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Background and Objective: The number of adults with congenital heart disease (ACHD) is increasing 
worldwide. Almost all congenital cardiac lesions can be successfully treated due to the progress in neonatal 
surgery and pediatric cardiology with a high likelihood of surviving until adulthood. However, ACHD 
frequently develop sequelae related to the initial cardiac anomaly. Heart failure (HF) is one of the most 
common complications associated with a high morbidity and mortality. 
Methods: The authors did search the PubMed database regarding relevant content covering publications 
up to March 2022. Relevant manuscripts were classified according to the impact factor of the journal, being a 
guideline manuscript, a position paper by a society or a comprehensive review of the current literature.
Key Content and Findings: Optimal HF treatment remains an unmet need in ACHD. In particular, 
advanced HF therapy with cardiac resynchronization therapy, ventricular assist devices or organ 
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Introduction

Despite all therapeutic advances in the treatment of adults 
with congenital heart disease (ACHD), they cannot be 
completely cured and most often sequelae remain (1,2). 
In particular in complex or hemodynamically relevant 
ACHD, sequelae often persist or develop over time even 
after primarily successful cardiac surgery or interventions. 
In particular, heart failure (HF), cardiac arrhythmias, 
pulmonary vascular disease, aortopathies, and infectious 
endocarditis adversely affect the morbidity and mortality of 
ACHD in the long-term (1-4). In addition, there are often 
acquired cardiac and noncardiac comorbidities developing 
in adulthood such as coronary artery disease, acquired 
valvular heart disease, arterial hypertension, metabolic 
disorders (diabetes mellitus, hyperlipidemia, metabolic 
syndrome), or other organ diseases, especially affecting the 
liver, kidneys, and the brain. Mental illness, post-traumatic 
stress disorder, depression, and anxiety disorders can further 
complicate the clinical course (5-7).

HF is a common disease being present and is often the 
cause of morbidity and mortality (1,2). The review focuses on 
the treatment of advanced HF with the options available and, 
especially, on ventricular assist device (VAD) therapy and 
heart transplantation in the context of increasing numbers 
of ACHD. In addition, important aspects of HF treatment 
for non-ACHD patients but also ACHD are discussed. 
We present the following article in accordance with the 
Narrative Review reporting checklist (available at https://cdt.
amegroups.com/article/view/10.21037/cdt-22-230/rc).

Methods—literature search

A literature search in PubMed was executed covering 

publications up to March 2022. The following combinations 
of keywords were used: HF and ACHD, heart transplantation 
in ACHD, guidelines HF and ACHD, VAD in ACHD, 
comorbidities in ACHD, device therapy in ACHD. These 
search terms had to be identified anywhere in the text in 
the articles. Further, the authors selected literature that 
represents the current guidelines or multicenter trials, 
however most of the literature derive from observational 
studies and guidelines for patients with ACHD have the 
evidence level of expert opinion. 

Both qualitative and quantitative studies were considered 
to elucidate the use of the discussed aspects regarding 
ACHD, advanced HF, VAD therapy or device therapy in 
general in ACHD. The search was restricted to original 
research, humans, and papers published in English at any 
date. All abstracts were reviewed to assess whether the 
article met the inclusion criteria. After this selection process, 
a manual search of the reference lists of all eligible articles 
was performed. Two authors (i.e., MH and CS with support 
of HK and KN) assessed independently the importance of 
the studies prior to their inclusion in the review. A relevant 
manuscript was defined based on the impact factor of the 
journal, being a guideline manuscript, a society position 
paper, or a comprehensive review of the current literature.

The search strategy is summarized in Table 1.

Epidemiology and clinical aspects of HF in ACHD

HF has a critical impact on ACHD morbidity and an 
approximate mortality rate of 25% up to 45% (1,3-6). The 
reported hospitalization rate for symptomatic HF is 1.2 
per 1,000 patient-years (7). Thus, ACHD with specific 
conditions are at particular risk of developing HF. Among 

transplantation is still very different and more specific in ACHD compared to non-ACHD. This review aims 
to compile international views and evidence from the literatures on the treatment of advanced HF in ACHD. 
Current challenges, but also the success of different treatment strategies in ACHD are illustrated by clinical 
cases.
Conclusions: The main finding of the review is that data is still scarce regarding ACHD with advanced 
HF and international efforts to collect data regarding these patients needed to improve the current standard 
of care.
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those patients are frequently ACHD with univentricular 
hearts (in Fontan-Circulation), with a morphologic systemic 
right ventricle (after atrial redirection for transposition of 
the great arteries (d-TGA), with congenitally corrected 
transposition of the great arteries (ccTGA), with severe 
pulmonary hypertension due to unoperated cardiac shunt 
lesions (Eisenmenger syndrome), or with severe valvular 
heart disease, e.g., after Fallot repair, AV (atrioventricular) 
septal defects post repair, in Ebstein’s anomaly, or in Shone 
complex (8,9).

