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Abstract: Early surgery and improved medical care have led to the increased survival
of neonates with congenital heart disease (CHD), who now commonly reach adulthood.
Among adults with CHD, a growing subgroup is represented by middle-aged and even
elderly patients. In this elderly population, acquired cardiac and extracardiac comorbidi-
ties represent the main cause of morbidity and mortality; the control and correction of
cardiovascular risk factors or an appropriate check for extracardiac complications (such
as malignancies) is therefore of paramount importance. Complications and frailty syn-
drome appear to occur earlier in ACHD than in the general population due to a frequent
discrepancy between chronological and biological age. Multiple stressors throughout life
(hemodynamic abnormalities, cardiac operations and interventional procedures, the place-
ment of foreign materials) that result in a chronic inflammatory response are among the
leading causes of premature senescence. This review is aimed at assessing the characteris-
tics and special needs of this elderly ACHD population with a view to proposing novel
models for the organization of extended care.
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1. Introduction
Thanks to early surgery and improved medical care, today, the vast majority of

newborns born with congenital heart disease (CHD), even complex ones, survive childhood
and reach adulthood [1].

As underlined by the latest European guidelines [2], not only the number of adults
suffering from CHD has exceeded that of children, but the average age is increasing, leading
to the historical acronym “GUCH” (Grown-up Congenital Heart) being changed to ACHD
(adult congenital heart disease). Furthermore, in recent decades, a small but significant
subgroup of patients with ACHD over the age of 60 has come to represent a new “geriatric”
population, increasingly discussed in the literature. In a large nationwide registry, the large
majority (90%) of patients with mild CHD but also 75% of patients with moderate and
40% with complex CHD are reported to reach the age of 60 years [3]. CHDs are defined
as “mild”, “moderate”, “severe” and “complex” according to the classification proposed
by ESC guidelines [2]. It is estimated that 11% of the total ACHD population will reach or
exceed the age of 60 years by 2030 [2].
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Patients with ACHD are defined as “middle-age” and “elderly” when they are over
50 years old and over 65 years old, respectively.

The first clinical study specifically addressing elderly ACHD was published in 2011
by Afilalo et al. [4]. The authors established a consistent prevalence of ACHD (from 3.8 to
3.7 per 1000) in the older general population of Quebec over a 15-year period (1990–2005). In
their cohort of elderly CHDs, the most frequent types of lesions were shunts (60%) followed
by valvular lesions (37%), while “severe” CHD represented only 3%. Mortality was higher,
as expected, in comparison with younger patients; survival was not predicted by the type
of lesion and appeared to be related primarily to acquired medical conditions, in contrast
with children, where mortality is related mainly to CHD severity, or with adolescents and
adults, in whom the main determinants of death are ACHD-related complications (e.g.,
cyanosis, pulmonary hypertension, arrhythmias, etc.) or repeated cardiac surgery.

Dementia, chronic kidney disease and gastrointestinal bleeding (in patients taking
anticoagulants or antiplatelet therapies) are frequently described in older patients with
ACHD and adversely affect prognosis [4]. In general, among adults with CHD, the elderly
population requires considerable resources and care, but dedicated expertise and resources
are often lacking.

2. Characteristics of the Elderly ACHD Population
Regarding composition, “simple” CHD in natural history and simple/moderately

complex operated CHD represent the most common conditions in the elderly [3]. However,
even patients with severe lesions may survive past mid-age, and occasionally, the first
diagnosis may occur in their sixties, often because of arrhythmic complications (Figure 1).
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Figure 1. Diagnosis of congenitally corrected transposition of the great arteries (CCTGA) in a 69-year-
old woman due to the onset of cardiac palpitations. (A) MRI shows a morphologically right systemic
ventricle and a morphologically left subpulmonary ventricle. (B) The aorta is dilated and positioned
anterior to and to the left of the pulmonary artery. The left atrium is also dilated. (C) Working against
systemic resistance, the right ventricle has progressively enlarged and hypertrophied. (D) Elec-
trocardiogram performed during symptoms shows supraventricular tachycardia with aberrancy.
AO—aorta; LA—left atrium; PA—pulmonary artery; PLV—pulmonary left ventricle; SRV—systemic
right ventricle.
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Most operated patients should be considered “treated” but not “cured” [5]. Although
survival beyond young adulthood with a good quality of life is reported in the majority,
late complications are common and require highly specialized care [6]. The risk of develop-
ing atrial fibrillation and experiencing an ischemic stroke is much higher in adults with
CHD < 65 years compared to the general population [7] and is expected to increase further
in older patients.

