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Introduction

Adult congenital heart disease (ACHD) is a field undergoing substantial growth due to
the increasing patient population. As neonatal surgical techniques have evolved and
medical therapies improved, the prevalence of adults with congenital heart conditions
(CHD) has surpassed the number of children with CHD (1). Additionally, the spectrum
of ACHD patients is heterogenous and represents varied anatomical lesions from
isolated pulmonary valve disease to single ventricle physiology (2, 3).

This paper is designed as a targeted outline for healthcare providers into the field of
ACHD, offering a focused overview.

Appropriate ACHD care

ACHD patients faces multiple challenges during their lifetime. Among the first
challenges is the transition of care from pediatric cardiovascular care to adult care. In
fact, many patients are lost to care at the time of transfer of care or do not participate
in a transfer program (4, 5). As few as 15% of ACHD patients may transfer to an
ACHD center (5). There are several factors that account for this. ACHD patients
typically have been under the care of pediatric cardiologists and other specialists since
birth. Transitioning to adult care often requires leaving behind a familiar and
supportive healthcare team, which can lead patients to feeling lost (6, 7). Moreover,
there is a lack of awareness for the need of lifelong care among many ACHD patients
and/or families (8, 9). Finding ACHD specialists can also be challenging as there is a
shortage of such specialists particularly outside of major urban settings (10). In the
United States, ACHD patients may also encounter difficulties with insurance coverage
as they age out of pediatric coverage (7, 11, 12).

To address the drop-off in care, healthcare systems are increasingly recognizing the
need for dedicated ACHD and transition programs (13). These programs aim to
provide comprehensive care, education, and support to ACHD patients during the
transition from pediatric to adult care, as well as throughout adulthood. They
emphasize the importance of lifelong care, early education about the condition, and
ongoing monitoring to prevent complications and improve the overall health and
quality of life for ACHD patients.
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When these patients establish care in such a specialized center,
they are usually managed by a multidisciplinary team of
cardiovascular specialists. A comprehensive ACHD center is a
specialized healthcare facility dedicated to providing comprehensive
care to adults with CHD. These centers are designed to meet the
unique medical, psychological, and social needs of ACHD patients
throughout their lives. ACHD centers have a team of healthcare
professionals with expertise in ACHD, including cardiologists,
cardiac surgeons, nurse practitioners, social workers, psychologists,
and other specialists. This multidisciplinary team collaborates to
provide holistic care (Figure 1).

Perhaps a unique aspect of a comprehensive ACHD center that
can be overlooked relates to genetic counseling services. While in
the current era genetic counseling and evaluation is commonplace
in pediatric cardiology, the current generation of ACHD patients
may not have been evaluated by genetics at time of diagnosis. As
such, patients may not recognize their own genetic syndrome or
the recurrence risk in their children. In the ACHD clinic, a genetic
counselor can initiate the appropriate screening and refer patients
to a geneticist as needed. Additionally, they may suggest other
subspecialty referrals based on medical history (14).

10.3389/fcvm.2024.1366572

As mentioned previously, transition programs built as part of these
comprehensive ACHD programs are crucial. While well-structured
transition from pediatric care to ACHD care has been identified as a
critical need in caring for congenital heart patients, the inability to
appropriately transition patients can lead to harm such as
inappropriate medical interventions or inappropriate care with
consequently resultant heightened financial and emotional distress (15).

Individuals with severe congenital heart disease exhibit a higher
likelihood of transitioning to adult congenital heart disease care
compared to those with non-severe conditions. And even amongst
those with severe disease, transfer rates to ACHD care have been
reported be just below 20% (5).

Ideally, a transition program consists of a healthcare team
including nurses, social workers, care coordinators and both
pediatric and adult physician champions (7).

The transition process should begin early and at multiple visits so
that appropriate anticipatory guidance can be provided in regard to
possible future procedures and reproductive health for teenagers and
adults. Additionally, appropriate counseling for behavioral health,
exercise, and career choices should also be discussed. This also helps
educate so that both family and the patient recognize the lifelong

FIGURE 1
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A multidisciplinary adult congenital heart disease (ACHD) team typically includes cardiologists, surgeons, nurses, and other healthcare professionals
who specialize in managing complex cardiac conditions in adults with congenital heart defects. This team collaborates to provide comprehensive
care, offering expertise in diagnostics, medical and surgical interventions, as well as emotional and psychological support for ACHD patients.
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needs of ACHD patients, hence the need to maintain contact with the

healthcare system.
Additionally, ACHD

traditional adult cardiovascular care. Congenital heart survivorship

care also necessarily incorporates
is now the norm, and as such ACHD patients are also at risk for
traditional cardiovascular events. Furthermore, the high prevalence
of lipid disorders in patients with ACHD “as high as 69%”
strongly supports the recommendation for regular screening for
cardiovascular risk factors, particularly dyslipidemia, as part of

routine ACHD care (16).

ACHD surgical considerations

Surgery for ACHD presents a unique set of challenges compared
to surgery for acquired heart conditions. ACHD patients often have
complex and unique cardiac anatomy, therefore ACHD surgeons
must have a thorough understanding of the patient’s specific
anatomy and be prepared to adapt surgical techniques accordingly.

Most surgeries in ACHD patients include valve repair or
defect The
Congenital Heart Surgeons Association Database collected a total

replacement as well septal repair. European
of 20,602 ACHD patients who underwent cardiac surgery,
between January 1997 and December 2017. The most common
procedural groups included septal defects repair (n = 5,740, 28%),
right-heart lesions repair (n=5,542, 27%) and left-heart lesions
repair (n=4,566, 22%); additionally, almost one-third of the
procedures were re-operations (1 = 5,509, 27%) (17).

Other studies have suggested that more than half of all operations
performed on ACHD require repeat sternotomy (18). This can be
explained by the evolving spectrum of ACHD patients. In its
original form many ACHD patients consisted of patients requiring
primary defect repair, while they now largely encompass patients
who underwent primary repair as children and require treatment
of residual defects or sequelae of the initial pathology or previous
treatment. In fact, primary correction of the heart defect accounts
for less than 25% of all operations in ACHD (18).

Assessing surgical risk in ACHD patients requires consideration of
multiple factors. Foremost, some ACHD surgeries may not provide a
permanent solution, particularly valvular surgery. Many patients
require multiple interventions throughout their lives. ACHD
physicians and surgeons must consider the long-term implications
and potential for future reinterventions when planning ACHD
surgery. Woman of childbearing age, as an example, may elect tissue
aortic valve or Ross procedure over a mechanical valve to avoid the
risks of coumadin during a future pregnancy. However, this is likely
to lead to further cardiovascular procedures in such as transcatheter
aortic valve replacement (TAVR), transcatheter pulmonary valve
replacement (TPVR), or re-do sternotomy.

There has also been a shift in overall CHD-related mortality
from childhood to adulthood. Specifically, more than half of all
CHD-related mortality occurs in adulthood (19), while in-
hospital mortality following congenital heart surgery in adults is
also likely higher among adults (20). Up to 10% of ACHD surgical
patients appear to suffer post-operative complication (18, 21). Early
mortality following cardiac surgery is as high as 3.6% with single
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ventricle physiology with the number of sternotomies being an
independent major predictor (21).