Data on the incidence and prevalence of HF in ACHD 
are unreliable because different definitions exist, such as 
impaired exercise tolerance, neurohumoral activation, 
reduced ejection fraction, or the presence of classic clinical 
signs of right or left ventricular decompensation.

The pathophysiological causes of HF in ACHD are 
multifactorial. They involve chronic pressure or volume 
loading, ventricular fibrosis, intracardiac scarring and patch 
material, valvular abnormalities, arrhythmias, the presence 
of cyanosis, or pulmonary hypertension in pulmonary 
vascular disease (1,2,10). 

Recognition of HF in ACHD can be challenging 
because its presentation is often different from acquired 
heart disease (11). Exercise capacity is often impaired in 
ACHD and is often unrecognized by affected individuals 
due to the fact that the process of deterioration often 
begins in early adolescence and often shows only slow  
progression (12). Furthermore, the use of established 
parameters (e.g., end-diastolic and/or end-systolic diameter 
or volume, ejection fraction) is inappropriate because they 

depend on the type of cardiac defect and often differ from 
normal values in adult cardiology. 

Current management of HF in ACHD

Current HF treatment is focusing on medical treatment 
followed by evaluation for additional treatment options, 
for example, such as cardiac resynchronization therapy 
(CRT), data regarding treatment medications, especially 
HF medication is currently lacking (13,14). Sufficient data 
from randomized controlled trials in ACHD are currently 
lacking for many therapeutic interventions because of 
the heterogeneous patient population with underlying 
congenital heart defects, low number of patients in these 
study, and that being an ACHD is frequently an exclusion 
criterion in HF trials (14,15).

The treatment of HF in ACHD requires special 
expertise (16,17). Before symptom-oriented HF treatment is 
initiated, surgically or interventional treatable abnormalities 
of hemodynamics must be excluded. Pharmacological 
therapy to improve clinical symptoms, limited exercise 
tolerance, quality of life, and long-term prognosis is done 
with consideration of heart defect-specific features (15). 

If systolic dysfunction of the morphologic left ventricle 
is present, usually medication with renin angiotensin 
aldosterone blockers should be established (ACE inhibitors, 
sartans), together with the class of mineralocorticoid 
receptor antagonists. Diuretics are most often used in acute 
decompensation or chronic volume overload (14). The cut-
off regarding the decision to begin medical treatment is 

Table 1 Summary of the literature search strategy

Items Specification

Date of search The search for literature was conducted during March 2022 and included as 
well manuscript until 1st of April 2022

Databases and other sources searched PubMed database

Search terms used Heart failure and ACHD, heart transplantation in ACHD, guidelines heart 
failure and ACHD, ventricular assist device in ACHD, comorbidities in ACHD, 
device therapy in ACHD patients

Timeframe All manuscripts until April 2022

Inclusion and exclusion criteria All study types were included with focus on journals with an impact factor 
and all manuscripts had to be published in English language

Selection process The literature search was done by Christoph Sinning, Michael Huntgeburth, 
Harald Kaemmerer and Koichiro Niwa. All authors had to consent to the 
literature included into the review

ACHD, adults with congenital heart disease.
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recommended with 40% ejection fraction (14). Regarding 
newer medication with sacubitril/valsartan and SGLT-2 
inhibitors there are currently no data, however medication 
should be considered in ACHD with reduced ejection 
fraction of the left ventricle (13).

If the anatomic right ventricle has an impaired ejection 
fraction below 40% medical treatment is currently 
recommended if the patient is symptomatic and follows the 
same medication recommendations as for the left ventricle. 
Scarce information is present regarding medication of an 
univentricular heart and in these patients medication should 
be according to the anatomic morphology of the ventricle 
present (14).

Another unique feature relates to the Fontan circulation, in 
which diastolic and systolic HF, chronotropic incompetence, 
and an increase in pulmonary vascular resistance may occur 
during the progression of the disease. While there are no 
adequately validated data for the use of ACE inhibitors, the 
use of phosphodiesterase-5 inhibitors or endothelin receptor 
antagonists (ERA) is now under consideration (18,19).

Advanced HF and therapeutic interventions

Patients at risk for HF can progress to a symptomatic state 
despite all medical treatment options, interventions and 
device therapy (2,13). Also the number of ACHD with 
advanced HF will increase. 

The current criteria for advanced HF according to the 

current European HF guidelines are defined for acquired 
cardiac disease but also apply for ACHD (Table 2).

In addition to the criteria of Table 1, advanced HF in 
ACHD patients is often complicated by extra-cardiac organ 
dysfunction like congestive liver disease, renal failure, 
or pulmonary hypertension. These criteria are currently 
not obligatory to define advanced HF in patients, but can 
complicate treatment decisions (2,13).

