The physiology of an ASD is affected by the presence 
of ≥1 concomitant defects. Given that accompanying le-
sions can lead to unique physiological heterogeneity, this 
section focuses on isolated ASDs.

The commonly known subtypes of isolated ASDs are 
based on location: secundum (80% of cases); primum 
(15%), also known as partial AVSD (see Section 4.1.3, 
“Atrioventricular Septal Defect”); sinus venosus, either 
superior (5%) or inferior (<1%); and unroofed coronary 
sinus (1%). The most commonly associated lesion is par-
tial anomalous pulmonary venous return. Left-to-right 
shunting may result in enlargement of the right heart 
chambers and RV dysfunction. A minority of affected 
patients may develop PAH, right-to-left shunting, and/or 
paradoxical embolism. Atrial arrhythmia is observed with 
increased frequency in patients with an ASD closed later 
in life. The mainstay of therapy for patients with clini-
cal or hemodynamic consequences of the ASD remains 
percutaneous or surgical closure, in some cases with a 
fenestration or flap, to decompress (either right- or left-
sided) high pressure. See Table 12 for suggested routine 
testing and follow-up intervals for patients with ASD.

Recommendation-Specific Supportive Text
	 1.	 Transthoracic echocardiography has limited ability 

to anatomically define all pulmonary venous con-
nections, or the atrial septum in totality, in adults. 
Transesophageal echocardiography has been shown 
to optimally visualize the atrial septum in its entirety, as 
well as some anomalous pulmonary venous connec-
tions (APVCs), in particular those involved with sinus 
venosus defects. However, for more remote APVCs, 
cross-sectional imaging is critical.1–3 Either CMR 

Recommendations for Atrial Septal Defect (Continued)

COR LOE Recommendations
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imaging or cardiac CT may be used, but CMR avoids 
radiation and offers the additional benefit of quan-
tifying the degree of shunting. Although advanced 
imaging is useful in the initial diagnosis and assess-
ment of ASDs, there is no evidence-based recom-
mendation for repeat imaging at specific follow-up 
intervals. However, some patients may occasionally 
require follow-up advanced imaging for specific rea-
sons (eg, when device erosion is suspected).

	 2.	 Adults with an ASD confirmed to have precapil-
lary PAH (mean PA pressure >20 mm Hg, PVR >2 
Wood units, pulmonary capillary wedge pressure 
≤15 mm Hg) are classified as having group 1 PAH, 
which should be managed according to current PAH 
guidelines.22,23 Management includes appropriate 
risk assessment and stratification, according to the 
3-strata model, and consideration of PAH-directed 
therapy based on individual data and clinical presen-
tation. Patients with PAH who are followed in pulmo-
nary hypertension specialty care centers have been 
shown to have fewer hospitalizations and lower 
mortality; therefore, if PAH management does not 
fall within the ACHD team’s expertise, collaborative 
pulmonary hypertension specialty care should be 
sought, according to designations by the Pulmonary 
Hypertension Association.4

	 3.	 In adults with an ASD, if PAH develops, it may mani-
fest clinically with, for example, evidence of func-
tional decline, right heart dysfunction, elevation of 
biomarkers (eg, B-type natriuretic peptide [BNP]/
NT-proBNP), and/or imaging evidence of elevated 
right heart pressure. However, some adults with 
ASD and PAH may have no signs or symptoms of 
PAH at rest, despite the presence of occult disease. 
Therefore, all adults with an unrepaired ASD must 
be evaluated for the presence of PAH, as some may 
exhibit findings only with specific interrogation, such 

as desaturation with exercise (see Table 13). All 
patients should undergo a detailed history and physi-
cal examination, exercise testing, electrocardiogram, 
and transthoracic echocardiography to rule out PAH. 
Patients with suspected PAH may also require lung 
imaging, biomarker analysis, and invasive hemody-
namic testing. For proven PAH, PAH-directed medi-
cal therapy is indicated, and in cases with significantly 
elevated PVR (≥5 Wood units), regression of PVR to 
<5 Wood units may make ASD closure safe to con-
sider.22 Notably, if a treat-to-close strategy is selected, 
long-term PAH medical therapy may still be required, 
necessitating ongoing surveillance and management.

	 4.	 In adults with suspected significant LV diastolic 
dysfunction, ASD closure may be contraindicated 
because it removes the necessary egress for high 
left atrial pressure. However, fenestrated patch 
closure may be considered. To identify patients at 
highest risk from ASD closure, balloon test occlu-
sion has been considered, but retrospective analy-
sis has shown that balloon test occlusion does 
not offer additional risk-stratification information 
compared with a resting LV end-diastolic pressure 

Table 12.  Atrial Septal Defect: Routine Follow-Up and  
Testing Intervals

Type of  
Follow-Up  
or Testing

Physiological 
Stage  
A* (mo)

Physiological 
Stage  
B* (mo)

Physiological 
Stage  
C* (mo)

Physiological 
Stage  
D* (mo)

Outpatient 
ACHD  
cardiologist

36–60 12–24 6–12 3–6

Electrocard- 
iogram

36–60 12–24 12 12

Transthoracic 
echocardiogram

36–60 12–24 12 12

For recommendations about CMR imaging intervals, see Section 4.1.1 sup-
portive text for recommendation #1.

Modified with permission from Stout et al.30 Copyright 2018 American Heart 
Association, Inc. and American College of Cardiology Foundation.

*See Section 2.2 for details on the ACHD anatomic and physiological clas-
sification system.

ACHD indicates adult congenital heart disease; and CMR, cardiovascular 
magnetic resonance.

Table 13.  Assessment for Pulmonary Arterial Hypertension 
in Adults With Congenital Heart Disease

Assessment Type Findings

Clinical history, 
examination

	Functional capacity

	Symptoms:
	Reduced functional: dyspnea, fatigue

	Right heart failure: congestion, abdominal  
distention, early satiety

	History of near-syncope

	Desaturation at rest

	Cyanosis

	Clubbing

	Accentuated S2 heart sound

	Jugular venous distention, distended abdomen, 
peripheral edema

Exercise capacity 	Reduced 6-minute walk distance

	Possibly rest and nadir oxygen saturation

	Abnormal lung function, at rest and during exercise

Imaging 	Electrocardiogram: right ventricular enlargement

	Transthoracic echocardiography: RVE, flattened IVS, 
RAE, peak TR jet >2.9 m/s, RVOT acceleration time 
<105 ms, TAPSE <18 mm

Biomarkers 	Elevated BNP or NT-proBNP

Hemodynamics 	mPAP >20 mm Hg and

	PVR >2 Wood units and

	PCWP ≤15 mm Hg

BNP indicates B-type natriuretic peptide; CT, computed tomography; IVS, in-
terventricular septum; JVD, jugular venous distention; mPAP, mean pulmonary ar-
tery pressure; NT-proBNP, N-terminal prohormone of B-type natriuretic peptide; 
PAH, pulmonary arterial hypertension; PCWP, pulmonary capillary wedge pres-
sure; PVR, pulmonary vascular resistance; RAE, right atrial enlargement; RVE, 
right ventricular enlargement; RVOT, right ventricular outflow tract; TAPSE, tricus-
pid annular plane systolic excursion; and TR, tricuspid regurgitation.
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cutoff of <15 mm Hg.6 In a more recent analysis, 
balloon test occlusion consistently overestimated 
pulmonary capillary wedge pressure, compared 
with hemodynamic changes after ASD closure, 
making balloon test occlusion testing likely to be 
ineffective in identifying patients with LV dysfunc-
tion at highest risk from ASD closure.5

	 5.	 The long-standing presence of an unrepaired mod-
erate to large ASD may result in right heart over-
circulation, characterized by right-sided chamber 
enlargement and a Qp:Qs ≥1.5. Regardless of symp-
toms, closure has been shown to improve functional 
capacity7–9 and reduce morbidity and mortality, par-
ticularly in patients aged ≥40 years.7,8 However, to 
ensure the safety of ASD closure, PAH and signifi-
cant LV dysfunction should be ruled out, as described 
in the previous text. In patients with significantly 
elevated left atrial pressure, the ASD provides an 
egress to alleviate that pressure, and closure with-
out fenestration may worsen symptoms and reduce 
functional capacity. In patients with atrial arrhythmias, 
an electrophysiology study prior to ASD closure is 
often performed. In patients with moderate or more 
tricuspid regurgitation, valve repair may need to be 
considered, although the criteria to identify which 
patients benefit from tricuspid valve intervention at 
the time of ASD repair require further study.24

	 6.	 Transcatheter options for several types of congeni-
tal heart disease offer shorter hospital stays and, 
in many cases, reduced morbidity and mortality. 
For ASD, transcatheter closure has been available 
most commonly for secundum defects that have 
adequate rims for device placement and, traditionally, 
in absence of partial anomalous pulmonary venous 
return. In a comparison of clinical outcomes with 
surgical versus transcatheter closure of secundum 
ASD, transcatheter closure conferred lower all-cause 
mortality, fewer total complications (major and minor), 
and shorter hospital stays.10 Although patients in the 
transcatheter group more often had a residual shunt, 
the need for reintervention was similar to that in the 
surgical group.10 It is important to consider each 
patient’s characteristics. Although transcatheter clo-
sure is recommended, morbidity and mortality rates 
for both percutaneous and surgical closure are quite 
low, and a surgical approach may be preferable in 
some patients because of anatomic considerations 
or comorbid disease (ie, requirement for other con-
comitant cardiac surgical procedures).

	 7.	 In a small number of adults with an ASD, paradoxi-
cal embolism may occur, often due to concomitant 
systemic disease that predisposes the patient to 
veno-thromboembolic events such as clotting dis-
orders, malignancy, kidney disease, and connective 
tissue disease. It is reasonable to use, for example, 
the Risk of Paradoxical Embolism score to identify 

patients with a thrombophilia who may benefit more 
from ASD closure than medical therapy alone.25 In 
adults with known or suspected paradoxical embo-
lism (particularly with evidence of concomitant 
thrombophilia25), ASD closure is indicated to prevent 
recurrence, regardless of defect size, chamber size, 
or Qp:Qs, in the absence of significant PAH or LV 
disease.

	 8.	 Although every adult with an ASD should be 
assessed for concomitant PAH, those with less than 
severe PVR elevation may still be considered for 
ASD closure, with or without targeted PAH therapy, 
if criteria for optimal hemodynamics are met, in con-
sultation with expert teams. PAH is considered pres-
ent when PVR is >2 Wood units; however, patients 
with PVR of 2 to 5 Wood units have safely under-
gone and benefited from ASD closure.11–13,26

	 9.	 Patients with PAH and PVR of 5 to 8 Wood units 
(and even up to 10 Wood units) on targeted PAH 
therapy have also been shown to undergo ASD 
closure safely and to benefit from it.11–13,26 In the 
largest meta-analysis of adults with ASD and at 
least moderate PAH, most of the included studies 
classified severe PAH as having a baseline PVR ≥5 
Wood units. Although the majority of the studies 
adopted a “treat-and-repair” approach, 4 studies 
reported on patients who went “straight to repair.”12 
Regardless of treatment status, improvements in 
mean PA pressure, PVR, 6-minute walk distance, 
and functional class were demonstrated, albeit to 
a greater extent in the treat-and-repair groups. 
Although mortality was low overall, average fol-
low-up was short to medium term (about 3 years). 
Notably, reports on patients who have undergone a 
treat-and-repair strategy typically refer to follow-up 
intervals of 2 to 5 years, and long-term monitor-
ing and benefit remain under study. Shunt closure 
with elevated PVR does not obviate the need for 
continued administration of direct PAH therapy and 
chronic specialized PAH management, which are 
recommended in this cohort.

	10.	 In adults with ASD and PAH, agreement about the 
expected reversibility of PAH remains controver-
sial, and many clinicians worry about the safety of 
ASD closure, as it removes the outlet for elevated 
right heart pressure, which is concerning if PAH 
progresses. To alleviate the risk of removing the 
egress in cases of further escalating PA pres-
sures, fenestrated closure has been commonly 
used. In a prospective study of adults with ASD 
and severe PAH (median PVR, 8.6 Wood units) 
who received 3 months of up-front dual PAH 
therapy, followed by fenestrated transcatheter 
closure, hemodynamics (mean pulmonary artery 
pressure, PVR) and exercise capacity improved, 
and RV dimensions regressed.14 Almost half of 
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this cohort showed normalization of PA pressures 
at 1-year follow-up. No fenestrated transcatheter 
devices are currently available for percutaneous 
fenestrated ASD closure in the United States; 
however, a similar study utilizing dual up-front 
PAH therapy showed benefit with fenestrated 

surgical repair.27 For adults with ASD and PAH 
in whom hemodynamics are optimized (PVR <5 
Wood units), fenestrated closure provides an out-
let when there is concern for further escalation of 
PA pressures, while providing hemodynamic and 
functional benefits (Figure 2).

Figure 2. Closure Considerations for Secundum Atrial Septal Defect.
All ASD closure recommendations assume the patient has no evidence of significant left heart disease. *Therapy, PAH-directed medical therapy. 
ACHD indicates adult congenital heart disease; ASD, atrial septal defect; PAH, pulmonary arterial hypertension; PH, pulmonary hypertension; PVR, 
pulmonary vascular resistance; Qp:Qs, pulmonary-to-systemic blood flow ratio; RV, right ventricle; and WU, Wood units.
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	11.	 Nonsurgical closure options for superior SVASD  
are attractive compared with surgery. More spe-
cifically, superior SVASDs that override the supe-
rior vena cava result in a lack of tissue separating 
the superior vena cava from the right upper pul-
monary vein, leaving this structure “unroofed” and 
causing a left-to-right atrial level shunt. In adults 
with right upper pulmonary vein return confined 
to the cavoatrial junction and not extending 
beyond the superior vena cava/fossa ovalis bor-
der, covered stent closure (assessed on cross-
sectional imaging) may be reasonable. In adults 
with superior SVASD and an anomalous right 
upper pulmonary vein in whom transesophageal 
echocardiography–guided test-balloon interroga-
tion of the cavoatrial junction confirms the right 
upper pulmonary vein’s redirection of flow to the 
left atrium, transcatheter closure by an operator 
with ACHD expertise may be considered. Several 
studies have shown that at least half of patients 
with this type of anatomy may be technically suit-
able for transcatheter closure.16,17,28 A contem-
porary analysis of adults undergoing surgical 
superior SVASD repair showed low in-hospital 
and 30-day mortality rates (<1%).29 For patients 
who wish to avoid surgery, procedural success is 
typically >95% in eligible transcatheter cases, 
with no deaths, and a low incidence of complica-
tions, suggesting that a transcatheter approach 
may be reasonable.16,18 Although data do not yet 
support a higher-level recommendation, evidence 
continues to accumulate, and nonsurgical clo-
sure options for superior SVASD are expected to 
evolve and become more widely available.

	12.	 Perhaps the most difficult ASD–PAH profile is in 
patients with severe baseline PAH who have some 
improvement on PAH-directed therapies yet do 
not achieve PVR <5 Wood units. However, some 
studies have shown a benefit of ASD closure even 
when PVR is ≥5 Wood units. For example, He et 
al26 showed that closure in a subset of 17 patients 
with PVR ≥5 Wood units was safe with contin-
ued PAH therapy (no deaths at 31 months and 
improvement in hemodynamics in 16 months). In a 
study by Bradley et al11 involving 19 patients who 
underwent a treat-to-close approach, the average 
PVR was 6.4 Wood units at baseline and <5 Wood 
units at 4.4 years. Limited data suggest that some 
patients with higher PVR on medical therapy (8 to 
10 Wood units) may benefit from a treat-and-repair 
approach. In a study by Takaya et al,13 14 patients 
in the cohort had PVR ≥5 Wood units (mean, 9.7), 
and all survived with no hospitalizations. As early as 
2012, Cho et al15 showed that 16 patients receiv-
ing PAH therapy (mean PVR, 9.8 Wood units) 
underwent safe surgical fenestrated closure. All 

these studies are small, and data on this approach 
remain limited. However, there is likely to be a nar-
row range within which fenestrated closure may be 
reasonable for an adult with ASD and PAH whose 
PVR is ≥5 Wood units; such cases require care-
ful reanalysis of data and repeat invasive hemody-
namic assessment after PAH therapy, as offering 
closure could be dangerous if PAH remains pro-
gressive. Therefore, it is critical that such patients 
receive collaborative care from expert ACHD and 
pulmonary hypertension teams to carefully weigh 
risks and benefit, and longer-term studies are 
needed to continue to assess outcomes in this 
group of patients.

	13.	 Initial attempts to repair large intracardiac shunts 
in children took place in the 1970s, and outcomes 
were poor. Eventually, PVR thresholds became bet-
ter understood—specifically, that the presence of 
Eisenmenger syndrome was associated with the 
worst prognosis.20,21

4.1.2. Ventricular Septal Defect
Recommendations for Ventricular Septal Defect
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

1 B-NR
1.	 Patients with an unrepaired VSD should be 

assessed for the presence of PAH to guide deci-
sions about medical therapy and repair.1–3

1 B-NR

2.	 In adults with a perimembranous VSD being 
considered for repair, evaluation to exclude 
right ventricular outflow tract (RVOT) obstruc-
tion or double-chambered right ventricle 
(DCRV) is recommended to improve manage-
ment planning.4–6

1 C-LD

3.	 Adults with a VSD (repaired or unrepaired) and 
PAH should be followed by specialists with exper-
tise in ACHD and pulmonary hypertension to 
reduce morbidity and mortality.7–11

Therapeutic

1 B-NR

4.	 In adults with a VSD, a significant left-to-right 
shunt (Qp:Qs ≥1.5), and significant or progressive 
LV dilatation with no evidence of PAH (PVR ≤2 
Wood units), closure of the defect is recommended 
to eliminate the shunt and preserve ventricular 
function.8,12

2a C-LD

5.	 In adults with a VSD, LV volume overload, Qp:Qs 
≥1.5:1, and mild PAH (PVR >2 but <5 Wood units), 
closure of the VSD is reasonable to eliminate the 
shunt, in order to reduce the risk for progressive 
PAH and the burden of chronic volume overload on 
the LV.2,9,13,14

2a C-LD

6.	 In adults with an outlet or perimembranous VSD 
causing progressive moderate or greater aortic 
regurgitation, closure of the VSD is reasonable to 
preserve aortic valve function.15–18

2b C-LD

7.	 In adults with a recent history of infective endo-
carditis involving a VSD, closure of the VSD may 
be reasonable to reduce the risk for recurrent 
endocarditis.3,6,19,20
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2b C-LD

8.	 In adults with a VSD, Qp:Qs ≥1.5, and PAH (PVR 5 
to 8 Wood units) without hypoxemia, if PVR drops 
to <5 Wood units with PAH therapies, usefulness 
of closure of the VSD is uncertain to reduce the 
risk for progressive PAH and the burden of chronic 
volume overload on the left ventricle.9,14,21–23

3: No 
Benefit

B-NR
9.	 In adults with a VSD, Qp:Qs <1.5, and no other 

indications, closure should not be performed to 
avoid unnecessary perioperative risks.6,24

3: Harm B-NR
10.	 In adults with a VSD and Eisenmenger physiology, 

VSD closure should not be performed to avoid 
escalating morbidity and mortality.11,13,24–27

Synopsis
VSD, the most common congenital heart defect after 
aortic valve defects, can cause volume loading of the left 
heart depending on the size of the shunt and ratio of pul-
monary to systemic vascular resistance. The spectrum of 
isolated VSDs in adults includes:
	 ▪	 Pressure- and volume-restrictive VSDs: small 

restrictive defects, with a high-pressure gradient 
(>64 mm Hg) between the left and right ventricles 
and a small left-to-right shunt

	 ▪	 Pressure-restrictive, but not volume-restrictive, 
VSDs: moderate-size restrictive defects (Qp:Qs 
≥1.5 but <2) that may have developed PAH (ie, 
pulmonary vascular disease), LV dilatation, or both

	 ▪	 Large nonrestrictive defects that, in the absence 
of RVOT obstruction, are typically associated with 
Eisenmenger syndrome in adults

	 ▪	 Previously closed defects with patch leaks and 
PAH and/or LV dilatation.

Figure 3 depicts a diagnostic and treatment algorithm 
for VSD.

The long-term survival of patients with restrictive 
VSD is excellent but not identical to that of the general 
population because of the need for surgery/intervention 
and other morbidity (eg, infective endocarditis).3,12,24,28 
In uncomplicated restrictive VSDs without associated 
complications or signs of LV overload, infrequent car-
diology follow-up (every 3 to 5 years) is reasonable to 
ensure early detection of complications and patient edu-
cation.3,6,12,24 All patients with repaired VSD should be 
monitored periodically to detect late postclosure PAH or 
conduction system disease.1 See Table 14 for suggested 
routine testing and follow-up intervals.

Recommendation Specific Supportive Text
	 1.	 PAH is a well-described complication of VSDs, 

whether untreated or previously closed. The pres-
ence and severity of PAH greatly influences clini-
cal decision-making about repair and medical 
therapy. The presence and severity of PAH should 

be evaluated with transthoracic echocardiography 
during regular ACHD follow-up and should be con-
firmed through cardiac catheterization.1,2 The role 
of acute reversibility studies during cardiac cathe-
terization in these patients remains controversial.14

	 2.	 Transthoracic echocardiography and, when indi-
cated, transesophageal echocardiography play an 
important role in identifying the location and size 
of the VSD, potential associated lesions or com-
plications (eg, sinus of Valsalva prolapse and/or 
aneurysm, aortic insufficiency, or DCRV) and can 
guide decisions about surgical versus percutane-
ous closure.4,5,17,18

	 3.	 Specialist care is recommended for all patients 
with PAH and ensures accurate diagnosis, risk 
stratification, and treatment with PAH therapies, 
when appropriate, with or without defect closure 
(see Section 4.1, “Shunt Lesions”).2,7–11

	 4.	 In adults, VSDs can cause LV volume overload, 
resulting in progressive LV dilatation and eventual 
LV dysfunction. In the absence of PAH (PVR <2 
Wood units), patients with evidence of significant 
(at least moderate) or progressive LV dilatation 
should be considered for surgical or percutaneous 
closure. Surgical closure generally has low risk with 
good long-term results, but a small risk for arrhyth-
mia, heart failure, endocarditis, and pulmonary 
hypertension.3 Percutaneous closure can be per-
formed in a carefully selected subset of patients 
with similar periprocedural risk and success rate for 
most muscular and some perimembranous VSDs 
(if no risk for interference with the aortic valve)29,30; 
however, perimembranous VSDs have an associ-
ated risk for complete heart block, as well as risks 
for valve and residual shunt, and no Food and Drug 
Administration-approved device is available in the 
United States.31–33 Transcatheter devices also have 
been used intraoperatively for muscular and other 
types of VSDs.

	 5.	 In patients with a VSD, significant left-to-right 
shunt, and catheterization-confirmed PAH that is 
mild (PVR >2 but <5 Wood units), closure may be 
reasonable to abolish the shunt, thereby preserving 
LV function and reducing the risk for progressive 
PAH. Those benefits should be weighed against 
the perioperative risks and the risk for long-term 
progressive RV dysfunction and heart failure in 
patients with PAH after VSD closure.11,25 Careful 
preoperative assessment and perioperative care 
in centers with pulmonary hypertension specialist 
support is important. Hemodynamic assessment 
after VSD closure is necessary to guide adjustment 
of PAH therapies and to minimize adverse effects 
from residual PAH.2,3,11,25,34,35

	 6.	 Outlet or perimembranous VSDs may allow pro-
lapse of the right coronary cusp of the aortic 

Recommendations for Ventricular Septal Defect (Continued)
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valve into the defect, creating aortic insufficiency. 
The patient may also develop a sinus of Valsalva 
aneurysm that is at risk for rupture.15–18 Prolapse 
of an aortic valve cusp through a VSD may lead 
to progressive aortic insufficiency and can be an 
indication for VSD closure in children, to avoid the 
need for early aortic valve replacement or repair. In 
adults, however, evidence on the rate of progres-
sion of aortic regurgitation in this setting is lacking. 

Depending on patient age, the potential risks and 
benefits of early preventive surgery should be 
weighed against a conservative approach that fol-
lows standard guidelines on timing of aortic valve 
replacement in patients with aortic insufficiency 
(ie, delaying surgery until severe insufficiency with 
ventricular dilatation has developed). At the time of 
VSD closure, aortic valve repair may be performed 
to stabilize or improve aortic insufficiency. For 

Figure 3. Closure Considerations for Ventricular Septal Defect.
*See Section 4.4.6, “Eisenmenger Syndrome.” AR indicates aortic regurgitation; LV, left ventricular; PVR, pulmonary vascular resistance; Qp:Qs, 
pulmonary-to-systemic blood flow ratio; VSD, ventricular septal defect; and WU, Wood units.
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patients who meet criteria for aortic valve replace-
ment, this procedure may be performed simultane-
ously with VSD closure.

	 7.	 Infective endocarditis is not uncommon in patients 
with VSD (unrepaired or repaired with a residual 
defect) and can have devastating effects.3,6,19,20,24,36 
In restrictive VSDs, infective endocarditis can 
involve the tricuspid valve and result in septic 
emboli to the lungs. In patients with nonrestric-
tive defects and severe PAH with shunt reversal, 
infective endocarditis carries a significant risk for 
devastating systemic emboli, including cerebral 
abscesses and cerebrovascular events (see rel-
evant guidelines on antibiotic prophylaxis).37–39 In 
patients with a history of infective endocarditis and 
a restrictive VSD, repair of the defect may be con-
templated to reduce the risk for further episodes 
of infective endocarditis, although evidence on the 
risk for recurrence after a single episode is limited. 
In patients with nonrestrictive VSDs and severe 
PAH (PVR >10 Wood units), surgery requiring car-
diopulmonary bypass carries prohibitive risks, and 
closure of the defect is contraindicated.13,26

	 8.	 When a VSD is associated with PVR 5 to 8 Wood 
units, but still a significant left-to-right shunt (Qp:Qs 
≥1.5), closure could be contemplated to abolish the 
excess LV volume load if PVR is <5 Wood units 
with PAH treatment, but this approach should be 
considered only in specialist centers because it 
carries significant perioperative risk with poten-
tial for RV failure.9,21,22,40–42 In such patients, PAH 
therapy for at least 3 months could be introduced 
preoperatively to lower PVR.8 If repeat cardiac 

catheterization confirms reduction in PVR to <5 
Wood units, closure could be considered. Options 
include complete closure, or a unidirectional patch 
or atrial fenestration can be added to allow decom-
pression of the right heart.21,43,44 Expert periopera-
tive ACHD and pulmonary hypertension care is 
strongly encouraged.42,45–47 PAH therapy should 
be continued perioperatively and likely for the long 
term, guided by postoperative assessment that 
includes repeat cardiac catheterization. This “treat-
and-repair” strategy has the strongest evidence for 
patients with ASDs and carries a risk for adversely 
affecting RV function, with potential implications 
for prognosis.11,22,25 In patients with a significant 
left-to-right shunt who cannot undergo correction 
because of inadequate reduction in PVR with PAH 
therapies, the merits of long-term continuation of 
PAH therapy should be weighed against the risk 
for LV volume overload exacerbated by the PAH 
treatment.

	 9.	 The majority of unrepaired VSDs encountered in 
ACHD practice are pressure and volume-restric-
tive, with no evidence of volume overload of the 
LV or other sequelae; hence, closure should not 
be pursued even when it can be achieved at low 
risk (surgically or percutaneously). Prevention 
of infective endocarditis is not an indication for 
VSD closure in patients without previous infective 
endocarditis.

	10.	 Surgical closure of nonrestrictive VSD in patients 
with severe PAH (PVR >10 Wood units), including 
those with Eisenmenger syndrome, is associated 
with unacceptably high mortality risk, both periop-
eratively and in the long term.11,13,24–26 See Section 
4.4.6, “Eisenmenger Syndrome,” for evaluation and 
management of severe PAH and Eisenmenger 
syndrome.

4.1.3. Atrioventricular Septal Defect
Recommendations for Atrioventricular Septal Defect
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

1 C-LD

1.	 Adults with an unrepaired AVSD or those with 
residual shunts after prior repair should be 
assessed for the presence of PAH to guide medi-
cal therapy and assess suitability for repair.1,2

1 C-LD
2.	 Adults with an AVSD (repaired or unrepaired) and 

PAH should be managed by clinicians with pulmo-
nary hypertension expertise to improve outcomes.3

Therapeutic

1 B-NR

3.	 In adults with repaired AVSD and left ventricular 
outflow tract (LVOT) obstruction with symptoms 
attributable to the obstruction, or LV systolic 
dysfunction (LV ejection fraction <50%), surgical 
repair is recommended to improve functional status 
and preserve ventricular function.4,5

Table 14.  Ventricular Septal Defect: Routine Follow-Up and 
Testing Intervals

Type of 
Follow-Up or 
Testing

Physiological 
Stage A*† 
(mo)

Physiological 
Stage B*‡ 
(mo)

Physiological 
Stage C* 
(mo)

Physiological 
Stage D* 
(mo)

Outpatient 
ACHD  
cardiologist

36–60 12–60 6–12 3–6

Electrocard-
iogram

36–60 12–60 12 12

Transthoracic 
echocardiogram

36–60 12–60 12 12

Modified with permission from Stout et al.48 Copyright 2018 American Heart 
Association, Inc. and American College of Cardiology Foundation.

*See Section 2.2 for details on the ACHD anatomic and physiological clas-
sification system.

†Some physiological stage A patients with spontaneously closed muscular 
ventricular septal defects without residual anatomic or hemodynamic sequelae 
can be discharged from routine cardiology follow-up and be seen on an as-need-
ed basis.

‡Stage B patients with a ventricular septal defect and a hemodynamically in-
significant shunt who have normal chamber size without pulmonary hypertension 
can be seen every 36 to 60 months. Patients with ventricular dilation, dysfunction, 
or arrhythmia should be seen more frequently.

ACHD indicates adult congenital heart disease.
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1 B-NR

4.	 In adults with repaired AVSD with a) symptomatic 
severe left atrioventricular valve regurgitation or 
b) asymptomatic severe left atrioventricular valve 
regurgitation with LV dilation (LV end-systolic diam-
eter ≥40 mm) or LV systolic dysfunction (LV ejec-
tion fraction <60%), valve surgery is recommended 
to improve functional status and prevent worsening 
ventricular function.4,6,7

1 C-LD

5.	 In adults with an unrepaired AVSD or those with 
residual shunts after previous repair, significant 
left-to-right shunt (Qp:Qs ≥1.5), and/or significant 
or progressive atrial/ventricular dilatation with no 
PAH (PVR ≤2 Wood units), closure of the AVSD or 
residual shunt is recommended to improve func-
tional class and clinical outcomes.6,8

2a C-EO

6.	 In adults with an unrepaired AVSD or those with 
residual shunts after previous repair, significant 
left-to-right shunt (Qp:Qs ≥1.5), and/or significant 
or progressive atrial/ventricular dilatation with 
mild PAH (PVR >2 to <5 Wood units), closure is 
reasonable to improve functional class and clinical 
outcomes.

2b C-LD

7.	 In asymptomatic adults with AVSD, LVOT obstruc-
tion, and progressive greater than mild aortic 
regurgitation, surgical repair may be reasonable 
to prevent worsening ventricular function and pro-
gressive aortic valve disease.5,6,9

3: Harm C-LD

8.	 In adults with an unrepaired AVSD or those with 
residual shunts after previous repair demonstrating 
Eisenmenger physiology or PVR >10 Wood units, 
shunt closure should not be performed to avoid 
additional morbidity and mortality.10,11

Synopsis
AVSD—atrioventricular canal or endocardial cushion de-
fect—accounts for 4% to 5% of congenital heart defects. 
It is characterized by a defect at the site of the atrioven-
tricular septum and abnormalities of the atrioventricular 
valves. AVSD has several anatomic subtypes with distinct 
physiological manifestations, depending on the level of 
septal abnormality. Partial AVSD (incomplete atrioventric-
ular canal or primum ASD) has only an ASD component, 
often with a cleft left atrioventricular valve. Complete 
AVSD (complete atrioventricular canal) has no fusion of 
the bridging leaflets, resulting in a large defect at the atri-
al and ventricular levels. Transitional AVSD (transitional 
atrioventricular canal) has attachments of the common 
atrioventricular valve to the crest of the septum, resulting 
in 2 functional atrioventricular-valve orifices; however, a 
pressure-restrictive VSD is present, along with a primum 
ASD and atrioventricular-valve abnormalities.

Patients with prior AVSD repair need long-term follow-
up for residual shunts, atrioventricular-valve regurgitation, 
LVOT obstruction, and arrhythmias/conduction abnormali-
ties.12,13 Left atrioventricular-valve regurgitation is the most 
common reason for reoperations; LVOT obstruction is the 
second most common. Patients with AVSD have a poste-
riorly displaced atrioventricular node, with the His bundle 
system displaced inferiorly (near the VSD), resulting in a 

left-axis deviation pattern on electrocardiogram. Postop-
eratively, patients can be at risk for late-onset complete 
heart block, especially patients with postoperative conduc-
tion abnormalities.14,15 An ACHD specialist should conduct 
routine follow-up screening for residual defects (see Table 
15 for suggested follow-up and testing intervals).

Recommendation-Specific Supportive Text
	 1.	 All adults with unrepaired AVSDs should be evalu-

ated for the presence and severity of PAH, regard-
less of AVSD type. Patients with repaired AVSD 
and residual shunts should also be assessed for 
PAH, especially if being evaluated for closure of the 
shunt. Transthoracic echocardiography can be used 
at ACHD subspecialty visits to evaluate for the pres-
ence of PAH, and if detected, cardiac catheteriza-
tion will be needed to confirm the presence of PAH. 
Given that surgical repair is dictated by the degree 
of PAH and direction of the shunt, thorough evalua-
tion is needed for clinical decision-making.1,2,16

	 2.	 Adults with AVSD (repaired or unrepaired) and 
PAH should be managed collaboratively by an 
ACHD subspecialist and expert PAH subspecial-
ists. 3 Treatment of PAH in accordance with current 
PAH guidelines can help to guide treatment course 
and surgical options for patients with AVSD and 
residual lesions/shunts.17

	 3.	 In adults with AVSD and LVOT obstruction, surgi-
cal repair is recommended when patients expe-
rience symptoms or LV function is decreased. 
Echocardiography may underestimate the true gra-
dient, and cardiac catheterization may be needed 
to accurately assess the degree of obstruction 
given the complex nature of the LVOT obstruction 
in some patients. Echocardiographic gradients of 
peak ≥50 mm Hg (subaortic stenosis) or mean 
≥40 mm Hg (valvular aortic stenosis) have been 
suggested as cutoffs for severe LVOT obstruction; 

Table 15.  Atrioventricular Septal Defect: Routine Follow-Up 
and Testing Intervals

Type of 
Follow-Up or 
Testing

Physiological 
Stage A* 
(mo)

Physiological 
Stage B* 
(mo)

Physiological 
Stage C* 
(mo)

Physiological 
Stage D*  
(mo)

Outpatient 
ACHD  
cardiologist

24–36 12–24 6–12 3–6

Electrocard-
iogram

24–36 12–24 12 12

Transthoracic 
echocardiogram

24–36 12–24 12 12

Modified with permission from Stout et al.21 Copyright 2018 American Heart 
Association, Inc. and American College of Cardiology Foundation.

*See Section 2.2 for details on the ACHD anatomic and physiological clas-
sification system.

ACHD indicates adult congenital heart disease.
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however, indications for surgical repair should be 
based on the clinical presentation (symptoms, 
ventricular dysfunction) and associated valvular 
disease. Recent studies have shown a 2% to 4% 
risk of reoperation for LVOT obstruction after initial 
AVSD repair.4,5 In addition, the risk of reintervention 
for repeat LVOT obstruction is high: 59% freedom 
from reoperation at 10 years.4,5

	 4.	 Although the anatomic mechanism of left atrio-
ventricular (mitral) valve regurgitation differs from 
that of chronic mitral regurgitation, indications for 
surgery should mirror those in current guidelines 
for chronic mitral regurgitation.18 Left atrioven-
tricular-valve surgery should be undertaken in 
patients with symptoms attributable to the valve 
dysfunction or those with LV dysfunction and/or 
LV dilation (end-systolic diameter >40 mm).4,6 In 
asymptomatic patients, valve surgery can be con-
sidered with severe regurgitation and low surgical 
risk. Patients with repaired atrioventricular-canal 
defects should also be evaluated for residual 
right-sided atrioventricular-valve disease (steno-
sis or regurgitation). The mechanism of atrioven-
tricular-valve regurgitation in AVSD is different 
than for an isolated mitral valve cleft. AVSD has 
a cleft in the anterior leaflet, owing to incom-
plete fusion of the endocardial cushions. Unlike 
an isolated mitral valve cleft, the cleft in AVSD is 
directed toward the mid portion of the ventricu-
lar septum, not the aortic valve as in an isolated 
mitral valve cleft. The valve morphology, including 
the position of the annulus and papillary muscles, 
and the LVOT morphology warrant the expertise 
of a congenital heart surgeon. Primary repair 
should be performed, when possible, to minimize 
the risks associated with valve replacement. In 
general, outcomes and survival improve when a 
congenital heart surgeon performs the repairs.7

	 5.	 Most studies of primary surgical repair for AVSD 
focus on interventions during childhood. Long-
term survival for partial AVSD repair has been 
reported to be as high as 94% at 30 years; 
although long-term studies are largely initiated in 
the pediatric population, preoperative heart fail-
ure has been shown to be a risk factor for death.8 
Long-term survival after complete AVSD repair is 
slightly lower (91% to 92% at 15 years), but with 
similar reintervention rates.4,19 No large-scale 
studies have examined indications for closure 
of residual lesions specifically in AVSDs, but the 
guidance in Sections 4.1.1, “Atrial Septal Defect,” 
and 4.1.2, “Ventricular Septal Defect,” can be used 
in decision-making for AVSD (repaired or unre-
paired). In guiding indications for repair, clinicians 
should give careful attention to hemodynamic 

evaluation of PVR, shunt volume, and directional-
ity. For patients with a large left-to-right shunt, 
atrial/ventricular enlargement, and no PAH, clo-
sure is indicated to improve long-term clinical 
outcomes.

	 6.	 For patients with mild or moderate PAH, evaluation 
and comanagement with a pulmonary hypertension 
specialist is recommended before and after shunt 
closure, if repair is deemed to be indicated.20

	 7.	 For asymptomatic adults with AVSD and LVOT 
obstruction, surgical repair can be considered 
when peak Doppler gradients on echocardiog-
raphy are ≥50 mm Hg, aortic valve regurgitation 
(greater than mild) is increasing, and surgical 
risk is low. Operative mortality has been shown 
to be low when the operation is performed by 
a congenital heart disease specialist at a cen-
ter with ACHD expertise.5,7,9 In a 45-year single-
center experience of patients requiring LVOT 
reoperation after primary partial AVSD repair, 17 
late deaths were reported, 5 of them secondary 
to heart failure.9 It is possible for LV hypertro-
phy to develop with recurrent obstruction; careful 
follow-up at an ACHD center should evaluate for 
recurrence and sequelae.