Fortunately, the majority of ACHD surgical interventions are
elective and can undergo careful planning and risk assessment.
Traditional calculators of surgical risk such as the European System
for Cardiac Risk Evaluation (EuroScore II) exclude the ACHD
population (22). ACHD risk score calculators such as the
perioperative ACHD score calculator (PEACH Score) have been
developed to specifically assess risk in patients undergoing ACHD
surgery (23). A PEACH score of 0 predicts an in-hospital mortality
of 0.2%, 1-2 predicted a mortality risk of 3.6%, and >3 (17.2%).
Each risk factor is assigned one point: NYHA class 3 or 4, urgent
surgery, Adult
Congenital Heart Surgery Score >1.5, Hg <10 gm/dl or >20 gm/dl,
and evidence of CKD with estimated GFR < 60 ml/min. Referenced
in this algorithm is the Adult Congenital Heart Surgery Mortality
Scoring system (24) which assigns cardiac risk based upon type of

active endocarditis, >2 prior sternotomies,

operation. Those scoring above 1.5 are considered some of the
highest risk in the ACHD population. These include Fontan
revision surgery, heart transplant, and lung transplantation.
Interestingly, coronary artery bypass grafting (CABG) in the ACHD
population was illustrated to be high risk. Although elective CABG
is generally considered low risk in individuals who are otherwise
healthy, when performed in conjunction with the complexities of
previously corrected CHD, it seems to transition into a high-risk
surgical procedure. Surgeons performing multiple grafts may face
challenges accessing and grafting coronary arteries due to variations
in heart anatomy. Additionally, those undergoing CABG often have
ahead a prior sternotomy in addition to having other medical
problems such as hypertension, diabetes, or kidney disease which
can increase the risk of complications during surgery.

While these scoring models provide valuable guidance for
predicting the risk of surgery in ACHD, they are not exhaustive.
Various patient-specific factors also contribute significantly.
Factors such as the presence of lung disease, obesity, pulmonary
hypertension, systemic right or left ventricle, the necessity for
multiple valve replacements, age, and liver disease are just a few
examples of risk factors that influence the assessment of surgical
risk in ACHD patients. Consequently, it is essential to take a
comprehensive approach that considers the patient’s unique
anatomy, individual risk factors, and the potential benefits of the
surgery when evaluating ACHD patients for cardiac surgery.

Interventional considerations

One of the most significant advancements in ACHD care has
been the proliferation of minimally invasive procedures. These
procedures often involve catheter-based interventions. They offer
several benefits including reduced surgical risks, shorter hospital
The
percutaneous implantable heart valves has been uniquely suited
for the treatment of ACHD patients. In fact, the first TAVR ever
performed was done on a patient with CHD (25). As TAVR
technology initially evolved for non-congenital patients, it has

stays, and faster recovery times. development of

also result in significant growth in the field of CHD interventions.
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ACHD patients such as those with conditions like tetralogy of
Fallot or pulmonary atresia, often require pulmonary valve
replacement in adulthood. The emergence of TPVR has provided
a viable alternative to re-do sternotomy for such patients. TPVR
is primarily employed in cases involving bioprosthetic pulmonary
valve dysfunction and failure of the right ventricle to pulmonary
artery conduit (26).

In the United States, the two most commonly used
transcatheter pulmonary valves are the Melody™ Transcatheter
Pulmonary valve by Medtronic Inc (27). and the Edwards Sapien
by Edwards Lifesciences (28). However, this initial transcatheter
pulmonary valve technology had limitations, particularly in
accommodating patients with larger, compliant, and irregularly
shaped right ventricular outflow tracts (RVOT). This led to the
development of both the Harmony™ (29) and the Alterra
Adaptive PrestentTM (30). These innovations find applications in
the management of pediatric and adult patients experiencing
severe pulmonary regurgitation, as diagnosed by echocardiography
and/or with a pulmonary regurgitant fraction equal to or exceeding
30% by cardiac magnetic resonance imaging. These advanced
technologies are suitable for individuals who have either a native or
surgically repaired right ventricular outflow tract and have clinical
indications for surgical pulmonary valve replacement.

Despite these advances, nonsurgical options for patients with a
severely enlarged and often native or patched RVOT remain
limited. Approximately half of the patients screened are ineligible
for these devices because the length of the landing zone is either
too short or wide (31-33). As such, novel therapies are often
needed in these cases as well as others.

The evolution of transcatheter technology, not only in valve
interventions but across the entire spectrum of CHD treatment,
is a natural outcome of the collaborative efforts of
multidisciplinary teams. In the multidisciplinary team model,
each member brings their specialized expertise to the forefront.
ACHD cardiologists contribute valuable insights into medical
management and diagnosis, structural interventionalists offer
recommendations on cath-lab therapies, and cardiac surgeons
their

Additionally, interventional radiologists or vascular surgeons may

provide wealth of knowledge on surgical options.
provide specific instruments or techniques that can be utilized in
ACHD structural intervention but are not typically considered in
the realm of cardiac structural interventionalist (34). Imaging
specialists also play a critical role in reviewing relevant data with
the team, ensuring that the diagnostic foundation is robust, while
anesthesiologists prioritize the patient’s well-being throughout the
entire interventional/surgical process. This heart team approach,
which has recently been well-established in the realm of
structural interventions (35, 36), arguably finds its origins in the
field of ACHD. ACHD care has long recognized the importance
of multidisciplinary teams, dating back to the inception of
comprehensive ACHD center models (26).

ACHD structural intervention includes therapy far beyond just
pulmonary valve replacement. Structural intervention for baffle
leak closures, ASD/VSD closures, coarctation of the aorta, and
patent ductus closures are common. These procedures are
tailored to the individual patient’s anatomy and condition, with
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the goal of achieving optimal outcomes while minimizing the risks
associated with open-heart surgery. They represent an important
advancement in the management of complex CHD in adults,
improving quality of life and potentially long-term prognosis.

Pregnancy and family planning

In contemporary healthcare, most girls born with CHD will
eventually reach their childbearing years (1, 37-39). However, for
many women living with CHD, the prospect of pregnancy carries a
degree of risk, both for the expectant mother and fetus (40-43). It
becomes crucial that cardiovascular providers involved in the care
of these women possess up-to-date knowledge in the management
of women with CHD and pregnancy. This knowledge should
encompass not only preconception counseling and diagnostic
assessments to gauge maternal and fetal risk but also the ability to
manage these patients effectively throughout their pregnancies.
Equally important is their ability to recognize when it is prudent to
refer these patients to regional centers specializing in pregnancy
management for those with CHD.

There are significant changes in cardiovascular physiology that
occur even in a normal pregnancy. The initial trimester is
characterized by a notable reduction in peripheral vascular
resistance, reaching its lowest point in the middle of the second
trimester with a subsequent plateau or slight rise during the
remainder of the pregnancy (44). As blood volume increases and
systemic vascular resistance falls, cardiac output increases during
this period. At the 24 week mark, cardiac output may potentially
have increased by as much as 45% compared to baseline (45).

During these phases of pregnancy, women with CHD may face
challenges in augmenting cardiac output appropriately to meet the
demands of the fetus and their own bodies. They may also develop
volume overload leading to heart failure (HF) exacerbations or
develop arrythmias. Additionally, the completion of pregnancy does
not necessarily result in the end of cardiovascular risk for the mother.
The prolonged activation of the renin-angiotensin-aldosterone system
and potential ventricular remodeling increases the risk of post-
partum decompensation (46, 47). Additionally, the abrupt rise in
vascular resistance post-delivery in the setting of increased plasma
volume increases the risk of potential hemodynamic decompensation.