Since most patients with advanced HF deteriorate in 
functional status over time, prognostic stratification is 
important to identify the need of treatment in an expert 
center, to properly communicate expectations to patients 
and their families, and to plan treatment and follow-up 
strategies (2,13). In this context, for most patients with 
advanced HF, the Interagency Registry for Mechanically 
Assisted Circulatory Support (INTERMACS) classification 
is of potential to determine the treatment options (20). 
Although most commonly in use for decision-making 
regarding durable VADs, the classification is as well of 
use for establishing prognosis in patients following urgent 
heart transplantation and for risk assessment in ambulatory 
advanced HF patients (2,13) (Table 3). Previous and current 
reports of INTERMACS show that by collecting data and 
including centers into the register outcomes of patients with 
advanced HF are improved and adverse events decreased, 
although only one publication thus far addresses VAD 
treatment in ACHD patients (21-23).

Alternative therapies for refractory HF include CRT, use of 

Table 2 Definition of advanced heart failure according to the ESC guidelines (13)

No. Definition

1 Severe and persistent symptoms of heart failure [NYHA class III (advanced) or IV]

2 Severe cardiac dysfunction defined by at least one of the following:

Left ventricular ejection fraction <30%

Isolated right ventricular failure (for example tetralogy of Fallot, ccTGA, Ebstein’s anomaly, d-TGA with palliation according to 
Senning or Mustard)

Non-operable severe valvular defects

Non-operable severe congenital abnormalities

High or increasing BNP or NT-proBNP levels and severe diastolic dysfunction or structural abnormalities 

3 Episodes of pulmonary or systemic congestion requiring high-dose i.v. diuretics or episodes of low output requiring inotropes 
or arrhythmias causing >1 unplanned visit or hospitalization in the last 12 months

4 Severe impairment of exercise capacity with inability to exercise or low 6-minute walking distance (<300 m) or pVO2  
<12 mL/kg/min or <50% predicted value, due to cardiac disease.

For diagnosis, the following criteria must be presented despite optimal medical treatment. NYHA, New York Heart Association-Classification; 
ccTGA, congenitally corrected transposition of the great arteries; BNP, B-type natriuretic peptide; NT-proBNP, N terminal-proBNP.
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VADs, heart or heart-lung or multiorgan transplantation (4,24). 

Arrhythmia management and device therapy in 
ACHD with HF

In ACHD the whole spectrum of arrhythmias can be 
encountered and often several types coexist, including 
disorders of the sinus node, AV-node, His-Purkinje 
system or intra-atrial propagation (25,26). Arrhythmias 
might be a consequence of altered anatomy, including 
the heart conduction tissue, but may also be a result of 
residual or postoperative sequelae, such as myocardial 
fibrosis, postoperative intracardiac scars or worsening of 
the hemodynamic situation (25,27-31). The prevalence of 
arrhythmias is increasing with the age of the patients. In 
several types of ACHD, ventricular arrhythmias are the 
leading cause of sudden cardiac arrest and thus mortality, 
with an 100-fold increased risk in comparison to an age-
matched control population (32,33). However, the incidence 
for fatal events is low with 0.1% and the highest risk is 
present in patients with Tetralogy of Fallot, univentricular 
hearts or patients with transposition of the great arteries 
after Senning or Mustard procedure (25,29,31,34-36).

The most important ventricular tachyarrhythmias include 
mono- and polymorphic ventricular tachycardia (VT) and 
ventricular fibrillation (VF). However, supraventricular 
tachycardia may be also poorly tolerated in ACHD, 
especially in complex cases (e.g., after atrial redirection, in 
Fontan circulation, in cyanotic ACHD, in Eisenmenger 

syndrome) and may result in cardiac decompensation or 
even death (37).

Cardiac arrhythmias are often managed according to 
general cardiology guidelines, while taking into consideration 
ACHD-specific issues like anatomy and placement of 
catheters or devices (25), including pharmacotherapy, 
ablation procedures, and the implantation of pacemakers or 
defibrillators (8).

In the acute setting thus VT or VF are managed 
according to the respective guidelines for acquired cardiac 
disease (38). As ACHD have a chronic disease state, and 
decisions need to be made as to which patient should receive 
an implantable cardioverter-defibrillator (ICD), as this is 
the recommended treatment for secondary prevention after 
sudden cardiac arrest in ACHD (25,26,31,39). However, 
due to the lack of data, the indications are not yet clearly 
defined (25,39). In ACHD the medical treatment of choice 
is amiodarone or procainamide if VT or VF is present 
(25,26,31). However, treatment in unstable, pulseless VT 
or VF should be according to the respective resuscitation 
guidelines (40). 