	 8.	 Most adults with complete AVSD have had sur-
gical repair in childhood; complete AVSD, left 
unrepaired, usually leads to irreversible pulmo-
nary vascular disease, resulting in Eisenmenger 
physiology. Surgical repair in patients with 
severe PAH and/or Eisenmenger syndrome 
confers high mortality risk and should not be 
performed.12,13,20

4.1.4. Anomalous Pulmonary Venous Connections
Recommendations for Anomalous Pulmonary Venous Connections
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

1 B-NR

1.	 For adults with APVCs, CMR imaging is recom-
mended to assess pulmonary venous anatomy, to 
evaluate RV size and function, and to determine 
shunt fraction (Qp:Qs).1–4

1 B-NR

2.	 For adults with APVCs who do not have an 
indication for repair, routine cardiac imaging is 
recommended for serial evaluation of RV size 
and function and for assessment of pulmonary 
hypertension.5,6

1 B-NR

3.	 For adults with repaired APVCs and dyspnea on 
exertion and/or reduced functional capacity, CMR 
or CT angiography is recommended to evaluate for 
venous obstruction or residual shunt.3,4

2a B-NR

4.	 For adults with unrepaired APVCs and noninvasive 
evidence of, and/or risk factors for, PAH, cardiac 
catheterization can be useful to evaluate hemo-
dynamics and aid in determining indication for 
repair.5,6
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Therapeutic

1 B-NR

5.	 For adults with APVCs who have cardiac symp-
toms and/or reduced functional capacity with RV 
volume overload, and whose Qp:Qs is ≥1.5, surgical 
repair is recommended to improve symptoms and 
clinical outcomes.6–9

1 B-NR

6.	 For adults with APVCs undergoing surgical repair 
for an ASD, repair of the APVC(s) is recom-
mended, when technically feasible, to reduce left-
to-right shunting and RV volume overload.6–9

2a B-NR

7.	 For adults with APVCs who are asymptomatic; 
whose Qp:Qs is ≥1.5; and who have severe or pro-
gressive RV volume overload, reduced RV systolic 
function, PAH by invasive measurement, or objec-
tive exercise intolerance, surgical repair is reason-
able in order to improve hemodynamics and/or 
stabilize RV size and function.6–9

3: No 
Benefit

B-NR

8.	 For adults with APVCs who have a normal to mildly 
enlarged right ventricle and whose Qp:Qs is <1.5, 
surgical repair is not indicated, given the absence 
of data to support benefit.4,6

Synopsis
Isolated APVCs, without an ASD, are rare, have a risk for 
RV volume overload similar to that of ASD physiology, 
and confer risk for PAH. However, APVCs are distinct 
from ASD in several ways:
	 •	 Isolated APVCs are obligate left-to-right shunts.
	 •	 With no right-to-left shunt, there is no risk for para-

doxical embolism or hypoxemia.
	 •	 In theory, although not formally studied, APVC 

shunt magnitude should not increase over time, 
as it is not directly influenced by RV/LV diastolic 
compliance.

	 •	 Cardiothoracic surgery is the only option for iso-
lated APVCs.

See Table 16 for a side-by-side comparison of APVCs 
with ASD.

The most common isolated APVCs are from the right 
upper pulmonary vein to the superior vena cava and from the 
left upper pulmonary vein to the left innominate vein. Given 
that shunt magnitude is not based on RV/LV diastolic compli-
ance, the size of the vein (typically representing the size of the 
lung segment) and the number of anomalous veins deter-
mine the overall magnitude of the left-to-right shunt. Hav-
ing >1 APVC increases the risks for volume overload and 
PAH.8 Several surgical techniques can repair APVCs. The 
most common techniques are direct anastomosis to the left 
atrium or left atrial appendage (for left-sided veins) and baf-
fling through a surgically created ASD (for right-sided veins). 
The Warden procedure involves disconnecting the proximal 
superior vena cava, connecting it to the right atrial append-
age, and utilizing the distal superior vena cava to baffle the 
anomalous right-sided veins to the left atrium. See Table 17 
for suggested routine testing and follow-up intervals.

Scimitar vein has unique characteristics distinct from 
the classic form of isolated APVCs. The right-sided, typi-
cally right inferior, pulmonary vein connects to the infe-
rior vena cava. There may also be associated pulmonary 
sequestration, PA hypoplasia, and/or aortopulmonary 
collaterals. The indications for repair are the same as for 
other forms of isolated APVCs, but the repair is more 
challenging, for it involves baffling of the anomalous vein 
to the left atrium behind the heart and greater risks for 
thrombosis and postrepair pulmonary vein stenosis.10,11

Recommendation-Specific Supportive Text
	 1.	 Cross-sectional 3-dimensional CMR imaging is 

superior to echocardiography and to cardiac cath-
eterization angiography for delineating APVC anat-
omy, the connection to systemic veins/heart, and 
the relationship to the atrial septum. CT angiogra-
phy may also be utilized when CMR is not feasible. 
CMR has the advantage of providing the Qp:Qs 
and measurements of RV size and function, and it 
does not expose the patient to ionizing radiation.

Table 16.  Comparison of Anomalous Pulmonary Venous 
Connections With Atrial Septal Defect

Anomalous  
Pulmonary Venous 
Connections Atrial Septal Defect

Shunt direction Left-to-right only Left-to-right, right-to-
left, or bidirectional

Risk for paradoxical embolism No Yes

Risk for hypoxemia No Yes

Magnitude of shunt change 
over time

No Yes

Right ventricular volume 
overload

Yes Yes

Risk for pulmonary arterial 
hypertension

Yes Yes

Transcatheter option No Yes

Recommendations for Anomalous Pulmonary Venous Connections 
(Continued)

COR LOE Recommendations

Table 17.  Anomalous Pulmonary Venous Connections:  
Routine Follow-Up and Testing Intervals

Type of 
Follow-Up or 
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

Electrocard-
iogram

36–60 24 12 12

Transthoracic 
echocardiogram

36–60 24 12 12

For recommendations on CMR and CT angiography, see Section 4.1.4, sup-
portive text for recommendations #1–3.

*See Section 2.2 for details on the ACHD anatomic and physiological clas-
sification system.

ACHD indicates adult congenital heart disease; CMR, cardiovascular magnetic 
resonance; and CT, computed tomography.
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	 2.	 In patients who do not meet criteria for APVC repair, 
regular follow-up with echocardiography and/or 
CMR (every 3 to 5 years) allows for detection of 
changes in RV size, RV function, or the develop-
ment of PAH. Stable findings provide reassurance.

	 3.	 After surgical repair of APVCs, there is risk for 
pulmonary vein/baffle stenosis and, if a Warden 
procedure is performed, for superior vena cava 
obstruction.12 The risk is related to the patient’s 
age at repair (younger age confers greater risk), 
the complexity of repair, and the length of the 
venous connection/baffle. Scimitar vein repair 
appears to confer higher risk because of the length 
and location of the surgical repair. Therefore, rou-
tine imaging may be indicated to monitor the repair, 
and it is indicated for any heart failure symptoms. 
Echocardiography may 1) image the APVC routed 
to the left atrium; 2) detect abnormal Doppler 
pulmonary venous flow patterns, consistent with 
obstruction; and/or 3) show signs of pulmonary 
hypertension. In asymptomatic patients with no 
echocardiographic 2-dimensional Doppler abnor-
malities, cross-sectional imaging is not indicated. 
Any heart failure symptoms and/or echocar-
diographic abnormalities may raise concern for 
pulmonary venous obstruction and warrant cross-
sectional imaging. Advanced imaging with CMR or 
CT angiography provides more detailed imaging of 
the APVC/baffle connection to the left atrium.13

	 4.	 Invasive hemodynamics may be necessary to 
determine eligibility for APVC repair and/or identify 
other causes of pulmonary hypertension, such as 
left heart disease. When echocardiography shows 
signs of pulmonary hypertension and in patients 
with risk factors for pulmonary hypertension, car-
diac catheterization should be considered to deter-
mine the magnitude and etiology of the pulmonary 
hypertension. Risk factors may include older age, 
obstructive sleep apnea, additional intracardiac 
shunts, and other known causes of pulmonary 
hypertension (eg, connective tissue disease, portal 
hypertension). Any cardiac catheterization should 
be performed by a congenital heart disease inter-
ventionalist. Calculating accurate pulmonary blood 
flow is necessary to quantify PVR and Qp:Qs and, 
when catheterization is not performed properly, 
may lead to repeat heart catheterization or to detri-
mental decisions regarding repair.

	 5.	 The magnitude of left-to-right shunting determines 
the likelihood of developing cardiac symptoms and 
RV volume overload. A single APVC is therefore 
less likely than >1 APVC to lead to cardiac symp-
toms and reduced functional capacity. Reduced 
functional capacity may be determined subjec-
tively or objectively with formal CPET. In patients 
who have cardiac symptoms or reduced functional 

capacity, and those who have RV volume overload 
and elevated Qp:Qs, surgical repair is indicated to 
improved RV size, right-sided hemodynamics, and 
quality of life. Surgical repair should be performed 
by congenital heart surgeons with experience in 
rerouting and baffling APVCs to the left atrium.

	 6.	 Patients with APVCs who undergo surgical repair 
for an ASD should also undergo APVC repair at the 
same time, to reduce any magnitude of left-to-right 
shunt. However, if a secundum defect can be closed 
in the catheterization laboratory and the APVC is 
isolated and small, shared decision-making may 
lead to a nonsurgical approach. Also, if the ASD 
is being repaired surgically and the APVC is small, 
isolated, and/or technically challenging (with risk 
for postoperative pulmonary vein stenosis), the best 
approach may be to leave the APVC unrepaired.

	 7.	 In asymptomatic patients with APVCs and evi-
dence of progressive changes in RV size, RV sys-
tolic dysfunction, and/or development of PAH, 
surgical repair may need to be considered. When 
APVCs are first diagnosed, the initial imaging can-
not clarify for how long the right ventricle has been 
enlarged or if any changes have occurred over time 
(possibly decades). It is reasonable to follow newly 
diagnosed patients; any evidence of progression or 
development of PAH may be an indication for repair. 
Whether changes in the right ventricle meet the def-
inition of “progressive changes” should be based on 
clinical observations over time. Certainly, changes 
leading to severe RV dilation and the development 
of RV systolic dysfunction would be concerning and 
worthy of considering surgical repair.

	 8.	 For patients with APVCs, typically involving a sin-
gle pulmonary vein; a normal to mildly enlarged 
right ventricle; and an estimated low shunt frac-
tion (Qp:Qs), surgical repair is not indicated, as the 
potential risk from the repair and the postoperative 
risk of pulmonary vein/baffle stenosis are greater 
than the benefit of the repair. Patients can be fol-
lowed for any changes in RV size and systolic func-
tion, but that is unlikely given that the magnitude of 
the shunt should not change over time. For patients 
with cardiac symptoms and/or reduced functional 
capacity in this clinical scenario, workup should be 
directed elsewhere, to avoid unnecessary surgery.

4.1.5. Patent Ductus Arteriosus
Recommendations for Patent Ductus Arteriosus
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

1 C-LD

1.	 Adults with a PDA and PAH should be managed by 
an ACHD specialist and clinicians with pulmonary 
hypertension expertise, to minimize morbidity and 
mortality.1
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1 C-EO
2.	 Patients with an unrepaired PDA should be 

evaluated for PAH to guide recommendations for 
treatment.

1 C-EO

3.	 Adults with a PDA should undergo assessment 
of LV function and left-sided chamber size with 
echocardiography and/or CMR imaging, to guide 
recommendations for treatment.

2a C-LD

4.	 In adults with a PDA and PAH, balloon test occlu-
sion of the PDA can be useful to facilitate accurate 
quantification of PVR and to identify patients who 
are candidates for closure.2

Therapeutic

1 C-LD

5.	 In adults with a PDA, left heart enlargement attrib-
utable to the PDA, a net left-to-right shunt, and no 
evidence of PAH (PVR ≤2 Wood units), closure to 
eliminate the shunt is recommended to improve 
clinical outcomes.3–5

2a C-LD

6.	 In adults with a PDA, left heart enlargement 
attributable to the PDA, a net left-to-right shunt, 
and PVR >2 but <5 Wood units, closure to elimi-
nate the shunt is reasonable to improve clinical 
outcomes.6–8

2b C-EO

7.	 In adults with a PDA, left heart enlargement attrib-
utable to the PDA, a net left-to-right shunt, and 
moderate PAH (PVR 5 to 8 Wood units), closure 
may be considered if the PVR drops to <5 Wood 
units with initiation of PAH therapies.

3: No 
Benefit

C-EO
8.	 In asymptomatic adults with a PDA, no evidence of 

left atrial or LV enlargement, and no prior history of 
endarteritis, closure has no benefit.

3: Harm C-LD

9.	 In adults with a PDA and Eisenmenger syndrome 
or PVR >10 Wood units, closure to eliminate the 
shunt should not be performed to avoid additional 
morbidity or mortality risk.9

Synopsis
The PDA, a remnant of fetal circulation connecting the 
descending aorta to the main PA, can occur in isolation or 
in conjunction with additional lesions. PDAs are found in 
approximately 0.3% to 0.8% of full-term infants and may 
be more common in females.10 Although many PDAs are 
closed during infancy or childhood, some remain patent 
into adulthood. The effect of a PDA is a function of the 
degree of shunting through the ductus into the PA, which 
depends on its size, its anatomic configuration, and the 
relative systemic and pulmonary resistances. Small, he-
modynamically insignificant PDAs may be inaudible on 
auscultation and result in insufficient shunting to cause 
left heart enlargement or PAH. Larger shunts may re-
sult in PAH from pulmonary overcirculation and can 
lead to left heart dilation from volume overload. Closure 
is recommended in patients with evidence of left heart 
enlargement attributable to the shunt without PAH. Clo-
sure of a PDA in the setting of Eisenmenger syndrome is 
contraindicated. Patients with a PDA and PAH who have 
not progressed to Eisenmenger syndrome should be 
managed by a team that involves clinicians with PAH ex-
pertise, to facilitate decision making about PAH-directed 

therapy and possible PDA closure. See Table 18 for sug-
gested routine testing and follow-up intervals.

Recommendation-Specific Supportive Text
	 1.	 Increasing evidence suggests that management of 

patients with PAH at specialty centers with exper-
tise in pulmonary hypertension improves patient out-
comes.1 Consequently, if the ACHD provider does 
not have pulmonary hypertension expertise, adults 
with a PDA and PAH should be managed by a team 
that consults with clinicians who have such expertise.

	 2.	 Longitudinal exposure to shunting and pulmonary 
overcirculation can lead to the development of PAH 
in a minority of adult PDA cases. PAH—defined as 
a PVR ≥2 Wood units, a mean PA pressure ≥20 
mm Hg, and a pulmonary capillary wedge pressure 
≤15 mm Hg—can have a significant effect on PDA 
management and on decisions regarding closure 
and use of pulmonary vasodilators. Consequently, 
all adults with an unrepaired PDA should undergo 
assessment for PAH, including (at minimum) histor-
ical and physical examination, an electrocardiogram, 
and a transthoracic echocardiogram. Because cya-
nosis caused by right-to-left shunting may occur 
downstream of the ductal insertion into the aorta, 
assessment of oxygen saturation by oximetry should 
be done in the feet and both hands of all patients, 
to assess for right-to-left shunting. In patients for 
whom PAH is suspected or cannot be ruled out by 
noninvasive testing, invasive hemodynamic assess-
ment with cardiac catheterization should be pur-
sued before device closure is considered.11

Table 18.  Patent Ductus Arteriosus: Routine Follow-Up and 
Testing Intervals

Type of 
Follow-Up or 
Testing

Physiological 
Stage A*† 
(mo)

Physiological 
Stage B*‡ 
(mo)

Physiological 
Stage C* 
(mo)

Physiological 
Stage D*  
(mo)

Outpatient 
ACHD  
cardiologist

36–60 12–60 6–12 3–6

Electrocard-
iogram

36–60 12–60 12 12

Transthoracic 
echocardiogram

36–60 12–60 12 12

Modified with permission from Stout et al.15 Copyright 2018 American Heart 
Association, Inc. and American College of Cardiology Foundation.

*See Section 2.2 for details on the ACHD anatomic and physiological clas-
sification system.

†Stage A patients who had closure of their PDA during infancy without re-
sidual shunt, chamber dilation, or complications can likely be discharged from 
cardiology care or be seen on an as-needed basis

‡Stage B patients with a PDA and a hemodynamically insignificant shunt who 
have normal chamber size without pulmonary hypertension can be seen every 36 
to 60 months. Patients with ventricular dilation, dysfunction, or arrhythmia should 
be seen more frequently.

ACHD indicates adult congenital heart disease; and PDA, patent ductus ar-
teriosus.

Recommendations for Patent Ductus Arteriosus (Continued)

COR LOE Recommendations
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	 3.	 In adults with a PDA, echocardiography may be uti-
lized for diagnosis, characterization of the degree 
of left-sided remodeling, and initial assessment 
for pulmonary hypertension. In addition to echo-
cardiography, CMR imaging allows for noninvasive 
flow assessment and calculation of Qp:Qs, supe-
rior quantification of LV volume and function, and 
detailed anatomic delineation of ductal anatomy 
and characteristics. Because closure before the 

development of significant LV dilation may reduce 
the probability of postclosure LV dysfunction,3 
CMR should be considered early in the evaluation 
of adults with a PDA, to ensure there is no evi-
dence of LV remodeling. When CMR is not feasible, 
cardiac CT may be pursued, particularly if improved 
delineation of PDA anatomy or the aortic arch is 
warranted before considering transcatheter device 
closure by an operator with ACHD expertise.

Figure 4. Closure Considerations for Patent Ductus Arteriosus.
PAH indicates pulmonary arterial hypertension; PDA, patent ductus arteriosus; PVR, pulmonary vascular resistance; and WU, Wood units.
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	 4.	 Invasive measurement of pulmonary arterial satu-
ration can be influenced by the location of the 
insertion point of the PDA and catheter position, 
affecting pulmonary blood flow quantification. 
Consequently, catheter-based calculation of PVR 
can be inconsistent in the presence of a PDA. 
Measurement of pulmonary arterial saturation 
after temporary occlusion of the PDA should be 
considered, to minimize anatomic and operator-
specific confounders and to accurately calculate 
PVR, particularly when PAH is suspected. Hybrid 
techniques, leveraging CMR to provide pulmo-
nary blood flow measurements with a catheter-
derived transpulmonary gradient, may also allow 
for accurate calculation of PVR in the presence 
of a PDA.12 Before device closure in patients with 
a PDA and PAH, balloon test occlusion to assess 
for tolerance to closure of ductus should also be 
considered.2,6 Multiple retrospective studies have 
shown that balloon test occlusion of the ductus 
may facilitate identification of patients with a 
PDA and PAH who cannot tolerate shunt closure. 
Although there are no established criteria, such 
studies have used the development of symptoms, 
an increase in PA pressure, or a drop in aortic 
pressure during test occlusion as indications to 
defer definitive closure in adults with a PDA and 
PAH.

	 5.	 In the setting of left heart enlargement attributable 
to the shunt and in the absence of PAH, closure 
of the PDA is indicated to prevent progressive LV 
enlargement, to prevent progression or develop-
ment of PAH, and to reduce the likelihood of LV 
dysfunction (Figure 4). Similarly, closure prior to 
significant elevations in PA systolic pressure may 
be associated with improved postclosure ven-
tricular function.13 In adults with a history of PDA-
associated endarteritis, closure may be considered 
(if not otherwise contraindicated) to reduce risk 
for recurrent infection. Typically, closure can be 
performed percutaneously with minimal risk and is 
preferred over surgical closure, which may be asso-
ciated with additive risk.14

	 6.	 In adults with a PDA, a PVR of 2 to 5 Wood units, 
and a net left-to-right shunt, it is reasonable 
to consider PDA closure, in consultation with 
providers who have pulmonary hypertension 
expertise. In adults with a PDA and PAH, trial 
occlusion to assess for cardiac symptoms, an 
increase in PA systolic pressure, or a decrease 
in aortic pressure may be helpful to guide 
decision-making.6

	 7.	 In the adult PDA population, data on closure after 
reduction in PVR with targeted PAH therapy 
are lacking. However, small studies have shown 

improvements in PA systolic pressure and PVR 
following PDA closure in patients with PVR <10 
Wood units, particularly in those with PVR <5 
Wood units.8 Adults with a PDA, PVR of 5 to 8 
Wood units, and a net left-to-right shunt may be 
considered for PDA closure, in consultation with 
providers who have pulmonary hypertension 
expertise. There is a paucity of data on long-
term outcomes for PDA closure in patients with 
moderate PAH, and on whether treatment with 
PAH-directed therapy before device closure 
helps to identify patients with a PDA and PAH 
who may benefit from closure. Available data 
suggest that closure in the setting of PVR >8 
Wood units may be feasible but associated with 
less reduction in postprocedural PAH.8 Adults 
with a PDA and moderate PAH may benefit 
most from trial occlusion, to ensure tolerability 
prior to closure.6,7

	 8.	 No data suggest benefit from PDA closure in 
patients with a small, hemodynamically insignifi-
cant shunt and no evidence of volume overload or 
prior episodes of endarteritis.

	 9.	 Given the high mortality and morbidity risks, PDA 
closure should not be performed in patients with 
a net right-to-left shunt or severe PAH (PVR >10 
Wood units).9

4.2. Left-Sided Lesions
4.2.1. Cor Triatriatum Sinister

Recommendations for Cor Triatriatum Sinister
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

2a B-NR

1.	 In adults with unrepaired cor triatriatum sinister, 
transesophageal echocardiography and/or cross-
sectional imaging can be useful to identify the size 
and location of the membrane orifice and to assess 
for the presence of associated congenital cardiac 
defects.1,2

2a B-NR

2.	 In adults with repaired cor triatriatum sinister and 
symptoms compatible with recurrent membrane 
obstruction, it is reasonable to evaluate for the 
presence of residual congenital cardiac defects, 
including pulmonary vein stenosis.2–5

Therapeutic

1 B-NR

3.	 In adults with unrepaired cor triatriatum sin-
ister and symptoms attributable to membrane 
obstruction, surgical resection is recommended 
to reduce the consequences of left atrial 
hypertension.1–3

1 C-LD

4.	 In adults with unrepaired cor triatriatum sinister 
and atrial fibrillation or atrial flutter, prior stroke, or 
left atrial thrombus, chronic anticoagulation is rec-
ommended to prevent embolic stroke, whether or 
not conventional thromboembolic risk factors are 
present.6,7
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2a C-LD

5.	 In asymptomatic adults with unrepaired cor tria-
triatum sinister and severe membrane obstruction, 
surgical resection can be useful to prevent the 
sequelae of left atrial hypertension.1,2,8

2a C-LD

6.	 In adults with unrepaired cor triatriatum sinister 
and atrial fibrillation or atrial flutter, a rhythm 
control strategy can be beneficial to avoid clinical 
decompensation.1,8

2b C-LD

7.	 In highly symptomatic adults with unrepaired cor 
triatriatum sinister, significant membrane obstruc-
tion, and elevated operative risk,* catheter-based 
intervention may be considered as a bridge to sur-
gical resection.8

*For example, decompensated heart failure, severe pulmonary hypertension, or 
pregnancy (see supportive text for details).

Synopsis
Cor triatriatum sinister is a rare congenital malformation 
(0.1% of clinical congenital heart disease)9 characterized 
by a fenestrated fibromuscular membrane that divides 
the left atrium into proximal and distal chambers, with 
attachments to the atrial septum medially and to the em-
bryologic left lateral ridge laterally. The distal chamber 
contains both the left atrial appendage and mitral valve. 
Given a shared pathophysiology with mitral stenosis, clin-
ical manifestations are similar.

Cor triatriatum sinister is typically repaired in child-
hood, when it is associated with additional congenital 
heart defects in 80% of cases; many of the defects, such 
as pulmonary vein stenosis, require ongoing evaluation in 
adulthood. Although usually an isolated defect in adult-
hood, in up to 40% of cases cor triatriatum sinister can 
be associated with ASD, persistent left superior vena 
cava,1,3 or partial anomalous pulmonary venous return.2,8 
Transesophageal echocardiography and cross-sectional 
imaging are excellent modalities for detecting associated 
defects. Although cor triatriatum sinister is sometimes 
diagnosed incidentally,10,11 most adults present with 
gradual onset of heart failure or pulmonary hypertension, 
which can be effectively treated by surgical membrane 
resection. Less commonly, an abrupt presentation char-
acterized by atrial arrhythmia or systemic thromboem-
bolism2,8 requires expedited rhythm control and chronic 
anticoagulation to prevent clinical decompensation and 
cardioembolic events.

Recommendation-Specific Supportive Text
	 1.	 Depending on its size and position, the cor triatriatum 

membrane may be poorly visualized by transthoracic 
echocardiography. Transesophageal echocardiog-
raphy can confirm the diagnosis; identify the size, 
location, and degree of obstruction through the mem-
brane orifice; and detect additional lesions, such as 
ASDs and anomalous pulmonary venous return.1,2,11 

Three-dimensional echocardiography may further 
define the orifice shape and cross-sectional dimen-
sions. Multimodality imaging for cor triatriatum sinister, 
including transesophageal echocardiography, CMR, 
or CT angiography, is used in up to 68% of patients 
in large series of adults.1 In cases where noninvasive 
imaging is considered to be inadequate in determining 
the degree of membrane obstruction, or when asso-
ciated pulmonary hypertension is suspected, cardiac 
catheterization can be performed. The transmembrane 
gradient is measured by comparing simultaneous pul-
monary arterial wedge and LV diastolic pressures.

	 2.	 Particularly in infants and young children, cor tria-
triatum sinister may be associated with concomitant 
defects, such as pulmonary venous anomalies and/
or stenosis, that can result in symptoms after intra-
cardiac repair.2–5 For adults with prior surgical repair 
of cor triatriatum associated with other congenital 
cardiac defects, advanced imaging can both iden-
tify and quantify those residual anatomical abnor-
malities.3 Cross-sectional imaging, in particular CT 
angiography and CMR, can define the associated 
congenital defects and clarify pulmonary venous 
anatomy.1,12 Despite successful intracardiac repair, 
regular follow-up by an experienced ACHD cardi-
ologist allows for appropriate detection and man-
agement of residual cardiac sequelae (Table 19).

	 3.	 Although generally associated with larger orifice 
size and fewer additional cardiac anomalies in 
adults with cor triatriatum sinister, symptoms may 
be first reported in adulthood. Pathophysiological 
changes contributing to symptom development 
include fibrotic degeneration and calcification of 
the cor membrane,10,13,14 new-onset atrial fibrilla-
tion, and progression of mitral regurgitation.15 In 
most reports of adults with cor triatriatum sinister, 
progression of symptoms (dyspnea on exertion, 
orthopnea, and palpitations) is gradual.8 Surgical 

Table 19.  Cor Triatriatum Sinister: Routine Follow-Up and 
Testing Intervals

Type of 
Follow-Up or 
Testing

Physiological 
Stage A* 
(mo)

Physiological 
Stage B* 
(mo)

Physiological 
Stage C* 
(mo)

Physiological 
Stage D* 
(mo)

Outpatient 
ACHD  
cardiologist

36–60 12–24 6–12 3–6

Electrocard-
iogram

36–60 12–24 6–12 3–6

Transthoracic 
echocardiogram

36–60 12–24 12 12

For recommendations about timing of CMR and CT angiography, see Section 
4.2.1 supportive text for recommendations #1 and #2.

ACHD indicates adult congenital heart disease, CMR, cardiovascular magnetic 
resonance; and CT, computed tomography.

*See Section 2.2 for details on the ACHD anatomic and physiological clas-
sification system.

Recommendations for Cor Triatriatum Sinister (Continued)

COR LOE Recommendations
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resection for cor triatriatum sinister represents 
the only form of definitive therapy. To date, no 
instances of recurrent membrane obstruction 
after intracardiac repair have been reported.1,2,16 
Furthermore, the risks associated with operative 
repair have declined over time, with mortality in 
the modern era reported to range from 0% to 
2%.1–3,11,16

	 4.	 Among adults with unrepaired cor triatriatum sin-
ister, systemic thromboembolism is the first 
clinical presentation in 16% of patients over-
all and in up to 54% of patients with an acute 
presentation.5,8 Potential factors that predispose 
to thrombus formation and systemic embolism 
include atrial fibrillation, left atrial venous stasis 
within an obstructed proximal left atrial chamber, 
and paradoxical embolism through an associated 
ASD.6 In addition, left atrial functional indices are 
reduced for patients with cor triatriatum sinister, 
compared with age- and sex-matched controls,17 
and a shared pathophysiology with moderate to 
severe mitral stenosis has been proposed.18,19 
Management after systemic thromboembolism 
includes chronic anticoagulation, and surgical 
resection is performed when additional, estab-
lished indications for repair are present. Although 
data related to specific anticoagulants for cor 
triatriatum sinister are lacking, in related condi-
tions such as rheumatic mitral stenosis, warfarin 
is favored over direct oral anticoagulants.18,20

	 5.	 For asymptomatic patients, a previously proposed 
threshold for hemodynamically severe obstruction 
(mean estimated membrane gradient >15 mm Hg 
at rest or with exercise, by noninvasive Doppler 
interrogation)21 or evidence of PAH are each asso-
ciated with adverse cardiac outcomes and comport 
with existing guidelines for mitral valve stenosis 
intervention.18 Given the association with additional 
congenital heart anomalies, some patients undergo 
operative resection while addressing concomitant 
congenital cardiac lesions. For women of child-
bearing age, routine follow-up is an opportunity 
to discuss pregnancy-associated risks and poten-
tial preconception intervention (Table 19).1 Finally, 
approximately 60% of adults diagnosed with cor 
triatriatum sinister who have reassuring cardiac 
evaluation do not require surgery and can be man-
aged expectantly.

	 6.	 Patients with cor triatriatum sinister are at increased 
risk for atrial fibrillation due to chronic pressure 
elevation within the proximal left atrial chamber 
that contains the pulmonary veins and embryologic 
pulmonary venous component, with associated 
arrhythmogenic triggers.19 Multiple reports describe 
an association between new-onset atrial fibrilla-
tion and clinical decompensation for cor triatriatum 

sinister.8,16,22 Atrial fibrillation leads to loss of atrial 
contraction and, often, an increase heart rate, both 
of which can contribute to heart failure symp-
toms in otherwise well-compensated individuals.22 
Limited data suggest that, for affected patients, 
long-term maintenance of sinus rhythm is possible 
with transcatheter ablation strategies23 or surgical 
Maze operation.2 The optimal approach is gener-
ally considered within the context of concomitant 
indications for operative repair by a surgeon with 
ACHD expertise.

	 7.	 Catheter-based interventions are increasingly 
reported for adults with cor triatriatum sinister.24–32 
Patients may occasionally present in extremis 
with elevated cardiac operative risk related to 
decompensated heart failure or pulmonary hyper-
tension.28,29 Similarly, acute pulmonary edema and 
heart failure may develop during pregnancy or in 
the immediate postpartum period, when cardiac 
output reaches its zenith.33–37 Pregnancy rep-
resents a transitory period of greatly increased 
maternal and fetal risk for cardiac operations 
involving cardiopulmonary bypass.38 Although 
potential complications related to transcatheter 
intervention are recognized (eg, inadvertent atrial 
septal dilation, mitral valve damage, and cardiac 
perforation), existing reports suggest that per-
cutaneous balloon dilatation can be performed 
safely and effectively at experienced centers with 
ACHD expertise.24–32 Optimal candidates have 
isolated cor triatriatum characterized by a thin, 
noncalcified membrane.26 Although acute results 
have been reported to be excellent, long-term 
follow-up remains limited, and regrowth of the cor 
triatriatum membrane may theoretically occur.31

4.2.2. Congenital Mitral Stenosis, Including Shone 
Complex

Recommendations for Congenital Mitral Stenosis, Including Shone 
Complex
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

1 B-NR

1.	 Adults with congenital mitral stenosis or a 
parachute mitral valve should be evaluated for 
additional left-sided obstructive lesions to guide 
management.1,2

1 C-LD

2.	 Adults with multiple left-sided obstructive lesions 
(Shone complex) and suspected pulmonary hyper-
tension should undergo invasive hemodynamic 
assessment to identify and classify pulmonary 
hypertension.3,4

Synopsis
Congenital stenotic anomalies of the mitral valve may 
occur in isolation (eg, parachute mitral valve, supravalvar 
mitral ring, or double-orifice mitral valve) but often coex-
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ist with other left-sided obstructive lesions (Shone com-
plex). Acquired mitral valve disease may also complicate 
other forms of congenital heart disease. In many instanc-
es, indications for intervention in congenital mitral valve 
disease can be extrapolated from the “2020 ACC/AHA 
Guideline for the Management of Patients With Valvular 
Heart Disease,"5 which also covers mitral valve prolapse. 
However, balloon mitral valvuloplasty is rarely indicated 
or effective in congenital mitral stenosis. Section 4.1.3, 
“Atrioventricular Septal Defect,” discusses left atrioven-
tricular valve regurgitation in the context of AVSDs. See 
Table 20 for suggested routine testing and follow-up in-
tervals for congenital mitral stenosis.

Recommendation-Specific Supportive Text
	 1.	 Parachute mitral valve is most commonly found 

in the presence of other congenital abnormali-
ties, such as the components of Shone complex. 
Recurrence and progression of the various associ-
ated lesions are expected, and repeat interventions 
are common. These patients’ mortality risk may be 
associated with other defects.2 Therefore, patients 
with Shone complex require care at a center where 
such abnormalities can be followed and future 
interventions considered. Choices and techniques 
for valve repair or replacement are based on con-
sideration of coexisting abnormalities, including the 
likelihood of future surgery.

	 2.	 Up to 50% of patients with Shone complex may 
have pulmonary hypertension, which sub-
stantially affects survival. The mechanisms 
of pulmonary hypertension include both pre-
capillary and combined pre- and postcapillary 
pulmonary hypertension. Periodic right heart 
catheterization with hemodynamic assess-
ment and potential treatments may influence  
outcomes.3,4

4.2.3. Subaortic Stenosis
Recommendations for Subaortic Stenosis
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

2b C-EO

1.	 For patients with subaortic stenosis and equivocal 
symptoms, exercise stress testing may be con-
sidered to assess the physiological response to 
exercise and to determine whether symptoms are 
attributable to subaortic stenosis.

Therapeutic

1 C-EO
2.	 For patients with symptoms attributable to sub-

aortic stenosis, surgical repair is recommended to 
alleviate symptoms.

2b C-LD

3.	 For asymptomatic patients with LV dysfunction or 
LV hypertrophy in the setting of subaortic stenosis, 
surgical repair may be considered to mitigate wors-
ening LV function, hypertrophy, or both.1

2b C-LD

4.	 For asymptomatic patients with subaortic stenosis 
and at least mild aortic regurgitation, surgical repair 
may be considered to prevent progressive aortic 
regurgitation.2

Synopsis
Subaortic stenosis encompasses a variety of lesions 
that include thin membrane, thick fibromuscular ridge, 
diffuse tunnel-like obstruction, abnormal mitral valve 
attachments, accessory endocardial cushion tissue, or 
postoperative sequelae. The guideline recommendations 
apply to “simple” discrete membrane and do not cover 
“complex” tunnel-like obstruction or hypertrophic cardio-
myopathy, which is discussed in the 2024 Guideline for 
the Management of Hypertrophic Cardiomyopathy.3

Subaortic stenosis usually manifests before age 10 
years and has a male predominance. Aortic regurgitation 
is commonly acquired due to turbulence of flow or mem-
brane encroachment onto valve leaflets. In adults who 
do not undergo repair, subaortic stenosis and associated 
aortic regurgitation are slowly progressive; aortic regur-
gitation rarely becomes severe.1

Treatment of subaortic stenosis is surgical membrane 
resection, with or without myectomy, with a risk for heart 
block of 4% to 5%.4 Recurrence after surgery is substan-
tial—up to 25%—with a reoperation rate of 2% per year.2,5 
Some adults have undergone surgery in childhood, with a 
natural history that may be distinct from that of patients 
with no repair. The decision to operate on an asymptom-
atic patient must balance the natural history of subaortic 
stenosis against the risks for operative heart block and 
long-term recurrence. Applying a grading scheme for 
severity of aortic valve stenosis to determine an operative 
threshold in this population may not be appropriate for this 
reason. Although elevated gradients are associated with 
aortic regurgitation, need for surgical intervention, and 
lower survival,1,6,7 the optimal threshold for operating on 

Table 20.  Congenital Mitral Stenosis: Routine Follow-Up 
and Testing Intervals

Type of 
Follow-Up or 
Testing

Physiological 
Stage A* 
(mo)

Physiological 
Stage B* 
(mo)

Physiological 
Stage C* 
(mo)

Physiological 
Stage D* 
(mo)

Outpatient 
ACHD  
cardiologist

36–60 12–24 6–12 3–6

Electrocard-
iogram

36–60 12–24 12 12

Transthoracic 
echocardiogram

36–60 24 12 12

Modified with permission from Stout et al.6 Copyright 2018 American Heart 
Association, Inc. and American College of Cardiology Foundation.

*See Section 2.2 for details on the ACHD anatomic and physiological clas-
sification system.

ACHD indicates adult congenital heart disease.
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an asymptomatic patient without significant aortic regur-
gitation is not known. See Table 21 for suggested routine 
testing and follow-up intervals for subaortic stenosis.

Recommendation-Specific Supportive Text
	 1.	 Exercise stress testing can be helpful in evaluat-

ing symptoms to better understand the functional 
significance of subaortic stenosis. Similar to rec-
ommendations for aortic stenosis in the “2020 
Guideline for the Management of Patients With 
Valvular Heart Disease,” exercise testing can pro-
vide additional diagnostic information for symptom 
evaluation.8,9 Patients with subaortic stenosis may 
not recognize symptoms attributable to congenital 
LVOT obstruction for reasons that include lifetime 
experience with the lesion, slow growth of the 
membrane, concomitant morbidities, and sedentary 
lifestyle. Supervised exercise stress testing is safe 
and can provide valuable information (beyond that 
from resting data), including symptoms, ischemic 
changes on electrocardiogram, blood pressure 
response to exercise, and exercise capacity. No 
data support exercise stress echocardiography to 
record LVOT gradients at peak exercise. If symp-
toms attributable to subaortic stenosis can be elic-
ited, surgical repair may be considered.

	 2.	 Patients with symptomatic subaortic stenosis 
should undergo surgical repair to address symp-
toms. No data identify an echocardiographic 
gradient threshold at which a patient develops 
symptoms, nor one at which symptoms would be 
relieved by surgical resection.

	 3.	 The longstanding afterload of subaortic stenosis to 
which the LV is subjected may result in LV hyper-
trophy and, potentially, LV dysfunction. Theoretically, 
afterload reduction to the LV by surgically addressing 
LVOT obstruction could lead to improvements in LV 
function and prevent LV remodeling or its progression. 

There are limited studies in adults with asymptomatic 
subaortic stenosis that define an echocardiographic 
Doppler gradient warranting surgery to mitigate 
structural changes to the left ventricle. Published data 
suggest that higher gradients across the LVOT are 
associated with worse outcomes. In a multicenter, ret-
rospective study on the natural history of unrepaired, 
discrete subaortic stenosis in adulthood, cumulative 
survival was 94% at 20 years. When stratified by 
baseline LVOT gradient on Doppler echocardiogra-
phy, gradient ≥50 mm Hg demonstrated lower rates 
of intervention-free survival.1

	 4.	 No strong data support prophylactic surgery in 
adults to prevent progression of aortic regurgita-
tion. Degree of subaortic stenosis is known to be 
associated with aortic regurgitation, however. In the 
pediatric literature, LVOT gradient ≥50 mm Hg on 
echocardiography is an independent risk factor for 
moderate to severe aortic regurgitation6; in adults, 
a peak gradient ≥50 mm Hg is associated with a 
higher probability of aortic regurgitation.1 In a study 
of adults who had undergone prior surgery for 
subaortic stenosis, a preoperative LVOT gradient 
≥80 mm Hg on post-hoc analysis was associated 
with progression to moderate aortic regurgitation 
postoperatively, suggesting that surgery should be 
considered before patients reach this threshold.2 
Notably, half of the study patients had undergone 
prior surgery in childhood, suggesting a need for 
caution in generalizing these results to adults who 
have not undergone repair.

4.2.4. Congenital Diseases of the Aortic Valve
Recommendations for Congenital Diseases of the Aortic Valve
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

1 B-NR
1.	 Adults with a BAV should be screened for the pres-

ence of COA and aortic aneurysm to obtain early 
diagnosis and determine a management plan.1–4

1 B-NR

2.	 Adults with a BAV who have an aortic diameter 
>4 cm at the level of the sinuses or the ascending 
aorta, or who have risk factors for aortic dissec-
tion,* should undergo lifelong surveillance for pro-
gression of thoracic aortic disease to improve early 
detection of aortic growth.5–7†

2a B-NR

3.	 In first-degree relatives of adults with a BAV, 
1-time echocardiographic screening for the pres-
ence of a congenitally abnormal aortic valve or 
aortic aneurysm is reasonable to obtain early 
diagnosis.8–10

Therapeutic

1 C-LD

4.	 In adults with a congenitally abnormal aortic valve 
who meet indication for valve replacement, surgical 
and transcatheter options should be reviewed by 
heart valve and ACHD expert teams in a shared 
decision-making process to determine a manage-
ment plan.11–13

Table 21.  Subaortic Stenosis: Routine Follow-Up and  
Testing Intervals

Type of 
Follow-Up or 
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

Electrocard-
iogram

36 24 12 12

Transthoracic 
echocardiogram

36 24 12 12

Modified with permission from Stout et al.10 Copyright 2018 American Heart 
Association, Inc. and American College of Cardiology Foundation.