Not all pregnancies carry the same risk of cardiovascular
compromise. Substantial work has gone into the area to
determine the risk factors that place a woman at higher risk. The
modified World Health Organization (WHO) classification has
grouped patients into four pregnancy risk categories (Classes I-
IV) based on their medical condition (48). Class I includes
patients with no detectable increased risk of maternal mortality
and either no or only a mild increase in morbidity, and they are
not discussed further in this document. Class II comprises
women who may experience a slight increase in maternal
mortality or moderate morbidity with pregnancy. Class III
individuals may face a significant rise in maternal mortality or
severe morbidity, while those in Class IV could confront an
exceptionally high risk of maternal mortality or severe morbidity,
making pregnancy inadvisable. It is recommended that patients

frontiersin.org


https://doi.org/10.3389/fcvm.2024.1366572
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Fabbri and Sahu

in Class IV receive counseling to avoid pregnancy, and if pregnancy
is confirmed, termination should be considered.

The management of pregnancy, discussion of pregnancy
contraception, and termination for pregnancies in the United States
has gone and will continue to undergo extensive changes since the
landmark Dobbs vs. Jackson Women’s Health Organization
decision (49). Following the decision, many states have swiftly
moved to restrict abortion access, leading to a tumultuous legal
landscape where the status of abortion rights is in constant flux (50).

Pregnancy counseling should continue to occur at nearly every
visit in a woman of childbearing age. Choices in contraception
both for routine and emergency contraception should be discussed
and offered. For sexually active females our center’s preference is
consideration of long-acting reversible contraceptive (LARC)
methods. LARC methods include the intrauterine device (IUD)
and represent the most cost-effective reversible option to prevent
unintended pregnancy (51). If oral contraception is preferred,
prescriptions with no or low estrogen are preferred. The risks of
hormonal preparations related to venous thrombus embolism
(VTE) vary depending on the dose of estrogen, however the
relative risk for thrombosis in patients who take oral contraceptive
is three- to fivefold higher compared with that of nonuser (52).

Emergency contraception comes in several forms in the United
States. The more well-known “Plan B” is levonorgestrel, a high dose
progestin. This is particularly favorable given the lack of estrogen,
does not carry the risk of thrombosis associated with estrogen
containing pills, and is available over the counter. However
emergency contraception pills may be less effective in overweight
women. Copper-releasing IUDs, when implanted within 5 days
of unprotected sex, are not only more effective than oral EC
methods, but they also contribute significantly to reducing future
unintended pregnancies and abortions (53).

It is also important to understand that not every pregnancy carries
the same level of risk as outlined in the modified WHO consensus
Furthermore, the
pregnancy, contraception to avoid pregnancy, and decision to

statement. decision to move forward with
terminate or otherwise continue pregnancy in those with high
cardiovascular risk is ultimately the choice of the patient. After
providing the patient with comprehensive counseling that covers
both maternal and fetal risks, if the decision to proceed with
pregnancy is made, diligent monitoring and follow-up care should be
conducted in collaboration with maternal fetal medicine, ACHD
cardiologists, OB anesthesia, and any necessary specialists. Much like
the heart team model for surgical or structural intervention, women
with CHD in the setting of pregnancy often require a multi-
disciplinary approach. Additionally, emotional, and psychological
support is important as they may experience increase stress and
anxiety during pregnancy which can also result in worsened
maternal/fetal outcomes (54). Our own experience has shown that
patients benefit from meeting with their ACHD physician at least
each trimester and depending on the severity of their CHD benefit
from imaging each trimester as part of medical management and
delivery planning.

A Caesarean section (C-section) is not typically required in the
delivery of patients with cardiac disease. Though, the mode of
delivery should be carefully considered based on the individual
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patient’s medical condition and the severity of the CHD. While
there are situations where a C-section is medically necessary,
vaginal delivery can be safe and appropriate for many women
with CHD. A significant portion of the risk of maternal
decompensation relates to the incidence of blood loss and volume
shifts that can occur in delivery. Blood loss during a C-section
tends to be higher than during a vaginal delivery. On average,
blood loss during a planned or elective C-section can range from
500 ml-1,000 ml (approximately 17-34 ounces). In emergency C-
sections or C-sections with complications, blood loss can be even
greater, exceeding 1,000 ml (55) and obstetrical hemorrhage
contributes significantly to maternal morbidity and mortality (56).

ACHD and heart failure

ACHD patients are at an increased risk of developing HF over
their lifetimes, particularly those with univentricular circulation
(1). Excess mortality among adult patients with CHD due to HF,
as compared with the general population is well described (57).
Evidence indicates that signs of HF manifest in approximately
22% of adults who have undergone an atrial switch procedure
(Senning or Mustard operation) for transposition of the great
arteries (TGA), 32% of adults with congenitally corrected
transposition (ccTGA), and 40% of adults who have undergone
Fontan completion (58).

As such the diagnosis and treatment of HF is paramount in
decreasing mortality and morbidity. As a first step, it is
important to recognize that the initial congenital heart surgeries
or palliative shunts may play a role in the development of HF in
adulthood. As an example, surgical repair of tetralogy of Fallot
often results in hemodynamically significant pulmonary
regurgitation. This has been associated with right ventricular
(RV) dilatation, biventricular dysfunction and arrhythmias (59).
Patients with D-TGA s/p atrial switch have a systemic RV which
places level of stress on the systemic ventricle for which it was
not designed. And those with Fontan circulations have both the
challenges of a univentricular system and the concomitant high
rates of liver disease resulting in a myriad of complications.
Given the varying nature of the disease processes dependent on
the initial diagnosis and surgical palliations a one size fits all
approach of traditional adult HF treatment of goal directed
medical therapy is not possible or perhaps even reasonable.

In the initial evaluation of ACHD patients with HF one of the
first keys to successful evaluation and treatment is addressing the
need for potential transcatheter, surgical, or electrophysiologic
intervention. In patients with RV dysfunction with large atrial
septal defects, for example, should then undergo careful
evaluation of closure of the defect. The diagnosis and treatment
of a significant hemodynamic lesion is paramount in the
treatment of HF in the ACHD population (58).When evaluating
ACHD patients with suspected HF, in addition to assessment of
a treatable hemodynamically significant structural abnormality,
initial laboratory workup should be pursued. Notably, evaluation
for iron deficiency should also be completed. Iron deficiency is

present in approximately 50% of patients with symptomatic HF
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and is independently associated with worse functional capacity,
lower quality of life and increased mortality (60). Additionally,
iron deficiency anemia is common in ACHD patients and is
associated with a 3-fold increased risk of death (61).

Individuals with impaired function of the systemic left ventricle
often receive treatment in accordance with HF guidelines (62),
which comprises a combination of ACE inhibitors or angiotensin
II receptor blockers (ARBs), beta-blockers, mineralocorticoid
receptor antagonists, SGLT-2 inhibitors, and, in some cases,
sacubitril/valsartan as a replacement for ACE inhibitors or ARBs.
While the precise effect of such therapeutic regimen is not well
validated among patients with ACHD, it is conceivable that some
benefit might be obtain due to shared pathophysiological
pathways (63).

In individuals presenting with a systemic morphologic RV, the
likelihood of HF progression over time is estimated to be present in
65% of these patients by the age of 45 years of age (64-66). Our
institution adopts a cautious approach when considering the
administration of conventional left HF medications to this
specific patient group. However, it is worth noting that a
combination of diuretics and SGLT-2 inhibitors can offer
symptomatic relief. The utilization of beta blockers and ACE
inhibitors is prevalent in this patient cohort, although there is
limited available data supporting their effectiveness.

In patients with a functionally univentricular heart who have
undergone palliation with a Fontan circulation, the presence of
HF symptoms combined with impaired ventricular function
necessitates treatment and symptom alleviation. Our approach
remains consistent, regardless of whether the patient has a systemic
morphologic left or right ventricle. The most significant benefits
have been observed when targeting specific therapies to reduce
such as

pulmonary  vascular resistance,

inhibitors, or when lowering afterload with beta-blockers (58, 67).

phosphodiesterase

Diuretics are only recommended if there is evidence of fluid overload.

