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INTRODUCTION

In the United States, children living with congenital heart disease (CHD) are outnumbered
by adults with CHD (ACHD). Due to surgical and medical advances, it is now estimated that
there are more than 1 million adults with CHD in the United States.1-2 Advances in surgical
technique, trans-catheter intervention, imaging modalities, and focus on high-quality
multidisciplinary care teams has contributed to improved CHD survival. Recent studies have
shown that the median age of patients with severe CHF has increased from 11 years in 1985
to 17 years in 2000, and the overall age at death increased from 37 years in 2002 to 57 years
in 2007.3 Improved survival to adult age and late adulthood translates to a population with
both cardiac and extracardiac disease, and specialized care needs. In particular, heart failure
(HF) is common in the adult patient with CHD. Adults with CHD experience more
hospitalizations, episodes of decompensation, and ultimately have higher mortality than non-
CHD cohorts.#=® Therefore, it is critical to understand the heterogenetic nature of HF in
ACHD population, assessment and management across the spectrum of CHD, and treatment
options, as well as current gaps in treatments available to this unique group.
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THE DISTINCT NATURE OF HEART FAILURE IN ADULT CONGENITAL
HEART DISEASE

As CHD patients live to older age, the population becomes even more diverse because it
includes patients who survived several percutaneous and surgical procedures in childhood,
and adults who presented and were diagnosed later in life. Residual anatomic and
hemodynamic lesions accompanied by acquired heart disease lead to an increasingly
complex group of patients with varied presentation. HF, along with arrhythmia, sudden
death, and late vascular complications are the most common late cardiac presentations in
adults.”

Bolger and colleagues® described CHD as the original HF syndrome as “...characterized by
a triad comprising cardiac abnormality, exercise limitation, and neurohormonal activation.”
The Heart Failure Society of America guidelines’ define HF as “...a syndrome characterized
by either or both pulmonary and systemic venous congestion or inadequate peripheral
oxygen delivery, at rest of during stress caused by cardiac dysfunction.”®19 In the CHD
population, it is often difficult to stratify patients into common categories such as left-sided
failure or right-sided failure. Standard functional class categorization is also difficult because
it based on the premise that patients do not have structural abnormalities at baseline. For
instance, the 2005 American College of Cardiology and American Heart Association
guidelines recommend HF be divided into 4 subtypes: A, at risk for HF; B, structural heart
disease without signs or symptoms; C, structural heart disease with previous or current
symptoms; and D, refractory heart disease requiring advanced therapies.1 One may wonder
how CHD patients fit into this classification, which, despite updating in 2013, still did not
account for the CHD patient with an underlying congenital cardiac defect. Guideline-level
documents such as this are often not particularly helpful in the management of CHD patients
because they amass data in the acquired HF population, which is often significantly different
if not less well-studied than CHD patients.-12.13

From an epidemiologic perspective, CHD patients do not fare as well as patients with HF
from acquired forms of heart disease. Hospitalization rates in CHD patients with HF are
higher (214 admissions/1000 adults) and the mean length of stay is longer (11.5 days in
complex CHD vs 8 days in the acquired HF cohort).14 The underlying anatomic defect and
prior surgical interventions have been identified as independent risk factors for HF
admission in CHD. When admitted for HF, CHD patients have a 5-fold higher risk of in-
hospital mortality; death at 1 and 3 years post-HF admission was exceptionally high at 24%
and 35%, respectively.®

Predictors of death due to HF include endocarditis, supraventricular tachycardia, ventricular
tachyarrhythmia, conduction disturbances, pulmonary arterial hypertension, and myocardial
infarction (hazard ratio 2-5; A<.05).” In 2 different European cohorts, HF has been shown to
be the most common cause of mortality with the average age of death reported between 47
to 50 years of age.”-16 As the CHD population continues to age, both outpatient and
inpatient care for HF will continue to become among the most important aspects of
managing these patients.17-19
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ANATOMY DICTATES HEART FAILURE PHENOTYPE

HF in CHD is a broad topic that is often difficult to understand. It is easy to see why this
may be the case, given the broad spectrum of CHD. Clinically, CHD is subdivided into
categories based on the complexity of the structural lesions. Defects are classified as simple
CHD, moderately complex CHD, or severely complex CHD. Published guidelines in the
treatment of ACHD have indicated follow-up intervals for continued care based on the
severity of underlying CHD?0 (Table 1). Prior interventions, including cardiac surgery, also
play a role in the development of HF and late CVD risk; therefore, they are crucial to
consider in caring for the ACHD patient. Given the heterogenous nature of CHD and
palliative or surgical repair, the cause and presentation of HF in CHD is diverse. Some
common themes in describing HF in this population include the side of the HF (subpulmonic
ventricular vs subsystemic ventricular dysfunction),2! cyanotic versus acyanotic HF, single
ventricular failure, and pressure versus volume-mediated HF, among others.