*See Section 2.2 for details on the ACHD anatomic and physiological clas-
sification system.

ACHD indicates adult congenital heart disease.
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2b B-NR

5.	 In young adults with congenital aortic valve ste-
nosis, a noncalcified valve with no more than mild 
aortic regurgitation, and an indication for interven-
tion, balloon valvuloplasty may be reasonable to 
delay the need for aortic valve surgery.14–16

*Risk factors: family history of aortic dissection, aortic growth rate ≥0.3 cm/
year, COA, “root phenotype” aortopathy.

†Modified from the “2022 ACC/AHA Guideline for the Diagnosis and Man-
agement of Aortic Disease.”21

Synopsis
BAV, the most common congenital cardiac abnormality, 
has an estimated prevalence of 4.6/1000 live births and 
is 2 to 3 times more common in males.1–3,17 Most cases 
result from an isolated abnormal fusion of 2 adjacent 
conotruncal endocardial cushions.17 Broader cardiovas-
cular disorders with congenital aortic valve abnormalities 
include truncus arteriosus, hypoplastic left heart syn-
drome (HLHS), abnormalities associated with Turner syn-
drome, Shone complex, and BAV associated with COA. 
Early signs of adverse structural LV remodeling due to 
eccentric aortic valve opening and diminished ascending 
aortic elasticity are common. Serial echocardiographic 
investigations and measurements of biomarkers, such as 
NT-proBNP, assist in evaluating the remodeling state.18,19 
See Table 22 for suggested imaging testing intervals for 
asymptomatic patients.

Other guideline indications for valve replacement20 
and prophylactic aortic replacement21 generally apply. 
The recommendations above are more specific to the 
lifelong management of patients with congenital heart 
disease, many of whom undergo intervention at a young 
age and may need future interventions. Patients are 
often young adults, for whom lifestyle considerations 
(eg, athletics, employment, childbearing) may influence 
intervention type. The underlying anatomy should be 
considered in planning the surgery, which may also need 
to include lesions other than the aortic valve. Minimally 
invasive procedures, such as transcatheter aortic valve 
replacement, can be considered in select scenarios by 
operators with ACHD expertise, although valve durability 
in younger patients remains a relevant concern.22–24

Recommendation-Specific Supportive Text
	 1.	 COA is present in 4% to 10% of cases of BAV, 

whereas the prevalence of thoracic aortic disease 
in this population is reported to be as high as 
30% to 40% in large referral centers.1–4 To evalu-
ate patients with BAV and thoracic aortic disease, 
echocardiographic imaging of the aorta is usually 
sufficient. In patients with limited acoustic windows 
or when the degree of aortic dilatation is within 0.1 

to 0.2 cm of the interventional criteria (5 cm with 
the aforementioned risk factors, 5.5 cm without 
them), cross-sectional imaging such as cardiac-
gated CT angiography or magnetic resonance 
(MR) angiography can be helpful.

	 2.	 Several retrospective studies show low incidences 
of aortic dissections (about 1%) and ascending 
aortic replacement (1% to 3%) in adults with a con-
genitally abnormal aortic valve, whether or not they 
underwent valve replacement surgery, whereas pro-
gressive aortic enlargement was present in about 
10%.5–7 However, those studies may underappreci-
ate the true rate of aortic dilation and adverse aor-
tic outcomes, as they did not entirely identify the 
number of patients with high-risk features such as 
root dilatation, history of COA, and family history 
of thoracic aortic disease. In the absence of more 
granular data, lifelong screening for progression of 
aortic dilatation, especially in patients with high-risk 
features,20,21 is recommended.

	 3.	 Familial inheritance of BAV may occur in an auto-
somal dominant pattern with variable penetrance. 
Pathologic variants in the NOTCH1, ADAMTS19, 
SMAD6, and ROBO4 genes have been identified 
as causing abnormalities in formation of the aortic 
valve, LVOT, and aorta.8,9,17,25 In 1 large meta-anal-
ysis of the prevalence of cardiovascular abnor-
malities in first-degree relatives of patients with a 
BAV, congenital aortic valve disease (mainly BAV) 

Table 22.  Congenital Diseases of the Aortic Valve: Imaging 
Testing Intervals for Asymptomatic Patients With Normal LV 
Function

Frequency of Echocardiography

Progressive (Stage B) Aortic stenosis
		 Every 3–5 years (mild severity, Vmax 2.0–2.9 m/s 

or mean ΔP <20 mm Hg)

		 Every 1–2 years (moderate severity, Vmax  
3.0–3.9 m/s or mean ΔP 20–39 mm Hg)

Aortic regurgitation
		 Every 3–5 years (mild severity)

		 Every 1–2 years (moderate severity)

Severe (Stage C) Aortic stenosis
		 Every 6–12 months (Vmax ≥4.0 m/s or mean ΔP 
≥40 mm Hg)

Aortic regurgitation
		 Every 6–12 months

		 Dilating left ventricle: more frequently

Aortic dilation >4 cm  
at the level of the  
sinuses, the ascending 
aorta, or both

Periodic echocardiogram, CMR, or CT at intervals 
determined by:
		 Degree and rate of progression of aortic  

dilatation

		 Family history of aortic dissection

		 History of coarctation

Modified with permission from Otto et al.27 Copyright 2020 American Heart 
Association, Inc. and American College of Cardiology Foundation.

CMR indicates cardiovascular magnetic resonance; CT, computed tomogra-
phy; LV, left ventricular; Vmax, maximum velocity; and ΔP, peak pressure gradient.

Recommendations for Congenital Diseases of the Aortic Valve  
(Continued)

COR LOE Recommendations
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was present in about 7%, thoracic aortic disease 
in about 30% if the relatives also had a BAV, and 
about 7% if the relatives had a tricuspid aortic valve.8 
Characteristically, people with more severe clinical 
phenotypes (ie, young at presentation, dissections 
or symptomatic disease, additional congenital car-
diovascular lesions) are more likely to have affected 
relatives. Given those associations, first-degree rela-
tives of patients with a BAV should undergo 1-time 
echocardiographic screening for the presence of an 
aortic valve abnormality and thoracic aortic disease.

	 4.	 Recent advances in aortic valve interventions 
for patients with congenitally abnormal valves 
include valve repair and the Ross operation (each 
intervention depends on anatomic feasibility) and 
bioprosthetic or mechanical valve replacement 
by surgeons with ACHD expertise. Transcatheter 
aortic valve replacement, an emerging option for 
patients with BAV, can be especially appealing 
as a temporizing measure in younger patients, to 
reduce the risk of redo sternotomies, in scenarios 
such as pregnancy or while awaiting transplanta-
tion. However, the long-term durability of trans-
catheter valves and the ability to fit into complex 
outflow tract anatomies remain relevant concerns 
in younger patients.22–24

Each intervention has significant implications for 
the patient’s lifestyle, medical treatment, and need 
for future interventions. Therefore, an evidence-
based shared decision-making process should be 
used to choose the type of intervention, based on 
patients’ priorities and goals of care. Decision-mak-
ing should encompass topics such as management, 
self-care, reproductive issues, and lifestyle changes, 
including sports participation and employment.11,26 
In 1 randomized trial involving patients without 
congenital heart disease who needed aortic valve 
replacement, those who received a shared decision-
making intervention felt better informed and had 
greater knowledge of prosthetic valves, less anxiety 
and depression, and better mental well-being, with-
out any more decision-related conflict than patients 
in the control group.12

	 5.	 Balloon dilation of the aortic valve is an accepted 
palliation for children, adolescents, and young adults 
with congenitally abnormal aortic valve stenosis 
(most commonly, a BAV) and no significant valve 
calcification.14,15 Although some degree of post-
procedural aortic regurgitation is common, balloon 
dilation allows for valve replacement or repair to be 
deferred until regurgitation becomes clinically sig-
nificant. In adults with calcified aortic valve stenosis, 
the results of balloon valvuloplasty are less favor-
able, so that approach is much less commonly used; 
even after successful reduction of systolic gradients, 
the effect is typically of limited duration.16

4.2.5. Supravalvar Aortic Stenosis
Recommendations for Supravalvar Aortic Stenosis
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

1 C-LD

1.	 In adults with suspected supravalvar aortic stenosis 
or with Williams syndrome, baseline aortic imaging 
is recommended to define the anatomy and sever-
ity of supravalvar aortic stenosis.1,2

1 C-LD

2.	 In adults with Williams syndrome and supravalvar 
aortic stenosis, baseline coronary imaging is rec-
ommended to evaluate for abnormalities such as 
coronary ostial stenosis.2–4

Therapeutic

1 B-NR

3.	 In adults with supravalvar aortic stenosis who are 
symptomatic and/or have diminished LV systolic 
function due to stenosis, surgical repair is recom-
mended to alleviate symptoms and preserve ven-
tricular function.5,6

1 C-LD

4.	 Adults with supravalvar aortic stenosis and coro-
nary ostial stenosis with symptoms of ischemia 
should undergo coronary artery revascularization 
to alleviate symptoms and preserve ventricular 
function.7

2b C-EO

5.	 In adults with asymptomatic severe supravalvar 
aortic stenosis, normal ventricular size and function, 
and a normal exercise stress test, surgical repair 
may be considered to avoid worsening of cardiac 
function and symptoms.

Synopsis
Supravalvar aortic stenosis occurs distal to the coronary 
orifices at the sinotubular junction.8 The stenosis can 
be in the form of a discrete, hourglass narrowing (more 
common) or a diffuse, long-segment stenosis of the 
ascending aorta that can also be associated with ste-
nosis of the brachiocephalic vessels.9 Supravalvar aor-
tic stenosis commonly occurs in patients with Williams 
syndrome, homozygous familial hypercholesterolemia, 
and nonsyndromic elastin arteriopathy syndrome.10–12 
Adults with supravalvar aortic stenosis should undergo 
baseline imaging for a detailed assessment of aortic 
anatomy. Adults with Williams syndrome and supra-
valvar aortic stenosis should have baseline evaluation 
for coronary artery abnormalities, to identify potential 
risks for SCD. Symptoms or reduced ventricular func-
tion associated with LVOT obstruction from supravalvar 
aortic stenosis should prompt surgical repair. Surgical 
revascularization is recommended in patients with su-
pravalvar aortic stenosis and coronary ostial stenosis 
who have ischemic symptoms. See Table 23 for routine 
testing and follow-up intervals.

Recommendation-Specific Supportive Text
	 1.	 Transthoracic echocardiography with Doppler is 

useful for deriving peak and mean pressure gradi-
ents across the area of supravalvar aortic stenosis 
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from apical, suprasternal, and right parasternal 
views; however, visualization of the full extent of 
supravalvar aortic stenosis with transthoracic 
echocardiography is limited.1,13 Transesophageal 
echocardiography is superior in this regard, but 
cross-sectional imaging (eg, CMR, MR angiogra-
phy, CT angiography) provides detailed images of 
supravalvar aortic stenosis and, along with echo-
cardiography, is used to assess patients before and 
after repair.2,3

	 2.	 Individuals with supravalvar aortic stenosis and 
Williams syndrome have increased risk for coronary 
abnormalities, including coronary ostial stenosis 
(most common), diffuse coronary stenosis, coronary 
artery dilation, or obstruction due to the aortic valve 
and/or sinotubular ridge.14 The presence of signifi-
cant coronary ostial stenosis increases the risk for 
SCD, especially when patients undergo anesthe-
sia.15,16 Many patients with Williams syndrome also 
have neurocognitive deficits and may be unable to 
describe their symptoms associated with coronary 
ischemia. Recent data also report that an electro-
cardiogram often shows no indicators of myocardial 
ischemia in patients with coronary abnormalities 
and Williams syndrome.17 Baseline screening for 
coronary artery anomalies is therefore recom-
mended in patients with Williams syndrome and 
supravalvar aortic stenosis if prior imaging has not 
been performed. Patients with nonsyndromic elas-
tin arteriopathy can also be considered for screen-
ing, given the underlying abnormality in the elastin 
(ELN) gene.18 Electrocardiography-gated coronary 
CT angiography or invasive coronary angiography 
provides excellent visualization of the coronary 
arterial anatomy.3 During cardiac catheterization, 
selective engagement of the proximal coronary can 
mask the presence of coronary ostial stenosis.14

	 3.	 Like other forms of LVOT obstruction, severe 
supravalvar aortic stenosis can result in exer-
tional symptoms and eventual reductions in LV 
systolic function.18 Those symptoms may be 
unmasked during exercise stress testing, which 
can also reveal abnormal decreases in blood 
pressure response to exercise, related to supra-
valvar aortic stenosis. In adults with LV dysfunc-
tion related to supravalvar aortic stenosis and 
symptoms due to progressive obstruction, sur-
gical repair is recommended to preserve car-
diac function and alleviate symptoms. Although 
echocardiographic assessments for moderate 
(mean gradient 20–40 mm Hg) or severe (mean 
gradient >40 mm Hg) supravalvar stenosis are 
often extrapolated from valvular aortic stenosis, 
this extrapolation can be inaccurate because 
of anatomic variability. Adults who had surgical 
repair during childhood need to be followed, as 
long-term studies have shown higher reinterven-
tion rates related to residual lesion.5 For patients 
with Williams syndrome, survival varies according 
to the type of original cardiac lesions. In a cohort 
of 200 patients operated on in childhood, overall 
30-year survival was 90% but dropped to 83% 
in those with right- and left-heart obstructive 
lesions; 56% of late deaths were attributed to 
ischemic heart disease, arrhythmias, or heart fail-
ure.19 Those outcomes may reflect some underly-
ing coronary abnormalities or conduction system 
disorders in these patients.

	 4.	 In contrast with other forms of LVOT obstruction, 
patients with supravalvar aortic stenosis have coro-
nary arteries that are exposed to the higher pres-
sure generated by the supravalvar obstruction.20 
Impaired coronary perfusion may occur because 
of varying degrees of aortic valve leaflet adhesion 
to the narrowed sinotubular junction or because 
of fibrotic thickening in the area immediately sur-
rounding the coronary ostia.21,22 Those factors 
cause ostial stenosis with restriction in diastolic fill-
ing of the coronary arteries; the left coronary artery 
is most frequently involved. Patients who develop 
symptoms of coronary ischemia should undergo 
coronary revascularization to improve symptoms, 
reduce the risk for myocardial infarction, and pre-
serve long-term ventricular function. The type of 
coronary revascularization, including the type of 
surgical repair, should be determined in collabo-
ration with a congenital cardiac surgeon and/or a 
coronary interventionalist.

	 5.	 Adults with severe supravalvar aortic stenosis with-
out symptoms, normal LV size and function, and 
a normal exercise stress test can be considered 
for surgical repair, to prevent future symptomatic 
worsening and/or worsening LV function. Risk 

Table 23.  Supravalvar Aortic Stenosis: Routine Follow-Up 
and Testing Intervals

Type of 
Follow-Up or 
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

Electrocard-
iogram

24 24 12 12

Transthoracic 
echocardiogram†

24 24 12 12

Modified with permission from Stout et al.26 Copyright 2018 American Heart 
Association, Inc. and American College of Cardiology Foundation.

*See Section 2.2 for details for ACHD anatomic and physiological classifica-
tion system.

†Routine transthoracic echocardiography may be unnecessary if CMR imag-
ing is performed to assess aortic anatomy.

ACHD indicates adult congenital heart disease; and CMR, cardiovascular 
magnetic resonance.
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assessment to confirm the low-risk profile should 
be performed.23,24 Echocardiographic assessments 
of supravalvar aortic stenosis severity often extrap-
olate the values used for valvar aortic stenosis, 
which may not be accurate.6 Using the sinotubular 
junction, aortic annulus ratio has been suggested in 
the pediatric population but has not been shown in 
adults with supravalvar stenosis.25 Careful assess-
ment of anatomy with imaging and possible cardiac 
catheterization for hemodynamic assessment may 
be needed to determine degree of stenosis.

4.2.6. Coarctation of the Aorta
Recommendations for Coarctation of the Aorta
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

1 B-NR
1.	 In adults with unrepaired COA, cross-sectional 

imaging is recommended to determine COA sever-
ity and delineate anatomy of the thoracic aorta.1,2

1 B-NR

2.	 In adults with repaired COA, periodic cross-
sectional imaging is recommended to screen for 
recurrent COA, aortic root/ascending aorta aneu-
rysms, and vascular complications related to COA 
repair (focal aortic aneurysm/pseudoaneurysms/
dissection, and stent fracture).*1,3,4

1 B-NR

3.	 In adults with COA, blood pressure measurement 
at rest in the upper and lower extremities is recom-
mended as part of routine clinical assessment to 
screen for hypertension and residual/recurrent COA.5

2a B-NR

4.	 In adults with COA, ambulatory blood pressure 
measurement is reasonable to diagnose hyperten-
sion and monitor response to antihypertensive 
therapy.6–9

2a B-NR
5.	 In adults with COA, exercise testing is reasonable 

to screen for exercise-induced hypertension.10,11

2a B-NR
6.	 In adults with COA who present with exertional 

symptoms, evaluation for coronary artery disease is 
reasonable to guide management.12

2b B-NR
7.	 In adults with COA, screening for intracranial 

aneurysms by brain MR or CT angiography may be 
considered to guide management.13

Therapeutic

1 B-NR

8.	 In adults with native or repaired COA, surgical or 
transcatheter stent therapy is recommended for 
anatomically and hemodynamically significant COA 
to prevent irreversible LV dysfunction from chronic 
pressure overload.†1,14,15

1 B-NR

9.	 In adults with native or repaired COA and hyper-
tension without hemodynamically significant 
COA, GDMT for hypertension is recommended to 
maintain controlled resting and ambulatory blood 
pressure.16,17

*See Table 24.
†See Table 25.

Synopsis
COA, characterized by aortic isthmus stenosis, is some-
times associated with aortic arch hypoplasia, BAV, LVOT 
disease (subaortic stenosis), and LV inflow disease (supra-

valvar mitral stenosis, mitral valve stenosis, and parachute 
mitral valve).4,18 Collectively, those anatomic lesions (LVOT 
disease and aortic isthmus stenosis) cause LV pressure 
overload, which in turn leads to LV remodeling (hyper-
trophy, fibrosis, impaired relaxation and compliance, and 
impaired contractility).19,20 In addition to those anatomic le-
sions, COA is characterized by physiological abnormalities 
such as endothelial dysfunction, abnormal smooth-muscle 
reactivity, and sympathetic hyperactivity.21–23 These abnor-

Table 24.  Coarctation of the Aorta: Routine Follow-Up and 
Testing Intervals

Type of 
Follow-Up or 
Testing

Physiological 
Stage A* 
(mo)

Physiological 
Stage B* 
(mo)

Physiological 
Stage C* 
(mo)

Physiological 
Stage D* 
(mo)

Outpatient 
ACHD  
cardiologist

24 24 12 6

Electrocard-
iogram

24 24 12 6

Transthoracic 
echocardiogram

24 24 12 12

For recommendations on exercise testing, see Section 4.2.6 recommendation 
#5. For recommendations about timing of CMR and CT angiography, see  Section 
4.2.6 supportive text for recommendations #1 and #2.

Modified with permission from Stout et al.44 Copyright 2018 American Heart 
Association, Inc. and American College of Cardiology Foundation.

*See Section 2.2 for details on the ACHD anatomic and physiological clas-
sification system.

ACHD indicates adult congenital heart disease; CMR, cardiovascular magnetic 
resonance; and CT, computed tomography.

Table 25.  Features Suggestive of Hemodynamic  
Significance in Coarctation of the Aorta

Diagnostic Test Index Findings

Upper-to-lower 
extremity systolic 
blood pressure 
gradient

Systolic blood pressure >20 mm Hg

Transthoracic 
echocardiography

Doppler mean gradient

Corrected COA MIG

Doppler profile

>20 mm Hg*†

>20 mm Hg*†

Diastolic tail in the  
descending aorta and  
diastolic forward flow in 
abdominal aorta

Cardiac  
catheterization

COA peak-to-peak 
gradient

>20 mm Hg*

MRA/CTA Aortic isthmus ratio

Angiogram

<0.5–0.7

Collateral arteries

*Gradients may be lower in the context of LV dysfunction, severe aortic steno-
sis, or extensive collateral arteries. Of the Doppler-derived COA gradients, COA 
mean gradient provides the best approximation for catheterization-derived peak-
to-peak gradient. Although corrected and uncorrected maximum instantaneous 
gradient both have similar correlations with catheterization-derived peak-to-peak 
gradient, the threshold to detect peak-to-peak gradient >20 mm Hg is different 
for both indices.45

†In repaired aortic coarctation, Doppler gradients may be elevated, even with-
out narrowing, because of poor arterial compliance and pressure recovery.

COA indicates coarctation of the aorta; CTA, computed tomography angiog-
raphy; MIG, maximum instantaneous gradient; and MRA, magnetic resonance 
angiography.
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malities lead to increased aortic stiffness and aortic pres-
sure wave reflection, which in turn exacerbate LV remodel-
ing caused by the anatomic lesions.21–23

Chronic LV remodeling initially manifests as asymp-
tomatic LV diastolic and systolic dysfunction, as well as 
left atrial dysfunction.18,20,24 LV remodeling may eventually 
progress to overt heart failure (mostly, heart failure with 
preserved ejection fraction), pulmonary hypertension, 
and atrial fibrillation.18,25,26 COA is also associated with 
premature coronary artery disease and increased risk for 
stroke.11,12,27 Table 24 shows the follow-up and testing 
schedule for adults with COA.

Recommendation-Specific Supportive Text
	 1.	 COA diagnosis and repair mostly occur in infancy 

and early childhood. However, COA can be missed 
in childhood, leading to an initial diagnosis in 
adulthood, usually during evaluation for refractory 
hypertension.1,2 Patients with a new or suspected 
COA diagnosis should undergo transthoracic 
echocardiography and cross-sectional imaging 
(CMR/CT angiography) to determine the severity 
of COA, aortic arch anatomy, and ascending aorta 
dimensions—and to rule out associated intracar-
diac lesions. Those findings provide critical infor-
mation for choosing the optimal therapy for COA. If 
the severity of COA or aortic aneurysm at baseline 
does not warrant intervention, ongoing monitoring 
for disease progression with CMR or CT angiogra-
phy may be required, with frequency of monitoring 
dependent on lesion severity.

	 2.	 Adults with repaired COA are at risk for develop-
ing vascular complications such as re-coarctation 
(restenosis of aortic isthmus); aortic wall injury 
and remodeling at the site of COA repair, leading 
to aneurysms/pseudoaneurysms; and aortic dis-
section involving any part of the thoracic aorta.1,3,4 
As a result, longitudinal imaging surveillance with 
transthoracic echocardiography and CMR/CT angi-
ography is required for early detection of these com-
plications, and then for timely intervention to reduce 
mortality risk. Furthermore, patients with COA and 
BAV (>60% of patients with COA) have increased 
risk for developing aortic root and ascending aorta 
aneurysms and, hence, need longitudinal imaging 
surveillance.4 The frequency of imaging surveil-
lance depends on cardiovascular lesions at baseline 
(Table 24). CMR is the preferred cross-sectional 
modality because it avoids radiation. However, CT 
angiography should be used in patients with prior 
COA stent implantation (because of stent artifacts 
associated with CMR) and may also provide screen-
ing for coronary artery disease. In patients without 
aortic aneurysm or residual COA, CMR/CT angiog-
raphy may be performed every 5 years to monitor 

for development of aneurysm or recurrent COA; in 
patients with aortic aneurysm or residual COA, the 
frequency of CMR/CT angiography would depend 
on lesion severity.

	 3.	 More than half of adults with repaired COA have 
systemic hypertension, which can occur even with-
out hemodynamically significant residual COA.28 
Hypertension underpins the cardiovascular remod-
eling that ultimately leads to cardiovascular mor-
bidity and mortality in this population.6 LV pressure 
overload, resulting from the anatomic and physi-
ological lesions of COA, leads to LV hypertrophy 
(cardiomyocyte hyperplasia); a normal physiologi-
cal response is necessary for maintaining wall 
stress.6 However, chronic LV pressure overload ulti-
mately leads to myocardial ischemia with replace-
ment fibrosis, manifesting clinically as impaired LV 
chamber relaxation and compliance (LV diastolic 
dysfunction) and impaired LV contractility.19,20,29,30 
Those maladaptive changes would eventually lead 
to left atrial dysfunction.24,30 These pathophysiologi-
cal changes are responsible for heart failure (mostly, 
heart failure with preserved ejection fraction) and 
atrial fibrillation in this population.26 Routine blood 
pressure measurement is therefore a critical com-
ponent of cardiovascular care in patients with 
COA.5 Blood pressure should be measured in all 4 
extremities at the time of initial evaluation and then 
measured in the right arm/leg during routine evalu-
ation to screen for hemodynamically significant 
residual COA.5 Blood pressure should preferably be 
measured in the right arm (except in patients with 
aberrant origin of right subclavian artery) at every 
clinical encounter, to screen for hypertension or 
monitor response to antihypertensive therapy.

	 4.	 Blood pressure measurement at rest (office blood 
pressure and home blood pressure) is the baseline 
screening test for hypertension, but it can some-
times miss hypertension in adults with COA.6–9 
Periodic ambulatory blood pressure is reasonable 
for diagnosis and monitoring of hypertension.6–9 
Ambulatory measurement also detects isolated 
nocturnal hypertension (absence of nocturnal dip-
ping), a marker of vascular dysfunction and future 
cardiovascular events.8

	 5.	 CPET assesses aerobic capacity, blood pressure 
response to exercise, and screening for exercise-
induced arrhythmias and myocardial ischemia.10,11 
Exercise-induced hypertension, generally defined 
as systolic blood pressure at peak exercise >210 
mm Hg in males and >190 mm Hg in females, is 
common in adults with COA.10,11 Exercise-induced 
hypertension is associated with LV hypertrophy and 
higher risk for cardiovascular events, independent 
of resting blood pressure and other clinical char-
acteristics.10,11 No consensus exists on whether to 
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initiate antihypertensive therapy in patients with 
exercise-induced hypertension who have normal 
resting and ambulatory blood pressures. However, 
blood pressure response to exercise can be used 
to guide titration of antihypertensive therapy in 
patients with a known diagnosis of hyperten-
sion.10,11 In patients with COA and hypertension 
who already use antihypertensive therapy, exercise 
testing is reasonable every 5 years to assess ade-
quacy of blood pressure control.

	 6.	 Premature coronary artery disease is common 
in adults with COA, who have a higher incidence 
of myocardial infarction at a younger age than 
patients without COA.12 The etiology of prema-
ture coronary artery disease in patients with COA 
is multifactorial; it is attributable to those patients’ 
high prevalence of atherosclerotic cardiovascular 
disease risk factors (hypertension, hyperlipidemia, 
and type 2 diabetes) and, possibly, to an inherent 
vascular dysfunction that increases the predisposi-
tion for coronary artery disease.31 Data are limited 
to guide screening for suspected coronary artery 
disease in this population, but coronary artery 
disease should be considered when assessing a 
patient with angina and exertional dyspnea.12

	 7.	 Adults with COA may be at elevated risk for devel-
oping intracranial aneurysms, although the literature 
supporting this association remains controver-
sial.32,33 Studies of older patients with COA and a 
higher prevalence of hypertension showed a higher 
prevalence of intracranial aneurysm (compared with 
a general population of similar age), in contrast to 
studies of younger patients with COA that showed 
no association between COA and intracranial aneu-
rysms.34,35 The limited available data suggest that 
most of the intracranial aneurysms identified in 
patients with COA are generally small and remain 
stable over time, with low risk for rupture.33 The role 
of routine screening for intracranial aneurysm in 
this population therefore remains unclear. However, 
performing baseline screening for intracranial 
aneurysm using brain MR or CT angiography may 
be considered in adults with COA.33

	 8.	 Surgical or transcatheter COA repair, by an opera-
tor with ACHD expertise, is recommended for 
hemodynamically significant native or recurrent 
COA.5,14,28,36–40 Hemodynamically significant COA 
can be assessed by physiological severity (sys-
tolic blood pressure or COA pressure gradient) 
or anatomic severity (aortic isthmus ratio derived 
from CMR/CT angiography) (Table 25).15 Aortic 
isthmus ratio is the ratio of the aortic isthmus (the 
smallest COA diameter) to the descending aorta 
at the level of the diaphragm. Although expert 
consensus generally has an aortic isthmus ratio 
<0.5 as the threshold for hemodynamic (anatomic) 

significance, recent empirical data suggest that a 
ratio <0.7 may be optimal for recommending COA 
repair, as this threshold provides the highest likeli-
hood of postintervention regression of LV hypertro-
phy and normalization of LV function.41 Anatomic 
severity for determining COA severity can also be 
used in clinical settings, when COA gradient may 
underestimate COA severity (eg, in patients with 
severe LV systolic dysfunction, severe aortic ste-
nosis, or extensive collaterals). Surgical COA repair 
or transcatheter COA stent therapy provides simi-
lar immediate hemodynamic results (defined by 
postintervention residual COA gradient).5,14,28,36–39 
Long-term outcome studies are limited but sug-
gest a higher risk for reintervention (due to stent 
fracture, restenosis, and aneurysm/pseudoaneu-
rysms) and less-complete LV reverse remodeling 
in patients who received transcatheter COA stent 
therapy, compared with surgery. Therapy should be 
individualized according to the thoracic aorta anat-
omy, procedural risk, and institutional expertise.42,43 
COA repair should be performed by cardiovascular 
surgeons or interventionists with expertise in man-
aging congenital heart disease.

	 9.	 Systemic hypertension is common in adults 
with COA and, once detected, should be treated 
aggressively.5 Given the high prevalence of other 
arteriosclerotic cardiovascular disease risk factors 
in the COA population, the target systolic blood 
pressure should be <130 mm Hg. Resting blood 
pressure (office or home monitoring) can underes-
timate systolic blood pressure and lead to under-
treatment. Ambulatory blood pressure and exercise 
testing may be considered for monitoring adequacy 
of blood pressure control, as on-treatment systolic 
blood pressure correlates directly with outcomes 
such as LV hypertrophy, LV dysfunction, and cardio-
vascular events.11,16,17

4.3. Right-Sided Lesions
4.3.1. Ebstein Anomaly

Recommendations for Ebstein Anomaly
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

1 B-NR

1.	 In adults with Ebstein anomaly, an electrophysi-
ological study is recommended for patients with 
symptomatic arrhythmia or asymptomatic ven-
tricular preexcitation to assess for substrates for 
ablation, including multiple or high-risk accessory 
pathways.1–3

2a B-NR

2.	 In adults with Ebstein anomaly, CMR imaging can 
be useful to determine anatomy, RV dimensions, 
and systolic function to guide surgical planning and 
management.4–8
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2a B-NR

3.	 In adults with Ebstein anomaly, electrophysiologi-
cal study (and catheter ablation, if needed) can be 
useful before tricuspid valve surgery to improve 
clinical outcomes.9,10

2a C-LD

4.	 In adults with Ebstein anomaly, if transthoracic 
echocardiography is inadequate to guide surgical 
planning, transesophageal echocardiography can 
be beneficial to characterize tricuspid valve mor-
phology and function.11

2b B-NR

5.	 In adults with Ebstein anomaly and severe RV 
dysfunction in whom there is concern that the RV 
will not support the entire stroke volume, preop-
erative diagnostic cardiac catheterization may be 
considered to assess candidacy for a bidirectional 
superior cavopulmonary (Glenn) anastomosis.12–14

Therapeutic

1 B-NR

6.	 In adults with Ebstein anomaly and at least moder-
ate tricuspid regurgitation in the presence of heart 
failure, worsening exercise capacity, or progressive 
RV systolic dysfunction, surgical intervention is rec-
ommended to restore valve function and augment 
cardiac output.8,15–18

1 B-NR

7.	 In adults with Ebstein anomaly and high-risk 
accessory pathway conduction or multiple acces-
sory pathways, catheter ablation is recommended 
to reduce the risk for SCD.1,2,19

2a B-NR

8.	 In asymptomatic adults with Ebstein anomaly and 
at least moderate tricuspid regurgitation in the 
presence of progressive RV enlargement, systemic 
desaturation from a right-to-left atrial shunt, recur-
rent arrhythmias, and/or paradoxical embolism, 
surgical intervention can be beneficial to improve 
clinical outcomes.17,20

2b B-NR

9.	 In adults with Ebstein anomaly and severe RV dys-
function in whom there is concern that the RV will 
not tolerate supporting the entire stroke volume, 
a bidirectional superior cavopulmonary (Glenn) 
anastomosis at the time of tricuspid valve surgery 
may be considered in carefully selected individu-
als to improve cardiac output through ventricular 
unloading.12–14,20

2b C-LD

10. �In adults with Ebstein anomaly who have an ASD/
patent foramen ovale, and cyanosis or paradoxi-
cal embolism, isolated closure may be considered 
after hemodynamic assessment to improve clinical 
outcomes.21

Synopsis
Ebstein anomaly, an uncommon congenital heart defect, 
occurs in about 1 in 1000 live births in contemporary se-
ries.22 Although Ebstein anomaly is classically considered 
a malformation of the tricuspid valve, the contemporary 
approach is to recognize that there is an inherent RV car-
diomyopathy that may also extend to the left ventricle.23 
The anomaly can occur with other associated defects, 
including ASD, VSD, and pulmonary stenosis. Although 
often considered within the spectrum of normal, a patent 
foramen ovale may have significant impact on physiology 
in the context of Ebstein anomaly. Accessory pathways 
and arrhythmias are relatively common. Patient surveil-

lance and management varies depending on patient age, 
severity of the lesion, and associated abnormalities, in-
cluding heart failure, cyanosis, and arrhythmias. Surveil-
lance includes multimodality imaging (to assess valve 
morphology, right heart size, RV systolic function, and 
presence of an atrial level shunt), rhythm assessment, 
pulse oximetry, and stress testing. Treatments can in-
clude surgical intervention and catheter-based structural 
and electrophysiological interventions when indicated.

See Table 26 for routine testing and follow-up inter-
vals. Considerations pertaining to management of an 
Ebsteinoid valve in the setting of CCTGA are distinct and 
are not discussed here.

Recommendation-Specific Supportive Text
	 1.	 Approximately one-third of adults with Ebstein 

anomaly and ventricular preexcitation have mul-
tiple accessory pathways, associated with a high 
risk for SCD.2 Adults with Ebstein anomaly also 
have a high prevalence of atrial tachyarrhyth-
mias.1,24,25 In the setting of ventricular preexcitation, 
atrial tachyarrhythmias may expose the patient 
to a higher risk for lethal ventricular arrhythmias. 
Although most symptomatic arrhythmias are atrial 
in adults with Ebstein anomaly,26 a diagnostic elec-
trophysiology study with therapeutic catheter abla-
tion, if feasible, is a reasonable option in selected 
patients with symptomatic ventricular arrhythmias.9 
A retrospective study of children and young adults 
with Wolff-Parkinson-White syndrome diagnosed 
by electrophysiology study demonstrated the lack 
of preceding symptoms or presence of high-risk 
markers before the occurrence of a life-threaten-
ing event in a substantial number of patients (a life-
threatening event was the sentinel event in 65% 

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

Type of 
Follow-Up or 
Testing

Physiological 
Stage A*  
(mo)

Physiological 
Stage B* 
(mo)

Physiological 
Stage C* 
(mo)

Physiological 
Stage D* 
(mo)

Outpatient 
ACHD cardi-
ologist

12–24 12 6-12 3-6

Electrocard-
iogram

12–24 12 12 12

Transthoracic 
echocardiogram†

12–24 12–24 12 12

For recommendations about timing of CMR imaging, see Section 4.3.1, sup-
portive text for recommendation #2.

Modified with permission from Stout et al.30 Copyright 2018 American Heart 
Association, Inc. and American College of Cardiology Foundation.

*See Section 2.2 for details on the ACHD anatomic and physiological clas-
sification system.

†Routine transthoracic echocardiogram may be unnecessary in a year when 
CMR imaging is performed, unless clinical indications warrant otherwise.

ACHD indicates adult congenital heart disease; and CMR, cardiovascular 
magnetic resonance.

Recommendations for Ebstein Anomaly (Continued)

COR LOE Recommendations
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of this population); in this study, Ebstein anomaly 
was the strongest independent predictor of a life-
threatening event on multivariate analysis (odds 
ratio, 4.1; 95% CI, 1.1–15.3; P=0.035), suggesting 
that a proactive strategy should be considered in 
asymptomatic patients with Ebstein anomaly and 
known preexcitation.3 A Pediatric and Congenital 
Electrophysiology Society/Heart Rhythm Society 
expert consensus document provides additional 
information on managing arrhythmias in patients 
with Ebstein anomaly.27

	 2.	 Comprehensive characterization of the anatomy 
and size of the right atrium and right ventricle in 
Ebstein anomaly is often difficult using echo-
cardiography alone, particularly in adults. Data 
obtained from CMR imaging can inform clinical 
care and interventional planning because MR fea-
tures correlate well with intraoperative findings.4 
Emerging data suggest that CMR measures can 
be useful for risk stratification6 and to identify the 
extent of reverse remodeling after surgical repair. A 
baseline CMR study is recommended at the time of 
transfer to adult care; anatomic and physiological 
findings should guide the frequency of subsequent, 
periodic follow-up studies. Surveillance CMR imag-
ing can be considered at 36- to 60-month intervals 
in stable patients who do not meet criteria for inter-
vention; 12- to 24-month intervals may be appro-
priate in patients with moderate or severe tricuspid 
regurgitation and/or RV systolic dysfunction who 
may benefit from intervention. Although precise 
thresholds for intervention in patients with Ebstein 
anomaly have not been delineated, CMR can pre-
cisely define disease severity and interval change. 
Cardiac CT may be used if CMR is not feasible, 
although CT is not typically selected for routine 
surveillance given the inherent potential risks from 
radiation exposure.4,11

	 3.	 Concealed accessory pathways are common in 
Ebstein anomaly and may coexist with manifest 
accessory pathways. In addition, preexcitation may 
be present but difficult to appreciate on the sur-
face electrocardiogram. Tricuspid valve surgery can 
hinder transcatheter access to right-sided acces-
sory pathways, the cavo-tricuspid isthmus, the slow 
pathway in atrioventricular node reentry, and ven-
tricular tachycardia substrates within atrialized RV 
tissue, such that it may be reasonable to assess for 
arrhythmia substrates by diagnostic electrophysiol-
ogy study and, if identified, proceed with catheter 
ablation before surgery.9 Routine electrophysiologi-
cal testing before surgery has been associated with 
a high diagnostic yield, effective catheter ablation 
of identified arrhythmias, and a potential reduction 
in the occurrence of postoperative arrhythmias and 
risk for SCD.10

	 4.	 Given inherent limitations in standard 2-dimen-
sional transthoracic echocardiography, anatomy 
and function of the tricuspid valve can be more pre-
cisely defined using 3-dimensional and/or trans-
esophageal echocardiography to provide detailed 
information for guiding surgical repair.

	 5.	 Preoperative catheterization to establish hemody-
namics and to assess the feasibility of applying a 
bidirectional superior cavopulmonary (Glenn) shunt 
is especially important in older patients, particu-
larly those with long-standing hypertension and LV 
hypertrophy, which can lead to diastolic dysfunc-
tion (elevated left atrial and/or LV end-diastolic 
pressures) and elevated pulmonary arterial pres-
sures.12–14,20 Data pertaining to bidirectional supe-
rior cavopulmonary shunts in Ebstein anomaly are 
primarily available for children; multidisciplinary 
discussion is advisable if a shunt strategy is being 
considered in an adult.