Device therapy with pacemakers or implantable 
defibrillators is becoming more and more relevant, but 
the indication for ICD implantation may be difficult to 
establish. Current recommendation is clear with either 
level I or IIa for ACHD after cardiac arrest with no 
other potential cause, spontaneous sustained VT after 
hemodynamic, electrophysiologic evaluation or ejection 
fraction <35% of the systemic left ventricle or tetralogy of 

Table 3 Interagency registry for mechanically assisted circulatory support profile descriptions of patients with advanced heart failure

Profile Time for decision

1 Critical cardiogenic shock. Patient with hypotension despite inotrope 
therapy

Intervention needed in hours—same day

2 Progressive decline. Declining organ function with inotrope support Intervention needed in days—same week

3 Stable with inotropes. Stable organ function with inotrope support Elective decision—weeks to months

4 Frequent flyer. Patient can be stabilized with normal volume status 
but has symptoms at rest or with everyday activities

Elective decision—weeks to months

5 Housebound. Stable at rest Variable—depends regarding nutrition, activity and organ function

6 Exertion limited. Patient without evidence of fluid overload, 
comfortable at rest and with activities of daily living

Variable—depends regarding nutrition, activity and organ function

7 Advanced NYHA class III symptoms. Patient without current or 
recent decompensation

No indication for advanced HF therapy

NYHA, New York Heart Association-Classification; HF, heart failure.
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Fallot with risk factors (25,26,31).
An alternative to defibrillator implantation is the 

subcutaneous ICD (S-ICD) with a class IIa recommendation 
in patients with an ICD indication not requiring pacing 
for bradycardia, CRT or anti-tachycardiac pacing (26,41). 
Further, class I recommendation for patients with a complex 
anatomy and venous access problems or at a high risk for 
infections needing ICD therapy (25,39,41). 

Data regarding for the wearable defibrillator, or life-
vest, are limited, therefore it can only be recommended in 
selected cases at this time (42).

Electromechanical  dyssynchrony may result  in 
pathologic ventricular remodelling or impaired ventricular-
ventricular interaction with resultant HF. In these cases, 
ventricular activation delay due to bundle branch block or 
ventricular pacing is characterized by clustering of early and 
late contracting segments. This may make patients eligible 
for CRT, where a large, late-contracting area composed of 
multiple myocardial segments is electrically preexcited via a 
single pacing lead (25,43). 

The effect of CRT in ACHD, however, varies because 
of the underlying anatomy of the systemic ventricle, 
scarring of the ventricle, and the presence of hemodynamic 
relevant valve lesions. However, in some ACHD with 
systemic right ventricle or single ventricle anatomy and 
broad QRS complex of 160 msec on ECG, there was an 
increasing ejection fraction of the systemic ventricle (44,45). 
Although these older data are promising, the main problem 
regarding CRT in ACHD is that all of these studies were 
retrospective, non-randomized, and follow-up was largely 
limited to a short period. Thus, conclusive analysis of the 
impact of CRT on long-term morbidity and mortality is still 
pending (25,44,45). In this regard, current pacing guidelines 
recommend that the standard indications for CRT may also 
be used in ACHD, but that the atypical anatomy should be 
considered in this context (43). 

In conclusion, resynchronization therapy is an option in 
individual cases, although its role is currently unclear and 
long-term results are lacking (4,46,47). 

Ventricular assist devices as treatment option in 
ACHD

Due to organ shortage and the fact that the need for 
organ transplantation is increasing in both non-ACHD 
and ACHD (1,48), the use of VADs is becoming a more 
established treatment option both as a bridge to transplant 
and as a destination therapy (48). 

These devices have been shown to reduce mortality in 
end-stage HF in non-transplant candidates and appear to 
provide a similar benefit to transplant candidates whose 
condition worsens while waiting for transplantation (23,48). 
For VAD implantation, ACHD should be considered 
according to whether they have a morphologic left or right 
systemic ventricle or a functionally univentricular heart. In 
the largest study to date, more ACHD were treated with a 
biventricular ventricular assist or a total artificial heart than 
non-ACHD patients (23). In this study ACHD had a higher 
mortality rate and more adverse events than non-ACHD 
patients, but the increased mortality rate was attributable 
solely to the higher use of biventricular VADs and total 
artificial hearts (23). Conversely, the two groups who had 
VAD implantation to support the systemic ventricle alone, 
demonstrated similar survival regardless of the underlying 
cardiac anatomy (23). In particular, patients with d-TGA 
after atrial-switch operation and a systemic right ventricle 
may represent a cohort for whom VAD treatment may be 
considered as bridge-to-transplantation, because patients 
are often young and have undergone multiple previous 
surgeries with complex anatomy (2). However, the 
pyramidal geometry of a morphologic right ventricle often 
requires resection of trabeculae and/or alternate positioning 
of the inflow cannula, often on the diaphragmatic surface or 
free wall, which can be done as destination therapy, as has 
been shown previously (49).