ETIOLOGIC FACTORS OF CONGENITAL HEART DISEASE-HEART FAILURE

The mechanisms leading to HF in CHD are numerous and variable. Some potential causes
include abnormal pressure or volume-loading of either the morphologic right ventricle (RV)
or left ventricle, myocardial ischemia from either a supply demand mismatch or coronaries
anomalies, ventricular hypertrophy, and constriction from prior sternotomy. Myocardial
architecture must be considered in patients with CHD. Data suggest embryologic
development of the right ventricular myocardium may be different from the left ventricle
and more susceptible to dysfunction in lesions where the RV is the systemic ventricle.®22
Perfusion also seems to also be important as evidenced by the high prevalence of RV
systolic function following the atrial switch operation in complete transposition.23:24
Reduced right ventricular myocardial microvascular density of the septal wall is seen in
complete transposition and in RV hypertrophy in tetralogy of Fallot patients. This seems to
be related to a reduced myocardial perfusion reserve and impaired right ventricular systolic
function.2® It is likely that myocardial perfusion defects are a sensitive predictor of systemic
ventricular impairment.28 Similar to acquired heart disease, activation of natriuretic
peptides, the sympathoadrenergic system, and the endothelin and renin angiotensin
aldosterone system have been implicated to play an important role in CHD-HF.27 Fibrosis

and aberrant remodeling are also important deleterious processes important to HF in CHD.
28-30

CLINICAL PRESENTATION AND EVALUATION

Presentation of HF in CHD can vary depending on anatomic and physiologic factors related
to underlying anatomy and prior repair. Systolic function may not necessarily be the primary
cause of HF in these patients. Typical HF symptoms, such as exertional dyspnea, fatigue,
exercise intolerance, and signs of volume overload, although present may not always be
dramatic. A comprehensive history and examination is critical in evaluation of this
population. Special testing often involves imaging, such as transthoracic echocardiogram or
cardiac MRI-computed tomography, to provide information about anatomic detail and
function. Cardiopulmonary stress testing is an invaluable tool to assess functional capacity
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and other vital information, such as chronotropic competence and oxygenation level with
exercise. Patients with CHD exhibit lower than normal oxygen consumption per unit time
(VO,) in comparison with age-matched healthy cohorts31:32 and, given that New York Heart
Association status is not accurate in CHD, trends in peak Vo, and functional capacity are
valuable. A rhythm monitor is also very important in CHD because arrhythmia and
requirement for pacemaker are more common than in other forms of acquired heart disease.

MANAGEMENT OF HEART FAILURE IN CONGENITAL HEART DISEASE

In acquired HF, medical treatment is the cornerstone of management; however, the same
therapy is not well-studied in CHD patients. Treatment typically focuses on correcting
structural abnormalities and potentially reversing abnormalities. The management of
arrhythmia is also critically important in the ACHD patient because it occurs in 15% of
CHD patients and more than doubles the risk of HF.33 Common late anatomic, physiologic,
or arrhythmogenic problems, as well as available interventions in select moderate and
severely complex ACHD patients, are reviewed in Table 2.

Medical Therapy

Traditional HF medications are not well-studied in the ACHD population (Table 3). Even
with the lack of substantial data, there may be a role for these treatments because some of
the mechanisms for HF overlap.34 In general, one must consider all the indications for
cardiac medications in these patients because there are often multiple reasons to use
medications such as beta-blockers, diuretics, and angiotensin-converting enzyme inhibitors.
Typically, patients with significant HF and ACHD are followed by both congenital heart
specialists and HF specialists. This allows each team to provide expertise on the nature of
CHD and recommended HF therapies, respectively. A reasonable approach to the clinical
evaluation of some common ACHD-HF phenotypes is outlined in Fig. 1 with potential
treatment considerations and strategies.

Mechanical Circulatory Support and Cardiac Transplantation

Advanced therapies for HF, which include the use of mechanical circulatory support (MCS),
total artificial heart, and organ transplantation, are challenging in the CHD population owing
to prior surgical repair, repeat sternotomy, nontraditional anatomy, elevated panel reactive
antibodies, bleeding risk, hypercoagulability, and extracardiac disease secondary to CHD.
Several studies have shown that up-front mortality is higher in the CHD population;
however, long-term outcomes (>1 year posttransplant) are favorable.3%:36 The current organ
allocation system is predicated on the sickest patients receiving listing preference.
Unfortunately for many CHD patients, their anatomy may not be suitable for traditional
measures for HF decompensation. In particular, this is true of the patient with a single
functioning ventricle or Fontan that may have preserved systolic function but presents with
congestive right-sided failure symptoms. There are only a handful of centers that have the
resources and multidisciplinary teams required to care for these unique patients when MCS
and transplant are considered.
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As the CHD population continues to age, managing late HF will continue to be an important
part of long-term care. Important first steps in evaluating these patients are to consider prior

an

atomy and procedures, and to identify potentially reversible or treatable lesions. Device

therapy, MCS, and transplant have a limited role in this population, and require evaluation
by an experienced and specialized team.
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KEY POINTS:

. Children with congenital heart disease (CHD) are outnumbered by adults with
CHD (ACHD).