	 6.	 Delaying surgery until onset of symptoms or RV 
systolic dysfunction has been associated with 
poorer outcomes in patients with Ebstein anom-
aly.15,16 Exercise capacity is relatively low in Ebstein 
anomaly, compared with most other forms of con-
genital heart disease, and CPET has been cited as 
a useful tool for stratifying risk and guiding clini-
cal management.28 Because Ebstein anomaly is 
known to extend beyond tricuspid valve disease to 
include a broader myopathic process, the thresh-
old for operation may be lower than in other RV 
volume-loading lesions, given heightened concern 
about RV tolerance of a volume load in the Ebstein 
population.

Surgical repair to address moderate or severe 
tricuspid valve disease generally consists of tri-
cuspid valve repair or replacement, selective pli-
cation of the atrialized RV, reduction atrioplasty, 
arrhythmia surgery, and ASD/patent foramen ovale 
closure. Given the low risk from surgical interven-
tion and the high probability of successful repair 
using contemporary surgical approaches, such as 
the Cone procedure, current practice favors ear-
lier intervention, with some experts advocating for 
proactive intervention in cases of severe tricuspid 
regurgitation or progressive RV enlargement, even 
before clinical symptoms or signs appear.29 Sur-
gery may improve symptoms and functional ability 
(as measured on exercise testing) and may prevent 
or delay the worsening of symptoms.8,17,18

Although valve repair is the first-line surgical 
strategy for patients with Ebstein anomaly and 
suitable anatomy, prosthetic tricuspid valve implan-
tation is preferable in some patients. Given the 
inevitability of prosthetic valve deterioration over 
time, valve-in-valve catheter intervention may be 
considered as an alternative to surgery, to restore 
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valve function. In rare cases, surgical risk from tri-
cuspid valve intervention would be considered to 
be prohibitively high, and cardiac transplantation 
should be considered.

	 7.	 Adults with Ebstein anomaly and ventricular pre-
excitation often have multiple accessory path-
ways, which are associated with a higher risk for 
SCD, and generally can undergo ablation suc-
cessfully.1,2,19 Surgical interruption of accessory 
pathways is largely reserved for patients in whom 
multiple attempts at catheter ablation have not 
succeeded. High-risk pathways can allow rapid 
conduction of electrical impulses from the atria to 
the ventricles and, therefore, could provoke ven-
tricular arrhythmias and SCD in the setting of atrial 
arrhythmias. Definition and discussion of high-risk 
pathways can be found in a previously published 
consensus statement.27

	 8.	 Systemic desaturation and arrhythmias are fre-
quently signs of worsening hemodynamics, pro-
gressive tricuspid regurgitation, or worsening RV 
function.17,20 In addition to surgery on the tricus-
pid valve (to preserve ventricular function and 
restore ventricular size), closure of the ASD or 
stretched patent foramen ovale and arrhythmia 
surgery can be beneficial.8 Although an uncom-
mon occurrence, refractory arrhythmias may be 
an indication for surgery. When arrhythmia sur-
gery is required, it typically involves a modified 
right-atrial Maze procedure. In the presence of 
atrial fibrillation, adding a left-atrial Cox Maze III 
procedure can reduce the risk for recurrent atrial 
fibrillation.

	 9.	 The insertion of a bidirectional cavopulmonary 
(Glenn) shunt is more common in children than 
adults. In adults, this strategy is usually reserved 
for patients with severe RV dysfunction given the 
concern that the RV will not tolerate supporting 
the entire stroke volume. Hemodynamic factors 
(including LV systolic function and intracardiac 
pressures) require careful review if contemplating 
surgical intervention, and the decision to proceed 
with Glenn shunt insertion in adults is typically 
made with the input of multidisciplinary team mem-
bers. Given the rarity and complexity of this proce-
dure in adults, surgery should only be carried out in 
expert centers.12,14

	10.	 Isolated closure of an ASD/patent foramen ovale 
(typically by percutaneous device) can be con-
sidered to address cyanosis (oxygen saturation 
<90% at rest or with exertion) or paradoxical 
embolism. However, careful review of hemodynam-
ics is essential to ensure that intervention does not 

substantially increase right atrial pressures or com-
promise cardiac output.21

4.3.2. Valvular Pulmonary Stenosis
Recommendations for Valvular Pulmonary Stenosis
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

1 B-NR

1.	 In symptomatic adults with moderate or severe val-
vular pulmonary stenosis who have favorable valve 
anatomy, balloon valvuloplasty is recommended to 
improve symptoms.1,2

1 B-NR

2.	 In symptomatic adults with moderate or severe 
valvular pulmonary stenosis who are ineligible for 
or have had suboptimal results after balloon val-
vuloplasty, pulmonary valve replacement is recom-
mended to improve symptoms.3,4

1 C-LD

3.	 In asymptomatic adults with moderate or severe 
valvular pulmonary stenosis and at least moder-
ate tricuspid regurgitation or any RV dysfunction, 
pulmonary valve intervention is recommended to 
reduce pressure overload and improve valvular 
function.5,6

2a C-EO
4.	 In asymptomatic adults with severe valvular pulmo-

nary stenosis, intervention is reasonable to reduce 
pressure overload and improve valvular function.

Synopsis
Valvular pulmonary stenosis, one of the most common 
congenital heart defects, is estimated to occur in about 
1 in 2000 live births worldwide.7 Findings commonly 
associated with isolated valvular pulmonary stenosis 
include a dilated main PA and dysplastic valve cusps. 
Referral for intervention depends on the degree of ob-
struction, RV pressure and function, and the presence of 
associated symptoms. Although the first-line approach 
is generally percutaneous, surgery is appropriate for pa-
tients deemed to be ineligible for, or for those who have 
suboptimal results after, a catheterization procedure. 
Patients with mild native pulmonary valve stenosis have 
a reassuring natural history, and intervention is not usu-
ally necessary3; patients with severe pulmonary steno-
sis typically require intervention in childhood and have 
a good prognosis into adulthood1,2,8,9; and patients with 
moderate stenosis may have a more variable course, 
with some referred for catheter or surgical interven-
tion and others managed conservatively (see Table 
27).3 Outcomes after intervention are related to patient 
age at intervention, valve characteristics (morphology, 
diameter, and gradient), and/or presence of a genetic 
syndrome (eg, Noonan syndrome).10 See Table 28 for 
routine testing and follow-up intervals.

Recommendation-Specific Supportive Text
	 1.	 In most patients with moderate or severe iso-

lated pulmonary valve stenosis, pulmonary balloon 
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valvuloplasty is a safe and effective intervention that 
reduces the transvalvular gradient and improves 
symptoms.1,2,8,9 Patients without overt symptoms 
may also benefit from intervention if they dem-
onstrate worsening objective exercise capacity or 
exercise-induced hypoxemia due to a right-to-left 
shunt. Pulmonary balloon valvuloplasty has largely 
supplanted surgical pulmonary valvotomy as the 
first-line therapy for isolated valvular pulmonary 
stenosis.10

	 2.	 In symptomatic patients who are ineligible for 
balloon valvuloplasty or have had suboptimal 

outcomes, surgical intervention is recom-
mended. Surgery may also be appropriate in 
patients without overt symptoms who demon-
strate worsening objective exercise capacity or 
exercise-induced hypoxemia due to a right-to-
left shunt. Pulmonary valve replacement may be 
required in cases of marked valvular dysplasia 
or significant annular hypoplasia.3,4 Surgical 
valvotomy may be adequate for patients with 
adequate annular size.

	 3.	 Pulmonary valve intervention alone can lessen 
tricuspid valve regurgitation, albeit not as effi-
ciently as direct surgical intervention on the 
tricuspid valve.5,6,11 How well percutaneous pul-
monary valve intervention ameliorates tricuspid 
valve insufficiency has not been directly studied 
in patients with isolated pulmonary valve steno-
sis but can be extrapolated from cohort data that 
include heterogeneous anatomic lesions.11 RV 
systolic dysfunction attributable to the valve in 
patients with valvular pulmonary stenosis is rela-
tively uncommon and, if detected, should prompt 
valvular intervention.

	 4.	 Relieving a severely stenotic pulmonary valve in an 
asymptomatic patient reduces the RV pressure 
and the likelihood of potential sequelae.12 As in 
symptomatic patients, the procedure can be per-
formed by surgery or interventional catheteriza-
tion with low risks for morbidity and mortality. If 
intervention is deferred, careful follow-up to eval-
uate for symptoms, decline in exercise capacity, 
worsening RV function, or development of cyano-
sis is important and may prompt reconsideration 
of intervention.

Table 28.  Valvular Pulmonary Stenosis: Routine Follow-Up 
and Testing Intervals

Type of 
Follow-Up or 
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

Electrocard-
iogram

36–60 24 12 12

Transthoracic 
echocardiogram

36–60 24 12 12

Adapted with permission from Stout et al.16 Copyright 2018 American Heart 
Association, Inc. and American College of Cardiology Foundation.

*See Section 2.2 for details on the ACHD anatomic and physiological clas-
sification system.

ACHD indicates adult congenital heart disease.

Table 27.  Severity of Right Ventricular Outflow Tract  
Dysfunction13

Pulmonic stenosis severity*

Degree of  
stenosis

Doppler velocity and gradient across the right ven-
tricular outflow tract

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 >35–40 mm Hg

Pulmonary regurgitation severity†

Degree of  
regurgitation

Regurgitation  
fraction and volume, 
as measured by CMR 
imaging

Echocardiographic features 
associated with pulmonic 
regurgitation

Mild Regurgitant fraction 
<20%; regurgitant vol-
ume <30 mL

	Diastolic flow reversal at the 
pulmonary valve level
	Narrow vena contracta
	Flat pressure half-time
	Faint density of spectral  
Doppler signal

Moderate Regurgitant fraction 
20%–40%;  
regurgitant volume 
30–59 mL

	Diastolic flow reversal at the 
main or branch pulmonary 
artery level‡ 

Steep pressure half-time§

Severe Regurgitant fraction 
>40%; regurgitant  
volume 60 mL13

	Low PR index

	Denser signal of the spectral 
Doppler signal

	Broad vena contracta

Adapted with permission from Stout et al.16 Copyright 2018 American Heart 
Association, Inc. and American College of Cardiology Foundation.

*Severity of pulmonary valve stenosis may be underestimated in the context of 
ventricular dysfunction.

†CMR, the preferred imaging methodology for quantifying PR, is used to de-
fine the degree of PR. Echocardiographic features of mild and hemodynamically 
significant PR also are listed.

‡Assessment may be affected by pulmonary arterial compliance.
§Pressure half-time <100 ms, corresponding to significant PR (defined as 

regurgitant fraction ≥20% on CMR).
‖PR index (defined as duration of PR signal/total diastolic period) <0.77, cor-

responding to PR fraction >24.5%.13–15

CMR indicates cardiovascular magnetic resonance; and PR, pulmonary regur-
gitation.
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4.3.2.1. Isolated Pulmonary Regurgitation After Repair of 
Pulmonary Stenosis

Recommendations for Isolated Pulmonary Regurgitation After Repair 
of Pulmonary Stenosis
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

1 B-NR

1.	 In adults with moderate or greater pulmonary 
regurgitation resulting from treated isolated valvular 
pulmonary stenosis, CMR imaging is recommended 
to establish anatomy, quantify the degree of regurgita-
tion, and measure RV volumes and systolic function.1–4

Therapeutic

1 B-NR

2.	 In patients with symptomatic moderate or greater 
pulmonary regurgitation resulting from treated 
isolated valvular pulmonary stenosis, pulmonary 
valve replacement is recommended to improve 
symptoms.3–6

2a C-LD

3.	 In asymptomatic patients with moderate or greater 
pulmonary regurgitation resulting from treatment 
of isolated pulmonary stenosis with RV systolic 
dysfunction, pulmonary valve replacement is rea-
sonable to restore valve function and preserve RV 
systolic function.3,4

2b C-LD

4.	 In asymptomatic patients who have moderate or 
greater pulmonary regurgitation resulting from 
treatment of isolated pulmonary stenosis and at 
least moderate tricuspid regurgitation and/or pro-
gressive RV dilation or progressive decline in exer-
cise capacity,* pulmonary valve replacement may be 
reasonable to restore valve function, ameliorate RV 
size, and preserve RV systolic function.3,4,7–9

*See Figure 5.

Synopsis
Although many patients with pulmonary valve steno-
sis do not require intervention, some have pulmonary 
stenosis that is severe enough to warrant intervention, 
often in infancy or childhood. Pulmonary stenosis can 
be alleviated either by surgical valvotomy or balloon 
valvuloplasty, which may result in hemodynamically 
important pulmonary regurgitation. Chronic pulmonary 
regurgitation can result in development of symptoms, 
and in RV enlargement and/or dysfunction, warrant-
ing pulmonary valve replacement. Although early rein-
tervention is typically performed for residual stenosis, 
late intervention is commonly performed for significant 
regurgitation.10 Transcatheter pulmonary valve implan-
tation is an emerging alternative to surgical pulmonary 
valve replacement (although patients diagnosed with 
isolated valvular pulmonary stenosis make up a minor-
ity of patients with successful percutaneous valve im-
plantations in the published literature).5,6,11,12 Isolated 
congenital pulmonary regurgitation is rare and, given 
the lack of focused study of this subset of patients, 

the recommendations above can likely be extended to 
that population.

Recommendation-Specific Supportive Text
	 1.	 CMR, useful for establishing right heart anatomy, 

is the imaging modality of choice for quantify-
ing pulmonary regurgitation and measuring ven-
tricular size and systolic function. Although CMR 
can estimate the degree of pulmonary steno-
sis, echocardiography is generally preferred for 
assessing valve gradients.13 In stable patients 
with moderate or severe pulmonary regurgita-
tion, surveillance CMR imaging can be performed 
at 24- to 36-month intervals to monitor disease 
severity and interval changes in CMR measure-
ments; however, 12- to 24-month intervals may 
be more appropriate in patients being considered 
for intervention.

	 2.	 Although data are insufficient to define a thresh-
old of RV dilation or RV dysfunction to suggest 
appropriate timing for pulmonary valve replace-
ment in this population, directly extrapolating from 
data in TOF cohorts is likely to be inappropriate.1 
Compared with patients with repaired TOF, patients 
with isolated pulmonary regurgitation after repair of 
pulmonary stenosis appear to have fewer adverse 
cardiovascular outcomes, to exhibit a greater 
extent of reverse remodeling after intervention, and 
to have less benefit from earlier (more proactive) 
timing of valve intervention.3,4 Symptoms of heart 
failure attributable to pulmonary valve insufficiency 
should prompt intervention.

	 3.	 How pulmonary valve intervention affects clinical 
outcomes in asymptomatic patients with pulmonary 
regurgitation after repair of pulmonary stenosis is 
unknown. The thresholds for intervention are likely 
to be higher than for TOF. Notably, RV systolic dys-
function is relatively uncommon in patients with 
isolated pulmonary regurgitation (unlike in patients 
with TOF) and, when diagnosed, should prompt 
intervention.3,4

	 4.	 Thresholds for intervention based on RV volumes 
have not been well elucidated in patients with iso-
lated pulmonary regurgitation. Favorable reverse 
remodeling can be expected to occur after valve 
competency is restored, but the clinical implica-
tions of persistent volume overload have not been 
adequately studied.3,4 The decision to proceed with 
intervention should be balanced against the risk 
from the procedure itself, the need for future rein-
tervention, and the potential for complications such 
as infective endocarditis.3,4,7–9
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4.3.3. Management of Double-Chambered Right 
Ventricle

Recommendations for the Management of DCRV
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

2a C-LD
1.	 In adults with RV dysfunction or symptoms attrib-

uted to DCRV, cardiac catheterization is reason-
able to characterize anatomy and severity.1–3

2a C-EO

2.	 In adults with DCRV and moderate or greater 
RVOT obstruction, diagnostic assessment with 
CMR (or, if contraindicated, cardiac CT) can be 
beneficial to characterize the anatomy.*4

Therapeutic

1 C-LD

3.	 In adults with DCRV, moderate or greater RVOT 
obstruction, and otherwise unexplained symptoms of 
heart failure, cyanosis, or exercise limitation, surgical 
repair is recommended to improve symptoms.5–7

2a C-LD

4.	 In asymptomatic adults with DCRV and severe 
RVOT obstruction, surgical repair is reason-
able to prevent symptoms and adverse RV 
remodeling.1,6,7

*Table 27 delineates levels of severity of RVOT obstruction and their related 
echocardiographic parameters.

Synopsis
DCRV is characterized by hypertrophied muscle bundles 
that develop within the RV cavity, creating RVOT ob-
struction.3,8,9 It is commonly associated with a VSD that 
is often restrictive, resulting in a high-pressure inlet and 
a low-pressure outlet RV outflow chamber, with an intra-
ventricular pressure gradient. Although DCRV is uncom-
monly discovered in adults, it can develop in the years 

Figure 5. Isolated Pulmonary Regurgitation After Repair of Pulmonary Stenosis.
For routine follow-up and testing intervals, see Table 29. *Symptoms may include dyspnea, chest pain, and/or exercise intolerance attributable to 
PR or otherwise unexplained. PR indicates pulmonary regurgitation; PS, pulmonary stenosis; RV, right ventricular; and TR, tricuspid regurgitation. 
Modified with permission from Stout et al.14 Copyright 2018 American Heart Association, Inc. and American College of Cardiology Foundation.

Recommendations for the Management of DCRV (Continued)

COR LOE Recommendations
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after an earlier VSD repair.8,10 Transthoracic echocardiog-
raphy can miss DCRV if the defect is not sought specifi-
cally, and alternative imaging or cardiac catheterization 
is often required to confirm DCRV and its hemodynamic 
impact.2 Adults with DCRV often are misdiagnosed be-
cause evaluating this complex condition requires exper-
tise in noninvasive and invasive congenital heart disease. 
Diagnostic criteria for DCRV include echocardiographic 
or angiographic evidence of mid-RV obstruction, a sys-
tolic pressure gradient between the proximal RV cham-
ber (inflow) and RVOT caused by muscle bundles, and 
the absence of infundibular hypoplasia.11,12

Subpulmonary stenosis may occur in anatomic sub-
strates other than DCRV,13 including pre- and postop-
erative subpulmonary stenosis associated with other 
congenital heart defects. Table 30 lists routine testing 
and follow-up intervals for patients with each physiologi-
cal stage of DCRV.

Recommendation-Specific Supportive Text
	 1.	 Although patients with DCRV may be asymptomatic 

despite a moderate or severe degree of RVOT obstruc-
tion, symptoms of dyspnea on exertion, diminished 
exercise tolerance, chest pain, syncope/dizziness, and 
arrhythmias have been described.1,2 Given the chal-
lenges of diagnostic assessment of DCRV in adults,2 
invasive evaluation is often necessary to assess anat-
omy and degree of obstruction before surgery.1,2,4,14

	 2.	 Diagnostic evaluation for DCRV typically includes 
echocardiography,2 although it may not be conclusive. 
In addition, the presence of a VSD may contaminate 
the Doppler jet.1 Cross-sectional imaging (CMR or 
cardiac CT) may be needed to further delineate the 
anatomy before intervention.14 Published appropri-
ate use criteria for multimodality imaging during fol-
low-up of patients with congenital heart disease do 
not include specific recommendations for DCRV.15 
However, they refer to the risk for developing DCRV 
in patients with VSD as 1 reason for specific diagnos-
tic testing. CMR and cardiac CT are characterized as 
“may be appropriate” during preoperative evaluation 
and pre- or postrepair, if a change in clinical status or 
new concerning signs or symptoms emerge.

	 3.	 Surgery typically involves resection of obstructive mus-
cle bundles via transatrial, transventricular, transpulmo-
nary, or a variable combination of approaches.5–7,12,16 
Closure of VSD, if present, is completed at the time. 
Right ventriculotomy is avoided, when possible, to 
minimize long-term risks for ventricular arrhythmias 
and dysfunction. Postoperative outcomes are excellent, 
and recurrence is rare.1,5,7,12,16 VSD is often present and 
may communicate with the higher- or lower-pressure 
chamber in the right ventricle, with resulting differences 
in shunt direction and flow characteristics.2,9 When the 
pressure gradient through the right ventricle is severely 
elevated (echocardiographic maximal instantaneous 
gradient >64 mm Hg) or when associated with supra-
systemic RV pressure, the VSD may be associated with 
right-to-left shunting (if proximal to the obstruction) or 
associated with left-to-right shunting (if distal).

	 4.	 Given the progressive nature of obstruction and known 
symptom development over time,5,8 asymptomatic 
patients with severe DCRV can benefit from surgical 
repair of both the VSD and the RVOT obstruction.

4.3.4. Isolated Branch Pulmonary Artery Stenosis
Recommendations for Isolated Branch Pulmonary Artery Stenosis
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

1 B-NR

1.	 In adults with peripheral or branch PA stenosis, 
echocardiography and cross-sectional imaging (car-
diac CT or CMR) are recommended to evaluate RV 
pressure and systolic function, degree of tricuspid 
regurgitation, and degree and location of stenosis.1

Table 30.  Double-Chambered Right Ventricle: Routine  
Follow-Up and Testing Intervals

Type of 
Follow-Up or 
Testing

Physiological 
Stage A* 
(mo)

Physiological 
Stage B* 
(mo)

Physiological 
Stage C* 
(mo)

Physiological 
Stage D* 
(mo)

Outpatient 
ACHD cardi-
ologist

24–36 24 6–12 3–6

Electrocar-
diogram

24–36 24 12 12

Transthoracic 
echocardiogram

24–36 24 12 6–12

For recommendations about timing of CMR and CT imaging, see Section 4.3.3 
supportive text for recommendation #2.

Modified with permission from Stout et al.17 Copyright 2018 American Heart 
Association, Inc. and American College of Cardiology Foundation.

*See Section 2.2 for details on the ACHD anatomic and physiological clas-
sification system.

ACHD indicates adult congenital heart disease; CMR, cardiovascular magnetic 
resonance; and CT, computed tomography.

Table 29.  Isolated Pulmonary Regurgitation After Repair of 
Pulmonary Stenosis: Routine Follow-Up and Testing  
Intervals

Type of 
Follow-Up or 
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

Electrocard-
iogram

36–60 24 12 12

Transthoracic 
echocardiogram

36–60 24 12 12

For recommendations about timing of CMR imaging, see Section 4.3.2.1 sup-
portive text for recommendation #1.

Modified with permission from Stout et al.14 Copyright 2018 American Heart 
Association, Inc. and American College of Cardiology Foundation.

*See Section 2.2 for details on the ACHD anatomic and physiological clas-
sification system.

ACHD indicates adult congenital heart disease; and CMR, cardiovascular 
magnetic resonance.
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Therapeutic

1 B-NR

2.	 In adults with symptoms related to peripheral 
or branch PA stenosis, pulmonary branch bal-
loon angioplasty and/or stent implantation is 
recommended to improve hemodynamics and 
symptoms.2,3

2a B-NR

3.	 In asymptomatic adults with isolated peripheral PA 
stenosis* and any of the following—RV hyperten-
sion that is more than half the systemic pressure, 
RV dysfunction, moderate or greater degree of 
tricuspid regurgitation, or worsening exercise per-
formance—pulmonary branch balloon angioplasty 
and stent implantation can be useful to improve 
hemodynamics, reduce tricuspid regurgitation, and 
improve pulmonary blood flow.2–5

*Angiographic narrowing and/or asymmetric pulmonary blood flow with a re-
duction >10% in expected perfusion to the affected lung.

Synopsis
Congenital pulmonary branch and peripheral PA stenosis 
can be isolated, occur as part of a constellation of RVOT 
obstruction, or be identified postoperatively (eg, after ar-
terial switch with the Lecompte maneuver). Peripheral PA 
stenosis also can be associated with a syndrome (eg, 
Noonan, Alagille, Williams, maternal rubella exposure). In 
patients with suspected pulmonary hypertension and RV 
hypertension, peripheral PA stenosis may be the underly-
ing cause.

Transthoracic echocardiography is useful in identify-
ing proximal peripheral PA stenosis, obtaining RV pres-
sure, and evaluating cardiac function, but it does not 
adequately image the peripheral PAs. Further cross-sec-
tional imaging (eg, CMR or cardiac CT) can better visual-
ize the branch PA anatomy, as well as any hypoplasia or 
obstruction. In addition, CMR with pulmonary perfusion 
testing can quantify relative pulmonary blood flow.

In isolated branch PA stenosis, intervention decisions 
are typically based on symptoms, such as shortness of 
breath, as well as on elevated PA pressure and RV fill-
ing pressure, distribution of relative pulmonary blood 
flow, RV function, and systolic pressure. Intervention with 
balloon angioplasty or stenting can improve pulmonary 
blood flow and reduce RV hypertension. After interven-
tion, adults with proximal peripheral PA stenosis need 
ongoing surveillance that includes echocardiography and 
cross-sectional imaging, as indicated (see Table 31).

Recommendation-Specific Supportive Text
	 1.	 Echocardiographic imaging is beneficial in quanti-

fying the RV pressure, but cross-sectional imaging 
with CT6,7 or CMR1 is recommended to identify the 
location and degree of peripheral pulmonary ste-
nosis and to assess the feasibility of intervention. 

Lung perfusion scan or CMR with pulmonary per-
fusion testing can quantify relative pulmonary blood 
flow.

	 2.	 In adults with symptoms related to peripheral or 
branch PA stenosis—including those with worsening 
exercise intolerance, signs of right heart failure, and 
cyanosis due to atrial level right-to-left shunting—the 
use of balloon angioplasty or stent implantation has 
been shown to improve exercise tolerance, lung per-
fusion, and ventilatory efficiency.2,3

	 3.	 Balloon angioplasty or stenting of a peripheral PA 
is safe and effective in reducing pressure gradi-
ents and improving relative pulmonary blood flow.4,8 
Indications for pulmonary angioplasty or stenting 
include symptoms attributable to the diminished 
pulmonary blood flow, focal narrowing, abnormal 
differential perfusion, and elevated RV pressure. 
Common indications for intervention can include 
symptoms, PA pressure gradient >20 to 30 mm 
Hg, elevation of RV pressure or proximal mean PA 
pressure to more than half the systemic pressure, 
and <35% blood flow to the affected lung.9,10 The 
decision for intervention with PA angioplasty or 
stenting includes assessment of clinical symptoms, 
imaging, and discussion with an ACHD interven-
tional cardiologist. Surgery (performed by a sur-
geon with ACHD expertise) is reserved for cases 
in which transcatheter intervention is not feasible,11 
or if in combination with other cardiac surgery. PA 
intervention can increase pulmonary blood flow 
to the affected lung and improve exercise capac-
ity.3 Restenosis has been reported, and ongoing 
surveillance with imaging is warranted, especially 
if the patient is symptomatic or has evidence of 
increased RV pressure

Table 31.  Isolated Branch Pulmonary Artery Stenosis:  
Routine Follow-Up and Testing Intervals

Type of 
Follow-Up or 
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

Electrocard-
iogram

24–36 24 12 12

Transthoracic 
echocardiogram

24–36 24 12 12

For recommendations about timing of CT and MR angiography, see Section 
4.3.4 supportive text for recommendation #1.

Modified with permission from Stout et al.12 Copyright 2018 American Heart 
Association, Inc. and American College of Cardiology Foundation.

*See Section 2.2 for details on the ACHD anatomic and physiological clas-
sification system.

ACHD indicates adult congenital heart disease; CT, computed tomography; 
and MR, magnetic resonance.

Recommendations for Isolated Branch Pulmonary Artery Stenosis 
(Continued)

COR LOE Recommendations
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4.3.5. Tetralogy of Fallot
Recommendations for Tetralogy of Fallot
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

1 B-NR

1.	 In adults with repaired TOF, echocardiography 
is recommended for assessment of pulmonary 
and tricuspid valve dysfunction, right atrial size, 
ventricular size and function, residual VSDs, and 
estimation of RV systolic pressure to characterize 
residual hemodynamic sequelae.1

1 B-NR

2.	 In adults with repaired TOF and residual hemody-
namic sequelae, CMR imaging is recommended for 
quantifying pulmonary valve function, ventricular 
size and function, and branch PA size and flow; 
characterizing the right and LVOT anatomy; quan-
tifying residual shunts or aortopulmonary collateral 
flow; and assessing fibrosis of the ventricular 
myocardium.2

1 B-NR

3.	 In adults with repaired TOF undergoing right ventri-
cle-to-pulmonary artery (RV-to-PA) conduit stent-
ing or transcatheter pulmonary valve placement 
with a balloon-expandable platform, assessment 
of coronary artery compression risk is indicated to 
ensure absence of coronary artery compression 
from stent/valve placement.3

1 B- NR

4.	 In adults with repaired TOF and native RVOT anat-
omy being considered for transcatheter pulmonary 
valve replacement, cardiac CT is recommended to 
determine anatomic suitability.4,5

2a B-NR

5.	 In adults with repaired TOF and moderate risk for 
future sustained ventricular tachycardia and/or 
SCD, invasive electrophysiology evaluation is rea-
sonable to inform clinical management.6–8

2a C- EO

6.	 In adults with repaired TOF in whom adequate data 
cannot be obtained noninvasively in the setting of 
an arrhythmia, heart failure, unexplained ventricular 
dysfunction, suspected pulmonary hypertension, 
residual hemodynamic lesions, or cyanosis, cardiac 
catheterization with angiography is reasonable for 
assessing hemodynamics to direct management 
and therapies.

2b C-LD

7.	 In adults with repaired TOF undergoing pulmonary 
valve placement (surgical or transcatheter), prepro-
cedural invasive electrophysiology evaluation with 
programmed ventricular stimulation and 3-dimen-
sional mapping may be considered to identify and 
treat latent monomorphic ventricular tachycardia 
substrates.6,8–10

2b C-LD

8.	 In adults with repaired TOF, noninvasive evaluation 
(12-lead electrocardiography, contrast-enhanced 
MR imaging, and/or CT angiography) may be 
considered to characterize ventricular tachycardia 
substrates.11–14

Therapeutic

1 B-NR

9.	 In symptomatic adults with repaired TOF and 
moderate or greater pulmonary valve dysfunc-
tion,* pulmonary valve replacement (surgical 
or transcatheter) is recommended for relief of 
symptoms.15

2a B- NR

10.	 In asymptomatic adults with repaired TOF, moder-
ate or greater pulmonary valve dysfunction,* and at 
least 2 of the following—RV end-systolic volume 
index >80 mL/m2, RV end-diastolic volume ≥2× 
LV end-diastolic volume, RV ejection fraction 
≤46%, LV ejection fraction ≤50%, or progressive 
decline in exercise capacity—pulmonary valve 
replacement (surgical or transcatheter) is reason-
able for improving outcomes, including lowering 
risks for ventricular arrhythmias and death.16

2a B-NR

11.	 In adults with repaired TOF and high risk (by clini-
cal markers and/or multivariable score†) for SCD, 
placement of an ICD is reasonable to prevent 
SCD.17–19

2a B-NR

12.	 In adults with repaired TOF and appropriate ICD 
therapies for monomorphic ventricular tachycar-
dia, adjunctive catheter ablation is reasonable to 
reduce ventricular tachyarrhythmia burden.20,21

2a C-LD

13.	 In adults with repaired TOF with moderate or 
greater pulmonary valve dysfunction* and progres-
sive ventricular systolic dysfunction, pulmonary 
valve replacement (surgical or transcatheter) is 
reasonable to preserve ventricular function.22

2b C-LD

14. �In adults with repaired TOF with at least moder-
ate pulmonary valve dysfunction* and progressive 
functional tricuspid regurgitation of a moderate 
or greater severity associated with RV dilation, 
pulmonary valve intervention may be reasonable to 
prevent worsening tricuspid valve dysfunction and 
RV dilation.23

2b C-LD

15. �For carefully selected patients with repaired TOF 
and hemodynamically tolerated monomorphic 
ventricular tachycardia related to a well-defined 
anatomical isthmus, ablation monotherapy may be 
considered in lieu of ICD placement at centers with 
ACHD electrophysiology expertise.24–26

2b C-LD

16. �In adults with repaired TOF and moderate or 
greater pulmonary regurgitation and ventricular 
tachyarrhythmia requiring treatment,‡ pulmonary 
valve replacement (surgical or percutaneous), in 
addition to electrophysiological intervention, may 
be considered.27,28

*Pulmonary valve dysfunction defined as moderate PR (CMR-derived RF 
>25%) or RVSP >2/3 systemic pressure due to RVOT obstruction.

†Refer to Table 32 and Table 33 for individual risk scores.
‡Antiarrhythmic classes I/III or amiodarone, catheter ablation, electrical car-

dioversion, defibrillation, pace termination, or ICD shock for sustained ventricular 
arrhythmia.

Synopsis
TOF is one of the most common congenital heart dis-
ease conditions and requires lifetime surveillance. With 
advancing age, the prevalence of arrhythmias increases, 
resulting in electromechanical cardiomyopathy. The most 
common physiological sequela of TOF repair is RVOT 
dysfunction, manifesting as pulmonary regurgitation, pul-
monary stenosis, or a combination thereof. Initial surgery 

Recommendations for Tetralogy of Fallot (Continued)

COR LOE Recommendations
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may involve an infundibulotomy to resect obstructive 
muscle bundles and use of a transannular patch, which 
commonly result in large, dyskinetic, sometimes aneurys-

mal areas of the RV free wall, associated with fibrotic 
tissue or scar. Surgical strategies focus on preserving 
the pulmonary valve when possible with either subvalvar 
muscle bundle resection and relief of supravalvar ob-
struction. At least 15% of patients born with TOF have 
pulmonary valve atresia; these patients often require a 
RV-to-PA conduit placement and necessitate conduit re-
placement as they age. Many patients with repaired TOF 
have residual RVOT dysfunction and branch PA stenosis. 
Pulmonary valve dysfunction may manifest as primary 
regurgitation, primary stenosis, or mixed. Moderate pul-
monary regurgitation is defined as a CMR-measured re-
gurgitant fraction of at least 25%. Moderate pulmonary 
stenosis is defined as an RV pressure that is at least 
two-thirds systemic because of RVOT obstruction. Of 
note, consideration is warranted for elevated RV systolic 

Table 32.  Established Risk Factors for Sustained  
Monomorphic Ventricular Tachycardia/Sudden Cardiac Death 
in Repaired Tetralogy of Fallot

QRS duration ≥180 ms

Moderate or greater LV or RV dysfunction

Prior ventriculotomy

Late age at definitive repair

Symptomatic nonsustained ventricular tachycardia/arrhythmic symptoms

QRS fragmentation

Inducible sustained ventricular arrhythmia at invasive electrophysiology study

LV indicates left ventricular; and RV, right ventricular.

Table 33.  Published Risk Scores for Calculating Risk for Sustained Ventricular Tachycardia/Sudden Cardiac Death in Repaired 
Tetralogy of Fallot

PREVENTION-ACHD17 Brompton, UK18 PACES19

Case-control design Observational design Case-control design

Outcome: SCD Outcome: SCD, sustained VT, resuscitated VF Outcome: SCD, sustained VT, appropriate ICD shock

783 patients 550 patients 286 patients

8 events 29 events 70 events

Risk factor* Points Risk factor† Points Risk factor∗ or † Points

Surgical era <1980 ≥1980

Coronary artery disease 1 RV LGE extent Arrhythmic symptoms 3 3

NYHA II-III symptoms 1  Moderate 22 ≥ Moderate LV dysfunction 3 3

Supraventricular tachycardia 1  Severe 24 ≥ Moderate RV dysfunction 2 1

Systemic EF <40% 1 LV LGE present 11 ≥ Moderate RV pressure 1 1

Subpulmonary EF <40% 1 RVEF ≥ Moderate RV volume 1 1

QRS duration ≥120 ms 1  36%-47% 8 Age at repair <6.5 years 2 0

QT dispersion ≥70 ms 1  ≤35% 16 Shunt pre-repair 2 1

LVEF Complex repair 1 2

 36%-55% 5 QRS duration ≥180 ms 1 1

 ≤35% 17 Sustained/nonsustained VT 1 1

Peak VO2 ≤17 mL/kg/m2 9

BNP ≥127 ng/L 9

Akinetic RVOT length ≥55 mm 9

RV pressure ≥47 mm Hg 5

Total score Annual event rate Total score Annual event rate Total score Risk category

0-2 <1% 0-20 0.20% <3 Low

3 1%-2% 21-39 0.90% 3-6 Moderate

4 3%-4% ≥40 3.70% 7-9 High

5 5%-10% >9 Very high

6 11%-25%

7 >25%

*Echocardiographic values.
†CMR values. 
ACHD indicates adult congenital heart disease; BNP, B-type natriuretic peptide; EF, ejection fraction; ICD, implantable cardioverter-defibrillator; LGE, late gadolinium 

enhancement; LV, left ventricular; NYHA, New York Heart Association; RV, right ventricular, RVOT, right ventricular outflow tract; SCD, sudden cardiac death; VF, ventricular 
fibrillation; and VT, ventricular tachycardia.
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pressure in the setting of RVOT obstruction that does 
not reach two-thirds systemic pressure in the setting of 
significantly depressed RV function. Patients with signifi-
cant pulmonary regurgitation often have RV dilation and 
may develop RV dysfunction. Much of the research in the 
past several decades has focused on the timing of sub-
sequent interventions to the RVOT (Figure 6). Other he-
modynamic sequelae are residual VSDs, tricuspid valve 
regurgitation, LV dysfunction (up to 20% of adults with 
TOF), and aortic root dilation. See Table 34 for suggested 
routine testing and follow-up intervals for patients with 
repaired TOF.

Patients with repaired TOF are at risk for both atrial 
and ventricular arrhythmias. Most commonly, atrial flutter 

involves either a prior atriotomy, the anatomic tricuspid 
annulus, or a combination of the 2 substrates. Atrial flut-
ter, and increasingly atrial fibrillation, can be definitively 
treated with catheter ablation. Atrial fibrillation has been 
associated with reduced survival in adults with repaired 
TOF.29 Moreover, TOF is uniquely associated with sus-
tained monomorphic ventricular tachycardia and SCD. 
Classically, patients experience an SCD rate of 1.5 per 
1000 patient-years.30 This risk is dynamic, with a reported 
incidence rate of ventricular arrhythmia that is generally 
low during childhood and accelerated in the third and 
fourth decades of life.30–33 The pathophysiology is com-
plex and multifactorial, owing to variable surgical scarring, 
suboptimal hemodynamics, and myocardial pathology 

Figure 6. Indications for Pulmonary Valve Replacement in Repaired Tetralogy of Fallot.
*Pulmonary valve dysfunction defined as moderate PR (CMR-derived RF ≥25%) or RVSP >2/3 systemic pressure due to RVOTO. CMR indicates 
cardiovascular magnetic resonance; ESVi, end-systolic volume index; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection 
fraction; PR, pulmonary regurgitation; RF, regurgitant fraction; RV, right ventricular; RVEDV, right ventricular end-diastolic volume; RVEF, right 
ventricular ejection fraction; RVOTO, right ventricular outflow tract obstruction; RVSP, right ventricular systolic pressure; TOF, tetralogy of Fallot; 
and TR, tricuspid regurgitation. Modified with permission from Stout et al.90 Copyright 2018 American Heart Association, Inc. and American 
College of Cardiology Foundation.
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that lead to electrical instability and ventricular arrhyth-
mogenesis.11 Fundamentally, ventricular tachycardia and 
SCD are believed to be related to evolving postsurgical 
residua that are superimposed on cardiomyopathy.34–36 
Accordingly, although sustained monomorphic ven-
tricular tachycardia represents the index arrhythmia for 
most patients,19,32,37,38 primary ventricular fibrillation can 
also occur. Over the past decade, investigations into risk 
factors for SCD have informed primary-prevention ICD 
strategies and ablation outcomes for repaired TOF.

Of note, these specific guideline recommendations 
are for patients with TOF who have undergone a repair 
earlier in life and do not include the rare cases of adults 
who present with unrepaired TOF. Adults with TOF who 
have not undergone surgical repair often have pulmonary 
atresia and receive pulmonary blood flow through aor-
topulmonary collateral vessels. Encountering adults with 
unrepaired TOF is rare, and the literature on this condi-
tion is limited to case reports.39

Recommendation-Specific Supportive Text
	 1.	 Echocardiography is used to evaluate hemodynamic 

sequelae in adults with repaired TOF.40,41 A compre-
hensive echocardiogram examination may include 
2-dimensional, 3-dimensional, M-mode, and strain 
imaging; and color, spectral, and tissue Doppler 
imaging.42–44 Echocardiography provides informa-
tion on the mechanisms of valve dysfunction, pres-
ence of residual VSDs, and size and function of the 
cardiac chambers, as well as the pressure gradient 
across the RVOT and an estimate of RV pressure.