Additionally, it is important to recognize that Fontan associated
HF is a distinct circulatory derangement with hemodynamic features
that can mimic portal hypertension, but with the additional
complication of limited ability to augment cardiac output (68).
Protein losing enteropathy (PLE) may also develop. PLE is a
condition where proteins leak into the intestines and are not
properly absorbed. Fontan patients may develop PLE, which can
lead to symptoms like diarrhea, edema, malnutrition, and further
complications. Fontan-associated HF is a complex condition, and
patients may experience a combination of these manifestations or
additional complications. Early detection and intervention are
crucial in the management of Fontan-associated HF to improve
outcomes and quality of life for patients.

Finally, the criteria for selecting suitable ACHD patients for
implantable cardioverter-defibrillator implantation as primary
prevention for sudden cardiac death lacks precise definition,
primarily because of limited data from randomized clinical trials.
Consequently, current guidelines heavily depend on non-
randomized studies and expert opinions to formulate their
recommendations. Though certainly ACHD patients who survive
sudden cardiac death or those with sustained ventricular
arrythmia without an easily identifiable correctable cause would
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be considered as a strong indication for secondary prevention
ICD placement.

In patients with normally related biventricular anatomy and a
systemic left ventricle, the data for ICD implantation is much
clearer given the large amount of data from adult cardiovascular
trials. According to the PACES/HRS expert consensus statement,
adults with congenital heart disease (CHD) and biventricular
physiology, alongside a systemic left ventricular ejection fraction
of <35% and New York Heart Association (NYHA) class II or
class III symptoms, are indicated for an implantable cardioverter-
defibrillator (ICD) (class I, Level of Evidence B, Table 1) (69).
This recommendation is derived from the ACC/AHA guidelines
regarding ICD usage in non-ischemic cardiomyopathy patients
and should not be extended to individuals with single-ventricle
physiology or systemic right ventricle (26).

In patients with a systemic right ventricle or single ventricle
PACES/HRS  guidelines offer
recommendation with a level of evidence based upon registry or

physiology, the a class 2b
observational studies, and certainly should not be considered
standard of care. In adults with a single or systemic right
ventricular ejection fraction <35%, considering an implantable
cardioverter-defibrillator (ICD) may be deemed reasonable. This
suggestion gains further support when additional risk factors,
such as non-sustained ventricular arrhythmias, unexplained
syncope, New York Heart Association (NYHA) function class II
or class III symptoms, or a QRS duration >140 ms, are present.
Though in our practice we do not offer routine ICD placement
for patients with depressed single ventricle function or depressed
systemic right ventricular function (69).

Transplant

Due to the high incidence of HF among patients with ACHD,
transplant may need to be considered as a therapeutic option.
Unfortunately, ACHD patients being considered for transplant
have numerous barriers. As a result, amongst all adult patients
receiving cardiac transplantation only 3% are those identified as
having CHD (70).

ACHD patients are at considerable disadvantage compared to
patients with acquired cardiac defects when it comes to
transplant listing (2). Patients with ACHD often require listing
for heart transplant through “exception status” in the United
Network for Organ Sharing (UNOS), particularly those with
significantly deteriorating clinical status that have cardiovascular
anatomy that is not suited for mechanical support (71-74). The
current UNOS listing algorithm is designed to favor patients
with traditional adult cardiomyopathy and is disadvantageous to
CHD patients.
limitations when considering cardiac transplantation due to

Individuals with ACHD may face greater

elevated antibody levels due to prior blood transfusions, which
can restrict the availability of suitable donors or render
transplantation unfeasible.

Moreover, due to the specific anatomy of these patients and the
presence of multiple prior sternotomies, left assisted ventricular
devices are rarely an option. Even when they could potentially be
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TABLE 1 Recommendation for permanent pacing in adults with CHD as per PACES/HRS consensus (69).

Recommendations

Permanent pacing is reccommended for adults with CHD and symptomatic sinus node dysfunction, including documented sinus bradycardia or chronotropic
incompetence that is intrinsic or secondary to required drug therapy (Level of evidence: C). Devices that minimize ventricular pacing are preferred (Level of

Permanent pacing is recommended in adults with CHD and symptomatic bradycardia in conjunction with any degree of AV block or with ventricular
Permanent pacing is recommended in adults with congenital complete AV block and a wide QRS escape rhythm, complex ventricular ectopy, or ventricular

Permanent pacing is recommended for adults with CHD and postoperative high-grade second- or third-degree AV block that is not expected to resolve

Permanent pacing is reasonable for adults with CHD and impaired hemodynamics, as assessed by noninvasive or invasive means, due to sinus bradycardia or

Permanent pacing is reasonable for adults with CHD and sinus or junctional bradycardia for the prevention of recurrent IART (Level of evidence: C).
Devices with atrial antitachycardia pacing properties are preferred in this subpopulation of patients (Level of evidence: B).

Permanent pacing is reasonable in adults with congenital complete AV block and an average daytime resting heart rate <50 bpm (Level of evidence: B).
Permanent pacing is reasonable for adults with complex CHD and an awake resting heart rate (sinus or junctional) <40 bpm or ventricular pauses >3 s (Level
of evidence: C). A device with antitachycardia pacing properties may be considered if the underlying anatomic substrate carries a high likelihood of

Permanent pacing may be reasonable in adults with CHD of moderate complexity and an awake resting heart rate (sinus or junctional) <40 bpm or
ventricular pauses >3 s (Level of evidence: C). A device with antitachycardia pacing properties may be considered if the underlying anatomic substrate carries

Permanent pacing may be considered in adults with CHD, a history of transient postoperative complete AV block, and residual bifascicular block (Level of

Class I
evidence: B).
arrhythmias presumed to be due to AV block (Level of evidence: B).
dysfunction (Level of evidence: B).
(Level of evidence: C)
Class ITa
loss of AV synchrony (Level of evidence: C).
developing IART (Level of evidence:B)
Class IIb
a high likelihood of developing IART (Level of evidence: B).
evidence: C).
Class 11T

Pacing is not indicated in asymptomatic adults with CHD and bifascicular block with or without first-degree AV block in the absence of a history of transient
complete AV block (Level of evidence: C).

Endocardial leads are generally avoided in adults with CHD and intracardiac shunts. Risk assessment regarding hemodynamic circumstances, concomitant
anticoagulation, shunt closure prior to endocardial lead placement, or alternative approaches for lead access should be individualized (Level of evidence: B).

implanted with benefit, it should be carefully evaluated if adding an
additional sternotomy surgery to the patient would be wise prior to
heart transplantation.

Surgical risk for heart transplant is also increased in these
patients. ACHD patients have higher than average peri-operative
complication risk and mortality compared to traditional adult
HF patients (75). Despite this, ACHD patients have similar, if
not better long terms survival after transplant compared with
patients with acquired cardiac defects (76, 77).

Conclusions

The ACHD patient population grows every year and has
surpassed the pediatric CHD population. They present unique
challenges that demand specialized care and a multidisciplinary
approach. The success of cardiac surgeries and catheter
interventions in ACHD patients underscores the importance of
tailored strategies and the expertise of a skilled healthcare team.
Furthermore, the management of HF in ACHD individuals
requires vigilant monitoring, early intervention, and a deep
understanding of their specific cardiac anatomy. Cardiac
transplantation, while a potential lifesaving option, is often
hindered by the current UNOS listing algorithm, limited donor
availability and antibody sensitization in ACHD patients. In light
of these complexities, ongoing research, advancements in medical
collaborative  efforts

technology, and among  healthcare

professionals remain crucial in improving the outcomes and

Frontiers in Cardiovascular Medicine

quality of life for ACHD patients navigating these challenging
medical scenarios.