. CHD-heart failure (HF) presentation differs based on anatomy and prior
surgical repair.

. HF medical therapy is less well studied in CHD and needs to be considered in
the context of CHD-related anatomy or physiology.

. The first step in evaluation of the adult CHD patient with HF is to examine
the underlying anatomy for lesions with the possibility for intervention.

. Mechanical circulatory support and heart transplant in CHD is more complex

secondary to anatomic limitations. These patients are at a disadvantage in the
current allocation system.
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Common presentations of Heart Failure in Adult Congenital Heart Disease (ACHD-HF)

Pressure Overload

Single Ventricle

Volume overload Systemic Right Ventricle

(left heart obstruction) (Fontan)
Examples Examples Examples Examples
Congenital MS Pulmonary insufficiency (repaired TOF) DTGA Mustard palliation Tricuspid atresia
Subvalvular membrane TR due to Ebstein’s CCTGA DORV, DILV
Congenital AS TR in CCTGA Crosses over with some forms HLHS, Mitral atresia
(S:U;;ravalvular membrane Unrepaired shunts of single ventricle AVSD, rarely Ebstein's
o

Signs/Symptoms

Dyspnea Variable Similar to pressure Worsening cyanosis
Reduced exercise tolerance Right heart volume overload overloaded heart Abdominal fullness
Orthopnea Characterized by abdominal Poor appetite

PND Distension, poor appetite, CHD patients tolerate this Reduced exercise tolerance

Lateral PMI Peripheral congestion
3 or 4t heart sounds

Pulmonary crepitation's late

Signs/Symptoms Signs/Symptoms Signs/Symptoms

Remarkably well and may Fatigue
not have symptoms until

Clinical Evaluation
TTE, TEE TTE , ECG
ECG

Advanced Imaging

Clinical Evaluation

ECG, Holter, Event monitor
TTE, Advanced Imaging

HC often required

Clinical Evaluation Clinical Evaluation
ECG, Holter, Event monitor
TTE, Advanced Imaging

HC often required

Advanced Imaging
HC often required

Therapeutic Options Therapeutic Options e L o o Fusdl i /e N (isnsf
. % = - Traditional medications often use: - EPS +/- Pacemaker requen(
- Anti-hypertensives (CoA) PT transcatheter valve - CRT-ICD challenging, high risk of  Diuretics

- PT balloon angioplasty
- Surgical correction replacement needed.

wsgice| valveepely inappropriate shock. EPS frequently - PT transcatheter interventions

(collateral coil, fenestration etc
- Fontan conversion
- Typically not MCS candidate
- OHT challenging often not dondg

- PT transcatheter shunt closure - Baffle stenting and leak closure as
- Surgical shunt closure/ligation needed.

- Rarely BDCPC if severe RVF - DTGA mustard often reasonable
MCH and OHT candidates

Fig 1.

Agproach to managing HF in ACHD. Common presentations of ACHD-HF are outlined
inclusive of example CHD lesions, signs, or symptoms; reasonable clinical evaluation or
special testing; and potential therapeutic options. +/-, with or without; AS, aortic stenosis;
AVSD, atrioventricular septal defect; BDCPC, bidirectional cavopulmonary connection;
CCTGA, congenitally corrected transposition of the great arteries; CoA, coarctation of the
aorta; CRT-ICD, cardiac resynchronization therapy—implantable cardiac defibrillator; DILV,
double inlet left ventricle; DORV, double-outlet RV; DTGA, dextrotransposition of the great
arteries; ECG, electrocardiogram; EPS, electrophysiology study; HC, hemodynamic
catheterization; HLHS, hypoplastic left heart syndrome; MCS, mechanical circulatory
support; MS, mitral stenosis; OHT, orthotopic heart transplant; PMI, point of maximum
impulse; PND, paroxysmal nocturnal dyspnea; PT, percutaneous; RVF, RV failure; TEE,
transesophageal echocardiogram; TOF, tetralogy of Fallot; TR, tricuspid regurgitation; TTE,
transthoracic echocardiogram.

Heart Fail Clin. Author manuscript; available in PMC 2018 October 28.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Sabanayagam et al.

Table 1:

Complexity of adult congenital heart disease

Page 11

Simple CHD

Moderate CHD

Severely Complex CHD

. Native disease

O Isolated congenital aortic
valve disease

O Isolated congenital MV
disease

O Small ASD

O Isolated small VSD
O Mild PS

O Small PDA

. Repaired conditions
(without residua)

O Ligated or occluded PDA
O Repaired VSD

O Repaired secundum or sinus
Venosus

OASD

Aorto-left ventricular fistulas

Anomalous pulmonary venous
drainage

AVSD (partial or complete)

CoA

Ebstein anomaly

Infundibular RVOTO of significance
Ostium primum ASD

PDA, not closed

Pulmonary valve regurgitation
(moderate to severe)

Pu