	 2.	 CMR imaging is the gold-standard imaging modality 
for quantifying ventricular function, valve regurgita-
tion, and pulmonary and systemic flows, as well as 
for delineating PA anatomy and detecting scar tis-
sue in the ventricular myocardium in patients with 

TOF. Serial CMR examinations allow for longitudinal 
follow-up of patients with repaired TOF and provide 
useful information that aids in the timing of pulmonary 
valve replacement and risk stratification for adverse 
outcomes.45,46 For routine follow-up in patients with 
normal ventricular function and no greater than mild 
pulmonary regurgitation, CMR can be obtained every 
3 to 5 years. In patients with ventricular dysfunction 
and/or moderate or greater pulmonary regurgitation, 
CMR can be obtained every 2 to 3 years.

	 3.	 Before any surgical or percutaneous intervention in 
patients with TOF, the origins and proximal courses 
of the coronary arteries should be delineated, given 
that at least 5% of patients with TOF have an anom-
alous left anterior descending coronary artery from 
the right coronary artery. Patients with repaired 
TOF and abnormal coronary artery anatomy have 
a substantial risk for coronary artery compression 
during percutaneous pulmonary valve replacement 
of a balloon-expandable valve or direct injury to the 
coronary during surgical pulmonary valve replace-
ment. Assessment of coronary artery compression 
risk is done during interventional catheterization 
with balloon expansion within the RVOT/PA, with 
simultaneous aortography or coronary angiography 
to assess for coronary artery compression. Cross-
sectional imaging with CT angiography before 
surgery or intervention is excellent for delineating 
coronary artery anatomy and also can be useful in 
stratification of coronary artery compression risk.47

	 4.	 Cardiac CT is useful in determining suitability for 
transcatheter valve placement in native RVOT 
anatomy.5 For adults with repaired TOF being con-
sidered for self-expanding transcatheter pulmo-
nary valve replacement, cardiac CT is necessary 
to evaluate the valve geometry in both phases of 
the cardiac cycle. In patients being evaluated for 
balloon-expandable transcatheter pulmonary valve 
replacement by an operator with ACHD expertise, 
it is imperative to visualize the anatomy of the coro-
naries and their relationship to the RVOT/main PA. 
If this anatomy is not clearly delineated on CMR, 
cardiac CT is recommended.4

	 5.	 Risk stratification for sustained ventricular tachy-
cardia and SCD has been refined during the past 
several decades. Clinical risk factors include QRS 
duration >180 ms,37,48 fragmentation of the QRS 
complex,13,49 symptomatic nonsustained ventricular 
tachycardia,50 and LV dysfunction (Table 32).34,35,51 
More recently, multiple clinical risk scores,17–19 some 
that include late gadolinium-enhancement CMR,18 
have been devised to further refine the risk profile 
of these patients (Table 33). Separately, inducible 
sustained ventricular arrhythmia has been shown 
to carry independent prognostic value (likelihood 
ratio, 3.77:1) and is strongly associated with future 

Table 34.  Repaired Tetralogy of Fallot: Routine Follow-Up 
and Testing Intervals

Type of 
Follow-Up or 
Testing

Physiological 
Stage A*  
(mo)

Physiological 
Stage B* 
(mo)

Physiological 
Stage C* 
(mo)

Physiological 
Stage D* 
(mo)

Outpatient 
ACHD  
cardiologist

12–24 12–24 12 3–6

Electrocard-
iogram

24 12–24 12 12

Transthoracic 
echocardiogram

24 12–24 12 6–12

For timing of routine CMR and cardiac CT, see Section 4.3.5, supportive text 
for recommendations #2–5.

Modified with permission from Stout et al.90 Copyright 2018 American Heart 
Association, Inc. and American College of Cardiology Foundation.

*See Section 2.2 for details on the ACHD anatomic and physiological clas-
sification system.

ACHD indicates adult congenial heart disease; CMR, cardiovascular magnetic 
resonance; and CT, computed tomography.
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cardiac events.6,52 Therefore, for patients with mod-
erate risk for sustained ventricular tachycardia/
SCD (estimated annual risk equal to 1% to 11.5%) 
by conventional risk-factor analysis or clinical 
risk scores,13,19,35,37,38,48–51,53 invasive electrophysi-
ologic testing with programmed ventricular stimu-
lation is useful for further risk prognostication.6,52 
Conversely, for patients with a baseline high risk for 
sustained ventricular tachycardia/SCD, this testing 
is unlikely to affect risk assessment.53

	 6.	 Cardiac catheterization is the only method that 
can accurately determine PA pressure and PVR. 
Echocardiographic indices of diastolic dysfunction, 
prevalent in repaired TOF, do not correlate with 
invasively measured RV end-diastolic pressure.54

	 7.	 Pulmonary valve replacement is required for adults 
with TOF with chronic pulmonary regurgitation, 
RV dilation, and dysfunction. Despite many clini-
cal benefits, there is limited impact on the risk for 
sustained monomorphic ventricular tachycardia 
or SCD after pulmonary valve replacement.55–57 
Utilizing catheter ablation to treat ventricular 
tachycardia may be more challenging after valve 
insertion due to the presence of prosthetic mate-
rial overlying anatomic conduction isthmuses.9,58 
Several observational studies have demonstrated 
high yield and safety associated with routine pre-
emptive electrophysiology studies prior to pulmo-
nary valve replacement,6,8,9 with actionable results 
in approximately 25% of patients.8 In most cases, 
monomorphic ventricular tachycardia substrates 
can be eliminated by catheter ablation.8,9,14 In cases 
in which myocardial hypertrophy may preclude 
successful elimination of ventricular tachycardia 
substrates by a catheter-based approach, direct 
intraoperative exposure and cryoablation may be 
useful.27,28,59,60 Given the >10% lifetime risk for 
sustained ventricular tachycardia in patients with 
repaired TOF,30–32,37 the late development of post-
transcatheter valve monomorphic ventricular tachy-
cardia is of particular concern.

	 8.	 Patients with TOF are at risk for sustained mono-
morphic ventricular tachycardia related to well-
conserved postoperative anatomic isthmuses, 
largely found within the RVOT region.26,61 Several 
observational studies have confirmed that com-
plete elimination of those abnormal conduction 
isthmuses yields excellent freedom from recurrent 
ventricular tachycardia.24–26 Although invasive elec-
trophysiologic assessment of abnormal conduction 
isthmuses is the gold standard for the detection of 
reentrant ventricular tachycardia substrate, emerg-
ing evidence shows that these regions may also be 
detected noninvasively. Assessment of the 12-lead 
electrocardiogram conveys critical information 
regarding QRS duration,62 fragmentation,13 and 

patterns associated with abnormal isthmus con-
duction.12,63 Abnormal conduction isthmuses may 
also co-localize within regions of increased signal 
intensity by contrast-enhanced CMR imaging.11,64 
Multidetector CT angiography provides detailed 
information regarding wall thickness at established 
conduction isthmuses and can document the rela-
tionship of the coronary arterial anatomy to poten-
tial catheter ablation targets.14

	 9.	 Symptomatic patients (with dyspnea, chest pain, 
and/or exercise intolerance otherwise unexplained) 
with repaired TOF and pulmonary valve dysfunction 
who undergo pulmonary valve replacement often 
report improved functional class. This improve-
ment correlates with a reduction in RV size.65 
Nevertheless, many adults with repaired TOF who 
meet guideline criteria for pulmonary valve replace-
ment are not referred for intervention.66 Notably, 
adults with repaired TOF may not recognize subtle 
changes in their exercise capacity or report symp-
toms in a timely fashion. Therefore, timing of pul-
monary valve replacement should not be delayed 
once symptoms are recognized, as greater degrees 
of RV dilation are associated with lower chances of 
normalization of RV volumes following pulmonary 
valve replacement.65

	10.	 Adults with repaired TOF may not recognize 
subtle changes in exercise capacity and may not 
manifest symptoms until dysfunction is significant. 
CPET plays a valuable role in assessing exercise 
capacity in patients with repaired TOF and may 
be a valuable adjunct to current risk-stratification 
strategies.67 Factors contributing to risk of death 
or sustained ventricular tachycardia in patients with 
repaired TOF include older age at pulmonary valve 
replacement and pre-replacement RV hypertrophy 
and ventricular dysfunction.68 Because pulmonary 
valve replacement reduces the composite of mor-
tality and ventricular arrhythmias in select patients 
with moderate or greater pulmonary regurgita-
tion,16 either surgical or transcatheter pulmonary 
valve replacement by an operator with ACHD 
expertise is reasonable in asymptomatic adults 
with repaired TOF with at least 2 of the following: 
RV end-systolic volume index >80 mL/m2, RV end-
diastolic volume ≥2× LV end-diastolic volume, RV 
ejection fraction ≤46%, LV ejection fraction ≤50%, 
or progressive decline in exercise capacity.69 Prior 
guidelines have included thresholds of right ven-
tricular indexed end-diastolic volume (RVEDV) in 
the criteria to guide pulmonary valve replacement 
in asymptomatic patients. However, the emphasis 
on indexed RVEDV in prior guidelines was chosen 
to reflect the size at which RV volumes return to 
normal following pulmonary valve replacement. In 
a single-center study of 189 adults with rTOF, mild 
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or moderate RV dilatation after pulmonary valve 
replacement was not associated with adverse clini-
cal outcomes.70 Current scientific statements and 
risk stratification scores have not included indexed 
RVEDV in the criteria for timing of pulmonary valve 
replacement, as other imaging features, such as 
indexed RV end-systolic volume and the biventricu-
lar global function index (which incorporates both 
diastolic and systolic volumes) have stronger cor-
relation with outcomes.18,46,71,72

	11.	 Prevention of SCD is a major priority for patients 
with TOF. Clinical factors associated with compos-
ite outcomes of sustained monomorphic ventricu-
lar tachycardia and SCD include QRS duration37,48 
and fragmentation,13,49 symptomatic nonsustained 
ventricular tachycardia,50 RV and LV function,35,51 
evidence of myocardial scarring as detected by 
contrast-enhanced MR imaging,18 and inducible 
ventricular arrhythmia at invasive electrophysiology 
study (Table 32).6,19,52 Various risk scores have been 
devised to further improve diagnostic accuracy for 
future cardiac events among patients with TOF 
(Table 33).17,19,38,73,74 The addition of CMR imaging 
findings, for quantification of both functional and 
substrate parameters (ie, myocardial scarring), 
holds particular promise.18,73–78

	12.	 Although ICD placement can be lifesaving for 
repaired TOF, recurrent defibrillator shocks can 
be frightening to patients, increase health care 
utilization,79 and negatively affect quality of life.80 
Antiarrhythmic drugs may reduce cardiac events 
but may not be tolerated or may even be proar-
rhythmic.38 Catheter ablation has been associated 
with a reduction in appropriate device therapies for 
TOF.20,21 In a large observational study, Kawada et 
al20 evaluated the outcomes of catheter or surgical 
ablation after ICD placement among patients with 
aborted cardiac arrest or sustained monomorphic 
ventricular tachycardia. Appropriate device thera-
pies were significantly less likely following ablation 
versus medical therapy (10% versus 37%), with no 
events occurring after a catheter-based approach. 
Similarly, from a large registry cohort of patients 
with TOF, an ICD, and pulmonary valve placement, 
Bessière et al21 reported that ventricular tachycardia 
ablation was associated with a lower rate of appro-
priate device therapies (hazard ratio [HR]: 0.13; 
95% CI: 0.03–0.48; P=0.003). Such data support 
the role of ablation in patients with TOF with ICDs 
and recurrent monomorphic ventricular tachycardia.

	13.	 Pulmonary valve replacement is recommended 
for adults with repaired TOF, moderate or greater 
pulmonary valve dysfunction, and a progressive 
decline in ventricular systolic function, regardless 
of symptoms. Measurements of ventricular func-
tion derived from a single imaging study must be 

interpreted with caution, and comparison with serial 
studies is recommended.81,82 The decline in ven-
tricular function is most often right sided; however, 
progressive LV dysfunction may occur.83 It is impor-
tant to rule out other causes of LV dysfunction, 
such as perioperative injury, atherosclerotic coro-
nary artery disease, or inflammatory processes. An 
additional mechanism for LV dysfunction is medi-
ated through ventricular-ventricular interaction and 
the reverse Bernheim effect. Ventricular dysfunc-
tion is one of the strongest risk factors for adverse 
outcomes in adults with repaired TOF. For patients 
with severe LV or RV dysfunction, pulmonary valve 
replacement may not be tolerated or sufficient; 
therefore, evaluation by ACHD cardiologists and 
heart failure cardiologists is appropriate to decide 
whether a patient may be appropriate for MCS or 
heart transplantation rather than pulmonary valve 
replacement.

	14.	 Adults with repaired TOF have several potential 
underlying mechanisms of tricuspid regurgitation, 
including disruption of the integrity of the septal 
leaflet of the tricuspid valve during placement of 
the VSD patch, endocarditis, following device lead 
implantation, or due to annular dilation in the set-
ting of RV dilation.84 Several studies have shown 
improvement in tricuspid regurgitation following 
both surgical and percutaneous pulmonary valve 
replacement.23,85 Hence, in those with at least mod-
erate pulmonary valve dysfunction and progressive 
functional tricuspid valve regurgitation and RV dila-
tion, pulmonary valve replacement should be con-
sidered. The evidence on concomitant tricuspid 
valve intervention at the time of surgical pulmonary 
valve replacement is mixed, with some studies 
demonstrating improved tricuspid valve function86 
and others showing no difference or worsening tri-
cuspid valve function.87

	15.	 For some patients with repaired TOF and clinically 
tolerated sustained monomorphic ventricular tachy-
cardia related to a well-defined anatomic isthmus, 
isolated ablation may represent a durable form of 
therapy.24 Several large observational studies have 
reported negligible risk for recurrent ventricular 
tachycardia after the thorough establishment of 
electrical block across a culprit anatomic-con-
duction isthmus.24–26 This contrasts starkly with a 
residual risk for ventricular tachycardia recurrence 
when such isthmuses have not been successfully 
eliminated.26 For patients with additional risk fac-
tors for SCD, particularly impaired ventricular func-
tion, ablation may be incompletely protective.28,88 
For instance, among 34 patients with clinical ven-
tricular tachycardia undergoing catheter ablation 
without assessment for anatomic isthmus block, 
LV systolic dysfunction predicted recurrent events 
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despite acute procedural success (HR: 16.4; 95% 
CI: 1.8–147; P=0.01).88 Catheter ablation of ven-
tricular tachycardia in TOF requires substantial 
expertise for the proper identification of ventricular 
tachycardia substrates, avoidance of complications, 
assessment of procedural endpoints, and assess-
ment of risk for SCD. Repeated electrophysiology 
study to ensure durable block and noninducibility of 
the ventricular tachycardia is prudent. Procedural 
outcomes are expected to be optimal at experi-
enced centers with a high volume of TOF ventricu-
lar tachycardia ablation.

	16.	 In adults with repaired TOF and moderate or greater 
pulmonary regurgitation and ventricular tachyar-
rhythmias, pulmonary valve replacement (surgical 
or transcatheter by an operator with ACHD exper-
tise), in addition to arrhythmia management, may 
be considered to reduce the incidence of sustained 
ventricular tachycardiac and death. The combina-
tion of intraoperative mapping with arrhythmia 
surgery, plus concomitant pulmonary valve replace-
ment, has been shown to reduce future ventricu-
lar arrhythmia episodes.27,28 In addition, in a large 
multicenter study of patients with repaired TOF, an 
ICD, and appropriate shocks for ventricular arrhyth-
mia, the addition of catheter ablation for ventricular 
tachycardia was independently associated with a 
reduction of ICD therapies after pulmonary valve 
replacement.15 Conversely, observational data 
suggest a lack of reduction in future episodes of 
ventricular tachycardia when isolated pulmonary 
valve replacement is pursued without concomitant 
arrhythmia intervention.89

4.3.6. Pulmonary Atresia With Intact Ventricular 
Septum
Synopsis
Pulmonary atresia with intact ventricular septum (PA-IVS) 
is a rare congenital heart lesion associated with varying 
degrees of RV and tricuspid valve hypoplasia character-
ized by membranous or muscular atresia of the RVOT 
without any ventricular communication. In this condition, 
RV pressure overload can develop when tricuspid inflow 
is preserved in the setting of absent RV outflow, resulting 
in abnormal coronary circulation. Coronary sinusoids or 
fistulas can develop between the RV and coronary ar-
teries, and stenoses may ensue, making coronary perfu-
sion dependent on flow from the hypertensive RV, the 
so-called “RV-dependent coronary circulation,” which in-
fluences potential management and palliative strategies. 
Given the wide spectrum of disease, adults with PA-IVS 
may have followed various surgical pathways during 
childhood, including biventricular repair, 1 1/2 ventricular 
repair, Fontan procedure, transplantation, or shunt pal-
liation.1 Adults with a history of PA-IVS have a high in-

cidence of need for reintervention and management of 
atrial arrhythmias.2,3

Restrictive RV physiology is common in adults with a 
history of PA-IVS and may be associated with substantial 
ventricular fibrosis4 and RV-dependent coronary circula-
tion. When RV-dependent coronary circulation is pres-
ent, survival is worse, and the rate of SCD is higher.3,5,6 
Regardless of surgical repair type, clinical heart failure is 
common,7 and several studies have shown that morbidity 
and mortality is elevated for all patients but may be worst 
for patients with early definitive palliative strategy (ver-
sus those with early palliation followed by biventricular 
repair).8,9

Right atrial function is impaired in nearly all adults with 
PA-IVS, and early data suggest that right atrial strain is 
independently associated with clinical outcomes of func-
tional status, atrial arrhythmia, heart failure, hepatorenal 
dysfunction, and cardiovascular death.10 For recommen-
dations on the management of heart failure/transplanta-
tion, and on Fontan physiology, where appropriate, see 
Sections 3.6, “Heart Failure and Transplantation,” and 
4.4.5, “Fontan Palliation of Single-Ventricle Physiology,” 
respectively. Follow-up and testing for patients with PA-
IVS largely depend on the type of repair and residual 
physiology. For patients with 2-ventricle repair, normal 
heart and valve function, and absence of arrhythmia, 
yearly follow-up is reasonable. For patients with heart 
failure, significant arrhythmia, or single-ventricle physiol-
ogy, follow-up will be more frequent and contingent on 
the type of comorbid cardiac disease present.

4.3.7. Management of Right Ventricle-to-Pulmonary 
Artery Conduits

Recommendations for Management of Right Ventricle-to-Pulmonary 
Artery Conduits
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

1 B-NR

1.	 In patients undergoing RV-to-PA conduit stent 
implantation and/or transcatheter pulmonary valve 
implantation, preprocedural assessment of the risk 
for coronary artery compression should be per-
formed to prevent coronary artery obstruction.1,2

1 B-NR

2.	 In patients with a stent implanted within an 
RV-to-PA conduit who have unanticipated progres-
sion in conduit dysfunction, imaging should be 
performed to rule out conduit stent fracture.3,4

1 B-NR

3.	 In patients with an RV-to-PA conduit, with or with-
out transcatheter pulmonary valve implantation, 
unexpected conduit dysfunction with worsening 
pulmonary stenosis or pulmonary regurgitation 
should prompt an evaluation to rule out infective 
endocarditis and/or thrombus.5–9

2a C-LD

4.	 In adults with an RV-to-PA conduit and unex-
plained sustained arrhythmia, heart failure symp-
toms, ventricular dysfunction, or cyanosis, cardiac 
catheterization is reasonable to assess the hemo-
dynamics to guide further management.10
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2a C-LD

5.	 In adults with an RV-to-PA conduit being consid-
ered for transcatheter intervention, preprocedural 
coronary CT is reasonable to assess conduit cal-
cification, anatomic characteristics, and coronary 
artery proximity to guide procedural planning.2

Therapeutic

1 B-NR

6.	 For adults with an RV-to-PA conduit, severe ste-
nosis and/or severe regurgitation, and symptoms 
or worsening functional capacity or a sustained 
arrhythmia, conduit intervention should be per-
formed to improve cardiovascular status.*11–13

2a B-NR

7.	 For adults with an RV-to-PA conduit, moder-
ate stenosis and/or moderate regurgitation, and 
symptoms or worsening functional capacity or a 
sustained arrhythmia, conduit intervention is rea-
sonable to improve cardiovascular status.*11,12,14

2a B-NR

8.	 For asymptomatic adults with an RV-to-PA conduit 
and severe stenosis and/or severe regurgitation, 
and reduced RV ejection fraction, RV dilation, or 
progressive tricuspid valve regurgitation to at least 
moderate, conduit intervention is reasonable to 
improve cardiovascular status.*13,15–19

*For criteria for interventions in patients with repaired TOF and an RV-to-PA 
conduit, refer to Section 4.3.5, “Tetralogy of Fallot.”

Synopsis
Conduits are used to establish continuity from ven-
tricle to PA in complex defects when the native outflow 
tract is not amenable to direct repair. Conduits can be 
placed in the context of anatomies such as pulmonary 
atresia, truncus arteriosus, or complex TOF (ie, anom-
alous coronary artery course or absent pulmonary 
valve); conduits may also be incorporated into surgical 
strategies to address aortic stenosis or transposition 
of the great arteries (Ross or Rastelli procedures). This 
section focuses on conduits placed between the right 
ventricle and PA in a biventricular circulation. (Consid-
erations pertaining to conduits between the left ven-
tricle and PA in the setting of CCTGA are unique20 
and are discussed in Section 4.4.2, “Management of 
CCTGA.” Review of conduits placed in patients with 
single-ventricle physiology [ie, Sano shunt] are beyond 
the scope of this document.)

Conduits may be homografts (aortic or pulmonary), 
xenografts, or prosthetic conduits with or without a 
bioprosthetic valve within the conduit. There is no ideal 
conduit, and all are expected to deteriorate over time, 
typically requiring replacement or intervention because 
of progressive stenosis within the conduit or at the valve, 
and/or valvular regurgitation, at a mean interval of 10 to 
15 years after placement, although some conduits may 
last longer.21 Factors associated with longevity include 
conduit type, sizing of the initial conduit, and patient age 
at implantation.21,22 See Table 35 for routine testing and 
follow-up intervals.

Recommendation-Specific Supportive Text

	 1.	 The risk for coronary artery compression should 
always be evaluated, using cross-sectional imaging 
or conventional angiography, before stent implan-
tation or pulmonary valve implantation. Coronary 
compression testing should be strongly considered 
in patients with high-risk coronary artery anatomies. 
Coronary compression testing generally involves 
simultaneous selective coronary angiography or 
aortography and balloon dilation in the RVOT to the 
anticipated target diameter, to ascertain whether a 
balloon-expanded stent will compress the coronary 
arteries. Coronary artery compression with conduit 
balloon angioplasty or stenting occurs in 5% to 
14% of patients with RV-to-PA conduits and usu-
ally involves the left main/left anterior descend-
ing artery in patients with conventional coronary 
anatomy.1,2 Patients with anomalous right or left 
coronary arteries are at particular risk for coronary 
compression, as are patients with reimplanted cor-
onary arteries.1,3

	 2.	 RV-to-PA conduit stent fracture was a common 
finding in the Melody Valve Investigational Device 
Exemption trial,3,14,23 particularly in patients who did 
not undergo prestenting before conduit placement. 
Prestenting was associated with a 3-year rate of 
freedom from stent fracture of 74% (±3), and from 
conduit reintervention of 85% (±2).4 Stent fracture 
typically manifests with progressive stenosis and, in 
patients with transcatheter valves, potentially also 
with worsening pulmonary regurgitation. Patients 
with unexpected progression in conduit dysfunc-
tion should have fluoroscopic, x-ray assessment, 
and/or cross-sectional imaging to rule out stent 
fracture.24

	 3.	 Infective endocarditis is an important potential 
complication after transcatheter pulmonary valve 

Table 35.  Right Ventricle to Pulmonary Artery Conduit:  
Routine Follow-Up and Testing Intervals

Type of 
Follow-Up or 
Testing

Physiological 
Stage A* 
(mo)

Physiological 
Stage B* 
(mo)

Physiological 
Stage C* 
(mo)

Physiological 
Stage D* 
(mo)

Outpatient 
ACHD cardi-
ologist

N/A 12 6–12 3–6

Electrocard-
iogram

N/A 12 12 12

Transthoracic 
echocardiogram†

N/A 12 12 6–12

ACHD indicates adult congenital heart disease; and N/A, not applicable.
Modified with permission from Stout et al.32 Copyright 2018 American Heart 

Association, Inc. and American College of Cardiology Foundation.
*See Section 2.2 for details on the ACHD anatomic and physiological clas-

sification system.

Recommendations for Management of Right Ventricle-to-Pulmonary 
Artery Conduits (Continued)
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implantation, with variability in complication rate 
according to valve type.25 Other recognized 
risk factors include younger age at implanta-
tion, previous history of endocarditis, impaired 
immunity, and residual invasive gradient (>15 
mm Hg).6–8 Patients typically present with fever 
and malaise, as well as worsening pulmonary 
stenosis or pulmonary regurgitation. Although 
cases may respond well to medical management 
with intravenous antibiotics if infective endo-
carditis is identified and if treatment is initiated 
early in the disease course, surgical removal of 
the valve is often necessary. Some data sug-
gest that medical management is less effective, 
specifically that valve explantation is more com-
mon with Staphylococcus aureus pathogens than 
Streptococcus species infections. Infective endo-
carditis has been associated with the presence 
of subclinical thrombus formation, and aspirin is 
often used to reduce this risk.26,27 Bioprosthetic 
pulmonary valve thrombosis is a recognized com-
plication, although it is more commonly seen with 
bioprosthetic valves in other positions.9

	 4.	 Although noninvasive imaging with echocardiog-
raphy, CMR imaging, or coronary CT angiog-
raphy provides a reasonably comprehensive 
assessment of ventricular function, conduit 
function, patency, and PA anatomy, cardiac 
catheterization is appropriate to directly assess 
hemodynamics in cases of clinical decompen-
sation. Direct assessments of intracardiac and 
pulmonary arterial pressures and cardiac output 
provide useful information about volume sta-
tus, pulmonary arterial resistance, and degree 
of conduit stenosis or regurgitation. Because 
of anatomic and technical factors, noninvasive 
imaging may provide equivocal information and 
may underestimate the degree of conduit ste-
nosis or regurgitation; invasive assessment is 
especially important in such cases.10

	 5.	 Cross-sectional imaging, ideally with gated cardiac 
CT angiography prior to transcatheter interven-
tion on an RV-to-PA conduit, provides excellent 
resolution of anatomic detail, such as degree of 
conduit stenosis, extent and pattern of calcifica-
tion, branch PA anatomy, coronary arterial anat-
omy, and proximity of coronary arteries to the 
conduit.2,24 Some authors have suggested that 
electrocardiographic gating may not be neces-
sary if coronary arteries are adequately opacified 
on CT angiography.2 CMR angiography and a cor-
onary sequence can be considered a reasonable 
alternative to CT angiography.

	 6.	 RV-to-PA conduit intervention includes surgical 
replacement, percutaneous stenting, and/or trans-
catheter valve placement. Patients with severe 

conduit regurgitation or stenosis (Table 27) who 
have worsening exercise capacity or sustained 
arrhythmias (atrial or ventricular) can benefit from 
surgical or transcatheter conduit intervention, by 
an operator with ACHD expertise, to relieve steno-
sis and/or regurgitation.11–14,28 Transcatheter stent 
implantation and pulmonary valve replacement 
may be performed with high procedural success 
and low mortality rates, and the procedure may 
improve cardiovascular status (specifically, ame-
lioration of hemodynamics and exercise capac-
ity).23,29,30 Surgical conduit replacement carries a 
higher risk for periprocedural complications with 
good long-term outcomes.21,22 Predictors of con-
duit dysfunction and reoperation include placement 
of small-diameter conduits; therefore, insertion of 
conduits with the largest possible diameter should 
be attempted,21,22 anticipating possible subsequent 
transcatheter valve replacement. A growing body 
of literature—showing significant, sustained hemo-
dynamic and functional benefits of judicious con-
duit intervention, including transcatheter pulmonary 
valve replacement—has resulted in this recommen-
dation being upgraded from COR 2a in the 2018 
ACC/AHA ACHD guidelines to COR 1 for patients 
with severe regurgitation or stenosis in the 2025 
guidelines.21–24,28–30

	 7.	 For moderate severity conduit dysfunction (regur-
gitation or stenosis) (Table 27), intervention 
should be considered in patients who demon-
strate reduced exercise capacity or arrhythmias in 
order to improve hemodynamics and, by extension, 
reduce adverse outcomes and improve functional 
status and exercise capacity. Imaging and clinical 
outcomes after intervention are favorable in the 
short, medium, and long term.11,14,15,23,29

	 8.	 RV-to-PA conduit intervention—which includes 
surgical replacement, percutaneous stent implan-
tation, and/or transcatheter valve placement—
may be reasonable in asymptomatic patients with 
severe RV-to-PA conduit stenosis or regurgitation 
in the presence of reduced RV systolic function 
or dilation. Although suggested thresholds for 
intervention based on RV dilation have been pub-
lished for patients with repaired TOF (see Section 
4.3.5, “Tetralogy of Fallot”), similar metrics are 
not yet available for patients with an RV-to-PA 
conduit in the context of other anatomies (nota-
bly, interval dilation continues to be an important 
marker of ventricular instability, which may justify 
an intervention). Intervention is expected to result 
in improved hemodynamics, decreased RV size, 
improved RV stroke volume, increased RV ejec-
tion fraction, and decreased tricuspid regurgita-
tion (if present).18,19,28 Moreover, peak oxygen 
consumption and anaerobic threshold may also 
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improve with conduit intervention.15–17 Favorable 
clinical and imaging results have been reported 
after implantation of balloon-expandable percuta-
neous valves.23,31 Emerging data on self-expand-
ing valve technologies designed for larger, more 
compliant RVOTs are discussed in Section 4.3.5, 
“Tetralogy of Fallot.” The growing body of literature 
on judicious conduit interventions, including trans-
catheter valve placement, that show improvement 
in hemodynamics and objective exercise capacity 
in patients who are not overtly symptomatic have 
resulted in adjustment of the strength of this rec-
ommendation from COR 2b in the 2018 ACC/
AHA ACHD guidelines to COR 2a in the 2025 
guidelines.15–17,23,28,31

4.4. Complex Lesions
4.4.1. dextro-Transposition of the Great Arteries
4.4.1.1. Patients With dextro-Transposition of the Great 
Arteries and Atrial Switch

Recommendations for Patients With dextro-Transposition of the Great 
Arteries and Atrial Switch
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

1 B-NR

1.	 Adults with dextro-transposition of the great arter-
ies (d-TGA) and atrial switch who have progres-
sive exercise intolerance or heart failure should 
undergo imaging with transthoracic echocardio-
gram and CMR imaging to assess ventricular, valve, 
baffle, and pathway function to detect and identify 
treatable hemodynamic lesions.1–3

1 B-NR

2.	 Adults with d-TGA and atrial switch who present 
with progressive exercise intolerance or heart 
failure should undergo CPET to assess for poten-
tial intervention targets, including arrhythmia and 
desaturation.4–6

1 B-NR

3.	 Adults with d-TGA and atrial switch with progres-
sive exercise intolerance, heart failure, pulmonary 
hypertension, worsening atrial or ventricular 
tachyarrhythmia, pathway obstruction, or baffle leak 
should undergo invasive hemodynamic assessment 
to identify targets for medical, percutaneous, or 
surgical intervention.7–10

1 C-LD

4.	 Adults with d-TGA and atrial switch who require 
permanent pacemaker or an ICD should undergo 
preprocedural imaging, in addition to intraproce-
dural contrast venography, to detect baffle stenosis 
and residual baffle leaks.11–13

2a B-NR

5.	 For adults with d-TGA and atrial switch, biomarkers 
and validated disease-specific risk scores can be 
useful to identify patients at high risk for adverse car-
diac events, prompting closer follow-up and referral to 
specialized heart failure transplant centers.1,14,15

2a B-NR

6.	 In adults with d-TGA and atrial switch with new or 
progressive symptoms of heart failure, it is reason-
able to obtain a resting electrocardiogram and 
outpatient ambulatory rhythm monitoring to ensure 
timely diagnosis and treatment of tachyarrhythmia 
or bradyarrhythmia.15–19

2b B-NR

7.	 In adults with d-TGA and atrial switch, it may be rea-
sonable to apply disease-specific scores to identify 
patients at increased risk for sustained ventricular 
tachyarrhythmia and/or SCD, in order to determine 
eligibility for a primary-prevention ICD.1,16,17

Therapeutic

1 B-NR

8.	 In adults with d-TGA and atrial switch who have 
atrial arrhythmias, rhythm control strategies are 
preferable to rate control strategies to reduce 
symptoms and prevent heart failure.14,18–21

1 C-LD

9.	 Adults with d-TGA and atrial switch who have 
symptoms attributable to a baffle leak should 
undergo closure of the leak to improve symptoms 
and quality of life.22,23

1 C-LD

10.	 In adults with d-TGA and atrial switch who have 
symptoms attributable to systemic or pulmonary 
venous pathway stenosis or liver congestion, 
intervention to relieve the stenosis is indicated to 
improve symptoms and prognosis.23,24

1 C-LD

11.	Adults with d-TGA and atrial switch who have 
worsening symptoms of exercise intolerance, heart 
failure, or arrhythmia refractory to treatment should 
be referred to a heart failure program for assess-
ment for mechanical support and transplantation in 
consultation with an ACHD cardiologist, to improve 
quality of life and prolong survival.10,25,26

2a C-LD

12.	 In adults with d-TGA and atrial switch who have 
sustained intra-atrial reentrant arrhythmias or atrial 
fibrillation, oral anticoagulation can be useful to 
prevent embolic events.27,28

2a C-EO

13.	Adults with d-TGA and atrial switch who require 
transvenous lead placement can benefit from 
catheter-based interventions to address residual 
baffle leaks or obstruction before lead placement, 
to reduce the risk for systemic thromboembolism 
and/or future baffle occlusion.11–13

2b B-NR

14.	Symptomatic adults with d-TGA and atrial switch 
who have a failing systemic right ventricle and a 
QRS duration >150 ms related to chronic ventricu-
lar pacing may be considered for CRT to improve 
symptoms.26

2b B-R

15.	 In adults with d-TGA and atrial switch who have 
heart failure with reduced RV function, it may be 
reasonable to use GDMT for heart failure with 
reduced ejection fraction in order to treat the heart 
failure and improve symptoms, ventricular function, 
and outcomes.29–31

Synopsis
Although atrial switch was replaced by arterial switch 
more than 3 decades ago, there remains a large popula-
tion of patients with d-TGA who have undergone atrial 
switch and whose morbidity and mortality rates are in-
creasing as they get older.15 The ventricle supporting 
the systemic circulation is morphologically right and is 
prone to progressive systolic dysfunction and heart fail-
ure: 42.8% with moderate or severe systemic ventricular 
dysfunction at a median age of 29 years.1 In addition, the 
systemic atrioventricular valve is a tricuspid valve that is 

Recommendations for Patients With dextro-Transposition of the Great 
Arteries and Atrial Switch (Continued)
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prone to regurgitation (moderate or severe in a quarter 
of patients).1 Exercise intolerance and heart failure are 
common (44% of patients by age 45 years) and often 
caused by multiple related factors such as ventricular or 
valve dysfunction, chronotropic incompetence, pathway 
obstruction or baffle leaks, arrhythmia, and PAH (which is 
typically postcapillary but occasionally precapillary [1.6% 
of patients treated with PAH therapies] or combined).1,4

Up to one-half of patients referred to cardiac cath-
eterization had stenosis of the pulmonary and systemic 
venous pathways, which can cause pulmonary or sys-
temic venous congestion.23 Baffle leaks have been 
described in up to 65% of cases, allowing left-to-right 
shunting with ventricular overload or bidirectional shunt-
ing with cyanosis and risk for paradoxical emboli.13,23

Atrial arrhythmias affect 28.9% of patients,1 related 
to the extensive surgical scar and hemodynamic load. 
There also are risks for ventricular arrhythmias (5.8% 
of patients in the same study1) and sudden death (inci-
dence, 0.63%/year).16 Progressive loss of sinus rhythm 
is common (24.9% of patients), requiring permanent 
pacing. See Table 36 for suggested routine testing and 
follow-up intervals for d-TGA with atrial switch operation.

Recommendation-Specific Supportive Text
	 1.	 Imaging, an important component of the special-

ist follow-up of patients with d-TGA after atrial 
switch, should be goal-directed, cognizant of 
potential long-term sequelae, and individualized 
to each patient. Transthoracic echocardiography is 
the first-line investigation, is widely available and, 
in expert hands, can detect most structural and 
hemodynamic long-term sequelae of atrial switch 
using a combination of views, with the potential for 
enhancement by machine learning.32–34 Ventricular 

function, both systemic and subpulmonary, and 
the severity of tricuspid regurgitation are inde-
pendent predictors of outcomes in this popula-
tion.2,14 Data from transthoracic echocardiography 
should be complemented by CMR imaging, which 
can more accurately quantify systemic RV func-
tion and offer detailed visualization of the systemic 
and pulmonary venous pathways. CMR should be 
used routinely barring contraindications (eg, a per-
manent pacemaker or ICD that is not conditional 
on MR imaging).3 Late gadolinium enhancement 
is an important MR tool that can identify areas of 
myocardial scar that are associated with adverse 
clinical markers, including atrial arrhythmia. CT also 
has a role in defining venous return and pathways, 
especially in the presence of a permanent pace-
maker, ICD, stent, or closure device that can cause 
artifact or prohibit the use of MR imaging. The fre-
quency of CMR scanning depends on the presence 
of ventricular dysfunction or residual hemodynamic 
lesions: Patients with normal or mildly impaired RV 
systolic function and no significant hemodynamic 
lesions should undergo CMR every 3 to 5 years, 
and otherwise every 1 to 3 years.

	 2.	 CPET is integral to assessing patients with com-
plex congenital heart disease, including in the sur-
veillance of adults with d-TGA and atrial switch.4,35 
Peak oxygen consumption (<52.3% of predicted) 
and the slope of ventilation to carbon dioxide 
output (≥35.4) are independent predictors of 
death or emergency cardiac hospitalization in this 
cohort. Exercise-induced cyanosis can also iden-
tify patients with baffle leaks. Finally, CPET can 
elucidate the safety of physical activity, its risk 
for adverse events (eg, tachyarrhythmias, brady-
arrhythmias), and the intensity of exercise train-
ing that is appropriate for improving the patient’s 
exercise capacity and perceived physical function-
ing.36,37 Patients with normal or mildly impaired RV 
systolic function and no significant hemodynamic 
lesions should undergo CPET every 3 to 5 years, 
and otherwise every 1 to 3 years.

	 3.	 Heart failure is often multifactorial in patients with 
d-TGA after atrial switch, and targets for interven-
tion and medical therapy should be sought early. 
Cardiac catheterization is important in detect-
ing and establishing the severity of abnormalities 
in the systemic and pulmonary venous pathways: 
Baffle leaks can be detected and shunts quanti-
fied through serial oximetry. Pulmonary hyperten-
sion, common in patients with atrial switch, should 
be identified and characterized; it is most often 
postcapillary (ie, related to abnormalities of the sys-
temic right ventricle, tricuspid valve, and pulmonary 
venous pathways). However, precapillary pulmo-
nary hypertension is well described in d-TGA and 

Table 36.  Patients With d-TGA and Atrial Switch: Routine 
Testing and Follow-Up Intervals

Type of 
Follow-Up or 
Testing

Physiological 
Stage A* 
(mo)

Physiological 
Stage B* 
(mo)

Physiological 
Stage C* 
(mo)

Physiological 
Stage D* 
(mo)

Outpatient 
ACHD cardi-
ologist

N/A 12–24 12 3–6

Electrocard-
iogram

N/A 12–24 12 12

Transthoracic 
echocardiogram

N/A 12–24 12 12

For recommendations on routine Holter monitoring, see Section 4.4.1.1, sup-
portive text for recommendation #6. For recommendations about timing of CMR, 
see supportive text for recommendation #1.