Pregnancy can be a complex journey for women with CHD.
A multidisciplinary approach involving cardiologists, obstetricians,
and often maternal-fetal medicine specialists, is essential to assess
the risks and tailor a personalized care plan. They also have
specific considerations that should be addressed as related to
options for birth control which require familiarity by the ACHD
cardiologists in conjunction with their obstetric colleagues.

Author contributions

MEF: Writing - review & editing. AS: Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fcvm.2024.1366572
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Fabbri and Sahu

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Wu MH, Lu CW, Chen HC, Kao FY, Huang SK. Adult congenital heart disease in
a nationwide population 2000-2014: epidemiological trends, arrhythmia, and
standardized mortality ratio. ] Am Heart Assoc. (2018) 7(4). doi: 10.1161/JAHA.117.
007907

2. Stout KK, Daniels C], Aboulhosn JA, Bozkurt B, Broberg CS, Colman JM, et al.
2018 AHA/ACC guideline for the management of adults with congenital heart disease:
executive summary: a report of the American college of cardiology/American heart
association task force on clinical practice guidelines. Circulation. (2019) 139(14):
€637-97. doi: 10.1016/j.jacc.2018.08.1028

3. Baumgartner H, De Backer J, Babu-Narayan SV, Budts W, Chessa M, Diller GP,
et al. 2020 ESC guidelines for the management of adult congenital heart disease. Eur
Heart J. (2021) 42(6):563-645. doi: 10.1093/eurheartj/ehaa554

4. Mackie AS, Islam S, Magill-Evans J, Rankin KN, Robert C, Schuh M, et al.
Healthcare transition for youth with heart disease: a clinical trial. Heart. (2014) 100
(14):1113-8. doi: 10.1136/heartjnl-2014-305748

5. Gerardin J, Raskind-Hood C, Rodriguez FH 3rd, Hoffman T, Kalogeropoulos A,
Hogue C, et al. Lost in the system? Transfer to adult congenital heart disease care-
challenges and solutions. Congenit Heart Dis. (2019) 14(4):541-8. doi: 10.1111/chd.
12780

6. Sable C, Foster E, Uzark K, Bjornsen K, Canobbio MM, Connolly HM, et al. Best
practices in managing transition to adulthood for adolescents with congenital heart
disease: the transition process and medical and psychosocial issues: a scientific
statement from the American heart association. Circulation. (2011) 123
(13):1454-85. doi: 10.1161/CIR.0b013e3182107¢56

7. Everitt IK, Gerardin JF, Rodriguez FH 3rd, Book WM. Improving the quality of
transition and transfer of care in young adults with congenital heart disease. Congenit
Heart Dis. (2017) 12(3):242-50. doi: 10.1111/chd.12463

8. Moons P, De Volder E, Budts W, De Geest S, Elen ], Waeytens K, et al. What do
adult patients with congenital heart disease know about their disease, treatment, and
prevention of complications? A call for structured patient education. Heart. (2001) 86
(1):74-80. doi: 10.1136/hrt.86.1.74

9. Van Deyk K, Pelgrims E, Troost E, Goossens E, Budts W, Gewillig M, et al.
Adolescents’ understanding of their congenital heart disease on transfer to adult-
focused care. Am J Cardiol. (2010) 106(12):1803-7. doi: 10.1016/j.amjcard.2010.08.020

10. Ezzeddine FM, Moe T, Ephrem G, Kay WA. Do we have the ACHD physician
resources we need to care for the burgeoning ACHD population? Congenit Heart Dis.
(2019) 14(4):511-6. doi: 10.1111/chd.12771

11. Bohun CM, Woods P, Winter C, Mitchell J, McLarry J, Weiss J, et al. Challenges
of intra-institutional transfer of care from paediatric to adult congenital cardiology:
the need for retention as well as transition. Cardiol Young. (2016) 26(2):327-33.
doi: 10.1017/S1047951115000220

12. Fortuna RJ, Halterman JS, Pulcino T, Robbins BW. Delayed transition of care: a
national study of visits to pediatricians by young adults. Acad Pediatr. (2012) 12
(5):405-11. doi: 10.1016/j.acap.2012.04.002

13. Goossens E, Van Deyk K, Zupancic N, Budts W, Moons P. Effectiveness of
structured patient education on the knowledge level of adolescents and adults with
congenital heart disease. Eur ] Cardiovasc Nurs. (2014) 13(1):63-70. doi: 10.1177/
1474515113479231

14. Parrott A, Ware SM. The role of the geneticist and genetic counselor in an ACHD
clinic. Prog Pediatr Cardiol. (2012) 34(1):15-20. doi: 10.1016/j.ppedcard.2012.05.004

15. Schoormans D, Sprangers MA, Mulder BJ. Future challenges in providing
appropriate care for adults with congenital heart disease. Int J Cardiol. (2013) 168
(3):3115-6. doi: 10.1016/j.ijcard.2013.04.067

16. Masson W, Barbagelata L, Lobo M, Corral P, Nogueira JP, Lucas L. Dyslipidemia
in adults with congenital heart disease: a systematic review and meta-analysis. Nutr
Metab Cardiovasc Dis. (2024) 34(1):19-32. doi: 10.1016/j.numecd.2023.09.010

17. Vida VL, Zanotto L, Torlai Triglia L, Zanotto L, Maruszewski B, Tobota Z, et al.
Surgery for adult patients with congenital heart disease: results from the European
database. J Clin Med. (2020) 9(8). doi: 10.3390/jcm9082493

18. Horer J, Roussin R, LeBret E, Ly M, Abdullah J, Marzullo R, et al. Validation of
the grown-ups with congenital heart disease score. Heart. (2018) 104(12):1019-25.
doi: 10.1136/heartjnl-2017-312275

19. Gilboa SM, Salemi JL, Nembhard WN, Fixler DE, Correa A. Mortality resulting
from congenital heart disease among children and adults in the United States,

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2024.1366572

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

1999-2006. Circulation. (2010) 122(22):2254-63. doi: 10.1161/CIRCULATIONAHA.
110.947002

20. Kogon B, Oster M. Assessing surgical risk for adults with congenital heart
disease: are pediatric scoring systems appropriate? ] Thorac Cardiovasc Surg. (2014)
147(2):666-71. doi: 10.1016/j.jtcvs.2013.09.053

21. Holst KA, Dearani JA, Burkhart HM, Connolly HM, Warnes CA, Li Z, et al. Risk
factors and early outcomes of multiple reoperations in adults with congenital heart
disease. Ann Thorac Surg. (2011) 92(1):122-8. discussion 9-30. doi: 10.1016/j.
athoracsur.2011.03.102

22. Nashef SA, Roques F, Sharples LD, Nilsson J, Smith C, Goldstone AR, et al.
EuroSCORE 1II. Eur ] Cardiothorac Surg. (2012) 41(4):734-44. discussion 44-5.
doi: 10.1093/ejcts/ezs043

23. Constantine A, Costola G, Bianchi P, Chessa M, Giamberti A, Kempny A, et al.
Enhanced assessment of perioperative mortality risk in adults with congenital heart
disease. ] Am Coll Cardiol. (2021) 78(3):234-42. doi: 10.1016/j.jacc.2021.04.096

24. Horer J, Belli E, Roussin R, LeBret E, Ly M, Abdullah J, et al. Evaluation of the
adult congenital heart surgery mortality score at two European centers. Ann Thorac
Surg. (2018) 105(5):1441-6. doi: 10.1016/j.athoracsur.2017.12.018