Heart failure is common in ACHD and represents a leading cause of death [2]. Its
incidence increases with aging, and underlying pathophysiology may vary in different
conditions [8]. In a large Canadian ACHD cohort [9], the main predictors for the devel-
opment of heart failure were age > 50 years, the severity of the congenital lesion, recent
hospitalization for heart failure, pulmonary hypertension and the presence of coronary
artery disease, obesity and systemic arterial hypertension [10].

Acquired heart disease represents a significant and growing concern in ACHD, espe-
cially in older patients. There are multiple reasons why adults with CHD have a greater
risk of developing early atherosclerotic cardiovascular disease: the abnormal anatomy
of coronary arteries, injuries during surgery (e.g., during “arterial switch” operation in
transposition of the great arteries), aortic stiffness (e.g., in aortic coarctation), abnormal
ventricular load conditions, chronic inflammation, etc. Chronic inflammation plays a role
in the aging process because it increases, among other things, the risk of atherosclerosis and
insulin resistance (hence the concept “inflamm-aging” proposed by Franceschi et al. [11]).
Increased circulating cytokine levels have been reported in adults with CHD [12]. In the
ACHD population, the role of inflammation, activated by multiple stressors throughout
life, is highlighted by Brida et al. in a recent clinical consensus of the European Society of
Cardiology [13].

3. New Therapeutic Challenges in the Management of Acquired
Cardiovascular Risk Factors Among Adults with CHD

The improved survival of patients with CHD into adulthood has led to a significant
shift in the focus of medical care, transitioning from childhood surgical repair to the long-
term management of chronic conditions. As this population ages, they face an increasing
burden of acquired cardiovascular risk factors and comorbidities, which not only contribute
to premature cardiovascular morbidity but also complicate the management of underlying
congenital defects. As a result, addressing and managing these acquired risk factors has
become essential in the care of adults with CHD (Figure 2).

These issues highlight the critical importance of tailored management strategies in-
corporating cardiovascular risk assessment in the comprehensive care of these patients [4],
particularly in individuals with congenital coronary artery anomalies, transposition of the
great arteries (TGA) following arterial switch repair, Ross procedures, coarctation of the
aorta, left ventricular outflow tract (LVOT) obstruction or external compression of the left
coronary ostium, such as from a dilated pulmonary artery in Eisenmenger syndrome [2].
Furthermore, systemic or pulmonary hypertension may result in severe clinical mani-
festations, including angina, dyspnea or sudden cardiac death, necessitating heightened
surveillance and prompt intervention.

Ischemia in ACHD may be challenging to suspect due to the frequent baseline abnor-
malities on electrocardiograms, such as prolonged QRS duration, bundle branch block and
ventricular hypertrophy. These alterations require careful interpretation and underscore
the value of patients having their baseline ECG readily accessible [13]. Given the inherent
structural and surgical complexities and pre-existing hemodynamic burden, pharmaco-
logical and lifestyle interventions targeting modifiable cardiovascular risk factors should
remain the primary focus in ACHD care.
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Figure 2. A 77-year-old male with a diagnosis of Double Inlet Left Ventricle (DILV) and Chronic
Coronary Syndrome (CCS). He has a history of smoking, diabetes, stage II chronic kidney disease and
hypothyroidism. He suffers from chronic atrial fibrillation, for which he has undergone numerous
electrical cardioversions (ECVs) and is on AVK treatment. At the age of 57, he underwent coronary
angioplasty and stent implantation on the left anterior descending artery (LAD). (A) MRI shows
a large ventricular septal defect (
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) and hypoplasia of the pulmonary artery (*), and (B) a rudi-
mentary right ventricle. (C) Angiography shows an irregular right coronary artery without critical
stenosis. (D) The left main coronary artery is free from stenosis; the left anterior descending artery
presents a good result from previous stenting in the proximal section; and the circumflex branch,
codominant, is free from stenosis. CX—circumflex branch; LAD—left anterior descending artery;
LMCA—left main coronary artery; LV—left ventricle; PA—pulmonary artery; RCA—right coronary
artery; RV—right ventricle.