A major problem with studies of ACHD and VADs, is 
that patients are described only as having ACHD without 
accurately classifying the underlying anatomy (50). This 
is crucial, however, for determining therapeutic decisions. 
Due to the described heterogeneity of ACHD, more data 
with a clear description of the underlying defect are needed. 

Heart transplantation

Transplantation listing and outcome

Heart or heart-lung transplantation is limited by donor 
shortage. Here, specific anatomic and pathophysiologic 
features (e.g., vascular anatomy, vascular anomalies, 
collateral vessels, type and number of previous operations, 
intrathoracic scars, immunologic status after previous 
transfusions) must be given special attention (1,2). 

Transplantation criteria may be quite different from 
those of other cardiac patients and need better definition (2). 
Further, heart transplantation in ACHD is hard to obtain 
because of the high likelihood that patients will be rejected 
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due to various comorbidities or multiple organ involvement. 
Studies could show that up to two-thirds of patients may be 
rejected for transplantation listing, which is associated with 
a high mortality rate (51).

As an option to reduce the waiting list time in ACHD 
patients the United Network of Organ Sharing (UNOS) 
did revise its organ allocation guidelines in October 2018 
with the aim to reduce waiting list times and thus mortality 
in this patient population (52,53). As a consequence of this 
revision, candidates supported with a temporary mechanical 
circulatory assist (MCS) device will receive a higher priority 
status than candidates with permanent or no MCS devices 
(52,53). Recent data could show that in the UNOS network 
the revision led to an increased use of temporary MCS 
devices. with the result of a relevant decline in waiting 
list times (54). Although waiting list time was reduced, 
some aspects could not be addressed in this study, such as 
information regarding the particular HF medication, the 
underlying INTERMACS level of the patients. and data 
on the underlying congenital heart defect. Thus, although 
the change of the allocation guidelines has resulted in a 
reduction in waiting times on the transplant list, additional 
data have to be collected in ACHD to demonstrate benefit 
in this patient cohort.

After transplantation, early mortality appears increased 
in ACHD, whereas at 10-year follow-up, prognosis is better 
in ACHD than in other populations (4). Combined organ 
transplantation may also be required in the presence of 
concomitant renal or hepatic disease.

Heart transplantation is often considered and is the 
method of choice once complex cardiac reconstructive 
surgery is deemed too risky or ineffective, and then often 
remains the only viable treatment option (14,55,56). 
Although ACHD account for a large proportion of 
patients eligible for heart transplantation, the number 
of ACHD recipients worldwide has increased from 1,8% in  
1992–2000 to 2.7% in 2000–2005 with 3.1% in 2006–2013 (57). 
In addition, ACHD represent a large proportion of patients 
receiving heart and lung transplantation, accounting for 
40% in 2002–2013 (58). The patients with ACHD listed 
tend to be younger than non-ACHD considered for heart 
transplantation. In addition, ACHD have less cardiovascular 
comorbidities and have unique features characteristic for 
advanced HF in complex CHD such as protein-losing 
enteropathy (56,59). Current criteria for ACHD scheduled 
for heart or heart and combined organ transplantation are 
listed in Table 4. 

Previous studies could as  well  show that more 

transplantations could be achieved with the use of special 
organ care systems which allow to deliver organs from donor 
to recipient in an adequate status and perform transplantation 
with a low rate of complications. A potential system currently 
used is the organ care system, which is achieving good results 
even in patients with advanced HF (62).

Reasons for disparities in transplantation waiting list time 
and status in adult congenital heart disease 

In the context of listing ACHD for transplantation, it 
is important to emphasize that these patients often do 
not receive mechanical circulatory support or inotropic 
treatment due to limited experience and evidence supporting 
this therapy. However, both of these criteria are often related 
to a prioritization for heart transplantation (59,63). Thus, 
the transplantation listing criteria are not as useful in ACHD 
listed for heart transplantation. Another problem with listing 
these patients for transplantation is that a high number 
of patients (over 10%) of patients have antibodies due to 
previous transfusion of packed red blood cells during previous 
cardiac surgery (64). Another problem with transplantation 
in this patients population is that recipient-specific factors 
contribute to the lower rate of ACHD transplantation. 
These patient often require reconstructive surgery during 
transplantation, which is associated with an increased degree 
of difficulty and should only be done in centers with a high 
level of experience in treating ACHD (1,65). Furthermore, 
certain characteristics of the donor organ, such as a longer 
donor pulmonary artery, often complicate the operation, 
because a narrowing of the recipient pulmonary arteries 
might complicate surgery and has to be corrected at the same  
time (55,56,59,63).