25. Cribier A, Eltchaninoff H, Bash A, Borenstein N, Tron C, Bauer F, et al.
Percutaneous transcatheter implantation of an aortic valve prosthesis for calcific
aortic stenosis: first human case description. Circulation. (2002) 106(24):3006-8.
doi: 10.1161/01.CIR.0000047200.36165.B8

26. Stout KK, Daniels CJ, Aboulhosn JA, Bozkurt B, Broberg CS, Colman JM, et al.
2018 AHA/ACC guideline for the management of adults with congenital heart disease:
a report of the American college of cardiology/American heart association task force
on clinical practice guidelines. Circulation. (2019) 139(14):¢698-800. doi: 10.1161/
CIR.0000000000000603

27. McElhinney DB, Hennesen JT. The melody(R) valve and ensemble(R) delivery
system for transcatheter pulmonary valve replacement. Ann N 'Y Acad Sci. (2013) 1291
(1):77-85. doi: 10.1111/nyas.12194

28. Shahanavaz S, Zahn EM, Levi DS, Aboulhousn JA, Hascoet S, Qureshi AM, et al.
Transcatheter pulmonary valve replacement with the sapien prosthesis. ] Am Coll
Cardiol. (2020) 76(24):2847-58. doi: 10.1016/j.jacc.2020.10.041

29. Bergersen L, Benson LN, Gillespie MJ, Cheatham SL, Crean AM, Hor KN, et al.
Harmony feasibility trial: acute and short-term outcomes with a self-expanding
transcatheter pulmonary valve. JACC Cardiovasc Interv. (2017) 10(17):1763-73.
doi: 10.1016/j.jcin.2017.05.034

30. Zahn EM, Chang JC, Armer D, Garg R. First human implant of the alterra
adaptive prestent(TM): a new self-expanding device designed to remodel the right
ventricular outflow tract. Catheter Cardiovasc Interv. (2018) 91(6):1125-9. doi: 10.
1002/ccd.27581

31. Momenah TS, El Oakley R, Al Najashi K, Khoshhal S, Al Qethamy H,
Bonhoeffer P. Extended application of percutaneous pulmonary valve implantation.
J Am Coll Cardiol. (2009) 53(20):1859-63. doi: 10.1016/j.jacc.2008.08.061

32. Georgiev S, Tanase D, Ewert P, Meierhofer C, Hager A, von Ohain JP, et al.
Percutaneous pulmonary valve implantation in patients with dysfunction of a
“native” right ventricular outflow tract—mid-term results. Int ] Cardiol. (2018)
258:31-5. doi: 10.1016/j.ijcard.2017.11.091

33. Martin MH, Meadows J, McElhinney DB, Goldstein BH, Bergersen L, Qureshi
AM, et al. Safety and feasibility of melody transcatheter pulmonary valve
replacement in the native right ventricular outflow tract: a multicenter pediatric
heart network scholar study. JACC Cardiovasc Interv. (2018) 11(16):1642-50.
doi: 10.1016/j.jcin.2018.05.051

34. Bass TA, Abbott JD, Mahmud E, Parikh SA, Aboulhosn J, Ashwath ML, et al. 2023
ACC/AHA/SCALI advanced training statement on interventional cardiology (coronary,
peripheral vascular, and structural heart interventions): a report of the ACC
competency management committee. Circ Cardiovasc Interv. (2023) 16(4):é000088.
doi: 10.1161/HCV.0000000000000088

35. Mazza A, Iafrancesco M, Bruno P, Chiariello GA, Trani C, Burzotta F, et al. The
multidisciplinary heart team approach for patients with cardiovascular disease: a step
towards personalized medicine. ] Cardiovasc Med (Hagerstown). (2023) 24:906-13.
doi: 10.2459/JCM.0000000000001511

36. Batchelor WB, Anwaruddin S, Wang DD, Perpetua EM, Krishnaswami A,
Velagapudi P, et al. The multidisciplinary heart team in cardiovascular medicine:

frontiersin.org


https://doi.org/10.1161/JAHA.117.007907
https://doi.org/10.1161/JAHA.117.007907
https://doi.org/10.1016/j.jacc.2018.08.1028
https://doi.org/10.1093/eurheartj/ehaa554
https://doi.org/10.1136/heartjnl-2014-305748
https://doi.org/10.1111/chd.12780
https://doi.org/10.1111/chd.12780
https://doi.org/10.1161/CIR.0b013e3182107c56
https://doi.org/10.1111/chd.12463
https://doi.org/10.1136/hrt.86.1.74
https://doi.org/10.1016/j.amjcard.2010.08.020
https://doi.org/10.1111/chd.12771
https://doi.org/10.1017/S1047951115000220
https://doi.org/10.1016/j.acap.2012.04.002
https://doi.org/10.1177/1474515113479231
https://doi.org/10.1177/1474515113479231
https://doi.org/10.1016/j.ppedcard.2012.05.004
https://doi.org/10.1016/j.ijcard.2013.04.067
https://doi.org/10.1016/j.numecd.2023.09.010
https://doi.org/10.3390/jcm9082493
https://doi.org/10.1136/heartjnl-2017-312275
https://doi.org/10.1161/CIRCULATIONAHA.110.947002
https://doi.org/10.1161/CIRCULATIONAHA.110.947002
https://doi.org/10.1016/j.jtcvs.2013.09.053
https://doi.org/10.1016/j.athoracsur.2011.03.102
https://doi.org/10.1016/j.athoracsur.2011.03.102
https://doi.org/10.1093/ejcts/ezs043
https://doi.org/10.1016/j.jacc.2021.04.096
https://doi.org/10.1016/j.athoracsur.2017.12.018
https://doi.org/10.1161/01.CIR.0000047200.36165.B8
https://doi.org/10.1161/CIR.0000000000000603
https://doi.org/10.1161/CIR.0000000000000603
https://doi.org/10.1111/nyas.12194
https://doi.org/10.1016/j.jacc.2020.10.041
https://doi.org/10.1016/j.jcin.2017.05.034
https://doi.org/10.1002/ccd.27581
https://doi.org/10.1002/ccd.27581
https://doi.org/10.1016/j.jacc.2008.08.061
https://doi.org/10.1016/j.ijcard.2017.11.091
https://doi.org/10.1016/j.jcin.2018.05.051
https://doi.org/10.1161/HCV.0000000000000088
https://doi.org/10.2459/JCM.0000000000001511
https://doi.org/10.3389/fcvm.2024.1366572
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Fabbri and Sahu

current role and future challenges. JACC Adv. (2023) 2(1):100160. doi: 10.1016/j.
jacadv.2022.100160

37. Liu Y, Chen S, Zuhlke L, Black GC, Choy MK, Li N, et al. Global birth
prevalence of congenital heart defects 1970-2017: updated systematic review and
meta-analysis of 260 studies. Int ] Epidemiol. (2019) 48(2):455-63. doi: 10.1093/ije/
dyz009

38. Marelli AJ, Ionescu-Ittu R, Mackie AS, Guo L, Dendukuri N, Kaouache M.
Lifetime prevalence of congenital heart disease in the general population from
2000-2010. Circulation. (2014) 130(9):749-56. doi: 10.1161/CIRCULATIONAHA.
113.008396

39. van der Linde D, Konings EE, Slager MA, Witsenburg M, Helbing WA,
Takkenberg JJ, et al. Birth prevalence of congenital heart disease worldwide: a
systematic review and meta-analysis. ] Am Coll Cardiol. (2011) 58(21):2241-7.
doi: 10.1016/j.jacc.2011.08.025