3.1. Systemic Hypertension

Hypertension is one of the most commonly encountered comorbidities in ACHD, with
a higher prevalence than that in the general population [4,14]. Its etiology is multifactorial,
involving factors such as arterial stiffness, endothelial dysfunction, renal abnormalities,
obstructive sleep apnea syndrome (OSAS) and specific congenital conditions like coarc-
tation of the aorta or LVOT obstruction [13]. Elevated blood pressure is associated with
adverse features, including left ventricular hypertrophy, accelerated aortic dilation, renal
function deterioration and reduced functional capacity. It also contributes to the formation
of vascular plaques, promoting coronary atherosclerosis [15]. When feasible, routine blood
pressure measurements during clinic visits should be supplemented by home monitoring.
In patients with a history of aortic coarctation repair, assessing blood pressure in both the
right arm and lower extremities is critical for identifying any pressure gradients indicative
of re-coarctation [16].

Current clinical guidelines emphasize the importance of strict blood pressure control
to mitigate these risks. Therapeutic targets are often set lower than those recommended for
the general population. Achieving a systolic blood pressure below 130 mmHg is a priority
for most patients, while even more stringent targets may benefit those with significant aortic
pathology [13,17]. The pharmacological management of hypertension in ACHD is tailored
to the underlying congenital defect and its associated complications. Renin–angiotensin
system inhibitors, such as angiotensin-converting enzyme inhibitors and angiotensin II
receptor blockers, are frequently prescribed due to their dual effects in lowering blood
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pressure and reducing afterload. Beta-blockers are often employed for their hemodynamic
advantages, particularly in patients with systemic right ventricles or those at risk for aortic
dissection.

However, caution is warranted when using vasodilators in certain settings. In indi-
viduals with significant re-coarctation, these agents should be avoided when possible, as
they can lead to pre-renal acute kidney injury. Similarly, in patients with Eisenmenger
syndrome, vasodilators should be used sparingly because they may exacerbate right-to-left
shunting, worsening systemic hypoxemia [2,13].

3.2. Obesity and Metabolic Syndrome

The increasing prevalence of obesity and metabolic syndrome among adults with
ACHD represents a significant challenge in the landscape of lifelong cardiovascular man-
agement. Nearly half of patients with ACHD are overweight or obese, mirroring trends
in the general population and emphasizing the pervasive impact of a sedentary lifestyle
and environmental factors on this vulnerable cohort [18]. Notably, metabolic syndrome
is more prevalent among patients with ACHD than in the general population, particu-
larly as they age [19]. These conditions are closely tied to a constellation of risk factors,
including systemic inflammation, arterial stiffness and endothelial dysfunction, which are
often compounded by reduced physical activity, exercise restrictions and overprotective
behaviors [19].

Obesity and metabolic syndrome have profound implications for patients with ACHD,
exacerbating the cardiovascular workload and promoting insulin resistance and dyslipi-
demia, creating a vicious cycle of metabolic dysfunction, which heightens the risk of
atherosclerotic cardiovascular diseases [18,20,21].

Addressing obesity and metabolic syndrome in ACHD requires a comprehensive
approach that prioritizes preventive care. Routine screening and proper treatments for risk
factors are essential. Nutritional counseling and behavioral interventions form the basis
of treatment, emphasizing decreasing caloric intake and promoting a balanced diet [16].
Cardiac rehabilitation programs, in particular, have shown promise in improving this
population’s metabolic parameters and functional capacity, underscoring the importance
of a multidisciplinary approach to care [19,22]. However, treatment plans must account for
the complexities of congenital heart anomalies and their long-term sequelae, ensuring that
interventions do not exacerbate underlying pathophysiological conditions.

3.3. Physical Inactivity and Its Consequences

Physical inactivity remains a significant issue among patients with ACHD, primarily
rooted in historical habits discouraging exercise due to concerns over exacerbating car-
diovascular complications. However, current evidence underscores the adverse effects of
sedentary behavior, including diminished peak oxygen uptake (VO2 max), heightened BMI
and compromised mental health [22,23]. Tailored exercise programs, designed according to
individual hemodynamic profiles, have emerged as integral components of modern ACHD
management [24]

Aerobic activities like walking, swimming or cycling enhance cardiovascular fitness
and improve metabolic markers like insulin sensitivity and lipid profiles. Structured
exercise regimens have safely elevated exercise capacity, particularly when coupled with
motivational techniques. Additionally, wearable fitness devices and telemedicine platforms
are valuable tools for promoting adherence, offering real-time feedback and engaging
patients [25,26].
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The importance of physical activity counseling in routine ACHD care cannot be
overstated, as it holds the potential to mitigate psychosocial burdens, including anxiety
and depression, while fostering long-term health [13,22].