Modified with permission from Stout et al.63 Copyright 2018 American Heart 
Association, Inc. and American College of Cardiology Foundation.
∗See Section 2.2 for details on the ACHD anatomic and physiological clas-

sification system.
ACHD indicates adult congenital heart disease; CMR, cardiovascular magnetic 

resonance; d-TGA, dextro-transposition of the great arteries; and N/A, not ap-
plicable.
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can be severe and progressive, sometimes related 
to late repair in patients with a large VSD, or it can 
occur for no apparent reason. There is very limited 
evidence for the use of pulmonary hypertension 
therapies in such cases. In advanced heart failure, 
pulmonary hypertension is often combined pre- 
and postcapillary, and special provocation protocols 
may be required in the catheterization laboratory 
to distinguish between patients eligible for heart 
versus heart–lung transplantation.

	 4.	 Implantation of a permanent pacemaker or ICD in 
patients with d-TGA after atrial switch may be com-
plicated by the presence of a narrow superior vena 
cava pathway, with the risk for obstruction to flow 
and upper body congestion after lead implantation 
if the azygos vein cannot act as an offloading path-
way. An invasive venogram prior to device implan-
tation can be helpful for delineating anatomy. 
Before implantation, transthoracic echocardiog-
raphy, CMR, and cardiac CT can provide valuable 
information on the size of the superior vena cava 
pathway. Baffle leaks are very common (up to 65% 
of affected patients) and may increase the risk 
for thromboembolic complications from transve-
nous pacing leads, with a small risk for inadvertent 
implantation of leads in the systemic ventricle.13,22 
Echocardiography using agitated saline contrast 
is a sensitive method for detecting baffle leaks, 
although injection into the upper and lower extrem-
ities may be necessary in some patients.38

	 5.	 Risk stratification for mortality and other major 
events is integral to routine assessment of 
patients with d-TGA after atrial switch. Broberg 
et al1 described the following independent pre-
dictors of death, transplantation, or MCS: prior 
ventricular arrhythmia or heart failure admission, 
complex anatomy, QRS duration >120 ms, and 
severe systemic RV dysfunction on echocardiog-
raphy. Albertini et al39 provided external validation 
of the prediction model developed by Woudstra 
et al,15 which included the following components: 
age >30 years, prior ventricular arrhythmia, age >1 
year at repair, at least moderate dysfunction of the 
systemic right ventricle, severe tricuspid regurgita-
tion, and at least mild LV dysfunction. Indeed, it is 
now well established that the characteristics of the 
subpulmonary left ventricle have prognostic impli-
cations in this population.2

	 6.	 Sinus node dysfunction, supraventricular arrhyth-
mias, and ventricular arrhythmias are common 
in adults with d-TGA after atrial switch, and they 
are major contributors to morbidity and mortal-
ity.15,16,18,40 Pacemaker implantation is required in 
15% to 30% of patients by the time they reach 
adulthood.18,41 Atrial and ventricular arrhythmias 
are prognostic markers of morbidity and death, and 

they should be detected and managed early.1,14,15 
The frequency and length of Holter monitoring in 
asymptomatic patients and the role of routinely 
implanted loop recorders for the early detection 
of atrial and ventricular arrhythmia remain unclear 
although it is reasonable to repeat Holter monitor-
ing in asymptomatic patients every 3 to 5 years.42

	 7.	 Malignant arrhythmias and SCD, also well 
described in this population, occur in patients who 
are younger at the time of the event than patients 
dying of other causes.1,19 Ladouceur et al16 have 
described a prognostic model for SCD, sustained 
ventricular tachycardia, or appropriate ICD therapy 
in this population: It includes age, history of heart 
failure, syncope and QRS duration, severe systemic 
RV dysfunction, and LVOT obstruction. Aborted 
SCD related to malignant arrhythmia in this pop-
ulation warrants ICD implantation for secondary 
prevention in patients who are not in an end-of-life 
pathway. Khairy et al, however, found an exceed-
ingly low rate of appropriate ICD shocks in patients 
with primary prevention indications.17,19,39,43,44 
Transvenous ICD implantation is preferable in this 
population, which is prone to supraventricular tachy-
cardias, although superior vena cava pathway ste-
nosis must be excluded or treated. Subcutaneous 
ICDs are a valid alternative, although less able to 
distinguish between ventricular and supraventricu-
lar tachycardia, increasing the risk for inappropriate 
shocks. CRT may be considered in this setting.26 
Although risk stratification is integral to manag-
ing patients with d-TGA after atrial switch, the role 
of ICD implantation in primary prevention remains 
unclear.

	 8.	 Sustained intra-atrial reentrant tachycardia is com-
mon and can cause rapid decompensation and 
death, depending on the patient’s ventricular rate 
and underlying clinical status.14,18,19 Atrial arrhyth-
mias have been shown to precede or coexist with 
ventricular tachycardia in 50% of cases, suggest-
ing that atrial arrhythmias are a common trigger for 
ventricular arrhythmias.19 Atrial arrhythmias also 
carry risk for thromboembolism. Timely treatment 
to restore and maintain sinus rhythm is desirable, 
including early electrical cardioversion, antiarrhyth-
mic medication, or catheter ablation using modern 
techniques such as 3-dimensional image integra-
tion, mapping, or robotic magnetic navigation.20,21 
Expert anesthetic care during such procedures is 
essential to minimizing risk. When such patients 
present with arrhythmia to nonspecialist centers, it 
is important to contact a specialist ACHD center as 
soon as possible to discuss the management plan 
and anesthesia risk.

	 9.	 Indications for intervening on a baffle leak include 
symptoms related to significant left-to-right 
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shunting that is causing LV volume overload, right-
to-left shunting that allows cyanosis at rest and/
or on exercise, or paradoxical emboli, keeping in 
mind that baffle leaks are often asymptomatic. The 
benefits of closing a baffle leak should be weighed 
against the risk for pulmonary congestion in 
patients with severe systemic ventricular dysfunc-
tion or tricuspid regurgitation. Baffle leaks are now 
typically addressed percutaneously because sur-
gical revision can carry significant risks related to 
systemic RV dysfunction and other comorbidities, 
as well as the risk for further sensitization through 
blood transfusions that may have an impact on 
future transplantation.22

	10.	 Percutaneous intervention should be offered to 
relieve systemic or pulmonary venous pathway 
stenosis that contributes to systemic or pulmo-
nary venous congestion. Relief of superior vena 
cava pathway stenosis may also be considered in 
patients requiring permanent pacemaker or ICD 
implantation, to reduce the risk for obstruction to 
flow and congestion caused by the pacemaker 
and, especially, ICD leads. Relief of inferior vena 
cava pathway stenosis is also indicated in the pres-
ence of significant liver congestion. Surgical revi-
sion can also be considered, but it typically carries 
perioperative risks that should be balanced against 
the projected benefits.23,24

	11.	 The natural history of d-TGA after atrial switch 
repair is one of progressive systemic RV dysfunc-
tion and heart failure, which can be refractory to 
treatment for heart failure, with no hemodynamic 
or arrhythmic targets that can be addressed at 
reasonable risk. Advanced heart failure therapies 
such as transplantation and MCS are options for 
patients with heart failure or refractory arrhyth-
mias. Early referral to a heart failure specialist 
for collaborative care and planning is appropri-
ate, although the limited availability of organs and 
risks related to complex anatomy, prior cardiac 
surgery, multiorgan failure, and human leukocyte 
antigen sensitization are common impediments 
to transplantation in this population.45 MCS has 
been increasingly used, despite technical difficul-
ties in applying standard devices to the systemic 
right ventricle,10,46 and it can be a bridge to trans-
plantation in select patients, such as those who 
are frail or have elevated PVR.10,25,47,48 Intravenous 
diuretics are the mainstay of management for 
decompensated heart failure in patients with 
d-TGA after atrial switch.49 In parallel, anatomic 
or other causes and triggers for heart failure 
(eg, arrhythmia, pathway stenosis, or anemia) 
should be sought and, when possible, addressed. 
Tricuspid regurgitation, a major contributor to 

heart failure in this population, is associated 
with adverse outcomes. Tricuspid valve repair or 
replacement should be considered but may pro-
vide little benefit at significant perioperative risk 
when secondary to systemic RV dilatation and 
dysfunction, rather than intrinsic tricuspid valve 
abnormalities.50,51 Early involvement of heart 
failure and palliative care teams in symptomatic 
patients can help to control symptoms and to 
optimize outcomes and quality of life.

	12.	 Sustained arrhythmias defined as duration >30 
seconds should be considered for anticoagula-
tion, regardless of CHA2DS2-VASc score.28,52 Data 
on the choice between vitamin K antagonists and 
direct oral anticoagulants in this setting are limited, 
although recent evidence suggests that the latter 
may be safe and effective in this population.

	13.	 Patients who require transvenous pacing or ICD 
implantation and have evidence of a baffle leak 
should be considered either for baffle leak closure 
or anticoagulation, to minimize the risk for paradox-
ical emboli. Baffle leaks often manifest as desatu-
ration during exercise and can be diagnosed by 
echocardiography with injection of agitated saline, 
followed by transesophageal echocardiography if 
intervention is contemplated.11–13,38

	14.	 Kharbanda et al26 provide evidence of benefit from 
cardiac resynchronization in patients with a fail-
ing systemic right ventricle who were previously 
paced, though not those implanted de novo. Yin 
et al53 describe an improvement in functional class 
in an ACHD population, a quarter of whom had 
a systemic right ventricle, with a short- but not a 
long-term reduction in systemic right ventricle size. 
However, fewer than half of patients were deemed 
to be “responders” to CRT. Carefully selecting 
patients is important, in terms of both anatomic 
suitability and maximizing efficacy, and should 
include echocardiographic optimization to device 
setting.

	15.	 Small randomized controlled trials, retrospective 
studies, and a meta-analysis by the AHA have failed 
to detect a benefit of treatment with RAAS inhibi-
tors, beta blockers, or tadalafil (a phosphodiester-
ase-5 inhibitor) across the spectrum of patients 
with systemic right ventricle.54–61 More novel treat-
ments for heart failure (eg, sacubitril/valsartan and 
dapagliflozin) appear to be safe and potentially 
effective in nonrandomized studies of patients with 
a systemic right ventricle.30,31,62 Recently, Woudstra 
et al29 have detected an improvement in prognosis 
in symptomatic adults with d-TGA and atrial switch 
with severe systemic RV systolic dysfunction 
who were treated with RAAS inhibitors and beta 
blockers.
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4.4.1.2. Arterial Switch Operation
Recommendations for Arterial Switch Operation
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

1 B-NR

1.	 In adults with an arterial switch operation, baseline 
and serial imaging with both echocardiography and 
CMR imaging should be performed periodically to 
assess neoaortic size, valve function, PA or branch 
PA morphology, and ventricular function.1–4

1 C-LD

2.	 In adults with an arterial switch operation and 
symptoms concerning for myocardial ischemia, 
coronary evaluation with coronary angiography, 
cross-sectional imaging, and/or functional coro-
nary assessment for an anatomic etiology should 
be performed.5

2a B-NR

3.	 In asymptomatic adults with an arterial switch oper-
ation, baseline anatomic assessment of coronary 
artery anatomy and patency with gated cardiac CT 
is reasonable to evaluate for postoperative compli-
cations and/or high-risk features.6–10

Therapeutic

1 C-EO

4.	 In adults with an arterial switch operation and evi-
dence of myocardial ischemia, coronary revascular-
ization should be performed to reduce symptoms 
and improve outcomes.

2a C-EO

5.	 In adults with an arterial switch operation and 
symptoms attributable to moderate or greater 
supravalvar or branch PA stenosis, intervention is 
reasonable to improve symptoms and functional 
class.

2a C-EO

6.	 In asymptomatic adults with an arterial switch 
operation who have moderate or greater supra-
valvar or branch PA stenosis—in addition to RV 
hypertension, RV dysfunction, progressive tricuspid 
regurgitation, and/or objective decline in exercise 
capacity—intervention can be useful to relieve 
obstruction.

2b B-NR

7.	 In adults with an arterial switch operation and 
severe neoaortic root dilation who have progres-
sive neoaortic valve insufficiency and/or rapid root 
growth or for whom a neoaortic valve interven-
tion is planned, neoaortic root replacement may 
be considered to prevent worsening neoaortic 
regurgitation.2,11,12

Synopsis
The arterial switch operation is the standard of care for pa-
tients with d-TGA given superior long-term outcomes rela-
tive to the atrial switch operation.13–15 Although survival to 
early and middle adulthood is excellent and overall reinter-
vention rates are low, longer-term sequelae remain less well 
known because the earliest cohort of patients undergoing 
arterial switch operations were born in the 1980s. Routine 
longitudinal follow-up is warranted to monitor for the most 
common postsurgical complications, including neoaortic root 
dilation, neoaortic regurgitation, supravalvar (suture line) or 
branch PA stenosis, and coronary obstruction.1–3,16–21 In ad-
dition, this population has increased rates of neurocognitive 
disorders that, when present, may worsen quality of life.22,23 
Emerging data exist about increased risk for acquired coro-

nary disease following arterial switch operation; it may be 
beneficial to ensure regular assessment and treatment of 
traditional cardiovascular risk factors.10,24,25

Little evidence exists about thresholds for intervention 
in the well-described complications after arterial switch 
operation. In adults with an arterial switch operation and 
severe neoaortic regurgitation, guidelines for aortic valve 
disease should be used to determine the timing of inter-
vention to alleviate symptoms and improve outcomes.26 
Given the anatomic and physiological differences among 
the various other complications after an arterial switch 
operation, an individualized approach to other interven-
tions is warranted. See Table 37 for suggested routine 
testing and follow-up intervals for patients with d-TGA 
after arterial switch operation.

Recommendation-Specific Supportive Text
	 1.	 Imaging in adults with d-TGA following an arterial 

switch operation should be routinely performed to 
evaluate for the late development of complications 
that may include neoaortic valve stenosis or regur-
gitation, neoaortic root enlargement, neopulmonic 
valve stenosis or regurgitation, branch PA stenosis, 
and/or ventricular dysfunction related to coronary 
complications.1,12,18,27,28 Echocardiography is often 
adequate to assess valvular and ventricular func-
tion, but CMR is superior in assessing neoaortic 
root size and PA anatomy. CMR is also of great 
importance in the overall assessment of patients 
with suboptimal acoustic windows.2–4,29 For patients 
with a neoaortic diameter <5 cm and unobstructed 
or mildly obstructed branch PAs, CMR may be 

Table 37.  Patients With d-TGA and Arterial Switch: Routine 
Follow-Up and Testing Intervals

Type of 
Follow-Up or 
Testing

Physiological 
Stage A* 
(mo)

Physiological 
Stage B* 
(mo)

Physiological 
Stage C* 
(mo)

Physiological 
Stage D* 
(mo)

Outpatient 
ACHD cardi-
ologist

12–24 12 6–12 3–6

Electrocard-
iogram

12–24 12–24 12 6

Transthoracic 
echocardiogram†

12–24 12–24 12 12

For recommendations about timing of cardiac CT and CMR imaging, see Sec-
tion 4.4.1.2, supportive text for recommendations #1–3. For suggested frequency 
of CMR imaging,‡ see Section 4.4.1.2, supportive text for recommendation #1.

Modified with permission from Stout et al.44 Copyright 2018 American Heart 
Association, Inc. and American College of Cardiology Foundation.
∗See Section 2.2 for details on the ACHD anatomic and physiological clas-

sification system.
†Routine transthoracic echocardiography may be further deferred during an 

interval when CMR is performed.
‡CMR should include assessment of neoaortic size, the origin and proximal 

course of the coronary arteries, branch pulmonary arteries, ventricular function, 
and valvular function.

ACHD indicates adult congenital heart disease; CMR, cardiovascular magnetic 
resonance; and CT, computed tomography.
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obtained every 3 to 5 years. For patients with a 
neoaortic diameter >5 cm at any segment and/
or moderate or greater branch PA stenosis, CMR 
every 1 to 2 years is likely an appropriate interval. 
Cardiac CT may also be used if CMR is not feasible 
to evaluate the neoaortic root and/or branch PA 
anatomy, especially after PA stent placement.

	 2.	 In patients with an arterial switch operation, new 
symptoms concerning for ischemia should be 
investigated with anatomic assessment of the 
reimplanted coronary arteries. CT remains the gold 
standard for focused coronary artery assessment 
and should in most instances be the initial diag-
nostic test, but CMR provides diagnostic-quality 
coronary assessment in up to 95% of cases and 
may be combined with protocol elements that allow 
for dynamic testing.30,31 Given the potential for 
dynamic obstruction, further assessment with per-
fusion imaging and/or cardiac catheterization may 
be needed if routine cross-sectional imaging is 
unrevealing.32 Regadenoson stress CMR perfusion 
abnormalities correlated well with cardiac catheter-
ization data in a study of children and young adults 
with arterial switch operation: Approximately one-
third of perfusion studies in symptomatic patients 
identified a perfusion defect.5

	 3.	 Coronary abnormalities are common after an 
arterial switch operation (6% to 10% of cases), 
although most are identified soon after repair in 
childhood.8,9 Recent studies have identified high-
risk coronary features associated with increased 
risk for ventricular tachycardia and SCD, although 
still at very low rates; these features include intra-
mural course, acute angulation of the left coro-
nary artery, clockwise rotation of the left coronary 
ostium, and smaller distance between the left 
coronary ostium and the neopulmonary artery.6,7,33 
The overall rate of acute coronary complications 
with an arterial switch operation is extremely low 
in adults, with 96% freedom from coronary reinter-
vention at 25 years following the initial operation, 
and limited guidance about interventional strate-
gies is available for instances when complications 
do occur.6,7,33 No existing data support routine, 
serial coronary-specific imaging after the coronary 
anatomy is defined, although such imaging may be 
reasonable if high-risk features are identified.

	 4.	 Anatomic coronary complications and interven-
tions after an arterial switch operation are rare in 
the modern era, with the majority occurring in child-
hood.6,33,34 Given that the oldest patients with an 
arterial switch operation are now in young adult-
hood, natural history studies have not yet shown 
whether there is increased risk for atherosclerotic 
coronary artery disease after an arterial switch 
operation. Percutaneous and/or surgical coronary 

interventions should be considered on an individ-
ual basis by a multidisciplinary team that includes 
interventional and congenital cardiologists.

	 5.	 PA stenosis, either at the main PA anastomotic site 
or in the branch PAs due to their position follow-
ing the Lecompte maneuver, is common after an 
arterial switch operation. Most hemodynamically 
significant stenosis is identified in childhood, but 
subsequent progression in adults can occur and 
is often related to progressive aortic enlarge-
ment, especially for the left PA.20,35–37 PA stenosis 
is associated with diminished exercise capacity 
after an arterial switch operation.38 No studies 
have yet examined outcomes of PA interven-
tions in adults after an arterial switch operation 
even though these interventions are among the 
most common procedures in this population.28 In 
patients with symptoms attributable to PA steno-
sis, alleviating obstruction may improve functional 
status. Procedural planning should consider the 
anatomic position of the PAs in the Lecompte 
position, especially in planning transcatheter 
interventions, to avoid the creation of aortopul-
monary fistulas.39

	 6.	 PA stenosis, even in a single branch PA, may affect 
the RV pressure load. Pediatric literature suggests 
that even single PA stenosis affects RV hemody-
namics over time, but whether intervention reverses 
those changes is unknown.40 Extrapolating from 
recommendations for asymptomatic pulmonary 
valve stenosis, it is reasonable to consider interven-
tion on PA stenosis to reduce the risk for sequelae 
from long-term pressure loading of the right ventri-
cle.41 If no intervention is planned, patients should 
be monitored longitudinally for new symptoms, 
worsening exercise capacity, and/or worsening RV 
function.

	 7.	 Neoaortic root intervention after an arterial switch 
operation should be considered on an individual 
basis, especially in the setting of progressive 
neoaortic insufficiency, rapid aortic dilatation (>3 
mm/year), and/or if neoaortic valve intervention is 
planned to limit progression of neoaortic regurgi-
tation. Moderate or greater neoaortic insufficiency 
correlates well with root diameter, and several 
retrospective studies have identified root growth 
over time as a risk factor for worsening neoaortic 
regurgitation.2,11,12 Data from high-volume stud-
ies of valve-sparing aortic root replacements in 
patients with a BAV and connective tissue disease 
have documented stabilization of aortic valve func-
tion after root replacement.42 Although neoaortic 
root dilation is extremely common after an arte-
rial switch operation, there have been no reports 
of aortic dissection at any diameter in this popula-
tion. Given that the mechanism of dilation differs 
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from that of other forms of aortopathy, the risk for 
aortic dissection appears to remain low, even with 
increased neoaortic root diameters. Accordingly, 
guidelines for thoracic aortic disease regarding the 
diameter for prophylactic root replacement43 may 
expose patients with arterial switch to increased 
surgical interventions without the benefit of pre-
venting dissection.

4.4.1.3. Patients With d-TGA and Rastelli Repair
Recommendation for Patients With d-TGA and Rastelli Repair
Referenced studies that support recommendation are summarized in 
the Evidence Table.

COR LOE Recommendation

Diagnostic

1 B-NR

1.	 In adults with d-TGA and Rastelli repair, imaging 
is recommended to ensure timely identification of 
complications, including stenosis and/or regurgita-
tion of the RV-to-PA conduit, residual VSDs, LVOT 
obstruction, and RV dysfunction.1–3

Synopsis
The Rastelli operation is performed in patients with 
d-TGA who have a VSD and pulmonary stenosis.4,5 
The operation consists of an intracardiac baffle that 
directs oxygenated blood from the LV via a nonrestric-
tive VSD to the aorta, ligation of the subpulmonary 
outflow, and an RV-to-PA conduit, which is typically 
valved. Modifications of this procedure are also used 
in patients with variations of double-outlet right ven-
tricle. Although the procedure has perioperative and 
short-term morbidity and mortality risks that are ac-
ceptably low, conduit calcification, valve dysfunction, 
LVOT obstruction, and residual VSDs confer a high 
likelihood of reoperation within the first 2 decades of 
life.1,6–9 The operation also has associated long-term 
risks for arrhythmia (38% within a median 24 years) 
and heart failure (with a high prevalence of RV sys-
tolic and diastolic dysfunction), and an increased risk 
for infective endocarditis.1,2,10–12

Alternatives to the Rastelli operation include the 
réparation à l'étage ventriculaire and Nikaidoh proce-
dures.11,13–17 Réparation à l'étage ventriculaire com-
prises VSD enlargement and a baffle to direct LV flow 
to the aorta, aortic transection to perform a Lecompte 
maneuver, and direct RVOT reconstruction using an 
anterior patch, resulting in pulmonary insufficiency.11,18 
The Nikaidoh procedure, or aortic translocation repair, 
involves aortic root mobilization, transection of the PA, 
resection of the subpulmonary stenosis, and division of 
the pulmonary annulus that opens the LVOT. The LVOT is 
reconstructed by repositioning the aortic root posteriorly, 
closing the VSD, suturing the posterior wall of the aortic 
root to the open pulmonary annulus, and reconstructing 
the RVOT with a pericardial gusset.14 The Nikaidoh pro-
cedure may be complicated by RVOT obstruction, pul-

monary regurgitation, neoaortic insufficiency, or coronary 
stenosis.9,11,15,19

Recommendation-Specific Supportive Text
	 1.	 Degeneration of a Rastelli conduit is common and 

drives a high reoperation/reintervention rate in 
patients with d-TGA and Rastelli repair. Conduit 
stenosis and/or insufficiency have consequences 
similar to those for pulmonary stenosis and pulmo-
nary regurgitation (see Section 4.3.7, “Management 
of Right Ventricle-to-Pulmonary Artery Conduits”) 
and require regular follow-up. Transthoracic echo-
cardiography can have difficulty visualizing Rastelli 
conduits, and direct echocardiographic interro-
gation of the conduit should be combined with 
indirect signs of RV pressure or volume overload 
(estimation of RV pressure by tricuspid regurgi-
tation velocity, RV hypertrophy, or RV dilatation) 
and assessment of RV function. CMR can provide 
valuable information on the RVOT and LVOT and 
should be repeated every 3 to 5 years in asymp-
tomatic patients with no significant stenosis or 
regurgitation of the conduit, and otherwise every 
1 to 3 years. Cardiac CT angiography can also 
provide anatomic information on the conduit, as 
well as the position of the coronary arteries, and 
should be performed when planning intervention 
or when echocardiography and CMR have not pro-
vided adequate anatomic information.20 (See Table 
38 for details on routine testing and follow-up.) 
Patients are prone to infective endocarditis, which 
may involve the conduit, LVOT, or residual VSD 
patch material or percutaneous pulmonary valve.21–

23 Physicians must be aware of the potential for 
infective endocarditis to cause rapidly progressive 
conduit stenosis in these patients, requiring early 
recognition and immediate intervention.

Table 38.  Patients With d-TGA and Rastelli Operation:  
Routine Follow-Up and Testing Intervals

Type of 
Follow-Up or 
Testing

Physiological 
Stage A* 
(mo)

Physiological 
Stage B* 
(mo)

Physiological 
Stage C* 
(mo)

Physiological 
Stage D* 
(mo)

Outpatient 
ACHD  
cardiologist

N/A 12–24 12 3–6

Electrocard-
iogram

N/A 12–24 12 12

Transthoracic 
echocardiogram

N/A 12–24 12 12

For recommendations about timing of cardiac CT and CMR imaging, see Sec-
tion 4.4.1.3, supportive text for recommendation #1.

*See Section 2.2 for details on the ACHD anatomic and physiological clas-
sification system.

ACHD indicates adult congenital heart disease; d-TGA, dextro-transposition of 
the great arteries; and N/A, not applicable.
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4.4.2. Management of CCTGA
Recommendations for Management of CCTGA
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

1 B-NR

1.	 In adults with congenital CCTGA, periodic* trans-
thoracic echocardiography is recommended to 
assess chamber function, systemic tricuspid valve 
function, and associated anatomic lesions such as 
septal defects and LVOT stenosis.1–3

2a B-NR

2.	 In adults with CCTGA, periodic cross-sectional 
imaging (preferably, CMR) is reasonable to assess 
systemic ventricular volumes and function, quantify 
the severity of systemic tricuspid regurgitation, 
and assess the severity of associated anatomic 
lesions.2–4

2a B-NR
3.	 In adults with CCTGA without symptoms, periodic 

ambulatory rhythm monitoring is reasonable to 
screen for high-grade atrioventricular block.5–7

Therapeutic

1 B-NR

4.	 In symptomatic adults with CCTGA, severe sys-
temic tricuspid regurgitation, and normal or mildly 
impaired RV systolic function, surgical tricuspid 
valve replacement is recommended to relieve 
symptoms and preserve RV function.3,8,9

2a B-NR

5.	 In asymptomatic adults with CCTGA, severe sys-
temic tricuspid regurgitation, and normal or mildly 
impaired RV systolic function, surgical tricuspid 
valve replacement is reasonable to preserve RV 
systolic function.3,8,9

2a B-NR

6.	 In symptomatic adults with CCTGA and high-grade 
atrioventricular block, physiological pacing (CRT or 
conduction system pacing) is reasonable to relieve 
symptoms.5,10

2b B-NR

7.	 In adults with CCTGA and heart failure with RV 
dysfunction, the use of GDMT may be reason-
able to improve ventricular function and functional 
capacity.11,12

2b B-NR

8.	 In symptomatic adults with CCTGA and severe 
LVOT stenosis, surgical or transcatheter therapy 
to relieve LVOT obstruction may be considered 
to improve symptoms and preserve LV systolic 
function while accounting for the potential risk of 
worsening the severity of tricuspid regurgitation.13

*See Table 39 for details on the periodicity of testing.

Synopsis
CCTGA is characterized by atrioventricular and ven-
triculoarterial discordance, resulting in the right ven-
tricle as the systemic ventricle.14 The right ventricle is 
not optimally adapted for the systemic circulation be-
cause of its thin wall and a single coronary artery blood 
supply, leading to RV systolic dysfunction in many pa-
tients with CCTGA.1–3 More than 80% of patients with  
CCTGA have associated structural heart lesions, such 
as tricuspid valve dysplasia (Ebstein-like anomaly), VSD, 
and LVOT obstruction.1–3 Those lesions lead to volume 
and pressure overload of the different cardiac chambers, 
eventually resulting in cardiac remodeling, heart failure, 
and cardiovascular mortality.1–3 The common surgical 

management strategy for adults with unrepaired CCTGA 
is physiological repair, which aims to address specific 
hemodynamic lesions such as systemic tricuspid regur-
gitation or LVOT stenosis. However, anatomic repair (the 
combination of atrial switch operation and arterial switch 
operation) may be a viable strategy in selected patients.15

Patients with CCTGA also are at risk for high-grade 
atrioventricular block because of the abnormal position 
of the underlying conduction system, as well as for atrial 
and ventricular arrhythmias related to cardiac remodeling 
from hemodynamic lesions.5–7,10 Patients with high-grade 
atrioventricular block require cardiac pacing. However, 
ventricular pacing of the subpulmonary left ventricle may 
exacerbate systemic ventricular dysfunction and heart 
failure.3,5,10 Limited data indicate that pacing-induced 
ventricular dysfunction and worsening heart failure can 
be prevented by physiological pacing (CRT or conduc-
tion system pacing).5,10 Comprehensive evaluation—car-
diac imaging,1–3 rhythm monitoring,5,10 CPET,4,9,16,17 and 
biomarker assay (such as NT-proBNP)—is required to 
identify and characterize all structural and functional 
lesions and rhythm abnormalities, before choosing opti-
mal therapy (Table 39). Management options include sur-
gical or transcatheter valve intervention by an operator 
with ACHD expertise, medical therapy for heart failure, 
physiological pacing, and exercise training.11,12,18

Recommendation-Specific Supportive Text
	 1.	 Systemic RV systolic dysfunction and subpulmonic 

LV systolic dysfunction are common in adults with 
CCTGA, with prevalences of 50% to 80% and 
11% to 40%, respectively.1–3 The presence of RV 
and/or LV systolic dysfunction is associated with 
increased risk for cardiovascular mortality.1–3 Adults 

Table 39.  Congenitally Corrected Transposition of the Great 
Arteries: Routine Follow-Up and Testing Intervals

Type of 
Follow-Up or 
Testing

Physiological 
Stage A* 
(mo)

Physiological 
Stage B* 
(mo)

Physiological 
Stage C* 
(mo)

Physiological 
Stage D* 
(mo)

Outpatient 
ACHD  
cardiologist

N/A 12 12 6

Electrocar-
diogram

N/A 12 12 12

Transthoracic 
echocardiogram

N/A 12 12 12

For recommendations regarding CMR and cardiac CT, see Section 4.4.2, sup-
portive text for recommendation #2.

For recommendations regarding ambulatory rhythm monitoring, see Section 
4.4.2, supportive text for recommendation #3.

Modified with permission from Stout et al.19 Copyright 2018 American Heart 
Association, Inc. and American College of Cardiology Foundation.

*See Section 2.2 for details on the ACHD anatomic and physiological clas-
sification system.

ACHD indicates adult congenital heart disease; CMR, cardiovascular magnetic 
resonance; CT, computed tomography; and N/A, not applicable.
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with CCTGA also have biatrial remodeling and 
dysfunction, which can further exacerbate atrial 
arrhythmias and heart failure.1–3 In addition, adults 
with CCTGA commonly have valvular and outflow 
lesions (especially systemic tricuspid regurgitation 
and LVOT stenosis), further exacerbating chamber 
remodeling and heart failure. Comprehensive trans-
thoracic echocardiogram (2-dimensional Doppler 
and speckle tracking) should be performed to 
assess chamber and valve function.1–3

	 2.	 CMR imaging can be used to assess RV volume 
and ejection fraction and to quantify the volume of 
system tricuspid regurgitation. It can also be used 
to assess LVOT (or left ventricle to PA conduit) 
anatomy and the relationship to neighboring struc-
tures, such as coronary arteries.2–4 In patients with 
pacemakers or other contraindications to CMR, 
CT may be a reasonable alternative. The severity 
of tricuspid regurgitation or RV systolic dysfunc-
tion will determine the frequency of CMR imaging. 
CMR can be obtained every 3 to 5 years in patients 
with less than moderate RV systolic dysfunction or 
tricuspid regurgitation, and every 1 to 3 years in 
patients with moderate or greater RV systolic dys-
function or tricuspid regurgitation.

	 3.	 High-grade atrioventricular block is common in 
patients with CCTGA, owing to inherent structural 
abnormalities of the atrioventricular conduction 
system. The use of antiarrhythmic drug therapy to 
manage atrial arrhythmias in this population can 
further exacerbate chronotropic incompetence and 
atrioventricular block. Ambulatory rhythm monitor-
ing can identify patients with asymptomatic con-
duction system disease, who may benefit from an 
electrophysiologist’s evaluation of whether cardiac 
pacing is required.5 In patients without preexisting 
conduction system disease, performing ambula-
tory rhythm monitoring every 5 years is reasonable 
to monitor for new-onset atrioventricular block. In 
patients with preexisting conduction system dis-
ease who currently do not have pacemakers, the 
frequency of ambulatory rhythm monitoring should 
be based on symptoms or severity of atrioventricu-
lar block.

	 4.	 Systemic tricuspid regurgitation is common in 
adults with CCTGA, owing to underlying tricuspid 
valve dysplasia and further exacerbated by tricus-
pid annular dilation from systemic RV dilation and 
dysfunction. The severity of tricuspid regurgitation 
tends to progress, prompting a need for tricuspid 
valve surgery to preserve systemic RV function. 
Tricuspid valve replacement with a mechanical 
prosthesis offers the best prospect for long-term 
outcomes. Tricuspid valve repair or replacement 
with a bioprosthesis has limited durability and, thus, 

is less suitable for this population; however, it may 
be appropriate in selected cases, such as when 
anticoagulation with a vitamin K antagonist is con-
traindicated or not desired.3,8

	 5.	 Postoperative recovery of RV systolic function is 
more likely when the tricuspid valve is replaced 
before the onset of significant RV systolic dys-
function.3,8 Residual RV systolic dysfunction after 
tricuspid valve replacement is associated with 
cardiovascular events and has not been shown to 
respond consistently to GDMT for heart failure.3,8 
Hence, tricuspid valve replacement is reasonable in 
asymptomatic patients with severe tricuspid regur-
gitation and normal or mildly impaired RV systolic 
function (RV ejection fraction 40% to 50%) to pre-
vent progressive RV dysfunction.

	 6.	 Cardiac pacing is recommended in patients with 
symptomatic bradycardia to relieve symptoms. 
However, LV pacing is associated with systemic 
RV systolic dysfunction that may be acute or pro-
gressive. Data supporting the role of physiologi-
cal pacing (CRT or conduction system pacing) in 
adults with CCTGA remain limited. However, evi-
dence shows that physiological pacing prevents 
pacing-induced systemic ventricular dysfunction 
and, therefore, physiological pacing is the preferred 
therapy when technically feasible in patients who 
require cardiac pacing.5,10 Similarly, patients who 
already receive LV pacing may be considered for 
an upgrade to CRT if they are being paced more 
than 40% of the time.

	 7.	 Data are limited to support the role of GDMT to 
manage heart failure in adults with CCTGA and 
RV systolic dysfunction. A recent study suggests 
that use of an angiotensin-receptor neprilysin 
inhibitor may improve ventricular systolic function, 
heart failure symptoms, and neurohormonal acti-
vation.11 Given that GDMT is effective in treating 
LV systolic dysfunction, it may be considered in 
patients with CCTGA who have LV systolic dys-
function, which is an independent risk factor for 
adverse cardiovascular outcomes and can accel-
erate progression of RV systolic dysfunction.11,12 
Patients who do not respond to GDMT should be 
referred for evaluation for advanced heart failure 
therapies.

	 8.	 LVOT stenosis (both valvular and subvalvar) is a 
common structural lesion in patients with CCTGA. 
Severe LVOT stenosis can lead to LV systolic/
diastolic dysfunction and heart failure. Surgical 
or transcatheter interventions to relieve LVOT 
stenosis, by an operator with ACHD expertise, 
may be considered in patients with progressive 
LV dysfunction and heart failure, after excluding 
other potential causes of the symptoms. There 
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is a theoretical risk that relief of LVOT stenosis 
would cause progressive tricuspid regurgitation 
by altering ventricular septal geometry. That risk 
should be discussed with the patient as part of a 
risk–benefit analysis.13 Partial relief of LVOT ste-
nosis may be considered to preserve ventricular 
septal geometry.

4.4.3. Truncus Arteriosus
Synopsis
Truncus arteriosus, a rare cyanotic cardiac defect, results 
from the failure of septation of the common truncus ar-
teriosus into the aorta and PAs. Usually repaired in the 
neonatal period, the defect can be associated with pul-
monary hypertension if repair is delayed1 and, rarely, can 
manifest in adulthood with PAH and cyanosis due to pul-
monary vascular obstructive disease.

Surgical repair of truncus arteriosus involves separa-
tion of the PAs or pulmonary arterial trunk from the single 
arterial trunk, closure of the VSD, and establishment of 
an unobstructed pathway from the right ventricle to the 
PA.2 Associated conditions such as truncal valve insuf-
ficiency, interrupted aortic arch, and coronary anomalies 
can influence near-term surgical outcomes and long-
term clinical outcomes.3,4 Chromosome 22q11 deletion 
is common, especially in patients with aortic arch anoma-
lies, including right aortic arch,5 and merits genetic test-
ing if present. Excluding mortality in infancy, survival rates 
exceed 90% at 20 years.3,4

Reintervention for the RV-to-PA pathway is nearly 
inevitable, with a cumulative incidence rate of 95.4% at 
20 years.6 Neoaortic insufficiency is the second-most 
common indication for reintervention.4 Neoaortic dilation 
is frequently observed but may not require intervention 
unless it progresses rapidly or is accompanied by sig-
nificant neoaortic insufficiency. Recommendations for 
assessment and management of truncus arteriosus can 
generally be inferred from those for RV-to-PA conduit, 
VSD, and aortic valve disease. See Table 40 for sug-
gested routine testing and follow-up intervals for patients 
with truncus arteriosus repair.

4.4.4. Double-Outlet Right Ventricle
Synopsis
Double-outlet right ventricle is an anatomic term that re-
fers to abnormalities in which a patient has a VSD, occa-
sionally with mitral-aortic discontinuity (in those with mal-
position), with both great arteries arising primarily from 
the morphologic right ventricle. The exact anatomy varies 
significantly: Some cases can approximate TOF in pa-
tients where the aorta is not malposed but emerges pre-
dominantly from the right ventricle, whereas other cases 
most closely approximate d-TGA, with the aorta anteriorly 
dextroposed and the PA more closely related to the VSD.1

Initial surgical repairs depend on the underlying anat-
omy and involve the creation of a left ventricle to aorta 
baffle through the VSD or, in some cases, translocation 
of the aorta; relief of pulmonary stenosis if present; RV-
to-PA conduit placement if necessary; or Rastelli-type 
repair (Table 41).2,3 Therefore, recommendations for the 
management of an individual adult with repaired double-
outlet right ventricle should align with the recommen-
dations for lesions with similar anatomy and surgical 
treatment (eg, TOF with RV-to-PA conduit or d-TGA with 
arterial switch). Complex anatomy—defined by the pres-
ence of atrial isomerism, AVSD, multiple VSDs, hypo-
plastic right or left ventricles, straddling atrioventricular 
valves, and major PA anomalies—further dictates the sur-
gical treatment strategy, including the likelihood of suc-
cess with biventricular versus univentricular repair.

LVOT obstruction may occur, and indications for sur-
gical management could be similar to those with other 
forms of LVOT obstruction. However, given the potential 
complexity of reoperations for baffle obstructions, the 
decision to reoperate for LVOT obstruction should involve 
the surgical team and carefully weigh the individual risk–
benefit ratio of reoperation.4 Careful interrogation for 
patch leaks along the VSD repair should be performed 
routinely.