40. Balint OH, Siu SC, Mason J, Grewal J, Wald R, Oechslin EN, et al. Cardiac
outcomes after pregnancy in women with congenital heart disease. Heart. (2010) 96
(20):1656-61. doi: 10.1136/hrt.2010.202838

41. Roos-Hesselink JW, Ruys TP, Stein JI, Thilen U, Webb GD, Niwa K, et al.
Outcome of pregnancy in patients with structural or ischaemic heart disease: results
of a registry of the European Society of Cardiology. Eur Heart J. (2013) 34(9):657-65.
doi: 10.1093/eurheartj/ehs270

42. Ouyang DW, Khairy P, Fernandes SM, Landzberg MJ, Economy KE. Obstetric
outcomes in pregnant women with congenital heart disease. Int J Cardiol. (2010) 144
(2):195-9. doi: 10.1016/j.ijcard.2009.04.006

43. Egidy Assenza G, Cassater D, Landzberg M, Geva T, Schreier J, Graham D, et al.
The effects of pregnancy on right ventricular remodeling in women with repaired
tetralogy of fallot. Int J Cardiol. (2013) 168(3):1847-52. doi: 10.1016/j.ijcard.2012.12.071

44. Mahendru AA, Everett TR, Wilkinson IB, Lees CC, McEniery CM. A
longitudinal study of maternal cardiovascular function from preconception to the
postpartum period. ] Hypertens. (2014) 32(4):849-56. doi: 10.1097/HJH.
0000000000000090

45. Hunter S, Robson SC. Adaptation of the maternal heart in pregnancy. Br Heart J.
(1992) 68(6):540-3. doi: 10.1136/hrt.68.12.540

46. Ducas RA, Elliott JE, Melnyk SF, Premecz S, daSilva M, Cleverley K, et al.
Cardiovascular magnetic resonance in pregnancy: insights from the cardiac
hemodynamic imaging and remodeling in pregnancy (CHIRP) study. ] Cardiovasc
Magn Reson. (2014) 16(1):1. doi: 10.1186/1532-429X-16-1

47. Lumbers ER, Pringle KG. Roles of the circulating renin-angiotensin-aldosterone
system in human pregnancy. Am ] Physiol Regul Integr Comp Physiol. (2014) 306(2):
R91-101. doi: 10.1152/ajpregu.00034.2013

48. European Society of G, , Association for European Paediatric C, German Society
for Gender M, Regitz-Zagrosek V, Blomstrom Lundqvist C, Borghi C, et al. ESC
Guidelines on the management of cardiovascular diseases during pregnancy: the
task force on the management of cardiovascular diseases during pregnancy of the
European Society of Cardiology (ESC). Eur Heart J. (2011) 32(24):3147-97. doi: 10.
1093/eurheartj/ehr272

49. Kaufman R, Brown R, Martinez Coral C, Jacob J, Onyango M, Thomasen K.
Global impacts of dobbs v. Jackson women’s health organization and abortion
regression in the United States. Sex Reprod Health Matters. (2022) 30(1):2135574.
doi: 10.1080/26410397.2022.2135574

50. Davis MF. The state of abortion rights in the US. Int ] Gynaecol Obstet. (2022)
159(1):324-9. doi: 10.1002/ijgo.14392

51. Trussell J, Hassan F, Lowin J, Law A, Filonenko A. Achieving cost-neutrality
with long-acting reversible contraceptive methods. Contraception. (2015) 91
(1):49-56. doi: 10.1016/j.contraception.2014.08.011

52. van Hylckama Vlieg A, Helmerhorst FM, Vandenbroucke JP, Doggen CJ,
Rosendaal FR. The venous thrombotic risk of oral contraceptives, effects of
oestrogen dose and progestogen type: results of the MEGA case-control study. Br
Med ]. (2009) 339:b2921. doi: 10.1136/bmj.b2921

53. Goldstuck ND, Wildemeersch D. Practical advice for emergency IUD
contraception in young women. Obstet Gynecol Int. (2015) 2015:986439. doi: 10.
1155/2015/986439

54. Dunkel Schetter C, Tanner L. Anxiety, depression and stress in pregnancy:
implications for mothers, children, research, and practice. Curr Opin Psychiatry.
(2012) 25(2):141-8. doi: 10.1097/YCO.0b013e3283503680

55. Gari A, Hussein K, Daghestani M, Aljuhani S, Bukhari M, Algahtani A, et al.
Estimating blood loss during cesarean delivery: a comparison of methods. J Taibah
Univ Med Sci. (2022) 17(5):732-6. doi: 10.1016/j.jtumed.2022.03.004

56. Bingham D, Jones R. Maternal death from obstetric hemorrhage. J Obstet
Gynecol Neonatal Nurs. (2012) 41(4):531-9. doi: 10.1111/§.1552-6909.2012.01372.x

57. Verheugt CL, Uiterwaal CS, van der Velde ET, Meijboom FJ, Pieper PG, van
Dijk AP, et al. Mortality in adult congenital heart disease. Eur Heart J. (2010) 31
(10):1220-9. doi: 10.1093/eurheartj/ehq032

58. Budts W, Roos-Hesselink ], Radle-Hurst T, Eicken A, McDonagh TA,
Lambrinou E, et al. Treatment of heart failure in adult congenital heart disease: a

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2024.1366572

position paper of the working group of grown-up congenital heart disease and the
heart failure association of the European Society of Cardiology. Eur Heart ]. (2016)
37(18):1419-27. doi: 10.1093/eurheartj/ehv741

59. Redington AN. Determinants and assessment of pulmonary regurgitation in
tetralogy of fallot: practice and pitfalls. Cardiol Clin. (2006) 24(4):631-9. doi: 10.
1016/j.¢cc1.2006.08.007

60. Beavers CJ, Ambrosy AP, Butler J, Davidson BT, Gale SE, Pina IL, et al. Iron
deficiency in heart failure: a scientific statement from the heart failure society of
America. ] Card Fail. (2023) 29(7):1059-77. doi: 10.1016/j.cardfail.2023.03.025

61. Dimopoulos K, Diller GP, Giannakoulas G, Petraco R, Chamaidi A, Karaoli E,
et al. Anemia in adults with congenital heart disease relates to adverse outcome.
J Am Coll Cardiol. (2009) 54(22):2093-100. doi: 10.1016/j.jacc.2009.06.050

62. Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM, et al.
2022 AHA/ACC/HFSA guideline for the management of heart failure: a report of
the American college of cardiology/American heart association joint committee on
clinical practice guidelines. Circulation. (2022) 145(18):e895-€1032. doi: 10.1161/
CIR.0000000000001063

63. Sabanayagam A, Cavus O, Williams J, Bradley E. Management of heart failure in
adult congenital heart disease. Heart Fail Clin. (2018) 14(4):569-77. doi: 10.1016/j.hfc.
2018.06.005

64. Graham TP Jr., Bernard YD, Mellen BG, Celermajer D, Baumgartner H, Cetta F,
et al. Long-term outcome in congenitally corrected transposition of the great arteries: a
multi-institutional study. ] Am Coll Cardiol. (2000) 36(1):255-61. doi: 10.1016/S0735-
1097(00)00682-3

65. Piran S, Veldtman G, Siu S, Webb GD, Liu PP. Heart failure and ventricular
dysfunction in patients with single or systemic right ventricles. Circulation. (2002)
105(10):1189-94. doi: 10.1161/hc1002.105182

66. Bevilacqua F, Pasqualin G, Ferrero P, Micheletti A, Negura DG, D’Aiello AF,
et al. Overview of long-term outcome in adults with systemic right ventricle and
transposition of the great arteries: a review. Diagnostics (Basel). (2023) 13(13):2205.
doi: 10.3390/diagnostics13132205