Waiting list morbidity and mortality

ACHD frequently have numerous adverse features 
including pulmonary arterial hypertension (PAH) and other 
advanced organ involvement, such as liver or renal disease 
in patients with Fontan circulation, resulting in a high 
waiting list mortality (2,61). Patients removed from the 
waiting list have an especially poor prognosis as they cannot 
be bridged to transplantation with a VAD or have severe HF 
with multi-organ failure most commonly involving the liver 
and/or kidneys (61,66). The low prevalence of ICDs, VADs, 
and VADs as bridge to transplantation in ACHD may 
increase waiting list mortality and may be contraindicated 
or associated with higher risk (56,59,63). 

file:///D:/3-%e8%8b%b1%e6%96%87%e8%bf%9e%e7%89%88/TAU/2022/%e2%80%9cTAU-V11N8%e2%80%9d%e6%96%87%e4%bb%b6%e5%a4%b9/l 
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VAD treatment as bridge to transplant or destination therapy

In this context, it should be noted that recently a large 
study indicated that being an ACHD and being treated 
with a VAD prolongs the time on the waiting list for 
an organ transplantation, with a higher probability of 
successful transplantation (50). Further, a study may 
provide more evidence that survival rates are similar in  
ACHD and non-ACHD patients with a VAD (23). 
However, in this study ACHD more often required 
biventricular support or a total artificial heart, resulting in 
a higher mortality rate. Despite the still high mortality on 
the waiting list, ACHD are not often considered for VAD 
support because of the complexity of the anatomy, the 
paucity of VAD programs focused on ACHD, and the need 
for surgeons to be experienced to establish VAD therapy in 
ACHD (23,65). The previous published data, however, rise 
some points of discussion, as the number of patients with 
single ventricle anatomy, representing those with the most 
complex underlying congenital heart disease, was only 13% 
and the reader is not provided with information about the 
congenital heart disease in the other patients. Adding to this 
discussion is a study from a paediatric registry with end-
stage HF and good outcomes in patients with VAD in end-
stage Fontan hemodynamics (67).

In summary, it may be an option to also evaluate ACHD 
with advanced HF for a VAD if the anatomy is favourable 
and the patient’s condition worsens. 

Clinical cases to illustrate the complexity of 
advanced HF treatment in ACHD

Clinic case 1: Patient with congenital corrected 
transposition of the great arteries and successful heart 
transplantation

A 27-year-old female patient presented to the emergency 
department with shortness of breath, fatigue and worsening 
renal function. The diagnosed underlying congenital heart 
defect was a complex ccTGA with three previous cardiac 
surgeries. The first procedure was a palliative Blalock-
Taussig shunt in 1993, after this surgery a closure of a 
ventricle septum defect with additional replacement of 
the pulmonic valve was done using a homograft and an 
additional patch plasty of the left pulmonary artery in 
1995. Following the second operation, the patient needed a 
pacemaker due to atrioventricular block III. In 2007, severe 
regurgitation of the systemic ventricle’s morphological 
tricuspid valve was diagnosed. In 2009, the patient received 
reconstruction of the tricuspid valve and CRT with an 
epicardial lead. In the following years, the patient was 
stable in New York Heart Association-Classification 
(NYHA) II functional class. In 2019, the patient presented 
with the question whether a pregnancy could be possible. 
Subsequent examination revealed relevant stenosis of the 
homograft in pulmonic valve position and moderately 
reduced ejection fraction of the systemic right ventricle. 
With impaired ventricular function and moderate tricuspid 

Table 4 Characteristics of ACHD listed for heart, heart-lung and combined organ transplantation

Characteristics of ACHD patients listed for heart or heart and combined organ transplantation (1,56,59-61)

Younger age of ACHD in comparison to non-ACHD listed for transplantation

Lower prevalence of cardiovascular risk factors or life style risk factors causative for coronary artery disease

Higher prevalence of increased pulmonary vascular resistance in ACHD in comparison to non-ACHD

Impaired nutritional status with patients being underweight especially in patients with protein losing enteropathy

Increased risk of postoperative infections or impaired wound healing

The type of the underlying heart defect with:

•	Single ventricle being a common diagnosis in ACHD

•	Biventricular defects and their sequelae

•	Different underlying disease as reason for transplantation listing due to the shift from lesions with lower complexity to more complex 
lesions due to progress of medical therapy

Prevalence of previous cardiac surgery is high in ACHD either due to corrective or palliative treatment

Increased difficulty of surgical therapy due to extensive scarring in ACHD or formation of collaterals with a high bleeding risk

ACHD, adults with congenital heart disease.
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regurgitation, the patient was counselled against pregnancy 
and HF drug treatment was initiated with an ACE inhibitor, 
a mineralocorticoid receptor antagonist, and loop diuretics. 
Interventional treatment of the pulmonary homograft was 
not feasible due to an unfavorable anatomy. She remained 
stable in NYHA II functional class with cardiac medication 
until in 2020, when the patient presented several times 
with cardiac decompensation. After treatment of acute 
heart failure with diuretics, invasive examination of the 
patient showed relevant stenosis of the homograft in 
pulmonary position, severe regurgitation and stenosis of the 
reconstructed tricuspid valve, and a severe impaired function 
of the systemic right ventricle with a cardiac index of  
1.64 L/min/m². Because of the acute cardiac decompensation 
and with normal pulmonary vascular resistance, the patient 
was listed for cardiac transplantation. After a waiting period 
of one month with high urgent listing status at the HF unit, 
the patient was successfully transplanted in October 2020.