3.4. Dyslipidemia and Glucose Metabolism

Dyslipidemia is a well-established risk factor in ACHD, contributing to the early
onset of atherosclerosis. Regular screening for lipid abnormalities is crucial, particularly in
high-risk subgroups such as patients with a history of coarctation of the aorta or those who
have undergone arterial switch repair for TGA or Ross surgery [13,17]. More stringent lipid
control may be beneficial in these groups to mitigate cardiovascular risks. While statins are
the first-line therapy for lowering LDL cholesterol, adding ezetimibe or PCSK9 inhibitors
may be considered for patients who do not achieve target lipid levels [27]. Liver function
should be monitored regularly in patients on statin therapy, especially in those with Fontan
circulation or chronic right-sided heart failure, as these conditions may increase the risk of
hepatic dysfunction [13,28]. Notably, statin prescription rates in patients with ACHD may
be lower compared to the general population [28].

Lifestyle modifications, including dietary changes to reduce saturated fat intake,
remain crucial for dyslipidemia management [29].

Impaired glucose metabolism, including insulin resistance and type 2 diabetes, is
increasingly observed in patients with ACHD and is closely linked to metabolic syn-
drome [14]. Given its prolonged preclinical phase, screening with HbA1c measurements
is critical. For frail patients, the target HbA1c should be set at <7% (53 mmol/mol). Met-
formin remains the first-line therapy, while GLP-1 receptor agonists and SGLT2 inhibitors
are emerging as valuable options, particularly in patients with coexisting cardiovascular
complications.

3.5. Integrated Approaches to Risk Factor Management

Managing acquired cardiovascular risk factors in ACHD requires an integrated, multi-
disciplinary approach. Collaboration is essential to develop individualized care plans that
address the unique needs of this population [13]. Regular monitoring, patient education
and engagement are key to effective long-term management.

Addressing anxiety and depression is also crucial, as many patients with ACHD face
psychological challenges. Behavioral programs that build resilience and support lifestyle
changes can improve quality of life and clinical outcomes [16,17]. Additionally, healthcare
systems must adapt to the growing ACHD population by expanding access to specialized
care and integrating preventive strategies into routine practice [17].

4. Biological Versus Chronological Age
In a recent state-of-the-heart review, Moons and Marelli address the discrepancy

between chronological and biological age in ACHD (“young patients with old hearts”) [14].
The discrepancy is even more evident in patients with syndromic ACHD. This “accelerated
aging” has important clinical and therapeutic implications. Not only do cardiovascular
complications occur at younger ages compared with the general non-ACHD population,
but also neurological decline and dementia are reported earlier in life.

The multiple stresses experienced by patients with CHD throughout their lives, linked
to the congenital malformation but also to repeated cardiac surgery or interventional
procedures and the implantation of foreign materials, and the resulting inflammatory
response have been reported as causes of premature senescence both at the cardiac and
systemic levels [30].
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Regarding cardiovascular complications, atrial fibrillation (AF) increases with age in
patients with ACHD, reaching a plateau around 70 years [31,32].

Compared with the general non-ACHD population, AF occurs approximately 30 years
earlier and the risk is 20- and 10-fold higher in the decades 50–54 and 55–59, respectively. It
is not surprising that the risk of developing AF is greater in patients with complex CHD
with broader systemic repercussions, such as Ebstein anomaly.

AF increases morbidity and mortality in patients with ACHD, and the risk of develop-
ing ischemic stroke is greater even in those with a low CHA2DS2-VASc score (0–1) [33,34].
As for other chronic heart diseases of the young, such as cardiomyopathies [35], throm-
boembolic risk stratification based on a traditional risk score is not suitable for patients
with ACHD, who are often younger compared to the general population considered for
anticoagulation.

Among extracardiac complications, an increased risk of cancer at younger ages
has been reported in patients with ACHD, representing a relevant cause of premature
mortality [36,37].

There are multiple mechanisms hypothesized to explain the higher rate of malignancies
in the ACHD population, from increased radiation exposure resulting from diagnostic
or interventional procedures, especially when performed during childhood, to genetic
mutations and inappropriate lifestyles (particularly, limited physical activity).