67. Goldberg DJ, Zak V, Goldstein BH, Schumacher KR, Rhodes J, Penny DJ, et al.
Results of the FUEL trial. Circulation. (2020) 141(8):641-51. doi: 10.1161/
CIRCULATIONAHA.119.044352

68. Hebson CL, McCabe NM, Elder RW, Mahle WT, McConnell M, Kogon BE, et al.
Hemodynamic phenotype of the failing fontan in an adult population. Am J Cardiol.
(2013) 112(12):1943-7. doi: 10.1016/j.amjcard.2013.08.023

69. Khairy P, Van Hare GF, Balaji S, Berul CI, Cecchin F, Cohen MI, et al. PACES/
HRS expert consensus statement on the recognition and management of arrhythmias
in adult congenital heart disease: developed in partnership between the pediatric and
congenital electrophysiology society (PACES) and the heart rhythm society (HRS).
endorsed by the governing bodies of PACES, HRS, the American college of
cardiology (ACC), the American heart association (AHA), the European heart
rhythm association (EHRA), the Canadian heart rhythm society (CHRS), and the
international society for adult congenital heart disease (ISACHD). Can ] Cardiol.
(2014) 30(10):e1-e63. doi: 10.1016/j.cjca.2014.09.002

70. Fynn-Thompson F. Heart transplantation in adults with congenital heart
disease. Methodist Debakey Cardiovasc ]. (2019) 15(2):145-8. doi: 10.14797/mddj-
15-2-145

71. Everitt MD, Donaldson AE, Stehlik J, Kaza AK, Budge D, Alharethi R, et al.
Would access to device therapies improve transplant outcomes for adults with
congenital heart disease? Analysis of the united network for organ sharing (UNOS).
] Heart Lung Transplant. (2011) 30(4):395-401. doi: 10.1016/j.healun.2010.09.008

72. Davies RR, Russo M]J, Yang J, Quaegebeur JM, Mosca RS, Chen JM. Listing and
transplanting adults with congenital heart disease. Circulation. (2011) 123(7):759-67.
doi: 10.1161/CIRCULATIONAHA.110.960260

73. Karamlou T, Hirsch J, Welke K, Ohye RG, Bove EL, Devaney EJ, et al. A united
network for organ sharing analysis of heart transplantation in adults with congenital
heart disease: outcomes and factors associated with mortality and retransplantation.
] Thorac Cardiovasc Surg. (2010) 140(1):161-8. doi: 10.1016/j.jtcvs.2010.03.036

74. Gelow JM, Song HK, Weiss JB, Mudd JO, Broberg CS. Organ allocation in adults
with congenital heart disease listed for heart transplant: impact of ventricular assist
devices. J Heart Lung Transplant. (2013) 32(11):1059-64. doi: 10.1016/j.healun.
2013.06.024

75. Greutmann M, Pretre R, Furrer L, Bauersfeld U, Turina M, Noll G, et al. Heart
transplantation in adolescent and adult patients with congenital heart disease: a case-
control study. Transplant Proc. (2009) 41(9):3821-6. doi: 10.1016/j.transproceed.2009.
06.198

76. Alshawabkeh LI, Hu N, Carter KD, Opotowsky AR, Light-McGroary K,
Cavanaugh JE, et al. Wait-List outcomes for adults with congenital heart disease
listed for heart transplantation in the U.S. ] Am Coll Cardiol. (2016) 68(9):908-17.
doi: 10.1016/j.jacc.2016.05.082

77. Krishnamurthy Y, Cooper LB, Lu D, Schroder JN, Daneshmand MA, Rogers ]G,
et al. Trends and outcomes of patients with adult congenital heart disease and
pulmonary hypertension listed for orthotopic heart transplantation in the United
States. ] Heart Lung Transplant. (2016) 35(5):619-24. doi: 10.1016/j.healun.2015.12.017

frontiersin.org


https://doi.org/10.1016/j.jacadv.2022.100160
https://doi.org/10.1016/j.jacadv.2022.100160
https://doi.org/10.1093/ije/dyz009
https://doi.org/10.1093/ije/dyz009
https://doi.org/10.1161/CIRCULATIONAHA.113.008396
https://doi.org/10.1161/CIRCULATIONAHA.113.008396
https://doi.org/10.1016/j.jacc.2011.08.025
https://doi.org/10.1136/hrt.2010.202838
https://doi.org/10.1093/eurheartj/ehs270
https://doi.org/10.1016/j.ijcard.2009.04.006
https://doi.org/10.1016/j.ijcard.2012.12.071
https://doi.org/10.1097/HJH.0000000000000090
https://doi.org/10.1097/HJH.0000000000000090
https://doi.org/10.1136/hrt.68.12.540
https://doi.org/10.1186/1532-429X-16-1
https://doi.org/10.1152/ajpregu.00034.2013
https://doi.org/10.1093/eurheartj/ehr272
https://doi.org/10.1093/eurheartj/ehr272
https://doi.org/10.1080/26410397.2022.2135574
https://doi.org/10.1002/ijgo.14392
https://doi.org/10.1016/j.contraception.2014.08.011
https://doi.org/10.1136/bmj.b2921
https://doi.org/10.1155/2015/986439
https://doi.org/10.1155/2015/986439
https://doi.org/10.1097/YCO.0b013e3283503680
https://doi.org/10.1016/j.jtumed.2022.03.004
https://doi.org/10.1111/j.1552-6909.2012.01372.x
https://doi.org/10.1093/eurheartj/ehq032
https://doi.org/10.1093/eurheartj/ehv741
https://doi.org/10.1016/j.ccl.2006.08.007
https://doi.org/10.1016/j.ccl.2006.08.007
https://doi.org/10.1016/j.cardfail.2023.03.025
https://doi.org/10.1016/j.jacc.2009.06.050
https://doi.org/10.1161/CIR.0000000000001063
https://doi.org/10.1161/CIR.0000000000001063
https://doi.org/10.1016/j.hfc.2018.06.005
https://doi.org/10.1016/j.hfc.2018.06.005
https://doi.org/10.1016/S0735-1097(00)00682-3
https://doi.org/10.1016/S0735-1097(00)00682-3
https://doi.org/10.1161/hc1002.105182
https://doi.org/10.3390/diagnostics13132205
https://doi.org/10.1161/CIRCULATIONAHA.119.044352
https://doi.org/10.1161/CIRCULATIONAHA.119.044352
https://doi.org/10.1016/j.amjcard.2013.08.023
https://doi.org/10.1016/j.cjca.2014.09.002
https://doi.org/10.14797/mdcj-15-2-145
https://doi.org/10.14797/mdcj-15-2-145
https://doi.org/10.1016/j.healun.2010.09.008
https://doi.org/10.1161/CIRCULATIONAHA.110.960260
https://doi.org/10.1016/j.jtcvs.2010.03.036
https://doi.org/10.1016/j.healun.2013.06.024
https://doi.org/10.1016/j.healun.2013.06.024
https://doi.org/10.1016/j.transproceed.2009.06.198
https://doi.org/10.1016/j.transproceed.2009.06.198
https://doi.org/10.1016/j.jacc.2016.05.082
https://doi.org/10.1016/j.healun.2015.12.017
https://doi.org/10.3389/fcvm.2024.1366572
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Challenges and opportunities in patients with adult congenital heart disease, a narrative review
	Introduction
	Appropriate ACHD care
	ACHD surgical considerations
	Interventional considerations
	Pregnancy and family planning
	ACHD and heart failure
	Transplant
	Conclusions
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