Since her heart transplantation the patient is in regular 
follow-up and her condition has improved markedly 
regarding physical activity and she is able to participate 
in everyday life activities. Figure 1 shows the pre- and 
posttransplant 4-chamber view. Videos 1,2 show the 
pretransplant 4-chamber view with and without colour flow. 
The Video 3 shows the posttransplant donor heart.

Clinical case 2: Coarctation of the aorta, ventricular septal 
defect with patent ductus arteriosus and development of 
Eisenmenger syndrome—unsuitable for heart and lung 
transplantation due to comorbidities and multiorgan 
failure

This case report summarizes history of a currently 50-year-
old woman with complex congenital heart disease. She was 
born in 1971 with aortic coarctation, bicuspid aortic valve, 
a large muscular ventricular septal defect (VSD), a patent 
ductus arteriosus (PDA), and developed PAH during the 
course of the disease. At the age of 2 years, coarctation of 
the aorta (CoA) was surgically repaired, and PDA closed.

Over the years, she developed Eisenmenger’s syndrome. 
Therefore, in 2005, targeted PAH therapy with the 
ERA bosentan was initiated. By age of 43 (2014), she 
was diagnosed with severe aortic valve regurgitation and 
ascending aortic aneurysm (diameter in echocardiography 
with 53 mm) in association with the bicuspid aortic valve 
and CoA. 

In the same year, her condition deteriorated with right 

HF. Bosentan was switched to the ERA macitentan, which 
was not very well tolerated, and therefore changed to the 
PDE-5-inhibitor (PDE-5-I) tadalafil. 

In 2015, targeted PAH monotherapy was extended 
to a combination therapy with tadalafil and bosentan. 
Because of side effects, tadalafil was replaced by the PDE-
5-inhibitor sildenafil, which was better tolerated. In 2017 
a PAH-targeted triple therapy with the oral prostacyclin 
receptor agonist selexipag was initiated, but shortly after 
discontinued because of adverse side effects (diarrhea, 
headache). Instead, PAH treatment was escalated by a dose 
increase of sildenafil and additional iloprost inhalation. 
After developing abdominal pain and bloody diarrhea, 
autoimmune enteropathy and colopathy was suspected. 
Since 2019, the patient was stable with targeted PAH 
treatment with bosentan and riociguat until 2021, when 
she developed right sided cardiac decompensation from 
Eisenmenger Syndrome, as well as additional acute 
renal failure and methotrexate-related pneumopathy. 
Other complicating comorbidities include hemoptysis, 
hypothyroidism, rheumatoid arthritis, and an IgG type 
Lambda monoclonal gammopathy. Another severe 
complication is a massive progress of the ascending aortic 
aneurysm, which was measured with a diameter of 62 mm at 
the last measurement.

Currently, the patient is only marginal stable under 
a cardio-pulmonary medical treatment with bosentan, 
riociguat, digoxin, bisoprolol, spironolactone, and 
torasemide. Under the diagnosis of recurrent right HF due 
to Eisenmenger’s syndrome in combination with a large 
ascending aortic aneurysm at risk of rupture and mild aortic 
re-coarctation, the patient was presented for heart-lung 
transplantation and concomitant repair of the ascending 
aorta. However, due to the complexity of the surgery 
and the patient’s comorbidities, she was not accepted for 
transplantation. Figure 2 shows the pathologic features of 
the patient. Videos 4,5 show the 4-chamber view without and 
with colour flow. Video 6 shows the aneurysm of the aorta 
and Video 7 the CoA following the initial repair.

Clinical case 3: Ventricular assist device in a patient with 
congenital corrected transposition of the great arteries, 
VSD, atrial septal defect, pulmonary valve stenosis, and 
aortic valve regurgitation

A 59-year-old male patient was evaluated for possible 
VAD implantation with a diagnosis of congenital corrected 
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Figure 1 The pre- and posttransplant 4-chamber view featuring the severe tricuspid regurgitation pretransplant and the normal anatomy of the 
donor heart. (A) Pretransplant 4-chamber view with CW of the combined severe tricuspid regurgitation and resulting increased gradient due to 
the regurgitation. In the figure the tricuspid valve is shown following reconstruction with an elevated mean gradient of 10 mmHg and additional 
regurgitation. The anatomic right ventricle is as well shown with the characteristic dominant trabeculations. (B) Posttransplant 4-chamber view 
showing a systemic left ventricle and a subpulmonary anatomic right ventricle of the donor heart. CW,  continuous wave Doppler.