Finally, in patients with double-outlet right ventricle 
and a hypoplastic ventricle with single-ventricle physiol-
ogy who have undergone Fontan palliation, management 

Table 41.  Surgical Management Options for Types of  
Double-Outlet Right Ventricle

Type of Double-Outlet Right 
Ventricle Physiology Surgical Management Options

Ventricular septal defect type 
with double-outlet right ventricle

Left ventricle to aorta intracardiac baffle

Tetralogy of Fallot type with  
pulmonary stenosis or atresia

Left ventricle to aorta intracardiac baffle 
with right ventricular outflow tract  
reconstruction or right ventricle to  
pulmonary artery conduit

Dextro-transposition of the great 
arteries type

Arterial switch operation with closure of 
ventricular septal defect; Rastelli-type 
repair; aortic translocation

Hypoplastic ventricle with  
single-ventricle type physiology

Fontan operation

Table 40.  Truncus Arteriosus: Routine Follow-Up and  
Testing Intervals

Type of 
Follow-Up or 
Testing

Physiological 
Stage A* 
(mo)

Physiological 
Stage B* 
(mo)

Physiological 
Stage C* 
(mo)

Physiological 
Stage D* 
(mo)

Outpatient 
ACHD  
cardiologist

N/A 12 3–6 3–6

Electrocar-
diogram

N/A 12 6–12 6–12

Transthoracic 
echocardiogram

N/A 12 6–12 6–12

*See Section 2.2 for details on the ACHD anatomic and physiological clas-
sification system.

ACHD indicates adult congenital heart disease; and N/A, not applicable.
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should be similar to that for patients with other forms of 
single-ventricle physiology with a Fontan.

4.4.5. Fontan Palliation of Single-Ventricle 
Physiology

Recommendations for Fontan Palliation of Single-Ventricle Physiology
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

1 B-NR

1.	 In adults with Fontan circulation and evidence of 
progressive Fontan circulatory failure, formal evalu-
ation by a heart failure/transplant cardiologist with 
experience in heart transplantation in the adult 
Fontan population is recommended.1,2

1 C-LD

2.	 In adults with Fontan circulation, imaging and labo-
ratory evaluation of the liver should be performed 
at least annually to screen for hepatocellular 
carcinoma and for evidence of progressive Fontan-
associated liver disease (FALD).3,4

1 C-EO

3.	 In adults being considered for Fontan palliation or 
Fontan conversion, cardiac catheterization should 
be performed to ensure the presence of accept-
able hemodynamics.

1 C-EO

4.	 In adults with Fontan circulation and new-onset or 
worsening atrial tachyarrhythmias, evaluation with 
imaging and follow-up cardiac catheterization as 
indicated is recommended to assess for potential 
contributory anatomic or hemodynamic abnormali-
ties and Fontan-pathway thrombosis.

1 C-EO

5.	 In adults with Fontan circulation and new or progres-
sive symptoms, hypoxemia, declining functional status, 
or evidence of progressive or new-onset noncardiac 
organ dysfunction, hemodynamic evaluation with car-
diac catheterization is recommended to guide therapy.

1 C-EO

6.	 In adults with Fontan circulation and newly pro-
gressive or severe hypoxemia or hypotension, 
evaluation with advanced cardiac imaging (MR, 
CT, transesophageal echocardiography) is recom-
mended to rule out thrombus or emboli in the 
Fontan or pulmonary vasculature.

1 C-EO

7.	 In adults with Fontan circulation undergoing CT 
angiography to rule out thrombus or emboli in the 
Fontan or pulmonary vasculature, imaging should 
be performed using protocols to avoid false-nega-
tive or false-positive results.

1 C-EO
8.	 In adults with Fontan circulation, annual laboratory 

evaluation is recommended to assess for evidence of 
organ-system dysfunction or hematologic abnormality.

2a C-EO

9.	 In adults with Fontan circulation, consultation by a 
hepatologist, in collaboration with an ACHD cardi-
ologist, is reasonable to facilitate interpretation of 
hepatic testing, diagnose and treat complications 
related to portal hypertension, and participate 
in timing and management decisions specific to 
organ transplantation.

2a C-LD

10.	 In adults with Fontan circulation, liver biopsy can 
be helpful to delineate the degree of hepatic 
fibrosis or cirrhosis before consideration of 
transplantation.5

2b C-LD

11.	 In adults with Fontan circulation undergoing car-
diac catheterization (diagnostic, interventional, 
or electrophysiological), it may be reasonable to 
exclude Fontan-related thrombus before cath-
eter placement to avoid pulmonary or systemic 
thromboembolism.6

Therapeutic

1 B-NR

12.	 In adults with Fontan circulation and a known or 
suspected thrombus, atriopulmonary Fontan, a his-
tory of thromboembolism, or a history of sustained 
atrial flutter or fibrillation, anticoagulation is recom-
mended to reduce the likelihood of thromboem-
bolic disease.7

1 B-NR

13.	 In adults with Fontan circulation and the absence 
of high-risk features (history of thromboembolism, 
sustained atrial flutter/fibrillation, or atriopulmonary 
Fontan) or bleeding contraindications, treatment 
with either aspirin or anticoagulation is recom-
mended to reduce the probability of thromboem-
bolic disease.8,9

1 B-NR

14.	 In adults with Fontan circulation and sinus node 
dysfunction requiring pacemaker placement, 
atrial-based pacing with programming to minimize 
ventricular pacing is recommended to improve 
patient symptoms and to avoid pacing-induced 
cardiomyopathy.10

1 C-LD

15.	 In adults with Fontan circulation with new-onset 
atrial flutter or atrial fibrillation, timely cardioversion 
(pharmacological or electrical) is recommended to 
prevent clinical decompensation.11

1 C-EO

16.	Adults with Fontan circulation referred for cardiac 
transplantation should undergo pretransplantation 
review by a committee with broad multidisciplinary 
representation to improve patient selection and 
posttransplant outcomes.

2a B-NR

17.	 In adults with Fontan circulation and atrioventricu-
lar block whose burden of ventricular pacing is 
likely to be high (ie, >40%), apical site pacing is 
preferred over nonapical sites to improve trans-
plant-free survival.12,13

2a B-NR

18.	 In adults with Fontan circulation, formal exercise 
programs and/or cardiac rehabilitation (appropriate 
to the patient’s ability) can be beneficial in improv-
ing functional capacity.14,15

2a C-LD

19.	 In adults with Fontan circulation and recurrent 
supraventricular tachycardia, catheter ablation per-
formed by an electrophysiologist with experience 
in ACHD is reasonable to reduce arrhythmia recur-
rence and associated morbidity.16,17

2a C-EO

20.	 In adults with Fontan circulation and hemodynami-
cally significant stenosis of the Fontan or PAs, 
catheter-based stenting of the stenosis to reduce 
Fontan pressure and improve flow is reasonable to 
improve hemodynamics.

2a C-EO

21.	In symptomatic adults with Fontan circulation, 
or those with evidence of systemic ventricular 
volume overload, closure of aortopulmonary col-
laterals to improve symptoms and reduce the 
likelihood of pathologic ventricular remodeling 
can be useful.

2b B-R
22.	 In adults with Fontan circulation, treatment with 

pulmonary vasodilators may be considered to 
improve exercise capacity.18,19

2b C-LD

23.	 In adults with an atriopulmonary Fontan, preserved 
ventricular function, and acceptable surgical risk 
with atrial arrhythmias refractory to medical and 
catheter-based therapies, Fontan conversion 
surgery may be considered to reduce arrhythmia 
recurrence.20,21

Recommendations for Fontan Palliation of Single-Ventricle Physiology 
(Continued)
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2b C-EO

24.	 In adults with Fontan circulation and symptoms or 
Fontan circulatory failure attributable to significant 
intracardiac structural or anatomic abnormali-
ties, reoperation may be considered to improve 
symptoms or reduce the likelihood of progressive 
Fontan circulatory failure.

Synopsis
The Fontan procedure allows systemic venous blood to 
flow to the pulmonary arteries in the absence of a sub-
pulmonic ventricle and is used to palliate a variety of 
forms of single-ventricle congenital heart disease. The 
Fontan circulation is defined by obligate systemic venous 
hypertension and low cardiac output. Years of exposure 
to Fontan circulation can culminate in a multisystem dis-
ease state manifesting in different phenotypes of circula-
tory failure22 and noncardiac disease.

Management of adults with Fontan circulation focuses 
on recognizing lesions or physiological states that can 
accelerate Fontan circulatory failure, while addressing 
symptoms, and should be performed in a multidisciplinary 
setting. Routine cardiac evaluation and surveillance of 
systems affected by Fontan circulation, especially the liver, 
is necessary for early recognition of organ dysfunction. 
Routine referral to hepatology, and to other subspecialists 
as needed, is recommended. Medical treatment options 
with evidence of efficacy are sparse and limited to throm-
boprophylaxis. Treatment of arrhythmia and structured 
exercise programs may offer benefit. Catheter-based 
interventions may be of benefit in the setting of Fontan 
pathway obstruction. In patients with evidence of Fontan 
circulatory failure, early referral to cardiac heart failure/
transplant programs with expertise in advanced cardiac 
therapies in the Fontan population is recommended.

Table 42 describes routine follow-up testing and inter-
vals.

Recommendation-Specific Supportive Text
	 1.	 The ideal timing of referral for transplantation in 

adults with Fontan circulation remains uncertain. 
The diversity of phenotypes of Fontan circulatory 
failure complicates the establishment of pertinent 
criteria, and no singular definition of Fontan circula-
tory failure is widely accepted. Dysfunction of the 
Fontan circulation that results in an inability to carry 
out daily activities,23 along with the presence of dys-
function of organ systems affected by Fontan circu-
lation,24 are important elements of Fontan circulatory 
failure and should inform decision making about the 
timing of transplantation. Accumulating data sug-
gest that outcomes are worse with additional time 
to referral after the onset of progressive Fontan 

circulatory failure1 and/or multiorgan dysfunction.2,25 
Consequently, it is necessary for clinicians caring 
for this population to actively surveil for evidence 
of cardiac and noncardiac organ dysfunction that 
can impact transplant listing and posttransplant 
outcomes including, but not limited to, ventricular 
dysfunction, Fontan pathway dysfunction, lymphatic 
dysfunction, and noncardiac organ dysfunction such 
as renal and/or hepatic disease.26 Referral for evalu-
ation for transplantation is recommended in patients 
with evidence of Fontan circulatory failure, before 
the onset of multiorgan dysfunction, to minimize 
the likelihood of listing denial and/or posttransplant 
morbidity and to allow for multidisciplinary discus-
sion about optimal timing of transplantation. Select 
patients may benefit from early referral to heart fail-
ure providers to help address potential barriers to 
transplantation including obesity, social obstacles, 
and/or substance use. The decision to proceed with 
transplantation should be made on a patient-by-
patient basis by a multidisciplinary team with exper-
tise in advanced cardiac therapies in patients with 
Fontan circulation, detailed data on each patient, 
and sufficient knowledge of the capabilities and 
expertise of the treating center.

	 2.	 Patients with Fontan circulation have an increased 
risk for liver cirrhosis and hepatocellular carcinoma, 
so they require active surveillance, particularly 
>10 years after completion of Fontan palliation.4 
However, there are conflicting data on risk factors 
for the development of liver cirrhosis and/or hepa-
tocellular carcinoma.3,27,28 Given the risk associated 
with hepatocellular carcinoma and the importance 
of early diagnosis,3,29,30 all adults with Fontan circu-
lation should undergo hepatic screening with imag-
ing at least yearly. Serologic evaluation of hepatic 

Table 42.  Fontan Palliation: Routine Follow-Up and Testing 
Intervals

Type of 
Follow-Up or 
Testing

Physiological 
Stage A*  
(mo)

Physiological 
Stage B* 
(mo)

Physiological 
Stage C* 
(mo)

Physiological 
Stage D* 
(mo)

Outpatient 
ACHD  
cardiologist

N/A 12 6–12 3–6

Electrocar-
diogram

N/A 12 6–12 6–12

Transthoracic 
echocardiogram

N/A 12 12 6–12

For recommendations about timing of CMR imaging, see Section 4.4.5, sup-
portive text for recommendations #6 and #7. For recommendations about timing 
of liver imaging, see Section 4.4.5, supportive text for recommendation #2.

Modified with permission from Stout et al.92 Copyright 2018 American Heart 
Association, Inc. and American College of Cardiology Foundation.

*See Section 2.2 for details on the ACHD anatomic and physiological clas-
sification system.

ACHD indicates adult congenital heart disease; CMR, cardiovascular magnetic 
resonance; and N/A, not applicable.

Recommendations for Fontan Palliation of Single-Ventricle Physiology 
(Continued)

COR LOE Recommendations

D
ow

nloaded from
 http://ahajournals.org by on M

arch 17, 2026



CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2026;153:e115–e251. DOI: 10.1161/CIR.0000000000001402� February 24, 2026 e203

Gurvitz et al 2026 ACHD Guideline

function, including alpha-fetoprotein levels, may 
provide additional diagnostic information beyond 
routine imaging, and should be obtained at least 
yearly. Decisions about imaging modality should be 
tailored according to each patient’s risk for hepato-
cellular carcinoma and/or cirrhosis, as well as their 
current clinical state, and may need to be modi-
fied over time. Liver MR imaging offers advantages 
in characterizing liver nodules31 and in quantifying 
the degree of hepatic fibrosis, without the need 
for ionizing radiation.27,32 Because noninvasive 
assessment of liver stiffness using elastography 
may overestimate the degree of liver fibrosis in 
the Fontan population secondary to venous hyper-
tension, results must be interpreted cautiously.33 
Patients with imaging or clinical evidence of liver 
cirrhosis may benefit from more frequent imaging 
(at least every 6 months) to ensure early detection 
of hepatocellular carcinoma. Patients with signifi-
cant hepatic fibrosis or focal liver lesions should be 
followed by hepatologists with experience in FALD 
to facilitate patient-specific surveillance protocols 
and interpretation of results.

	 3.	 Before Fontan completion or Fontan revision in 
adults, hemodynamic assessment to assess the 
pulmonary circulation and function of the single 
ventricle is important in evaluation of the patient’s 
candidacy for the procedures.

	 4.	 Atrial arrhythmias occur in more than 60% of adults 
with Fontan circulation and are a significant source 
of morbidity and mortality.34,35 Hemodynamic 
abnormalities secondary to ventricular dysfunction, 
valvular disease, outflow tract obstruction, throm-
bosis, or progressive narrowing or obstruction of 
the Fontan pathway have the potential to aggra-
vate underlying anatomic and electrophysiologic 
substrates for arrhythmia in adults with Fontan 
circulation.36 Consequently, new-onset or a pro-
gressive burden of atrial tachyarrhythmias war-
rants an extensive evaluation that includes imaging 
assessment, to ensure the absence of potentially 
treatable contributing factors and to re-evaluate 
the patient for progressive Fontan circulatory fail-
ure. Invasive hemodynamic assessment may be 
indicated in individuals with evidence of structural 
lesions on imaging, with a potential association 
with the arrhythmia.

	 5.	 Clinical examination and noninvasive imaging 
may be insufficient to accurately assess Fontan 
hemodynamics. Consequently, invasive hemody-
namic assessment by a provider with expertise in 
single-ventricle congenital heart disease may be 
necessary for a patient with new-onset or progres-
sive decompensation. Decompensation may mani-
fest as worsening symptomology or dysfunction 
of organ systems affected by Fontan circulation, 

including new or progressive hepatic disease, 
renal disease, lymphatic dysfunction, respiratory 
decompensation or hemoptysis, and/or stroke or 
neurocognitive decline. Hemodynamic and angio-
graphic assessment provides essential diagnostic 
data including, but not limited to, quantification 
of Fontan, pulmonary, and ventricular pressures; 
anatomic assessment of the Fontan pathway and 
pulmonary vascular tree; identification of arteriove-
nous malformations; quantification of veno-venous 
and/or aortopulmonary collaterals and the degree 
of associated shunting; and delineation of pulmo-
nary and systemic vascular resistance.

	 6.	 Thrombotic complications are common in patients 
with Fontan circulation, secondary to a variety of 
mechanisms that include endothelial dysfunction, 
venous stasis, disruption of normal clotting mecha-
nisms, and hepatic dysfunction. Consequently, new-
onset or progressive hypotension or hypoxemia or 
acute liver congestion requires urgent evaluation 
for thromboembolic disease of the Fontan pathway. 
Transthoracic echocardiography is not sufficient to 
adequately delineate the Fontan pathway to rule 
out thrombus.37,38 Transesophageal echocardiog-
raphy, cardiac CT angiography, or CMR are pre-
ferred and should be performed and interpreted by 
experts in assessing the Fontan pathway.

	 7.	 Optimal opacification of the Fontan pathway with 
CT angiography is complicated by the unique 
anatomy and hemodynamics of adults with Fontan 
circulation. Because blood flow from the Fontan 
pathway and the Glenn pathway may preferentially 
favor one PA over the other, streaming artifact from 
the incomplete mixture of opacified blood (from 
the contrast injection site) and unopacified blood 
(from venous return from a noninjection site) may 
inadvertently appear to represent a filling defect. 
Several methodologies have been proposed to cir-
cumvent this issue, including dual injection (from 
the upper and lower extremities)39 and/or multiple 
phases of image acquisition.40 In the interest of 
accuracy, all CT angiographies performed to evalu-
ate from thrombus or emboli in adults with Fontan 
circulation should be protocoled and interpreted 
by radiologists who are familiar with the specific 
patient’s anatomy or in consultation with a regional 
ACHD center in emergent situations when individ-
uals with such expertise are not available locally.

	 8.	 Annual laboratory evaluation is reasonable to 
assess for evidence of organ-system dysfunction 
or hematologic abnormality in the setting of Fontan 
circulation. Routine evaluation of renal func-
tion is important in adults with Fontan circulation, 
given the risk for progressive kidney dysfunction. 
Cystatin C may be a more robust measurement of 
renal function than creatinine in this population.41 
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Periodic hematologic evaluation is important to 
screen for thrombocytopenia, a potential conse-
quence of progressive FALD; for erythrocytosis 
associated with chronic hypoxemia; and for lym-
phopenia associated with protein-losing enteropa-
thy. Serial assessment of NT-proBNP may facilitate 
early detection of deterioration in cardiac function. 
Albumin should be assessed routinely to screen for 
protein-losing enteropathy, with follow-up testing 
to include 24-hour stool alpha-1 antitrypsin clear-
ance when indicated. Routine assessment of iron 
studies—including serum iron, total iron-binding 
capacity, and ferritin—is helpful in identifying iron 
deficiency, particularly in patients with Fontan cir-
culatory failure.42

	 9.	 Adults with Fontan circulation require multidis-
ciplinary care across specialties with expertise in 
organs affected by Fontan circulation. Given the 
potential morbidity and mortality associated with 
FALD-related complications, routine evaluation by 
a hepatologist is reasonable to facilitate interpreta-
tion of imaging and pathology, define patient-spe-
cific surveillance protocols, screen for and manage 
sequelae of FALD-associated portal hypertension, 
and participate in treatment decisions about the 
timing of and need for combined heart–liver trans-
plantation when applicable. Hepatology evaluation 
of adults with Fontan circulation is also important 
to ensure that non–Fontan-specific factors (ie, 
infections, hepatic toxic medications, or exposures) 
are not contributing to hepatic disease.

	10.	 Liver biopsy is considered to be the gold stan-
dard for assessing the degree of liver fibrosis in 
FALD.31,43 Nonetheless, biopsy has several limita-
tions, including bleeding and other procedural com-
plications, and an inherent risk for sampling error 
secondary to the patchy nature of FALD.44 Despite 
those limitations, liver biopsy is recommended 
when precise delineation of the degree of fibrosis 
can influence treatment decisions. This information 
is relevant when heart transplantation is being con-
sidered, to facilitate decisions about the risk-ben-
efit ratio of combined heart–liver transplantation. 
Liver biopsy may also be helpful if non-FALD eti-
ologies of liver disease are being considered. Given 
the lack of correlation between liver fibrosis and 
clinical outcomes in published studies, routine liver 
biopsy for FALD surveillance remains controversial 
and should be discussed in consultation with hepa-
tology on a patient-by-patient basis when biopsy 
results have the potential to affect non–transplant-
related treatment recommendations.5

	11.	 The prevalence of Fontan-associated thrombus 
is high, particularly in patients with evidence of 
Fontan circulatory failure. Transthoracic imag-
ing is inadequate for ruling out the presence of 

Fontan-associated thrombus. Consequently, before 
catheter placement, additional imaging with trans-
esophageal echocardiography, CT angiography or 
CMR may be reasonable, to ensure that thrombus 
is not present and reduce the likelihood of cathe-
ter-induced embolization.

	12.	 Patients with a history of sustained (>30 s) atrial 
flutter or fibrillation,7,45 prior thrombus and/or throm-
boembolic disease, or cerebrovascular accident—or 
those who have atriopulmonary Fontan46,47—repre-
sent a high-risk cohort and require treatment with 
anticoagulation unless otherwise contraindicated.46 
Given a lack of clinical trials, data are limited to 
inform the choice of anticoagulation agent for sec-
ondary prevention in adults with Fontan circula-
tion. Recent small studies and meta-analyses have 
shown comparable results, for both prophylaxis and 
bleeding risk, between warfarin and non–vitamin 
K oral anticoagulants8,9,48 in patients with Fontan 
circulation without a history of thromboembolic 
disease; however, data comparing efficacy across 
agents are lacking.

	13.	 Antithrombotic prophylaxis is recommended to 
reduce the probability of thromboembolic dis-
ease in adults with Fontan circulation without 
bleeding contraindications.9,49,50 For primary pre-
vention in patients without a history of sustained 
atrial arrhythmia (>30 s), prior thrombus and/or 
thromboembolic disease, cerebrovascular acci-
dent, or atriopulmonary Fontan, there is a lack 
of evidence to suggest treatment superiority 
for antiplatelet agents versus anticoagulants in 
adults with Fontan circulation.8,9,48,51 Limited data 
suggest that oral anticoagulants may slightly 
reduce the risk for thromboembolic events8 but 
at the possible expense of higher risk for bleed-
ing.52 Data pertaining to additional anatomic and 
physiologic risk factors are sparse. Some factors 
may include significant right-to-left shunting,53 
conduits used to deviate hepatic flow to the PA 
in patients with a previous Kawashima proce-
dure,47 and the presence of a transvenous pace-
maker system.54 The risk for thromboembolism 
associated with those factors, and the degree 
to which that risk is mitigated by medication, 
remains uncertain.

	14.	 Ventricular pacing in adults with Fontan circulation 
can lead to significant decline in ventricular func-
tion and is associated with adverse outcomes.10,55–57 
Sinus node dysfunction is common after Fontan 
palliation.58 Loss of atrial rhythm—which is associ-
ated with decreased ventricular preload, pulmonary 
venous flow reversal, and a decrease in functional 
status—may result in chronotropic incompetence, 
tachy-brady syndromes, or symptomatic bradycar-
dia. Additional hemodynamic alterations, including 
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worsened atrioventricular valve function or poor 
ventricular relaxation, can also occur. Patients with 
symptomatic sinus node dysfunction should be 
evaluated by an electrophysiologist who has expe-
rience in device therapy in adults with Fontan cir-
culation and who can offer advice on indications for 
placement of a permeant device, the device type, 
and the mode of lead placement. When a device is 
placed, device programming should maximize atrial 
pacing and minimize ventricular pacing.

	15.	 Atrial arrhythmias can occur in up to 60% of adults 
with Fontan circulation and are associated with 
significant morbidity and mortality.59,60 Acute car-
dioversion of new-onset atrial flutter/intra-atrial 
re-entrant tachycardia or atrial fibrillation can be 
performed safely and is recommended to prevent 
progressive ventricular dysfunction or Fontan cir-
culatory failure.11 Consultation with an electrophys-
iologist with expertise in the Fontan population is 
recommended to inform decision-making regard-
ing choice of cardioversion strategy and the poten-
tial need for antiarrhythmic medication. Because of 
the high thrombosis risk in the Fontan population, 
transesophageal echocardiography prior to cardio-
version is necessary to rule out thrombosis regard-
less of duration of the arrhythmia or cardioversion 
strategy.61,62 Anticoagulation is recommended 
both immediately after cardioversion and over the 
long-term.

	16.	 The decision to proceed with heart transplantation 
in adults with Fontan circulation is complex. Careful 
assessment of each patient’s anatomy and physio-
logical state is necessary to balance the procedural 
and perioperative risks with potential benefits. 
Although cardiac transplantation can be performed 
successfully in adults with Fontan circulation, care-
ful planning by a diverse multidisciplinary team with 
experience in Fontan transplantation is necessary 
to address pretransplant optimization, intraopera-
tive planning, and postoperative care. Teams should 
have representation across specialties, including 
ACHD, heart failure/transplantation, congenital 
heart disease surgery, transplant surgery, cardiac 
anesthesia/critical care, cardiac imaging, hepatol-
ogy, social work, and psychiatry. Additional subspe-
cialty representation may be required, depending 
on the unique needs of the patient. The role for 
combined heart–liver transplantation in adults with 
Fontan circulation remains uncertain. Some stud-
ies have suggested improved outcomes in patients 
with evidence of liver cirrhosis and clinical evidence 
of portal hypertension, including ascites, varices, 
and splenomegaly,1,63,64 but prospective studies and 
long-term data are lacking. Those studies are lim-
ited by a small number of adults with Fontan circu-
lation undergoing recent heart-only transplantation 

who have similar degrees of FALD, compared with 
combined heart–liver transplantation recipients, 
and by a paucity of studies on the trajectory of FALD 
after heart-only transplantation in adults. Published 
experiences of patients undergoing combined 
heart–liver transplant in adults with Fontan circula-
tion show similar survival rates as in as heart-only 
transplantation recipients but high rates of post-
operative complications and lengthy posttransplant 
hospitalizations.65 Patients with decompensated 
FALD—manifesting as cirrhosis on pathology with 
clinical evidence of portal hypertension including 
variceal disease, ascites, and splenomegaly—ben-
efit from evaluation by transplant hepatology at the 
time of referral for heart transplantation. The com-
plex decision to proceed with combined heart–liver 
transplantation should be made for each patient by 
a multidisciplinary team with expertise in perform-
ing combined heart–liver transplantation in adults 
with Fontan circulation and who have extensive 
knowledge of locally available expertise.

	 17.	 In adults with Fontan circulation and high-grade 
atrioventricular block, epicardial apical site pacing 
may be associated with greater ventricular syn-
chrony and a lower rate of ventricular dysfunc-
tion.12,13,66 Determination of the appropriate pacing 
strategy in adults with Fontan circulation and atrio-
ventricular block should be made by an electro-
physiologist with experience in device therapy.

	18.	 Exercise training in adults with Fontan circulation 
has low risk67 and has shown benefits that include 
improvements in peak VO2 and quality of life14,15,68 
across different exercise modalities.69 Because 
many adults with Fontan circulation may be prone 
to a sedentary lifestyle and have a predisposition to 
reduced skeletal muscle mass and increased adi-
posity from perceived limitations and prior instruc-
tions to minimize physical activity, clinician-directed, 
supervised exercise programs may offer particular 
benefit.69 Resistance training, particularly of the 
lower extremities, may offer advantages in this 
population by facilitating increases in muscle mass 
and venous return.68

	19.	 Catheter ablation can substantially reduce atrial 
arrhythmia burden in adults with Fontan circula-
tion.16,17 Scar-mediated intra-atrial reentrant tachy-
cardia and focal atrial tachycardias predominate, 
and treatment frequently requires integration of 
multiple interventions, including anticoagulation, 
cardioversion, antiarrhythmic medical therapy, pac-
ing, and catheter ablation.7,36,70 Management should 
be performed in consultation with ACHD providers 
and electrophysiologists with experience in man-
aging adults with Fontan circulation. Because cath-
eter ablation of atrial arrhythmias in this population 
is associated with significant challenges, including 
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multiple arrhythmia circuits, difficult access, atrial 
scarring, and a high risk for conduction system 
injury,71 it should be performed only by electrophys-
iologists with expertise in ablation of patients with 
Fontan circulation.

	20.	 Stenosis of the Fontan pathway can manifest in 
extracardiac conduits and lateral tunnel Fontans 
as a consequence of changes in the shape 
of the conduit over time, inadequate baffle 
patches, neointimal proliferation, and/or throm-
bosis. Fontan pathway stenosis can increase 
Fontan pressure and result in exaggerated 
venous hypertension. No studies to date have 
been powered to detect differences in long-
term clinical outcomes; however, many have 
shown that stenting can be performed safely 
and may improve functional status and hemody-
namics.72–75 Although there is debate regarding 
what constitutes a hemodynamically significant 
degree of Fontan obstruction, an internal reduc-
tion of 25% in size or a pressure gradient of at 
least 1 mm Hg at pullback has been utilized.73 
Because the degree of anesthesia can affect 
pressure gradients at the time of catheteriza-
tion, thereby not reflecting the hemodynamics at 
peak activity, the decision to stent Fontan path-
ways or PAs must be made by providers who 
have significant experience with cardiac cath-
eterizations in adults with Fontan circulation.

	21.	 Aortopulmonary collaterals are common in patients 
with single-ventricle physiology. Because aortopul-
monary collaterals can increase ventricular load-
ing and PA pressure, while decreasing systemic 
cardiac output, closure may be associated with 
improvement in systemic blood flow, particularly in 
patients with progressive ventricular enlargement 
or elevated end-diastolic pressure.76 Closure before 
transplantation may also be beneficial to reduce the 
potential for intraoperative bleeding.77,78 Decisions 
about closure of aortopulmonary collaterals should 
be made in consultation with a congenital interven-
tional cardiologist who has experience with adults 
with Fontan circulation.

	22.	 Use of pulmonary vasodilators to reduce PVR and 
increase ventricular preload can improve exer-
cise performance in select adults with Fontan 
circulation without evidence of elevated ven-
tricular end-diastolic pressure. Mixed data exist 
regarding which parameters are affected and 
the degree of benefit, and the evidence focuses 
largely on pediatric populations. Measures of 
exercise performance at the anaerobic thresh-
old have shown the most consistent improve-
ment79,80; however, a few smaller studies have 
also demonstrated improvement in additional 
exercise-based metrics.19,81–83 The impact of 

pulmonary vasodilators on non–exercise-related 
Fontan parameters, including progression of 
FALD, remains unclear.

	23.	 Conversion to a total cavopulmonary Fontan from 
an atriopulmonary Fontan may be reasonable 
in patients with symptomatic recurrent atrial 
arrhythmias that are refractory to both medical 
and catheter-based interventions.20 A simultane-
ous, modified right- or left-sided Maze procedure 
at the time of Fontan conversion may also offer 
benefit depending on the type of atrial arrhyth-
mia.84 Because the mortality risk with Fontan 
conversion can be significant,85,86 particularly 
in patients with risk factors,21,86,87 appropriate 
patient selection is important. The impact on 
progression of other Fontan-associated com-
plications, including FALD, remains unclear. The 
decision to proceed with Fontan conversion sur-
gery should be made while accounting for the 
potential effects on future advanced cardiac 
therapeutic options, including transplantation.

	24.	 The role for additional, nontransplant cardiac sur-
gical procedures in adults with Fontan circulation 
and evidence of Fontan circulatory failure remains 
controversial and may be considered after multi-
disciplinary discussion and careful review of the 
risk-benefit ratio when compared with alternative 
treatment options, including advanced cardiac 
therapies. Atrioventricular valve dysfunction in 
adults with Fontan circulation is relatively common, 
particularly in those with a common atrioventricular 
valve or a morphologic tricuspid valve.88 Although 
moderate or greater atrioventricular valve regur-
gitation is associated with increased mortality, 
whether atrioventricular valve repair or replacement 
improves outcomes remains a matter of debate.89,90 
Risk factors for poor outcomes after atrioventricu-
lar valve surgery—including a morphologic tricus-
pid valve, a history of protein-losing enteropathy, 
and ventricular dysfunction—should be considered 
when identifying candidates for operative valvular 
intervention.91

4.4.5.1. HLHS/Norwood Repair
Recommendation for HLHS/Norwood Repair
Referenced studies that support recommendation are summarized in 
the Evidence Table.

COR LOE Recommendation

Diagnostic

2a C-EO
1.	 In patients with HLHS, routine 3-dimensional 

imaging of the neoaorta to assess for dilation and 
obstruction is reasonable.

Synopsis
Patients with HLHS have unique risks within the adult 
Fontan population. HLHS is defined by underdevelop-
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ment of the left ventricle and by hypoplasia of the aortic 
valve and ascending aorta. Like other forms of single-
ventricle congenital heart disease, individuals with HLHS 
undergo staged surgical palliation, typically to Fontan 
physiology. The first procedure, stage 1 or Norwood re-
pair, in HLHS palliation consists of transection and liga-
tion of the distal main PA, anastomosis of the hypoplastic 
aorta to the pulmonary stump, and either a Blalock-Tauss-
ig-Thomas or an RV-to-PA shunt. Additional concerns in-
clude, but are not limited to, sequelae of the Norwood 
procedure, the presence of a morphologic right ventricle 
as the systemic ventricle, and a single systemic tricuspid 
atrioventricular valve. Neoaortic dilation and obstruction 
of the Norwood anastomosis can occur. Because the na-
tive coronary arteries arise from the hypoplastic aortic 
root, coronary ischemia may also be more prevalent in 
patients with HLHS.

In addition to concerns regarding the neoaorta, 
some data suggest that patients with HLHS are at 
increased risk for early Fontan failure,1 ventricular and 
atrioventricular valve dysfunction,2 and neurocognitive 
dysfunction.3 Thus, although the standard surveillance 
protocol for adult Fontan populations may be applied 
to the HLHS population, additional or more frequent 
evaluations may be warranted in certain patients with 
HLHS.

Recommendation-Specific Supportive Text
	 1.	 Periodic imaging of the neoaorta with MR angiog-

raphy or CT angiography is reasonable in adults 
with HLHS to evaluate for obstruction or progres-
sive neoaortic dilation. Echocardiography is gen-
erally insufficient to adequately image the distal 
ascending aorta. The risk associated with neoaortic 
dilation in patients with HLHS has yet to be estab-
lished; however, significant neoaortic-root pathol-
ogy can increase operative complexity at the time 
of cardiac transplantation. The need for follow-up 
imaging, and the timing between imaging studies, 
should be determined on an individual basis based 
on the size of the neo-aorta, the rate of change 
across prior imaging studies, and the probability 
that the patient may need to be considered for 
advanced cardiac therapies in the near future.

4.4.6. Eisenmenger Syndrome
Recommendations for Eisenmenger Syndrome
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

1 B-NR

1.	 In adults with suspected Eisenmenger syndrome, 
invasive hemodynamic assessment should be 
performed to confirm the diagnosis and to exclude 
concomitant disease that contributes to right-to-
left shunting or PAH.1–3

1 B-NR
2.	Adults with Eisenmenger syndrome should be 

managed by specialists with expertise in both con-
genital cardiology and PAH to improve outcomes.4,5

3: Harm B-NR

3.	Adults with Eisenmenger syndrome should be 
advised against pregnancy to decrease the risk 
associated with excess maternal morbidity and 
mortality.6–8

Therapeutic

1 B-R

4.	 In adults with Eisenmenger syndrome and an LV 
ejection fraction >40% who are symptomatic or have 
reduced exercise capacity, initial monotherapy with 
PAH-directed therapy* is recommended to improve 
symptoms, hemodynamics,9–12 and overall survival.13

1 B-NR

5.	 In adults with Eisenmenger syndrome and an LV 
ejection fraction >40% who remain symptomatic 
or have worsening exercise capacity on a single 
PAH therapy, dual combination therapy with an 
endothelin receptor antagonist and a phosphodi-
esterase-5 inhibitor is recommended to improve 
symptoms, hemodynamics, and overall survival.13–15

1 C-LD

6.	 In adults with Eisenmenger syndrome who pres-
ent with atrial arrhythmias, prompt restoration and 
maintenance of sinus rhythm is recommended to 
avoid hemodynamic deterioration.11,16–18

2a C-LD

7.	 In adults with Eisenmenger syndrome, a regular 
exercise program in combination with directed 
PAH therapy can be effective in improving exercise 
capacity.19,20

2b C-LD

8.	 In adults with Eisenmenger syndrome and LV ejec-
tion fraction >40% who are deemed to be at high 
risk for adverse outcomes† or who have rapidly 
progressive disease, inhaled or subcutaneous 
prostacyclin therapy may be considered as initial 
therapy or as an addition to other PAH therapy 
to improve symptoms, exercise capacity, and 
hemodynamics.21,22

2b C-EO

9.	 In adults with Eisenmenger syndrome, anticoagula-
tion therapy may be considered for patients with 
high-risk features (atrial arrhythmia, new or enlarg-
ing pulmonary arterial thrombosis, or prior throm-
boembolic event) and low bleeding risk to prevent 
thromboembolic complications.

3: No 
Benefit

B-NR

10.	Adults with Eisenmenger syndrome should not be 
routinely prescribed oral anticoagulation given the 
high bleeding risk and lack of long-term survival 
benefit.23–25

3: Harm B-NR

11.	 In adults with Eisenmenger syndrome, closure of 
any intracardiac or vascular shunt should not be 
performed given the increased perioperative risks 
and risks for short- and long-term morbidity and 
mortality.26–28

3: Harm B-NR

12.	 In adults with Eisenmenger syndrome and intracar-
diac shunts who meet indications for permanent 
pacing or an ICD, endocardial leads may be poten-
tially harmful given the increased risk for systemic 
thromboembolism.29,30

Recommendations on managing chronic cyanosis—including, but not limited 
to, management of iron supplementation, hyperviscosity, and risk and manage-
ment of central nervous system infections—generally apply to patients with Eisen-
menger syndrome and are provided in Section 3.5, “Management of Cyanosis.”
∗See Table 43 for evidence and recommendations on specific PAH therapies.
†Patients at high risk include patients with World Health Organization func-

tional class 3 or 4, a 6-minute walk distance <165 m, tricuspid annular plane 
systolic excursion <16 mm, and NT-proBNP level >1400 pg/mL.31

Recommendations for Eisenmenger Syndrome (Continued)

COR LOE Recommendations
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Synopsis

Eisenmenger syndrome results from intra- and/or extra-
cardiac left-to-right shunt defects, causing high PVR and 
subsequent bidirectional shunting. The risk for develop-
ing the syndrome is influenced by concomitant congeni-
tal syndromes, congenital cardiac anatomy, shunt size, 
genetic factors, and environmental exposure.

Chronic cyanosis, abnormal loading conditions, and 
abnormalities of the systemic and pulmonary perfusion 
all contribute to the potential for multiorgan system 
dysfunction, diastolic and systolic cardiac dysfunction, 
arrhythmias, and SCD. Across the ACHD population, 
patients with Eisenmenger syndrome have among the 
lowest exercise tolerance and quality of life.32,33

Patients with Down syndrome and Eisenmenger syn-
drome have more comorbidities, such as obstructive sleep 
apnea and thyroid dysfunction, that may adversely affect 

disease severity and trajectory. Commonly used risk-
assessment tools, such as 6-minute walk distance, are 
consistently shown to have lower accuracy in reflecting 
the disease severity in patients with Down syndrome.31

Supplemental oxygen should be considered on an indi-
vidual basis, avoiding high volumes aimed to “normalize” 
saturations. Prolonged high-altitude stay, pregnancy, expo-
sure to extremely hot or humid environments, nephrotoxin 
exposure, extreme exertion, and large shifts in intravas-
cular volume should be avoided. High-altitude simulation 
testing can be used for risk stratification before air travel. 
Therapy for PAH in symptomatic patients or in those with 
significantly reduced exercise capacity improves symp-
toms and hemodynamics,9–15,21,22,34 with retrospective data 
suggesting improvement in overall survival.35

The evidence base on mechanical circulatory and 
pulmonary support, lung transplantation with repair of 
underlying cardiovascular defects, or heart–lung trans-

Table 43.  First-Line PAH-Directed Therapy in Patients With Eisenmenger Syndrome

Medication Class Clinical Trial Evidence

2022 ESC/ERS Guidelines 
for the Diagnosis and  
Treatment of Pulmonary 
Hypertension37

2025 ACC/AHA Guidelines 
for the Management of 
Adults with Congenital 
Heart Disease

Endothelin receptor 
antagonists

Two moderate-size randomized controlled trials of bosentan 
(BREATHE 5 trial, 54 patients)9 and macitentan (MAESTRO trial, 226 
patients)10 evaluated the effects of endothelin receptor antagonists in 
Eisenmenger syndrome. BREATHE 5 showed improvement in hemo-
dynamics and functional class after 16 weeks of treatment. The  
MAESTRO trial design was different and included a more heteroge-
neous patient population, including wider age range, wider spectrum 
of functional classes, patients on background therapy with PDE5 inhib-
itors, and patients with Down syndrome. The primary endpoint, which 
consisted of 6MWD, was neutral. Secondary endpoints of functional 
class and NT-proBNP levels favored macitentan therapy. In a subgroup 
of patients aged ≥18 years who had a follow-up invasive hemodynamic 
assessment and did not have Down syndrome, those in the macitentan 
group had hemodynamic improvement, which was also associated with 
an improvement in 6MWD.