An increased risk of malignancies has been described in cyanotic CHD due to chronic
hypoxia and in patients with Fontan circulation. In particular, cavopulmonary connection
Hepatocellular Carcinoma, secondary elevated central venous pressures and liver fibrosis,
and neuroendocrine tumors (probably related to chronic hypoxia) are the most commonly
described [37].

Genetic predisposition to tumors is well known in syndromes frequently associated
with CHD, from Down syndrome, in which patients present a greater risk of developing
leukemia, independently of CHD, to DiGeorge syndrome or rasopathies. Furthermore, the
presence of damaging gene variants which might contribute to both CHD and cancer was
discussed in a recent study [36].

Several authors report an increased risk of neurological damage and dementia in
ACHD. The multiple factors which can lead to brain injury and neurodevelopmental
disorders in these patients, starting from the first years of life, are discussed by Marelli
and co. in a very interesting paper exploring the close relationship between cardiovascular
and neurovascular disease as patients with ACHD age. Genetic mutations that affect brain
development, altered brain perfusion often early in fetal life, repeated interventions and,
later in life, the previously discussed acquired cardiovascular comorbidities (hypertension,
diabetes, coronary artery disease) can cumulate to determine brain injury, cognitive decline
and premature dementia [38].

Awareness of these new healthcare needs should lead to careful follow-up, which
cannot be limited to cardiological evaluation, and to a new organization of medical and
social support for the “elderly” ACHD population [39].

5. Frailty in CHD After Mid-Age
Awareness of age-related extracardiac and cardiac comorbidities and of the earlier

aging of patients with ACHD has led to investigation of the issue of frailty, which is well
assessed in the elderly general population and likely manifests prematurely in adults
with CHD.

Fried’s definition of the frailty phenotype is based on five criteria: weakness, slow
walking, involuntary weight loss, decreased physical activity, and fatigue [40]. There is
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growing evidence that cognitive impairment and frailty are related to a worse prognosis
and should guide clinical and therapeutic choices.

Although studies on this subject are still limited, frailty in patients with ACHD has
been reported more often in low-income countries, suggesting a role of socioeconomic
factors [41,42].

Recently, in a large multicenter study including 814 patients with ACHD with a
median age of 52 years, a frailty phenotype was found in 5.8%, while 41.9% were defined
as “pre-frail” [41,43]. Overall, nearly half of the study population was classified as frail
or pre-frail; the same percentage is reported in the general population aged 65 years or
older, confirming the concept of “earlier aging” for patients with ACHD. Moreover, nearly
40% of patients presented some degree of neurologic impairment. Risk factors for frailty
were represented by older age, female sex, the presence of comorbidities and a higher
physiologic class (as defined by American ACHD guidelines). In addition to the previous
risk factors, pre-frailty was associated with milder defects.

Sarcopenia is an important component of frailty syndrome. The risk of sarcopenia
and cachexia is substantial in elderly adults with CHD due to the possible development
of heart failure secondary to CHD. Nutritional advice and, if necessary, specific macro-
and micronutrient supplementation should be taken into consideration [44]. On the other
hand, progressive muscle wasting is largely described in severe CHD, such as Fontan
circulation [45,46], suggesting that nutritional problems should be considered earlier in
order to limit premature exercise impairment.

6. Conclusions
The progressive increase in “elderly” patients with ACHD, who present acquired

cardiac and extracardiac comorbidities as well as long-term complications related to their
congenital malformation, requires a change in programs of care.

In older patients, together with control of CHD-related sequelae and residual defects,
a priority is represented by the strict control and prompt correction of cardiovascular
risk factors (diabetes, hypertension, obesity, low physical activity) in order to prevent
atherosclerosis-related complications. The concept of the “early aging” of patients with
ACHD should be taken into account to guide follow-up and therapies.

The complex interplay between congenital abnormalities and acquired comorbidities
enhances frailty in these patients, which often occurs at an earlier age in comparison to the
general population.

The development of preventive care programs, which should begin in early adulthood,
requires dedicated resources and inevitably results in additional economic costs. However,
these costs should be balanced with a possible decrease in admissions to emergency
departments and general hospitals, as well as socioeconomic costs related to premature
aging and the frailty of adults with CHD.

Targeted preventive strategies should likely be developed in different ACHD subpop-
ulations.

Dedicated studies will better define the therapeutic challenges and special needs of
this growing subgroup of the ACHD population.
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