Video 1  Pretransplant four chamber view featuring the 
reconstructed tricuspid valve and the impaired ventricular function 
of the systemic right ventricle.

Video 2 Pretransplant four chamber view featuring the combined 
tricuspid valve pathology with severe tricuspid regurgitation and 
increased gradient measured of tricuspid valve.

Anatomic right ventricle

Anatomic right 
ventricle

Anatomic left ventricle

Reconstructed tricuspid valve

Tricuspid valve 
forward flow

Tricuspid valve  
regurgitation

PG max
19.2 mmHg
PG mean
10.3 mmHg

A B
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transposition of the great arteries, VSD, atrial septal defect, 
pulmonary valve stenosis, and aortic valve regurgitation. 
In the past medical history the patient had a left ventricle 
to pulmonary artery conduit, closure of the ventricular and 
atrial septal defect and with postoperative complications 
due to bleeding 22 years ago treated at center elsewhere. 
Thirteen years ago, he had a second heart surgery 
(replacement of the left ventricle to pulmonary artery 

conduit, tricuspid valve replacement, residual VSD closure, 
aortic valve repair and left pulmonary artery angioplasty) 
at a national reference center. In 2018 the patient had a 
third complex cardiac surgery with replacement of the left 
ventricle to pulmonary artery conduit. As of recent the 
systemic ventricle of the patient, being an anatomic right 
ventricle progressively failed and the patient was admitted 
three times during the last 6 months. The patient developed 
multiorgan failure with cardiorenal syndrome and cardiac-
related liver cirrhosis. During the last admission due to 
decompensation, the patient presented with cardiogenic 
shock and was admitted to the intensive care unit multiple 
times during the admission. Thus, the patient was discussed 
to be listed for heart transplantation. However, due to rapid 
deterioration of the patient status in conjunction with the 
cardiac pathologies and a supposed long waiting time due 
to blood type “O” treatment with a VAD was decided. The 
patient was implanted with a Medtronic™ HVAD and 
concomitant aortic valve closure via double left thoracotomy 
and partial sternotomy. The patient afterwards had a long 
hospital stay before further steps regarding rehabilitation 
could be decided (Figure 3).Video 3 Posttransplant 4-chamber view.

Figure 2 The most important residual pathologic findings following corrective surgery of the patient which were responsible for the 
classification of conservative treatment and for not listing the patient for consecutive heart- and lung transplantation. (A) shows the non-
restrictive ventricular septal defect with the hypertrophy of the right ventricle due to pulmonary arterial hypertension in the context of 
Eisenmenger syndrome. (B) shows a supraaortic view of the repaired coarctation of the aorta with additional re-stenosis of the aorta. (C) 
Diameter of the aorta measured in echocardiography with 62 mm.

Unrestrictive ventricular septal 
defect with bidirectional shunt

Diameter of the ascending aorta 
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Re-coarctation of the aorta  
with elevated gradient
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Summary

Treatment of advanced HF in ACHD is complex and current 
results show a poor outcome even in non-ACHD (13). 
Further challenging in such patients is the presence of an 
underlying complex congenital heart defect, several previous 
heart surgeries, a systemic right ventricle and/or significant 
comorbidities such as pulmonary hypertension, renal or 
liver failure. The lack of randomized HF studies addressing 
ACHD is also hindering optimal treatment decisions, as 
these patients are often excluded from HF research and 
outcome trials.

Our  da t a  r ev i ew  showed ,  tha t  VAD or  hea r t 
transplantation are treatment options which have to be 
considered in ACHD as they have shown to improve 
outcome (2,23,50,60). However, treatment of these patients 
has to be planned and scheduled in a specialist center being 
experienced with the changes of the anatomy and treatment 
of common comorbidities of ACHD (65). Decades of 
longitudinal observational data are currently motivating a 
paradigm shift toward a lifespan perspective and proactive 
approach to ACHD care, including concepts regarding 
long-term trajectories and a life course epidemiology 
framework (68).

An important still unmet gap in knowledge is to gather 
data of international cohorts how the current standard of 
treatment is now and to evaluate common approaches to 
treat advanced HF in ACHD on an international level.

Video 4 Four-chamber view featuring the unrestrictive ventricular 
septal defect.

Video 5 Four-chamber view of the patient with color flow for the 
unrestrictive ventricular septal defect.

Video 6 Aneurysm of the aorta in the parasternal long axis view.

Video 7 Coarctation of the aorta following repair in childhood at 
suprasternal view.
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