Bosentan is a class 1 recom-
mendation; other endothelin 
receptor antagonists “should 
be considered” in patients 
with Eisenmenger syndrome 
(class 2a recommendations).

All endothelin receptor an-
tagonists are recommended 
as initial treatment in patients 
with Eisenmenger syndrome 
(class 1 recommendation).

Phosphodiesterase-5 
inhibitors

A small randomized controlled trial (28 patients)11 and a retrospective 
observational study12 showed improvements in 6MWD, functional sta-
tus, and hemodynamics without a significant reduction in SVR.

Phosphodiesterase-5 inhibi-
tors “should be considered” 
in patients with Eisenmenger 
syndrome (class 2a recom-
mendation).

All phosphodiesterase-5 
inhibitors are recommended 
as initial treatment in patients 
with Eisenmenger syndrome 
(class 1 recommendation).

Soluble guanylate 
cyclase stimulator 
(riociguat)

Data on Eisenmenger syndrome are currently lacking. A subgroup 
analysis of the trials that had shown benefit in PAH (PATENT 1+2) 
demonstrated that in patients with persistent or recurrent PAH after 
congenital heart defect correction, riociguat use was associated with 
sustained improvement in 6MWD, PVR, NT-proBNP level, and WHO 
functional class at 2 years.55

Riociguat “should be consid-
ered” in patients with Eisen-
menger syndrome (class 2a 
recommendation).

No specific recommendation 
due to lack of data.

Prostacyclin analogs 
and receptor agonists

Data on the effects of inhaled iloprost are conflicting, with 1 small 
randomized controlled trial (16 patients) showing no effect on 6MWD, 
BNP levels, or quality of life,45 whereas 1 small single-arm study (11 
patients) showed an increase in 6MWD, subjective quality of life, and 
RV function.21 There are no data on subcutaneous/intravenous pros-
tacyclin or oral prostacyclin receptor agonist therapy (selexipag) as a 
stand-alone initial treatment.

Initial prostacyclin therapy 
“should be considered” in 
patients with Eisenmenger 
syndrome (class 2a recom-
mendation).

Initial inhaled prostacyclin 
therapy may be considered 
in patients with Eisenmenger 
syndrome (class 2b recom-
mendation).

Activin signaling  
inhibitors

No data are currently available on the activin signaling inhibitor sotater-
cept in patients with Eisenmenger syndrome.

No recommendation No recommendation

6MWD indicates 6-minute walk distance; ACC, American College of Cardiology; AHA, American Heart Association; BNP, B-type natriuretic peptide; BREATHE-5, 
Bosentan Randomized Trial of Endothelin Antagonist Therapy-5; ERS, European Respiratory Society; ESC, European Society of Cardiology; MAESTRO, Macitentan in 
Eisenmenger Syndrome to Restore Exercise Capacity; NT-proBNP, N-terminal prohormone of B-type natriuretic peptide; PAH, pulmonary arterial hypertension; PATENT 
1+2, Pulmonary Arterial hyperTENsion sGC-stimulator Trial; PVR, pulmonary vascular resistance; SVR, systemic vascular resistance; and WHO, World Health Organization.
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plantation has been extended to patients with Eisen-
menger syndrome. Although optimal timing and eligibility 
remain controversial, high-risk patients who remain symp-
tomatic despite optimal medical management should 
be considered for transplantation.36 Palliative care and 
advance care planning are important, especially given 
that survival in an intensive care setting is poor. See Table 
44 for suggested routine testing and follow-up intervals 
for patients with Eisenmenger syndrome.

Recommendation-Specific Supportive Text
	 1.	 Bidirectional shunting through large septal defects 

or large communications between the great 
arteries associated with severely elevated PVR 
may be diagnosed as Eisenmenger syndrome. 
Accurate diagnosis of PAH, along with a detailed 
shunt run, should be obtained in all patients with 
Eisenmenger syndrome. Potential contributors to 
bidirectional shunting—such as postcapillary pul-
monary hypertension, blood streaming related to a 
valvular regurgitant lesion, and RV pressure over-
load related to outflow tract obstruction—should be 
excluded by careful clinical examination, imaging 
studies, and further information from cardiac cath-
eterization.1–3,37 After an Eisenmenger diagnosis 
has been established, routine follow-up invasive 
hemodynamics are typically not needed, but they 
can be contemplated in cases of clinical worsening 
or as part of planning for MCS or transplantation.

	 2.	 Despite the distinctive hemodynamic and patho-
physiological features of Eisenmenger syndrome, 
it has similarities with other forms of PAH in terms 
of risk stratification, treatment strategies, and fol-
low-up. Management therefore optimally involves 
PAH subspecialists. Risk stratification using BNP 
or NT-proBNP, 6-minute walk distance, and func-
tional class assessment—similar to the 4-strata risk 
models proposed for other patients with PAH37—
can be helpful in patients with Eisenmenger syn-
drome after the proposed cutoffs are adjusted 

(although less helpful in patients with Down syn-
drome).31,36,38,39 Prognostic factors specific to 
Eisenmenger syndrome are the presence of Down 
syndrome and pretricuspid shunt, older patient 
age, worse hypoxemia, reduced glomerular filtra-
tion rate, and echocardiographic indices of RV dys-
function.36 Although treatment with PAH therapies 
is recommended, special considerations—such as 
maintaining a fine balance between the systemic 
and the PVR, to avoid worsening hypoxia; and 
avoidance of volume overload in patients with func-
tional univentricular hearts—are unique to patients 
with Eisenmenger syndrome.

	 3.	 Hemodynamic changes associated with pregnancy 
may lead to increased right-to-left shunting, wors-
ening RV dysfunction and hypoxemia, small-for-
gestational-age births, spontaneous miscarriages 
(especially in the first trimester), PAH crises in the 
early postpartum era, and increased risks for throm-
boembolic events and paradoxical embolism. Thus, 
pregnancy carries very high risk in women with 
Eisenmenger syndrome, classified in the highest-
risk group (World Health Organization class 4) for 
maternal and fetal morbidity and mortality. Maternal 
mortality risk in patients with Eisenmenger syn-
drome is reported at 30% to 50%, with heart fail-
ure exacerbation rates of up to 50% and a rate of 
perinatal fetal loss or morbidity of about 30%.6,7,40 
Patients who choose to proceed with pregnancy 
should be closely followed during the entire preg-
nancy by a multidisciplinary cardio-obstetrics team 
of experts in maternal-fetal medicine, ACHD, pul-
monary hypertension, and obstetric anesthesia.

	 4.	 Details on the clinical trials evaluating PAH-directed 
therapy in Eisenmenger syndrome patients are 
outlined in Table 43. Given that endothelin recep-
tor antagonist therapy has been shown to improve 
6-minute walk distance, biomarker levels, and over-
all hemodynamics, this therapy is recommended 
in symptomatic patients or those with low 6-min-
ute walk distance. Although the MAESTRO trial10 
showed no significant change in 6-minute walk 
distance with macitentan, a benefit of that therapy 
was found in the subgroup of patients without 
Down syndrome and in patients who had a follow-
up invasive hemodynamic assessment. Anecdotal 
data also suggest that dual endothelin 1 receptor 
inhibition, as offered by macitentan but not bosen-
tan, is associated with improved platelet function41 
and that macitentan’s pharmacokinetic and phar-
macodynamic profiles are excellent.42 One side 
effect that is associated with macitentan use is new 
anemia, which may not be advantageous in patients 
with Eisenmenger syndrome. Data on initial treat-
ment with phosphodiesterase-5 inhibitors is less 
robust than for endothelin receptor antagonists but 

Table 44.  Eisenmenger Syndrome: Routine Follow-Up and 
Testing Intervals

Type of 
Follow-Up or 
Testing

Physiological 
Stage A* 
(mo)

Physiological 
Stage B* 
(mo)

Physiological 
Stage C* 
(mo)

Physiological 
Stage D* 
(mo)

Outpatient 
ACHD  
cardiologist

N/A N/A 6–12 3–6

Electrocar-
diogram

N/A N/A 6–12 6–12

Transthoracic 
echocardiogram

N/A N/A 12 6–12

*See Section 2.2 for details on the ACHD anatomic and physiological clas-
sification system.

ACHD indicates adult congenital heart disease; and N/A, not applicable.
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did not raise safety concerns pertaining to a signifi-
cant reduction in systemic vascular resistance or 
oxygen saturations. Phosphodiesterase-5 inhibitor 
therapy is associated with improved 6-minute walk 
distance, symptoms, and hemodynamics11,12 and, 
thus, is recommended as another option for initial 
treatment of adults with Eisenmenger syndrome.

	 5.	 Data are scarce on the safety and efficacy of 
upfront combination PAH therapy, compared with 
monotherapy in adults with Eisenmenger syn-
drome. One study showed mixed results when com-
bined upfront sildenafil and ambrisentan therapy 
was compared with sildenafil alone,15 with better 
6-minute walk distance in the sildenafil-only group 
but better New York Heart Association functional 
class and lower pulmonary pressures in the com-
bination group. Addition of a second PAH therapy, 
evaluated in a nonrandomized fashion for patients 
who continued to experience clinical deterioration, 
was associated with improvement in functional 
class, 6-minute walk distance, oxygen saturation, 
NT-proBNP levels, and PVR—with only a slight 
reduction in systemic vascular resistance and an 
increase in the Qp:Qs.14 There are data to support 
triple vasodilator therapy with the addition of sub-
cutaneous treprostinil, although data on inhaled 
iloprost and the oral prostacyclin analog selexipag 
are less conclusive.21,22,43 Intravenous prostacyclin 
treatment is typically avoided to minimize the risk 
for paradoxical embolization from the indwelling 
catheter, although data are limited.

	 6.	 Arrhythmias are a major cause of morbidity and 
mortality in adults with Eisenmenger syn-
drome.11,16–18,44 Reasons include disruption of the 
delicately balanced hemodynamic and shunt sta-
tus, with rapid deterioration of the subpulmonic 
ventricular function and high risk for systemic 
embolization. Prompt cardioversion with the 
assistance of expert cardiac anesthesia is, thus, 
recommended for patients with atrial arrhythmias, 
even in the presence of hemodynamic stability at 
the time of presentation.

	 7.	 Supervised or carefully prescribed mild-to-moder-
ate-intensity exercise appears to be safe in adults 
with Eisenmenger syndrome. One retrospective 
study that included 20 patients with PAH, of 
whom 10 had Eisenmenger syndrome, showed 
that 3 weeks of an in-hospital–based training 
program, followed by 15 weeks of home train-
ing, were associated with greater 6-minute walk 
distance, higher peak oxygen consumption, maxi-
mal workload, and quality of life—but no change 
in World Health Organization functional class.19 
In a subgroup analysis of adults with congenital 
heart disease and PAH, those with Eisenmenger 
syndrome randomized to a home-based exercise 

training program showed improved 6-minute walk 
distance compared with patients who did not 
receive this training.20 Patients with Eisenmenger 
syndrome should generally avoid very strenuous 
activity, competitive sports, and extreme isometric 
exercise.

	 8.	 See Table 43 for details on clinical trials of PAH-
directed medications, including prostacyclin 
therapy, in patients with Eisenmenger syndrome. 
Single therapy with inhaled prostacyclin has been 
studied in a small prospective trial of adult symp-
tomatic patients with normal LV function. Patients 
in the treatment group had greater improvements 
in hemodynamics, RV function, oxygen satura-
tions, symptoms, and functional class.21 Data on 
combination therapy with inhaled or subcutaneous 
prostacyclin are scarce, and results conflict: In 1 
retrospective study that mainly used subcutane-
ous treprostinil (thus avoiding the risks for embolic 
events and sepsis with intravenous therapy) for 
treatment escalation, clinical benefits in func-
tional class, 6-minute walk distance, and hemo-
dynamics were shown22; another study that used 
inhaled iloprost showed no benefit.45 Thus, pros-
tacyclin therapy may be considered in patients 
with Eisenmenger syndrome, especially when oral 
therapies show lack of efficacy or are not well tol-
erated, or when treatment is being escalated. Data 
on the safety and efficacy of the oral prostacyclin 
analog selexipag are scarce, with 1 retrospective 
study showing no clinical benefit in patients with 
Eisenmenger syndrome.43 There are currently no 
data on riociguat use in Eisenmenger syndrome 
patients.

	 9.	 Thrombosis is common in patients with 
Eisenmenger syndrome and may occur in the 
setting of grossly dilated PAs, dilated and/or 
dysfunctional cardiac chambers, atrial arrhyth-
mia, and in relation to intracardiac prosthetic 
or foreign material (eg, pacemaker leads). One 
observational study reported a very high preva-
lence (up to 30%) of laminated (in situ) thrombi 
in aneurysmal, partially calcified PAs of adults 
with Eisenmenger syndrome.46 Cerebrovascular 
events are also not uncommon, estimated to 
affect 8% to 14% of the population,47,48 with 
many more silent cases (47% on routine cere-
bral MR imaging).49Although prospective or ret-
rospective data on the timing, type, and efficacy 
of systemic anticoagulation are lacking, it is well 
recognized that systemic arterial and venous 
thromboembolic events can have a devastating 
effect on patients with Eisenmenger syndrome.50 
Systemic anticoagulation treatment may, thus, be 
reasonable in patients with prior thromboembolic 
episodes or those with evidence of pulmonary 
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arterial thrombosis who have not previously expe-
rienced a major bleeding event, defined as bleed-
ing that led to a drop in hemoglobin of ≥2 g/dL 
or to transfusion of >2 red blood cell units.51 For 
patients with atrial fibrillation or any type of atrial 
flutter, risk stratification for systemic embolism, 
using accepted methods such as the CHA2DS2-
VASc score, is not applicable. Anticoagulation 
should be considered on an individual basis, 
also considering the patient’s HAS-BLED  
score (score >2 reflects a high risk for bleed-
ing).52 There are no direct comparative data on 
the risks and benefits of vitamin K antagonists 
versus low-molecular-weight heparin versus 
direct oral anticoagulants in Eisenmenger syn-
drome, nor are there comparative data among 
the different types of direct oral anticoagulants.

	10.	 Patients with Eisenmenger syndrome have high 
bleeding risk related to alterations in the coagu-
lation system that include low factor II, V, VII, IX, 
X, and von Willebrand levels, along with increased 
fibrinolytic activity and platelet number/function 
abnormalities.25 Although spontaneous bleeding 
events are usually minor and self-limiting, recur-
rent hemoptysis is common and is attributable 
to intrapulmonary hemorrhage related to erosion 
of a dilated bronchial artery, often at the time of 
a low respiratory chest infection. Hemoptysis is 
often self-limiting, but it can cause major bleed-
ing and become life-threatening. In evaluating the 
effects of antithrombotic and antiplatelet treatment 
in Eisenmenger syndrome, the German National 
Congenital Heart Disease Registry showed that 
17.6% of patients with Eisenmenger syndrome 
were treated with oral anticoagulants, whereas 
23.5% received aspirin, with neither showing a 
beneficial effect on survival.24 Thus, in the absence 
of an additional indication for anticoagulation treat-
ment, routine anticoagulation for preventive pur-
poses is not recommended.

	11.	 Once significant pulmonary vascular disease devel-
ops and the shunt becomes bidirectional, defect clo-
sure should be avoided because the defect serves 
as a “pop-off” mechanism that assists the RV in 
coping with the elevated afterload. Transcatheter or 
surgical closure of those defects carries significant 
periprocedural risks, and it is likely to exacerbate 
RV strain and increase morbidity and mortality.

	12.	 In the presence of intracardiac shunts and bidi-
rectional flow, transvenous leads of a permanent 
pacemaker or ICD incur an increased risk for sys-
temic thromboembolism. Alternative approaches 
such as epicardial lead placement or a subcuta-
neous ICD should be considered on an individual 
basis. Given the low pressurized flow in the pul-
monic atrium, compared with the ventricular flow, 

the concern for thrombus formation is higher for 
atrial leads. Some case reports of Eisenmenger 
syndrome describe successful ventricular lead-
less pacemaker implantation with short-term anti-
coagulation until endothelialization occurs, which 
may be considered in select cases and highly spe-
cialized centers.29,30,53,54

4.5. Coronary Artery Anomalies
4.5.1. Anomalous Aortic Origin of a Coronary Artery

Recommendations for Anomalous Aortic Origin of a Coronary Artery
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

1 B-NR

1.	 In adults with suspected anomalous origin of a 
coronary artery (AAOCA), coronary CT angiography 
or MR angiography (if CT angiography is contrain-
dicated) is recommended to confirm the anatomic 
diagnosis and guide management.1–3

1 B-NR

2.	 In adults with an AAOCA from the opposite sinus, 
risk stratification with evaluation for physiological 
and/or ischemic changes should be performed to 
guide management.4,5

Therapeutic

1 B-NR

3.	 In adults with symptomatic AAOCA or diagnostic 
evidence consistent with myocardial ischemia 
attributable to the anomalous artery, surgery is 
recommended.6

2a C-EO
4.	 In adults with asymptomatic anomalous origin of 

the left coronary artery, surgery is reasonable in 
the presence of high-risk anatomy.*

2b B-NR

5.	 In asymptomatic adults with an AAOCA from the 
opposite sinus and without evidence of ischemia 
or evidence of compromised coronary perfusion, 
the benefit of surgery is not well established, 
and continued observation or surgery may be 
reasonable.6–8

*High-risk findings such as ostial or proximal stenosis, slit-like orifice, acute 
angle of takeoff, or intramural course.

Synopsis
Coronary abnormalities are common congenital cardio-
vascular anomalies that include AAOCA in up to 1% 
of the population9 and coronary fistula. Many AAOCA 
abnormalities have a benign outcome (in contrast with 
the poor outcomes of untreated patients who have an 
anomalous coronary artery, especially an anomalous left 
coronary artery, from the PA).

Assessment of the risks for ischemia and SCD in 
patients with AAOCA is difficult because available data 
do not adequately capture the complete clinical spec-
trum of those anomalies. Data from autopsy series have 
described anomalies in patients who experienced SCD, 
specifically those with an anomalous left coronary artery 
from the right sinus or an anomalous right coronary 
artery from the left sinus (interarterial course was the 
most common finding).10
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The decisions to perform surgery, or if exercise restric-
tion and medical therapy may be beneficial, are based on 
synthesizing limited data regarding patients with AAOCA 
(Figure 7). Risk stratification and shared decision-mak-
ing are paramount in patients with AAOCA. Patients with 
AAOCA need ongoing cardiac follow-up. The need for 
serial imaging and stress testing is determined by clinical 
status (see Table 45).

Recommendation-Specific Supportive Text
	 1.	 Coronary CT angiography, CMR angiography, and 

catheterization can delineate the proximal course 
of the coronary artery and its relationship to other 
structures. CT angiography is generally preferred11–13 

because of its superior spatial resolution, although 
CMR angiography may also adequately delineate the 
relationship of the coronary artery to the aorta, PA, 
and other structures, including whether the proximal 
course appears to be intramural. CMR also has the 
advantage of visualizing fibrosis. Invasive coronary 
angiography can be helpful when there is concern 
about coronary artery stenosis or when concomitant 
hemodynamic evaluation for shunt assessment or 
intravascular ultrasound/flow evaluation is needed. 
In patients with anatomic or physiological high risk, 
intravascular ultrasound or fractional flow reserve 
may be diagnostically useful.11

	 2.	 In patients with AAOCA, an anomalous left coro-
nary artery from the right ostium is less common 

Figure 7. Anomalous Aortic Origin of the Coronary Artery.
∗Surgical approaches include coronary unroofing with or without osteoplasty, coronary reimplantation, and pulmonary translocation. Coronary 
artery bypass graft is reserved for patients with coexisting coronary artery disease. Modified with permission from Stout et al.22 Copyright 2018 
American Heart Association, Inc. and American College of Cardiology Foundation.
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than an anomalous right coronary artery but is more 
likely to be associated with SCD.14 When anoma-
lous origin of a coronary artery from the opposite 
sinus is suspected, anatomic imaging and evalua-
tion for physiological and ischemic changes should 
be performed to assist in risk stratification and 
guide management. Assessing the physiological 
impact, including evaluating the evidence of asso-
ciated ischemic changes on stress testing, is nec-
essary to identify potential risks and indications for 
surgery. Preferably, exercise testing or dobutamine 
stress testing reflects dynamic conditions better 
than vasodilator stress testing.15 Therefore, exer-
cise or dobutamine stress testing with echocardio-
graphic, nuclear, or MR imaging is preferred over 
vasodilator stress testing to assess for ischemia 
and guide decision-making.15–17 Dobutamine stress 
cardiac MR imaging is feasible to assess for induc-
ible hypoperfusion and wall-motion abnormalities 
in patients with AAOCA.17 Other risk-stratification 
options include assessment of reduced fractional 
flow reserve in patients with high-risk features, 
including hypoplasia of the proximal segment and 
longer intramural course.18

	 3.	 In patients with symptoms related to AAOCA, repair 
of the coronary artery anomaly should alleviate 
the symptoms. In autopsy and surgical series, 
cardiac symptoms are more common in patients 
with a left coronary artery arising from the right 
coronary cusp. In autopsy studies of patients who 
died because of an anomalous coronary artery, 
fibrosis is a common finding, suggesting that 
ischemia preceded the terminal event.19 However, 
some patients have had an SCD event despite a 
normal stress electrocardiogram; therefore, the 
absence of ischemia is not completely reassur-
ing. In autopsy series, many patients whose death 
was attributed to anomalous coronary arteries 

were young20; therefore, management should 
account for patient age in assessing SCD risk. 
Surgical approaches include coronary unroofing 
with or without osteoplasty, coronary reimplan-
tation, and pulmonary translocation. Coronary 
artery bypass graft is reserved for patients with 
coexisting coronary artery disease.

	 4.	 An anomalous left coronary artery from the right 
sinus is more commonly found in autopsy series 
of athletes and military recruits who had experi-
enced a non–trauma-related death, suggesting a 
higher risk for SCD in this population, particularly 
at extremes of exertion, and in people younger than 
35 years. Surgery is reasonable15 in asymptomatic 
patients, who have high-risk findings such as ostial 
stenosis, slit-like orifice, acute angle of takeoff, 
or intramural course. In patients with ventricular 
arrhythmias presumed to be related to ischemia 
caused by anomalous origin of a coronary artery, 
repair is an option to alleviate the ischemia and 
presumably mitigate the recurrence of ventricular 
arrhythmias.

	 5.	 Presentation bias makes it difficult to quantify 
the risk for SCD with AAOCA. In asymptomatic 
patients without evidence of compromised blood 
flow, no data specifically demonstrate that sur-
gical interventions alter the risk for SCD13 or 
long-term survival.21 Thus, watchful waiting with 
shared decision-making may also be appropriate. 
In asymptomatic middle-aged patients without 
high-risk features, surgery has no documented 
benefit.

4.5.2. Anomalous Coronary Artery Arising From the 
Pulmonary Artery

Recommendations for Anomalous Coronary Artery Arising From the 
Pulmonary Artery
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

1 B-NR

1.	 In adults with an anomalous left coronary artery 
arising from the PA, surgery is recommended to 
improve cardiac function and reduce the risk for 
myocardial ischemia.1

1 B-NR

2.	 In symptomatic adults with an anomalous right 
coronary artery arising from the PA and with evi-
dence of ischemia, surgery is recommended to 
reduce ischemia, to reduce the risk for SCD, and to 
improve cardiac function.2

2b B-NR

3.	 In asymptomatic adults with an anomalous right 
coronary artery arising from the PA and without 
evidence of cardiac dysfunction or ischemia, sur-
gery may be considered to avoid the development 
of cardiac dysfunction.2

Synopsis
An anomalous left coronary artery from the PA usually is 
identified during infancy; rarely, it is diagnosed in adult-

Table 45.  Anomalous Aortic Origin of a Coronary Artery: 
Routine Follow-Up and Testing Intervals

Type of 
Follow-Up or 
Testing

Physiological 
Stage A* 
(mo)

Physiological 
Stage B* 
(mo)

Physiological 
Stage C* 
(mo)

Physiological 
Stage D* 
(mo)

Outpatient 
ACHD  
cardiologist

24–36 12 12 12

Electrocar-
diogram

24–36 12 12 12

Transthoracic  
echocardiogram

24–36 24 12 12

For recommendations on routine CT and MR angiography, see Section 4.5.1, 
supportive text for recommendations #1 and #2.

*See Section 2.2 for details on the ACHD anatomic and physiological clas-
sification system.

ACHD indicates adult congenital heart disease; CT, computed tomography; 
and MR, magnetic resonance.
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hood incidentally or when a patient presents with evi-
dence of ischemia, mitral regurgitation, or heart failure. 
An anomalous right coronary artery from the PA is more 
likely to be identified in adulthood; it may manifest with 
angina and dyspnea or may be an incidental finding.

Recommendation-Specific Supportive Text
	 1.	 Although an anomalous left coronary artery aris-

ing from the PA is usually identified in infancy, it 
may be identified in adulthood upon an SCD event, 
if the patient presents with ischemic symptoms or 
heart failure, or it may be diagnosed incidentally.3 
Surgery can include reimplantation of the left coro-
nary artery directly into the aorta with or without an 
interposition graft or by a Takeuchi repair.4 Ligation 
or closure of the left coronary artery at the level 
of the PA with coronary artery bypass grafting can 
also be performed, usually with the left internal 
mammary artery anastomosed to the left anterior 
descending artery.

	 2.	 Surgery to alleviate ischemia or ventricular dys-
function is reasonable if the anomalous right 
coronary artery from the PA is thought to be the 
cause. Surgery can include reimplantation of the 
right coronary artery directly into the aorta with or 
without an interposition graft. Ligation or closure 
of the right coronary artery at the level of the PA 
with coronary artery bypass grafting can also be 
performed, usually with the right internal mammary 
artery anastomosed to the right coronary or poste-
rior descending coronary artery.

	 3.	 In asymptomatic patients with an anomalous right 
coronary artery, the 2 goals of treatment are to reduce 
the risk for coronary steal associated with anomalous 
origin of the right coronary artery from the PA and to 
establish dual coronary circulation. In younger asymp-
tomatic patients, elective surgery is frequently per-
formed. In asymptomatic older patients, surgery may 
be considered on the basis of a functional evaluation, 
assessment of surgical risk, and any pertinent comor-
bidities. This is a clinical situation that requires ongoing 
clinical follow-up with shared decision-making.

4.5.3. Coronary Artery Fistula
Synopsis
Coronary artery fistula is an abnormal communication be-
tween a coronary artery and another cardiovascular structure, 
such as a cardiac chamber, coronary sinus, superior vena cava, 
or PA. The incidence of coronary artery fistula is 0.002% in 
the general population and 0.1% to 0.2% of all patients un-
dergoing coronary angiography for clinical indications.1

Coronary fistulas may be congenital or acquired. Specific 
management strategies can include clinical follow-up, sur-
gery, or catheter closure.2 In a series of 46 surgically treated 
patients, predominant preoperative symptoms included 

angina and heart failure.3 Notably, postoperative myocardial 
infarction occurred in 11% to 15%,4 possibly because of 
thrombosis or low flow in the dilated coronary artery proximal 
to fistula closure. Late survival was also significantly reduced, 
compared with an age-matched population. The presence of 
coronary artery fistula requires review by a knowledgeable 
team that may include congenital or noncongenital cardiolo-
gists and surgeons, to determine the role of medical therapy 
and/or percutaneous or surgical closure.

4.6. Vascular Rings and Pulmonary Artery Slings
Recommendations for Vascular Rings and Pulmonary Artery Slings
Referenced studies that support recommendations are summarized in 
the Evidence Table.

COR LOE Recommendations

Diagnostic

1 B-NR

1.	 For adults with unexplained symptoms of airway 
or esophageal compression that raise concern for 
vascular ring or PA sling, anatomic assessment 
with cross-sectional imaging of the aortic arch and 
PAs is recommended.1

1 B-NR

2.	 For adults with persistent symptoms of airway or 
esophageal compression after repair of vascular 
ring or PA sling, cross-sectional advanced imaging 
is recommended to evaluate postoperative anat-
omy and indications for additional intervention.1–3

Therapeutic

2a B-NR
3.	 For adults with symptoms of airway or esophageal 

compression and a vascular ring or PA sling, surgi-
cal repair* is reasonable to improve symptoms.4–6

3: No 
Benefit

B-NR
4.	 For asymptomatic adults with a vascular ring or PA 

sling, surgical repair is not indicated.6–8

*A cardiothoracic surgeon with expertise in ACHD should perform the repair.

Synopsis
Vascular rings are rare and are typically diagnosed in 
infancy or early childhood, but they may be first iden-
tified in adulthood.6 Adult presentation is typically after 
years of unexplained respiratory and/or gastrointestinal 
symptoms, or the condition may be found incidentally in 
an asymptomatic adult. Symptoms can include dyspnea, 
wheezing, stridor, and dysphagia. Asymptomatic patients 
with a known vascular ring should receive education re-
garding symptoms necessitating return for evaluation, as 
up to 11% may eventually develop symptoms and may 
require intervention to relieve them.

Abnormalities that can cause a vascular ring and 
potential airway compression are listed in Table 46. One-
third to almost half of patients with a vascular ring have 
an additional congenital heart disease diagnosis, most 
commonly VSD.

Recommendation-Specific Supportive Text
	 1.	 In adults with unexplained symptoms that suggest 

airway or esophageal compression (stridor, wheezing, 
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dyspnea, or dysphagia), vascular ring and PA sling 
should be considered. Workup may include pulmo-
nary function and barium swallow testing. CMR or 
CT angiography is recommended to evaluate the 
aortic arch and PA anatomy and to exclude tracheal 
and esophageal compression. CT angiography may 
be preferred to evaluate the relationship of vascular 
structures to the trachea and tracheal compression.1–3

	 2.	 Once a vascular ring or PA sling is repaired, symp-
toms resolve in the majority of patients. With persis-
tent or new symptoms (10% to 30% of patients), 
cross-sectional imaging may be helpful to define the 
postoperative anatomy and determine whether an 
anatomic abnormality remains for possible reinterven-
tion (rather than a functional abnormality). In patients 
with equivocal symptoms, follow-up pulmonary func-
tion and barium swallow testing may be helpful.

	 3.	 In a patient diagnosed with a symptomatic vascular 
ring or PA sling, surgical repair may be performed to 
relieve symptoms. Discussions about whether to pro-
ceed with surgical repair should include multidisci-
plinary subspecialties, including pulmonary medicine 
and gastroenterology. Surgical mortality rates are 
low, but when symptoms persist after repair, tracheo-
malacia is the most common explanation.2,6

	 4.	 Surgical repair is not indicated for asymptomatic 
vascular ring or PA sling. Asymptomatic patients 
may be followed and/or educated regarding symp-
toms to return for evaluation.

EVIDENCE GAPS AND FUTURE 
DIRECTIONS
Since the “2018 AHA/ACC Guideline for the Manage-
ment of Adults With Congenital Heart Disease” was pub-

lished, new research has further elucidated ACHD top-
ics that include care for TOF, the nuances of the ACHD 
AP classification system, medical treatment for systemic 
right ventricles, and pacing and arrhythmia strategies. 
However, given the sheer breadth of ACHD diagnoses, 
therapies, late sequelae, and follow-up trajectories for in-
dividual patients, designing ACHD clinical trials and en-
rolling participants in them is a persistent challenge that 
leaves large evidence and knowledge gaps. In addition, 
consistent delivery of care is difficult, given inadequate 
numbers of ACHD physicians, geographic variation in 
patients’ access to them, and the lack of networks that 
integrate and coordinate with community care. Even with 
the progress that the 2025 ACHD guideline reflects, 
there remain many broad-impact and disease-specific 
questions for future research to investigate.

Broad-Impact Research Questions
General Considerations
	 ▪	 What are the optimal outpatient visit and testing 

frequencies for the various ACHD physiological 
stages and congenital heart conditions?

	 ▪	 Does the severity of a patient’s anatomic–physi-
ological class matter in deciding whether to deliver 
cardiology care at an ACHD or a non-ACHD cen-
ter, to optimize outcomes?

	 ▪	 What is the ideal care delivery system for managing 
patients with ACHD, in light of geographic, finan-
cial, and insurance constraints?

	 ▪	 What are the best ways to develop and test suc-
cessful methods of transition education and trans-
fer of care?

	 ▪	 How does childhood radiation exposure affect the 
long-term health of patients with ACHD?

	 ▪	 What are the appropriate neurocognitive screening 
practices and evaluations for patients with ACHD?

	 ▪	 What type of mental health screening is best for 
ACHD clinics to conduct?

	 ▪	 Which patients with ACHD should be offered 
genetic screening?

	 ▪	 How is exercise testing best utilized for predicting 
clinical outcomes?

	 ▪	 Which ACHD populations will benefit from cardiac 
rehabilitation?

	 ▪	 Which patients with transcatheter or surgical pros-
thetic valves are at highest risk for endocarditis? 
Should prophylaxis and/or screening practices be 
changed?

	 ▪	 What is the most appropriate timing for pulmonary 
valve replacement in TOF, pulmonary stenosis with 
pulmonary regurgitation, and RV-to-PA conduit 
stenosis or regurgitation?

	 ▪	 What are the effects of menopause, hormone 
replacement therapy, and gender-affirming thera-
pies in patients with ACHD?

Table 46.  Anatomy of Vascular Rings

Complete ring
		 Right aortic arch with aberrant left subclavian artery and left ligamentum 

arteriosum

		 Right aortic arch with mirror image branching and left ligamentum  
arteriosum extending from descending aorta to main pulmonary artery

		 Left aortic arch with aberrant right subclavian artery and right ligamentum 
arteriosum

		 Double aortic arch

		 Circumflex aorta

Incomplete ring
		 Left aortic arch with aberrant right subclavian artery

		 Right aortic arch with aberrant left subclavian artery and right ligamentum 
arteriosum

Other
		 Innominate artery compression syndrome

		 Left pulmonary artery sling

Modified with permission from Porcaro et al3 via a Creative Commons Attri-
bution 4.0 International License (http://creativecommons.org/licenses/by/4.0/). 
Copyright 2023 Springer Nature.
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	 ▪	 How do artificial intelligence strategies, such as 
AI-ECG, fit into ACHD care?

Heart Failure and Transplantation Considerations
	 ▪	 Which biological mechanisms result in failing right 

or left ventricles?
	 ▪	 How does GDMT work in failing left ventri-

cles in ACHD (which are likely to have differ-
ent mechanisms of failure than in ischemia and 
cardiomyopathy)?

	 ▪	 How does GDMT therapy work in failing right ven-
tricles (subpulmonary or systemic) in ACHD?

	 ▪	 Can principles of guideline-directed and other 
medical therapies be applied to failing single-ven-
tricle physiology?

	 ▪	 What is the appropriate role of glucagon-like pep-
tide-1 receptor agonists in managing patients with 
ACHD?

	 ▪	 Which biomarkers are most clinically useful in 
patients with ACHD?

	 ▪	 Which ACHD conditions can benefit from MCS, 
and how can it be used in patients with complex 
anatomy?

	 ▪	 How should criteria for transplantation in patients 
with Fontan circulation be refined?

	 ▪	 What are the relative benefits and risks of heart ver-
sus heart–liver transplantation in Fontan patients, 
with the aim of determining who should get which 
strategy?

	 ▪	 What are the best ways to characterize the risk for 
SCD in patients with ACHD and to identify who will 
benefit from a primary-prevention ICD?

Disease-Specific Research Questions
Shunt Lesions and PAH
	 ▪	 How can predictors of PAH in patients with ACHD 

be predicted more accurately? Should PAH treat-
ment strategies differ from those for patients with-
out congenital heart disease?

	 ▪	 After shunt repair, how is the type and duration of 
PAH therapy best determined?

	 ▪	 What are the long-term outcomes of shunt closure 
in the settings of mild, moderate, and severe PAH?

COA
	 ▪	 Which measure of hypertension (resting, exercise, 

or ambulatory) best predicts outcomes in patients 
with COA?

	 ▪	 Does exercise-induced hypertension require 
treatment?

	 ▪	 Which criteria warrant reintervention in 
re-coarctation?

	 ▪	 Are long-term outcomes better with medical ther-
apy or catheter intervention for less-than-severe 
re-coarctation?

	 ▪	 How often should patients with COA be screened 
for thoracic aneurysm and for intracranial aneurysm?

Ebstein Anomaly
	 ▪	 What is the indication for surgery in patients with 

Ebstein anomaly who are asymptomatic?
	 ▪	 What is the best way to assess the need for a 

Glenn shunt (bidirectional cavopulmonary anasto-
mosis) at the time of tricuspid valve surgery?

TOF
	 ▪	 What is the optimal timing of pulmonary valve 

replacement in asymptomatic patients with TOF?
	 ▪	 Which patients with TOF need a primary-preven-

tion ICD, and does this strategy reduce mortality?
	 ▪	 Can AI-ECG and other artificial intelligence strategies 

be incorporated into outcome prediction modeling?
	 ▪	 Why does LV dysfunction develop in patients with 

TOF?
	 ▪	 What clinical parameters can help predict morbidity 

and mortality in TOF?

Systemic Right Ventricle
	 ▪	 Which patients with a systemic right ventricle need 

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

	 ▪	 Which imaging findings predict mortality and mor-
bidity in this population?

	 ▪	 What is the appropriate timing of tricuspid valve 
replacement for a systemic right ventricle?

	 ▪	 What is the appropriate indication for, and method 
of, CRT in patients with a systemic right ventricle?

	 ▪	 In patients with CCTGA with VSD/pulmonary ste-
nosis, does the double switch operation have better 
long-term outcomes than VSD closure and left-
ventricle-to-pulmonary-artery conduit?

d-TGA With Arterial Switch Operation
	 ▪	 What are the long-term outcomes after the arterial 

switch operation?
	 ▪	 What is the most effective way to conduct the 

operation, and how often should the possibility of 
asymptomatic coronary disease (ostial compres-
sion) and ischemia be assessed?

	 ▪	 What are the parameters to intervene for aortic 
root dilation?

Single Ventricle/Fontan Circulation
	 ▪	 What are the risk-benefit calculations for antiplate-

let versus anticoagulation strategies in the Fontan 
population?

	 ▪	 Which Fontan patients will benefit from pulmonary 
vasodilators?

	 ▪	 What is the appropriate screening strategy for 
FALD?

	 ▪	 What treatments are most beneficial for protein-
losing enteropathy?

	 ▪	 Why do some Fontan patients develop lymphatic 
abnormalities?

	 ▪	 Do long-term outcomes of HLHS differ from those for 
other forms of single ventricle with Fontan circulation?
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Other Conditions
	 ▪	 What level of obstruction merits intervention for 

double-chamber right ventricle?
	 ▪	 What degree of stenosis is most appropriate for 

intervention in subaortic obstruction?
	 ▪	 Is there a level of aortic dilation that requires inter-

vention in congenital heart conditions such as TOF, 
d-TGA with arterial switch, single-ventricle Fontan 
circulation, and Ross procedure?

	 ▪	 Are patients with manipulated coronary arteries 
(eg, after arterial switch operation, Ross repair) at 
risk for premature coronary artery disease?
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